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Course Structure of 2-year M.Sc. and M.Sc. + Ph.D. Dual Degree Program in

Astronomy (From AY 2018-19 to AY 2024-25)

Minimum Educational Qualification (MEQ): Bachelor’s degree in Physics or Mathematics or CSE or
EE or ME AND JAM qualification in Physics. (Applicable on the batches admitted till AY 2024-25)

Qualifying Examination:
(a) International Students: Valid score of TOEFL or IELTS, AND valid score of GRE.
(b) Indian Students: Valid JAM qualification in Physics.

Eligibility Requirement (ER): As per the brochure of Joint Admission test for M.Sc. (JAM).

Categories of Admission:

(a) International Students: (i) International self-financed (ISF) students; (ii) International students
sponsored by non-government organizations or by a reputed industry (ISW); (iii) International students
sponsored by foreign government or its organizations or through mutual collaborative programs of India
with other countries (GSW)

(b) Indian Students: Not Applicable

Duration of the Program: Two years on full-time basis.

Course Structure for two-year Full-time M.Sc. Program in Astronomy
1st Year: Semester-I

Course code Course Title Contact Hours Credit
(L-T-P) S
PH 601 Electrodynamics 2-1-0 3
PH 611 Fundamental of Quantum Mechanics 3-1-0 4
PH 651 Mathematical Methods 2-1-0 3
AA 601 Astrophysical Fluids and Plasma 2-1-0 3
AA 651 Astronomy Laboratory-I 0-0-8 4
AA 671N/ 471N Relativity and Cosmology 2-1-0 3
Total minimum credits during the semester 20
Additional course (as per the requirement basis)
HS 641 | English Communication Skills 2-0-2 | PP/NP

1st Year: Semester-II

Course code Course Title Contact Hours Credit
(L-T-P) S
AA 672N/ 472N Galactic and Extragalactic Astronomy 2-1-0 3
AA 674N/ 474N Radio Astronomy 2-1-0 3
AA 652 Astronomy Laboratory-II 0-0-8 4
AA 698 PG Seminar Course 0-2-0 2
77 XXX Elective-I 2-1-0 3
77 XXX Elective-II 2-1-0 3
Total minimum credits during the semester 18




2nd Year: Semester-I11

Course code Course Title Contact Hours Credits
(L-T-P)
AA 799 M.Sc. Research Project (Stage-I) 0-0-36 18

2nd Year: Semester-1V

Course code Course Title Contact Hours Credits
(L-T-P)
AA 800 M.Sc. Research Project (Stage-II) 0-0-36 18
Total minimum credits during the program 74

Courses from Astronomy for Elective- I and II @

Course code Course Name Contact Hours Credit
(L-T-P)

AA 602 Advanced Topics in  Astronomy and 2-1-0 3
Astrophysics

AA 604 /404 Spacecraft and Payload Attitude Dynamics, 2-1-0 3
Control and Pointing

AA 606 Random Signals and Applied Kalman Filtering 2-1-0 3

AA 608 Astronomical Data Analysis 2-1-0 3

AA 676/ 476 Satellite Based Navigation Systems 2-1-0 3

AA 678/ 478 Space Weather 2-1-0 3

@ In addition to this course list, a student can also opt from the PG courses being offered by the other
disciplines, after consultation with DPGC Convener / HoD / Supervisor

NOTE:
1. Request for conversion from M.Sc. to M.Sc. + Ph.D. dual degree will be considered after evaluating the

research potential of the promising and motivated PG students at the end of the third semester of their
program. The confirmation of conversion of M.Sc. program and to M.Sc. + Ph.D. dual degree program is
done during 4th semester with subject to successfully qualifying CSIR/UGC-]JRF or equivalent fellowship
to enable receiving Ph.D. scholarship.

2. The enhancement in the scholarship from M.Sc. to Ph.D. will be from the beginning of the fifth semester
or from the date on which all requirements for the award of M.Sc. degree are fulfilled AND candidate
successfully qualifies CSIR/UGC-]RF or equivalent fellowship, whichever is later.

3. If the student opts for Dual Degree Program but cannot complete the requirements of a Ph.D., an exit
option with the M.Sc. degree can be earned before the specified date during the 4th semester of the
normal M.Sc. Program by getting the M.Sc. Research Project examined in the standard manner as per the
requirements for the award of an M.Sc. degree.




Course Structure for two-year Full-time M.Sc. Program in Astronomy
(From AY 2025-26 onwards)
(Applicable on the batches admitted from AY 2025-26)

Minimum Educational Qualification (MEQ): Bachelor's degree in Physics or Mathematics or
CSE or EE or ME AND JAM qualification in Physics.

Qualifying Examination:
(a) International Students: Valid score of TOEFL or IELTS, AND valid score of GRE.
(b) Indian Students: Valid JAM qualification in Physics.

Eligibility Requirement (ER): As per the brochure of Joint Admission test for M.Sc. (JAM).

Categories of Admission:

(a) International Students: (i) International self-financed (ISF) students; (ii) International
students sponsored by non-government organizations or by a reputed industry (ISW); (iii)
International students sponsored by foreign government or its organizations or through mutual
collaborative programs of India with other countries (GSW)

(b) Indian Students: Not Applicable

Duration of the Program: Two years on full-time basis.

Course Structure for two-year Full-time M.Sc. Program in Astronomy

1st Year: Semester-I

Course code Course Title Cont(z;‘(i;l:ll;))urs Credits
AA 413/613 Electrodynamics and Radiative Processes 2-1-0 3
AA 415/615 Quantum Mechanics and Spectroscopy 2-1-0 3
AA 417/617 Electronic Devices and Control 2-1-0 3
AA 401/601 Astrophysical Fluids and Plasma 2-1-0 3
AA 473 / 673 Classical Mechanics and Relativity 2-1-0 3
AA 651N Astronomy Laboratory 0-0-6 3
AA 619 Numerical Techniques for Astronomy 0-1-4 3
Total minimum credits during the semester 21

Additional course (as per the requirement basis)

HS 641 English Communication Skills 2-0-2-

(PP/NP)
Total 21




1st Year: Semester-II

Course code Course Title Contact Hours Credits
(L-T-P)

AA 472N/ 672N Galactic and Extragalactic Astronomy 2-1-0 3

AA414/614 Cosmology 2-1-0 3

AA 474N/ 674N Radio Astronomy 2-1-0 3

AA 416/ 616 Stellar Evolution and planets 2-1-0 3

AA 408N/608N Astrostatistics 2-1-0 3

AA 652N Multi-messenger Observational 0-0-6 3

Astronomy Laboratory
AA 6XX Flexicore Theory - | 2-1-0 1.5
AA 6XX Flexicore Theory - II 2-1-0 1.5
Total minimum credits during the semester 21
Courses from AASE for Flexicore I and II

Course Course Name Contact Hours Credits

code (L-T-P)

AA 618 Introduction to Astrobiology 2-1-0 1.5 (3/2 Half
semester)

AA 620 Astroparticle Physics 2-1-0 1.5 (3/2 Half
semester)

AA 622 Time Series Analysis for Astronomy 2-1-0 1.5 (3/2 Half
semester)

AA 624 Transient Phenomena in Astrophysics 2-1-0 1.5 (3/2 Half
semester)

2nd Year: Semester-II11

Course code Course Title Contact Hours |Credits
(L-T-P)
AA 799N M.Sc. Research Project (Stage-I) 0-0-12 6
AA 6XX Departmental Elective-I 2-1-0 3
AA 6XX Departmental Elective-II 2-1-0 3
77 6XX Institute Elective 2-1-0 3
AA 621 Scientific Communication 1-0-0 1
AA 698 PG Seminar course 0-2-0 2
AA 623 Makerspace for Astronomy 0-0-2 1
Total minimum credits during the semester 19
Courses from Astronomy for Departmental Elective- I and II
Course code Course Name Contact Credits
Hours (L-T-P)
AA 478/678 Space Weather 2-1-0 3
AA 403/603 Space Engineering Systems 2-0-2 3
AA 405/605 Detectors and sensors for Space Observations 2-0-2 3
AA 606 Random Signals and Applied Kalman Filtering 2-1-0 3
AA 611/ AA 411 Advanced Optics 2-0-2 3
AA 409/609 Computational Methods in Astronomy and 2-0-2 3
Space Sciences
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AA 607/407 Remote sensing for Atmospheric and Space 2-0-2 3
Sciences
2ndYear: Semester-1V
Course code Course Title Contact Credits
Hours (L-T-
P)
AA 800N M.Sc. Research Project (Stage-II) 0-0-30 15
Total minimum credits during the semester 15
Total minimum credits during the program 76




Course Structure of M.Tech., MTech + PhD Dual Degree Program
in Space Engineering (from AY 2021-22 to AY 2024-25)

Minimum Educational Qualification (MEQ): Four-year Bachelor’s degree or five-year integrated
degree (with first division as defined by the awarding Institute/ University for Indian applicants and
equivalent to International applicants, as assessed by the Institute) in Electronics and Communication/
Electronics/ Engineering Physics / Aerospace, or M.Sc. in Physics/ Electronics/ Atmospheric science.
Relaxation as per Gol norms in qualifying degree is applicable for SC and ST category applicants.

Qualifying Examination:

(a) International students: Valid score of TOEFL or IELTS.

(b) Indian students: Valid GATE qualification in Aerospace Engineering/Electronics and
Communication Engineering/ Physics/ Engineering Sciences (Engineering Mathematics + Fluid
Mechanics/Material Science/ Thermodynamics/ Atmospheric and Oceanic Sciences)

Categories of Admission:

(a) International Students: (i) International self-financed (ISF) students; (ii) International students
sponsored by non-government organizations or by a reputed industry (ISW); (iii) International students
sponsored by foreign government or its organizations or through mutual collaborative programs of India
with other countries (GSW)

(b) Indian Students: Teaching Assistantship (TA); (ii) Highly motivated sponsored candidate (SW) on
full-time basis from highly reputed R and D organizations such as DRDO, ISRO, BHEL, C-DAC, ADE, ADA,
etc. and highly reputed Industries; (iii) Defense Forces (DF): Candidates sponsored by the Defense
Forces; (iv) Regular institute staff (IS) of IIT Indore on part-time basis only.

Candidates of SW, DF and IS categories will not be provided any scholarship.
Selection criteria: GATE Score and / or Interview. (Valid GATE score compulsory for TA category)
Duration of the Program: Two years full-time.

Intake: 5 TA, No upper limit on intake under non-TA category.




Course Structure for M.Tech. (2 year) in Space Engineering

1st Year: Semester-I

Course code Course Title Contact Hours Credits
(L-T-P)

AA 603/ AA 403 Space Engineering System 2-0-2 3

AA 478/678 Space Weather 2-1-0 3

AA 607/ AA 407 Remote sensing for Atmospheric and Space 2-0-2 3

Sciences
AA 605/ AA 405 Detectors and Sensors for Space 2-0-2 3
Observations
77 XXX Elective-I X-X-X 3
77 XXX Elective-II X-X-X 3
Total minimum credits earned during the semester 18
Additional course (as per the requirement basis)
HS 641* English Communication Skills 2-0-2 PP/NP
1st Year: Semester-I1
Course code Course Title Contact Hours Credits
(L-T-P)
AA 608N Astrostatistics 2-1-0 3
AA 404/ AA 604 Spacecraft and Payload Attitude Dynamics, 2-1-0 3
Control and Pointing

AA676/AA 476 Satellite Based Navigation Systems 2-1-0 3

77. XXX Elective-III X-X-X 3

77 XXX Elective-1V X-X-X 3

AA 6XX PG Seminar Course 0-2-0 2
Total minimum credits earned during the semester 17




2nd Year: Semester-II1

Course code Course Title Contact Hours Credits
(L-T-P)
AA 799 M.Tech. Research Project (Stage-I) 0-0-36 18
Total minimum credits to be earned during the semester 18
2nd Year: Semester-1V
Course code Course Title Contact Hours Credits
(L-T-P)
AA 800 M.Tech. Research Project (Stage-II) 0-0-36 18
Total minimum credits to be earned during the semester 18
Total minimum credits to be earned during the program 71
Courses for Elective I-1V@
Course code Contact Hours Credits
Course Title (L-T-P)
AA 406/606 Random signals and applied Kalman Filtering 2-1-0 3
AA 601 Astrophysical Fluids and Plasma 2-1-0 3
AA471N/671N Relativity and Cosmology 2-1-0 3
AA xxx *Computational Methods in Astronomy and 2-1-0 3
Space Sciences
AA 610/ AA 410 Spatial Informatics 2-0-2 3
AA 612/ AA 412 Microwave Remote Sensing 2-1-0 3
AA 474N /674N Radio Astronomy 2-1-0 3
AA 672N | Galactic and Extragalactic Astronomy 2-1-0 3
/AA472N

@[n addition to this course list, a student can also opt from the PG courses being offered by the other

disciplines.
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Course Structure of M.Tech., MTech + PhD Dual Degree Program
in Space Engineering (from AY 2025-26)

Minimum Educational Qualification (MEQ): Four-year Bachelor’s degree or five-year integrated
degree (with first division as defined by the awarding Institute/ University for Indian applicants and
equivalent to international applicants, as assessed by the Institute) in Electronics and Communication/
Electronics/ Electrical/ Electrical and Electronics Engineering/ Electronics and Telecommunication/
Instrumentation Engineering/ Engineering Physics / Aerospace Engineering/ Aeronautical
Engineering/ Space Engineering/ Computer Science and Engineering/ Mathematics and Computing, or
M.Sc. in Physics/ Electronics/ Astronomy/ Atmospheric science/Applied Mathematics/Applied
Statistics.

Qualifying Examination:
(a) International students: Valid score of TOEFL or IELTS.

(b) Indian students: Valid GATE qualification in Aerospace Engineering/Electronics and
Communication Engineering/Electrical Engineering/ Geomatics Engineering/ Instrumentation
Engineering/ Physics/ Computer Science Engineering/ Data Sciences and Artificial Intelligence/
Mathematics/Engineering Sciences (Engineering Mathematics + Fluid Mechanics/Material Science/
Thermodynamics/ Atmospheric and Oceanic Sciences).

Categories of Admission:

(a) International Students: (i) International self-financed (ISF) students; (ii) International students
sponsored by non-government organizations or by a reputed industry (ISW); (iii) International students
sponsored by foreign government or its organizations or through mutual collaborative programs of India
with other countries (GSW)

(b) Indian Students: Teaching Assistantship (TA); (ii) Highly motivated sponsored candidate (SW) on
full-time basis from highly reputed R and D organizations such as DRDO, ISRO, BHEL, C-DAC, ADE, ADA,
etc. and highly reputed Industries; (iii) Defense Forces (DF): Candidates sponsored by the Defense
Forces; (iv) Regular institute staff (IS) of IIT Indore on part-time basis only.

Candidates of SW, DF and IS categories will not be provided any scholarship.
Selection criteria: GATE Score and / or Interview. (Valid GATE score compulsory for TA category)
Duration of the Program: Two years full-time.

Intake: 5 TA, No upper limit on intake under non-TA category.
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Course Structure for M.Tech. (2 year) in Space Engineering

1st Year: Semester-I

Course code Course Title Contact Hours Credits
(L-T-P)

AA 603/ AA 403 Space Engineering System 2-0-2 3

AA 478/678 Space Weather 2-1-0 3

AA 607/ AA 407 *Remote sensing for Atmospheric and Space 2-0-2 3

Sciences
AA 605/ AA 405 *Detectors and Sensors for Space 2-0-2 3
Observations
77 XXX Elective-I X-X-X 3
77 XXX Elective-II X-X-X 3
Total minimum credits earned during the semester 18
Additional course (as per the requirement basis)
HS 641* English Communication Skills 2-0-2 PP/NP
1st Year: Semester-I1
Course code Course Title Contact Hours Credits
(L-T-P)
AA 608N Astrostatistics 2-1-0 3
AA 404/ AA 604 Spacecraft and Payload Attitude Dynamics, 2-1-0 3
Control and Pointing

AA676/AA 476 Satellite Based Navigation Systems 2-1-0 3

77. XXX Elective-III X-X-X 3

77 XXX Elective-1V X-X-X 3

AA 6XX PG Seminar Course 0-2-0 2
Total minimum credits earned during the semester 17
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2nd Year: Semester-II1

Course code Course Title Contact Hours Credits
(L-T-P)
AA 799 M.Tech. Research Project (Stage-I) 0-0-36 18
Total minimum credits to be earned during the semester 18
2nd Year: Semester-1V
Course code Course Title Contact Hours Credits
(L-T-P)
AA 800 M.Tech. Research Project (Stage-II) 0-0-36 18
Total minimum credits to be earned during the semester 18
Total minimum credits to be earned during the program 71
Courses for Elective I-1V@
Course code Contact Hours Credits
Course Title (L-T-P)
AA 406/606 Random signals and applied Kalman Filtering 2-1-0 3
AA 601 Astrophysical Fluids and Plasma 2-1-0 3
AA471N/671N Relativity and Cosmology 2-1-0 3
AA xxx *Computational Methods in Astronomy and 2-1-0 3
Space Sciences
AA 610/ AA 410 Spatial Informatics 2-0-2 3
AA 612/ AA 412 Microwave Remote Sensing 2-1-0 3
AA 474N /674N Radio Astronomy 2-1-0 3
AA 672N | Galactic and Extragalactic Astronomy 2-1-0 3
/AA472N

@[n addition to this course list, a student can also opt from the PG courses being offered by the other

disciplines.
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Course Structure of MS (Research), MS (Researach) + Ph.D. dual degree
in Space Sciences and Engineering (from AY 2021-22)

Minimum Educational Qualification:

A four year bachelor's degree (BE or BTech), or a two years or five years integrated master’s degree (MSc
or MTech or ME) with first class or first division (as decided by the awarding institute/university), in
Physics, Applied Physics, Astronomy, Astrophysics, Space Science and Engineering, Earth and
Atmospheric Science and Engineering, Remote Sensing, Engineering Physics, Aerospace Engineering,
Aeronautics, Electronics and Communications Engineering, Electrical Engineering.

Qualifying Examination:

(a) International Students: Valid score of TOEFL or IELTS.

(b) Indian Students: Valid GATE qualification in the relevant disciplines.
Relevant GATE papers: AE, EC, EE, PH, XE

Categories of Admission:

(a) International Students: (i) International self-financed (ISF) students; (ii) International students
sponsored by non-government organizations or by a reputed industry (ISW); (iii) International students
sponsored by foreign government or its organizations or through mutual collaborative programs of India
with other countries (GSW)

(b) Indian Students: Teaching Assistantship (TA); (ii) Highly motivated sponsored candidate (SW) on
full-time basis from highly reputed R & D organizations such as DRDO, ISRO, BHEL, C-DAC, ADE, ADA, etc.
and highly reputed Industries; (iii) Defense Forces (DF): Candidates sponsored by the Defense Forces;
(iv) Regular institute staff (IS) of IIT Indore on part-time basis only.

Candidates of SW, DF and IS categories will not be provided any scholarship
Duration of Program: 2 years on full-time basis with maximum extension of one semester.
Intake: 5 TA, No upper limit on intake under non-TA category.

Evaluation of Research Work and Thesis: Students are expected to identify their Thesis Supervisor(s)
within one month of joining the programme so that PG Student Progress Committee (PSPC) can be
formed and students can start research work from the beginning of the programme. Progress of the M.S.
thesis will be monitored by PSPC through CERP to be conducted at the end of every semester with
preferably Mid Semester evaluation as well. Final evaluation of M.S. thesis will be done by at-least one
External Examiner. Student must have one journal publication in SCI index from his/ her M.S. thesis for
completion of the degree.
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Programme Structure:

1st Year, Semester - 1

Course Code Course Name Contact Hours Credit
(L-T-P)
AA XXX Elective - | X-X-X 3
77 XXX Elective - I X-X-X 3
77 XXX Elective - 111 X-X-X 3
AA 697 PG Seminar Course 0-2-0 2
AA 791 M S Thesis (Stage-1) 0-0-14 7
Total minimum credits earned during the semester 18
HS 641 English Communication Skills 2-0-2 Non-credit
course (with
PP/NP grade)
1st Year, Semester - 11
Course Code Course Name Contact Hours Credit
(L-T-P)
AA 792 M S Thesis (Stage-2) 0-0-36 18
Total minimum credits earned during the semester 18
2nd Year, Semester - 111
Course Code Course Name Contact Hours Credit
(L-T-P)
AA 793 M S Thesis (Stage-3) 0-0-36 18
Total minimum credits earned during the semester 18
2nd Year, Semester - IV
Course Code Course Name Contact Hours Credit
(L-T-P)
AA 794 M S Thesis (Stage-4) 0-0-36 18
Total minimum credits earned during the semester 18
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Courses for Elective I-11I from AASE:

(In addition to these courses the students can also take courses offered by other disciplines based on
their learning needs/ interests for Elective II and III)

Course code Course Title Contact Hours Credits
(L-T-P)

AA 478/678 Space Weather 2-1-0 3

AA 404/604 Spacecraft and Payload Attitude 2-1-0 3
Dynamics, Control and Pointing

AA 606 Random Signals and Applied 2-1-0 3
Kalman Filtering

AA476/676 Satellite Based Navigation Systems 2-1-0 3

AA 601N Astrophysical Fluids and Plasma 2-1-0 3

AA471N/671N Relativity and Cosmology 2-1-0 3

AA 474N /674N Radio Astronomy 2-1-0 3

AA472N/672N Galactic and Extragalactic 2-1-0 3
Astronomy

AA 405/ 605 Detectors and Sensors for Space 2-1-0 3
Observations

AA 603/AA 403 Space Engineering System 2-1-0 3

AA 607/ AA 407 Remote sensing for Atmospheric 2-1-0 3
and Space Sciences

AA 6XX Computational Methods in 2-1-0 3
Astronomy and Space Sciences
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Course Structure for Ph.D. Program in Astronomy, Astrophysics and Space Engineering (w.e.f. AY

2018-19) (for AY 2016-17 and 2017-18 referred as Centre of Astronomy)

(A) Semester-I (Autumn / Spring)

Sr. Course code Course Title L-T-P-Credits
No.

1 7.7 XXX Elective-I X-X-X-3

2 77 XXX Elective-II X-X-X-3

3 77 XXX Elective-III X-X-X-3

4 AA797* / AA798* | Ph.D. Seminar Course 0-2-0-2

(B) Semester-II (Spring / Autumn)

Sr. Course code Course Title L-T-P-Credits
No.

1 77 XXX Elective-IV X-X-X-3

2 77 XXX Elective-V X-X-X-3

3 77 XXX Elective-VI X-X-X-3

4 AA798* /| AA797* Ph.D. Seminar Course 0-2-0-2

Astronomy Courses for Elective I -VI (In addition to these courses, a student can also choose from

the Ph.D. courses being offered by the other disciplines.)

Sr. |Course code Course Title L-T-P-Credits
No.
1 |AA 671N/ AA 471N/ |Relativity and Cosmology 2-1-0-3
[PH 471N/ PH 671N
2 |AA672N/ AA 472N Galactic and Extragalactic Astronomy 2-1-0-3
3 |AA 674N/ AA 474N/ |Radio Astronomy 2-1-0-3
[PH 474N/ PH 674N
4 |AA676/ AA476 Satellite Based Navigation Systems 2-1-0-3
NOTE:

1. A Ph.D. student having B.Tech./ B.E./ M.Sc. or equivalent qualification admitted to Ph.D. Program
in an Engineering discipline shall do 6-8 courses of at least 3 credits each and 1-2 Ph.D. Seminar
courses of at least 2 credits each. Minimum number of courses will be 6 Ph.D. level courses and one
Ph.D. seminar course (minimum coursework of 20 credits).

2. A Ph.D. student having M.Tech./ME//MPhil qualification has to do one semester coursework (with 2-
3 Ph.D.level courses) Minimum number of courses will be 2 Ph.D. level courses and one Ph.D. seminar

course (i.e. (minimum coursework of 8 credits).

* Ph.D. Seminar course can be taken either in Autumn or in Spring Semester or both as suggested by
the Faculty Advisor/ Thesis Supervisor.
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Course Code

AA 601 (Till AY 2024-25)

Title of the Course

Astrophysical Fluids and Plasma

Credit Structure

L-T- P-Credits
2-1-0-3

Name of the
Discipline / Centre

Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

Scope of the Course

This course aims to introduce students to the principles of astrophysical fluids
with a focus of applying to astrophysical sources. The course also further
extends to introduce the concept of plasma that are prevalent in astrophysical

Course Syllabus

Introduction to Fluids: Fluids as continuous medium, Local thermal
equilibrium. Flow and velocity field, convective derivative. Equations of fluid
dynamics (mass, momentum and entropy) for ideal fluids. Condition on
equation of state for hydrostatic equilibrium. Convective instability and
Schwarzschild’s criterion. Properties of flows: Equations of fluid dynamics
in conservation form. Streamlines and Bernoulli’s equation with applications.
Kelvin’s circulation theorem, Vorticity in 2D and 3D flows, Rotating fluids:
Coriolis force, geostrophic flows. eg: Solar Wind and Bondi
accretion/Accretion disc, von Ziepel’s theorem, Taylor-Proudman theorem.
Linear Waves and Instability: Sound waves: wave equation, dispersion
relation. Gravity waves: derive the dispersion relation; discuss internal and
surface gravity waves, Rayleigh-Taylor & Kelvin-Helmholtz instabilities e.g.:
Inertial waves in a steadily rotating flow. Navier-Stokes (NS) equation: Non-
ideal fluids: discuss at elementary kinetic theory level the origins of
dissipation and transport, Derive equation for viscous energy conservation
and entropy production. Boundary layers. Scaling in the NS equations:
Reynolds number, Stokes flow past a sphere at low Re, transition to
turbulence, phenomenological treatment of Kolmogorov cascade. Supersonic
flow: De-laval nozzle, shock properties, Rankine-Hugoniot jump conditions,
Cooling length and time, isothermal shocks. Sedov-Taylor blast wave,
Supernova shocks: Adiabatic and momentum conserving phases of evolution.
Convection: Thermal diffusivity and its effect on the entropy equation.
Conductive and convective transport of heat equation. Mixing length theory
and transport of heat, application to plane-parallel atmospheres and stars.
Rayleigh-Benard convection. Introduction to Plasmas Particle orbit theory
and adiabatic invariants. 2-component plasmas. Debye shielding and length in
a plasma in thermal equilibrium. Cold plasma oscillations.
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Suggested Books

Clarke, CJ. & Carswell, R.F, Principles of Astrophysical Fluid
Dynamics, Cambridge University Press (2014), ISBN: 9781107666917
Landau, L. D. & Lifshitz, E. M, Fluid Mechanics Volume 6 (Course of
Theoretical Physics), Butterworth-Heinemann; 2nd edition (17 August
1987), ISBN 9780750627672

Shu, Frank, The Physics of Astrophysics: Gas Dynamics: 2 (A Series of
Books in Astronomy), University Science Books (1994), ISBN
9781891389672

J]. P. Hans Goedbloed, and Stefaan Poedts, Principles of
Magnetohydrodynamics: With Applications to Laboratory and
Astrophysical Plasmas, Cambridge University Press, 2004, ISBN
9780521626071

A.R. Choudhari, The Physics of Fluids and Plasmas: An Introduction for
Astrophysicists, Cambridge  University = Press, 1998, ISBN
9780521555432

Shore, Steven, An Introduction to Astrophysical Hydrodynamics,
Academic Press (2012), ISBN 978-0124120075

P.G. Drazin, and W.H. Ried, Introduction to Hydrodynamic Instability 2nd
edition, ISBN-13:978-0631525417

D. ]. Acheson, Elementary Fluid Dynamics, Clarendon Press (15 March
1990), ISBN-13: 978-0198596790
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Course Code

AA 401 / AA 601 (From AY 2025-26)

Title of the Course

Astrophysical Fluids and Plasma

Course Category|

Core

Credit Structure

L-T- P-Credits
2-1-0-3

Name of the
Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

None

Course Objective

This course aims to introduce students to the principles of astrophysical
fluids with a focus on applying them to astrophysical sources. The course
also further extends to introduce the concepts of plasma that are prevalent
in astrophysical environments.

Course outcomes

Students will learn about the fundamentals of fluids and plasma typically
seen in Astrophysical environments and also will be able to quantify their
behaviour using several case studies.

Course Syllabus

Module 1: Introducing Fluids: Fluids as continuous medium, Streamlines
and Bernoulli’s equation with applications; Convective derivative. Equations
of fluid dynamics (mass, momentum and entropy) for ideal fluids :
Hydrodynamics from kinetic Boltzmann equation; Hydrostatic Equilibrium :
Collapse of Molecular clouds, Kelvin’s circulation theorem, Vorticity - Free
and Forced Vortex.

Module 2: Non-ideal fluids: Navier-Stokes (NS) equation and vorticity
equation; vortex shedding; Boundary layers. Reynolds number: Transition
to turbulence. Application in Accretion Disk Dynamics.

Module 3: Waves and Instability: Linear Perturbation in Hydrodynamics :
Sound waves; Supersonic flow: De-laval nozzle, shock properties, Rankine-
Hugoniot jump conditions, isothermal shocks. Applications in Solar Wind,
Sedov-Taylor blast wave, Supernova shocks. Rayleigh-Taylor & Kelvin-
Helmholtz instabilities. Conductive and convective transport of heat
equation. Schwarzschild Criteria and plane-parallel atmospheres in stars.

Module 4: Astrophysical Plasmas: Particle orbit theory and adiabatic
invariants. Debye shielding and length in a plasma in thermal equilibrium.
Cold plasma oscillations. MHD - Induction equation, magnetic diffusion, flux
freezing. Alfven, fast and slow waves. Methods to probe plasmas.
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Suggested Books

Textbooks:

1. Ray Choudhari, A., The Physics of Fluids and Plasmas: An
Introduction for Astrophysicists, Cambridge University Press, 1998,
ISBN: 9780521555432

2. Clarke, C.]. and Carswell, R.F., Principles of Astrophysical Fluid
Dynamics, Cambridge University Press, 2014, ISBN: 9781107666917

Reference books:

3. Landau, L. D. and Lifshitz, E. M, Fluid Mechanics Volume 6 (Course of
Theoretical Physics), Butterworth-Heinemann; 2nd edition, 1987,
ISBN: 9780750627672

4, Shu, F., The Physics of Astrophysics: Gas Dynamics: 2 (A Series of
Books in Astronomy), University Science Books, 1994, ISBN:
9781891389672

5. Hans Goedbloed, ].P. and Poedsts, S., Principles of
Magnetohydrodynamics: With Applications to Laboratory and
Astrophysical Plasmas, Cambridge University Press, 2004, ISBN:
9780521626071
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https://www.amazon.in/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=J.+P.+Hans+Goedbloed&search-alias=stripbooks

Course Code

AA 602

Title of the Course

Advanced Topics in Astronomy and Astrophysics

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the Concerned
Discipline / Centre

Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

Scope of the Course

This is a topical course.

Course Syllabus

Selected topics in any areas of astronomy and astrophysics like -
1. Star and Planet formation.

2. Space Plasmas.

3. Gravitation and Gravitational Wave Astronomy.

4. Compact Objects and Transients.

5. Dark Matter and Dark Energy.

6. Astronomical Detectors.

Suggested Books

1. T.Padmanabhan, Gravitation: Foundations and Frontiers, Cambridge
University Press, [SBN-13: 978-0521882231

2. C. W. Misner, K.S. Thorne and J.A. Wheeler, Gravitation, Princeton
University Press (October 24, 2017), ISBN-13: 978-0691177793

3. Claus Grupen, G. Cowan, S. Eidelman, T. Stroh; Astroparticle Physics, ISBN-
13:978-3540253129

4, P. R. Saulson, Fundamentals of Interferometric Gravitational Wave
Detectors, World Scientific Pub Co Inc; 2 edition (February 16, 2017),
ISBN-13: 978-9813143074

5. Kaaret, P; X-ray Polarimetry; Link : https://arxiv.org/abs/1408.5899

6. Padmanabhan, Theoretical Astrophysics: Vols. I, Il and III - Cambridge
University Press; South Asian edition (11 October 2010), ISBN-
13:978-1107400610

7. Stuart Shapiro, Saul, Teokolsky, Black Holes, White Dwarfs and Neutron
Stars: The Physics of Compact Objects, Wiley-VCH, ISBN-13:978-
0471873167

8. P. Armitage, Astrophysics of Planet Formation, Cambridge University
Press; 1 edition (October 24, 2013), ISBN-13: 978-1107653085

9. Mark Krumholz, Star Formation (World Scientific Series in
Astrophysics) World Scientific Publishing Company (July 11, 2017)
ISBN-13:978-9813142022 10.D. H.
Perkins - Particle Astrophysics - OUP Oxford, ISBN-13:978-
0198509516
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https://arxiv.org/abs/1408.5899

Course code

AA 603/ AA 403

Title of the course

Space Engineering Systems

Credit Structure

L-T-P - Credits
2-0-2-3

Name of the
Department

Astronomy, Astrophysics and Space Engineering

Prerequisite, if any

None

Scope of the course

Students will familiarize with the key features of communication electronics,
the space environment and how it affects electronics, how to design for the
thermal environment in space, the effects of the radiation environment on
electronics and what types of electronics might be used in the future.

Course Syllabus

Qualifying systems for space: Total ionizing dose (TID), Single event effects
(SEEs), Radiation shielding, Mitigation of SEEs (hardware,software)
Electronic, Electrical and Electromechanical - Definition, Screening/testing
and reliability, Radiation Hardness Assurance Materials, Thermal modelling of
spacecraft, Temperature requirements Thermal cycling and testing, Standards
(ECSS), Radiation design margins

Spacecraft-Space Environment Interactions: Radiation environments,
Thermal environment, Launch environment, Other environments (space
debris, atomic oxygen, low energy plasma, spacecraft charging, arcing),
Radiation effects

Payload Design: Payload requirements, Payload components and their
characteristics - antennas, Low Noise Amplifiers (LNAs), microwave filters,
channel and power amplifiers, power combiners, FPGAs for space, Onboard
processing, Payload Configuration management

Satellite Systems Engineering: System development methodology, Analog
and Digital processor architecture, Transponder / Transceiver gain control,
linearity, multipexing, filters, wideband systems

Uplink and Downlink power control, beam pointing, modulation and
demodulation, individual and block upconverters and downconverters

Space Operations: Tracking, Telemetry and Command (TT&C), Satellite
Network architectures, In-orbit monitors and testing, Earth Stations - Classes
and Design, Terrestrial Network Interfaces - Plesiochronous Digital Hierarchy
(PDH) and Synchronous Digital Hierarchy (SDH). The future - Use of COTs,
Miniaturisation

Suggested Books

10. Cruise, A. M., Principles of space instrument design, Cambridge University
Press, Cambridge, 2006, ISBN: 052102594x, 0521451647

11. An Introduction to Space Instrumentation, Edited by K. Oyama and C. Z.
Cheng, Terrapub, 2003, ISBN 978-4-88704-160-8

12. Elbert, B.R., Introduction to Satellite Communication, Artech House, 2008,
ISBN: 978-1-59693-210-4

13. Fortescue, Peter W.; Stark, John; Swinerd, Graham, Spacecraft systems
engineering, Wiley, Hoboken, N.J., 2011, ISBN: 047075012X,
9780470750124
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Course Code

AA 604/ AA 404

Title of the Course

Spacecraft and Payload Attitude Dynamics, Control and Pointing

Credit Structure

L-T- P-C 2-1-0-3

Name of the Discipline /
Centre

Astronomy, Astrophysics and Space Engineering

Pre-requisites (if any)

Course Syllabus

Three-axis Spacecraft Attitude dynamics; quaternions and other
representations. Multi-body spacecraft with articulated antennas,
sensors, and solar arrays. Design of spacecraft controllers with
reaction wheels, magnets, single- and double-gimbaled control
moment gyros as actuators. Three-axis large angle
manoeuvres. Payload controllers for acquiring, precision
pointing, and high-accuracy tracking of landmarks and moving objects
of interests for remote sensing and communication. Pointing error
budget. Image motion compensation to remove image blur. Solar
array controllers for tracking the Sun using micro-stepper motors.
Flexible spacecraft dynamics and control. Dynamics and control of
spinning  spacecraft: = stability, precession and nutation. Control of
spin-axis attitude during AV-firing for changing orbits; active
nutation control; dual-spin stabilization; Rhumb-line manoeuvre.
Dynamics and precision pointing of bias momentum spacecraft:
stability; control using two momentum wheels and a reaction
wheel. Reaction jet attitude control and nonlinear -controllers:
pulse-width-pulse-frequency modulators; minimum-fuel-minimum-
time single-axis and three-axis control. Control of spacecraft
with liquid propellants: sloshing-control interaction.

Suggested Books

14. Hughes, P.C, Spacecraft  Attitude  Dynamics, John
Wiley,1986, ISBN: 9780486439259

15.Sidi, M., Spacecraft Dynamics and Control, Cambridge
University Press, 1997, ISBN: 9780521787802

16. Agrawal, B., Design of Geosynchronous Spacecraft, Prentice Hall,
1986, ISBN: 9780132001144
17. Bryson, A.E., Control of Spacecraft and Aircraft, Princeton

University Press, 1994, ISBN: 9780691087825

18. Wie, B., Space Vehicle Dynamics and Control, AIAA Education
Series, 1998, ISBN: 9781563479533

19. Markley, F.L., Fundamentals of Spacecraft Attitude
Determination and Control, Springer - 2014, ISBN:
9781493908011

20. Smit, G. N., Spacecraft and Payload Pointing, AIAA 2015, ISBN:
9781884989230
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Course code

AA 605/ AA 405

Title of the course

Detectors and sensors for space observations

Credit Structure

L-T-P - Credits
2-0-2-3

Name of the
Concerned Department

Astronomy, Astrophysics and Space Engineering

Prerequisite, if any

None

Scope of the course

Observational techniques and detectors for space telescopes and
missions, design, working principle, and operation.

Course Syllabus

Spacecraft as Observation platforms: space environment, space
effects from Earth's surface, in situ measurements, Noise and
Uncertainty.

Attitude and Position sensing, Communication: sun sensors, earth
sensors, star sensors, magnetometers, attitude control, Communication
Detectors for E and B field Measurements in Space: Spacecraft
charging in low Earth orbit and geostationary orbit. Radiation damage
effects. Background effects and their minimization. Plasma influx,
penetrating radiation, sunlight. Direction of Arrival.

Detectors for Imaging: Various interaction of radiations with matter
for detection purposes, Solid State Detectors, MKIDs (Microwave
Kinetic Inductance Detectors), Super Conducting Tunnel Junction
Devices (STJs), CCD, SSD (Silicon Strips Detectors), and G-APD,
Radiometry, cooling, photoconductors, bolometers, coherent detectors,
polarimeters, magnetometers, and electric field sensors, readout,
amplifiers, current collectors, future X-ray interferometers
Non-Imaging Detectors: Laser Interferometer, Incoherent detectors,
photodiodes, photoemission detectors, photomultipliers, Channeltrons,
microchannel plates, ionization detectors, scintillator detectors,
calorimeters

Detectors for Spectroscopy: Gratings, y-ray, X-ray, a-particle, neutron,
Mossbauer spectrometers. Visible light & dust particle spectroscopic
measurement techniques.

In-situ plasma measurements: Requirements; Energy and mass
analysis for charged species from 1eV to 1MeV. Neutral mass
spectrometers.

Techniques and Applications of Hyperspectral Sensor: Elements of
Hyperspectral Sensing, Imaging System Design, Hyperspectral Target
Detection

Augmented Systems: Focusing optics, collimators, CAMs
Applications: Various applications in Astronomy, Atmospheric
measurements, Planetary analysis, Radar, Space sciences

Suggested Books

1. K. Oyama and C. Z. Cheng, An Introduction to Space
Instrumentation, Terrapub, 2013, ISBN: 978-4-88704-160-8

2. H.Bradt, Astronomy Methods, Cambridge University Press, 2003,
ISBN: 9780511802188

3. P.Léna, D. Rouan, F. Lebrun, F. Mignard, D. Pelat, Observational
Astrophysics, Springer-Verlag, Berlin, Heidelberg, 2012, ISBN: 978-
3-662-51733-8
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4. 4.C.R. Kitchin, Astrophysical Techniques, 6 ed., CRC Press, 2013,
ISBN: 978-1-4665-1115-6
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Course Code AA 606
Title of the Course Random Signals and Applied Kalman Filtering
Credit Structure L-T- P-C 2-1-0-3

Name of the Discipline /
Centre

Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

Course Syllabus

Probability and random variables: a review; Mathematical description of
random signals; Gauss-Markov Process; Linear dynamic systems with
random inputs, steady-state analysis; state-space modeling, Cholesky
decomposition; Basic concepts in estimation; Linear estimation in static
systems; Discrete Kalman filter basics; estimation for kinematic models; auto-
correlated process noise; cross-correlated measurement and process noise;
auto-correlated measurement noise; smoothing; Multiple Model adaptive
Kalman filter; delayed-state filter; linearization; nonlinear filtering; the
Extended Kalman Filter; simultaneous state and parameter estimation;
Complementary filter: error model, total model; inertial navigation; position
determination with GPS; the observables; receiver clock model; Kalman filter
applications to the GPS; integer ambiguity resolution; tropospheric
delay estimation; aided inertial navigation with conventional sensors and
GPS. Particle filters, terrain navigation.

Texts/References:

1. Brown, R. G, and Hwang, P. Y. C, Introduction to Random Signals

and Applied Kalman Filtering with Matlab Exercises, 4th ed., John
Wiley, 2012, ISBN: 9780470609699

2. Farrell, J. A, Aided Navigation - GPS with High Rate Sensors, McGraw
Hill 2008, ISBN: 9780071493291

3. Bar-Shalom, Y, et al, Estimation with Applications to Tracking and
Navigation, Wiley 2001, ISBN: 9780471416555
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Course code

AA 607/ AA 407

Title of the course

Remote sensing for Atmospheric and Space Sciences

Credit Structure

L-T-P - Credits
2-0-2-3

Name of the
Concerned Discipline

Astronomy, astrophysics and space engineering

Prerequisite, if any

None

Scope of the course

Fundamental concepts of system, sensors and information retrieval
techniques for remote sensing system and its application in space and
atmospheric science

Course Syllabus

History and development of remote sensing technique, Recent trends and
state-of-art in optical and microwave remote sensing techniques

Sources of energy in remote sensing: Active and Passive Radiation,
Electromagnetic Radiation -Reflectance, Transmission, Absorption, Thermal
Emissions, Wave interaction with atmosphere, Atmospheric windows,
Spectral reflectance;

Remote sensing data acquisition platforms: Characteristics of different
types of remote sensing platforms; Sensors for active and passive remote
sensing- spatial, spectral and radiometric resolution;

Remote sensing data: Characteristics, Atmospheric, radiometric and
geometric Corrections, Basic principles of visual interpretation of passive
remote sensing images, Image processing and feature identification, Case
studies with Landsat and Sentinel satellite images for classification of objects.

Microwave Remote Sensing: Advantages and challenges, Passive
microwave remote sensors and operation principle, Basic concepts of radar
remote sensing- resolution, range and angular measurements, microwave
scattering, imaging radar technique and data interpretation.

Radar remote sensing systems -Clear air and ST/MST radar for
atmospheric studies, Synthetic Aperture Radar for planetary studies, Doppler
weather radar, Coherent and incoherent radar for ionospheric studies

Applications and Satellite Missions: Atmospheric and planetary remote
sensing satellites -TRMM/GPM, Cloudsat, NISAR, CALIPSO, MODIS, Megha-
tropique, GOES. Applications in Weather monitoring (Temperature, Humidity,
Wind, Cloud, Rain, lightning), lonosphere and change detection, Data
exploration using BHUVAN, Google Earth map and NASA Earth Explorer.

Suggested Books

1. W.G. Rees : Physical Principles Of Remote Sensing : Cambridge
University Press : Cambridge : 2001 : 978-0521181167

2. ]J.R Jensen : Remote Sensing Of Environment : An Earth Resource
Perspective : Pearson Education India : New Delhi : 2013 : 978-
9332518940

3. F.T.Ulaby, R. K. Moore, A. K. fung : Microwave Remote Sensing, Active
and Passive : Vol I, Fundamentals and Radiometry : Artech House
Publishers:_:1981:978-0890061909

4. F.T.Ulaby, R. K. Moore, A. K. fung : Microwave Remote Sensing, Active
and Passive : Vol I, Radar Remote Sensing and Surface Scattering : Artech
House Publishers: _: 1986 : 978-0201107609
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Course Code

AA 608 (Till AY 2024-25)

Title of the Course

Astrostatistics/Astronomical Data Analysis

Credit Structure

L-T- P-Credits 2-1-0-3

Name of the Discipline
/ Centre

Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

Course Syllabus

Introduction

Fundamentals of measuring radio signals, noise theory, Time Series
Analysis. Spectral Fitting. Sources of error - systematic vs. random errors.
Nyquist Sampling and its applications. Data compression.

Applied Inference & Entropic Information Theory

Stochastic  Processes, Markov Chains, Monte Carlo methods:
descriptions and applications to Astronomy

Entropy in Signal Processing and Information Theory

Parameter Estimation and Model-fitting

Maximum Likelihood and Clustering, Model fitting: Chi-square minimization,
Least Squares. Confidence Intervals.

Random Inference, Decision Theory, Bayesian Inference and Sampling:
The Metropolis-Hastings algorithm, marginalization applied to M-H
Algorithm, the Special Case of Markov Chain Monte Carlo methods,
Application of above methods to simple astronomical examples

Suggested Books

=

Babuy, ].G., Feigelson, E.D., Astrostatistics, Chapman & Hall (1996)

2. lvezic, Z., Connolly, A.J., Vander Plas, ].T., Gray, A., Statistics, Data Mining,
And Machine Learning in Astronomy, Princeton University Press (2014)

3. Chattopadhyay, A.K., Chattopadhyay, T., Statistical Methods for
Astronomical Data Analysis, Springer (2014)

4. Hilbe, ].M., Astrostatistical Challenges for the New Astronomy,
Springer (2012)

5. C. Lin, T.S. Kalkur, M. Morin, Design of RF CMOS Low Noise
Amplifiers, Lambert Academic Publishing (2010)

6. Johnson, C . R . Sethares, C. A, Klein, A.G., Software Receiver Design,
Cambridge University Press (2011)

7. Shannon, C. Weaver, W.A, The Mathematical Theory of
Communication, University of Illinios Press (1949)

8. MacKay, D.J.C, Information Theory, Inference and Learning
Algorithms, Cambridge University Press (2003)

9. Papoulis, A, Probabilityy, Random Variables and Stochastic

Processes, McGraw Hill, 2002

10. Wall, ].V,, Jenkins, C.R., Practical Statistics for Astronomers, Cambridge
University Press (2012)

11. Sivia, D., Data Analysis: A Bayesian Tutorial, OUP (1996)

12. Kitchin, C. R., Astrophysical Techniques, CRC Press, (2014) (6th ed.)
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Course code

AA 408N / 608N (From AY 2025-26)

Title of the course

Astrostatistics

Course category

Departmental Elective

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the Dept

Astronomy, Astrophysics and Space Engineering

Prerequisite, if any

None

Scope of the course

The students will be introduced to advanced Bayesian inference methods for
analysis of astronomical data.

Course Outcome

Students will be able to draw inferences from BIG astronomical DATA using
multi-dimensional models via complex sampling algorithms and Bayesian
statistics.

Course Syllabus

Fundamentals of measurements:

Noise theory, Time Series Analysis. Spectral Fitting. Sources of error. Nyquist
Sampling and its applications. Data compression.

Applied Inference & Entropic Information Theory:

Stochastic Processes, Markov Chains, Monte Carlo methods: descriptions and
applications to Astronomy, Entropy in Signal Processing and Information
Theory.

Parameter Estimation and Model Selection:

Maximum Likelihood and Clustering, Model fitting: Chi Square minimization,
Least Squares. Confidence Intervals, Random Inference, Decision Theory.
Bayesian Inference and Sampling: The Metropolis-Hastings algorithm,
Hamiltonian Monte Carlo, Gibbs Sampling, Nested Sampling etc. Application
of above methods to astronomical examples.

Suggested Books

Textbooks:
1. ].G. Babu, E.D. Feigelson, Modern Statistical Methods for Astronomy,
Chapman & Hall (2012), ISBN: 978-0521767279

Reference books:

2. ].M. Hilbe, Astrostatistical Challenges for the New Astronomy,
Springer (2012), ISBN: 978-1489993618

3. A. K. Chattopadhyay, T. Chattopadhyay, “Statistics Method for
Astronomical Data Analysis”, 2014, Springer, ISBN: 978-
1493915064

4. D.S. Sivia & ]. Skilling, Data Analysis: A Bayesian Tutorial, Oxford
University Press. ISBN: 978-0198568322
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Course code

AA 609

Title of the course

Computational Methods in Astronomy and Space Sciences

Credit Structure

L-T - P -credits
2-1-03

Name of the Concerned
Discipline

Astronomy, Astrophysics and Space Engineering

Prerequisite, if any

None

Scope of the course

This course is aimed at introducing the various methods that are employed
in astrophysical codes. Further, application of these methods in studying
processes in the arena of space science will be given as case studies. The
versatile nature of techniques taught as part of this course will help students
gain insight into modelling tools used in relevant industries.

Course Syllabus

Fundamentals: Review of numerical integration, differentiation, root
finding, ODE solvers, Hyperbolic, Parabolic and Elliptic Equations and
their applications in Astrophysics and Space. Errors in Numerical
computations

Grid Based Computations: Upwind scheme for Advection Equation and
Burger Equation, Godunov scheme for Hydrodynamic Equations,
Reconstruction schemes and Reimann Solvers; Shock capturing schemes,
Adaptive and Multi-grid methods, Divergence Cleaning Methods,
Computational Algorithms for Relativistic flows, Time Stepping schemes.

Source Term Modelling: Radiative Transfer: Ray Tracing Approach, Flux
limited diffusion, Operator Splitting (Strang Splitting Method), Turbulent
Forcing

Particle Based Methods: Algorithms for N-body simulations, Smoothed
Particle Hydrodynamics, Kernel Smoothing methods, Algorithms for
Particle in Cell Method (PIC)

Applications: Solver for Advection and Burger Equation, Astrophysical
Fluid

Instabilities, Time evolution of the Trojan satellites of Jupiter using N-body
simulations, Setting Cosmological Initial condition, N-body simulation for
a pressureless fluid, Modelling 1D spherical collapse under self-gravity,
spherically symmetric blast wave for supernova remnants, 1D radiative
transfer modelling for lonization.

Suggested Books

1. G R Liu and M B Liu P. Bodenheimer, G. P. Laughlin, M. Rozyczka, T.
Plewa, H. W Yorke, Numerical Methods in Astrophysics: An
Introduction CRC Press; 1st edition (13 December 2006) ISBN-13 :
978-0750308830

2. E. F. Toro, Riemann Solvers and Numerical Methods for Fluid
Dynamics: A Practical Introduction Publisher : Springer; Softcover
reprint of hardcover 3rd ed. 2009 edition (14 October 2010) ISBN-13
:978-3642064388

3. C.XK. Birdsall, A.B Langdon Plasma Physics via Computer Simulation
Publisher : CRC Press; 1st edition (1 October 2004) ISBN-13 : 978-
0750310253
4.G. R. Liu and M. B. Liu, Smoothed Particle Hydrodynamics: A
Meshfree Particle Method Publisher, World Scientific Publishing Co
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https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Peter+Bodenheimer%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Peter+Bodenheimer%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Gregory+P.+Laughlin%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Gregory+P.+Laughlin%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Gregory+P.+Laughlin%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Gregory+P.+Laughlin%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Michal+Rozyczka%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Michal+Rozyczka%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Michal+Rozyczka%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Tomasz+Plewa%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Tomasz+Plewa%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Tomasz+Plewa%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Harold.+W+Yorke%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Harold.+W+Yorke%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Harold.+W+Yorke%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Harold.+W+Yorke%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Harold+W.+Yorke%22
https://www.amazon.in/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&field-author=C.K.+Birdsall&text=C.K.+Birdsall&sort=relevancerank&search-alias=digital-text
https://www.amazon.in/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&field-author=C.K.+Birdsall&text=C.K.+Birdsall&sort=relevancerank&search-alias=digital-text
https://www.amazon.in/s/ref=dp_byline_sr_ebooks_2?ie=UTF8&field-author=A.B+Langdon&text=A.B+Langdon&sort=relevancerank&search-alias=digital-text
https://www.amazon.in/s/ref=dp_byline_sr_ebooks_2?ie=UTF8&field-author=A.B+Langdon&text=A.B+Langdon&sort=relevancerank&search-alias=digital-text
https://www.worldscientific.com/author/Liu%2C+G+R
https://www.worldscientific.com/author/Liu%2C+G+R
https://www.worldscientific.com/author/Liu%2C+G+R
https://www.worldscientific.com/author/Liu%2C+M+B
https://www.worldscientific.com/author/Liu%2C+M+B
https://www.worldscientific.com/author/Liu%2C+M+B

Pte Ltd; Illustrated edition (12 February 2003) ISBN-13 :

9812384560

978-
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Course code

AA 610/ AA410

Title of the course

Spatial Informatics

Credit Structure

L-T-P - Credits
2-0-2-3

Name of the Discipline

Astronomy, Astrophysics and Space Engineering

Prerequisite, if any

None

Scope of the course

This course introduces the fundamental concepts of Geographic
Information Science (GIS), geospatial data processing and spatial
statistics. The course would also lab-based tutorials on spatial data
handling and processing using open-source tools/software.

Course Syllabus

GIS, spatial data concepts, map reference systems. Spatial data - sources,
models, structures, analysis, and interpolation. Terrain modeling,
visualization, data quality, spatial decision support systems, Open GIS
standards, GIS applications and advances

Spatial Statistics; Basic Concepts of Statistics; Variogram; Semi-
Variogram; Fitting Variogram Models, Validation; Applications of
Variograms; Interpolation using Spatial Models; Spatial Prediction and
Kriging - Ordinary Kriging, Multivariate Kriging, Vornoi diagrams;

Analysis of Space-Time Geostatistical Data; Application of Spatial
Statistics in Remote Sensing.

Practicals: Spatial statistics using Python/Matlab, Geospatial data
processing and manipulation using open source (QGIS) tools and Python
libraries (GDAL, GeoPandas, Shapely). Scalable analytics and geospatial
data handling using Python libraries (DASK and XArray). Introduction to
Google Earth Engine and its applications.

Suggested Books

Text books:

1. K. Chang, Introduction to Geographic Information Systems, Fourth
edition (Indian edition), McGraw Hill Education (2017). ISBN-13: 978-
0070658981

2. P.A. Burrough and R. A. McDonnell, Principles of Geographical
Information Systems, Oxford University Press (2006). ISBN-13: 978-
0199228621

Reference books:

1. 0. Schabenberger, & C.A. Gotway, An introduction to applied
geostatistics. Oxford university press. (2017).1SBN: 9781315275086

2. N. Cressie, (1993). Statistics for Spatial Data (Revised Ed.). John
Wiley & Sons, Inc. Chiles, ]. P. and Delfiner, P. (1999). ISBN-13:
9780471002550

3. CP. Lo, and Yeung, Albert KW. Concepts and Techniques of
Geographic Information Systems, Prentice Hall (2002). I[SBN-13 :
978-0131495029

4. 1.H.Sarah, Cornelius and S. Carver, An Introduction to Geographical
Information Systems. 3rd Edition, Pearson Education. New Delhi
(2006).ISBN-13 : 978-027372259

33




Course code

AA 611 / AA 411

Title of the course

Advanced Optics

Course Category

Core

Credit Structure

L-T-P - Credits
2-0-2-3

Name of the Concerned
Department

Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

None

Scope of the course
(Objectives)

Theoretical and technical concepts behind optical systems

Course Outcomes

This course will help students develop skills in the
design/development of solutions and real-life optics related
problem analysis. This course will further give students
engineering knowledge related to optical and laser systems.

Course Content

1. Geometrical Optics & Ray Tracing : Optical system design,
raytracing, spot-size diagram and MTF. Optical
aberrations, tolerancing and optical design optimisation.

2. Wave Optics : Concepts of wavefront and phase, complex
representation of electromagnetic wave, image
formation and spatial resolution, optical path and spatial
coherence, monochromaticity and temporal coherence.
Interference and diffraction, Fourier Optics. concept of
spatial filtering, amplitude and phase filters in spatial
frequency domain, image processing. Shack-Hartman
wave-front sensor, Zernike decomposition, wavefront
correction, deformable optics.

3. Polarization : Stokes parameter, birefringence, Faraday
rotation, Jones matrix, Berry phase and Panchratan
sphere

4. Laser Interferometry : Two beam (Michelson) and multi-
beam (Fabry-Perot), interferometers, Fizeau and white
light interferometry, principles of phase shifting
techniques and phase un-wrapping. Standard Quantum
Limits (SQL) of interferometers and sub-SQL
measurements. Scanning white light interferometer
(SWLI), Doppler velocimetry and Velocity Interferometer
System for Any  Reflector (VISAR).  Stellar
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interferrometry, Synthetic aperture optical telescope

5. Optical systems : Applications, Waveguides, Holographic

systems etc., adaptive optics

Typical list of experiments:

Using Michelson’s interferometer determine the
wavelength of an unknown source.

White light interferometry  with  Michelson’s
interferometer.

Using Michelson’s interferometer determine the
thickness of a thin glass plate or a thin film.

Use a Fabry-Perot interferometer to study Zeeman effect.
Verify Malus law.

Wavefront sensor

Suggested Books

Textbook:
1. Ajoy Ghatak, ‘Optics’, McGraw Hill, India, 2020, 978-
9390113590

Reference books:

Eugene Hecht, ‘Optics’, Pearson, 2017, 978-0133977226

R. S. Longhurst, ‘Geometrical and Physical Optics’, Orient
Blackswan, 1986, 9788125016236

Ajoy Ghatak, K Thyagarajan, "Introduction to FiberOptics",
Cambridge University Press, 1998, 978-0521571203

Born and Wolf, ‘Principles of Optics’, Cambridge University
Press, 1999, 978-0521642224

1.
2.

3.
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Course code

AA 412/ AA 612

Title of the course

Microwave Remote Sensing

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the Discipline

Astronomy, Astrophysics and Space Engineering

Prerequisite, if any

None

Scope of the course

This course introduces the advanced topics in microwave remote sensing for
Earth Observation and space sciences. The course is aimed at training students to
utilize the microwave and Synthetic Aperture Radar data for various applications
including ecosystems, solid earth, disaster mapping, agriculture and planetary
remote sensing.

Course Syllabus

Introduction to active and passive microwave remote sensing. Advanced active
and passive systems.

Doppler Weather radar (Clear air / precipitation), scatterometer, altimeter-
Principle and operations

Synthetic Aperture Radar (SAR) data processing and image classification, SAR
Interferometry - raw data processing, registration, coherence, phase unwrapping,
geo-coding

Differential SAR interferometry, permanent scatterer interferometry,
Polarimetric SAR Interferometry.

Radar polarimetry - measurement of the backscattering matrix, polarimetric
scattering vectors, covariance matrix, scattering mechanism interpretation
Active microwave data for Digital Elevation Model (DEM) generation, change
mapping in geo-sciences, passive microwave data for global soil moisture, snow
cover mapping, global temperature monitoring, disaster mapping using SAR data,
case studies

Suggested Books

Text Books:

1. LH.Woodhouse, (2015). Introduction to Microwave Remote Sensing
(1st ed.). CRC Press. DOI: 10.1201/9781315272573. ISBN-13:
9780415271233

2. F.T.Ulaby, R. K. Moore, and A. K. Fung, Microwave Remote Sensing:
Active and Passive, /ol 1. Artech House, 1981. ISBN-13: 978-
0890061909

Reference books:

3. J.R.]Jensen, Remote Sensing of the Environment: An earth resource
perspective, Second edition, January 2013, Pearson Education India.
ISBN-13: 9789332518940

4. ].C.Curlander and R. N. McDonough, Synthetic Aperture Radar:
Systems and Signal Processing, April 1992. Wiley. ISBN-13:
9780471857709

5. F.M. Henderson, A.]. Lewis, Manual of Remote Sensing - Principles
and Applications of Imaging Radar, Volume 2, Third Edition, 1998.
ISBN-13:978-0471294061

6. ].S.Lee, and E. Pottier, Polarimetric Radar Imaging: From Basics to
Applications, CRC Press; 2nd Edition, 2020. ISBN-13: 978-1466585393
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Course Code

AA 613/AA 413

Title of the course

Electrodynamics and Radiative Processes

Course Category Core
Credit Structure L-T-P - Credits
2-1-0-3

Name of the
Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

None

Course Objective

Students will learn about electrostatics, magnetostatics,
electrodynamics and their applications in radiative processes.

Course Outcomes

By the end of this course, students will be able to understand and apply
the fundamental principles of classical electrodynamics, including
Maxwell's equations, electromagnetic wave propagation, and radiation
from moving charges. They will gain insight into key radiative
processes such as synchrotron radiation, bremsstrahlung, and Compton
scattering, etc., and will be equipped to analyse the physical
mechanisms behind astrophysical radiation sources.

Course Syllabus

Module 1: Brief review of Electromagnetism: Green’s Function,
Gauss Law, Laplace's equation, Poisson's equation, electrostatics with
conductors, capacitors, dielectrics, Biot-Savart's law, Ampere's law,
Lorentz force. Faradays' law, Lenz's law, self and mutual inductance,
energy in a magnetic field.

Module 2: Electrodynamics: Maxwell's equations, displacement
current, electromagnetic waves, plane wave solutions of Maxwell's
equations. Maxwell‘s equations in conducting media, Poynting's vector,
wave propagation through a boundary, reflection, refraction,
absorption and skin-depth. General boundary value problems using
special functions. Wave-guides, resonant cavities, cylindrical
waveguides and optical fibers, potentials and fields, radiating systems,
multipole fields and radiation, scattering and diffraction, relativistic
electrodynamics, Lorentz transformations, 4-vectors, 4-momentum,
mass-energy equivalence, relativistic covariance of Maxwell‘s
equations, radiation from accelerated charges, communication and
radar.

Module 3: Radiative Processes: Radiative transfer, Thermal
Radiation, The Einstein Coefficients, Scattering Effects; Random Walks,
optical depth, Free-free emission, Scattering from dust, Scattering of
Light: Thomson Scattering, Rayleigh Scattering, Compton Scattering,
Synchrotron radiation, Inverse Compton scattering, Cherenkov
Radiation
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Suggested Books

Textbooks:

1. Jackson J. D., Classical Electrodynamics (3rd edition), John - Wiley &
Sons, 1998, ISBN: 978-8126510948

2. Griffiths D. ]., Introduction to Electrodynamics (3rd edition), Prentice
Hall, 1989, ISBN: 978-9332550445

3. Rybicki, G. B., Lightman, A. P., Radiative Processes in Astrophysics,
WILEY-VCH Verlag GmbH & Co. KGaA, 2004, ISBN: 978-0471827597

Reference books:

4. Feynman, R. P.,, The Feynman Lectures on Physics, Pearson, 2012,
ISBN: 978-9332580954

5. Greiner, W., Classical Electrodynamics, Springer International
Edition, 1998, ISBN: 978-0387947990

6. Reitz, ]. R, Milford, F. ]., and Christy, R. W., Foundations of
Electromagnetic Theory (4th edition), Pearson, 2008, ISBN: 978-
0321581747
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Course Code AA 614/ AA 414
Title of the Course Cosmology
Course Category Core

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the
Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

None

Course Objective

Students will be introduced to the concepts of cosmology

Course Outcomes

® Understanding of fundamental models of cosmology.

® Understanding of how the complex non-linear structures were
formed and how they can be probed via new-age cosmological
surveys.

Course Syllabus

Module 1:

Cosmological principle, Expanding universe, redshift, scale factor, Hubble’s
law. Comoving coordinates. Cosmic dynamics: Friedmann equation. Critical
density, components/parameters of the universe.

Module 2:

Time evolution of the single and multi-component universes, standard
model of cosmology. Cosmography: Age of the universe, horizons,
luminosity and angular diameter distance, Standard candle and
cosmological distance ladder.

Visible and dark matter and their impact. CMBR: history, characteristics,
physics of recombination and decoupling, last scattering surface. Big Bang
Nucleosynthesis.

Module 3:
Structure formation: Linear perturbation, Jeans length scale and mass,
Growing and decaying modes. Spherical collapse, Statistical description of
the structures: Fourier analysis, Power Spectrum, transfer function, Halo
mass function. Baryonic Acoustic Oscillations.

Module 4:

The largest structures in the Universe: Galaxy clusters, Sunyaev Zeldovich
Effect. The least explored periods in cosmic history: Dark Ages, Cosmic
Dawn and Epoch of Reionization. Multiwavelength cosmological surveys:
SKA and others surveys. Cosmological simulations and Statistical Inference
from surveys.

Suggested Books

Textbooks:

1. Ryden, B., Introduction to Cosmology, Cambridge University Press;
2nd edition; 2016, ISBN: 978-1107154834

2. Peacock, J., Cosmological Physics, Cambridge University Press; 1st
edition; 1998, ISBN: 978-0521422703

Reference books:
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3.

4.

5.

Dodelson, S., Modern Cosmology, Academic Press Inc., 2nd edition,
2020, ISBN: 978-0128159484

Peebles, P.]. E., The Large Scale Structure of the Universe, Princeton
University Press, 1st edition, 1980, ISBN: 978-0691082400

Loeb, A, Furlanetto, S. R,, The First Galaxies in the Universe,
Princeton Univ Press, Illustrated edition, 2013, ISBN: 978-
0691144924
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Course Code

AA 615/AA 415

Title of the Course

Quantum Mechanics and Spectroscopy

Course Category

Core

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the
Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

None

Course objective

To introduce fundamental concepts in quantum mechanics
required for understanding various astrophysical processes

Course Outcomes

Students will learn the foundational concepts of quantum
mechanics and apply them to solve problems in astronomy and
astrophysics

Course Syllabus

Module 1: Review of fundamentals of Quantum Mechanics
Wave-particle duality, Uncertainty relation, Stern-Gerlach
experiment, Postulates of QM: Wavefunctions, Position,
momentum and translation, Operators as observables, Matrix
representation, kets, bras, operators,

Schrodinger’s wave equation, The Schrodinger vs Heisenberg
picture solution in 1D: particle in a box and tunneling, the simple
harmonic oscillator, the Hydrogen Atom

Module 2: Perturbation Theory and Applications
Time-independent perturbation theory, Hydrogen-like atom: Fine
structure and Zeeman effect, Variational methods - WKB
approximation, Time evolution and the Schrodinger Equation,
time-dependent potentials, time-dependent perturbation theory
and Fermi’s golden rule, selection rules.

Module 3: Angular Momentum in Quantum Mechanics

spin %2 systems and finite rotations, Rotation and angular
momentum commutation relations, Symmetries, Eigenvalues and
Eigenstates of angular momentum, addition of angular momenta,
spin-orbit coupling, Clebsch-Gordon Coefficient
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Module 4: Application to Atomic and Molecular Spectroscopy
Spontaneous and Stimulated emission, transition rate coefficients,
absorption cross-section, line shapes and broadening
mechanisms, Interstellar radiation field, equation of radiative
transfer, absorption lines and curve of growth; The 21-cm
hyperfine transition, absorption and emission issues, the spin
temperature, spin and kinetic temperature, column densities,
electronic, rotational, vibrational, Electric transition levels of
molecular Hydrogen: Lyman and Warner bands, conditions in
diffuse molecular clouds.

Suggested Books

Textbooks:

1. Sakuraij, ].J., and Napolitano, J., Modern Quantum Mechanics,
Cambridge University Press, 3rd edition, 2020, ISBN: 978-
0805382914

2. Shankar, R, Principles of Quantum Mechanics, Springer, 2014,
ISBN: 978-0306447907

3. Draine, B.T., Physics of Interstellar and Intergalactic Medium,
Princeton University Press, ISBN-10: 0691122148

Reference books:

4. Feynman, R, Quantum Mechanics (Feynman lectures of physics
vol. 3), Basic Books, 2011, ISBN:978-0465023820

5. Schiff, L.I.,, Quantum mechanics, McGraw-Hill, 2024, ISBN:978-
0070856431

6. Kleesen, R. S, Glover, S. C. O., Physical Processes in the
Interstellar Medium, Star Formation in Galaxy Evolution:
Connecting Numerical Models to Reality, Saas-Fee Advanced
Course, Volume 43, Springer-Verlag Berlin Heidelberg, 2016,
ISBN 978-3-662-47889-9.
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Course Code AA 616/ AA 416
Title of the Course Stellar Evolution and Planets
Course Category Core

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the
Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

None

Course Objective

To familiarize the students with the astrophysics of stars, planets and their
evolution

Course Outcomes

The students will
@ learn the physical processes and observational imprints behind star
formation, stellar evolution, and stellar remnants.
@ get familiarized with planet formation and characteristics.

Course Syllabus

Module 1: Star Formation
Observational signatures of Infra-red dark clouds and ways to detect them,
Physical processes - Gravitational Collapse, Magnetic Field and Turbulence
support, Star formation rate, Pre-main Sequence Stage-Hayashi Tracks, T-
Tauri phase, Stellar Jets and Herbig-Haro Objects.

Module 2: Main-sequence stars and stellar evolution

Observed properties of Stars, magnitude, stellar classification, color-
magnitude diagram, H-R diagram, Stellar structure equations, equation of
state, polytropes, timescales, Main-sequence, stellar nucleosynthesis,
metallicity, ionization, Stellar evolution, Post main-sequence evolution,
Binary Stars and Mass Transfer Binaries, stellar population and Initial mass
function

Module 3: Stellar remnants

Supernova, Degenerate stars, White dwarfs, Chandrasekhar limit, Neutron
stars and pulsars, relativistic stars, TOV limit, Rotating and non-rotating
black holes, observational signatures, X-ray Binaries (XRBs) and accretion,
Gravitational waves - basics from linearized gravity and detection

Module 4: Planets

Fundamental concepts of the Solar System, Planetary Types and
Characteristics, Planetary Formation and Evolution, Moons and Rings,
Planetary Interiors and Atmospheres, Magnetic Fields and Magnetospheres,
Exoplanets, Habitable zones

Suggested Books

Textbooks:
1. Carroll, B.W. and Ostlie, D. A., An Introduction to Modern Astrophysics,

Cambridge University Press, 2nd edition, 2017, ISBN: 978-
1108422161

2. Prialnik, D., An introduction to the theory of stellar structure and
evolution, Cambridge University Press, 2nd edition, 2009; ISBN: 978-

0521866040
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3. Lissauer, ]. and de Pater, I, Fundamental Planetary Science, Cambridge
University Press, Revised edition, 2019, [ISBN: 978-1108411981

Reference books:
4. Krumbholz, M., Star Formation; World Scientific Publishing Company,

2017,1ISBN: 978-9813142053

5. Hartle, J., Gravity: An Introduction to Einstein's General Relativity,
Pearson, 1st edition, 2003, ISBN: 978-0805386622

6. Hobson, M.P., Efstathiou, G.P., Lasenby, A.N., General Relativity: An
Introduction for Physicists, Cambridge University Press, [llustrated
edition,2006, ISBN: 978-0521829519

7. Seager, S., Exoplanets, University of Arizona Press, 2011, ISBN: 978-
0816529452
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Course Code

AA 617/ AA 417

Title of the Course

Electronic Devices and Control

Course Category

Core

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the
Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

None

Course Objective

To introduce concepts of devices and electronics used in space
engineering and astronomy.

Course outcomes

By the end of this course, students will have a foundational understanding
of electronic devices, analog and digital circuit design, and
microprocessor systems. They will be able to analyze and design amplifier
and oscillator circuits, as well as implement basic digital logic and data
conversion techniques.

Course Syllabus

Module 1: Electronics Basics
Semiconductors, Basics of p-n junction devices, transistor, Field
Effect Transistor (FET), and Metal Oxide Semiconductor Field Effect
Transistor (MOSFET) devices, their characteristics and applications.
Module 2: Amplifiers and oscillators
Operational Amplifiers (OPAMP), Common-Emitter (CE) amplifiers
Common-Source (CS) amplifiers, single-stage, multi-stage, feedback
amplifiers, circuit analysis, frequency response, Bode plot,
multivibrators, and oscillators.
Module 3: Introduction to digital circuits
Basic logic gates, combinational logic circuits, flip flop, Shift register,
counters, Digital to Analog converter (DAC) and Analog to Digital
converter (ADC)
Module 4: Microprocessors
Basics of microprocessors and microcontrollers, memory and input /
output devices
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Suggested Books Textbooks:
1. Millman, ]., Halkias, C., Integrated electronics, Tata McGraw Hill, 1st
edition, 2000, ISBN: 978-0074622452
2. Boylestad, R., Nashelsky, L., Electronic Devices and Circuit Theory,
Pearson Education Asia, 8th Edition, 2001, ISBN: 978-0130944443
3. Leach, D., Malvino, A., Digital Principles and Applications, Tata McGraw
Hill, 8th edition, 2014, ISBN: 978-9339203405
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Course Code

AA 618

Title of the course

Introduction to Astrobiology

Course Category

Flexi-Core Theory

Credit Structure

L -T - P - Credits
2-1-0-1.5 (3/2 half semester)

Prerequisite, if any

None

Name of the
Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Course Objective

To provide an introduction to the potential distribution of life in the
universe. It also presents the science and technology used to search for life.

Course Outcomes

Students will be able to: Describe the origin, evolution and search for life in
the Universe, identifying potential extraterrestrial habitats

Course Syllabus

Module 1: Life in the Universe: Origin and distribution of the biologically
important chemical elements, evolution of our solar system and early
Earth, Organic matter in the Universe, a synthesis on origins of life

Module 2: Search for life: Habitability of planets and big moons in our
solar system, Habitable Zones, The astrobiology of Mars, Techniques to
search for life using telescopes and unmanned missions, Search for life on
Exoplanets, Search for Extraterrestrial Intelligence (SETI).

Suggested Books

Textbooks:
1. Cockell, C. S., Astrobiology: Understanding Life in the Universe, Wiley-

Blackwell, 2nd edition, 2015, ISBN: 978-1118913321
2. Longstaff, A., Astrobiology: An Introduction, CRC Press, 1st edition,
2021, ISBN: 978-0367783709

Reference books:
3. Rothery, D. A, Glimour, ., and Sephton, M. (Editors), An Introduction

to Astrobiology, Cambridge University Press, 3rd edition, 2018, ISBN:
978-1108359771

4. Catling, D. C., Astrobiology: A very short introduction; Oxford University
Press, 1st edition, 2013, ISBN: 978-0199586455
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Course Code AA 619
Title of the Course |[Numerical Techniques for Astronomy
Course Category Core

Credit Structure

L-T-P-Credits
0-1-4-3

Name of the
Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

None

Course Objective

This course aims to provide students with an overview of a programming
language and its application in handling, interpreting and visualising data in
astronomy.

Course Outcomes

Students will be able to read /write astronomical data, both observed and
simulated, from different types of files and perform basic statistical analysis
and visualisation of the data.

Course Syllabus

Module 1: Basics of an interpreted language: An interpreted language,
Different Integrated Development Editors, Strings and Different data-types,
Conditional and Sequential Loops, Basics and applications of mathematical and
scientific libraries, [/O and File Handling.

Module 2: Displaying Data and Associated Statistics: Basics of plotting
libraries, Error Analysis, Curve and Model Fitting and associated statistics,
Probability Distributions.

Module 3: Functions and Numerical Methods: Special Functions, Fourier
Transform Module, Interpolation, Numerical Integration and Differentiation,
ODE Solvers, Random Number Generators.

Module 4: Astronomical Data Analysis: Basics of packages for astronomy
applications, Applications of the astronomy packages to analyse data from open

source Astronomy Datasets.

List of Representative Experiments :

® String and List Manipulation, and Loops for control flows

® Applications of mathematical and scientific libraries along with ASCII
and BINARY File readers

® (ase studies with plotting libraries related to astronomy and Plotting in

1D, 2D.

Curve and Model fitting with statistical analysis of Exoplanet data.

Using Special Functions and Fourier Transforms of Signals

® ODE Solvers using Euler and Runge Kutta Methods for the problem of
gravitational collapse in star formation.

® Light curve Analysis

® Astronomical Image Analysis from Optical Telescope
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Suggested Books  [Reference books:

. Bodenheimer, P., Laughlin, G. P., Rozyczka, M., Yorke, H. W., Plewa T.,

Numerical Methods in Astrophysics: An Introduction, Institute of

Physics Publishing, 1st edition, 2006, ISBN: 978-0750308830

2. Pasha, I, Astronomical Python: An introduction to modern scientific
programming, IOP Publishing, 1st Edition, 2024, Online ISBN: 978-0-
7503-5147-8

3. Schmidt Wolfram , Vélschow Marcel ; Numerical Python in Astronomy
and Astrophysics, Springer Nature Switzerland AG, 2021, ISBN : 978-3-
030-70346-2

4. Feigelson, E. D., Babu Jogesh G., Modern Statistical Methods in
Astronomy; Cambridge University Press, 2012, ISBN: 978-1139015653
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Course Code

AA 620

Title of the Course

Astroparticle Physics

Course Category

Flexi-Core Theory

Credit Structure

L-T-P-Credits
2-1-0-1.5 (3/2 Half semester)

Name of the Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Prerequisite, if any

None

Course Objective

This course explores the fundamental principles of astroparticle
physics, emphasizing its applications in astronomy, and particle
physics.

Course Outcomes

Students will understand the properties, sources, and interactions of
cosmic rays, neutrinos, including key concepts like the GZK cutoff and
proton astronomy.

Course Syllabus

Module 1:

Introduction to Astroparticle Physics, Particle Interactions: Pair
production, photo-pion interactions, extensive air showers, and Proton
Synchrotron

Detection Technologies: Scintillation and Cherenkov detectors, Space-
based and ground-based observatories, Advanced detectors (IceCube,
MAGIC, FERMI)

Module 2:

Cosmic Rays Origins: Sources, spectrum, and propagation mechanisms,
Gamma-ray and Neutrino Astronomy: Gamma-ray sources, neutrino
detection, and astrophysical implications, Proton Astronomy and the
GZK Cutoff: High-energy proton interactions and the limitations of
cosmic ray propagation, Dark matter

Suggested Books

Textbooks:

1. Perkins, D., Particle Astrophysics, Oxford University Press, 2nd
edition, 2009, ISBN: 978-0199545469
2. Grupen, C., Astroparticle Physics, Springer, 2nd edition, 2020,
ISBN: 978-3030273415

Reference books:

3. Weekes, T. C., Very High Energy Gamma-Ray Astronomy, CRC Press,
1st edition, 2003, ISBN: 978-1420033199

4. Aharonian, F. A, Very High Energy Cosmic Gamma Radiation, A
Crucial Window on the Extreme Universe, World Scientific
Publishing Co. Pt. Ltd., 1st edition, 2004, ISBN: 978-9810245733

5. Longair, M. S., High Energy Astrophysics, Cambridge University

Press, 3rd edition, 2011, ISBN: 978-0521756181
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Course Code

AA 621

Title of the course

Scientific Communication

Course Category Core

Credit Structure L-T - P - Credits
1-0-0-1

Prerequisite, if any None

Name of discipline

Department of Astronomy, Astrophysics and Space Engineering

Course Objective

To train the students to communicate effectively to both scientific and
general community

Course Outcomes

The student will
@ gain expertise in scientific writing
® harness the scientific communication skills
@ proficiency in disseminating the scientific results at various
professional levels.
@ harness better ethical practices

Course Syllabus

Module 1: Science Writing

® Artof writing a science manuscript : Standard practices and key
techniques

@® Writing an abstract for a conference presentation : Standard
practices, Effective way to communicate in a concise manner,
Key points - novelty, outcome and application

® Techniques of writing a thesis : Organization, Literature review,
Novelty, challenges and future directions

® Grant/proposal writing: formulating objective, methodology,
novelty, Feasibility Assessment, and key challenges

Module 2: Seminars and Communication sKills :
® Elevator speech - how to interact with new people at
national/international conferences
@® Popular talk and effective communication: how to communicate
technical concepts to non-technical audience

Module 3: Ethical practices and grey zone in Academia
What to do and what not to - Plagiarisms and misuse of Al- Best
citation practices in Academia

Suggested Books

Reference books:

1. Glasman-Deal, H., Science Research Writing for Non-Native
Speakers of English, Imperial College Press, 2009, ISBN: 978-
1848163102

2. Schimel, J., Writing Science: How to Write Papers That Get Cited
and Proposals That Get Funded, Oxford University Press USA,
2012, ISBN: 978-0199760244
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Course Code

AA 622

Title of the Course

Time Series Analysis for Astronomy

Course Category

Flexi-Core Theory

Credit Structure

L-T-P-Credits
2-1-0-1.5 (3/2 half semester)

Name of the
Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Prerequisite, if any

None

Course Objective

Introduce students to the application of time series analysis techniques in
astronomy and astrophysics

Course Outcomes

Students will gain proficiency in visualizing and interpreting light curves,
as well as forecasting time series data using traditional statistical and
modern machine learning methods.

Course Syllabus

Module 1: Basics of Time Series and Light curves

Decomposition of a time series: Trend, Seasonality, Cyclic patterns, Noise,
understanding of Astronomical time series data (Light curves). Visualizing
time series data, Stationarity, Additive vs. Multiplicative decomposition
models, Seasonality, periodicity.

Module 2: Time Series Models

Basic concept of autoregression, Autocorrelation function (ACF) and
partial autocorrelation function (PACF), moving average process, ARMA,
ARIMA and SARIMA, search for periodicity in Astronomical Light curves,
transient detection in astrophysical data, handling gaps in light curves
using Gaussian Process Regression

Suggested Books

Textbooks:

1. Brockwell, P.]., Davis, R. A., Introduction to Time Series and
Forecasting, Springer, 3rd edition, 2016, ISBN: 978-3319298542

2. Chatfield, C., The Analysis of Time Series: An Introduction, Chapman
and Hall/CRC, 6th edition, 2003, ISBN: 978-1584883173

Reference books:

3. Shumway, R. H,, Stoffer, D.S., Time Series Analysis and Its
Applications: With R Examples, Springer-Verlag New York Inc,
2010, ISBN: 978-1441978646

4. Warner, B. D., A Practical Guide to Lightcurve Photometry and
Analysis (The Patrick Moore Practical Astronomy Series), 2016,
ISBN: 978-3319327495

5. Changquan, H,, Alla, P., Applied Time Series Analysis and
Forecasting with Python, Springer Cham, 2023, ISBN: 978-
3031135866
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Course Code

AA 624

Title of the Course

Transient Phenomena in Astrophysics

Course Category

Flexi-Core Theory

Credit Structure

L-T-P-Credits
2-1-0-1.5 (3/2 half semester)

Name of the
Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Prerequisite, if any

None

Course Objective

To introduce the students to transient physics and detection techniques in
Astronomy

Course Outcomes

Students will understand the origin and observational signatures of
astrophysical transients like GRBs, FRBs, AGNs, and gravitational-wave
events.

Course Syllabus

Module 1: Gravitational waves (GW)
Overview and basics of Gravitational waves, GW sources, GW Detection and
detectors, BH-BH mergers, BH-NS mergers, NS-NS mergers

Module 2: Electromagnetic counterpart of GW and transients

Gamma Ray Burst, Kilonova, Fast radio burst, Pulsars, Pulsar timing, Multi-
messenger astronomy, Observations and detection methods, Transients
search algorithm, X-ray and gamma-ray telescopes

Suggested Books

Textbooks:
1. Longair, M. S., High Energy Astrophysics, Cambridge University

Press, 3rd edition, 2011, ISBN: 978-0521756181

2. Rybicki, G. B, Lightman, A. P., Radiative Processes in Astrophysics,
WILEY-VCH Verlag GmbH & Co. KGaA, 1st edition, 2004, ISBN: 978-
0471827597

3. Creighton, J. D. E., Anderson, W. G., Gravitational-Wave Physics and
Astronomy: An Introduction to Theory, Experiment and Data
Analysis, Wiley-VCH 1st edition, 2011, ISBN: 978-3527636068

Reference books:
4. Grupen, C., Astroparticle Physics, Springer, 2nd edition, 2020, ISBN:

978-3030273415

5. Padmanabhan, T., Theoretical astrophysics: stars and stellar
systems, vol. 2, Cambridge University Press, 2001, [ISBN: 978-
1107400603
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Course Code

AA 651

Title of the Course

Astronomy Laboratory I

Credit Structure

L-T- P-Credits 0-0-8-4

Name of the Discipline
/ Centre

Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

Course Syllabus

Introduction to Practical Scientific Computing

Python programming with the use of numerical and scientific libraries
(numpy, scipy, matplotlib).

X-ray Data Analysis

CIAO software platform, Chandra X-ray Observatory Data Analysis, CCD
device study

Use of Archival data for application to Astronomical systems
Introduction to tools for data retrieval & analysis from the Virtual
Observatory, Stellar Type & Spectra - constructing the HR Diagram, Age and
characteristics of Open Clusters (Pleiades Cluster), Shape and thickness of the
disk of the Milky Way galaxy, Estimating the mass of Jupiter using the orbits
of its moons, Distance to the Crab Nebula, Proper motion of Barnard's Star,
Measuring the Cosmological Parameters from supernovae type I as standard
candles or the period-luminosity relation of Cepheids.

Radio Astronomy Experiments

Any three (3) out of the following experiments:

Faraday Rotation, Measuring the Beam Pattern of an antenna - using a signal
generator, and then a natural source (the sun), detection of HI line in the
galaxy, Superheterodyne receiver characterization

Suggested Books

1. Sarazin, C. L., X-ray Emission from Clusters of Galaxies, Cambridge
University Press; 1 edition (June 18, 2009) ISBN: 978-0521113137

2. Horowitz, P.; Hill, W., The Art of Electronics, CUP, 3rd ed. (April 2015)
ISBN: 978-0521809269
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Course Code

AA 652

Title of the Course

Astronomy Laboratory Il

Credit Structure

L-T- P-Credits 0-0-8-4

Name of the Discipline
of Center

Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

None

Course Syllabus

Radio Astronomy Data Analysis

Visibilities, van-Cittert Zernicke theorem, the concept of a Dirty Map,

Deconvolution

Calibration: Band pass, Phase and Amplitude

Self-calibration: Amplitude, Phase and Amplitude + Phase

High Dynamic Range Imaging

Optical Observations

Four (4) experiments out of the following:

1. Measuring distance to Moon by parallax method.

2. Measuring limb-darkening of Sun.

3. Measuring relative sensitivity of B, V, and R bands of a photometer with Sun

4. Measuring extinction of the atmosphere in B, V, and R bands.

5. Characterising a CCD camera for gain, read-noise, linearity, and flat-field.

6. Estimating atmospheric seeing by measuring differential motion.

Advanced Data Analysis Techniques in Astronomy

Bayesian Statistical Inference, Regression and Model Fitting, Classification,
Time Series Analysis

Suggested Books

1. Thomason, Moran, Swenson, Interferometry and Synthesis in Radio
Astronomy, Wiley-VCH, 2nd ed., 2001. ISBN:0471254924

2. Wilson and Rohlfs, Tools of Radio Astronomy, Springer, 6th ed. (2014)
ISBN: 978-3642399497

3. Kraus, J. D., Radio Astronomy, Cygnus-Quasar Books, 2nd ed. (1986) ISBN:
978-1882484003

4. lvezic, Z., Connolly, A.].,, Vander Plas, ].T., Gray, A., Statistics, Data Mining,
And Machine Learning in Astronomy, Princeton University Press, 1st ed.
(2014) ISBN: 978-0691151687
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Course Code

AA 652N (From AY 2025-26 Onwards)

Title of the Course

Multi-messenger Observational Astronomy Laboratory

Course Category

Core

Credit Structure

L-T- P-Credits
0-0-6-3

Name of the Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Prerequisite, if any

None

Course Objective

To provide the students hands-on experience with modern
astronomical observational tools and techniques in the different
wavelength bands.

Course Outcomes

Students will get an understanding of astronomical observations
and related instrumentation and analysis across multiple
wavelengths.

Course Syllabus

Representative experiments:

Radio astronomy experiments
1. Beam pattern measurement of a horn antenna
2. Characterization of RF components using VNA
3. Identifying frequency components in an audio signal by real-
time data acquisition and Fourier transform
4. Sun transit experiment at [IRI/Heterodyne receiver for IIRI

High-energy astronomy experiments
1. Energy resolution, efficiency, and absorption coefficient
measurement using a scintillator detector
2. Determination of GM counter characteristics
3. Characterization of SiPM detectors

Optical astronomy experiments
1. U, B, V photometry of stars
2. Characterization of CCD

Optics experiments
1. Michelson interferometer for measuring unknown
wavelength and wavelength separation, determination of
refractive index
2. Fabry-Perot interferometer for measuring unknown
wavelength and wavelength separation

3. Faraday effect verification
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Suggested Books

Reference books:

1. Thomson, A. R., Moran, J. M., Swenson, G.W., Interferometry and
Synthesis in Radio Astronomy, Wiley-VCH, 3rd ed., 2017, ISBN:
978-3319444291

2. Wilson, T. L., Rohlfs, K., Huttemeister, S., Tools of Radio
Astronomy, Springer, 6th ed., 2014, ISBN: 978-3642399497

3. Leo, W. R, Techniques for Nuclear and Particle Physics
Experiments: A How-to Approach, Springer-Verlag Berlin and
Heidelberg GmbH & Co, 1994, ISBN: 978-3540572800

4. James, ]. F., An Introduction to Practical Laboratory Optics,
Cambridge University Press, 1st ed., 2014, ISBN: 978-
1107687936
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Course Code

AA 671N/ AA471N/ PH 671N/ IPH 471N

Title of the Course

Relativity and Cosmology

Credit Structure

L-T- P-Credits
2-1-0-3

Name of the Discipline

Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

Scope of the Course

This course aims to introduce students to cosmology through an
understanding of the General Theory of Relativity. Special emphasis will
be placed on linear perturbation theory in the early universe, leading to
the formation of the cosmic microwave background, as this illustrates
basic undergraduate physics in the context of the frontiers of research in
cosmology.

Course Syllabus

1. Special Relativity: Michaelson-Morley Experiment, Galilean vs.
Lorentz transformations, Lorentz invariance, scalars in special relativity,
relativistic dynamics, acceleration in special relativity

2. Cosmology: Olber’s paradox; difficulty with Newtonian cosmology;
brief introduction to general theory of relativity, especially the line
element; Schwarzschild metric, horizon, orbits, Hawking radiation; FRW
metric as a consequence of cosmological principle; redshift, angular and
luminosity distances; evolution of scale factor from Newtonian
cosmology; density parameter; LCDM cosmology; flatness and horizon
problems, basics of inflation theory; thermal history of the Universe, big
bang nucleosynthesis; microwave background. 3.
Structure formation: Jeans instability in an expanding background;
initial perturbation and anisotropies in CMBR, formation of dark matter
halos, galaxy formation and star formation; millennium simulation;
Sunyaev-Zeldovich effect; neutral hydrogen and other elements in the
IGM, Lyman o forest and damped clouds; reionization, AGN/star-
formation history of the universe; Gunn-Peterson effect.
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Suggested Books

10.

11.

S. Dodelson, Modern Cosmology, Academic Press, 2003, ISBN: 0-1221-
9141-2.

. S. Carroll, Spacetime and Geometry: An Introduction to General

Relativity, 2003, ISBN: 0-8053-8732-2.

J. A. Peacock, Cosmological Physics, Cambridge University Press, 1998,
ISBN: 9780521422703.

P.]. E. Peebles, Principles of Physical Cosmology, Princeton University
Press, 1993, ISBN: 0-6910-1933-9,

P. ]. E. Peebles, Large-Scale Structure of the Universe, Princeton
University Press, 1980, ISBN: 0-6910-8240-5. 6.
D. H. Lyth, & A. R. Liddle, The Primordial Density Perturbation,
Cambridge University Press, 2008, ISBN: 0-5218-2849-X.

S. Weinberg, Cosmology, Oxford University Press, 2008, ISBN: 0-1985-
2682-7.

R. Durrer, The Cosmic Microwave Background, CUP 2008.

S. Weinberg, The First Three Minutes, Basic Books, 1993, ISBN: 0-
4650-2437-8.

Misner, C.W., Thorne, K.S., Wheeler, J.A., Princeton, 2017, ISBN: 978-
0691177793

Hartle, ].B., Gravity: An introduction to Einstein’s General Relativity,
Pearson, 2003, ISBN: 978-0805386622

D’Inverno, R, Introducing Einstein’s Relativity, Clarendon, 1992,
ISBN: 978-0198596868
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Course Code

AA 672N / AA 472N

Title of the Course

Galactic and Extragalactic Astronomy

Credit Structure

L-T- P-Credits 2-1-0-3

Name of the Discipline /
Centre

Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

Scope of the course

Course Syllabus

Types of galaxies: spirals, ellipticals and irregulars, Hubble pitchfork
classification. Milkyway components: gas, stars, magnetic field and cosmic
rays; satellites; 21 cm line, rotation curve, dark matter; Jeans instability and
star formation, Phases and components of interstellar medium; HII regions;
Radiative transfer, optical depth, Free-free emission, Scattering from dust,
Optical depth, cosmic rays. Galactic dynamics: orbits in axisymmetric
potentials, epicyclic limit; Oort’s A & B constants, local differential rotation,
collisionless Boltzmann equation, Jean’s equations, Distribution Functions
DFs, isothermal models gas in galaxies. Evolution of Galaxies: starbursts,
galaxy formation models; color-magnitude diagram for galaxies; initial mass
function; Active Galaxies: observations of active galaxies and quasars,
unified model, radio lobes and jets; relativistic apparent superluminal
motion, Doppler boosting, blazars; properties of accretion flows around
supermassive black holes; M-o relation for central black holes; Sgr A*, the
Galactic center black hole. Extragalactic distance scales: classification of
clusters, the local group, superclusters, hot intercluster gas, mass estimates
from virial theorem applied to galaxies and hydrostatic equilibrium of hot
gas; structure on largest scales.

8. Suggested Books

1. Mo, H.; van den Bosch, F.; White, S, Galaxy Formation and Evolution,
Cambridge University Press, 2010. ISBN 978-0-521-85793-2.
2. Schneider, P. Extragalactic Astronomy and Cosmology: An
Introduction, Springer 2006. ISBN 978-3-540-33174-2.
3. Phillipps, S., The Structure and Evolution of Galaxies, John Wiley &
Sons, Ltd, 2005; ISBN 978-0-470-85507-X.
. Longir, Malcolm S., Galaxy Formation, Springer, 2008. ISBN
. James Binney, Scott Tremane, Galactic Dynamics, Princeton University
Press; Second edition (January 27, 2008), ISBN: 978-0691130279
Sparke, L.; Gallagher, ], Galaxies in the Universe: An Introduction

(2nd Edition), Cambridge University Press, 2007. ISBN 978-0-521-
67186-6.

7. Binney, ].; Merrifield, M., Galactic Astronomy, Princeton University
Press, 2008. ISBN 978-0-691-02565-7.

SIS

o
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Course Code

AA 674N/ PH 674N/ AA 474N/ IPH 474

Title of the Course

Radio Astronomy

Credit Structure

L-T- P-Credits
2-1-0-3

Name of the Discipline /
Centre

Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

Scope of the course

This course is intended to introduce the concepts of radio astronomy.

Course Syllabus

Review of Electromagnetic theory: Maxwell's equations and basics of
electric and magnetic fields, Basic Electromagnetic Theory and radiation of
electromagnetic waves, E & B Field Measurable quantities and Polarization.
Radio Universe and Antenna: The Radio Universe and the

Atmospheric Radio Window Brightness, Flux density and antenna
fundamentals-

I, Effects of the earth‘s atmosphere, Basics of Radiative

Transfer, Antenna fundamentals - II, Antenna Fundamentals-III.

Radio Interferometry: Introduction, Uses and Advantages, Essential
Ingredients of an interferometer.

Radiometers: from Voltages to Spectra, Galactic Astrophysics and
observations.

Non-thermal Radiative Processes: Astrophysics with 21 cm emission,
Synchrotron emission and Polarisation, Faraday Rotation, Inverse Compton

Suggested Books

1. Thomason, Moran, Swenson, Interferometry and Synthesis in Radio
Astronomy, Wiley-VCH, 2nd ed., 2001. ISBN:0471254924

2. Wilson and Rohlfs, Tools of Radio Astronomy, Springer, 6th ed. (2014)
ISBN: 978-3642399497

3. Kraus, J. D., Radio Astronomy, Cygnus-Quasar Books, 2nd ed. (1986)
ISBN: 978-1882484003

4. ]. Tinbergen, Astronomical Polarimetry, Cambridge University Press
(August 22, 2005), ISBN: 978-0521018586
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Course Code

AA 676/ AA476

Title of the Course

Satellite Based Navigation Systems

Credit Structure

L-T-P-Credit
2-1-0-3

Name of the Concerned
Discipline

Center of Astronomy

Pre-requisite

None

Scope of the course

This is a contemporary course on GPS-Aided Geostationary Augmented
Navigation (GAGAN) and Navigation with Indian Constellation (NAVIC)
satellite-based navigation systems of the country and how they will be
used for navigation of land, air and space vehicles.

Course Syllabus

Review of satellite-based navigations: GPS (Global Positioning System),
IRNSS (Indian Regional Navigation Satellites System). GPS
measurements and error sources; Code phase and carrier phase
measurements. lonospheric and tropospheric delay models; receiver
clock error model; User range error; Combining code and carrier phase
measurements - carrier-aided smoothing. Differential GPS, local-area
DGPS, relative positioning; wide-area DGPS; Indian navigation system
GAGAN (Geostationary Augmented GPS Aided navigation). Position,
velocity and time estimation with pseudorange and pseudorange rate
measurements. Precise positioning with carrier phase, with integer
ambiguity resolution using code measurements and dual- and three-
frequency measurements; LAMBDA method. Differential GPS-aided
INS for flight vehicles: Code and carrier double-differencing, triple-
differencing. Integration of differenced observables with inertial
navigation (INS); GPS-Aided INS for precise aircraft landing. Tightly
coupled GPS/INS integration for missiles and launch vehicle
navigation. Absolute and relative navigation with GRAPHIC technique
for satellites rendezvous. Unmanned Aerial Vehicle (UAV) and Micro
Air Vehicle (MAV) navigation. Spinning sounding rocket navigation.
Submarine navigation

Suggested Books

1. Brown and Hwang, Introduction to Random Signals and Applied
Kalman Filtering, John Wiley, 2012, 4t edition, ISBN
0470609699

2. Rogers, RM,, Applied Mathematics in Integrated Navigation
Systems, 3rd Ed., AIAA Education Series, 2007, [ISBN: 1563479273

3. Farrell, J.L., GNSS Aided Navigation and Tracking, American
Literary Press, 2007, ISBN : 1561679798

4. Farrell, J. A.,, Aided Navigation: GPS with High Rate Sensors,
McGraw Hill, 2008, ISBN : 0071493298

5. Farrell, J.A. and Barth, M., The Global Positioning System and
Inertial Navigation, McGraw-Hill, 1999, ISBN :
007022045X

6. Misra, P, and Enge, P, GPS - Signals, Measurements and
Performance, Second Edition, Ganga-Jamuna Press, 2006, ISBN:
0970954425
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Course code AA 678/ AA 478

Title of the course Space Weather

Credit Structure L-T-P-Credits
2-1-0-3

Name of the Concerned Discipline |Astronomy

Pre-requisite, if any NA

Scope of the course

This course gives an overview of the space weather systems
involving the Sun, Heliosphere, Magnetosphere and lonosphere.

Course Syllabus

1. Introduction - Definition of Space Weather(Sun, Heliosphere,
Magnetosphere, lonosphere)

2. Solar interior, solar magnetism, structure of solar atmosphere
3. Solar Activity: Flares, Coronal Mass Ejections and Solar Energetic
Particles, Solar Wind Formation and Acceleration, Heliospheric
Structure

4. Magnetospheric structure, magnetospheric storms and
substorms, Geomagnetic Storms- Geomagnetic Variations,
Geomagnetic Activity Indices, Geomagnetic Storms

5. Ionosphere - Description of the ionospheric layers, anomalous
features of the F-region, ionospheric irregularities, short-term and
long-term behavior of the ionospheric layers, sporadic-E,
ionospheric models.

6. Space Weather Measurement Systems-lonospheric Sounding
Systems, Radar, Transionospheric Propagation Systems, GPS.

7. Space Weather Effects on Telecommunication Systems - outline
of ionospheric effects, integrated propagation effects - refraction,
phase and group path variation, Doppler shift, Faraday rotation,
absorption, differential effects - scintillations, mitigation scheme.

Suggested Books

1. Gerd W. Prolss, Physics of the Earth’s Space Environment -
An Introduction, Springer Publications, Heidelberg, 2004,
ISBN-10: 3540214267

2. M.G. Kivelson and C.T. Russel,
Introduction to Space Physics, Cambridge Univ. Press,
Cambridge, 1995, ISBN-10, 0521457149

3. M. Kallenrode, Space Physics: An Introduction to Plasma and
Particles in the Heliosphere and Magnetosphere, Springer
Publications, Heidelberg, 2004, ISBN, 3-540-20617-5

4. M. Moldwin, An Introduction to Space Weather, Cambridge
Univ. Press, Cambridge, 2008, ISBN 9780511801365
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Course code

AA 681 / AA 481

Title of the course

Introduction to Climate and Climate Change

Course Category

Core

Credit Structure

L -T-P - Credits

2-0-0-2
Name of the Concerned | AASE
Department
Pre-requisite, if any Nil

Scope of the course
(Objectives)

Introduce the concepts and connections among atmosphere,
ocean, and climate. The course also gives an idea about the energy
transfer, stability and circulations present in the atmosphere and
oceans and the causal relationship to climate change.

Course Outcomes

Students will learn about the physics and mathematics of
atmosphere and oceans, and their role in climate in order to
analyse and model the climate change implications.

Course Content

Module 1: Climate system and its components, Structure of the
atmosphere and physical properties, Energy balance, hydrological
and carbon cycles, Stability and waves.

Module 2: The general circulation of the atmosphere, Ocean and
its circulation, Climate and climate variability.

Suggested Books

Textbook:

e John Marshall and R. Alan Plumb : Atmosphere, Ocean and
Climate Dynamics-An Introductory Text : Academic Press :
2007 :9780125586917

Reference Book:

e Roger G. Barry and Richard ] Chorley : Atmosphere,
Weather and Climate : Routledge (9th edition) : 2017 :
9781138294073
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Course Code AA 673/AA473
Title of the course Classical Mechanics and Relativity
Course Category Core

Credit Structure

L - T - P - Credits
2-1-0-3

Pre-requisite, if any

None

Name of the
Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Course Objective

To provide concepts of classical mechanics and relativity and their
applications in astronomy.

Course outcomes

The students will be acquainted with the pedagogical concepts of
classical mechanics and relativity and their applications in various
astrophysical problems. Further, they will develop a better
understanding of formulation of equations of motions in the
classical as well as general relativistic regime.

Course Syllabus

Module 1: Classical Mechanics

2-body problem, Central force orbits, orbital parameters, Keplerian
orbits - general equation and analysis (circular, elliptical, parabolic,
hyperbolic orbits), Anomalies, Kepler’s Time equation

Lagrangian and Hamiltonian formulation of mechanics, Rigid body
motion, restricted 3-body problem, planetary orbits, perturbation
theory, perturbed orbits

Variational principle, canonical transformation, Hamilton-Jacobi
theory & action-angle principle

Module 2: Relativity
Special Relativity and Relativistic dynamics: Michelson-Morley

Experiment, Galilean vs. Lorentz transformations, Lorentz
invariance, relativistic dynamics

General Relativity: The need for General Relativity, Vectors and
Tensors, Geodesics, Equations of Geodesic and Geodesic Deviation,
Curvature - definition and expression, heuristic approach to a
general equation to relate curvature and matter from weak-field
limit / Newtonian approach, Einstein Equations

Module 3: Applications of Relativity

Schwarzschild Metric: as the vacuum, static solution to GR
equations, Particle orbits in the Schwarzschild metric, Photon orbits
in Schwarzchild geometry, Classical Tests of GR - deviation of light
rays near a massive object, anomalous perihelion shift of mercury,
Gravitational redshift, Bending of light, Lensing, gravitational
collapse, examples in observations - GR effects in accretion disc,
Compact Objects, Astrophysical black holes
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Suggested Books

Textbooks:

1. Goldstein, H., Classical Mechanics, Pearson Education, 3rd edition,
2011, ISBN: 978-8131758915

2. Schutz, B., A First Course in General Relativity, Cambridge
University Press, 2012, ISBN: 978-0521829519

Reference books:

3. Fitzpatrick, R, An Introduction to Celestial Mechanics, Cambridge
University Press, 2012, ISBN 978-1-107-02381-9

4. Landau, L. D., and Lifschitz, E. M., Mechanics (Course of
Theoretical Physics Vol. 1), CBSPD, 2010, ISBN: 978-8181477866

5. Hobson, M.P., Efstathiou, G.P., Lasenby, A.N., General Relativity:
An Introduction for Physicists, Cambridge University Press, 2006,
ISBN: 978-0521829519

6. Guidry, M., Modern General Relativity, Cambridge University
Press, 2019, ISBN: 978-1107197893
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Course Code AA 651N
Title of the Course Astronomy Laboratory
Course Category Core
Credit Structure L-T- P-Credits
0-0-6-3

Name of the
Concerned
Department

Department of Astronomy, Astrophysics and Space Engineering

Pre-requisite, if any

None

Course Objective

Familiarize the students with hands-on experiments to
complement various introductory concepts used in space science
and astronomy.

Course outcomes

Students will learn the basic experiments essential for
understanding astronomy instruments and related concepts.

Course Syllabus

List of Representative experiments:

Basic Electronics:

® [-V characteristics measurements: Determine voltage-
current relationships in diodes, transistors, FETs, and
MOSFETs to analyze conduction thresholds and operating
regions.

® OPAMP characterization: Measure gain, bandwidth, and
slew rate of operational amplifiers to evaluate frequency-
dependent performance in astronomical signal
conditioning.

® Filter response analysis: Quantify attenuation
characteristics and phase shifts of high-pass, band-pass,
and low-pass filters across frequency spectra.

® Boolean logic verification: Implement combinational
circuits using logic gates to validate truth tables of
astronomical control systems.

® ADC/DAC conversion: Demonstrate analog-digital signal
translation principles while assessing quantization errors
and resolution limits.

® GPIO interfacing: Configure Raspberry Pi's general-
purpose [/0 pins to control peripheral devices through
Python scripting.

® Sensor data acquisition: Interface microcontrollers with
environmental sensors (BMP280/BME280) to collect
calibrated temperature/pressure readings via I*C
protocols.

® Multi-sensor fusion: Implement different techniques on

SBCs to combine heterogeneous sensor data for improved
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astronomical measurement accuracy.

Fluids and Plasma experiments
® Kelvin-Helmholtz Vortex Growth: Generate shear-driven

vortices in stratified fluids to measure instability growth
rates, mimicking Kelvin-Helmholtz dynamics in
astrophysical jet boundaries.

Turbulent Jet Scaling with Reynolds Apparatus:
Characterize turbulence onset/decay in water jets at
variable flow speeds, replicating dimensionless scaling
laws applicable to protostellar jet interactions with the ISM.
Laboratory Plasma Diagnostics: Derive electron
density/temperature in glow-discharge plasmas via optical
emission spectra, mirroring diagnostic techniques for
interstellar medium ionization states.

Suggested Books

Reference books:

I

2.

3.

Millman, |., Grabel, A., Microelectronics, Tata McGraw-
Hill, 2017, ISBN: 978-0074637364

Horowitz, P., Hill, W., The Art of Electronics, Cambridge
University Press, 2015, ISBN: 978-0521809269

Raizer, Yu. P., Gas Discharge Physics, Springer-Verlag
Berlin and Heidelberg GmbH & Co. K, 1991, ISBN: 978-
3540194620
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