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Rules and Policies for PG and PhD program

Teaching Assistantship (TA) Work: ALL the Full-time MTech and PhD students
irrespective of their category of admission (i.e. MHRD/ Institute TA, external agency
Fellowship Awardees (FA) / Sponsored (SW) have to do Teaching Assistantship (TA)
duties assigned by the Institute or Competent Authority to the extent of 8-12 hours of
work per week.

Under the TA duties, a MTech/ PhD student is supposed to assist the concerned
faculty member (to be known as TA Supervisor) in the academic work related to conducting
of practical classes, tutorial classes, preparing assignments/tutorials and their solutions,
invigilation duties, etc. and the other academic work assigned by the concern TA
Supervisor or the Competent authority.

TA must NOT be assigned confidential work such as setting up question papers
of different examinations and quizzes, final evaluation of answer sheets of different exams,
and finalizing the grades, etc. Under no circumstances,

TAs cannot be assigned the duties of taking lecture classes of any course.

Monthly release of MTech/ PhD scholarship/Fellowship requires submission of TA
work report the specified format duly signed the TA Supervisor and Thesis supervisor or
Faculty Advisor.

RA Category Students: The PhD students admitted under the category of Research
Assistantship (RA) are part-time students and each Discipline/Centre/School may induct
one Research Assistant every year. These RAs have to look after the laboratories and also
assist in teaching or research or other work assigned by the Head of the
Discipline/Centre/School or Convener, inter-disciplinary program (IDP). They are required
to work for about 08-12 hours a week. They have to complete the PhD Programme in
five/six years, depending on their qualifying degrees.

Release of MTech and PhD Scholarship/Fellowship: Each MTech/ PhD student must
come to the Institute daily unless he/she has been sanctioned some entitled leave or is
sick. Each MTech/ PhD student has to sign an attendance register daily during the
specified time kept in the office of the concerned Discipline/ School/ institute.

The scholarship/fellowship of the MTech/ PhD students admitted under different
category shall be processed for payment on the monthly basis by the respective Head of
Schools only after receiving a report in the preconcerned TA supervisor and/or thesis
supervisor/advisor duly signed by him/her (as the case may be).

PhD Course Credit Requirements: The minimum and maximum number of courses and
credits for the different categories will be as follows.

In addition to the course requirements mentioned below, each PhD student has to
do a compulsory course HS 641: English Communication Skills having contact hours
(L-T-P) of as 2-0-2 to improve his/her English language communication skill within its
FIRST YEAR of joining the PhD program. This course will have grades as Pass (PP) or
No Pass (NP) i.e. it will not affect the CPI of the student.
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Category I: PhD students with MTech/ ME/ MPhil Or equivalent qualification shall do 2-
3 PhD level courses of at least 3 credits each and 1 PhD seminar course of at least 2
credits.

Minimum number of courses will be 2 PhD level courses and one PhD seminar
course (i.e. (minimum coursework of 8 credits).

Category II: PhD students having MSc/ MA/ MCom/ MBA/ BTech/ BE or equivalent
qualification admitted to a Science or HSS discipline shall do 5-7 courses of at
least 3 credits each and 1-2 PhD seminar courses at least 2 credits each.

Minimum number of courses will be 5 PhD level courses and one PhD seminar
course (minimum coursework of 17 credits).

Category lll: PhD students having BTech/ BE / MSc or equivalent qualification admitted
to PhD programme in an Engineering discipline shall do 6-8 courses of at least 3
credits each and 1-2 PhD Seminar courses of at least 2 credits each. .

Minimum number of courses will be 6 PhD level courses and one PhD seminar
course (minimum coursework of 20 credits).

Duration of PhD Coursework: All the Ph.D. students are required to do course work,
which shall normally be completed:

(a) Within one semester from the date of joining by the students having MTech/ ME/
MPhil Or equivalent qualification.

(b) Within the first two semesters from the date of joining by the students having
BTech/ BE/ IMSc /MA /IMCom /MBA or equivalent qualification

(c) All the PhD students MUST complete their course under normal circumstances
maximum work within ONE year of joining the PhD program.

(d) For any variation other than the requirements mentioned in (a)-(c), permission
from the Senate Post Graduate Committee (SPGC) will be required which will
consider the recommendations of the Discipline Post Graduate Committee (DPGC)
while deciding on the matter.

Minimum CPI requirement: Each MSc, MTech and PhD student must maintain a
minimum CPI of 6.0 at the end of each semester for continuation in the program. Below
this CPI, the MSc, MTech and PhD student will be placed on Academic Probation (AP)
which is one time exercise during the entire duration of the programme with maximum
deduction of Scholarship up to 50%.

During Academic Probation, the MSc, MTech and PhD student must secure a CPI
of 6.0 for continuation in the MSc, MTech and PhD programme otherwise the student may
be terminated from the program.

Confirmation of Registration for PhD Degree: PhD students shall be granted
Confirmation of Registration for the PhD degree from the first working day of the
semester following the one in which they have successfully completed the required course
work.
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Selection of Thesis Supervisor: An MSc and MTech student has to formally select
his/her thesis supervisor(s) after completing the required course-work.

A PhD student has to formaly select his/her Theiss Suprvisor(s) either within ONE
semester of joining the PhD programme or after completing the required course-work.
One thesis supervisor will be from the discipline/Discipline and other supervisor(s) can
be taken from within/outside the Discipline/institute. Maximum number of thesis
supervisors should NOT be more than three under normal circumstances.

To maintain the inter-disciplinery nature of PhD program in Material Science and
Engineering, there should be at least 2 Thesis Supervisors of a PhD student and they
should from differnet disciplines.

Until an MSc, MTech or PhD student finally and formally selects his/her thesis
supervisor, the concerned DPGC, Convener will be the Faculty Adviser to the student.

Constitution of PG Student's Progress Committee (PSPC): Progress of thesis work of
each MSc, MTech and PhD student will be monitored through a committee called PG
Student's Progress Committee (PSPC).

Composition of PSPC: The PSPC will consist of the thesis supervisor(s), one faculty
within the discipline/ Discipline/ and one faculty/expert outside the discipline/Discipline.
One of the thesis supervisors will be Convener of the PSPC.

The processes of constitution the PSPC can be initiated by a PG/PhD student once the
Thesis Supervisor(s) is (are) finalized. The composition of the PSPC is to suggest to the
respective DPGC and based up on recommendations of the DPGC, it is to be finally
approved by SPGC and to be notified by the Academic Office.

Finalization of the PG/ PhD thesis Topic: Once the thesis topic of an MSc, MTech and
PhD student is decided then it should be brought to DPGC for formal approval and
institute-wide circulation to avoid the duplication of the thesis work.

. Monitoring the Progress of the PG/ PhD Student: The PSPC will monitor the progress

of the thesis work of the MSc, MTech and PhD student through a Research Progress
Seminar (RPS).

For a PhD student, the first RPS is to be conducted after completing one year of
joining the PhD programme.

Based on the RPS, the PSPC will evaluate the progress of the work of the PhD student
in terms of satisfactory or unsatisfactory. The progress report duly signed by the PSPC
members must be submitted to the Academic Office for further action latest by 31st July
for the PhD students registered in the PhD programme in the Autumn semester and by
31st January for the PhD students registered in the PhD programme in the Spring
Semester admission and.
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In case the RPS report of a student is found unsatisfactory then he/she will have to
make another RPS before the PSPC within maximum THREE months of the corresponding
RPS. The second time RPS must be satisfactory; if it is still unsatisfactory then the matter
must be reported to SPGC for the further action.

If required, the thesis supervisor(s) may arrange additional RPS between two
consecutive RPS

Eligibility for PhD Thesis Submission, A PhD student will be eligible to submit the PhD
thesis ONLY after

He/she has at least TWO publications in the peer reviewed
Journals/International Conferences
OR
Has been granted a Patent for his/her research work done in the PhD programme.
OR
Has made significant contribution in the development/dissemination of Science
[Technology/Art.

Minimum and Maximum Time for PhD Thesis Submission: Minimum time period for
submission of PhD thesis will be of TWO years under Category-l and TWO and HALF
years under Category-ll and Category-lll from the Confirmation of Registration for the
PhD degree.

Maximum time period for submitting the PhD thesis for full-time PhD program will
be FIVE years from the date of admission to the PhD program. Request for further
extension beyond the maximum duration must be sent to the SPGC through DPGC.

Course codes and grades for MSc, MTech and PhD Seminar and Thesis: The codes
for the MSc/ MTech seminar is XX 698 and for PhD Seminar course is XX 797 (for the
autumn semester) and XX 798 (for the spring semester). The course code of the PhD
thesis will be XX 899 and course codes of the MSc/ MTech Reserarch Projects will be
XX 799 (3" Sem) and XX 800 (4™ Sem) where XX is the code of the discipline (i.e. CS,
EE, ME, HS, CH, MA, PH, BSE, MSE, etc.). PhD thesis will be awarded SS as satisfactory
and US as unsatisfactory, while the MSc and MTech thesis will be awarded letter grade.



Procedure for Submission of PhD thesis

1. ELIGIBILITY FOR PHD THESIS SUBMISSION: A PhD student will be eligible to submit the
PhD thesis ONLY after meeting the requirements mentioned in (1A) AND 1(B),
(1A) MEETS THE MINIMUM RESEARCH PUBLICATION REQUIREMENTS:
At least TWO publications in the peer reviewed Journals/International Conferences
OR

Granted ONE Patent for the research work done at IIT Indore under the PhD thesis

programme.
AND
(1B) MEETS THE MINIMUM TIME REQUIREMENT CRITERIA: Minimum time period for

submission of PhD thesis from the date of Confirmation of Registration to the PhD degree

(i.e. from the first working day of the semester following the one in which they have
successfully completed the required course work) is

(i) TWO years under Category-l (PhD students with M.Tech./M.Phil. Or equivalent
qualification),

(i) TWO and HALF years under Category-ll (PhD students having M.Sc./M.A/M.Com./M.B.A.
or equivalent qualification admitted to a Science or HSS discipline) and Category-lil
(B.Tech. IM.Sc. or equivalent qualification admitted to Ph.D. programme in an Engineering

discipline)

2. OPEN SEMINAR: Before submitting the PhD thesis, an OPEN SEMINAR to be given by the
concerned PhD student about his/her PhD thesis work and in the presence of the PhD
Student's Progress Committee (PSPC). This seminar will be OPEN to the entire IT Indore
Community and notice of this will be sent the by Thesis Supervisor(s) in one week advance.
Before the OPEN SEMINAR, the PhD student will send the draft of synopsis of his/her
PhD thesis to ALL the PSPC members.

The PSPC may suggest the PhD student to incorporate all those feasible
comments/suggestions received during the OPEN SEMINAR which can improve the quality of
the PhD Thesis. The report of the successful Open Seminar must be submitted by the Thesis
Supervisor(s) in the prescribed form (Form-PTS 1) well in advance before the student
proceeds to submit his/her PhD Synopsis and the PhD Thesis.

3. SUBMISSION OF PhD SYNOPSIS and THESIS: After conduct of SUCCESSFUL OPEN
SEMINAR, the PhD student through his/her thesis supervisor(s) has to submit following
(a) FIVE copies of synopsis of his/her PhD thesis (both in softcopy and printout form)

within maximum 15 days from the date of the Open Seminar along with the required

Certificates (Form-PTS 2). The synopsis should be a concise summary (including the

figures, tables, few references, and list of publications) of the PhD thesis. It should not



contain more than 8-12 pages of A4 size with the text typed in 12 pt Times News Roman
font having 1.5 spacing.

The primary objective of the synopsis is to enable the reader to judge whether a
prima facie there exists a case for accepting the proposed PhD thesis for the award of the
PhD degree. The synopsis should therefore, clearly list the contributions resulting from the
investigations carried out by the candidate, which have led to advancement of knowledge
in the field of investigation.

In order to fully appreciate the candidate’s contribution, it is necessary to put it in a
proper context. Therefore, it is recommended that the synopsis should contain a brief
account of the existing knowledge and the inadequacy or gaps in this knowledge that led
the candidate to the formulation of the problem of his / her investigation. A few references,
needed in this respect should be included but their number should normally, not exceed
ten. List of publications (including published, accepted, submitted in the refereed journals
and conferences) or Patents (granted or applied) from the PhD work should be included.

In case the PhD student gets employment and wants to submit the synopsis and
PhD thesis from outside the institute after successful open seminar then the request can be
made in the prescrbied format (form-PTS 2a)

(b) List of EIGHT (four within India and four from outside India) proposed PhD thesis
examiners in the prescribed format (Form-PTS 3).

(c) Required number (= 5 + number of thesis supervisor(s)) of soft or spiral bound copies of
the PhD thesis along with the required form (Form-PTS 4) within maximum ONE month
from the date of the Open Seminar along with its editable softcopy in the CD/DVD. The
PhD thesis must be written in the prescribed format as mentioned below:

Printing Format: BOTH SIDE PRINTING

Paper: Executive Bond

Font: Times New Roman

Line Spacing: 1.5

Programme Colour of Front  Cover Font on cover .
PhD Maroon Golden LIS
BTP Navy Blue Golden oL 1 D
MTech Pista Green Black M.Tech Thesis
MSc Sky Blue Black M.Sc. Thesis
MPhil Light Gray Black

4. PhD THESIS EXAMINERS: The PhD thesis supervisor(s) will be the Thesis Examiner(s) also.
In addition to this the PhD thesis supervisor(s) will suggest details of FOUR examiners within
India and FOUR examiners from outside India in the prescribed format (Form-PTS 3) for
evaluating the PhD thesis. The proposed PhD thesis examiners should have PhD qualification

and should be
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(a) Professor or Associate Professor in an Institute/University of international/national repute, OR
(b) Professor Emeritus of international/national repute but active his/her research field, OR
(c) Scientist-F or above in a recognized research organization, OR
(d) An individual having minimum 10 years of post-PhD industrial experience.
From the list of suggested examiners, the Chairman, Senate® in consultation with the
Dean, Academic Affairs* will give order of preference to these examiners. The PhD synopsis
will be sent to the PhD thesis examiners in the order of preference for getting their consent to
evaluate the PhD thesis within SEVEN days of receipt of such request. If NO consent or reply
is received within SEVEN days from the first two examiners then the PhD synopsis will be sent
to the next two examiners and so on.
From the list of suggested examiners, if NO examiner agrees to evaluate the PhD thesis
then the concerned PhD thesis supervisor(s) will be asked to suggest new examiners.
* (a) If Dean, Academic Affairs (DOAA) is the PhD thesis supervisor then the Director may consult the
Dean R & D (DORD).

(b) If both DOAA and DORD are the PhD thesis supervisors then the Director may consult DOFA .

@ If the Director is the PhD thesis supervisor then the DOFA in consultation with DOAA may select the
PhD thesis examiners.

The names of the selected examiners will be kept confidential till the PhD Oral Examination is

conducted successfully.

5. EVALUATION OF THE PHD THESIS BY THE EXAMINERS: The PhD thesis examination
board will consists of the Thesis Supervisor(s) and the thesis examiners selected as
mentioned in (4). The softcopy and hardcopy of the PhD thesis will be sent to ALL the
examiners.

The examiners will be requested to send the evaluation report of the PhD thesis within
TWO months from receipt of the PhD thesis in the prescribed format (Form-PTS 5).

If the evaluation report is not received within two months period then a reminder will be
sent to the examiner(s) for sending the evaluation report within next two weeks. In
exceptional cases, the examiner(s) can be given maximum one month additional time for
the PhD thesis evaluation i.e. maximum within three months the evaluation report should be
received.

In unfortunate case of death of an examiner, a new examiner will be selected and the process of
evaluation of the PhD thesis will started afresh.

The PhD examiner will be asked to recommend ONLY one of the following four options
along with the detailed report/feedback justifying his/her recommendation.

(A) The thesis in its present form is satisfactory for the award of the PhD Degree.

(B) The thesis is recommended for the award of the PhD degree subject to the clarification of

the queries/comments before the PhD Oral Examination Board. If the PhD Oral Examination

Board deems it appropriate, the same may be incorporated in the thesis based on the
11



discussions during the viva-voce examination. The revised thesis need not be sent to the
examiner.

(C) The thesis needs to be revised as per suggestions enclosed and the thesis be sent for re-
evaluation.

(D) The thesis be rejected.

Recommendation of the Action to be taken
Thesis Examiners
including the Thesis
Supervisor(s)

1. Aand/or B (A) Oral Examination can be conducted and the required action to
be taken if any recommendation is of 'B' category.
2. Any one examiner (A) The thesis to REVISED as per the suggestions of the that

recommending option 'C' examiner who has recommended 'C' option. The Revised thesis
to be resubmitted and will be sent only to that examiner ONLY.
(B) The Oral examination to be conducted only when there is
change in the recommendation.

3. Examiner(s) (A) The thesis to be REWORKED and REVISED in consultation
recommending option 'D' | with the Thesis Supervisor(s) incorporating the
comments/feedback of the Examiner(s) who has/have given 'D'
category recommendation in such a way it improves the overall
quality of the PhD work.

(B) The Thesis to be resubmitted and will be sent to a different
Examiner(s) for the evaluation.

4. The Thesis (A) In the rarest of the rare, the request of the PhD student for
supervisor(s) changing the supervisor may considered.

recommending option 'D' | (B) The PhD thesis to be reworked as per the guidance of the
new Thesis supervisor.

(C) The OPEN seminar to be given again and after the successful
OPEN Seminar, the thesis to be submitted as new thesis.

(D) The procedure of the thesis evaluation to be followed
considering it as new thesis.

6. ORAL EXAMINATION OF THE PHD THESIS and the ORAL EXAMINATION BOARD: The
PhD oral Examination Board will consists of following:
1. Thesis supervisor(s): In case of more than one thesis supervisor, one thesis supervisor
(which will be recommended by the concerned discipline and will be notified by the Academic
Office) will be the Chairman of the Board
2. Thesis Examiner (within India) as External Examiner
3. Other PSPC members
5. Convener, DPGC (ex-officio)
5. Head of the Discipline (ex-officio)
The date and time of the oral examination will be decided by the thesis supervisor(s)

depending upon the availability of the Thesis Examiner (within India). It will be open to the IIT
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Indore community. A notice for same must be circulated by the Thesis Supervisor(s) to all the

students and faculty in the institute well in advance.

The report of the Oral Examination must be submitted to the Academic Office in the
prescribed format (form PTS 6).

After the successful Oral Examination or PhD Viva the student has to submit the
hardbound copies of the PhD thesis incorporating all the corrections of the PhD Oral
Examination Board along with the required form (form PTS 7) for the same.

NOTES

1. A PhD student admitted under TA category will get the scholarship for the maximum
duration as defined in either 1(a) OR 1(b), whichever is earlier.

a. From the date of joining the PhD program till the date of submission of PhD thesis
OR till the date of PhD Oral Examination (only if the student is registered and does
not leave the institute till the date of his/her PhD oral examination),

OR

b. For a maximum duration of FOUR years (for MTech/ME/MPhil qualified candidates)
or FIVE years (for BTech/BE/MA/MSc/MCom/MBA qualified candidates) from the
date of joining the PhD program.

2. A PhD student can leave the institute to join an employment or Post-doc fellowship after
submitting his/her PhD thesis and the No Dues certificate. In such cases, the PhD
scholarship of the student, if he/she getting it, will be stopped w.e.f. from date of PhD thesis
submission.

3. The PhD scholarship of last of month of entitled duration will be released only after
submission of the No Dues Certificate by the Student.

4. For any issues related to PhD, the student should move his/her application through
Convener of DPGC of his/her discipline.

7. HONORARIUM to the PhD THESIS EXAMINERS: Following honorarium will be paid to the
PhD thesis examiners. The Head of Discipline or DPGC Convener must ensure that the payment
of honorarium to Thesis examiner is made at the earliest and preferably on the day of PhD Oral

Examination itself. Advance may be drawn for on the spot payment.

Examiner (with India) Examiner (outside India)
Evaluation of the PhD Thesis INR 8,000/- US $ 200
Conducting the PhD Oral INR 4,000/- + Travelling | ---

expenses from the workplace
to IIT Indore and local

hospitality
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Procedure for Submission and Evaluation of MTech/MSc Thesis

Last date for submitting softbound copies of MTech/MSc thesis in the prescribed
format will be 30" June. The Oral Examination Board (ORB) for MTech/MSc thesis will
consist of

1. HOD or a faculty member nominated by him (Chairman)
2. DPGC Convener
3. Members of the PSPC of the Student (which includes thesis supervisor(s), one

expert from the discipline and one expert from other discipline)

The last date of conducting the Oral Examination/Thesis Defense of the
MTech/MSc thesis will be 10*" July and grade must be submitted latet by 12™" July. The
notice for MTech/MSc thesis defence should be circulated at least in 4 days advance to
the entire IIT Indore community.

The last date of submitting the final hard bound copies of MTech/MSc thesis after
incorporating all the changes suggested by ORB along with the No dues Certificate (NDC)
will be 17" July. After submission of hardbound copies of the MTech/MSc thesis and NDC,
the provisional degree certificate can be issued to an MTech/MSc student. The Date
of MTech/MSc thesis will be considered as date of completion of the program.

(In case there is a holiday/vacation on the above-mentioned dates then it should be

replaced by the next working day)
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Structure
of
PhD Programs in
Humanities and Social Sciences
and Syllabi of Courses
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Course Structure for PhD Programme in Philosophy

(A) Semester-l (Autumn / Spring)

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

1 HS xxx Elective-l X-X-X-3

2 HS xxx Elective-ll X-X-X-3

3. HS xxx Elective-lll X-X-X-3

4 HS 797 * / HS 798* | Ph.D. Seminar Course 0-2-0-2

(B) Semester-ll (Spring / Autumn)

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

1 HS xxx Elective-1V X-X-X-3

2 HS xxx Elective-V X-X-X-3

3 HS xxx Elective-VI X-X-X-3

4 HS 798 */ HS 797* | Ph.D. Seminar Course 0-2-0-2

Philosophy course for the Elective-l to VI (in addition these courses students can take courses from the
other disciplines also)

S.No. Course Course Name Contact Hours
Code (L-T-P-C)
1 HS 602 Foundations of Knowledge 3-0-0-3
2 HS 603 Epistemology 3-0-0-3
3 HS 605 Social and Political Philosophy 3-0-0-3
4 HS 606 Moral Philosophy 3-0-0-3
5 HS 607 Foundation of Social Sciences 3-0-0-3
6 HS 608 Nations & Nationalism 3-0-0-3
7 HS 611 Philosophy of Natural Sciences 3-0-0-3
8 HS 612 Contemporary Indian Thought 3-0-0-3
Note:

1. A PhD student having MSc/ BTech/ BE or equivalent qualification has to do 5 to 7 PhD level courses of at least
3 credits each and 1-2 PhD seminar courses at least 2 credits each. Minimum number of courses will be 5 PhD
level courses and one PhD seminar course (minimum coursework of 17 credits).

2. A PhD student having MTech/ME//MPhil qualification has to do one semester coursework (with 2-3 PhD level
courses) Minimum number of courses will be 2 PhD level courses and one PhD seminar course (i.e. (minimum
coursework of 8 credits).

* PhD 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 HS 602
Title of the Course Foundations of Knowledge
Credit Structure L-T- P-Credits
3-0-0-3
Name of the Concerned | Philosophy
Discipline
Pre—requisite, if any None

Scope of the Course

Course Syllabus

Epistemology | Belief-Knowledge-Truth Relationship
Knowledge & Justification

Analysis Reason vs. Unreason
Obijectivity vs. Subjectivity
The Relativity Problem

Paradigms Philosophy, Science and Society
Evolutionary Epistemology vs. Social Epistemology
Culture Human Diversity: Need for Epistemology

Suggested Books

1. Appiah, Kwame Anthony, Thinking it Through: A Introduction to
Contemporary Philosophy (New York: OUP, 2003).

2. Boghassian, Paul A., The Importance of Subjectivity: Selected Essays
in Metaphysics and Ethics (Oxford: Clarenden Press, 2006).

3. Cherry, Mark J. (Ed), The Death of Metaphysics; The Death of
Culture: Epistemology, Metaphysics, and Culture (Dordrecht:
Springer, 2006).

4. Edgar, Andrew and Peter Sidgwick, Cultural Theory: Key Thinkers
(London: Routledge, 2002).

5. Goldman, Alvin |., Knowledge in a Social World (New York: OUP,
1995).

6. Kazen, Jean, Philosophy and the Good Life (Oxford: Blackwell
Publishing, 1989).

7. Macintyre, Alasdair, The Tasks of Philosophy: Selected Essays, Vol |
(Cambridge: CUP, 2006).

8. Psillos, Stathis and Martin Curd, The Routledge Companion to the
Philosophy of Science (London: Routledge, 2008).

9. Recanati, Francois, Perspectical Thought: A Plea for (Moderate)
Relativism (Oxford: OUP, 2007).

10. Rorty, Richard, Philosophy as cultural Politics: Philosophical Papers,
Vol 4 (Cambridge: CUP, 2007).
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1. | Course Code HS 603
Title of the Course Epistemology
Credit Structure L-T-P-Credits
3-0-0-3
4. | Name of the Concerned | Philosophy
Discipline
5. | Pre—requisite, if any NIL
6. | Scope of the Course
7. | Course Syllabus 1. Epistemology: Knowledge as Justified True Belief or Something Else?
2. Value Problem for Knowledge: Analysis and Structure of Knowledge
3. Philosophy: Use, Abuse and Redundancy of Truth
4. Philosophy and Naturalism
5. Moral Knowledge - Epistemic or Something Else? Analytical vs.
Continental Approaches
6.
8. | Background Readings 1. Audi, Robert, Belief, Justification and Knowledge (California:
Wordsworth Publishing company, 1988).
2. Campbell, Richard & Bruce Hunter, Moral Epistemology Naturalized
(Calgary: University of Calgary Press, 2000). [Canadian Journal of
Philosophy Special Supplement Vol 26 (2000)]
3. Gadamer, Hans-Georg, A Century of Philosophy: A Conversation
with Riccardo Dattorir
4. Haught, John F., Is Nature Enough?: Meaning and Truth in the Age
of Science (Cambridge: Cambridge University Press, 2006).
5. Lihoreau, Franck, Knowledge and Questions (New York: Rodopi,
2008).
6. Maddy, Penelope, Second Philosophy: A Naturalistic Method
(Oxford: Oxford University Press
7. Nagel, Thomas, The Last Word (New York: Oxford University Press,
1997).
8. Prichard, Duncan, Alan Millar & Adrain Haddock, The Nature and
Value of Knowledge: Three Investigations (Oxford: Oxford University
Press, 2010).
9. Thomas, Lawrence, “Moral Equality and Natural Inferiority”, Social
Theory and Practice (2005).
10. Williams, Bernard, Truth and Truthfulness: An Essay in Genealogy

1.

(Princeton: Princeton University Press, 2002).
Williams, Bernard, Philosophy as a Humanistic Discipline, Ed. By A.
W. Moore (Princeton: Princeton University Press, 2008).
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Course Code HS 605
Title of the Course Social and Political Philosophy
Credit Structure L-T-P-Credits
3-0-0-3
Name of the Philosophy
Concerned Discipline
Pre-requisite, if any | None

Scope of the Course

Course Syllabus

The concept of Modernity and its philosophical underpinnings, Nationalism
and its moral basis, Democracy and its forms, Secularism and its critiques,
Socialism and its alternatives.

Suggested Books

—

Part | in Hegel by Charles Taylor, Cambridge University Press, 1975
The Morality of Nationalism by Robert McKim and Jeff McMahan, Oxford
University Press, 1997

The Ethics of Nationalism by Margaret Moore , Oxford University Press,
2001

Secularism and its Critics by Rajeev Bhargava, Oxford University Press,
1998

Political Philosophy edited by Anthony Quinton. Oxford University Press,
1967

'Why Socialism' in Ideas and Opinions by Albert Einstein. Rupa and Co.
Calcutta 1992

Selected Chapters in Open Society and its Enemies Volume Il by Karl
Popper, Princeton University Press, 1971

The Burden of Democracy by Pratap Bhanu Mehta, Penguin India, 2003
Rethinking Democracy by Rajini Kothari, Zed books, 2007
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Course Code HS 606

Title of the Course Moral Philosophy

Credit Structure L-T-P-Credits
3-0-0-3
Name of the Philosophy

Concerned Discipline

Pre—requisite, if any | None

Scope of the
Course

Course Syllabus The Rationality of the Emotions, Objective Moral Reasons, Moral reasons in
Context, Respect for persons, Obligation, Happiness, Moral Responsibility,
Facts and Values, Egoism and Altruism, Utilitarianism and its rivals.

—

Suggested Books Ethics: Key Concepts in Philosophy by Dwight Furrow, Continuum, 2008

2. The Moral Philosophers: An Introduction to Ethics by Richard Norman, ,

1998

Moral Epistemology by Aaron Zimmerman, Routledge, 2010

4. Being Good: A Short Introduction to Ethics by Simon Blackburn, Oxford
University Press, 2001

5. The Elements of Moral Philosophy by James Rachels, McGraw-Hill
Publishing, 2009

6. Ethics: History, Theory, & Contemporary Issues edited by Steven Cahn &
Peter Markie, Oxford University Press, 2005

7. Ethical Theory: An Anthology edited by Russ Shafer-Landau, Blackwell,
2007

w

22




Course Code

HS 607

Title of the Course

Foundations of Social Sciences

Credit Structure L-T-P-Credits
(3-0-0-3)
Name of the Philosophy

Concerned Discipline

Pre—requisite, if any

For Research Scholars

Scope of the Course

Course Syllabus

Philosophy of Social Sciences : The Location of the Social
The Natural and the Social Order

Law and Explanation in Social Sciences

Explanation and Understanding

The Interpretative Science: Uncertainty Problem

Making the Social World

Suggested Books

1. Elster, Jon, Explaining Social Behavior: More Nuts and Bolts for
Social Sciences

2. Gordon, Scoot, The History and Philosophy of Social Science
(London: Routledge, 1991).

3. Habermas, Jurgen, On the Logic of Social Sciences (Harvard: MIT
Press, 1988).

4. Kincaid, Harold, Philosophical Foundations of Social Scienes:
Analyzing Controversies in Social Research (Cambridge: Cambridge
University Press, 1996).

5. Manicas, Peter T., A Realist Philosophy of Social Science:
Explanation and Understanding (ambridge: Cambridge University
Press, 2006).

6. Mantzavinos, Ed., Philosophy of the Social Sciences: Philosophical
Theory and Scientific Practice (Cambridge: Cambridge University
Press, 2009).

7. Martin, Michael & Lee C. Mclintyre, Ed., Readings in the Philosophy of
Social Sciences (Messachussets: MIT Press, 1994).

8. Searle, John, Making the Social World: The Structure of Human
Civilization (London: OUP, 2010).

9. Turner, Stephen & Paul A. Roth, The Blackwell Guide to the
Philosophy of Social Sciences (Oxford: Blackwell Publishing, 2003).
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Course Code

HS 608

Title of the Course

Nations and Nationalism

Credit Structure L-T-P-Credits
(3-0-0-3)

Name of the Philosophy

Concerned Discipline

Pre-requisite, if any None

Scope of the Course

Course Syllabus

Modernity and Nationalism, Moral Psychology of Nationalism, Co-national
Partiality, Nationalism and Liberalism, Self-Determination, Citizenship.

Suggested Books

1.

N

10.

Anderson, Benedict. 1991. Imagined Communities: Reflections on the
Origin and Spread of Nationalism. New York: Verso.

Balakrishnan, Gopal. 1996. Mapping the Nation. New York: Verso.
Chatterjee, Partha. 1999. Nationalist Thought and the Colonial World:
A Derivative Discourse? in The Partha Chatterjee Omnibus. New
Delhi: Oxford University Press.

. Couture, J., K. Nielsen and M. Seymour (eds.). 1998. Rethinking

Nationalism, Canadian Journal of Philosophy, Supplement Volume
22.

Gans, Chaim. 2003. The Limits of Nationalism. Cambridge:
Cambridge University Press

Gellner, Ernest. 1983. Nations and Nationalism. Oxford: Blackwell.
Gilbert, P. 1998. The Philosophy of Nationalism. Boulder, Co.: West
View Press.

Hutchinson, John and Anthony D. Smith (eds.). 1994. Nationalism.
Oxford: Oxford University Press.

McKim, Robert and Jeff McMahan (eds.). 1997. The Morality of
Nationalism. New York: Oxford University Press.

Moore, Margaret. 2001. The Ethics of Nationalism. Oxford: Oxford
University Press
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Course Code

HS 611

Title of the Course

Philosophy of Natural Sciences

Credit Structure L-T-P-Credits
(3-0-0-3)

Name of the Philosophy

Concerned Discipline

Pre-requisite, if any None

Scope of the Course

Course Syllabus

The Sciences of Philosophy and Philosophy of sciences, Sciences and
Nature (Scientific Knowledge), Science and Progress of Knowledge,
Explanation and Understanding (Physical Sciences and Biological
Sciences), Inductive and Deductive Science, Philosophy and Science:
Convergence and Difference.

Suggested Books

Books related to Philosophical Foundations of Science, Philosophy of
Biology and critical approaches to Philosophy and Science will be referred
in this course.
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Course Code HS 612
Title of the Course Contemporary Indian Thought
Credit Structure L-T-P-Credits
(3-0-0-3)
Name of the Concerned Philosophy
Discipline
Pre—requisite, if any None

Scope of the Course

Course Syllabus

Rabindranath Tagore, Swami Vivekananda, M.K. Gandhi, V.D.
Savarkar,

Sri Aurobindo, Krishnachandra Bhattacharyya, B.R.Ambedkar and
Jawaharlal Nehru.

(The course deals with key ideas of some of the contemporary Indian
thinkers. The attempt will be to focus on important debates in
contemporary Indian Philosophy)

Suggested Books

1.

Bhattacharya, Sabyasachi. The Mahatma and the Poet: letters and
debates between Gandhi and Tagore, 1915-1941. 1997. New
Delhi: National Book Trust.

Lal, B.K. Contemporary Indian Philosophy. 2010. Delhi: Motilal
Banarasi Das.

Raghurama Raju, A. Debates in Indian Philosophy: Classical,
Colonial and Contemporary. 2007. New Delhi: Oxford University
Press.

Raju, P.T. Structural Depths of Indian Thought.1985. New Delhi:
South Asian Publishers.

Moolchand. Nationalism and Internationalism of Gandhi, Nehru and
Tagore.1989.New Delhi: M.M. Publishers.

Naravane, Vishwanath S. 1964. Modern Indian Thought. Bombay:
Asia Publishing House.

Nagaraj D.R. “Self-purification versus Self-respect” in Raghurama
Raju. A (Ed) Debating Gandhi. 2006.New Delhi: Oxford University
Press.

Nehru, Jawaharlal. The Discovery of India.1994. New York: Oxford
University Press, Centenary Edition.

Sharma, Chandradhar A Critical Survey of Indian Philosophy.
2000. Delhi: Motilal Banarasi Das.
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http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&sort=relevancerank&search-alias=books&field-author=Chandradhar%20Sharma

Course Structure for PhD Programme in English

(A) Semester-l (Autumn / Spring)

Sr. Course code Course Name (L-T-P-Credits) L-T-P-Credits
No.

1 HS xxx Elective-l X-X-X-3

2 HS xxx Elective-ll X-X-X-3

3. HS xxx Elective-lll X-X-X-3

4 HS 797 * / HS 798* | Ph.D. Seminar Course 0-2-0-2

(B) Semester-ll (Spring / Autumn)

Sr. Course code Course Name (L-T-P-Credits) L-T-P-Credits
No.
1 HS xxx Elective-1V X-X-X-3
2 HS xxx Elective-V X-X-X-3
3 HS xxx Elective-VI X-X-X-3
4 HS 798 * / HS 797* | Ph.D. Seminar Course 0-2-0-2

English course for the Elective-l to VI (in addition these courses students can take courses from the other
disciplines also)

S. Course Code Course Name Contact Hours
No. (L-T-P-C)
1. |HS 643 /IHS Contemporary Short Fiction 3-0-0-3

443
2. |HS 741 Black Literary Cultures and the Slave Tradition 3-0-0-3
3. |HS 742 Twentieth Century and the European Novel 3-0-0-3
4. |HS 743 Indian English Fiction 3-0-0-3
5. |HS 744 South Asian Diaspora Literature 3-0-0-3
6. |HS 745 Post-Colonial Theory and Criticism 3-0-0-3
7. |HS 746 Translation Studies 3-0-0-3
8. |HS 747 Advanced Literary Theory 3-0-0-3
Note:

3. A PhD student having MSc/ BTech/ BE or equivalent qualification has to do 5 to 7 PhD level courses of at least
3 credits each and 1-2 PhD seminar courses at least 2 credits each. Minimum number of courses will be 5 PhD
level courses and one PhD seminar course (minimum coursework of 17 credits).

4. A PhD student having MTech/ME//MPhil qualification has to do one semester coursework (with 2-3 PhD level
courses) Minimum number of courses will be 2 PhD level courses and one PhD seminar course (i.e. (minimum
coursework of 8 credits).

* PhD 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 HS 641
2. Title of the Course English Communication Skills
Contact Hours L-T-P
2-0-2 [Grades: Pass (PP) or No Pass (NP)]
4. Name of the English/HSS
Concerned
Discipline/School
5. Pre—requisite, if any NIL
6. Scope of the Course
7. Course Syllabus Communication Fundamentals: Stages of Communication,
Channels of Communication, Technical Communication Skills,
Barriers to Effective Communication
Listening Comprehension: Types of Listening, Listening with a
Purpose, Barriers to Listening, Improving Listening comprehension,
Listening and Note Taking
Speaking: The Speech Process, Conversation (Telephonic) and
Oral Skills, Body Language, Phonetics and Spoken English,
Speaking Techniques in a Global Village
Group Discussion: Importance of Group Discussion Skills,
Characteristics of Successful Group Discussion, Group Discussion
Strategies, Techniques for Individual Contribution, Group
Interaction Strategies, Group Discussion in Action (video recording)
Presentation Skills: Planning the Presentation, Preparing the
Presentation, Improving Delivery, Checklist for Effective
Presentation (oral)
Study Skills: Reading Comprehension, Note Making Summarising
and Paraphrasing, Referencing
Grammar Review: Parts of Speech, Use of Articles, Prepositions,
Modals, Tenses, Active and Passive , Forms, Direct and Indirect
Speeches, Conditional Sentences, Question Tags, Common Errors
Writing Strategies: Writing Effective Sentences, Sentence
Coherence, Paragraph and Essay Writing Report Writing,
Proposals and Articles
The Craft of Business Letter Writing: Essentials of Effective
Correspondence, The Lay-out of a Business Letter, Formats for
Typing: Block and Indented Styles, Salutation, Subject, Body and
Closures , Resumes and Cover Letters
Development of Vocabulary and Soft Skills
7. Suggested books 1. M. Raman and S. Sharma, Technical Communication: English

Skills for Engineers, Oxford University Press, 2011

2. K. Mohan and M. Banerji, Developing Communication Skills,
McMillan Co., 1990.

3. Oxford Advanced Learner’s Dictionary, Oxford University Press,
2010(8™ edition) (with CD).

4. M. Swan, Practical English Usage, Oxford University Press, 1996.

5. Reid & Martin
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Course Code

HS 643 / IHS 443

Title of the Course

Contemporary Short Fiction

Credit Structure

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

Name of the Concerned
Discipline/School

English/HSS

Pre—requisite, if any

NIL

oo

Scope of the Courses

This course aims to familiarize students with the genre of the
short story, a form of writing that has been around ever since
human beings began to write the stories. Students will learn to
understand the features of the short story and read selected
short works written in the 20™ century from different cultures
across the world. Translations of stories in different languages
will allow students to recognize the various modes of crafting
and narrating short stories across the world. Examples of
novellas or the ‘long’ short story will also be discussed.

Course Syllabus

Discussion of short stories, history of the short story,
introduction to prominent short story authors from different
cultures and their writings, identify and describe the different
features of the genre, story and plot structure, critical writing in
the genre, comparison of structure and form with other genres
of literature.

Suggested Books

1. D. Halpern (edited), The Art of the Story: An International
Anthology of Contemporary Short Stories, Penguin 2000.

2. N. Chimamanda Ngozi and J. Lahiri (Edited), The Global
Anthology of Short Stories, New Internationalist Publishing,
May 2009.

(Selected 10-12 stories from both these collections)
Background Readings:

1.M H Abrams. Glossary of Literary terms, Wadsworth
Publishing, 2011.

2. Selected electronic articles that | will provide links to or copies
from time to time.
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Course Code

HS 741

Title of the Course

Black Literary Cultures and the Slave Tradition

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

Name of the Concerned English

Discipline

Pre-requisite, if any NIL

Scope of the Course

The Course will focus on selected writings and excerpts from the
above authors. The attempt will be to study some of these works and
writers in tandem so as to trace the evolution of Black Intellectual
thought and its ideational influence on Black Narratives

Course Syllabus

Phillis Wheatley, lola Leroy, Frances E.W. Harper, Our Nig, Harriet
E. Wilson, Martin Delany ,

Narrative of the Life of Frederick Douglass, Frederick Douglass
The Souls of Black Folk, W E B Du Bois, Langston Hughes, Zora
Neale Hurston, James Baldwin, Richard Wright, Ralph Ellison,
Harold Cruse, Angela Davis, CLR James, V.Y. Mudimbe, Achille
Mbembe, Leopold Senghor, Franz Fanon, Cornel West, Samuel R
Delany, Octavia Butler, Randall Keenan, Colson Whitehead,

Background Readings

1. An Introduction to Africana Philosophy, Lewis Gordon

2. African American Perspectives and Philosophical Traditions,

John P. Pittman

Blacks and Social Justice, Bernard R. Boxill.

The Signifying Monkey, Henry Louis Gates.

5. The Practice of Diaspora: Literature, Translation and the Rise of
Black Internationalism, Brent Hayes Edwards

6. Playing in the Dark: Whiteness and the Literary Imagination,
Toni Morrison.

7. African American Literary Theory: A Reader, Winston Napier

B w
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Course Code

HS 742

Title of the Course

Twentieth Century and the European Novel

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

Name of the English

Concerned

Discipline

Pre—requisite, if any | NIL

Scope of the Course

An attempt will be made to position the genre as a mode of response to a
period of volatility and turbulence on the European continent. The course could
include selections from other genres and alternative media in order to examine
concepts such as nation, state and citizenship and the way in which these
concepts pan out in literary narrative.

Course Syllabus

Marcel Proust — Swan in Love
Thomas Mann — Dr. Faustus

Franz Kafka — The Trial

Albert Camus — The Outsider
Joseph Roth- The Radetsky March

Italo Calvino- If on a winter’s night a traveler

Background
Readings

1. Mikhail Bakhtin, Dialogic Imagination

2. Milan Kundera, The Art of the Novel

3. Roland Barthes, A Barthes Reader, ed. by Susan Sontag

4. André Brink, The Novel: Language and Narrative from Cervantes to
Calvino

5. Georg Lukacs, The Theory of the Novel

6. Jenny Mander, Remapping the Rise of the European Novel

7. Christopher Nash, World-games: the tradition of anti-realist revolt
8. Vladimir Nabokov, Lectures on Literature

9. Jacques Derrida, Spectres of Marx

10. Giorgio Agamben, State of Exception

11. Alain Badiou, Being and Event

12. Sigmund Freud, Civilization and its Discontents
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Course Code

HS 743

Title of the Course

Indian English Fiction

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

Name of the English

Concerned Discipline

Pre—requisite, if any NIL

Scope of the Course

The course will make an attempt at examining the varied ways in which the notion of
India has been explored by the various practitioners of Indian English fiction. Through
an analysis of some of the representative Indian fiction in English and close reading of
some relevant excerpts from the texts, some of the issues which may be discussed in
some detail in the class are: “anxiety of Indianness”, “the role of target audience in the
author’s depiction of India”, “India as a nation state”, “postcolonial India”, “urban-rural
divide in India”, “portrayal of marginalized India on the basis of caste, class, religion,
gender, region”, “stereotypes and realities in depicting India”, “India of Indian English
Fiction versus India of Regional Language Literatures”, “Indian identity”, “notions of
‘local’, ‘global’, ‘glocal”,etc. The list of texts mentioned are only indicative and other
relevant texts could be included to explore these issues further or to bring in new
perspectives. The background readings will be helpful in familiarizing the students with

some of the issues at hand and their complexities.

Course Syllabus

Rao, Raja. Kanthapura,; Narayan, R. K. Malgudi Days; Anand, Mulk Raj. Untouchable;
Singh, Khushwant. A Train To Pakistan; Desani, G. V. All About H. Hatter; Rushdie,
Salman. Midnight’s Children; Tharoor, Shashi. The Great Indian Novel; Mathur,
Anurag. The Inscrutable Americans; Das, Manoj. Cyclones; Roy, Arundhati. God of
Small Things; Lahiri, Jnumpa. Interpreter of Maladies; Swarup, Vikas. Q & A; Deb,
Siddhartha. Surface; Adiga, Aravind. The White Tiger;

Raj, M. C. Raachi

Background Readings

1. Mukherjee, Meenakshi. The Perishable Empire: Essays on Indian Writing
in English

2. Mukherjee, Meenakshi. The Twice Born Fiction

3. Vijay Kumar, T, Mukherjee, Meenakshi, Harish Trivedi, et al, eds. Focus
India: Postcolonial Narratives of the Nation

4. Mukherjee, Meenakshi. Realism and Reality: The Novel and Society in
India.

5. Mukherjee, Meenakshi, Vijayasree, C. Nation in Imagination

6. Khair, Tabish. Babu Fictions: Alienation in Contemporary Indian English

Novels

Naik, M. K., Narayan, Shymala, A. Indian English Fiction: A Critical Study

8. Bates, Crispin. Beyond Representation: Colonial and Postcolonial
Constructions of Indian Identity

~
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Course Code

HS 744

Title of the Course

South Asian Diaspora Literature

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

Name of the English

Concerned Discipline

Pre—requisite, if any NIL

Scope of the Course

The concept of Diaspora as a state of deterritorialization is perhaps a common
theme that runs across the various implications of the term extending but not
confined to ideas of exile, displacement and migration, forced or otherwise.
While recognizing that there is always a hint or trace of the roots / home that
defines the cultural and historical identity of the exile / migrant the course will
seek to build a healthy wariness of essentializing threads of race or ethnicity
that limit discussions to those that revolve around nationhood.

Course Syllabus

Paranjape, Makarand. In Diaspora: Theories, Histories, Texts. New Delhi:
Indialog Publications, 2001; Bose, Neilesh, Ed. Beyond Bollywood and
Broadway: Plays from the South Asian Diaspora. Bloomington: Indiana
University Press, 2009 (selected plays); Baldwin, Shauna Singh. We Are Not
in Pakistan. New Delhi: Rupa, 2009; Refiq, Fauzia, Ed. Aurat Durbar: Writings
by Women of South Asian Origin. Toronto: Second Story Press, 1995; Diane
McGifford, Ed. Geography of Voice: Canadian Literature of the South Asian
Diaspora. Toronto: TSAR, 1992; Ghosh, Amitav. The Shadow Lines. London:
Bloomsbuy, 1988;

Kureishi, Hanif. The Buddha of Suburbia. New York: Viking, 1990; Mathur,
Anurag. The Inscrutable Americans. Kolkata: Rupa & Co, 1991.

Background Readings

1. Mishra, Vijay. The Literature of the Indian Diaspora: Theorizing the
Diasporic Imaginary. New York: Routledge, 2007.

2. Nasta, Susheila. Home Truths: Fictions of the South Asian Diaspora in

Britain. London: Palgrave Mcmillan, 2001.

3. Pirbhai, Mariam. Mythologies of Migration, Vocabularies of Indenture:
Novels of the South Asian Diaspora in Africa, the Caribbean, and Asia-
Pacific. Toronto: University of Toronto Press, 2009.

4. Rushdie, Salman. Imaginary Homelands: Essays and Criticism, 1981-1991.

London: Granta Books, 1991.
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Course Code

HS 745

Title of the Course

Postcolonial Theory and Criticism

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

Name of the English

Concerned Discipline

Pre—requisite, if any NIL

Scope of the Course

The course will build on introductory concepts in the field of post-colonialism
using them to see if a move can be made away from the advocacy of the
conventional empire model. The readings of texts such as The travels of Dean
Mohammed, A Passage to India, Oroonoko, Mansfield Park, Wide Sargasso
Sea, Heart of Darkness and the stories of Tagore among others will strive to
establish a premise for the study of postcolonial texts based on more intimate
spaces such as folkways, societal ritual, language and religion, eventually
helping the reader to think in terms of “imagined communities” rather than
ones that are historically generated.

Course Syllabus

1. Ashcroft, Bill, Gareth Griffiths, and Helen Tiffin. The Empire Writes Back:

Theory and Practice in Post-colonial Literatures. New York: Routledge,

1989.

The Post-Colonial Studies Reader. New York: Routledge, 1995.

Loomba, Ania. Colonialism / Postcolonialism. New York: Routledge, 1998.

Bhabha, Homi K. The Location of Culture. New York: Routledge, 1994.

---. Nation and Narration. New York: Routledge, 1990.

Said, Edward W. Culture and Imperialism. New York: Knopf, 1994.

---. Orientalism. New York: Pantheon, 1978.

Spivak, Gayatri Chakravorty. In Other Worlds: Essays in Cultural Politics.

New York: Routledge, 1987.

9. Trivedi, Harish, and Meenakshi Mukherjee, eds. Interrogating Post-
Colonialism: Theory, Text and Context. Shimla: IIAS, 1996.

©ONOO RGN

Background Readings

1. Fanon, Frantz. Black Skin, White Masks. Tr. Constance Farrington. New
York: Grove Press, 1994.

2. -—. The Wretched of the Earth. Tr. Richard Philcox. New York: Grove
Press, 2005.

3. Williams, Patrick, and Laura Chrisman, eds. Colonial Discourse and Post-
colonial Theory: A Reader. New York: Columbia University Press, 1994.

4. Chrisman, Laura and Benita Parry. Postcolonial Theory and Criticism.
New York: D. S. Brewer, 2000.
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Course Code HS 746

Title of the Course Translation Studies

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

Name of the Concerned | English

Discipline

Pre—requisite, if any NIL

Scope of the course

The course will involve a study of primary texts that have been self-translated
by authors such as Manoj Das, Girish Karnad, O.V.Vijayan and Rabindranath
Tagore. The background readings will be helpful in familiarizing the students
with some of the issues at hand and their complexities.

Course Syllabus

Amos, F. R. R. Early Theories of Translation. New York: Octagon, 1973.
Anderman, G. Europe on Stage: Translation and Theatre. London: Oberon
Books, 2005.

Bassnett, S. Translation Studies. London: Routledge, 1980.

Bassnett, S. and Lefevere, A. Constructing Cultures: Essays on Literary
Translation. Clevedon: Multilingual matters, 1998.

Bassnett, S. and Trivedi, H, eds. Postcolonial Translation: Theory and
Practice. London: Routledge, 1999.

Chaudhuri, S. Translation and Understanding. Delhi: Oxford University
Press, 1999.

Cheyfitz, E. The Poetics of Imperialism: Translation and Colonization from
The Tempest to Tarzan. London: Oxford University Press, 1991.

Kothari, R. Translating India. Manchester: St Jerome, 2003.

Lefevere, A. Translation, Rewriting and the Manipulation of Literary Fame.
London: Routledge, 1992.

Toury, G. In Search of a Theory of Translation. Tel Aviv: Porter Institute,
1980.

Background Readings

Bly, R. The Eight Stages of Translation. Boston: Rowan Tree, 1983.
Cronin, M. Translation and Globalization. London, Routledge, 2003.
Katan, D. Translating Cultures. Manchester: St. Jerome, 2004.
Kreiswirth, M. and Cheetham, M. A., eds. Theory Between the
Disciplines: Authority / Vision / Politics. Ann Arbor: The University of
Michigan Press, 1990.

.
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Course Code

HS 747

Title

Advanced Literary Theory

Credit Structure

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

Name of the Discipline

English

Pre—requisite, if any

NIL

oo~

Scope of the course

This course aims to familiarize research students with the fundamentals of theoretical
vocabulary and understand the works of important theorists in the discipline. The course uses
the Norton Anthology of Theory and Criticism as the overarching text to select the particular
theorists and works to be covered based on the research interests of the students of a
particular semester. The other seminal texts are selected keeping in mind some of the relevant
questions of criticism in the discipline. Postcolonial Studies, Politics of language, translations
are some of the areas covered in depth. Faculty teaching the course can add other works
relevant to the broad area of literary theory for any particular semester. This can change
based on individual faculty and student research areas. The aim of the course is to discuss
the role of theory in literary discourse and its importance in critically examining the contexts of
literary works that may lead to new ways of reading and understanding different works. The
course offers an in-depth understanding of theoretical terminology that enables students to
develop a sense of the strengths and weaknesses of the well-known schools of theory. Most
importantly, the course aims to train them to recognize the parameters from which the
terminology emerges and develop the ability to analyze incisively and offer new ways of
(re)configuring meta narratives.

Course Syllabus

Formalism, Reader-response theory, Rhetoric, Dialecticism, Structuralism,
Post-structuralism, Post-colonialism, Translation Theories, Deconstruction,
Feminist and Gender studies, Race Theory, Cultural Studies will be some of
the major schools of theory covered.

Suggested Books

1. Charu Gupta, Ed. Gendering Colonial India: Reforms, Print, Caste and
Communalism. Orient Blackswan, New Delhi.

2. David Damrosch. What is World Literature? Princeton University Press, NJ 2003

3. Eagleton, Terry. Literary Theory: An Introduction. University of Minnesota Press,
2008.

4. Foucault, Michel. Discipline and Punish: The Birth of the Prison, translated by
Allen Sanders, 1971.

5. GJV Prasad and Makarand Paranjpe Ed Indian English and Vernacular India:
Contests and Contexts. New Delhi: Pearson Longman, 2010.

6. Jeffrey T Nealon and Susan Giroux, The Theory Toolbox: Critical Concepts for
the New Humanities, Rowman and Littlefield, Lanham, MD 2003.

7. Loomba, Ania and Esty, Jed Edited. Postcolonial Studies and Beyond Duke
University Press, New York, 2005.

8. Paranjpe, Makarand Ed. Nativism: Essays in Literary Criticism. New Delhi:
Sahitya Akademi, 1997

9. Another Canon: Indian Texts and Traditions in English. London: Anthem
Books, 2009; Paperback ed, New Delhi: Anthem Press, 2010.

10. Spivak, Gayatri. A Critique of Postcolonial Reason: Toward a History of the
Vanishing Present, Harvard University Press, 1999.

11. The Aesthetics of Education in the Age of Globalization, Harvard University
Press, 2012.

12. Satya Mohanty. Literary Theory and the Claims of History: Postmodernism,
Objectivity and Multicultural Politics. Cornell University Press, 1997.

13. Trivedi, Harish and Susan Bassnett: Postcolonial translation Studies.

14. Vincent Leitch, Barabara Johnson, John McGowan et al edited Norton’s
Anthology of Theory and Criticism. W.W. Norton, 2010.

Primary Works of Literature (just a sample, can be changed by the Course

Instructor)

1. Amitav Ghosh. In an Antique Land Permanent Black, Ravi Dayal Press 2009.
- The Glass Palace. Random House February 2002; Sea of Poppies. 2010

2. Mahashweta Devi. (translated by Gayatri Spivak) Imaginary Maps. Routledge,
New York 2002.

3. Mahashweta Devi (translated by Suman Gangopadhyay): Mother of 1084

4. Lalithambika Antherjanam (Translated by Gita Krishnankutty): Cast me Out if
you Will.

5. Shakespeare, Wiliam. The Tempest. Norton Critical Edition, Ed
Sherman,William.
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Course Structure for PhD Programme in Economics

(A) Semester-l (Autumn / Spring)

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

1 HS 601 Research Methods in Social Sciences 3-0-0-3

2 HS 623 Advanced Microeconomics-| 3-0-0-3

3. ZZ XXX Elective-I| X-X-X-3

4 HS 797 * / HS 798* | Ph.D. Seminar Course 0-2-0-2

(B) Semester-ll (Spring / Autumn)

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

1 HS 624 HS 624: Econometrics-I 3-0-0-3

2 HS xxx Elective-ll X-X-X-3

3 ZZ XXX Elective-IIl * X-X-X-3

4 HS 798 */ HS 797* | Ph.D. Seminar Course 0-2-0-2

Economics course for the Elective-l, Il, and Il
(In addition these courses students can take courses from the other disciplines also)

S.No. Course Code Course Name Contact Hours

(L-T-P-C)
1 HS 622 / IHS 422 | Development Economics 3-0-0-3
2 HS 626 Environmental and Natural Resource 3-0-0-3

Economics

3 HS 628 Institutional Economics 3-0-0-3
4 HS 630 Intellectual Property Rights 2-0-0-2
5 HS 724 Econometrics-lI 3-0-0-3

+ Additional elective course to be taken by the students with MA/ MSc /BTech/BE qualification only.

* PhD Seminar course can be taken either in Autumn (HS 797) or in Spring Semester (HS 798) or both as

suggested by the Faculty Advisor/Thesis Supervisor.
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Course Code HS 601
Title of the Course Research Methods in Social Sciences
Credit Structure L-T-P-Credits
3-0-0-3
Name of the | Economics
Concerned Discipline
Pre—requisite, if any None

Scope of the Course

Course Syllabus

Foundations- language, philosophy, conceptualization and evaluation of
research;

Sampling-probability and non-probability sampling; Measurement- construct
validity and reliability; Survey research- types of surveys and interviews;
Scaling- Thurston, Likert and Guttman scaling;

Qualitative Measures- data, approaches and validity, Design- Experimental
and quasi-experimental,

Analysis- data preparation, descriptive statistics, hypothesis testing,
multivariate analysis (inferential statistics),

Report Writing.

Suggested Books

1. W.T. Trochim, Research Methods: The Concise Knowledge Base,
Atomic Dog Publisher, 2004. (ISBN: 1592601464)

2. C.R. Kothari, Research Methodology: Methods and Techniques (2™

edition), New Age International, 2009.

3. R.\V. Hogg, A. Craig, and McKean. Introduction to Mathematical

Statistics (6" Edition), Prentice Hall, 2004. (ISBN 130085073)
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Course Code

HS 622 / IHS 422

Title of the Course

Development Economics

Credit Structure

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

Name of the
Concerned
Discipline/School

Economics/HSS

Pre—requisite, if any

None

i

Scope of the Course

This course offers a broader understanding of economic
transformation of developing countries. It discusses issues in per
capita income, economic growth, inequality, poverty, population.
It also aims at analyzing land, labour and insurance sector. At
the macro level the course will orient students about political
economy of international trade, monetary policy and international
relations from developing country perspective.

Course Syllabus

Trends in international development; Basic features of
underdeveloped countries/ LDCs; Development indices, Growth
and development theories, Dual economy models, Domestic
resources and foreign resources and economic development,
Industrialization, protection and trade policies, Strategy towards
foreign capital external finances; Strategy towards imports
/export balance of payments; Balanced / unbalanced growth
approach; Sectoral strategy; population, poverty, employment,
migration, Some recent contributions to development theory;
Trade and development, The global strategy: new international
economic order (NIEO); The policy of structural adjustment,
environment and development.

Suggested Books

4. S. Ghatak, Introduction to Development Economics,
Routledge Publication. 2003. 4™ edition.

5. D. Ray. Development Economics, Princeton University
Press. 1998.

6. G. Meier, and J. Stiglitz, Frontiers of Development
Economics, Oxford University Press, 2001.

Reference Readings:

1. A. Sen, Development as Freedom, Oxford University Press,
1999.

2. P. Draper, P. Alves, R. Sally (editors), The political Economy of
Trade Reform in Emerging Markets: Crisis or Opportunity?"
Edward Elgar Publishing, 2009.

3. R. Capello, and Nijkamp, Handbook of Regional Growth and
Development Theories, Edward Elgar Publishing, 2009.

4. O. Galor, Inequality and Economic Development: the Modern
Perspective, Edward Elgar Publishing, 2009.

5. D. Williams, International Development and Global Politics:
History, Theory and Practice, Routledge Publication, 2011.

6. Y. Hayami, and Godo, Development Economics: From the
Poverty to the Wealth of Nations, Oxford University Press, 2005.
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Course Code HS 623
Title of the Course Advanced Microeconomics-I
Credit Structure L-T-P-Credits
3-0-0-3
Name of the Concerned | Economics

Discipline

Pre—requisite, if any

Some UG/PG level course on Microeconomics

Scope of the Course

The course aims at providing students with the recent advancements
in the theory of Microeconomics and take up the concepts covered at
undergraduate level at higher level.

Course Syllabus

Preference and Choice; Classical Demand Theory; Production; Choice
Under Uncertainty

Game Theory

Market Equilibrium and Market Failure: Competitive Markets,
Externalities and Public Goods, Market Power, Asymmetric
Information

Theory of Welfare, General equilibrium theory.

Suggested Books

1. H.R. Varian, Microeconomic Analysis (3rd edition), W.W. Norton
and Company. 1992.

2. A. Mas-Colell, M.D. Whinston, and J.R. Green, Microeconomic
Theory, 2006.

3. Reading Material in form of research articles to be provided to the
students.
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Course Code

HS 624

Title of the Course

Econometrics-I

Credit Structure L-T-P-Credits
3-0-0-3
Name of the | Economics

Concerned Discipline

Pre—requisite, if any

Research Methods in Social Sciences; Basic Statistics

Scope of the Course

This aim of the course is to cover basic econometrics with focus on
regression modeling and the problems encountered in dealing with cross-
section and time series data.

Course Syllabus

Methodology of econometrics; Regression analysis; Assumptions of the
classical linear regression Models; Two variable regression analyses;
Multiple regression analyses;

Heteroscedasticity; Autocorrelation and Multicollinearity;

Dummy variable regression models;

Model Selection;

Time Series Econometrics (introduction);

Panel data regression models (introduction).

Suggested Books

1. D.N. Gujarati, Basic Econometrics, The McGraw-Hill Companies. 2005.

2. G.S. Maddala, Introduction to Econometrics, (3rd Edition) Wiley, 2001.

3. J.M. Wooldridge, Introductory Econometrics: A Modern Approach, South
Western, 2009.
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Course Code

HS 626

Title of the Course

Environmental and Natural Resource Economics

Credit Structure L-T-P-Credits
3-0-0-3
4. | Name of the | Economics
Concerned Discipline
5. | Pre—requisite, if any None
6. | Scope of the Course
7. | Course Syllabus Environmental Challenges- Role of economics,
Valuing the environment- concepts and methods,
Property rights, externalities and environmental problems, sustainable
development,
Allocation of resources- depletable and renewable- energy, minerals, water,
land;
Environmental pollution- air, water;
Environmental justice, Sustainability of development.
8. | Suggested Books 1. T. Tietenberg, and L. Lewis, Environmental and Natural Resource

Economics (International Pearson 2008

(ISBN 9780321560469).

Edition) Education,

2. J. Conrad, Resource Economics, Cambridge University Press, 1999.

3. Hanley, N., Shogren, J., and B.White, Environemntal Economics in
Theory and Practice (2" edition), Palgrave Macmlllan: UK, 2007.

4. Pearce, D., Turner, K., and |. Bateman, Environmental Economics: An
Elementary Introduction, Pearson Education Ltd. : England, 1994.

5. Birnie, P., Boyle, A.,, and C. Redgwell, International Law and the
Environment (3" edition), Oxford University Press: Oxford, New
York, 2009.
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Course Code HS 628
Title of the Course Institutional Economics
Credit Structure L-T-P-Credits
3-0-0-3
Name of the Economics

Concerned Discipline

Pre—requisite, if any

Microeconomics, History of Economic Thought

Scope of the Course

Course Syllabus

Introduction: Institutions and Organizations, Structure of Institutions (formal
and informal), Old and New Institutional Economics;

Transaction costs: types and cost measurement;

Theory of property rights: Externalities, Internalization of externalities,
Coase Theorem, Common property, Collective action;

Contracts: legal and economic approach, Asymmetric information, adverse
selection, Asset plasticity and moral hazard;

Institutional theory of firm, market, regulation;

Institutional Change.

Suggested Books

1. Eggertson, T. Economic Behaviour and Institutions. Cambridge:
Cambridge University Press, 1990.

2. North D. Institutions, Institutional Change and Economic Performance.
Cambridge: Cambridge University Press, 1990.

3. Furubotn, E, and R. Richter. Institutions and Economic Theory. The
University of Michigan Press, 1997.

4. Claude, M. and M.M. Shirley (Eds.) Handbook of New Institutional
Economics, US: Springer, 2008.
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Course Code HS 630
Title of the Course Intellectual Property Rights
Credit Structure L-T-P-Credits
2-0-0-2
Name of the Economics
Concerned Discipline
Pre-requisite, if any | None

Scope of the Course

The course aims at providing the basic understanding of intellectual property
rights, the rationale behind making provision for these rights and the recent
concerns in the field.

Course Syllabus

History and concept of Property; Introduction to intellectual property rights
(IPRs); Patent, Industrial design; Copyrights, Trademarks, Geographical
Indications; Trade Secrets ; International aspect of IPRs ; Developments at
the International level regarding IPRs; The debate: Copyright vs Copy left ;

Research ethics

Suggested Books

1. Cornish, W.R. and L. David. 2010. 7th Edition. Intellectual Property:
Patents, Copyrights, Trademarks and Allied Rights. Sweet and Maxwell.

2. Narayan, P. 2002. Intellectual Property, Law in India, 3rd Ed. New Delhi,
Delhi Law House.

3. Ganguli, P. 2001. Intellectual Property Rights: Unleashing the Knowledge
Economy. Tata McGraw Hills (Reference)

4. Watal, J. 2001. Intellectual Property Rights in the WTO and Developing
Countries. New Delhi: Oxford University Press
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Course Code HS 724

Title of the Course Econometrics-Il

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

Name of the Economics

Concerned Discipline

Pre—requisite, if any

Econometrics |

Scope of the Course

The aim of the course is to cover econometric modeling for panel data as
well as time series. It will also focus on simultaneous equation modeling and
models dealing with discrete data.

Course Syllabus

Classical linear regression model; Specification Analysis and Model
Selection; Heteroscedasticity; Serial Correlation; Models for Panel Data;
Systems of Regression Equations; Simultaneous-equation models; Models

with lagged variables; Time-series models; Models for discreet choice.

Suggested Books

1. Greene, W. H. 2005. Econometric Analysis. 5th ed. New Delhi: Pearson
Education.

2. Baltagi, B.H. 2005. Econometric Analysis of Panel Data. 3rd ed. West
Sussex: John Wiley & Sons.

3. J.M. Wooldridge, 2001. Econometric Analysis of Cross Section and Panel
Data, MIT Press.

4. W.Enders, 2004. Applied Econometric Times Series (2nd Edition), Wiley.
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Course Structure for PhD Programme in Psychology

(A) Semester-l (Autumn / Spring)

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

1 ZZ XXX Elective-I| X-X-X-3

2 ZZ XXX Elective-Il X-X-X-3

3. ZZ XXX Elective-lll X-X-X-3

4 HS 797 * / HS 798* | Ph.D. Seminar Course 0-2-0-2

(B) Semester-ll (Spring / Autumn)

Sr. Course code Course Name () L-T-P-Credits
No.

1 ZZ XXX Elective-1V X-X-X-3

2 ZZ XXX Elective-V X-X-X-3

3 ZZ XXX Elective-VI X-X-X-3

4 HS 798 */ HS 797* | Ph.D. Seminar Course 0-2-0-2

Psychology course for the Elective-l to VI (in addition these courses students can take courses from the
other disciplines also in consultation with thesis supervisor/faculty advisor and the concerned course coordinator.)

S.No. | Course Code Course Name Contact Hours
(L-T-P-C)
1 HS 671 Human Factors and Higher Cognitive Processes 2-0-2-3
Note:

1. A PhD student having MSc/ BTech/ BE or equivalent qualification has to do 5 to 7 PhD level courses of at least
3 credits each and 1-2 PhD seminar courses at least 2 credits each. Minimum number of courses will be 5 PhD
level courses and one PhD seminar course (minimum coursework of 17 credits).

2. A PhD student having MTech/ME//MPhil qualification has to do one semester coursework (with 2-3 PhD level
courses) Minimum number of courses will be 2 PhD level courses and one PhD seminar course (i.e. (minimum
coursework of 8 credits).

* PhD 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 HS 671
Title of the Course Human Factors and Higher Cognitive Processes
Credit Structure L-T-P-Credit

2-0-2-3

Name of the
Concerned Discipline/
School

Psychology/Humanities & Social Sciences

Pre-requisite, if any
(for the students)

Basic Understanding of Psychology

Course Obijective

The aim of the course is to familiarise students with a wide range of theories and

research investigating human factors. As an advanced course, the course normally

covers all the areas specified in the syllabus, but students wishing to concentrate

especially on particular topic areas may do so by agreement with the instructor as a

part of project/practicum portion. The course has been developed to be as

interesting and challenging as possible. The following are the objectives of the

course:

1. To develop understanding of the breadth of different approaches to human
factors practices.

2. To gain awareness of the principles and perspectives of human factors through
the study of theories, concepts, and research.

3. To develop the ability to apply human factors research to real-world issues.

4. To understand how to critically appraise concepts, theories, and empirical
evidence.

5. To be familiar with a range of research methods.

Course Syllabus

Understanding Human Factors: Introduction and Background to Human Factors,
Defining Design, System Thinking, and Sociotechnical System.
Human System Interaction: Affective and Cognitive Processes in System
Development, Design, and Evaluation: User & Interactive Systems, User
Cognition, Emotion, HCI, Complex Systems, Human Error, Human Performance,
Human Centered Engineering, Usability & Human-Centered Systems Design.
Cognitive Ergonomics: Visual Cognition & Attention, Eye Movement, Visual
Perception, and Computer Vision Syndrome.
Ergonomics Standards: Displays, The EC directives, Technical standards.
Strategic Practices: Social & Cultural Contexts, Design thinking, Business Design,
Social Innovation, Democratic
Design, Transformation.
Research Practitioner:

e Research Methods, Usability Evaluation, Reporting, Recent Developments.

e Professional Issues: ISE, HFES; EACE, FEES, IEA, EAEFS, SEAES, SEANES,

BCPE; Accreditation; Training & Employment.

Suggested Books

Textbooks:

1. C. D. Wickens, J. G. Hollands. Engineering Psychology and Human
Performance (3rd Ed.), Prentice Hall, 1999.

2. C.D. Wickens, J. L. Lee, Y. D., & Gordon-Bekcer, S. An Introduction to Human
Factors Engineering (2nd Ed.). Upper Saddle River, NJ: Prentice Hall. 2004.

Reference Readings:

1. M. S. Sanders & E. J. McCormick. Human factors in Engineering and Design
(7" Ed.). New York: McGraw-Hill. 1993.

2. Pamela McCauley Bush. Ergonomics Foundational Principles, Applications,
and Technologies. 2011.

3. Norman, D. A. The design of everyday things. New York: Basic Books. 2002.

Casey, S. M. Set Phasers on Stun. Santa Barbara, CA: Aegean. 1998.

5. Stanton, N., Hedge, A., Brookhuis, K., & Salas, E. (Eds.). Handbook of human
factors and ergonomics methods. 2004.

&
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Course Structure for PhD Programme in Sociology

(A) Semester-l (Autumn / Spring)

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

1 ZZ XXX Elective-I| X-X-X-3

2 ZZ XXX Elective-Il X-X-X-3

3. ZZ XXX Elective-lll X-X-X-3

4 HS 797 * / HS 798* | Ph.D. Seminar Course 0-2-0-2

(B) Semester-ll (Spring / Autumn)

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

1 ZZ XXX Elective-1V X-X-X-3

2 ZZ XXX Elective-V X-X-X-3

3 ZZ XXX Elective-VI X-X-X-3

4 HS 798 */ HS 797* | Ph.D. Seminar Course 0-2-0-2

Sociology course for the Elective-l to VI (in addition these courses students can take courses from the
other disciplines also in consultation with thesis supervisor/faculty advisor and the concerned course coordinator.)

S. Course Code Course Name L-T-P-Credits
No.

Note:

1. A PhD student having MSc/ BTech/ BE or equivalent qualification has to do 5 to 7 PhD level courses of at least
3 credits each and 1-2 PhD seminar courses at least 2 credits each. Minimum number of courses will be 5 PhD
level courses and one PhD seminar course (minimum coursework of 17 credits).

2. A PhD student having MTech/ME//MPhil qualification has to do one semester coursework (with 2-3 PhD level
courses) Minimum number of courses will be 2 PhD level courses and one PhD seminar course (i.e. (minimum
coursework of 8 credits).

* PhD 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

HS 797 (Autumn Semester)
HS 798 (Spring Semester)

2. | Title of the Course Seminar Course

3. | Credit Structure L-T-P-Credits
0-2-0-2

4. | Name of the Concerned | HSS

Discipline

5. | Pre-requisite, if any None

6. | Scope of the course

7. | Course Syllabus In this course a PhD student has to present seminar/presentation or a series
of presentations on a topic(s) chosen by him/her in consultation with his/her
PhD Thesis Supervisor/ Faculty Advisor. The frequency of
seminar/presentation will be decided by the Course Coordinator.

8. | Textbook None

9. | Other references Books and research publications in various relevant journals.
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Course Structures
of
PhD Program in

Computer Science and Engineering
and Syllabi of Courses
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Course Structure for PhD Programme in Computer Science and Engineering
(from AY 2010-11 to AY 2012-13)
(A) Semester-l (autumn / spring)

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

1 | CS 701 Selected Topics in Advanced Algorithms 3-0-0-3

2 | ZZ xxx Elective-I| X-X-X-3

3 | ZZ xxx Elective-Il * X-X-X-3

4 | CS797*/CS 798" | Ph.D. Seminar Course 0-2-0-2

(B) Semester-ll (spring / autumn)

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

1 | ZZ xxx Elective - Ill * X-X-X-3

2 | ZZ xxx Elective - IV * X-X-X-3

3 | CS798*/CS 797* | Ph.D. Seminar Course 0-2-0-2

Computer Science & Engineering courses for Elective

S.No. Course Code Course Name Contact Hours
(L-T-P-C)
1 CS 606 / CS 406 Data Mining and Data Warehousing 3-0-0-3
2 CS 609/CS 409 | Advanced Topics in Database Management 3-0-0-3
Systems
3 CS614/CS 414 Cloud Computing and Applications 2-1-0-3
4 CS 616 /CS 416 Service Oriented Systems 2-1-0-3
5 CS 617 /CS 417 Cryptography and Network Security 3-0-0-3
6 CS618/CS 418 | Systems and Usable Security 2-1-0-3
7 CS619/CS 419 Computer Vision 2-1-0-3

For rest elective courses, the student should choose any PG-level course from other
disciplines/schools in consultation with thesis supervisor/faculty advisor and the concerned course
coordinator.

Note:

+ Additional elective course to be taken by the students with BTech/BE/MSc qualification only.

* Depending upon the semester of admission (CS 797 for Autumn Semester and CS 798 for the Spring
Semester).

Core courses are compulsory.
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Course Structure for PhD Programme in Computer Science and Engineering

(w.e.f. AY 2013-14)

(A) Semester-l (autumn / spring)

1.

Sr. Course code Course Name L-T-P-Credits
No.
1 | ZZ xxx Elective-I| X-X-X-3
2 | ZZ xxx Elective-Il X-X-X-3
3 | ZZ xxx Elective-lll X-X-X-3
4 | CS797*/CS 798" | Ph.D. Seminar Course 0-2-0-2
(B) Semester-ll (spring / autumn)
Sr. Course code Course Name L-T-P-Credits
No.
1 | ZZ xxx Elective — IV X-X-X-3
2 | ZZ xxx Elective -V X-X-X-3
3 | ZZ xxx Elective - VI X-X-X-3
4 | CS798*/CS797* Ph.D. Seminar Course 0-2-0-2
NOTE

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

PhD seminar course (minimum coursework of 20 credits).

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

A PhD students having BTech/ BE / MSc or equivalent qualification admitted to PhD programme in
an Engineering discipline shall do 6-8 courses of at least 3 credits each and 1-2 PhD Seminar
courses of at least 2 credits each. Minimum number of courses will be 6 PhD level courses and one




CSE courses for Elective-l to VI (in addition these courses students can take courses from the other

disciplines also)

S. Course Code Course Name Contact Hours
No. (L-T-P-C)
1. | CS601/CS 401 Soft Computing 2-0-2-3
2. | CS606/CS 406 Data Mining and Data Warehousing 3-0-0-3
3.1 CS609/CS 409 Advanced Topics in Database 3-0-0-3

Management Systems
4.1 CS614/CS 414 Cloud Computing and Applications 2-1-0-3
5.1 CS616/CS 416 Service Oriented Systems 2-1-0-3
6.| CS617/CS 417 Cryptography and Network Security 3-0-0-3
7.1 CS618/CS 418 Systems and Usable Security 2-1-0-3
8. CS619/CS 419/1CS 419 | Computer Vision 2-1-0-3
9.1 CS620/CS 420 Embedded Systems 2-1-0-3
10. | CS 622/ CS 422 Numerical Simulation 2-1-0-3
11. | CS 701 Selected Topics in Advanced Algorithms 3-0-0-3
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Course Code

CS 601/ CS 401 [from AY 2014-15 onwards]

Title of the Course Soft Computing
Credit Structure L-T-P-Credits
2-0-2-3

Name of the Concerned
Discipline/Discipline

Computer Science and Engineering

Pre—requisite, if any

Discrete Mathematical Structures, Design and Analysis of Algorithms,
Computational Intelligence

Scope of the Course

After having basic knowledge of artificial intelligence related to neural,
fuzzy and evolutionary approaches, advancements in different areas are
to be covered with working in a specific domain. This is by taking a case
study to come up with the implementation and results.

Course Syllabus

Review on Mathematical and theoretical methods on soft computing:
neural networks. RBF structures. Self- organizing networks and methods.
Fuzzy logic. Support vector machines and kernel methods. Evolutionary
algorithms.

Hybrid Intelligent Systems: Neuro-fuzzy systems. Neuro-Genetic
systems, Evolving neural systems. Neuro-swarm. Hybridization with novel
computing paradigms: Quantum computing, DNA computing, membrane
computing. Neural dynamic logic and other methods, etc.

Learning and adaptation for novel: Adaptive systems. Imitation learning.
Reconfigurable systems. Supervised, unsupervised, Semi-supervised,
reinforcement and statistical algorithms.  Stability and convergence
analysis.

Applications: Image and signal processing. Ambient intelligence. process
control, and manufacturing. Biometry and bioinformatics. Data mining.
Internet modeling, communication and networking. Intelligent systems in
education. Human-robot interaction. Time series analysis and prediction
etc.

Suggested Books

Book:

1. Jang, Roger and Mizutani, “Neuro-Fuzzy and Softcomputing: A
Computational Approach to learning and Machine Intelligence”,
Pearson.

2. R. John and Ralph Birkenhead, SoftComputing Techniques and
Applications (Advances in Intelligent and Softcomputing), 2000,
Springer-Verlag.

3. F.O. Karray, C. W. De Silva, SoftComputing and Intelligent System
Design: Theory, Tools and Applications, Addison Wesley; 1% Ed. 2004.

Other References:

4. |EEE Transactions on Fuzzy Systems

5. ACM Transactions on Knowledge Discovery from Data (TKDD)

6. The journal of pattern recognition society, ELSEVIER

7. The journal of Neurocomputing, ELSEVIER

8. |EEE Transactions on Evolutionary Computation

9. IEEE Transactions on Neural Networks Learning Algorithms

1

0. Other web resources will be posted on the course website from time to

time.
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Course Code

CS 606 / CS 406

Title of the Course

Data Mining and Data Warehousing

Credit Structure

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

Name of the Concerned
Discipline

Computer Science & Engineering

Pre-Requisite, if any

CS 301 (Data Base & Information Systems)

o

Scope of the Course

Course Syllabus

Data Warehouse and OLAP Technology: Data warehousing
Definition, usage and trends, Data marts, Metadata, Multidimensional
data model, Data cubes, Schemas for Multidimensional Database: stars,
snowflakes and fact constellations, Data warehouse architecture, OLTP
and OLAP, types of OLAP servers: ROLAP, MOLAP, 3- Tier data
warehouse architecture, Data warehouse implementation, computation
of data cubes, indexing OLAP data, processing OLAP queries.

Data Mining: Data mining definition & task, data preprocessing, data
mining functionalities: Characterization and Discrimination, Mining
frequent patterns, Frequent itemset mining methods, associations, and
Correlations, Classification and Predictions, Cluster Analysis, Outlier
Analysis, Evolution Analysis

Mining complex data objects: Spatial databases, Multimedia
databases, Time series and Sequence data, mining Text Databases and
mining Word Wide Web, Applications and Trends in Data Mining

Suggested Books

1. Jiawei Han and Micheline Kamber, Data Mining: Concepts and
Techniques, Elsevier Publication, 2" Edition.

2. Margaret H.Dunham, Data Mining: Introductory and Advanced
Topics, Pearson Education 2004.
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Course Code

CS 609/ CS 409

Title of the Course

Advanced Topics in Database Management Systems

Credit Structure

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

Name of the
Concerned Discipline

Discipline of Computer Science & Engineering

Pre-Requisite, if any

Data Structures and Algorithms and Database and Information
Systems

Scope of the course

Course Syllabus

Advanced Data Models: Enhanced Relational System, Object-
Oriented Data Model, Spatial and Temporal Databases, Multimedia
Databases.

Query Processing and Optimization: Query Interpretation and
Equivalence Expressions, Cost Estimate in Query Optimization,
Semantic Query Optimization.

Transaction Processing and Concurrency Control: Properties of
Transactions, Schedules and Serializability of Schedules, Transaction
Failures and Recoverability, High Performance Transaction Systems.
Distributed Databases: Design of Distributed Databases, Distributed
Query Processing, Deadlock Handling, Concurrency Control and
Recovery.

Database Security and Authorization: Database Security Issues,
Security and Integrity Violations, Multilevel Security, Discretionary and
Mandatory Access Control, Statistical Database Security.

Suggested Books

1. R. Elmasri and S. Navathe, Fundamentals of Database Systems
(3" Ed), Benjamin Cummings, 2002.

2. H.F. Korth and A. Silberschatz, Database System Concepts (3"
Ed.), McGraw Hill Inc., 2003

3. C. Zaniolo, S. Ceri, C. Faloutsos, Richard T. Snodgrass, V.S.
Subrahmanian, R. Zicari, Advanced Database Systems, Morgan
Kauffmann, 2002
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Course Code

CS 614/CS 414

Title of the Course

Cloud Computing and Applications

Credit Structure

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

Name of the
Concerned Discipline

Computer Science & Engineering

Pre-Requisite, if any

UG level courses on Operating Systems, Computer Architecture and
Computer Networks

Scope of the Course

To study the technology behind the cloud computing methodology. The
course would include many cloud computing service models namely /aaS,
SaaS, and PaaS and cloud computing deployment models such as public
Cloud, private Cloud and hybrid Cloud. Further, with the exponential
growth in Cloud computing services, there is a need to understand the
various issues that affect the different stakeholders of Cloud computing.
The success story of the cloud computing not only depends on the
underlying technology but also on the economics of the Cloud computing
resource market. Hence, in this course, we would also cover the concept of
Service Level Agreement (SLA), SLA matching techniques, cloud
resources management, resource provisioning and sharing, pricing
strategies, monitoring risk, trust, and Quality of Service (QoS) etc.

Course Syllabus

History of Cloud Computing: Paradigms in Computing, Parallel
Computing, Distributed Computing, Grid Computing, Service Computing;
Service Oriented Architecture (SOA), Web Services

Cloud Computing: Definition, Characteristics, Architecture, Components,
Service Models, Deployment Models, Virtualization: Server, Storage,
Network, Desktop; Hypervisor, Virtual Machine, Multi-tenancy,
Opportunities and Risks

Service Level Agreement (SLA): Definition, Types of SLA, SLA Life
Cycle, Issues Related to Cloud SLA, SLA Frameworks: WS-Agreement,
WSLA, WSOL, Slang, Bilateral Protocol; Translation of SLAs into
Monitoring Specifications, Dynamic Creation of Monitoring Infrastructures,
Penalty Management, Runtime Prediction

Cloud Security: Cloud Security Fundamentals, Vulnerability Assessment,
Security and Privacy in Cloud, Cloud Computing Security Architecture:
Identity Management and Access Control, Autonomic Security; VM
Specific Security Techniques

Cloud Application Programming Models: Cloud File Systems: GFS and
HDFS, BigTable, Hbase and Dynamo; Map Reduce Programming Model,
Hadoop: Hadoop Fundamentals, Hama and other Hadoop Related
Services

Cloud Application Development Platforms: Xen Hypervisor, Amazon
Web Service, Windows Azure, Google App Engine, Eucalyptus, Open
Stack, Open Nebula

Suggested Books

1. A.T. Velte, Cloud Computing - A Practical Approach, McGraw Hills

2. P. Wieder and J.M. Butler, Service Level Agreements for Cloud
Computing, Springer

3. C. Buan, Cloud Computing - Web Based Dynamic IT Services,
Springer

4. Tanenbaum and V. Steen, Distributed Systems: Principles and
Paradigms, Pearson

5. David E.Y. Sarna, Implementing and Developing Cloud Computing
Applications, CRC Press

6. R. Krutzand R. D. Vines, Cloud Security, Wiley-India

7. T.White, Hadoop: The Definitive Guide, O’Reilly Media
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Course Code CS 616/ CS 416
Title of the Course Service Oriented Systems
Credit Structure L-T- P-Credits

2-1-0-3

Name of the Concerned
Discipline

Computer Science and Engineering

Pre—requisite, if any

UG Level course on Software Engineering and Computer Networks

Scope of the course

To understand the technical as well as management aspects of
service-oriented systems. Emphasis would be on the most common
realization of service-oriented systems i.e. web-services

Course Syllabus

¢ Introduction: service explosion in the world, independent
services, ‘servitization’ of products

o Service-oriented systems: understanding the ‘register, find,
bind’ triangle, loose coupling, Software-as-a-Service,
Governance issues Practical realization of service-oriented
systems via web services, basics of xml and its use in web-service
implementation, http  protocol, utility of web-services

o Basic web services stack: understanding the SOAP protocol,
WSDL, UDDI registry. Implementation of web services using the
basic web services stack

o Representational State Transfer (REST) web services:
implementation of RESTful web services, REST constraints,
comparison of this approach of web-service implementation with
that of the basic web-service stack, advantages and limitation of
RESTful web services

e Service composition: understanding of the concepts of service
orchestration and service choreography, static versus dynamic
service composition, assessment of quality in service
compositions, appropriate service selection for compositions, role
of the customer in service composition

Suggested Books

1. J. Snell, D. Tidwell, P. Kulchenko. Programming Web Services
with SOAP, O’'Reilly

2. L. Richardson, S. Ruby, D. H. Hansson. Restful Web Services,
O'Reilly

3. B. A. Christudas, M. Barai, V. Cacello. Service-Oriented
Architecture with Java, Packt Publishing.
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Course Code

CS 617 /CS 417

Title of the Course

Cryptography and Network Security

Credit Structure

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

Name of the Concerned
Discipline/Discipline

Computer Science and Engineering

Pre—requisite, if any

Discrete Mathematical Structures, Design and Analysis of
Algorithms, Computer Networks

Scope of the Course

To understand the basic concepts of cryptography, get familiarized
with encryption and authentication protocols and look at system
level security. We will study block ciphers, stream ciphers, hash
functions and public key cryptography and security mechanisms in
networks and Internet. In the process we will learn some number
theory and algebra.

Course Syllabus

Introduction: What is cryptography, classical ciphers,
cryptanalysis.

Shannon's theory: Concept of perfect secrecy, entropy
Symmetric-key Cryptography: Pseudorandomness, Stream
ciphers, Block ciphers, Data Encryption Standards, Advanced
Encryption Standards, Modes of operation

Hash-functions: Data Integrity, Merkle-Damgard construction,
Message Authentication Codes

Number Theory: Euclidean Algorithm, Chinese Remainder
Theorem, Primality Testing algorithms, Factoring algorithms
Public-key Cryptography: RSA, Discrete log problem, Diffie-
Hellman key exchange protocol, Signatures schemes Public key
Infrastructure, Digital certificates

Network Security: Network security at application,Security issues
in electronic mail, IP Security, Web security, transport layer security
and Secure Socket Layer, intrusion detection, malicious software,
viruses, worms and related threats, firewalls, trusted systems.

Suggested Books

Suggested Textbook:

1. D. R. Stinson: Cryptography theory and practices, 3™ Edition,
CRC Press, (2006)

2. W. Stalling: Cryptography and Network security Principles
and Practices, 4" or 5" Edition PHI, 2006/2010

Other References:

1. A. Menezes, P. Oorschot, S. Vanstone: Handbook of
Applied Cryptography

2. (individual chapters are freely available online at
http://www.cacr.math.uwaterloo.ca/hac/

3. J. Katz and Y. Lindell: Introduction to Modern
Cryptography, Chapman & Hall/CRC 2008

4. S. Singh: The Code Book. (A good popular
introduction to the subject)

5. Other web resources will be posted on the course

website from time to time.
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Course Code

CS 618 /CS 418

Title of the Course

Systems and Usable Security

Credit Structure

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

Name of the
Concerned Discipline

Computer Science and Engineering

Pre—requisite, if any

UG Level Courses on Operating Systems and Computer Networks

Scope of the course

To understand the principles of systems security from an applied
viewpoint and obtain hands-on experience on security threats and
counter-measures. To study operating systems security, advanced topics
on network security, access control and digital rights management, web
security and usable security. After the completion of the course, the
student will have sound understanding of practical aspects of security and
will be able to analyze and design the secure systems.

Course Syllabus

Introduction: Computer Security Concepts, threats, Attacks, and Assets
Malicious Software: Types of Malicious Software (Malware), Infected
Content—Viruses, Vulnerability Exploit—-Worms, Social Engineering—SPAM
E-mail, Trojans, System Corruption, Zombie, Bots, Information Theft—
Keyloggers, Phishing, Spyware, Stealthing—Backdoors, Rootkits.
Operating System Security: System Security Planning, Application
Security, Linux/Unix Security, Windows Security, Virtualization Security
Access Control: Access Control Principles, Subjects, Objects, and
Access Rights, UNIX File Access Control, Role-Based Access Control,
Attribute based Access Control.

Database Security: The Need for Database Security, Database
Management Systems, Database Access Control, Statistical Databases,
Private Information Retrieval, Cloud Security.

Digital Rights Management: Multicast security, copyright protection, Digital
Finger printing.

Web Security: Secure E-mail and S/IMIME, Domain Keys Identified Mail,
Secure Sockets Layer (SSL) and Transport Layer Security (TLS), HTTPS,
Ipv4 and lpv6 Security, Internet Authentication Applications, Kerberos,
X.509, Public-Key Infrastructure, Federated Identity Management.
Wireless Security: Wireless Security Overview, IEEE 802.11 Wireless
LAN Overview, IEEE 802.11i Wireless LAN Security.

Usable Security: Introduction to privacy, trust and semantic security,
Visualizing privacy, Web browser security and privacy, Authentication and
text passwords, biometrics and graphical passwords.

Suggested Books

1. W. Stallings and L. Brown, Computer Security: Principles and
Practice (2" Edition), Prentice Hall, 2011.

2. A. Menezes, P. Oorschot, S. Vanstone: Handbook of Applied
Cryptography (individual chapters are freely available online at
http://www.cacr.math.uwaterloo.ca/hac/)

Other References:

3. Goodrich and Tamassia, Introduction to Computer Security, Addison-
Wesley, 2010.

4. Kaufman, Perlman and Speciner, Network Security: Private
Communications in a Public World, (2" edition), Prentice Hall, 2003.
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Course Code

CS619/CS 419/ICS 419

Title of the Course

Computer Vision

Credit Structure

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

Name of the Concerned
Discipline

Computer Science and Engineering

Pre—requisite, if any

i

Scope of the course

Objective of this course is to understand and create artificial vision
systems which can reliably extract information from images. Study of
vision problems require the basic understanding of image formation,
image representation, ways of analyzing the images and patterns present
in them. This course aims at providing the knowledge at all these fronts.

Course Syllabus

Digital Image Processing: Fundamentals, Types of Image Processing,
Image Acquisition Methods, Human Perception of Color and Images,
Transformations: Orthogonal, Euclidean, Affine, Projective etc.

Low-level Image Processing: Image Enhancement in Spatial Domain —
Histogram Processing, Contrast Stretching, Log Transformation, Gamma
Correction, Smoothing and Sharpening; Logical and Arithmetic
Operations, Morphological Image Processing, Image Enhancement in
Frequency Domain, Fourier Transform, Convolution and Filtering, Image
Restoration.

Image Feature Extraction: Edge detection — Canny, Sobel, Prewitt,
LOG, DOG, Line detector: Hough Transform; Corner detectors — Harris
and Hessian Affine; Orientation Histogram, SIFT, SURF, HOG, GLOH,
Scale-Space Analysis — Image Pyramids and Gaussian derivative filters,
Gabor Filters and DWT.

Image Segmentation: Edge Based Approaches to Segmentation,
Region Growing, Texture Segmentation, Object Detection and
Segmentation: Graph-cuts, Active Contours, Mean-Shift.

Object Recognition: Structural Approaches, Model-based Approaches,
Appearance and Shape-based Approaches, Probabilistic Paradigms.
Pattern Analysis: Clustering: K-Means; Gaussian Mixture Model (GMM);
Classification — Discriminant Function, Supervised, Semi-supervised,
Unsupervised; Classifiers: Bayes, KNN, ANN models; Dimensionality
Reduction: PCA, LDA, ICA; Non-parametric methods.

Motion Analysis: Background Subtraction and Modeling, Optical Flow,
KLT, Spatio-Temporal Analysis.

Applications and Performance Measures: CBIR, CBVR, Activity
Recognition, Biometrics, Document processing, Super-resolution,
Augmented Reality, Security and Surveillance, Performance Evaluation
Measures.

Suggested Books

Text Books

1. Computer Vision: A Modern Approach, D. A. Forsyth and J. Ponce,
Pearson Education, 2003. (693 pages), ISBN: 9780130851987 .

2. Computer Vision: Algorithms and Applications, Richard Szeliski,
Springer-Verlag, 2011. (832 pages), ISBN: 978-1848829343.

Reference Books

1. Digital Image Processing, Rafael C. Gonzalez and Richard E. Woods,
Pearson Education, 2008. (976 Pages ), ISBN: 9788131726952.

2. Pattern Classification, R.O. Duda, P.E. Hart and D.G. Stork, Wiley-
Interscience, 2000. (654 pages), ISBN: 978-0471056690.

3. Multiple View Geometry in Computer Vision, Richard Hartley and
Andrew Zisserman, Cambridge University Press, 2004. (668 pages),
ISBN: 978-0521540513.

4. Introduction to Statistical Pattern Recognition, Keinosuke Fukunaga,
Academic Press, 1990. (592 pages), ISBN: 978-0122698514.
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Course Code CS 620/ CS 420

Title of the Course Embedded Systems

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

Name of the Concerned
Discipline

Computer Science and Engineering

Pre-requisite, if any

Programming knowledge, Computer Architecture, Operating Systems.
CSE students take these subjects in their |, Il and Ill years.

Scope of the course

Embedded systems are becoming more and more ubiquitous and
pervasive in our day to day life. Their applications range from domestic
household appliances, health-care, defense, transportation, space
technology, gaming, infotainment, mobiles, energy generation, etc.
Research reports1 reveal that 99% of the microprocessors/software
produced annually end up in embedded systems/applications. The
course will focus on software issues in embedded systems. It will include
demonstrations and getting acquainted with 8/16/32-bit micro-controller
and its development environment (starter kits, appropriate compilers and
flashers), interrupt programming, resource management, and peripheral
interfacing & drivers. The practical part will involve demos and getting
started kind of exercises to show the tangible side of taught concepts.

Course Syllabus

1. Introduction to embedded systems: Embedded vs. General
purpose computer Systems; Abstract Model; computer-plant
interaction and real-time reactive behaviour of embedded
control systems.

Sequential and continuous control systems;

Basic modeling and implementation techniques for sequential
and continuous control systems - state machines, function
blocks and function block diagrams, which is followed by
advanced modelling techniques for complex systems, such as
hierarchical and concurrent state machines and hybrid models;
4. Real-time operating systems (RTOS), Real-time kernels,

Deploying applications on RTOS/Kernels.

w N

Suggested Books

1. David E. Simon, Embedded Systems Primer, Addison-Wesley,
1999, 020161569X / 9780201615692.

2. Tammy Noergaard, Embedded Systems Architecture : A
Comprehensive Guide for Engineers and Programmers, 2005,
Newnes, ISBN-10: 0750677929, ISBN-13: 978-0750677929 /
9780123821966
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Course Code

CS 622/ CS 422

Title of the Course

Numerical Simulation

Credit Structure

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

Name of the
Concerned Discipline

Computer Science & Engineering

Pre—requisite, if any
(for the students)

Calculus, Linear Algebra and Ordinary Differential Equations, Complex
Analysis and Differential Equations, Numerical Methods

Scope of the course

Simulation is a useful tool in almost all areas of engineering and science.
This course will introduce computational techniques for simulating
applications from Electrical Engineering, Mechanical Engineering,
Material Science, Physics, and Operations Research.

Course Syllabus

Problem Types: Circuit analysis, structural analysis of automobiles,
analyzing drag force in aircrafts, engine thermal analysis, virtual
environments for computer games, stock option pricing, electrostatic
optimization for biomolecules etc.

Equation Formulation Methods: Stamping, node-branch, and nodal.

Direct and lterative Matrix Solution: Error analysis, dense and sparse
matrix factorizations, and Krylov methods.

Nonlinear Systems Solution: Multi-dimension Newton, fixed-point and
functional iterations, and continuation schemes.

Numerical Integration and Monte Carlo Methods: Newton-Cotes,
composite quadrature, Gauss quadrature, multiple integrals, generating
samples, random tours, designing and analyzing random paths.

Discretization Methods for Partial Differential Equations: Finite
difference, finite element, multi-grid, and spectral methods.

Suggested books

3. G. Strang, Computational Science and Engineering, Wellesley-
Cambridge Press (2007).

4. D. Kincaid and W. Cheney, Numerical Analysis: Mathematics of
Scientific Computing, Brooks / Cole (2002).

5. Y. Saad, lterative Methods for Sparse Linear Systems, SIAM
(2003).

6. C. T. Kelley, Solving Nonlinear Equations with Newton's Method,
SIAM (2003).

7. E. L. Allgower and K. Georg, Introduction to Numerical
Continuation Methods, SIAM (2003).

8. G. S. Fishman, Monte Carlo Concepts, Algorithms, and
Applications, Springer (1996).

9. W. L. Briggs, V. E. Henson, and S. F. McCormick, A Multigrid
Tutorial, SIAM (2000).
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Course Code

CS 701

Title of the Course

Selected Topics in Advanced Algorithms

Credit Structure

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

Name of the
Concerned Discipline

Computer Science & Engineering

Pre-requisite, if any

Courses on Automata Theory and Logic, Design and Analysis of
Algorithms & associated lab, Artificial Intelligence & associated lab, and
Parallel Computing & associated lab

Scope of the Course

Course Syllabus

Complexity: Turing Complexity. Computationally hard problems.
Polynomial Reducibility and its implications for algorithm design.

Data Structures and Algorithm Design: Data Structure oriented
algorithm design. Data structures for computationally hard problems.
Software design, implementation and testing for selected computationally
hard problems.

Parallel Algorithms: Data structures and algorithms for parallel
computing models like MPI and OpenMP.

Examples and applications of the above methods for a few selected
recent problems.

Suggested Books

1. D. E. Knuth, The Art of Computer Programming, Vol. 1 and 3, (2™
Edition), Addison-Wesley, 1998.

2. J.E. Hop croft, R. Motwani, and J. D. Ullman, Introduction to
Automata Theory, Languages and Computation, Pearson Education
Asia, 2006.

3. H.R. Lewis, and C.H.Papadimitrou, Elements of the Theory of
Computation, Prentice Hall Inc, 1981.

4. T. H. Cormen, C. E. Leiserson, R. L. Rivest and C. Stein, Introduction
to Algorithms, (2nd Edition), Prentice Hall India, 2002.
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Course Code

CS 797 (Autumn Semester)

CS 798 (Spring Semester)

2. Title of the Course Seminar Course

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

4. Name of the Computer Science and Engineering

Concerned Discipline

5. Pre—requisite, if any None

6. Scope of the Course

7. Course Syllabus In this course a PhD student has to present seminar/presentation or a
series of presentations on a topic(s) chosen by him/her in consultation
with his/her PhD Thesis Supervisor/ Faculty Advisor. The frequency of
seminar/presentation will be decided by the Course Coordinator.

8. Textbook None

9. Other references Books and research publications in various relevant journals.
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Course Structure
of
MTech, MTech+PhD Dual Degree and
PhD Programs in
Electrical Engineering and

Syllabi of Courses
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Course Structure of MTech / MTech + PhD Dual Degree Program in

Communications and Signal Processing (CSP)

Qualifying Degree: 1. BE/BTech or equivalent degree in Electrical or Electronics and Communication or
Electronics and Instrumentation or Telecommunication or Computer Science and Engineeirng or
Information Technology; AND 2. GATE qualification in Electronics and Communication (EC).

For IIT graduates with equal to or more than 7.0 CPI/CGPA, the GATE qualification is exempted.
Eligibility: The first class in the qualifying degree i.e. (i) A minimum of 60 % marks for GEN/OBC (55% for
SC/ST) category in aggregate or as specified by the university/institute OR (ii) A minimum CPI of 6.0 for
GEN/OBC (5.5 for SC/ST) category on the scale of 10; with corresponding proportional requirements when
the scales are other than on 10 (for example 4.8 for GEN/OBC category (4.4 for SC/ST) on a scale of 8)
OR (iii) A first class as specified by the university/institute.

Selection criteria: GATE Score/ CSIR-JRF (Engineering Science) or Equivalent Fellowship + Interview.
Category of Admission: (i) TA: Teaching Assistantship (ii) SW: excellent eligible sponsored candidates
(without MHRD TA ship) from the reputed R & D Organizations and Industry

Duration of the Program: Two years full-time.

Course Structure for two-year Full-time M. Tech. Program
1* Year: Semester-|

Course Code Course Name Contact hours Credits
(L-T-P)
EE 603 Optimization Techniques 3-0-0 3
EE 641/ EE 441 | Advanced Signal Processing 3-0-0 3
EE 643 Detection and Estimation Theory 3-0-0 3
EE 701 Time-Frequency Analysis 3-0-0 3
ZZ XXX Elective-| X-X-X 3
Total minimum credits earned during the semester 15
Additional course (as per the requirement basis)
HS 641 English Communication Skills 2-0-2 PP/NP
1 Year: Semester-II
Course Code Course Name Contact hours Credits
(L-T-P)
CS 601/ CS 401 | Soft Computing 2-0-2 3
EE 642 Wireless Communication 3-0-0 3
EE 644 Image Processing 3-0-0 3
EE 646 / EE 446 | Information and Coding Theory 3-0-0 3
ZZ XXX Elective-I| X-X-X 3
EE 698 PG seminar course 0-2-0 2
Total minimum credits earned during the semester 17
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2" Year: Semester-lll

Course Code Course Name Contact hours Credits
(L-T-P)
EE 799 M. Tech. Research Project (Stage-I) 0-0-36 18
2" Year: Semester-V
Course Code Course Name Contact hours Credits
(L-T-P)
EE 800 M. Tech. Research Project (Stage-Il) 0-0-36 18
Total minimum credits to be earned during the program 68
Electrical Engineering Courses for Elective-1 @
Course Code Course Name Contact hours Credits
(L-T-P)
EE 625 VLSI Signal Processing 3-0-0 3
EE 645 Mathematical Methods for Signal Processing 3-0-0 3
CS 617 /CS 417 Cryptography & Network Security 3-0-0 3
Electrical Engineering Courses for Elective-ll @
Course Code Course Name Contact hours Credits
(L-T-P)
EE 622 / EE 422 Digital Circuit Design 3-0-0 3
EE 628 / EE 428 Advanced Memory Technology 3-0-0 3
EE 740 Speech Signal Processing 3-0-0 3
EE 742 MIMO Wireless Communications 3-0-0 3
ME 644 /| ME 444 Robotics 3-0-0 3
CS 606/ CS 406 Data Mining and Data Warehousing 3-0-0 3
CS618/CS 418 Systems and Usable Security 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.

NOTE: 1. The request for conversion from M.Tech. to Mtech + PhD dual degree will be considered after
evaluating the research potential of the promising and motivating PG students at the end of the third
semester of their program.

2. In the case when a student who moves to the Dual Degree Programme but cannot complete the
requirements of a PhD, an exit option with the M. Tech. degree can be earned at the end of the final
semester of the normal M.Tech. Programme by letting the M.Tech. Research Project be examined in the
standard manner as per the requirements for the award of an M.Tech. degree.

3. The enhancement in the scholarship will be from the beginning of the fifth semester or from the date on

which all requirements for the award of Mtech degree are fulfilled whichever later.
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Course Structure for PhD program in Electrical Engineering

(A) Semester-l (Autumn/Spring)

Sr. Course code Course Name L-T-P-Credits
No.
1 ZZ XXX Elective-I X-X-X-3
2 ZZ XXX Elective-ll X-X-X-3
3 ZZ XXX Elective-lll X-X-X-3
4 EE 797 * / EE 798* Seminar Course 0-2-0-2
(B) Semester-Il (Spring/Autumn)
Sr. Course code Course Name L-T-P-Credits
No.
1 ZZ XXX Elective-IV X-X-X-3
2 ZZ XXX Elective-V X-X-X-3
3 ZZ XXX Elective-VI X-X-X-3
4 EE 798 * / EE 797* Seminar Course 0-2-0-2
Note
1. A PhD student having MTech/ME//MPhil qualification has to do one semester coursework (with 2-3
PhD level courses). Minimum number of courses will be 2 PhD level courses and one PhD seminar
course (i.e. (minimum coursework of 8 credits).
2. A PhD students having BTech/ BE / MSc or equivalent qualification admitted to PhD programme

in an Engineering discipline shall do 6-8 courses of at least 3 credits each and 1-2 PhD Seminar
courses of at least 2 credits each. Minimum number of courses will be 6 PhD level courses and one
PhD seminar course (minimum coursework of 20 credits).

* PhD 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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Electrical Engineering courses for Electives-| to VI

(in addition these courses students can take courses from the other disciplines also)

S. Course Code Course Name Contact Hours
No. (L-T-P-C)
1. EE 601 Power Electronics 3-0-0-3
2. EE 603 Optimization Techniques 3-0-0-3
3. EE 604 Soft Computing Techniques 3-0-0-3
4. EE 605 Nanotechnology 3-0-0-3
5. EE 607 Power System Operation and Control 3-0-0-3
6. EE 610/ EE 410 Power Electronics Applications to Power Transmission 2-1-0-3
7. EE 612/ EE 412 Digital Communication Systems 2-1-0-3
8. EE 619/ EE 419 Biomedical Optics 3-0-0-3
9. EE 620/ EE 420 IC Fabrication Technology 2-1-0-3
10. | EE 621 /EE 421 MOS Devices & Modeling 3-0-0-3
11. | EE 622/ EE 422 Digital Circuit Design 3-0-0-3
12. | EE 623 Introduction to VLSI Design 3-0-2-4
13. | EE 624 Interface Effects in Electronics Devices 3-0-0-3
14. | EE 625 VLSI Signal Processing 3-0-0-3
15. | EE 626 / EE 426 MOSFET Reliability Issues 3-0-0-3
16. | EE 628 / EE 428 Advanced Memory Technology 3-0-0-3
17. | EE 629/ EE 429 Nanotechnology and Nanoelectronics 2-1-0-3
18. | EE 630/ EE 430 Analog CMOS IC Design 2-1-0-3
19. | EE631/EE 431/ Organic Electronics 2-1-0-3

IEE 431
20. | EE632/EE 432 Optoelectronics 2-1-0-3
21. | EE 633 Low Power RF CMOS Design 2-1-0-3
22. |EE634/EE 434 Semiconductor Based Devices 2-1-0-3
23. | EE 641/ EE 441 Advanced Signal Processing 2-1-0-3
24. | EE 642 Wireless Communication 3-0-0-3
25. | EE643 Detection and Estimation Theory 3-0-0-3
26. | EE 644 Image Processing 3-0-0-3
27. | EE 645 Mathematical Methods for Signal Processing 3-0-0-3
28. | EE 646 / EE 446 Information and Coding Theory 3-0-0-3
29. |EET701 Time-Frequency Analysis 3-0-0-3
30. |EE 724/ EE 424 Advanced Micro-processes and Nanotechnology 2-1-0-3
31. | EE740 Speech Signal Processing 3-0-0-3
32. | EE 742 MIMO Wireless Communications 3-0-0-3
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Course Code EE 601

Title of the Course Power Electronics

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

Name of the
Concerned Discipline

Electrical Engineering

Pre—requisite, if any

Power electronics at UG level

Scope of the Course

Course Syllabus

Power Switches: BJT, MOSFET, IGBT, SCR and GTO characteristics,
control and protection.

Electromagnetic components: Design of Inductor and Transformers.

Review of Line Commutated Converters.

Switched Mode Rectifiers: Circuits and Techniques.

DC-DC converters: steady state analysis and dynamic modeling of DC-DC
converters.

Voltage Source Inverters: Single Phase Inverters, Three Phase Inverters,
Multilevel Inverters, PWM strategies for Inverters.

Current Source Inverters: Single phase and three phase circuit configuration.
Overview of modeling and simulation of power electronic converters

Suggested Books

1. N.Mohan, T.M. Undeland & W.P.Robbins, Power Electronics:
Converter, Applications & Design, John Wiley & Sons, 2007.

2. Umanand L, Power Electronics: Essentials and Applications, Wiley
India, 2009.

3. Erickson, RW. and Maksimovic, D., Fundamentals of Power
Electronics, 2nd Edition, Kluwer Academic Publishers, 2002.

4. Patil M.B., Ramanarayanan V., Ranganathan, V.T., Simulation of
Power Electronic Circuits, Narosa Publishers, 2009
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1. | Course Code EE 603
2. | Title of the Course Optimization Techniques
Credit Structure L-T-P-Credits
3-0-0-3
4. | Name of the Concerned | Electrical Engineering
Discipline

5. | Pre—requisite, if any Nil

6. | Scope of the Course The objective of this course is to introduce the various types of
optimization problems, their solution techniques and applications in signal
processing and communications.

7. | Course Syllabus Fundamental concepts in optimization, optimality conditions for
constrained and unconstrained problems, duality theory, various
algorithms for single variable as well as multivariable unconstrained
optimization problems, constrained optimization algorithms, linear
programming, integer programming, geometric programming and
introduction to evolutionary algorithms.

8. | Suggested Books 1. S.S. Rao, Engineering optimization: theory and practice (3"

edition), John Wiley and Sons, 2009, ISBN: 978-0471550341.

2. K. Deb, Optimization for engineering Design: algorithms and
examples, Prentice Hall India Learning Pvt. Ltd. New Delhi, 2009,
ISBN: 978-8120309432.

3. A. Ravindran, K. M. Ragsdell, G. V. Reklaitis, Engineering
Optimization: methods and applications (2" edition), Wiley India
Pvt. Ltd., 2006, ISBN: 978-0471558149.
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Course Code EE 604
Title of the Course Soft Computing Techniques
Credit Structure L-T-P-Credits

3-0-0-3

Name of the Concerned
Discipline

Electrical Engineering

Pre-requisite, if any

Nil

Scope of the Course

The objective of this course is to introduce the various types of Soft
Computing Techniques such as ANN, Fuzzy logics, genetic algorithms
and their applications in signal processing and communications.

Course Syllabus

Basic concepts of Artificial Neural Network (ANN), characteristics and
classification of ANN, perceptron model and concept of linear separability,
Multilayer perceptron model, various types of training algorithms and
models of ANN, introduction to fuzzy sets and operations, fuzzy relations,
measure of fuzziness, fuzziness and probability theory, membership
function and their features, fuzzification, defuzzification, fuzzy inference
system (FIS), fuzzy inference methods, Mamdani and Takagi-Sugeno
fuzzy method, Genetic algorithm (GA) concepts and working principle,
concept of schema, constraint handling in GA, integration of various soft
computing techniques.

Suggested Books

1. P.D. Wasserman, Neural Computing Theory and Practice, Coriolis
Group C/O Publishing Resources Inc., 1989, ISBN: 978-0442207434.

2. B. Yegnanarayana, Artificial Neural Networks, Prentice-Hall of India
Pvt. Ltd, New Delhi, 2004, ISBN: 978-8120312531.

3. F. Limin, Neural Networks in Computer Intelligence, McGraw-Hill
Inc., 1994, ISBN: 978-0079118172.

4. S.N. Sivanandam, S. Sumathi and S.N. Deepa, Introduction to
Neural Networks using Matlab 6.0, Tata McGraw-Hill Education, New
Delhi, 2006, ISBN: 9780070591127.

5. S. Rajasekaran and G.A. Vijayalakshmi Pai, Neural Networks, Fuzzy
Logic and Genetic Algorithms: Synthesis and Applications,
Prentice Hall India Learning Pvt. Ltd. New Delhi, 2004, ISBN:
9788120321861.

6. N.P. Padhy, Artificial Intelligence and Intelligent Systems, Oxford
University Press, 2005, ISBN: 9780195671544.

7. S.N. Sivanandam, S. Sumathi and S.N. Deepa, Introduction to Fuzzy
Logic using Matlab, Springer, 2007, ISBN: 978-3-540-35780-3.

8. K. Deb, Multi-objective Optimization using Evolutionary
Algorithms, John Wiley & Sons, 2009, ISBN: 9780470743614.
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Course Code

EE 605

Title of the Course

Nanotechnology

Credit Structure

L-T-P-Credit
3-0-0-3

Name of the Concerned
Discipline

Electrical Engineering

Pre—requisite, if any

None

o

Scope of the Course

To expose students towards nanoscience and nanotechnology

Course Syllabus

Past, Present and Future of Nanotechnology: Applications in diverse
domestic and commercial aspects: food, energy, transportation,
communication, entertainment, healthcare and medicine etc. Necessity
of Nanotechnology and future prospects.

Review of Crystalline properties of solid: Crystal lattice and seven
crystal systems, The unit cell concept, The Weigner-Seitz cell, Bravais
lattices, Space and point groups, Miller indices, reciprocal lattice,
Brillouin zone

Semiconductor Heterostructures and Low-dimensional Quantum
Structures: Energy bands, Application of model solid theory, Anderson
model for heterojunctions, Multiple quantum wells (MQWSs) and
superlattices, Two-dimensional nanostructure: quantum well, One-
dimensional nanostructure: quantum wire, Zero-dimensional
nanostructure: quantum dot, Optical properties of low-dimensional
structures, Examples and applications in real world

Fabrication of Nanostructures: Basic compound semiconductors, Bulk
single crystal growth techniques, Epitaxial growth techniques, Physical
vapor deposition and sputtering, Thermodynamics and Kkinetics of
growths, Nanoscale growth modes

Characterization Techniques: Structural, X-ray diffraction, Electron
microscopy, Energy dispersive analysis using X-rays, Auger electron
spectroscopy, X-ray photoelectron spectroscopy, Secondary ion mass
spectroscopy, Rutherford backscattering, Scanning probe microscopy,
Optical, Photoluminescence spectroscopy, Cathodoluminescence
spectroscopy, Reflectance measurement, Absorbance measurement,
Ellipsometry, Raman spectroscopy, Fourier transform spectroscopy, Hall
effect, Capacitance techniques, Electrochemical capacitance-voltage
profiling

Innovative Devices based on Nanostructures: Resonant tunneling
diode, Quantum cascade laser, Carbon nanotube devices, Single
electron transistor

Suggested Books

1.

M. Razeghi, Fundamentals of Solid State Engineering (2™ edition),
Springer, 2006, ISBN-13: 978-0-387-28152-0.

W. R. Fahrner, Nanotechnology and Nanoelectronics: Materials,
Devices, Measurement Techniques, Springer-Verlag Berlin Heidelberg,
2005, ISBN 3-540-22452-1.

R. W. Kelsall, I. W. Hamley, and M. Geoghegan, Nanoscale Science and
Technology, John Wiley & Sons Ltd., England 2005, ISBN: 0-470-85086-
8.
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Course Code

EE 607

2. Title of the Course Power System Operation and Control

3. Credit Structure L-T- P-Credits
3-0-0-3

4. Name of the Concerned | Electrical Engineering

Discipline

5. Pre—requisite, if any Power Systems at UG level

6. Scope of the Course

7. Course Syllabus Overview of power system operations and control, load flow analysis,
security analysis, stability analysis, automatic generation control, state
estimation, brief introduction to power system restructuring and power
market operations.

8. Suggested Books 1. A. J. Wood and B. F. Wollenberg, Power generation, Operation

and Control, 2" eddition, New York: John Wiley and Sons, 1996.

2. Prabha Kundur, Power System Stability and Control, 1% edition,

Tata Mcgraw Hill Education Private Limited, 2006.

3. Loi Lei Lai, Power System Restructuring and Deregulation:

Trading, Performance and Information Technology, John Wiley &
Sons, 2001.
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Course Code

EE 610/ EE 410

Title of the Course

Power Electronics Applications to Power Transmission

Credit Structure L-T-P-Credits
2-1-0-3
4. | Name of the Concerned | Electrical Engineering
Discipline
5. | Pre-requisite, if any Power Systems and Power Electronics
6. | Scope of the Course
7. | Course Syllabus Review of load flow and power system stability, introduction to power
electronics applications to power system, HVDC transmission, analysis of
HVDC converters, HVDC control, mal-operation and protection of
converters, Basic FACTS controllers: SVC, STATCOM, TCSC, SSSC,
TCPAR, UPFC, IPFC, Modeling of FACTS controllers, improvement in
system performance with FACTS controllers.
8. | Suggested Books 10. K.R. Padiyar, “HVDC Power Transmission Systems”, New Age

International, 1990.

11. J. Arrillaga, “High Voltage Direct Current Transmission”, IEE, 1998.

12. EW. Kimbark, “Direct Current Transmission”, Wiley-Interscience,
1971.

13. N.G. Hingorani and L. Gyugyi, “Understanding FACTS: Concepts and
Technology of Flexible AC Transmission Systems”, IEEE Press,
2000.

14. Y.H. Song and A. T. Johns, “Flexible AC Transmission System”, IEE
Press, 1999.

15. R.M. Mathur and R. K. Varma, “Thyristor-Based FACTS Controllers
for Electrical Power Systems”, IEEE Press and John Wiley, 2002.
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Course Code

EE 612/ EE 412

Title of the Course

Digital Communication Systems

Credit Structure L-T-P-Credits
2-1-0-3
4. | Name of the Concerned | Electrical Engineering
Discipline
5. | Pre—requisite, if any None
6. | Scope of the course
7. | Course Syllabus Elements  of digital communication systems: source coding, channel
coding, modulation/demodulation, Information and channel capacity:
Discrete communication channels and their analysis. Baseband data
transmission of analog signals. Time-division multiplexing of digital
signals. Synchronization methods.
8. | Suggested Books 1. K.S. Shanmugam, Digital and Analog Communication Systems,

Wiley International Publication, 1980.

2. M. Schwartz, Information Transmission, Modulation and Noise,
McGraw Hill International Student Edition, 1980.

3. J.J. Proakis, Digital Communications, 2" edition, McGraw Hill 1989.

4. S.S. Haykin, An Introduction to Analog and Digital
Communication Systems, Wiley Eastern, 1989.
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Course Code

EE 619/ EE 419

2. Title of the Course Biomedical Optics

3. Credit Structure L-T-P-Credits
3-0-0-3

4. Name of the Concerned Electrical Engineering

Discipline/Discipline

5. Pre—requisite, if any Fundamentals of Electromagnetic wave theory and optics

6. Scope of the Course

7.. | Course Syllabus Introduction to tissue engineering: Cells as therapeutic agents,
cellular fate processes, cell differentiation, cell division, cell
death/apoptosis, Types of tissues and their functions, tumors and
cancers
Interaction of light with cells and tissues, spectroscopy, optical biopsy,
optics of blood, tissue phantoms, absorption and fluorescence
spectroscopy
Bioimaging: Transmission microscopy, Phase contrast Microscopy,
Fluorescence Microscopy, Multiphoton Microscopy, Optical Coherence
Tomorgaphy.
Optical Biosensors: Principles of optical biosensing, Fiber-optic
biosensors, Interferometric biosensors, Surface Plasmon Resonance
biosensors
Case studies of cellular and biomolecular imaging

8. Suggested Books Text Books

1. Valery V. Tuchin, Handbook of Optical Biomedical Diagnostics,
Kluwer Academic Publishers, 2004, ISBN: 1402075766

2. Paras N Prasad, Introduction to Biophotonics, John Wiley and
Sons, 2003, ISBN: 9780471287704.

Reference Books

1. M.H. Niemz, Laser-Tissue Interactions: Fundamental and
Applications (Biological and Medical Physics, Biomedical
Engineering), Springer, 2007, ISBN: 978-3540721918.

2. RW. Waynant, Lasers in Medicine, CRC Press, 2002, ISBN: 0-
8493-1146-2.

3. Bernhard O. Palsson, Tissue Engineering, CRC Press 2003.

79




Course Code

EE 620 / EE 420

Title of the Course

IC Fabrication Technology

Credit Structure

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

Name of the Concerned
Discipline

Electrical Engineering

Pre—requisite, if any

Scope of the Course

Course Syllabus

Introduction to microelectronic fabrication

Semiconductor substrate: Phase diagram and solid solubility, Crystal
structure, Crystal defects, Crystal growth

Diffusion: Atomistic models of diffusion, Analytic solutions of Fick’s law,
Diffusion coefficients, Two step diffusion, Diffusion system

Thermal Oxidation: The Deal-Grove model, The initial oxidation, Oxide
characterization, Oxidation induced stacking faults, Oxidation systems
lon implantation: lon implantation system, Vertical projected range,
Channeling effect, Implantation damage, Problems and concerns
Optical lithography: Overview, Source systems, Contact/proximity
printers. Projection printers, Alignment

Photo resist: Contrast curves, Applying and developing photo resist
Etching: Wet etching, Plasma etching, lon milling, Reactive ion etching,
Liftoff

Chemical Vapor Deposition: CVD system, Advanced CVD systems,
Epitaxial growth: Wafer cleaning and native oxide removal, The
thermal dynamics, Surface reactions, Do pants, Defects in epitaxial
growth, MOCVD, MBE and CBE

Contacts and metallization: Junction and oxide isolation, Si on
insulator, Schottky and Ohmic contacts, Multilevel metallization

CMOS technologies: Device behavior, Basic 3 um technologies, Device
scaling

Circuit Manufacturing: Yield, Particle control, Design of experiments,
Computer integrated manufacturing

Suggested Books

1. Stephen A. Campbell, The Science and Engineering of
Microelectronic Fabrication, 2™ edition (Oxford University Press,
2001)

2. Sorab K. Gandhi, VLSI Fabrication Principles, 2" Edition (John
Wiley & Sons, Inc., 1994)
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Course Code

EE 621 / EE 421

Title of the Course

MOS Devices & Modeling

Credit Structure

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

Name of the Concerned
Discipline

Electrical Engineering

Pre—requisite, if any

Knowledge of basic physics of diodes, BJTs, FETs, MOS structure.
Semiconductors, Junctions and MOSFET

Scope of the Course

Course Syllabus

Overview: Introduction, Semiconductors, Conduction, Contact
Potentials, P-N Junction, Overview of the MOS Transistor.

Two Terminal MOS Structure: Flat-band voltage, Potential balance &
charge balance, Effect of Gate- substrate voltage on surface condition,
Inversion, Small signal capacitance;

Three Terminal MOS Structure: Contacting the inversion layer, Body
effect, Regions of inversion, Pinch-of f voltage.

Four Terminal MOS Transistor : Transistor regions of operation,
general charge sheet models , regions of inversion in terms of terminal
voltage, strong inversion, weak inversion, moderate inversion,
interpolation models , effective mobility, temperature effects, breakdown
p-channel MOS FET, enhancement and depletion type, model
parameter values , model accuracy etc.

Small dimension effects: channel length modulation, barrier lowering,
two dimensional charge sharing and threshold voltage, punch- through,
carrier velocity saturation, hot carrier effect s, scaling, and effect s of surf
ace and drain series resistance, effects due to thin oxides and high
doping. Sub threshold regions, Advanced SOl structures.

CMOS Device Design: Scaling, Threshold voltage, MOSFET channel
length.

Suggested Books

Text:

1. Yuan Taur & Tak H. Ning (Cambridge), Fundamentals of Modern
VLSI Devices

2. Yannis Tisividi s (Oxford), The MOS Transistor (2" edition)

Reference:

1. B.G. Streetman, Solid State Electronics Devices, Prentice Hall of
India, New Delhi.

2. D.A. Neaman, Semiconductor Physics and Devices, McGraw-Hill.
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Course Code

EE 622 | EE 422

Title of the Course

Digital Circuit Design

Credit Structure

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

Name of the Concerned
Discipline

Electrical Engineering

Pre—requisite, if any

Basic knowledge of MOS Transistor theory and CMOS Circuit Design

Scope of the Course

The objective of this course is to develop the concepts of designing
circuits associated with signal processing methods.

Course Syllabus

Module 1: MOS scaling, Short channel effects, MOSFET models, Nano
CMOS, Effects of gate oxide tunnelling, high-k dielectrics, Advanced
CMOS structures, SOI, MOSFET capacitances, MOSFET models for
calculation- Transistors and Layout, CMOS layout elements, SPICE
simulation of MOSFET I-V characteristics and parameter extraction.
Module 2: CMOS inverter, static characteristics, noise margin, dynamic
characteristics, inverter design for a given VTC and speed, effect of
input rise time and fall time, power dissipation, energy & power delay
product, sizing chain of inverters, latch up effect-Simulation of static and
dynamic characteristics, layout

Module 3: Combinational and sequential MOS logic design, static
properties, propagation delay, EImore delay model, power consumption,
low power design techniques, rationed logic, pseudo NMOS inverter,
DCVSL, PTL, DPTL & Transmission gate logic, dynamic CMOS design,
speed and power considerations, Domino logic and its derivatives,
C2MOS, TSPC registers, NORA CMOS.

Module 4: Semiconductor memories, SRAM and DRAM, BiCMOS logic
- static and dynamic behavior -Delay and power consumption in
BiCMOS Logic

Suggested Books

Text:

1. S.M. Kang and Y. Leblebici CMOS Digital Integrated Circuits
Analysis & Design (3™ edition), Tata McGraw Hill, New Delhi, 2003,
ISBN: 978-0-07-053077-5.

2. J. M. Rabaey, A.P. Chandrakasan and B. Nikolic, Digital Integrated
Circuits: A Design Perspective (2™ edition), Prentice Hall, 2003,
ISBN: 978-0130909961.

Reference:

1. D. A. Hodges, H. G. Jackson, and R. A. Saleh, Analysis and Design
of Digital Integrated Circuits (3 edition), McGraw Hil, 2004,
ISBN: 978-0070593756.
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http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Jan+M.+Rabaey%22
http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Anantha+P.+Chandrakasan%22
http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Borivoje+Nikolic%22

Course Code

EE 623

Title of the Course

Introduction of VLSI Design

Credit Structure

L-T- P-Credits
3-0-2-4

Name of the Concerned
Discipline

Electrical Engineering

Pre—requisite, if any

Basic of MOS Transistor Theory

o

Scope of the Course

Course Syllabus

UNIT 1: MOS theory, scaling and characteristics, MOS capacitance,
CMOS Processing Technology, Layout and VLSI Design Flow.

UNIT 2: CMOS Inverter and Characteristics, Inverter switching
Characteristics, delay and power analysis, CMOS layout design rule and
layout of complex circuits, Transistor sizing, Inverter Chain, power
dissipation, design corner.

UNIT 3: Combinational circuit design, Transmission gate and pass
transistor logic, design, Sequential circuit design, Data processing circuit
design, Semiconductor memories.

UNIT 4: Dynamic circuits, Introduction of Low power CMOS logic design
techniques, Adiabatic logic circuits.

LAB: Exposure on Cadence EDA Tool

Design and analysis (Circuit simulation and layout design) of CMOS
inverter characteristic with the given design goal (power, delay etc),
Parametric variation on CMOS characteristics.

Design and analysis of Combinational and Sequential logic design (NOT,
NAND, NOR, FF etc) and data processing circuits.

Design and analysis of Memory Cells and Low Power Circuits.

Suggested Books

Text:

1. Cadence Design Software and Manual.

2. Yuan Taur & Tak H. Ning (Cambridge), Fundamentals of Modern VLSI
Devices

3. Neil H.Weste, David Harris, Ayan Banerjee, CMOS VLSI Design- A
Circuit and System Perspective, 3" Edition, Pearson Publishers.

4. Sung-Mo Kang & Yusuf Leblebici, CMOS Digital Integrated Circuits -
Analysis & Design, , MGH, 3™ edition., 2003.

Reference:

1. B.G. Streetman, Solid State Electronics Devices, Prentice Hall of India,
New Delhi.

2. D.A. Neaman, Semiconductor Physics and Devices, McGraw-Hill.

3. David A. Hodges, Horace G. Jackson, and Resve A. Saleh, Analysis
and Design of Digital Integrated Circuits, 3" Edition, McGraw-Hill,
2004.
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Course Code

EE 624

Title of the Course

Interface Effects in Electronic Devices

Credit Structure

3-0-0-3

BlWIN =

Name of the Concerned
Discipline

Electrical Engineering

o

Pre-requisite, if any

None

o

Scope of the course

To expose students towards interface effect in electronic devices

Course Syllabus

1)

2)

3)

Fundamentals of solid state engineering: Future of Metals,
Semiconductors and Insulators. Band theory of solids, Carrier Transport
phenomena, charge carrier mobility, diffusion and basic principles
involving semiconductor device under operation.

Metal Semiconductor and Metal Insulator Semiconductor junctions, and
their biasing effects. PN-junction diode, MESFET and MOSFET devices
and principle of their operation. Basic device characteristics Solar cells
and LEDs.

Interface effects in MOSFETSs, LEDs and Photovoltaic devices. Interface
traps and their characterization using /-V, C-V and charge pumping etc.,
Low frequency noises and RTS in MOS devices. Absorption/emission
spectroscopy, Deep level transient spectroscopy (DLTS), Kelvin Force
Probe Microscopy, Scanning Probe Microscopy, Self assembly and Self
Organization, surface passivation, surface effects in nano structured
materials and devices.

Suggested Books

K. Iniewski, Nanoelectronics: Nanowires, Molecular Electronics and
Nanodevices, Mc. Graw Hill, ISBN: 987-0-07-166449-3.

M. D. Ventra, S. Evoy and J. R. Heflin, Introduction to Nanoscale
Science and Technology, Kluwer Academic Publishers, ISBN: 1-4020-
7720-3.

M. lwamoto, Y. S. Kwon and T. Lee, Nanoscale Interface for Organic
Electronic, World Scientific, ISBN: 978-981-4322-48-5.

S. M. Sze, Physics of semiconductor devices, John Wiley and Sons,
1981, ISBN: 0-471-05661-8.

R. Kelsall, I. Hamley and M. Geoghegan, Nanoscale Science and
Technology, John Wiley and Sons Ltd, 2005, ISBN: 0-470-85086-8.
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Course Code EE 625
Title of the Course VLSI Signal Processing
Credit Structure L-T- P-Credits

3-0-0-3

Name of the Concerned
Discipline

Electrical Engineering

Pre—requisite, if any

Digital  Electronics, = Semiconductor Theory, @ Knowledge of
Communication and Signal Processing.

Scope of the Course

The main aim of this course to develop understanding of implementation
of algorithms for signal processing and communications.

Course Syllabus

UNIT 1: MOS Transistor Theory and Operation, CMOS Scaling limits,
Double Gate and FinFET, Design and analysis of CMOS inverter,
NAND, NOR, Flip Flop, Transmission gate technology, Transistor sizing,
Power, Delay and PDP, Layout design rule.

UNIT 2: Concept of semiconductor memory, Low power and high
performance circuit and System Design, Brief introduction of
VHDL/Verilog Language, ASIC and FPGA Design and Technology,
FPGA architecture.

UNIT 3: Introduction of Digital signal processing systems, Wireless
communication concept: circuit design prospective, DSP Technology
Requirement, FPGA and Digital Signal processors.

UNIT 4: FPGA implementation and Circuit design aspect of digital signal
processing blocks, Filter design, Frequency Synthesizer, Digital
Transceiver architecture and design.

Suggested Books

1.S. M. Kang and Y. Leblebici, CMOS Digital Integrated Circuits
Analysis & Design (3rd edition), Tata McGraw Hill, New Delhi, 2003,
ISBN: 978-0-07-053077-5.

2. K.K. Parhi, VLSI Digital Signal Processing Systems: Design and
Implementation, Wiley-Interscience; 1999, ISBN: 978-0471241867.

3. U.M. Baese, Digital Signal Processing with Field Programmable
Gate Arrays (Signals and Communication Technology), (3"
edition), Springer, 2007, ISBN: 978-3540726128.

4. B. Leung, VLSI for Wireless Communication (2™ edition), Springer,
2011, ISBN: 978-1461409854.

5. C. Chien, Digital Radio Systems on a Chip-A System Approach,
Springer, 2001, ISBN: 978-0792372608.
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http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&field-author=Uwe%20Meyer-Baese&ie=UTF8&search-alias=books&sort=relevancerank
http://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Bosco+Leung%22&source=gbs_metadata_r&cad=7

Course Code

EE 626 / EE 426

Title of the Course

MOSFET Reliability Issues

Credit Structure

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

Name of the Concerned
Discipline

Electrical

Pre—requisite, if any

Basic knowledge of MOS device and technology.

o

Scope of the Course

Course Syllabus

Evolution of VLSI Device Technology: Modern CMOS Devices,
MOSFET I-V characteristics, Substrate bias and temperature dependence
of threshold voltage, Channel mobility, inversion layer capacitance effect.
Short channel effects, velocity saturation, channel length modulation,
source-drain series resistance, MOSFET breakdown.

High Field Effects: Impact ionization and avalanche breakdown, Band to
band tunneling, Tunneling into and through silicon dioxide, Injection of hot
carriers from silicon into silicon dioxide, High field effects in gated diodes.
Modeling Hot carrier Effects: Substrate current model, Gate current
model, Correlation between gate and substrate current, Mechanism of
MOSFET degradation, Impact of degradation on circuit performance,
Temperature dependence of device degradation.

Electrostatic Discharge Damage: Introduction to reliability concepts and
modeling. Triboelectricity, ESD control, On-chip protection, ESD models
and testing, ESD models and testing procedures, failure models.

Metal Electro migration: Phenomenon of Electro migration, Theoretical
and empirical relations, Effects of stress and gases on electro migration,
effects of geometric variation and defects, Electro migration at the
contacts and windows, layered metallization, Electro migration in
polysilicon, Electro migration under pulsed currents.

Dielectric Breakdown: Introduction, Complex nature of oxide
breakdown, Oxide breakdown strength distribution, TDDB life test, Oxide
defects, Concept of distance to fail, Step stress techniques, correlation of
ramp test data to TDDB data.

Packaging Relation Reliability Issues: Effects of moisture, Detection
and package evaluation, stress in packaging, Issues related to die
bonding, Solder joint problem, Electrolytic corrosion, Accelerated
reliability tests for packages.

Suggested Books

1. Y. Taur and T.H. Ning, Fundamentals of Modern VLSI Devices,
Cambridge University Press (ISBN: 0-521-55959 6).

2. N. Arora, MOSFET Modeling for VLSI Simulation: Theory and
Practice, World Scientific, (ISBN-13 978-981-256-862-5).

3. Y. Leblebici, S.-M. Kang, Hot-Carrier Reliability of MOS VLSI Circuits,
Springer, 1993 (ISBN 978-0-792393528).

4. AW. Strong, E.Y. Wu, R.-P. Vollertsen, J. Sune, G.L. Rosa, T.D.
Sullivan, S.E. Rauch IlI, Reliability Wearout Mechanisms in Advanced
CMOS Technologies, Wiley-IEEE Press, 1999 (ISBN: 978-
0471731726).
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Course Code

EE 628 / EE 428

Title of the course

Advanced Memory Technology

Credit structure

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

Name of the concerned
Discipline

Electrical Engineering

Pre-requisite, if any

Courses on Electronic Devices, and VLSI Systems and Technology

Scope of the Course

Motivation of this course is to provide a brief background on the
evaluation on the memory technologies (both optical/ electronic). In
addition to that this course will cover sufficient technical knowledge on
non-volatic and voltaic memories. Further an over view of emerging
memory technologies and their importance towards future memory
technology will be discussed.

Course syllabus

Introduction to memory devices: Evolution and history; archival data
storage; advances in optical memories.

Nonvolatile memories: Magnetic memories, HDDs; Silicon based thin
film transistor nonvolatile memories; Flash memories, classification and
operation; challenges; advancements.

Volatile memories: Random access memories, classification and
operation; SRAMs; DRAMSs; history and challenges.

Emerging memory technologies: Phase Change Memory (PCM);
Magnetoresistive Random Access Memory (MRAM); Ferroelectric
Random Access Memory (FeERAM); Comparison and future directions.

Suggested books

1. T.Y. Tseng and S.M. Sze, Nonvolatile memories-Materials,
Devices and Applications, American Scientific Publishers;, Volume
1 and 2, 2012, ISBN: 978-1588832504.

2. J. Brewer and M. Gill, Nonvolatile memory technologies with
emphasis on Flash, IEEE Press series on microelectronic systems,
WILEY-INTERSCIENCE 2008, ISBN: 978-0471-77002-2.

3. S. Raoux and M. Wuttig, Phase change materials-Science and
Applications, Springer, 2009, ISBN:978-0-387-84873-0.

References:

1. S. Lai, Flash memories: Successes and challenges, IBM Journal
of Res. And Dev. Vol. 52, p 529, 2008.

2. H.S. Philip Wong et. Al., Phase change memory, Proceedings of
the IEEE, Vol. 98, p 2201, 2010.
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Course Code

EE 629 / EE 429

Title of the Course

Nanotechnology and Nanoelectronics

Credit Structure

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

Name of the Concerned
Discipline

Electrical Engineering

Pre—requisite, if any

o

Scope of the Course

Course Syllabus

Fundamentals of solid state engineering: Future of semiconductor device
and research, Applications in food, energy, transportation, communication,
entertainment, health and medicine etc. Necessity of innovative technology
and prospect for future.

Crystalline properties of solid: Crystal lattice and seven crystal systems,
The unit cell concept, The Weigner-Seitz cell, Bravais lattices, Space and
point groups, Miller indices, reciprocal lattice, Brillouin zone.

Semiconductor heterostructures and low-dimensional quantum
structures: Energy bands, Application of model solid theory, Anderson
model for heterojunctions, Multiple quantum wells (MQWSs) and super
lattices, Two-dimensional nanostructure: quantum well, One-dimensional
nanostructure: quantum wire, Zero-dimensional nanostructure: quantum dot,
Optical properties of low-dimensional structures, Examples and applications
in real world.

Fabrication of nanostructures: Basic compound semiconductors, Bulk
single crystal growth techniques, Epitaxial growth techniques, Physical vapor
deposition and sputtering, Thermodynamics and kinetics of growths, Nan
scale growth modes

Characterization Techniques: Structural, X-ray diffraction, Electron
microscopy, Energy dispersive analysis using X-rays, Auger electron
spectroscopy, X-ray photoelectron spectroscopy, Secondary ion mass
spectroscopy, Rutherford backscattering, Scanning probe microscopy,
Optical, Photoluminescence spectroscopy, Cathodoluminescence
spectroscopy, Reflectance measurement, Absorbance measurement,
Ellipsometry, Raman spectroscopy, Fourier transform spectroscopy,
Electrical Resistivity, Hall effect, Capacitance techniques, Electrochemical
capacitance-voltage profiling

Innovative devices based on nanostructures: Resonant tunneling diode,
Quantum cascade laser, Carbon nanotube devices, Single electron transistor

Suggested Books

1. M. Razeghi, Fundamentals of Solid State Engineering, 2" Edition
(Springer, 2006)

2. W. R. Fahrner, Nanotechnology and Nan electronics: Materials, Devices,
Measurement Techniques (Springer-Verlag Berlin Heidelberg 2005)

3. R.W. Kelsall, I. W. Hamley, and M. Geoghegan, Nanoscale Science and
Technology (John Wiley & Sons Ltd, England 2005)
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Course Code

EE 630 / EE 430

Title of the Course

Analog CMOS IC Design

Credit Structure

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

Name of the Concerned
Discipline

Electrical

Pre—requisite, if any

Knowledge of MOSFET device operation, physics and technology.

o

Scope of the Course

Course Syllabus

Basic MOS Device Physics: MOSFET as a switch, MOSFET structure and
symbol, MOSFET 1-V characteristics, Threshold voltage, Second Order
Effects, MOSFET layout, capacitances, small signal model, long channel and
short channel models.

Short Channel Effects and Device Models: Scaling theory, short channel
effects, threshold voltage variation, mobility degradation with vertical field,
velocity saturation, hot carrier effects, output impedance variation with drain
source voltage, BSIM model, charge and capacitance modeling, temperature
dependence.

Single-Stage Amplifiers: Basic concepts, Common-source stage, source
follower, common-gate stage, cascade stage.

Differential Amplifiers: Single ended and differential operation, basic
differential pair, common mode response, differential pair with MOS loads,
Gilbert cell.

Passive and Active Current Mirrors: Basic current mirrors, Cascade
current mirrors, Active current mirrors.

Nonlinearity and Mismatch: Nonlinearity of differential circuits, effect of
negative feedback on nonlinearity, capacitor nonlinearity, linearization
techniques, offset cancellation techniques, reduction of noise by offset
cancellation, alternative definition of CMRR.

Suggested Books

1. B. Razavi, Design of Analog CMOS Integrated Circuits, Tata McGraw-Hill,
New Delhi, 2002 (ISBN: 978-0-07-052903-8).

2. P.E. Allen and D.R. Holberg, CMOS Analog Circuit Design, Oxford
University Press, New Delhi, 2010 (ISBN: 978-0-19-806440-4).

3. D.M. Binkley, Tradeoffs and Optimization in Analog CMOS Design, Wiley,
2008 (ISBN: 978-0-470-03136-0).
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Course Code

EE 631/ EE 431/ IEE 431

Title of the Course

Organic Electronics

Credit Structure

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

Name of the Concerned
Discipline/Discipline

Electrical Engineering Discipline

Pre—requisite, if any

Basic Semiconductor Physics/ Basic electronics

o

Scope of the Course

Course Syllabus

Background towards molecular electronics, surfaces and interfaces,
structures and organization. Introduction to Schrodinger equation, Hartree-
Fock Theory, Density Functional Theory. Molecular Solids, 1-conjugated
polymers, one dimensional band structure of linear conjugated polymers,
optical absorption and emission in conjugated oligomers/polymers. Device
motivation for interface studies, Metal-semiconductor and Metal-Insulator-
Semiconductor Interface. Charge transport in conjugated polymers. Hopping
and Multiple trap and release model. Interface effects viz. Dipole, doping,
band bending etc. in organic semiconductor devices.

Materials and Interface Engineering in Organic Light Emitting Diodes
(OLEDs). OLED materials and device architecture for full color displays and
solid state lighting. Theory and operation principle of Organic Field Effect
Transistors (OFETSs). Interface Characterization, Threshold Voltage and
subthreshold swing and charge carrier mobility in OFETs. Application of
OFETs in Displays. Organic Photovoltaic Devices (OPDs) using Polymer-
Fullerene Bulk heterojunction thin films. Interface effects and improvement
in Polymer Solar Cells (PSCs) efficiency. Introduction to some other
advanced concepts viz. Organic electrochromic materials and devices,
multiphoton absorbing materials and devices and Nonvolatile Organic Thin
Film Memory Device.

Suggested Books

1. S. M. Sze, Physics of semiconductor devices, John Wiley and Sons,
1981, ISBN: 0-471-05661-8

2. R. Kelsall, I. Hamley and M. Geoghegan, Nanoscale Science and
Technology, John Wiley and Sons Ltd, 2005, ISBN: 0-470-85086-8.

3. K. Morigaki, Physics of amorphous semiconductors, Imperial College
Press, 1999, ISBN: 981-02-1381-6.

4. G. Hadziioannou and G. Malliaras, Semiconducting Polymers:
Chemistry, Physics and Engineering, 2" Edition, Wiley Inter science,
2007, ISBN: 978-3-527-31271-9.

5. F. So, Organic Electronics: Materials Processing, Devices and
Applications, CRC Press, 2010, ISBN: 978-1-4200-7290-7.

6. W. R. Salaneck, Conjugated Polymer Surfaces and Interfaces, 2"
edition, Cambridge University Press, 1996, ISBN: 0-521-47206-7.
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Course Code EE 632/ EE 432

Title of the Course Optoelectronics
Credit Structure L-T-P-Credits

3-0-0-3
Name of the Concerned | Electrical Engineering
Discipline

Pre—requisite, if any

Scope of the Course

Course Syllabus Fundamentals of Lasers: The Einstein A and B coefficient approach to the
photon-atom interaction, Based on this approach, examines semi-classical
quantum theory of the laser to illustrate the general applicability of the rate
equation, Description of light detection.

Laser Physics and Dynamics: Threshold condition for laser oscillation,
Gain saturation, Multimode Oscillation, Amplified spontaneous emission,
Laser efficiency, CW laser

Different Sources of Lasers: Solid state lasers, Color center lasers,
Gas lasers, Dye lasers, Chemical lasers, Semiconductor lasers.

—

Joseph T. Verde yen, Laser Electronics, 3" edition (prentice-Hall, 1995)

2. E. Siegman, Introduction to Lasers and Masers (New York: McGraw-Hill
Company, 1971)

3. C. Casey, Jr. and M. B. Panish, Heterostructure lasers (New York:

Academic Press, 1978)

Suggested Books
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Course Code

EE 633

Title of the Course

Low Power RF CMOS Design

Credit Structure

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

Name of the
Concerned Discipline

Electrical Engineering

Pre—requisite, if any

Basic knowledge of Electronic Devices and MOS operation.

oo

Scope of the Course

The objective of this course is to introduce concepts related
evaluation, extraction and design optimization of low power RF
MOSFETs.

Course Syllabus

Introduction to Y-, Z-, and H-parameters. Use of S-parameters in
RF Design, Conversion between parameters, Multiport S-
parameters, Deembedding for MOS Transistor.

Basic concepts of modelling and parameter extraction,
Requirements for RF FET modelling, Three-Terminal RF MOSFET
Modelling and Parameter Extraction, Determination of the series
parasitic elements, Determination of the shunt parasitic elements,
Determination of the intrinsic Y-matrix, Extraction of the intrinsic
elements.

Introduction to SOI technology, Properties of Fully-Depleted (FD)
Silicon-on-Insulator (SOI) MOSFETs for low power applications,
Intrinsic gate capacitance, Noise, Linearity, High Temperature
characteristics, High Frequency behaviour of SOl substrate.

Extraction and significance of low power RF performance metrics:
transconductance, cut-off frequency, frequency of maximum
oscillations, capacitance, Linearity. Parasitic components of SOI
MOSFETs and their minimization.

Designing RF Ultra Low Power MOSFETs in FD SOI technology:
Laterally Asymmetric Channel (LAC), Dynamic Threshold MOSFET,
Graded Channel (GC) Architecture, Underlap MOSFET.

Suggested Books

1. N.D. Arora, MOSFET Modeling from VLSI Simulation, World
Scientific, 2007. ISBN: 978-981-256-862-5

2. M. Jamal Deen and Tor A. Fjeldly, CMOS RF Modeling,
Characterization and Applications, World Scientific, 2002. ISBN
981-02-4905-5

3. Y. Tsividis and Colin McAndrew, Operation and Modeling of
The MOS Transistor, Oxford University Press, 2010. ISBN: 978-
0195170153

4. T. Ytterdal, Y. Cheng and T. Fjeldly, Device Modeling for
Analog and RF CMOS Circuit Design, Wiley, 2003. ISBN: 0-471-
49869-6
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Course Code

EE 634 / EE 434

Title of the Course

Semiconductor Based Sensors

Credit Structure

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

Name of the Concerned
Discipline

Electrical Engineering

Pre—requisite, if any

Basic Knowledge of Electronic Devices

Scope of the course

N|oo

Course Syllabus

Introduction: Introduction and classification of sensors, sensors and
transducers, Semiconductor sensors and their classification, sensor
characterization, Evolution of semiconductor sensors.

Semiconductor Sensors Technologies: Introduction to basic fabrication
processes, Micromechanical Process Design, Bulk Micromachining, surface
micromachining, other manufacturing techniques, Applied Statistics &
Probability in semiconductor manufacturing.

Mechanical Sensors: Piezoresistivity, and Piezoresistive sensors,
Capacitive sensors, Piezoelectric materials and acoustic sensors, SAW
based sensors, strain gauge and cantilever based sensors. Thermal
sensors, Thermal sensing elements, Micro/Nanoelectromechanical sensors
(MEMS/NEMS).

Magnetic and Optical sensors: Integrated Hall sensors,
magnetotransistors, photodiodes and phototransistors, HgCdTe based
Infrared sensors, High energy photodiodes.

Chemical and Biosensors: Introduction to interaction of gaseous species
at semiconductor surfaces, thin film based sensors, Field Effect Transistor
(FET) devices for gas/ ion sensing, Immobilization of enzymes in
biosensors, Transduction principles and packaging on biosensors.
Integrated Sensors: Introduction, System Organization & Functions,
Interface electronics, Examples of Integrated sensors.

Suggested Books

1. Mohamed Gad-el-Hak, The MEMS Handbook, CRC Press (ISBN: 0-
8493-0077-0).

2. S. M. Sze, Semiconductor Sensors, J. Wiley (ISBN: 978-
0471546092).

3. R. Shinar and J. Shinar, Organic Electronics in Sensors and
Biotechnology, Mc Graw Hill (ISBN: 978-0071596756).

4, J. W. Gardner, Microsensors: Principles and Applications, Wiley
(ISBN: 978-0471941361).

5. S. Middelhoek, S. Audet, Silicon Sensors, Academic Press (ISBN: O-
12-495051-5).

6. R. F. Wolffenbuttel, Silicon Sensors and Circuits: On Chip
compatibility, Chapman and Hall (ISBN: 0-412-70970-8).
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Course Code

EE 641 / EE 441

Title of the Course

Advanced Signal Processing

Credit Structure

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

Name of the Concerned
Discipline

Electrical Engineering

Pre-requisite, if any

Signals and Systems

Scope of the Course

The goal of advanced digital signal processing course is to provide a
comprehensive coverage of signal processing methods and tools,
including leading algorithms for various applications.

Course Syllabus

Review of discrete-time signals and systems concepts, Z-transform
properties, Sampling, Multirate signal processing, discrete Fourier
transform (DFT), Fourier-Bessel expansion, discrete cosine transform
(DCT), short time Fourier transform (STFT), continuous wavelet
transform (CWT), discrete wavelet transform (DWT), Wigner-Ville
distribution (WVD), adaptive signal decomposition, empirical mode
decomposition, parametric signal processing, data compression, signal
and image processing applications.

Suggested Books

1. L. Cohen, Time-Frequency Analysis, Prentice Hall, 1995, ISBN:
0135945321.

2. S. Mallat, A Wavelet Tour of Signal Processing (2™ edition),
Academic Press, 2008, ISBN: 012466606X.

3. T. K. Moon and W. C. Stirling, Mathematical Methods and
Algorithms for Signal Processing, Prentice Hall, August 1999,
ISBN: 978-0201361865.

4. Proakis and Manolakis, Digital Signal Processing (4" edition),
Prentice Hall, 2007, ISBN: 0131873741.

5. Selected research papers.
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Course Code EE 642
Title of the Course Wireless Communication
Credit Structure L-T- P-Credits

3-0-0-3

Name of the Concerned
Discipline

Electrical Engineering

Pre—requisite, if any

Concepts of probability theory and communications.

Scope of the Course

To familiarize with the concepts of wireless communications and
cellular systems.

Course Syllabus

Wireless Channels: Modelling of wireless channels, stochastic
characterization and discrete-time representation, Jakes Model,
Autocorrelation.

Diversity: Realizing diversity over time, frequency, and space, code
design for wireless channels, Rayleigh/Ricean fading channels,
diversity modelling for Wireless Communications, performance
improvement with diversity.

Information Theory of Wireless Channels: Entropy and mutual
information, capacity of the Gaussian channel and of parallel Gaussian
channels, capacity of fading channels: ergodic capacity and outage
capacity, high versus low SNR regime, waterfilling capacity.

Multiple-Input Multiple-Output (MIMO) Wireless Systems: Capacity
of MIMO wireless systems; MIMO-OFDM, MIMO spatial multiplexing,
space-time coding and MIMO diversity.

Cellular Communications: Multiuser systems, multiple access and
inference  management, CDMA and FDMA schemes, multi-user
diversity, cooperative diversity.

3G and 4G standards: GSM, GPRS, WCDMA, LTE , WiMAX.

Suggested Books

1. D. Tse and P. Viswanath, Fundamentals of wireless
communication, Cambridge University Press, 2005 ISBN: 978-
0521845274.

2. T.S. Rappaport, Wireless communications (2" edition), Prentice

Hall, 2002, ISBN: 978-0130422323.

3. G. L. Stuber, Principles of Mobile Communication (3" edition),

Springer International Ltd., 2011, ISBN: 978-1461403630.

4. A. Goldsmith, Wireless Communications, Cambridge University

Press, 2007, ISBN: 978-0521837163.
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Course Code EE 643
Title of the Course Detection and Estimation Theory
Credit Structure L-T- P-Credits

3-0-0-3

Name of the
Concerned Discipline

Electrical Engineering

Pre—requisite, if any

Concepts of probability theory

Scope of the Course

To get familiar with statistical inference techniques for Detection and
Estimation of data or signals.

Course Syllabus

Review of Probability Theory: Selected concepts of probability
theory, random variables and stochastic processes.

Binary Decisions: Single Observation: Maximum-likelihood decision
criterion, Neyman-Pearson criterion, probability-of-error criterion, Bayes
risk criterion, and min-max criterion. Multiple Observations: Vector
observations, general Gaussian problem, waveform observations and
additive Gaussian noise.

Multiple Decisions: Bayes risk, minimum probability of error decision
rule, Gaussian case, erasure decision problems.

Composite and Nonparametric Decision Theory: Composite
decisions, sign test, Wilcoxon test.

Classical Estimation Theory: Random parameter estimation, Bayes
cost method, relationship of estimators, non-random parameter
estimation, CRLB, linear minimum variance and least-squares
methods, multiple parameter estimation.

State Estimation: Problem statement, Kalman filter, miscellaneous
estimation techniques.

Suggested Books

1. J. L. Melsa and D. L. Cohn, Decision and Estimation Theory,
McGraw-Hill Inc, 1978, ISBN: 978-0070414686.

2. H. L. Van Trees, “Detection, Estimation and Modulation Theory
(Part 1), John Wiley & Sons, 2001, ISBN: 978-0471095170.

3. S. M. Kay, Fundamentals of Statistical Signal Processing -
Estimation Theory (Vol. 1), Prentice-Hall, Inc., 1993, ISBN: 978-
0133457117.

4. H. V. Poor, An Introduction to Signal Detection and Estimation,
(2" edition), Springer, 2010, ISBN: 978-1441928375.
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http://www.amazon.com/Fundamentals-Statistical-Signal-Processing-Estimation/dp/0133457117
http://www.amazon.com/Fundamentals-Statistical-Signal-Processing-Estimation/dp/0133457117
http://www.amazon.com/Introduction-Detection-Estimation-Electrical-Engineering/dp/0387941738

Course Code EE 644

Title of the Course Image Processing

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

Name of the Concerned
Discipline

Electrical Engineering

Pre—requisite, if any

Basic knowledge of signals and systems.

Scope of the Course

The main goal of this course is to provide an overview of the concepts
and algorithms for image processing.

Course Syllabus

Linearity and space-invariant property. Point spread function, image
transforms and properties, sampling and quantization, 2-D systems.

Image coding, image representation models, image enhancement,
equalization and filtering

Image restoration and reconstruction, Wiener filtering filtering using
transforms, image compression

Image analysis, Spatial and transform based features, edge detection
techniques, AR models and region representation, multiresoultion
analysis (MRA) based techniques, segmentation and classification.

Suggested Books

1. A. K. Jain, Fundamentals of Digital Image Processing, Prentice
Hall, 1988, ISBN: 978-0133361650.

2. R.C. Gonzalez and R.E. Woods; Digital Image Processing, (3/e),
2007, ISBN: 978-0131687288.
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Course Code EE 645
Title of the Course Mathematical Methods for Signal Processing
Credit Structure L-T- P-Credits

3-0-0-3

Name of the Concerned
Discipline

Electrical Engineering

Pre—requisite, if any

Nil

Scope of the Course

To get familiar with the mathematical aspects of various techniques
involved in signal processing applications with emphasis on matrix
algebra.

Course Syllabus

Vector Spaces: Vector spaces and subspaces, linear independence,
basis and dimension, linear transformations.

Inner product spaces: Orthogonality, projections, Gram-Schmidt
procedure.

Matrix Spaces: Functions of matrices and applications to difference
and difference equations, special matrices.

Matrix Computations and Decompositions: Matrix factorization,
complexity, least square, singular value and eigen value
decompositions, positive definiteness.

Spaces of Signals: Hilbert spaces, fundamental spaces of sequences
and functions, orthogonal polynomials.

Generalized Inverses: Regularization of ill-posed problems,
generalized problems, and signal processing applications.

Suggested Books

1. G. Strang, Linear Algebra and Its Applications (4™ edition),
Brooks Cole, 2005, ISBN: 978-0030105678.

2. A. Bojanczyk, G. Cybenko, Linear Algebra for Signal Processing,
Springer, 1995, ISBN 978-0387944913.

3. C.D. Meyer, Matrix Analysis and Applied Linear Algebra, SIAM,
2000, ISBN 0-89871-454-0.
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Course Code

EE 646 / EE 446

Title of the Course

Information and Coding Theory

Credit Structure

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

Name of the
Concerned Discipline

Electrical Engineering

Pre—requisite, if any

Concepts of probability theory and communications.

Scope of the Course

To understand the quantitative theory of information and its applications
to reliable, efficient communication systems.

Course Syllabus

Information measure and entropy, information rate, joint and
conditional entropies, mutual information , discrete memoryless
channels, BSC, BEC, channel capacity, Shannon limit, source coding,
adaptive Huffman coding, arithmetic coding, LZW, Hamming weight,
Hamming distance, minimum distance decoding, single parity codes,
Hamming codes, repetition codes, linear block codes, cyclic codes,
convolutional codes, sequential and probabilistic decoding, principle of
Turbo coding, burst error-correcting codes.

Suggested Books

1. T. M. Cover and J. A. Thomas, Elements of Information Theory,
(2nd edition), Wiley-Interscience, 2006, ISBN: 978-0471241959.

2. R. Gallagher, Information Theory and Reliable Communication,
Wiley; 1968, ISBN: 978-0471290483.

3. R. Bose, Information Theory, Coding and Cryptography, Tata
McGraw Hill Education Pvt. Ltd., 2007, ISBN: 978-0070151512.

4. K. Sayood, Introduction to Data Compression, (3rd edition),
Morgan Kaufmann; 2012, ISBN: 978-0124157965.

5. S. Gravano, Introduction to Error Control Codes, Oxford
University Press, USA, 2001, ISBN: 978-0198562313.

99




Course Code EE 701
Title of the Course Time-Frequency Analysis
Credit Structure L-T-P-Credits

3-0-0-3

Name of the Concerned
Discipline

Electrical Engineering

Pre—requisite, if any

Basic knowledge of Fourier analysis

Scope of the Course

Many signals exhibit frequency characteristics that change over time.
Examples include such as speech, marine mammal sounds, heart rate,
electroencephalogram, machine vibrations, sonar, radar, and
communication signals. Understanding these changes is important
because they are often indicative of the underlying processes that
generated the signal. Time-frequency analysis, also called time-varying
spectral analysis, is a technique for studying the time-dependent spectral
changes in a signal.

Course Syllabus

Basics of Fourier Analysis, Spectral Theory, Fundamentals of Time-
Frequency Analysis, Instantaneous Frequency and Instantaneous
Bandwidth, Gabor Transform, The Short-Time Fourier
Transform/Spectrogram, Time-Frequency Localization, Continuous
Wavelet Transform/Scalogram, Multiresolution Analysis, Quadratic Time-
Frequency Transform, Wigner-Ville Distribution, Signal Processing
Applications, Image Processing Applications.

Suggested Books

1. S. Mallat, A Wavelet Tour of Signal Processing (3" edition),
Academic Press, 2008, ISBN: 978-0123743701.

2. Leon Cohen, Time-Frequency Analysis, Prentice Hall; 1994, ISBN:
978-0135945322.

3. B. Boashash, Time-Frequency Signal Analysis and Processing: A
Comprehensive Reference, Elsevier Science, 2003, ISBN-13: 978-
0080443355.

4. R. M. Rao and A. S. Bopardikar, Wavelet Transforms: Introduction
to Theory & Applications, Prentice Hall, 1998, ISBN-13: 978-
0201634631.
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Course Code

EE 724 | EE 424

Title of the Course

Advanced Micro-processes and Nanotechnology

Credit Structure

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

Name of the Concerned
Discipline

Electrical Engineering Discipline

Pre—requisite, if any

A course on semiconductor device physics, MOSFETs and VLSI

Scope of the Course

Course Syllabus

Methodologies for nanotechnology: Introduction and classification, general
properties of atoms and solids, effects at the nanometer scale, Fabrication
methods for nanostructures.

Characterization methodologies for Nanotechnology: classification of
characterization methods, microscopic techniques, Electron microscopy,
Scanning probe techniques, Diffraction techniques, spectroscopic techniques.
Semiconductor nanostructures: General aspects of semiconductor
physics, Quantum confinement in semiconductor nanostructures, fabrication
techniques, Physical processes nanostructures, some applications of
semiconductor nanostructures.

Silicon MOSFETs: Moore’s Law, Scaling down of devices, Low frequency
noises in MOSFETSs, Short Channel Effect, DIBL, GIDL, recent developments
and challenges in MOSFETSs.

Single electron devices: Coulomb blockade effect, Single Electron
Transistor, SET based detector, RF-SET, Single Electron Spectroscopy etc.
Molecular materials and devices: Organic materials, some examples of
organic semiconductors, charge carrier injection and transport, Optical
properties of organic semiconductors, applications and devices involving
organic semiconductors viz. Organic Field Effect Transistors, Organic Light
Emitting Diodes, Organic Photovoltaic’s including Dye sensitized solar cells.

Suggested Books

1. S. M. Sze, Physics of semiconductor devices, John Wiley and Sons, 1981,
ISBN: 0-471-05661-8

2. R. Kelsall, I. Hamley and M. Geoghegan, Nanoscale Science and
Technology, John Wiley and Sons Ltd, 2005, ISBN: 0-470-85086-8.

3. K. Morigaki, Physics of amorphous semiconductors, Imperial College
Press, 1999, ISBN: 981-02-1381-6.

4. P. Richman, MOS Field Effect Transistors and Integrated Circuits, John
Wiley and Sons Ltd, 1973, ISBN: 0-471-72030-5.

5. Y. Taur and T-H. Ning, Fundamentals of Modern VLSI Devices,
Cambridge University Press, 1998, ISBN: 978-0-521-55959-1.

6. G. Hadziioannou and G. Malliaras, Semiconducting Polymers: Chemistry,
Physics and Engineering, Wiley Interscience, 2007, ISBN: 978-3-527-
31271-9.
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Course Code EE 740
Title of the Course Speech Signal Processing
Credit Structure L-T-P-Credits

3-0-0-3

Name of the Concerned
Discipline

Discipline of Electrical Engineering

Pre—requisite, if any

Signals and Systems, Digital Signal Processing

Scope of the Course

The main objective of this course to provide concepts for speech signal
analysis, synthesis recognition etc.

Course Syllabus

Signal processing tools: Digital filters, Fourier series, Fourier transform,
DFT, FFT, short term Fourier transform (STFT), continuous wavelet
transform, discrete wavelet transform

Speech acquisition and digitization

Speech analysis and parameter extraction: Short time analysis,
frames and windows, time-domain analysis: energy, zero-crossings,
statistic parameters, autocorrelation, frequency-domain analysis: spectra
and spectrograms, cepstral analysis, linear prediction analysis, pitch and
formant estimation, static and dynamic features

Speech signal synthesis

Speech coding

Speech enhancement

Suggested Books

1. J.R. Deller, J.G. Proakis, J.H.L. Hansen, Discrete-Time Processing
of Speech Signals, Wiley-IEEE Press, 1999, ISBN 978-0780353862.

2. T. F. Quatieri, Discrete-Time Speech Signal Processing: Principles
and Practice, Prentice Hall, 2001, ISBN 978-0132429429.

3. L. R. Rabiner, R. W. Schafer, Digital Processing of Speech Signals,
Prentice Hall, 1978, ISBN 978-0132136037.
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Course Code EE 742
Title of the Course MIMO Wireless Communications
Credit Structure L-T- P-Credits

3-0-0-3

Name of the
Concerned Discipline

Electrical Engineering

Pre—requisite, if any

Concepts of random variable and communication theory.

Scope of the Course

To understand the concepts of space time coding, spative diversity and
multiplexing involved by deploying multiple antenna at the transmitters
and receiver.

Course Syllabus

Review of Matrix Algebra: Trace, Frobenius norm, positive definite
matrix, singular value decomposition, vectorization, Kronecker product.
MIMO System and Channel Models: Frequency-flat and frequency-
selective MIMO channel, Matrix formulations.

MIMO Information Theory: Entropy and mutual information, capacity of
MIMO channel, MIMO capacity with and without transmit CSI, ergodic
channel capacity, outage capacity.

Receive Diversity: SIMO receivers, flat and frequency-selective
channels, linear processing and MRC, orthogonal frequency division
multiplexing (OFDM).

Transmit Diversity and Space-Time Coding: Optimal beamforming
with transmit CSI, beamforming for MISO systems, achieving transmit
diversity, space-time coding concepts.

Linear Space-Time Block Codes: A general framework for Linear
STBC, spatial multiplexing, orthogonal space-time block codes, error
performance analysis, mutual information properties, diversity-
multiplexing tradeoff analysis.

Applications: Multiuser MIMO, Collaborative MIMO, MIMO in WiFi and
WIMAX, Large MIMO systems.

Suggested Books

1. E. G. Larsson and P. Stoica, “Space-Time Block Coding for
Wireless Communications”, Cambridge University Press, USA,
2008, ISBN: 978-0521065337.

2. A. Paulraj, R. Nabar, and D. Gore, “Introduction to Space-Time
Wireless Communications”, Cambridge University Press, USA,
2008, ISBN: 978-0521065931.

3. E. Biglieri, R. Calderbank, A. Constantinides, A. Goldsmith, A.
Paulraj, “MIMO Wireless Communications”, Cambridge University
Press, USA, 2010, ISBN 978-0521137096.

4. D. Tse and P. Vishwanath, “Fundamentals of Wireless
Communication, Cambridge University Press, 2005, ISBN: 978-
0521845274.
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Course Code EE 698

Title of the Course PG Seminar Course

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

Discipline

Name of the Concerned | Electrical Engineering

Pre—requisite, if any

None

Course Syllabus

In this course a PG student has to present seminar/presentation or a
series of presentations on a topic(s) chosen by him/her in consultation
with his/her PG Thesis Supervisor/ Faculty Advisor. The frequency of
seminar/presentation will be decided by the Course Coordinator.

References

Books and research publications in  various relevant
journals/conference proceeding, etc.

Course Code

EE 797 (Autumn Semester)
EE 798 (Spring Semester)

2. | Title of the Course Seminar Course

3. | Credit Structure L-T-P-Credits
0-2-0-2

4. | Name of the Electrical Engineering

Concerned Discipline

5. | Pre—requisite, if any None

6. | Scope of the course

7. | Course Syllabus In this course a PhD student has to present seminar/presentation or a series
of presentations on a topic(s) chosen by him/her in consultation with his/her
PhD Thesis Supervisor/ Faculty Advisor. The frequency of
seminar/presentation will be decided by the Course Coordinator.

8. | Textbook None

9. | Other references Books and research publications in various relevant journals.
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Course Structures
of
MTech, MTech+PhD Dual Degree, and
PhD Programs in
Mechanical Engineering and

Syllabi of Courses
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Course Structure of MTech / MTech + PhD Dual Degree Program in

Production and Industrial Engineering (PIE)

Qualifying Degree: 1. BE/BTech or equivalent degree in Mechanical, Production, Industrial,
Manufacturing, Materials and Metallurgy, Mechatronics, or Automobile Engineering; AND 2. GATE
qualification in Mechanical or Production and Industrial Engineering

For IIT graduates with equal to or more than 7.0 CPI/CGPA, the GATE qualification is exempted.
Eligibility: The first class in the qualifying degree i.e. (i) A minimum of 60 % marks for GEN/OBC (55% for
SC/ST) category in aggregate or as specified by the university/institute OR (ii) A minimum CPI of 6.0 for
GEN/OBC (5.5 for SC/ST) category on the scale of 10; with corresponding proportional requirements when
the scales are other than on 10 (for example 4.8 for GEN/OBC category (4.4 for SC/ST) on a scale of 8)
OR (iii) A first class as specified by the university/institute.
Selection criteria: GATE Score/ CSIR-JRF (Engineering Science) or Equivalent Fellowship + Interview.
Category of Admission: (i) TA: Teaching Assistantship (ii) SW: excellent eligible sponsored candidates
(without MHRD TA ship) from the reputed R & D Organizations and Industry.
Duration of the Program: Two years full-time.

Course Structure for two-year Full-time M. Tech. Program
1* Year: Semester-|

Course Code Course Name Contact hours Credits
(L-T-P)
ME 655 Advanced Manufacturing Processes 3-0-0 3
ME 657 Mechatronics and Metrology 3-0-2 4
ME 659 / ME 459 Micro and Precision Manufacturing 2-0-2 3
ME 661 Materials Science and Engineering 3-0-0 3
ME 675 Probability and Statistical Methods 2-0-2 3
ZZ XXX Elective-l X-X-X 3
Total minimum credits earned during the semester 19
Additional course (as per the requirement basis)
HS 641 English Communication Skills 2-0-2 PP/NP
1% Year: Semester-II
Course Code Course Name Contact hours Credits
(L-T-P)
ME 672 / ME 472 Reliability Engineering 2-0-2 3
ME 650 Materials Characterization Techniques 2-0-2 3
ME 660/ ME 460 Technology of Surface Coatings 3-0-0 3
ME 698 PG seminar course 0-2-0 2
ZZ XXX Elective-Il X-X-X 3
ZZ XXX Elective-lIl X-X-X 3
Total minimum credits earned during the semester 17
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2" Year: Semester-lll

Course Code Course Name Contact hours Credits
(L-T-P)
ME 799 M. Tech. Research Project (Stage-I) 0-0-36 18
2" Year: Semester-V
Course Code Course Name Contact hours Credits
(L-T-P)
ME 800 M. Tech. Research Project (Stage-Il) 0-0-36 18
Total minimum credits to be earned during the program 72
Mechanical Engineering Courses for Elective-l @
Course Code Course Name Contact hours Credits
(L-T-P)
ME 653/ ME 453 Computer Aided Manufacturing 3-0-0 3
ME 663 Theory of Conventional Machining 3-0-0 3
ME 671/ ME 471 Operations Research 2-0-2 3
ME 751/ ME 451 Theory of Advanced Machining Processes 3-0-0 3
Mechanical Engineering Courses for Elective-1l & IIl @
Course Code Course Name Contact Credits
hours
(L-T-P)
ME 640 / ME 440 | Smart Materials and Structures 3-0-0 3
ME 644 / ME 444 | Robotics 3-0-0 3
ME 646 / ME 446 | Dynamics and Control Systems 2-1-0 3
ME 648 / ME 448 | MEMS and Micro-System Design 2-1-0 3
ME 654 / ME 454 | Rapid Product Manufacturing 3-0-0 3
ME 658 / ME 458 | Laser based Measurements and Micro- 3-0-0 3
Manufacturing
ME 730 Theory of Elasticity 3-0-0 3
ME 736 / ME 436 | Finite Element Methods 3-0-0 3
ME 738 / ME 438 | Composite Materials 3-0-0 3
ME 756 / ME 456 | Industrial Automation 3-0-0 3

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

disciplines.

NOTE: 1. The request for conversion from MTech to MTech + PhD dual degree will be considered after
evaluating the research potential of the promising and motivating PG students at the end of the third

semester of their program.

2. In the case when a student who moves to the Dual Degree Programme but cannot complete the
requirements of a PhD, an exit option with the M. Tech. Degree can be earned at the end of the final
semester of the normal M.Tech. Programme by letting the Mtech Research Project be examined in the

standard manner as per the requirements for the award of an M.Tech. degree.

3. The enhancement in the scholarship from Mtech to PhD will be from the beginning of the fifth semester

or from the date on which all requirements for the award of Mtech degree are fulfilled whichever later.
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Course Structure for PhD Programme in Mechanical Engineering

(A) Semester-l (autumn / spring)

Sr. Course code Course Name L-T-P-Credits
No.
1 ZZ xxXx Elective-I X-X-X-3
2 ZZ xxXx Elective-ll X-X-X-3
3 Z7 Xxx Elective-lll X-X-X-3
4 ME 797* /| ME 798* Ph.D. Seminar Course 0-2-0-2
(B) Semester-ll (spring / autumn)
Sr. Course code Course Name L-T-P-Credits
No.
1 Z7 Xxx Elective- IV * X-X-X-3
2 ZZ Xxx Elective-V * X-X-X-3
3 ZZ Xxx Elective-VI * X-X-X-3
4 ME 798* / ME 797* Ph.D. Seminar Course 0-2-0-2
Note
1. A PhD student having MTech/ME//MPhil qualification has to do one semester coursework (with 2-3
PhD level courses). Minimum number of courses will be 2 PhD level courses and one PhD seminar
course (i.e. (minimum coursework of 8 credits).
2. A PhD students having BTech/ BE / MSc or equivalent qualification admitted to PhD programme

in an Engineering discipline shall do 6-8 courses of at least 3 credits each and 1-2 PhD Seminar
courses of at least 2 credits each. Minimum number of courses will be 6 PhD level courses and one
PhD seminar course (minimum coursework of 20 credits).

* PhD 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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Mechanical Engineerin Courses for Elective-l to VI (in addition these courses, students can take courses

from the other disciplines also)

S. Course Code Course Name Contact Hours
No. (L-T-P-C)
1. ME 601 Principles of Measurements 3-0-2-4
2. ME 602 Advanced Heat transfer 3-1-0-4
3. ME 603 Advanced Fluid Dynamics 3-0-0-3
4. ME 605 Simulation of Thermal Systems 3-0-2-4
5. ME 607 / ME 407 | Biofluid Mechanics 3-0-0-3
6. ME 611 / ME 411 Refrigeration and Air Conditioning 2-1-0-3
7. ME 613/ ME 413 | Internal Combustion (IC) Engines 2-1-0-3
8. ME 614 Fabrication of Micro and Nanostructures 3-0-0-3
9. ME 616 / ME 416 | Non-conventional Energy Sources 2-1-0-3
10. |ME 618 /ME 418 | Computational Fluid Dynamics (CFD) 3-0-0-3
11. | ME 640/ ME 440 | Smart Materials and Structures 3-0-0-3
12. | ME 644 / ME 444 | Robotics 3-0-0-3
13. |ME 646 / ME 446 | Dynamics and Control Systems 2-1-0-3
14. |ME 648 /ME 448 | MEMS and Micro-System Design 2-1-0-3
15. | ME 650 Material Characterization Techniques 2-0-2-3
16. | ME 651/ IME 451 Mechatronics System Design 3-0-0-3
17. | ME 653 /ME 453 | Computer Aided Manufacturing (CAM) 3-0-0-3
18. | ME 654 / ME 454 | Rapid Product Manufacturing 3-0-0-3
19. | ME 655 Advanced Manufacturing Processes 3-0-0-3
20. | ME 657 Mechatronics and Metrology 3-0-2-4
21. | ME 658/ ME 458 | Laser Based Measurements and Micro-Manufacturing 3-0-0-3
22. | ME 659/ ME 459 | Micro and Precision Manufacturing 2-0-2-3
23. |ME 660/ ME 460 | Technology of Surface Coatings 3-0-0-3
24. | ME 661 Materials Sciences and Engineering 3-0-0-3
25. | ME 663 Theory of Conventional Machining 3-0-0-3
26. | ME 671/ ME 471 Operations Research 2-0-2-3
27. |ME 672/ ME 472 | Reliability Engineering 2-0-2-3
28. | ME 675 Probability and Statistical Methods 2-0-2-3
29. |ME 730 Theory of Elasticity 3-0-0-3
30. |ME 736/ME 436 | Finite Element Methods 3-0-0-3
31. |ME 738 /ME 438 | Composite Materials 3-0-0-3
32. |ME751/ME 451 | Theory of Advanced Machining Processes 3-0-0-3
33. |ME 756 /ME 456 | Industrial Automation 3-0-0-3
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Course Code ME 601
Title of the Course Principles of Measurements
Credit Structure L-T- P-Credits
3-0-2-4
Name of the Concerned | Mechanical
Discipline
Pre—requisite, if any None

Scope of the Course

Course Syllabus

Basics of Measurement Systems: Introduction, Classification of measurement
systems, Errors in measurements, Statistical analysis of measured data,
Regression analysis, Introduction to uncertainty, uncertainty analysis, Estimation
of overall uncertainty, Presentation of data, Design of experiments.
Measurement of Fundamental Quantities: (I) Measurement of Temperature:
Science and art of temperature measurement, Temperature measurement by
mechanical effects, Thermo electric thermometry, Resistance thermometry,
Pyrometer, Measurement of transient temperature, systematic errors in
temperature measurement, Laboratory practice. (ii) Measurement of Pressure:
Manometers, Bourdon gauge, Pressure transducers, Measurement of transient
pressure, Measurement of vacuum, Laboratory practice. (iii) Measurement of
Flow Velocity: Pitot static and impact probes, Velocity measurement based on
thermal effects, Doppler velocimeter, Laboratory practice.

Measurement of Derived Quantities: (I) Measurement of Heat flux and Heat
Transfer Coefficient: Foil type heat flux gauge, Thin film sensors, Cooled thin
wafer heat flux gauge, Axial conduction, Guarded probe, Slug type sensor, Film
coefficient transducers, cylindrical heat transfer coefficient probe, Laboratory
practice. (ii) Measurement of Volume Flow Rate: Variable area type flow meters,
Rota meter, Miscellaneous type of flow meters, Factors to be considered in the
selection of flow meters, Calibration of flow meters, Laboratory practice. (iii)
Measurement of Stagnation and Bulk Mean Temperature: Introduction, Shielded
thermocouple stagnation temperature probe, Dual thin film enthalpy probe, flow
in rectangular duct, Laboratory practice.

Measurement of Thermo-physical Properties, Radiation Properties of
Surfaces and Gas Concentration: (I) Measurement of Thermo-physical
Properties: Thermal conductivity- steady and transient methods, Measurement of
heat capacity, Calorific values of fuel, Viscosity of fluids, Laboratory practice. (ii)
Measurement of Radiation Properties of Surfaces: Introduction, Features of
radiation measuring instruments, Integrating sphere, Measurement of emissivity,
Laboratory practice. (iii) Measurement of Gas Concentration: Introduction, Non
separation methods, Separation methods, Laboratory practice.

Measurement of Other Engineering Quantities: Fundamentals of
measurements of force, torque, strain, vibration, noise, surface roughness,
geometrical or form tolerances.

Data Acquisition, Manipulation and Presentation: Introduction, Mechanical
signals conditioning, Electrical signal conditioning, Examples from laboratory
practices.

Suggested Books

1. S. P. Venkatesan, Mechanical Measurements, Ane Books Pvt. Ltd, New
Delhi, 2010 (ISBN: 978-81-8052-234-5).

2. T. G. Beckwith, R.D. Marangoni, J. h. Lien hard, Mechanical
Measurements, Sixth edition, Pearson Prentice Hall, New Delhi, 2009
(ISBN:978-81-317-1718-9).

3. E. O. Doebelin, D. N. Manik, Measurement Systems Application and
Design, Fifth Edition, Tata McGraw Hill, New Delhi, 2007 (ISBN-13:978-0-07-
061672-8).

4. J. P. Holman, Experimental Methods for Engineers, Seventh Edition, Tata
McGraw Hill, New Delhi, 2010 (ISBN-13:978-0064776-3).
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Course Code

ME 602

Title of the Course

Advanced Heat transfer

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre-requisite, if any

Heat Transfer

Scope of the Course

Course Syllabus

Conduction: Derivation of energy equation for conduction in three
dimensions — |Initial and boundary conditions. Transient conduction-
Concept of Biot number — Lumped capacitance formulation unsteady
conduction from a semi-infinite solid-solution by similarity transformation
method. Solution of the general 1D unsteady problem by separation of
variables, Laplace equation — solution by variable separable method —
concept of superposition and homogeneous boundary conditions.
Numerical solution of conduction problems-Basic ideas of finite difference
method — forward, backward and central differences — Discretization for
the unsteady heat equation.

Convection: Derivation of governing equation for convection. 2D laminar
coquette flow and nondimensional numbers. Concept of Adiabatic wall
temperature. Integral methods for momentum and thermal boundary
layers. Pipe flow — concept of developed temperature profile and solutions
for constant wall flux and constant wall temperature boundary conditions.
Solution of entry length problem for constant wall and constant wall flux
boundary conditions. Natural convection — governing equation, integral
solution for flat surface.

Radiation: Introduction. Concept of black body, derivation of black body
radiation laws from first principles Need for view factors, concept of view
factors, mathematical definition. Shape factor calculations. Radiosity,
Irradiation method for gray diffuse enclosures. Gas Radiation.

Suggested Books

1. D. Poulikakos, Conduction Heat transfer, Prentice Hall, 1994.

2. G.E. Mayers, Analytical methods in Conduction Heat Transfer,
McGraw Hill, 1971.

3. Kays W M and Crawford M E, Convective Heat and Mass Transfer,
McGraw Hill Int Edition, 3rd edition, 1993.

4. Spalding D B, Introduction to Convective Mass Transfer, McGraw
Hill, 1963.

5. R. Siegel and J.R. Howell, Thermal Radiation Heat Transfer, Taylor
and Francis, 2002.
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Course Code

ME 603

Title of the Course

Advanced Fluid Dynamics

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

Nil

Scope of the Course

Course Syllabus

Fundamental Concepts, Kinematics of Fluid, Control Volume Equations,
Navier-Stokes Equations and their use, Boundary Layer Theory and
Applications, Concept of Compressible flows, 1-D Isentropic flow, Flow
with Friction and Heat Transfer.

Suggested Books

1. R.W. Fox and A. T. McDonald, Introduction to Fluid Mechanics, 5" Ed,
John Wiley, 1998.

2. F. M. White, Fluid Mechanics, 4" Ed, McGraw-Hill, 1999.

3. S. W. Yuan, Foundations of Fluid Mechanics, Prentice Hall of India,
1988.

4. Batchelor G.K.,, An Introduction to Fluid Dynamics, 2" edition,
Cambridge University Press, 2000.

5. H. Schlichting, Boundary Layer Theory, McGraw-Hill, 1979.

6. S. M. Yaha, Fundamentals of compressible flow, Wiley Eastern Limited,
New York, 1982.

7. A. H. Shapiro, The dynamics and thermodynamics of compressible
flow, Ronald Press, New York, 1953.
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Course Code

ME 605

Title of the Course

Simulation of Thermal Systems

Credit Structure

L-T- P-Credits
3-0-2-4

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

Nil

Scope of the Course

Course Syllabus

Information flow diagram, systems identification and description,
component and system design, Types of simulation, Solution techniques
and curve fitting, Modeling of typical thermal equipments i.e. evaporative
cooler, heat exchangers, steady state simulation, Typical case studies,
Dynamic response of thermal systems, Introduction to optimization
techniques, Compressive case studies of some thermal systems.

Suggested Books

1. Wilbert Stoecker, “Design of thermal systems”, Third edition, McGraw-
Hill 1989, ISBN: 978-0070616202.

2. Yogesh Jaluria, “Design and optimization of thermal Systems”, CRC
press, Second edition, 2007, ISBN: 978-0849337536.

3. N.V. Suryanarayana & Oner Arici, “Design and simulation of thermal
systems”, First edition, 2002, ISBN: 978-0072497984.
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Course Code

ME 607 / ME 407

Title of the course

Biofluid Mechanics

Credit Structure

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

Name of Discipline

Mechanical Engineering

Pre-requisites, if any

None

Scope of the Course

(a)To understand the physiology and anatomy of different systems in
the human body (b) To integrate fluid mechanics concepts to model
biological flows in the human body (c) To identify specific diseases
and to analyze how they are related to fluid mechanics.

Course Syllabus

Introduction: Introduction to fluid mechanics, and human physiology
in relation to heart, lungs and blood vessels.

Cardiovascular structure and function: Electro-cardiogram, heart
valves, cardiac cycles, heart sounds, coronary circulation,
microcirculation, lymphatic circulation.

Pulmonary Anatomy, Pulmonary physiology and Respiration:
Respiratory system, alveolar ventilation, mechanics of breathing,
airway resistance, gas exchange and transport, pulmonary
pathophysiology, respiration in extreme environment.

Hematology and Blood Rhelogy: Elements of blood, blood
characteristics, viscosity measurement, erythorcytes, leukocytes;
blood types, plasma.

Anatomy and Physiology of Blood vessels: General structure &
types of arteries, mechanics of arterial walls, compliance, vascular
pathologies, stents, coronary artery bypass grafting.

Mechanics of Heart Valves: Aortic and pulmonic valves; Mitral and
Tricuspid valves; Pressure gradients across a stenotic heart valve;
Prosthetic mechanical valves; Prosthetic tissue valves.

Pulsatile flow in large arteries: Introduction to blood flow in large
arteries, pulsatile flow in tubes, instability in pulsatile flow.
Mathematical modeling: Introduction to finite difference, finite
volume & finite element methods, non-Newtonian flow models,
modeling of flow through Mitral valve, modeling of blood flow in
vascular system.

Suggested Books

Text Book

1. L. White and J.M. Fine , Applied biofluid mechanics, , McGraw
Hill, 2007 (ISBN: 5551694623).

2. J.N. Mazumdar , Biofluid Mechanics, , World Scientific,
Singapore, 2004 (ISBN: 981-02-3801-0)

Reference Books

1. L. White, Biomechanics in Cardiovascular Systems, McGraw
Hill, 2006.

2. C. Kleinstruer, Biofluid Dynamics: Principles and Applications,
CRC Press, Taylor and Francis Group, 2006.

3. M. Zamir, The Physics of Pulsatile Flow, Springer Verlag, New
York, 2000.

4. Sir James Lighhill, Mathematical Biofluid Dynamics, , Society for
Industrial and Applied Mathematics, Philadelphia, 1975 (ISBN: O-
89871-014-6)
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Course Code

ME 611 / ME 411

Title of the Course

Refrigeration and Air Conditioning

Credit Structure

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

Name of the
Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

ME 206: Thermodynamics

Scope of the course

N o

Course Syllabus

Introduction: Single stage and multistage vapour compression
refrigeration systems, psychrometry and psychrometric processes.
Vapour Absorption Refrigeration Systems: Aqua-ammonia
absorption refrigeration system, Lithum bromide-water absorption
systems, p-t-x chart, enthalpy concentration chart, three fluid electrolux
system, multistage absorption system, resorption absorption
refrigeration, new mixtures for absorption systems.

Non-conventional Refrigeration Systems: Water refrigeration, Vortex
and pulse tube refrigeration systems, thermoelectric refrigeration
systems, multistage thermoelectric systems.

Refrigerant Compressors: Type of compressors; Reciprocating
compressors: Volumetric efficiency, performance characteristic, capacity
control, construction features, rotary compressors, screw compressors,
centrifugal compressors, scroll compressors.

Infiltration and Ventilation: Basic concepts and terminology, driving
mechanism of infiltration and ventilation, indoor air quality, natural
ventilation, residential air leakage, residential ventilation, residential
ventilation requirements, simplified models of residential ventilation and
infiltration.

Fenestration: Fenestration components, determination of energy flow;
U-factor, solar heat gain and visible transmission, shading, visual and
thermal controls, air leakage, day lighting, selecting fenestration,
condensation resistance, occupant comfort and acceptance.

Cooling Load Calculations: Residential cooling and heating load
calculations: features, calculation approach, residential heat balance
method, residential cooling load factor method, cooling load, heating
load, nonresidential cooling and heating load calculations.

Duct Design and Space Air Diffusion: Room air distribution, total,
static and velocity pressures, friction loss in ducts, dynamic loss in
ducts, air duct design, equal friction method, static regain method,
velocity reduction method, fitting loss coefficient, air diffusion: principles
of jet behavior, room air diffusion methods.

Pipe Sizing: Pressure drop equations, water piping, hydronic system
piping, steam piping, gas piping and fuel oil piping.

Suggested Books

1. W.F. Stoecker, and J.W. Jones, Elementary Refrigeration and Air
conditioning, McGraw Hill, 2002.

2. R.J. Dosset, Principles of Refrigeration, Pearson Education Asia,
2002.

3. C.P. Arora, Refrigeration and Air conditioning, Tata-MCGraw Hill,
2002.

4. M. Prasad, Refrigeration and Air Conditioning, New Age
International, 2004.

5. ASHRAE Handbook (Fundamentals), 2005.
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Course Code

ME 613/ ME 413

Title of the Course IC Engines
Credit Structure L-T-P-Credits
2-1-0-3

Name of the
Concerned Discipline

Mechanical Engineering

Pre—requisite, if any

None

Scope of the course

N|@o

Course Syllabus

Introduction: Basic Nomenclature, Classification of IC Engines,
working principle of 2-stroke and 4-stroke S| and CI engines. Air
stand, fuel-air and actual cycles for SI and CI engines. Engine
performance parameters. Valve and port timing diagrams.

Combustion: In SI Engines - Combustion initiation, Flame
development and propagation, ignition lag, preignition, normal and
abnormal combustion-knocking, physical and chemical aspects of
knocking, effect of operating parameter and chemical structure on
knocking tendency, Octane number, design considerations of
combustion chamber, Stratified charge combustion, Concept of lean
burning engines. In Cl Engines- Various stages of combustion-
Vaporization of fuel droplets and spray formation

Engine Accessories: S/ Engines - Carburetors, Properties of air-fuel
mixtures, mixture requirement, Main metering system, Idling system,
Economizer system, acceleration pump and cold starting system.
Spark plug, fly wheel, DTS-I system. Nozzle lip, venturi depression,
calculation of fuel jet and venturi throat diameter for given air fuel
ratio, Battery and magneto ignition system and their comparative
study, firing order, Ignition timing, Petrol Injection system, electronic
fuel injection, advantage and disadvantage of petrol injection. C/
Engine- Fuel pump, types of fuel injector, fly- wheel, types of piston
and properties, high pressure pipe, Governor- Necessity of governing,
various methods of governing. Fuel injection system- Requirement,
types of nozzle, atomization, spray penetration and spray direction,
multiple point fuel injection system, injection timing, common rail fuel
injection system.

Cooling and Lubrication Systems: Cooling requirement, air cooling,
liquid cooling, type of liquid cooling system, advantage and
disadvantage of air cooling and water cooling system, Antifreeze
mixture. Function of lubricating system, properties of lubricating oll,
wet sump, dry sump and mist lubrication system.

Fuels: Basic requirement of |.C. Engine fuels, requirement of an ideal
gasoline, structure of petroleum, effect of fuel structure on
combustion, volatility of liquid fuels, effect of volatility on engine
performance for starting, vapor lock, acceleration, percolation,
carburetor icing, and crank case dilution, Alternative fuels-Bio Diesel
types, Compressed Natural Gas, Hydrogen Energy- Solid, Liquid,
Gas. Fuel Cells.

Emissions: Emissions from S| and CIl engines, types of emission
gasses, emission control system, types of emission control system,
EGR system.

Suggested Books

1. J. B. Heywood, Internal Combustion Engine, McGraw Hill, ISBN-0-07-
100499-8; ,

2. V. Ganeshan, Internal Combustion Engine, Tata McGraw Hill, 1992.

3. M.L. Mathur and R.P. Sharma, A Course in Internal Combustion
Engines, Dhanpat Rai and Sons

4. V. Ganeshan, Computer simulation of Sl Engine Process, Orient,
1996.
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Course Code ME 614
Title of the Course Fabrication of Micro and Nanostructures
Credit Structure L-T-P-Credits

3-0-0-3

Name of the
Concerned Discipline

Mechanical Engineering

Pre—requisite, if any

None

Scope of the Course

To expose students towards synthesize and characterization of
nanostructures s

Course Syllabus

Introduction to Manipulation of Materials in Nano scale: Nano and Nature
an overview- Emergence of nanotechnology —Bottom up and top down
approaches- -Diversity in nanosytems-Evolving interfaces of nano structures-
manipulating materials in the nano scale-Physical chemistry of solid surfaces-
surface energy-electrostaic stabilize-DLVO theory-steric stabilization-Template
based self assembly of nano structures.

Zero-Dimensional Nanostructures (Nano-particles): Nanoparticle through
homogenous and heterogeneous nucleation’s-mechanism of homogenous and
heterogeneous nucleation-growth of nuclei-synthesis of metallic nanoparticles-
synthesis of semiconductor nanoparticles-sol-gel processing-Forced hydrolysis-
controlled release of ions-Vapor phase reactions-Solid-state phase
segregations-kinetically confined synthesis of nanoparticles-Aerosol synthesis-
Growth termination-spray pyrolysis-template based synthesis-epitaxial core-
shell nanoparticles-Nanocomposite and Nanogrined materials-Bio induced
materials-carbon fullerene-micro and mesoporous materials

One dimensional (i.e. Nanowires and Nanorods) and Two dimensional
nanostructures (i.e. Thin films): Fundamentals of film growth-Vacuum
science-Physical vapor deposition(PVD)-evaporation —molecular beam epitaxy
(MBE)-Sputtering-CVD-Reaction kinetics and transport phenomena- -atomic
layer deposition-Langmuir Blodgett films-electrochemical deposition-sol-gel
films-Nanotribology of ultra thin and hard amorphous carbon films —Surface
forces and nano rheology of molecularly thin films.

Three dimensional nanostructure , MEMS/NEMS and Bio MEMS/NEMS:
Three-dimensional nanostructure fabrication by focused ion beam CVD- three
dimensional nanostructure fabrication- MEMS/NEMS device and applications-
Generation DNA hybridization and self-assembly nanofabrication devices-
single-walled carbon nanotube sensor concept-nanomechanical cantilever array
sensors-biological molecules in therapeutic nanodevices-surface display and
biosensor technology-microfluidic devices and their applications to Lab-on-a-
chip-centrifuge-based fluidic platforms-micro-/nanodroplets in micro fluidic
devices-multifunctional plant surfaces ad smart materials.-Lotus effect: surface
with superhydrophobicity, self-cleaning and low adhesion.

Suggested Books

1. G. Cao, Y. Wang, Nanostructure and Nano materials, Synthesis,
Properties and Applications, World scientific Publishing Co., 2011, ISBN-
13: 978-9814324557.

2. Bhusan, The Handbook on Nanotechnology, Springer series, ISBN:
978-3-642-02524-2.

3. R. Kelsall, I. W. Hamley and M. Geoghegan, NanoScale Science and
Technology, ISBN 13:9780470850862.

4. L. Chi, Nano Technology-Volume 8: Nanostructured surfaces, Wiley
Publication, ISBN13:9783527317394.

5. R. K. Leach, Fundamental Principles of Engineering Nanometrology,
Elesevier publication, ISBN: 9780080964546.
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Course Code

ME 616 / ME 416

Title of the Course

Non-Conventional Energy Sources

Credit Structure L-T- P-Credits
2-1-0-3
Name of the Mechanical Engineering

Concerned Discipline

Pre—requisite, if any

None

Scope of the course

To inculcate energy consciousness and environment sensitivity among
engineering graduates

Course Syllabus

Introduction: Energy resources; conventional and non-conventional,
Energy and infrastructural development; Ecosystems, the environment and
its cycles, energy and environment relationship

Solar energy: Solar radiation, radiation measurement and predictions;
solar thermal conversions, basics, flat plate collectors-liquid and air type,
theory of flat plate collectors, selective coating, advances collectors,;
concentrators; Solar water heater, solar dryer; Solar phtovoltaic, science
and technology of photovoltaic devices. organic PV cells

Wind Energy: Metrology of wind speed distribution, energy estimation of
wind regimes; Wing energy conversion, power torque and speed
characteristics, wind turbine; Application of wind energy

Biomass: Biomass sources, CO, fixation potential of biomass,
physicochemical characterstics of biomass as fuel, Biomass conversion,
biochemical, chemical and thermal; biogas production mechanism,
technology, types of digesters, plant design, biogas plant manure-utilization
and manure values; Biomass gasification and combustion; anaerobic
digestion of biomass; biomass utilization to produce solis, liquid and
gaseous fuels

Hydro-energy: Overview of micro, mini and small hydro system;
hydrology; elemnets of turbine; assessment of hydropower; selection and
design criteria of turbines; speed and voltage regulations; Ocean energy;
principle of ocean thermal energy conversion system, principles of ocean
wave energy and tidal energy conversion

Geothermal energy: Origin of geothermal resources, types of geothermal
deposits;

Hydrogen energy; Hydrogen production and storage; Fuel cells, principles
of working, basic thermodynamics

Suggested Books

1) Donald K., Biomass for renewable energy, Fuels and chemicals,
Academic press

2) S.P. Sukhatme: Solar energy principles of thermal collection and
storage, 2nd edition, Tata McGraw Hill

3) G. Boyle, Renewable energy: Power for sustainable future, Oxforfd
OuP

4) J. Twidell and T. Weir, Renewable Energy Resources.

5) T. B. Johansson, H. Kelly, A .K.N. Reddy, R. H. William, Renewable
Energy- Sources for fuels and Electricity.
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Course Code

ME 618 / ME 418

Title of the Course

Computational Fluid Dynamics (CFD)

Credit Structure

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

Name of the
Concerned Discipline

Mechanical Engineering

Pre—requisite, if any

Heat Transfer

o

Scope of the course

Course Syllabus

Control volume discretization of heat conduction equation in Cartesian
and general curvilinear coordinate systems — Dirichlet, Neumann and
Periodic boundary conditions;

Gauss Seidel, TDMA, TVA, STONE, CD algorithms for solving resulting
algebraic equations; convergence and accuracy and multigrid methods
for convergence enhancement;

General equations for boundary layer flows with heat and mass transfer
and chemical reaction;

boundary conforming transformation of equations, control volume
discretization of equations; marching integration; application to wall
boundary layers, free shear layers and mixing layers with and without
comport equations in Cartesian and curvilinear coordinates;

control volume discretization of equations; staggered and non-
staggered grids; pressure correction algorithm; time marching predictor-
corrector algorithm; application to recirculating elliptic flows and partially
parabolic flows; compressible flows and shock capturing.

Diffusion models; turbulence — zero, one and two equation models;
stress equation models; low Reynolds number models; algebraic
models; equivalent flux models.

Source laws; Combustion models, radiation models, porous body
models, mass sources; Numerical grid generation; algebraic, parabolic
and elliptic equations.

Suggested Books

1. S.V. Patankar, Conduction and Laminar Fluid Flow, Innovative
Press, 1992.

2. S.V. Patankar, Numerical Heat Transfer and Fluid Flow, Academic
Press, 1983.

3. S.V. Patankar, and D.B. Spalding, Heat and Mass Transfer in
Boundary Layers, Academic Press, 1968.

4. W.M. Kays, Convective Heat and Mass Transfer (6" edition), Tata
McGraw Hill, New Delhi, 1992.

5. C.AJ. Fletcher, Computational Techniques for Fluid Dynamics
(Vol. 1 & 2), Springer Verlag, 1988.
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Course Code

ME 640 / ME 440

Title of the Course

Smart Materials and Structures

Credit Structure

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

Name of the
Concerned Discipline

Mechanical Engineering

Pre—requisite, if any

None

Scope of the Course

The main objective of the course is to show a clear picture on the
development and application of smart materials and structures

Course Syllabus

Intelligent materials: Primitive functions of intelligent materials;
Intelligence inherent in materials; Materials intelligently harmonizing
with humanity; Intelligent biological materials.

Smart Materials and Structural Systems: Actuator materials;
Sensing technologies; Micro-sensors; Intelligent systems; Hybrid
smart materials; Passive sensory smart structures; Reactive actuator-
based smart structures; Active sensing and reactive smart structures;
Smart skins

Electro-Rheological (ER) Fluids: Suspensions and electro-
rheological fluids; The electro-rheological phenomenon; Charge
migration mechanism for the dispersed phase; Electro-rheological
fluid actuators.

Piezoelectric Materials: Background; Piezoelectricity; Industrial
piezoelectric materials; Smart materials featuring piezoelectric
elements.

Shape Memory Materials (SMM): Background on shape-memory-
alloys; Applications of shape-memory-alloys; Continuum applications:
structures and machine systems; Discrete applications; Impediments
to applications of shape-memory-alloys; Shape-memory-plastics.
Fiber-optics: an overview; Advantages of fiber-optics; Light
propagation in an optical fiber; Embedding optical fibers in fibrous
polymeric thermosets; Fiber-optic strain sensors.

The piezoelectric Vibrations Absorber Systems: Introduction; The
single mode absorber, theory, design solution, extension including
viscous modal damping, the electromechanical coupling coefficient,
inductance, experimental results; The multimode absorber, derivation
of transfer function, design solution, self-tuning absorber, performance
function, control scheme.

Suggested Books

1. M.V. Gandhi, and B.S. Thompson, Smart Materials and structures
(2" edition), Chapman & Hall, 1992, ISBN: 0412370107,
9780412370106

2. A. Guran, H.S. Tzou, G.L. Anderson, and M. Natori, Structure
Systems: Smart Structures, Devices and System (Part 1), and
Materials and Structures (Part 2), World Scientific Publications,
1998, ISBN: 9780340719206

3. U. Gabbert, and H.S. Tzou, Smart Structures and Structuronic
System, Kluwer Academic Publishers, 2001, ISBN: 978-0-470-
04192-5

4. H.T. Banks, R.C. Smith, and Y.W. Qang, Smart Material structures:
Modeling, Estimation and Control (6" edition), John Wiley & Sons,
1997.
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Course Code

ME 644 /| ME 444

Title of the Course Robotics
Credit Structure L-T- P-Credits
3-0-0-3

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

None

Scope of the Course

The main objective of the course is to show a clear picture on the
development and application of robotics systems

Course Syllabus

Introduction: Introduction to robots — Robot manipulators — Mobile
robots — Robot anatomy — Coordinate systems, Work envelope —
Types and classification — Specifications — Sensors — Actuators and
drives.

Forward and Inverse Kinematics: Introduction — Representation of
position and orientation of a rigid body — Homogeneous
transformations — Forward and inverse kinematics problems -
Denavit-Hartenberg  (D-H) notations and  parameters -
Representation of joints, link representation using D-H parameters —
Closed-form solutions — Geometric and Numerical methods.

Velocity and Statics analysis: Linear and angular velocity of links —
Velocity propagation — Jacobians for robotic manipulators — Statics
and force ftransformation of robotic manipulators — Singularity
analysis.

Robot Dynamic analysis: Introduction — Forward and inverse
dynamics — Mass and inertia of links - Lagrangian formulation for
equations of motion for robotic manipulators — Newton-Euler
formulation method - Dynamic modelling - State space
representation of dynamic equations of robotic manipulators.
Trajectory Planning and Control: Joint and Cartesian space
trajectory planning and generation — Classical control concepts using
the example of control of a single link — Independent joint PID control
— Control of a multi-link manipulator — Nonlinear model based control
schemes — Simulation and experimental case studies on robotic
manipulators.

Suggested Books

1. J.J. Craig, Introduction to Robotics: Mechanics and Control,
John Wiley & Sons Inc., 2004, ISBN: 0201151987.

2. M\W. Spong, Seth Hutchinson, M. Vidyasagar, Robot Modeling
and Control, John Wiley & Sons Inc., 2006, ISBN: 10:
0471649902.

3. J.R. Schiling, Fundamentals of Robotics: Analysis and
Control, Prentice Hall India, 1992, ISBN: 9788120310476.

4. K. Fu, R. Gonzalez, and C.S.G. Lee, Robotics: Control,
Sensing, Vision and Intelligence, McGraw - Hill, 1987, ISBN:
9780070226258.

5. A. Ghosal, Robotics: Fundamental Concepts and Analysis,
Oxford University Press, 2008, ISBN: 9780070669000.
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Course Code

ME 646 / ME 446

Title of the Course

Dynamics and Control Systems

Credit Structure

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

Name of the
Concerned Discipline

Mechanical Engineering

Pre—requisite, if any

Kinematics & Dynamics

Scope of the Course

The objectives of this course are to develop in mechanical engineering

students the knowledge and skills required

e To establish the fundamental techniques for modelling dynamic systems.

e To analyse and manipulate system models in the time and frequency
domain.

e To develop an understanding of feedback control systems and the
parameters that influence their stability and performance.

Course Syllabus

Dynamic Modelling of Systems: Introduction to Dynamics, Systems and
Control. Dynamic modelling of systems. Lumped system. Modelling of
translational and rotational mechanical spring-mass-damper systems.
Nonlinear systems and Linearization of nonlinear systems. Numerical
computations and simulations with MATLAB / MATHEMATICA, and
simulations in MSC ADAMS.

Analysis of Linear Systems: Introduction, Laplace transform, Transfer
functions, System response, Stability analysis, Routh-Hurwitz criteria. Time
domain analysis: Root locus method. Frequency domain analysis: Bode plot
and Nyquist plot. Numerical computations with MATLAB.

Linear Feedback Control Systems: Lead and Lag compensator, Design and
analysis of linear feedback control systems using time and frequency domain
techniques. Numerical computations with MATLAB.

Proportional (P), proportional-derivative (PD), proportional-integral (Pl) and
proportional-integral-derivative (PID) controller, Gain tuning methods and
modifications. Case studies on PID Controller and its applications.

Analysis of Systems in State Space: Concept of state and state variables.
State space representation of dynamic systems. State models of linear time
invariant systems, State transition matrix, and Solution of state equations.
Controllability and Observability. Numerical computations with MATLAB.

State Space Controllers and Observers for Linear systems: Full state
feedback controller and Pole placement technique. Design of full state
feedback controller. State observer and design of state observer with
controller. Numerical computations and simulations with MATLAB.

Suggested Books

1. K. Ogata, Modern Control Engineering (5" edition), Prentice Hall India,
2003, ISBN-13: 978-0136156734.

2. B.C. Kuo, Automatic Control Systems (7th edition), Prentice Hall India,
2003, ISBN: 9788126513710.

3. N.S. Nise, Control Systems Engineering (4th edition), John Wiley, 2003,
ISBN: 0471366064.

4. M. Gopal, Control Systems, 2/e, Tata McGraw-Hill, 2000, ISBN:
9780070482890.

5. G. F. Franklin, Feedback Control of Dynamic Systems (6" edition),
Pearson Edition, 2009, ISBN: 9788131721421.

6. R.C. Dorf and R.H. Bishop, Modern Control Systems (12" edition),
Prentice Hall India, 2011, ISBN: 9780132270281.

7. C.L. Phillips, and R.D. Harbour, Feedback Control Systems (2™ edition),
Prentice Hall, 1991, ISBN: 9780133134469.

8. 1.J. Nagrath and M. Gopal, Control System Engineering (2
Wiley Eastern, 1982, ISBN: 9788122405033.

" edition),
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Course Code

ME 648 / ME 448

Title of the Course

MEMS and Micro-system Design

Credit Structure

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

Name of the
Concerned Discipline

Mechanical Engineering Discipline

Pre-requisite, if any

None

Scope of the Course

Njoo

Course Syllabus

Introduction to MEMS and Micro-systems: Micro-electro-
mechanical- systems (MEMS) and micro-system products, the
multidisciplinary nature of micro-systems, scaling laws in
miniaturization, application of micro system in other industries,
intrinsic characteristics of MEMS.

Micro-actuators and Micro-sensors: Micro-sensors, acoustic wave
sensors, biomedical and nano-sensors, chemical sensors, optical
sensors, pressure sensors, themal sensors, micro-actuation through
thermal forces, SMA-Piezo electric crystals, and electrostatic forces,
magnetic actuation, micro-grippers, micro-motors, micro-valaves,
micropumps, micro-accelelrometers.

Materials, Mechanics and design of micro-systems: Silicon as a
substrate, compounds, piezo-resisitors, polymers and packaging
materials, micro-fabrication and micro-etching: static bending of thin
plates, thermo mechanics and thin film mechanics.

Case studies of MEMS Products: Micro-fluidic devices, micro/nano
transducers, blood pressure sensor, microphone-acceleration
sensors, gyroscope, an overview of micro-system packaging.

Suggested Books

1) Tai-Ran Hsu, MEMS and Micro system Design and
Manufacturing, Tata McGraw Hill, ISBN 07-239391-2.

2) Chang Liu, Foundation of MEMS, Pearson Education, ISBN
(978-81-317-6475-6)

3) Guozhong Cao,Ying, Nanostructure and Nano materials,
synthesis, properties and applications, World Scientific
Publishing Co. 2011

4) Robert Kelsall, lan W.Hamley, Mark Geoghegan, NanoScale
Science and Technology, ISBN 13:978047085086

5) Lifeng Chi, Nano technology-Volume 8: Nanostructured
surfaces, Wiley Publication, ISBN13:9783527317394.

123




Course Code ME 650
Title of the Course Materials Characterization Techniques
Credit Structure L-T-P-Credits

2-0-2-3

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

None

Scope of the Course

The main objective of the course is to show a clear picture on the
material characterization techniques

Course Syllabus

Introduction: Requirement of different techniques of material
characterization for different situations; Mechanical and physical
characterization.

Optical Metallographic Techniques: Observation of microstructure;
Preparation of samples (polishing, etching etc.)

Mechanical Characterization Processes: Measurement of hardness;
Measurement of fracture toughness through nano-indentation;
Adhesion test; Surface profilometry; Tribological studies of materials.
Physical Characterization Processes: Introduction to different
methods and their applications; Diffraction methods for phase; residual
stresses; texture analysis etc. Electro-optical and related techniques
like SEM, TEM, EDS, WDS/EPMA etc. Surface analysis and related
techniques like XPS, AFM etc. Spectroscopic techniques.

Suggested Books

1. C. R.Brundle, C. A. Evans, S. Wilson, Encyclopedia of materials
characterization: surfaces, interfaces, thin films, Material
Characterization Series, Surfaces, Interfaces, Thin Films,
Butterworth-Heinemann, ISBN: 9780750691680.

2. B.D. Cullity, Elements of X-Ray Diffraction (3™ edition), Prentice
Hall, ISBN: 9781178511420.

3. S. Jahanmir, Friction and Wear of Ceramics, CRC Press, ISBN:
9780824791155.

4. P.J. Goodhew, J. Humphreys, R. Beanland, Electron Microscopy
and Analysis (3" edition), Taylor and Francis, London, ISBN:
9780748409686.
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Course Code

ME 651 / IME 451

2. | Title of the Course Mechatronics System Design
Credit Structure L-T-P-Credit

3-0-0-3

4. | Name of the Mechanical Engineering

Concerned Discipline

5. | Pre—requisite, if any | None

6. | Scope of the Course

7. | Course Syllabus Mechatronics System design:
Introduction to Mechatronics-Integrated design issues- Key elements
and design processes- Physical system modelling - Electrical
systems- Micro processor based controller and micro electronics-
Mechanical translation and rotational systems-Electromechanical
coupling-Fluid system
Actuating devices:
Direct current motor, Permanent magnet stepper motor, Mechanical
actuation, Hydraulic and pneumatic power actuation devices, Linear
and latching linear actuators, Rotatory actuators, Piezo electric
actuators, Actuator parameters and characteristics.
Sensors and Transducers:
An introduction to sensors and transducers, sensors for motion and
position, Force torque and tactile sensors, Flow sensors,
Temperature sensing devices, Ultrasonic sensors, Range sensors,
Active vibration control using magnetostructive transducers, Lasers
and Opto-mechatronics based devices.
Software and Hardware components in Mechatronics systems:
Signals , system and controls, system representation, Signal
conditioning and devices, PLC, system representation, linearization of
nonlinear systems, Time delays and measurement of system
performance, Elements of Data acquisition and control systems, real
time interfacing.
MEMS and Microsystems:
Microsystems and miniaturization- lithography technique- Micro
actuators- actuation using shape memory alloys, piezo electric
crystals and electrostatic forces- micro valves and pumps- micro
sensors- Overview on applications of Robotics in automobiles and
other industries.

8. | Suggested Books Text books:
1) W. Bolton, Mechatronics, Pearson publications (ISBN 978-81-

3176253-3)

2) Devdas Shett, Richard A. Kolk, Mechatronics System Design,
Brooks/Cole, Thomson learning(ISBN 0-534-95285-2).

Reference Books:

1) John Watton, Fundamentals of Fluid power and control,
Cambridge university press (ISBN 9780521762502)

2) Andrejz M.Pawlak, Sensor and Actuators in Mechatronics Design,
Taylor and Francis (ISBN-13:978-0-8493-9013-5)

3) Tai-Ran Hsu, MEMS and Microsystems design and manufacture,
Tata McGraw-Hill(ISBN0-07-048709-X)

4) Stephen A.Campbell, The Science and Engineering of
microelectronic fabrication, Oxford university press(ISBN 0-19-
568144-4)
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Course Code

ME 653 / ME 453

Title of the Course

Computer Aided Manufacturing

Credit Structure

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

Name of the
Concerned Discipline

Mechanical Engineering

Pre—requisite, if any

None

o

Scope of the Course

The main objective of the course is to bring the detail application of CAD

Course Syllabus

Introduction: Introduction to manufacturing systems and their
performance analysis; Introduction to Automation; Introduction to
Computer Integrated Manufacturing (CIM).

Numerical Control (NC): Introduction, Numerical Control — its growth
and development, Components of NC system, Input devices, Control
systems — point to point, straight cut, and continuous path NC, Open
loop and closed loop NC systems, NC interpolations — linear, circular,
helical, parabolic and cubic interpolation, Applications of NC systems,
Merits and demerits.

Extensions of NC: Concepts of Computer Numerical Control (CNC),
Machining Center, and Direct Numerical Control (DNC), and their
advantages.

Robotics: Robot anatomy and related attributes, Robot control systems
— limited sequence, playback with point to point, playback with
continuous and intelligent control, End effectors — gripper, tools, Sensors
in Robotics — tactile sensors, proximity, optical sensors and machine
vision, Applications of industrial robots, Robot programming.

Material Handling and Storage: Overview of Material Handling
Equipments, Automated material handling equipments - AGVs,
Conveyor systems, Performance analysis of material handling systems,
Automated material storage systems — ASRS and Carousel storage,
Analysis of automated storage systems.

Manufacturing Support Functions: Introduction to Group Technology
(GT), Computer Aided Process Planning (CAPP), Material Requirement
Planning MRP (MRP), Capacity Planning, Scheduling etc.

Suggested Books

1. M.P. Groover, Automation, Production systems and Computer
Integrated Manufacturing, Prentice-Hall Inc. Englewood Cliffs 1987,
ISBN: 087692-618-7.

2. N. Singh, Systems Approach to Computer Integrated Design and
Manufacturing, John Wiley & Sons, 1996, ISBN: 0-471-58517-3.

3. T.C. Chang, RA. Wysk, and H.P. Wang, Computer Aided
Manufacturing, Prentice Hall Inc. New Jersey, 1991, ISBN: 0-13-
161571-8.

4. Y. Koren, Computer Control of Manufacturing Systems, McGraw
Hill Inc., 1983, ISBN: 007-035-3417.

5. M. Lynch, Computer Numerical Control for Machining, McGraw-Hill
Inc. 1992, ISBN: 0-07-039223-4.

6. M. Sava, and J. Pusztai, Computer Numerical Control
Programming, Prentice Hall, 1990, ISBN: 0-13-156084-0.
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Course Code

ME 654/ ME 454

Title of the Course

Rapid Product Manufacturing

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

None

Scope of the Course

To introduce various concepts of involved in rapid product
manufacturing starting from product modeling, reverse engineering,
product data exchange, concurrent engineering, rapid prototyping,
and rapid tooling

Course Syllabus

Product Modeling and Reverse Engineering: Wireframe modeling;
Surface modeling — Boundary representation; Solid modeling: CSG;
Concept of reverse engineering.

Product Data Exchange: Neutral file formats for product data
exchange- DXF, IGES, STEP.

Concurrent Engineering: Concept of concurrent engineering;
Design for X; Design for manufacturability (DFM); design for
assemblability (DFA); Design for reliability (DFR); Design for quality
(DFQ).

Rapid Prototyping (RP) Methods: Various RP process such as
Liquid based RP methods — Stereolithography apparatus (SLA), Solid
Ground Curing (SGC), Solid Creation System (SCS), etc.; Solid
based RP methods: Fused Deposition Modeling (FDM), Laminated
Object Manufacturing (LOM), etc. Powder based RP methods—
Selective Laser Sintering (SLS), 3D printing (3DP), Ballistic Particle
Manufacturing (BPM), etc.

Rapid Tooling (RT): Introduction, various techniques of RT.

Suggested Books

1. M.M. Anderson, and L. Hein, Integrated Product Development,
IFS Publication, Springer Verlag, Berlin, 1987, ISBN:
9781852338039.

2. |. Zeid, CAD/CAM: Theory and Practice, Tata McGraw Hill, New
Delhi, 1998, ISBN: 0-07-463126-8.

3. M. E. Mortenson, Geometric Modeling, John Wiley & Sons, New
York, 1985, ISBN: 0-471-88279-8,

4. G.Q. Huang, Design for X: Concurrent Engineering
Imperatives, Chapman and Hall, London, 1996, ISBN: 0-412-
78750-4.

5. G. Boothroyd, P. Dewhurst, and W. Knight, Product Design for
Manufacture and Assembly (2" Edition), Marcel Dekker, New
York, 2002, ISBN: 0-08247-0584-7.

6. C.K. Chua, and K.F. Leong, Rapid Prototyping: Principles and
Applications in Manufacturing, John Wiley & Sons. Inc.
Singapore, 1997, ISBN: 9789812381200.
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Course Code ME 655
Title of the Course Advanced Manufacturing Processes
Credit Structure L-T- P-Credits

3-0-0-3

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

Basic course on manufacturing processes

Scope of the Course

To expose the students to the various advanced manufacturing
processes, their need, evolution, capabilities, and applications.

Course Syllabus

Advanced Casting Processes: Non-ferrous mould casting,
continuous casting, squeeze casting, vacuum mould casting,
evaporative pattern casting, ceramic shell casting, etc.

Advanced Joining Processes: Details of electron beam welding
(EBW); laser beam welding (LBW), ultrasonic welding (USW),
Explosive welding, Plasma arc welding (PAW), Infrared welding,
microwave welding, etc.

Advanced Forming Processes: Details of high energy rate forming
(HERF) processes such electro-magnetic forming, explosive forming,
electro-hydraulic forming; Stretch forming; Contour roll forming; Laser
bending, etc.

Additive Manufacturing Processes: Concept of reverse engineering
(RE), rapid prototyping (RP), and rapid tooling (RT); Various RP
process such as Liquid based RP methods — Stereolithography
apparatus (SLA), Solid Ground Curing (SGC), Solid Creation System
(SCS), etc. Solid based RP methods: Fused Deposition Modeling
(FDM), Laminated Object Manufacturing (LOM), etc. Powder based
RP methods— Selective Laser Sintering (SLS), 3D printing (3DP),
Ballistic Particle Manufacturing (BPM), etc.

Advanced Machining Processes: Introduction of non-conventional
machining such as AJM, USM, WJM, AWJM, ECM, EDM, EBM, LBM,
and Hybrid Machining Processes such as ECDM/ECAM,
AEDG/AEDM, AHM/AECG, etc.

Suggested Books

1. G. F. Benedict, Nontraditional Manufacturing Processes, Marcel
Dekker, Inc. New York, 1987, ISBN: 9780470924679.

2. Heine and Roshenthal, Principles of Metal casting, Tata
McGraw-Hill Publishing Company Ltd, New Delhi, 1983, ISBN 007-
099-3483.

3. C. K. Chua, and K. F. Leong, Rapid Prototyping: Principles and
Applications in Manufacturing”, John Wiley & Sons. Inc.
Singapore, 1997, ISBN: 9789812381200.

4. E. P. DeGarmo, J. T Black, R. A. Kohser, Materials and
Processes in Manufacturing (8" Edition), Prentice Hall of India,
New Delhi, 1997, ISBN: 0-02-978760.

5. P. C. Pandey, and H.S. Shan, Modern Machining Processes,
Tata McGraw-Hill Publishing Company Ltd, New Delhi, 1980,
ISBN: 0-07-096553-6.

6. V. K. Jain, Advanced Machining Processes, Allied Publishers,
New Delhi, 2002, ISBN: 81-7764-294-4.
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Course Code ME 657
Title of the Course Mechatronics and Metrology
Credit Structure L-T- P-Credits

3-0-2-4

Name of the
Concerned Discipline

Mechanical Engineering

Pre—requisite, if any

None

Scope of the Course

To expose the students to the various mechatronics systems and
metrological techniques.

Course Syllabus

Mechatronics and Metrology: Mechatronics system elements
characteristics of a measuring instrument, different errors in the
measurement Types of inspection, principles of inspection, different
inspection methods.

Limits and Fits: Limits, fits, dimensional tolerances, various
geometrical/form  tolerances, computer vision system based
measurement, coordinate measuring machines (CMM).

Sensors and Transducers: Types of sensors, types of transducers and
their characteristics. Measurement of displacement and angular
velocity. Measurement of pressure: Gravitational, direct acting, elastic
and indirect type pressure transducers. Measurement of very low
pressures.

Linear and angular measurement: line and end standards, gauge
blocks, comparators, dial gauge, angular measurement: gauge block,
clinometer, sine-bar, Measurement of radius and taper.
Opto-Mechatronics: optical Instruments-scanning optical technique-
Triangulation instruments- Confocal instruments Optical projectors, tool
maker’s microscope, autocollimators. Interferometry: principle and uses
of interferometry, optical flat and interferometers, laser interferometers
Metrology of form tolerances, screw threads, gears, and machine
tools: Measurement of various form/geometric tolerances; Different
measurement methods for various parameters of screw threads;
Measurement of different parameters of various types of gears;
Metrology of machine tools and various tests.

Evaluation of surface roughness: surface roughness terminology,
different standards and methods of surface roughness evaluation.

Suggested Books

1. J. F. W. Gayler, and C.R. Shotbolt, Metrology for Engineers, ELBS,
1990, ISBN: 9780304318445.

2. RK. Leach, Fundamental Principles of Engineering
Nanometrology, Elesevier Publication James, ISBN:
9780080964546

3. W. Daly, W.F. Riley, Instrumentation for Engineering
Measurements, Wiley India edition, ISBN: 978-81-265-2801-1.

4. E.O. Doebelin, D.N. Manik, Measurement Systems, Tata McGraw
Hill, ISBN: 978-0-07-061672-8.

5. A.K. Bewoor, and V.A. Kulkarni, Metrology and Measurement, Tata
McGraw Hill Education Pvt. Ltd. New Delhi, 2009, ISBN: 978-0-07-
014000-4.

6. I.C. Gupta, Text Book of Engineering Metrology, Dhanpat Rai
Publishing Co. New Delhi, 2003.
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Course Code

ME 658 / ME 458

Title of the course

Laser based Measurements and Micro-manufacturing

Credit Structure

L-T-P-Credit
3-0-0-3

Name of the
Concerned Discipline

Mechanical Engineering

Pre-Requisite, if any

None

o

Scope of the Course

Expose students towards various manufacturing applications of lasers.

Course Syllabus

Thermal Processes in laser-materials interaction: Introduction to working of
Lasers- Absorption of laser radiation-optical properties of materials-Macroscopic
transport-conductive heat transfer; Thermal effects of using lasers: Laser
heating- melting- vapor expansion and recoil pressure-Plasma formation-
Hydrodynamic stability of transient melts-modelling of laser ablation and plume
prorogation

Laser based micro-manufacturing: Laser based micro-manufacturing-casting-
forming/shaping-joining-micro-drilling- Laser micromachining mechanism-laser
cutting of various materials- -Three dimensional machining- laser micro-
machining mechanism-laser ablation-laser assisted chemical etching.

Laser based surface processing: Laser based hardening, Laser cladding
Laser ablation-Laser assisted chemical etching-laser micromachining-direct
writing technique-mask projection-laser based interference processing and
combined techniques. Laser shock processing, laser dressing of grinding
wheels, Laser marking, laser direct writing, Laser micro-stereo lithography, and
Laser tissue interaction —(Photochemical- photo disruptive interactions)
Ultra-fast laser interaction and dynamics of laser based micro-fabrication:
Femto-second laser interaction with metals- Femto-second laser interaction with
semiconductor  materials-Laser induced periodic surface  structure
formation(LIPSS) formation by Femto second laser-second laser- Laser
processing of organic materials, Ultrafast phase explosion-nonlinear absorption
and breakdown in dielectric materials-generation of highly energetic particle-
vapour kinetics-Pico-second laser plasma’s

Characterization and diagnosis using lasers: In-situ and ex-situ diagnostics
measurements- Surface topographical measurements using- optical
Instruments-scanning optical technique-Triangulation instruments-Confocal
instruments-Laser’s in AFM. Surface composition and property diagnosis using,
in-situ measurement techniques- Laser Induced Break down Spectroscopy
(LIBS)- Shadow graphic techniques, ex-situ measurements-Raman
Spectroscopy analysis. Surface evaluation using Holographic techniques.

Suggested books

6) J. C. lon, Laser Processing of Engineering Materials-Principal,
Procedures and Industrial Applications, Elsevier Butterworth-Heinemann,
ISBN: 0750660791.

7) N. B. Dahotre, S. P. Harimkar, Laser Fabrication and Machining of
Materials, ISBN: 978-0-387-7234-3.

8) J. Perriere, E. Million, E. F. Garassy, Recent advances in Laser
processing of materials, European Material research Society, Elsevier
Publictaions, ISBN: 9780080447278

9) K. Ding and L. Ye, Laser Shock Peening Performance and Processes
Simulations, Woodhead publishing in materials, ISBN: 9780849334443.

10) R. K. Leach, Fundamental Principles of Engineering Nanometrology,
Elesevier Publication, ISBN: 9780080964546.

11) R. Hull, R.M. Osgood, J. Parisi, H. Warlimont, The Theory of Laser
Material Processing, Heat and Mass Transfer in Modern Technology,
Springer series in material science, ISBN: 9781402093395.
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Course Code

ME 659 / ME 459

Title of the Course

Micro and Precision Manufacturing

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

Basic courses related to manufacturing engineering

Scope of the Course

To expose the students about the concepts of micro and precision
manufacturing, the various processes involved in it and, the metrology of
the micro and precision manufactured components

Course Syllabus

Micro-manufacturing: Introduction to micromachining, milling-
machining and nanotechnology, different fabrication and other processes
involved and related process parameters, application of miniaturized
components.

Micro-machines: Mesoscopic domain of micromachines - introduction,
biological systems, cells as machines, role of proteins, physics of
micromechanism, future prospects.

Precision manufacturing: Introduction, concept of accuracy, tolerance
and fits, influence of different factors on the maintainability of accuracy of
the machine tools and the product, compensation of thermal errors and
location errors, effects of vibration and tool wear, dimensioning and
dimensional chains, microfinishing processes. Characterization
techniques for products manufactured out of micro and precision
manufacturing.

Metrology and Characterization Techniques for Micro and Precision
Manufactured Products: —  Profilometric, Microscopic and
diffractometric techniques.

Scales in Tribology, micromechanical mechanisms involved,
tribochemical reactions, measurement of hardness and wear resistance
at micro and nano-scale.

Suggested Books

1. I. Fujimasa, Micromachines: A New Era in Mechanical
Engineering, Oxford Science Publications, ISBN: 9780198565284.

2. J. P. Davim, M. J. Jackson, Nano and Micromachining, Wiley-
ISTE, ISBN: 9781848211032.

3. N.P. Mahalik, Micromanufacturing and Nanotechnology,
Springer, ISBN: 9783540253778.

4. P.C. Pandey and H.S. Shan, Modern Machining Processes, Tata
McGraw Hill Publication, ISBN: 9780070965539.

5. V.K. Jain, Introduction to Micromachining, Narosa Publishing
House, New Delhi, 2010.

6. Y. Qin, Micromanufacturing Engineering and Technology,
Elsevier, 2010, ISBN-13: 978-0-8155-1545-6.

7. R. L. Murty, Precision Engineering in Manufacturing, New Age
International Publishers, ISBN: 9788122407501.

8. C. R. Brundle, C. A. Evans, Shaun Wilson, Encyclopedia of
Materials Characterization: Surfaces, Interfaces, Thin Films,
Material Characterization Series, Surfaces, Interfaces, Thin
Films, Butterworth-Heinemann, ISBN: 9780750691680.
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Course Code

ME 660 / ME 460

Title of the Course

Technology of Surface coatings

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

o

Pre—requisite, if any

None

o

Scope of the Course

To expose students towards different surface coating techniques

Course Syllabus

Significance of surface engineered materials in modern engineering
applications. Role of surface coating and surface modification
technologies in obtaining required surface characteristics of a product.

Different surface coating technologies: chemical vapour deposition,
physical vapour deposition, electro deposition, electroless deposition,
thermal spray processes, coating deposition by wetting. Principle of
various coating processes. Various process parameters controlling the
yield of coating and various surface properties of the coating.

Criteria for selection of a surface coating technology. Product oriented
surface coating technology. Different coating systems and function of
various elements of coating systems. Substrate technology and its
significance in obtaining high performance coating. Physical and
mechanical characterization of coating. Various methods for evaluating
the performance of the coating.

Suggested Books

1. A. A. Tracton, Coatings Technology: Fundamentals, Testing, and
Processing Techniques, CRC Press Inc., ISBN-13:
9781420044065.

2. A. A. Tracton, Coatings Materials and Surface Coatings, CRC
Press, ISBN-13: 9781420044041.

3. R. F. Bunshah, Handbook of Hard Coatings: Deposition
Technologies, Properties and Applications, ISBN-13:
9780815514381, ISBN-10: 0815514387.

4. M. Cartier, Handbook of Surface Treatment and Coatings, ISBN-
13: 9781860583759, ISBN-10: 186058375X.

5. T. Provder, J. Baghdachi, Smart Coatings Vol.-2, ISBN-13:
9780841272187, ISBN 10: 0841272182.

6. G. Franz, Low Pressure Plasmas and Microstructuring
Technology, ISBN-13: 9783540858485 ISBN-10: 3540858482
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Course Code

ME 661

Title of the Course

Materials Science and Engineering

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any None
Scope of the Course To develop understanding of behavior of materials for engineering
design

Course Syllabus

Review of basics of materials science: Types of materials, atomic structure,
inter-atomic bonds and their effect on properties; Crystal structure of metal,
ceramic and polymers, Lattice, crystal structure determination, Grain structure,
Imperfections in solids, Polymorphism and allotropy, Phase rule, Lever rule,
binary alloys, Microstructure development in some engineering alloys
Strengthening mechanisms: Grain boundaries and deformation,
strengthening from grain boundaries, strain aging, Strengthening from fine
particles, Fiber strengthening, Strengtheing due to point defects, Martensitic
strengthening, cold worked structure, Strain hardening, Annealing of cold
worked metal, Bauschinger effect, Recrystallization recover and grain growth,
Preferred orientation

Alloy design: Hume-Rothery rules, Equilibrium and non-equilibrium phases in
engineering alloys, Role of alloying elements in ferrous and non-ferrous alloys,
Isothermal and continuous cooling transformation diagrams, Heat treatment of
alloys; annealing, normalising, quenching, austempering, martempering etc.
Mechanical properties of materials: Elastic and plastic deformation,
Hardness, Fundamentals of fracture; ductile and brittle fracture. cohesive
strength of metals, Fatigue; cyclic stresses; fatigue life methods, cyclic stress-
strain curve, low and high cycle fatigue, fatigue crack propagation, design for
fatigue, Creep; Creep curve, structural changes during creep, creep
deformation mechanism, high temperature alloys

Degradation of materials: Corrosion; electrochemical consideratons, forms of
corrosion, types of corrosion, corrosion prevention, Wear; abrasive, adhesive,
sliding, etc., design of wear and corrosion resistant alloys

Specific engineering materials: Ferrous and non-ferrous alloys, Polymers,
ceramics, composites

Materials selection and design: Some case studies

Economic, Environmental and societal issues in materials engineering;
Materials and manufacturing techniques, recycling issues in materials, Life
cycle analysis

Suggested Books

1) G. E. Dieter, Mechanical Metallurgy, McGraw-Hill Book company, ISBN:
9780070168930.

2) V. Raghavan, Materials Science and Engineering, PHI Learning Private
Limited, New Delhi, 2009, ISBN: 9788120330122.

3) W. D. Callister, Materials Science and Engineering, Wiley India (P) Ltd,
ISBN: 9788126510764.

4) W. F. Smith, Principles of Materials Science and Engineering, McGraw
Hill International editions, ISBN: 9780072921946.
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Course Code

ME 663

Title of the Course

Theory of Conventional Machining

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

UG level course on machining science.

Scope of the Course

To make the students understand the various aspects of practical
machining operations with the help of theory of oblique machining, tool
wear, heat generations, cutting force measurement, etc.

Course Syllabus

Review of Orthogonal Machining: Concept of orthogonal and oblique
machining, single point cutting tool geometry and its specification in
different standards, selection of cutting tool angles; Chip formation
mechanism, chip types, chip control; Mechanics of single point
orthogonal machining; Merchant’s force circle, cutting forces, velocity,
shear angle, and power consumption relations.

Theory of Oblique Machining: Cutting geometry with a single edge;
Shear angle and chip flow directions; Relations for coefficient of friction,
stress, strain, and strain rate; Forces, chip flow and shear angle;
Machining with two cutting edges; Analysis of practical machining
operations such as turning, drilling, milling, and grinding operations.
Tool Wear and Tool life: Types and mechanisms of cutting tool wear,
tool wear criterion, extended tool life equation, determination of
constants of tool life equation, variables affecting the tool life;
Machinability and its measures; Cutting tool materials.

Thermal aspects and Cutting Fluids: Heat generated during
machining; Cutting fluids: cooling effect, reduction of friction and shear
strength of materials, their relative significance, Selection of cutting
fluids.

Dynamometry: Measurement of various cutting forces in different
machining operations.

Advanced Topics: Machining of advanced materials such as various
types of composites polymers, ceramics, and non-ferrous materials and
alloys.

Suggested Books

1. M. C. Shaw, Metal Cutting Principles, Oxford University Press,
USA, 2004, ISBN: 0195142063, 9780195142068.

2. E. J. A. Armarego and R. H. Brown, Machining of Metals, Prentice
Hall Inc. Englewood Cliffs, New Jersey, 1969, ISBN: 421571501.

3. E. P.DeGarmo, J. T Black, R. A. Kohser, Materials and Processes
in Manufacturing (8" Edition), Prentice Hall of India, 1997, New
Delhi, ISBN: 0-02-978760.

4. G. Boothroyd, and W.A. Knight, Fundamentals of Machining and
Machine Tools, Marcel Dekker, 1989, ISBN: 9780824778521.

5. A. Bhattacharya, Metal Cutting: Theory and Practices (2™ Edition),
New Central Book Agency, 1984, ISBN 0-85312-432-6.
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Course Code

ME 671/ ME 471

Title of the Course

Operations Research

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

Basic course in probability and statistics

Scope of the Course

To develop analytical problem solving and decision-making capability
through methods of Operations Research. Relate the course material
to some of the research problems

Course Syllabus

Introduction: Origin and development of operations research, general
methodology of OR, applications of OR to industrial problems.

Linear Programming Problems: Different types of models,
formulation of linear programming problems (LPPs), product-mix
problems, deterministic models, graphical solution.

Simplex Method: Simplex algorithm, computational procedure in
simplex method, applications of simplex technique to industrial
problems.

Duality and Sensitivity: Duality and its concept, dual linear
programming, application of elementary sensitivity analysis.

Linear Optimization Techniques: Integer programming problems
(IPPs), assignment models: mathematical formulation, methods of
solutions, transportation problems: methods of obtaining optimal
solution degeneracy in transportation problems, transshipment
problems.

Game Problems: Introduction and scope of game problems in
business and industry, min-max criterion and optimal strategy, solution
of two-person zero-sum game, game problem as a special case of
linear programming.

Queuing Problems: Queuing systems and concepts, classification of
queuing situations; Kendall’'s notation, solution of queuing problems,
single channel, single stage, finite and infinite queues with Poisson
arrival and exponential service time, applications to industrial problems.

Suggested Books

1. H.A. Taha, An Introduction to Operations Research (6th edition),
Prentice Hall of India, 2001.

2. F.J. Hillier, G.J. Lieberman, Introduction to Operations Research
(7™ edition), Holden Day Inc., 2001.

3. H.M. Wagner, Principles of Operations Research, Prentice Hall of
India, 1980, ISBN:9788120301627.

4. D. Gross, and C.M. Harris, Fundamentals of Queuing Theory (2"
edition), John Wiely & sons, New York, 1985, ISBN:
9780471890676.

Lab

Apply readily available software packages for solution of management
problems.

Summarize and present analysis of results in a clear and a coherent
manner.
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Course Code

ME 672 /| ME 472

Title of the Course

Reliability Engineering

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

Basic knowledge of probability and statistics

Objective of the course

To introduce the various concepts of reliability, and its applicability to
different products and processes. Also, to introduce the concepts of
availability and maintainability.

Course Syllabus

Fundamentals of reliability: Scope of reliability engineering, concept
of bath tub curve, types of failure data, reliability estimations, constant
failure rate models, time dependent failure rate models, concept of
failure on demand.

System reliability assessment: Reliability estimation of
series/parallel/mixed/complex system configurations.

Design for reliability: Capturing user’s reliability requirements,
reliability and/or redundancy allocation/optimization, design methods,
FMEA/FMECA, reliability testing (burn-in testing, reliability assurance
testing, reliability growth testing, accelerated life testing), fault tree
analysis.

Availability assessment: Point, mission and steady state availability,
Markov modeling approach for availability estimation.

Maintainability and maintenance: Maintainability assessment, and
design for maintainability, concept of maintenance, types of
maintenance, maintenance optimization.

Warranty management: Types of warranty, reliability and warranty.
Practical applications of reliability engineering to systems,
products and processes: Case studies

Suggested Books

1. C. Ebeling, An Introduction To Reliability and Maintainability
Engineering, Waveland Prentice Hall Inc. 2009, ISBN:
0070188521.

2. |. Bazovsky, Reliability Theory and Practice, Dover Publications,
October, 2004, ISBN: 9780486438672.

3. P. O'Connor, Practical Reliability Engineering, John Wiley & Sons
Inc., 2002, ISBN: 9781119964094.

4. G. K. Hobbs, Accelerated Reliability Engineering: HALT and
HASS, Wiley, 2000, ISBN: 9780471979661.

Suggested web page: www.weibull.com

Lab

It will mainly involve use of computer software (Weibull++, BlockSim,
ALTA, RENO, etc) to solve complex engineering problems/case studies
as well as manually solving some of the basic tutorials and interpreting
the results.

Test data, industry data, data available in various standards like
Lambda Predict, etc., should be used for this purpose.
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Course Code

ME 675

Title of the Course

Probability and Statistical Methods

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre-requisite, if any

None

Scope of the Course

The primary goal is to develop ability as well as awareness of
reasoning and decision-making utilizing statistical data. The quality of
decision making is decided by the way data and information is
handled/interpreted by a researcher.

Course Syllabus

Introduction to statistics: definitions and terminology; data classification;
data collection techniques, various scales for measurement and their
relevance

Descriptive statistics: frequency distributions; measures of central tendency,
Variation

Probability: basic concepts; multiplication and addition rules, Bayes rule,
Discrete probability distributions: basic concepts; Binomial, Poisson, and other
discrete distributions, Continuous probability distributions: Exponential,
Normal, Weibull, and other continuous distribution.

Normal probability distributions: introductory concepts; the standard normal
Distribution; central limit theorem, applications of normal distributions,
approximations to discrete probability distributions

Correlation and Regression analysis: overview of correlation; linear
regression,

Hypothesis Testing: Null and Alternative Hypothesis, Type | and Type Il
errors, Confidence intervals: confidence intervals for the mean (large samples
and small samples) and for population proportions, p-value, z-test, t-test, F-
test, etc. Analysis of Variance

Taguchi Method and Design of Experiments, Non-parametric tests,

Case studies and applications to managerial decision making

Suggested Books

1. P.L. Meyer, Introductory Probability and Statistical Applications,
Oxford and IBH Publishers, ISBN: 0-201-04710-1.

2. ILR. Miller, J.E. Freund, R. Johnson, Probability and Statistics for
Engineers, Prentice-Hall (1) Ltd, ISBN: 9788177581843.

3. R.E. Walpole and R.H. Myers, Probability & Statistics for Engineers
and Scientists, Macmillan, ISBN: 9788131715529.

4. S.M. Ross, Introduction to Probability and Statistics for Engineers
and Scientists, Academic Press, ISBN: 9780123704832.

Lab

It will mainly involve use of computer software (Minitb, Statistica, etc.) to solve

complex engineering problems/case studies as well as manually solving some

of the basic tutorials and interpreting the results for decision making. Following
points will be mainly covered.

1 General, data representation, Mean, expectations, pdf, cdf

2 Chebyshevs’ inequality, probability distributions: Poisson, Binomial,
Normal, Weibull, etc.

MGF,

Sampling with and without replacement

Type I, Il and Hypothesis testing, Hypothesis testing

Chi-square test,

Regression

RBD, CRD, Factorial, Taguchi

O NOoO Ok~ W
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1. | Course Code ME 730

2. | Title of the Course Theory of Elasticity

3. | Credit Structure L-T- P-Credits
3-0-0-3

4. | Name of the Concerned | Mechanical Engineering

Discipline

5. | Pre—requisite, if any None

6. | Scope of the Course

7. | Course Syllabus Analysis of stress and strain; Equilibrium, Compatibility and constitutive
equations; Plane problems; Stress functions; Applications; Complex
potentials in two dimensional and axi-symmetric problems; Variation
methods; Anisotropic elasticity; Finite deformation elasticity.

8. | Suggested Books 1. Timoshenko and Goodier, Theory of Elasticity (3 edition),

McGraw-Hill International, 1970, ISBN: 978-0070858053.

2. I. S. Sokolnikoff, Mathematical Theory of Elasticity (2™ edition),
McGraw-Hill International, 1957, ISBN: 9780070596290.

3. Y. C. Fung, Foundation of Solid Mechanics, Prentice Hall Inc.,
1965, ISBN: 9780133299120.

4. X. Zhilun, Applied Elasticity, Willey Eastern Ltd., 1992, ISBN:
657944122,
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Course Code

ME 736 / ME 436

2. | Title of the Course Finite Element Methods

3. | Credit Structure L-T- P-Credits
3-0-0-3

4. | Name of the Concerned | Mechanical Engineering

Discipline

5. | Pre—requisite, if any None

6. | Scope of the Course To expose students towards application of FEM

7. | Course Syllabus Introduction: Historical background, basic concept of the finite element
method, comparison with finite difference method.
Variation Methods: Calculus of variation, Rayleigh-Ritz and Galerkin
methods.
Finite Element Analysis of 1-D problems: Formulation by different
approaches (direct, potential energy and Galerkin); Derivation of
elemental equations and their assembly, solution and its post processing,
Applications in heat transfer, fluid mechanics and solid mechanics:
bending of beams analysis of truss and frame.
Finite Element Analysis of 2-D problems: Finite element modelling of
single variable problems, triangular and rectangular elements;
Applications in heat transfer, fluid mechanics and solid mechanics.
Numerical Considerations: Numerical integration, error analysis,
meshes refinement. Plane stress and plane strain problems; Bending of
plates; Eigen value and time-dependent problems.
Discussion about pre-processors, post-processors and finite element
packages.

8. | Suggested Books 1. J. N. Reddy, An introduction to the Finite Element Method,

McGraw-Hill, New York, 1993, ISBN: 9780072466850.

2. R. D. Cook, D. S. Malkus and M. E. Plesha, Concepts and
Applications of Finite Element Analysis (3" edition), John Wiley,
New York, 1989, ISBN: 9780471030508.

3. K. J. Bathe, Finite Element Procedures in Engineering Analysis,
Prentice-Hall, Englewood Cliffs, NJ, 1982, ISBN: 9780133014587.

4. T. J. R. Hughes, Finite Element Methods, Prentice-Hall, Englewood
Cliffs, NJ, 1986, ISBN: 9780486411811.

5. O. C. Zienkiewicz and R. L. Taylor, Finite Element Methods (3"
edition), McGraw-Hill, 1989, ISBN: 9780750664318.
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Course Code

ME 738 / ME 438

Title of the Course

Composite Materials

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

Nil

Scope of the Course

To expose students towards development and application of composite
materials

Course Syllabus

Introduction: classifications, terminologies, manufacturing processes.
Macro-mechanical analysis of lamina: Hooke's law for anisotropic,
monoclinic, orthotropic, transversely isotropic and isotropic materials—2D
Unidirectional and angle ply lamina — Strength theories of lamina.
Micro-mechanical analysis of lamina: Volume and mass fraction,
density and void content — Evaluation of Elastic module, Ultimate
strength of unidirectional lamina.

Macro-mechanical analysis of laminates: Laminate code, Stress strain
relations — In-plane and Flexural modulus, Hydrothermal effects.

Failure Analysis and Design: Special cases of laminates, symmetric,
cross ply, angle ply and antisymmetric laminates, failure criteria and
failure modes

Suggested Books

1. R. M. Jones, Mechanics of Composite Materials, Scripta Book Co.,
ISBN: 9781560327127 .

2. B. D. Agarwal, and J. D. Broutman, Analysis and Performance of
Fiber Composites, New York, John Willey and Sons, 1990.

3. P. K. Mallick, Fiber Reinforced Composites: Materials,
Manufacturing and Design (2"edition), New York- Marcel and
Dekker, 1993, ISBN: 9780824790318.

4. Autar, K. Kaw, Mechanics of Composite Materials, CRC Press,
1997, ISBN: 9780849313431.

5. J. N. Reddy, Mechanics of Laminated Composite Plates, CRC
Press, ISBN: 9780849315923.

6. P. K. Mallick, Composite Engineering Hand Book (2" edition),
Marcel and Dekker, New York, 1997, ISBN: 978082479304 3.
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Course Code

ME 751 / ME 451

Title of the Course

Theory of Advanced Machining Processes

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre-requisite, if any

A Basic course on machining processes

Scope of the Course

To expose the students to the various types of advanced or non-
traditional machining processes, their capabilities, applications,
parametric analysis, modeling, and recent research and development
trends.

Course Syllabus

Introduction: Types, evolution, and need of advanced machining
processes (AMPs).

Theory of Advanced Machining Processes (AMPs): Process
principle, machine details, mechanism and modeling of material
removal, parametric analysis, shape and material applications,
process capabilities and limitations of (i) mechanical type AMPs
such as abrasive jet machining (AJM), water jet machining (WJM),
abrasive water jet machining (AWJM), ultrasonic machining (USM),
abrasive flow machining (AFM), magnetic abrasive finishing (MAF),
Magneto Rheological Finishing (MRF), etc. (ii) chemical type AMPs
such as processes chemical machining (CHM), photo-chemical
machining (PCM), and bio-chemical machining (BCM), etc. (iii)
thermal type AMPs such as electro-discharge machining (EDM),
electron beam machining (EBM), laser beam machining (LBM), ion
beam machining (IBM), plasma arc machining (PAM), etc.

Theory of Electro Chemical Machining (ECM): Process principle,
mechanism and modeling of material removal; Kinematics and
dynamics and dynamics of ECM; Design of Tool for ECM
applications; Analysis of process parameters; Surface finish and
accuracy.

Advanced Topics in AMPs: Introduction of hybrid and/or derived
AMPs such as rotary ultra sonic machining (RUM), electro stream
drilling (ESD), shaped tube electro machining (STEM), wire electro
discharge machining (WEDM), electro chemical grinding (ECG),
electro chemical honing (ECH), electro chemical deburring (ECD),
and electro-chemical spark machining (ECSM), etc. Process selection
and parametric optimization of AMPs.

Suggested Books

1. G. F. Benedict, Nontraditional Manufacturing Processes, Marcel
Dekker, Inc., 1987, ISBN 0-8247-7352-7.

2. A. Ghosh, and A.K. Mallik, Manufacturing Science, Affiliated East-West
Press Ltd, 1985, ISBN: 9780470203125.

3. P.C. Pandey, and H.S. Shan, Modern Machining Processes, Tata
McGraw-Hill Publishing Co. Ltd, 1977, ISBN: 9780070965539.

4. J. A. McGeough, Advance Methods of Machining, Chapman and Hall,
1988, ISBN: 9780412319709.

5. V. K. Jain, Advanced Machining Processes, Allied Publishers, 2002,
ISBN: 9781439852903.

6. P. K. Misra, Nonconventional Machining, Narosa Publishing House,
New Delhi, 1997, ISBN 81-7319-138-7.
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Course Code

ME 756 / ME 456

Title of the Course

Industrial Automation

Credit Structure

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

None

Scope of the Course

To expose students towards design and development of industrial
automations system

Course Syllabus

Basic Concepts: Introduction of Mechanization and Automation,
Classification and Strategies of Automation, Reasons for and
Arguments against Automation. Mechanical, Electrical, Hydraulic, and
Pneumatic Devices and Controls

High Volume Manufacturing or Hard Automation: Automated Flow
Lines, Types of Automatic Transfer Mechanisms, Design and
Fabrication Considerations, Analysis of Automated Flow Lines.
Assembly Automation: Assembly Systems and their Types, Manual
Assembly Lines and Line Balancing, Automated Assembly Lines and
their Types, Automatic Assembly Transfer Systems, Automatic Feeding
and Orienting Devices:- Vibratory and Mechanical Feeders and their
types, Orientation of Parts, Performance and Economics of Assembly
Systems, Feasibility Study for Assembly Automation.

Design for Assembly: Design for Manual Assembly, Design for High-
Speed Automatic Assembly, Design for Robotic Assembly
Programmable Automation: Brief Introduction of Numerical Control
(NC), Computer Numerical Control (CNC), Machining Centers,
Programmable Robots, Direct Numerical Control (DNC), and Adaptive
Control.

Flexible Automation: Introduction of Group Technology (GT), Steps in
Implementing GT, Part Families and Machine Cell Formation,
Introduction of Flexible Manufacturing Systems (FMS).

Suggested Books

1. M. P. Groover, Automation, Production systems and Computer
Integrated Manufacturing, Prentice-Hall Inc. Englewood Cliffs,
1987 [Indian Edition from Prentice Hall of India, New Delhi], ISBN:
8178085119

2. G. Boothroyd, Assembly Automation and Product Design,
Marcel Dekker, New York, 1992, ISBN: 9781574446432.

3. G. Boothroyd, P. Dewhurst, and W. Knight, Product Design for
Manufacture and Assembly (2™ Edition), Marcel Dekker, New
York, 2002, ISBN: 978-0824791766.

4. G. Boothroyd, C. Poli, and L. E. Murch, Automatic Assembly,
Marcel Dekker Inc. New York, 1982, ISBN: 9780824715311.

5. G. Boothroyd, and A. H. Redford, Mechanized Assembly:
Fundamentals of Parts Feeding, Orientation and Mechanized
Assembly, McGraw Hill Publishing Co. Ltd., London, 1968, ISBN:
1081471.
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Course Code ME 698

Title of the Course PG Seminar Course

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

Name of the Concerned
Discipline

Mechanical Engineering

Pre—requisite, if any

None

Course Syllabus

In this course a PG student has to present seminar/presentation
or a series of presentations on a topic(s) chosen by him/her in
consultation with his/her PG Thesis Supervisor/ Faculty Advisor.
The frequency of seminar/presentation will be decided by the
Course Coordinator.

Other references

Books and research publications in various relevant
journals/conference proceeding, etc.

Course Code

ME 797 (Autumn Semester)
ME 798 (Spring Semester)

2. | Title of the Course Seminar Course

3. | Credit Structure L-T-P-Credits
0-2-0-2

4. | Name of the Mechanical Engineering

Concerned Discipline

5. Pre—requisite, if any None

6. | Scope of the Course

7. | Course Syllabus In this course a PhD student has to present seminar/presentation or a
series of presentations on a topic(s) chosen by him/her in
consultation with his/her PhD Thesis Supervisor/ Faculty Advisor. The
frequency of seminar/presentation will be decided by the Course
Coordinator.

8. | Textbook None

9. | Other references Books and research publications in various relevant journals.
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Course Structures
of

MSc (2 year), MSc + PhD Dual Degree, and
PhD Programs
in
Chemistry
and
Syllabi of Courses
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Course Structure for MSc (2 year) / MSc + PhD Dual Degree Program in
Chemistry

Qualifying Degree: 1. Bachelor's degree with Chemistry as a subject for three years/six semesters and
should have passed Mathematics at (10+2) level. AND 2. JAM qualification in Chemistry

Eligibility: The first class in the qualifying degree i.e. (i) A minimum of 60 % marks for GEN/OBC (55% for
SC/ST) category in aggregate or as specified by the university/institute OR (ii) A minimum CPI of 6.0 for
GEN/OBC (5.5 for SC/ST) category on the scale of 10; with corresponding proportional requirements when
the scales are other than on 10 (for example 4.8 for GEN/OBC category (4.4 for SC/ST) on a scale of 8)
OR (iii) A first class as specified by the university/institute.

Duration of the Program: Two years full-time.

Course Structure for two-year Full-time M.Sc. (Chemistry) Program
1% Year: Semester-I

Course Course Title Contact Hours Credits
code (L-T-P)
CH 601 | Quantum Mechanics and Group Theory 2-1-0
CH 621 | Structural Organic Chemistry 2-1-0
CH 623 | Synthetic and Mechanistic Aspects of Organic 2-1-0
Chemistry
CH 641 | Advanced Topics in Inorganic Chemistry 2-1-0 3
CH 643 | Modern Techniques in Inorganic Chemistry 2-1-0
Total minimum credits earned during the semester 15
Additional course (as per the requirement basis)
HS 641 | English Communication Skills 2-0-2 PP/NP

1% Year: Semester-Il

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

CH 602 Thermodynamics, Kinetics, Electrochemistry 2-1-0 3
CH 604 Molecular Spectroscopy 2-1-0 3
CH 624 Total Synthesis and Natural Products Chemistry 2-1-0 3
CH 642 Applied Inorganic and Nuclear Chemistry 2-1-0 3
CH 698 PG Seminar Course 0-2-0 2
CH 700 Advanced Chemistry Lab 0-0-6 3

Total minimum credits earned during the semester 17
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2" Year: Semester-lll

Course Course Title Contact Hours Credits
code (L-T-P)
CH 799 M.Sc. Research Project (Stage-I) 0-0-36 18
2" Year: Semester-1V
Course Course Title Contact Hours Credits
code (L-T-P)
CH 800 M.Sc. Research Project (Stage-Il) 0-0-36 18
Total minimum credits to be earned during the program 68

NOTE: 1. The request for conversion from MSc to MSc + PhD dual degree will be considered after
evaluating the research potential of the promising and motivating PG students at the end of the third
semester of their program.

2. In the case when a student who moves to the Dual Degree Programme but cannot complete the
requirements of a PhD, an exit option with the M. Sc. degree can be earned at the end of the final
semester of the normal M.Sc. Programme by letting the M.Sc. Research Project be examined in the

standard manner as per the requirements for the award of an M.Sc. degree.

3. The enhancement in the scholarship, if any, from M.Sc. to PhD 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, whichever

later.
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Course Structure for PhD Programme in Chemistry
(From AY 2010-11 to AY 2012-13)
(A) Semester-l (Autumn / Spring)

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

1 CH 701 Spectroscopic Techniques 2-1-0-3

2 CH XXX Elective-I X-X-X-X

3. CH XXX Elective-ll X-X-X-X

4 CH 797 */ CH 798* | Ph.D. Seminar Course 0-2-0-2

(B) Semester-Il (Spring / Autumn)

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

1 CH XXX Elective-lll X-X-X-X

2 CH XXX Elective-IV X-X-X-X

3 CH XXX Elective-V X-X-X-X

4 CH 798 */ CH 797* | Ph.D. Seminar Course 0-2-0-2

Elective Courses available from the Discipline of Chemistry

S.No. | Course Course Name L-T-P-Credits
Code
1. | CH704 Chemistry at Surfaces and Interfaces 3-0-0-3
2. |CH705 Materials Chemistry 2-1-0-3
3. | CH706 Photochemistry 2-1-0-3
4. | CH 708 Catalysis: Approaches and Applications 2-1-0-3
5. | CH709 Advanced Bioinorganic Chemistry 2-1-0-3
6. | CH 710 Molecular Modeling and Computational Chemistry 2-1-0-3
7. | CH711 Bio-Organic and Medicinal Chemistry 2-1-0-3
8. |CH720 Asymmetric Synthesis 3-0-0-3

Note:
1. MTech/MPhil qualified candidates have to do one semester coursework (with two-three PG level
courses) while MSc/BTech qualified candidates have to do two semester course work (with
minimum five PG level courses).

2. Core courses are compulsory.

* PhD 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 Structure for PhD Programme in Chemistry
(From AY 2013-14 onwards)

(A) Semester-l (autumn / spring)

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

1 ZZ XXX Elective-I X=X-X-X

2 ZZ XXX Elective-lI X=X=X-X

3 Z7Z XXX Elective-lll X=X=X-X

4 CH 797* | ME 798* Ph.D. Seminar Course 0-2-0-2

(B) Semester-ll (spring / autumn)

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

1 ZZ XXX Elective- IV X=X=X-X

2 Z7Z XXX Elective-V X=X=X-X

3 Z7Z XXX Elective-VI X=X=X-X

4 CH 798* /| ME 797* Ph.D. Seminar Course 0-2-0-2

Chemistry Courses for Elective-l to VI (in addition to these courses, students can take courses from the other
disciplines also)

S. Course Course Name L-T-P-Credits

No Code
1. | CH 701 Spectroscopic Techniques 2-1-0-3
2. |CH704 Chemistry at Surfaces and Interfaces 3-0-0-3
3. | CH 705 Materials Chemistry 2-1-0-3
4. | CH706 Photochemistry 2-1-0-3
5. | CH 708 Catalysis: Approaches and Applications 2-1-0-3
6. | CH709 Advanced Bioinorganic Chemistry 2-1-0-3
7. | CH710 Molecular Modeling and Computational Chemistry 2-1-0-3
8. | CH711 Bio-Organic and Medicinal Chemistry 2-1-0-3
9. |CH720 Asymmetric Synthesis 3-0-0-3

NOTE:

1. A PhD student having MSc/ BTech/ BE or equivalent qualification has to do 5 to 7 PhD level courses of at
least 3 credits each and 1-2 PhD seminar courses at least 2 credits each. Minimum number of courses will be
5 PhD level courses and one PhD seminar course (minimum coursework of 17 credits).

2. A PhD student having MTech/ME//MPhil qualification has to do one semester coursework (with 2-3 PhD level
courses) Minimum number of courses will be 2 PhD level courses and one PhD seminar course (i.e.
(minimum coursework of 8 credits).

* PhD 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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1. | Course Code CH 601
2. | Title of the Course Quantum Mechanics and Group Theory
3. | Credit Structure L-T-P-Credit
2-1-0-3
4. | Name of the Chemistry
Discipline
5. | Pre—requisite, if any | Nil
6. | Scope of the Course | The purpose of this course is to provide an introduction to the quantum
chemistry, which uses high-level mathematics as a tool to understand
atomic, molecular structure and properties, as well as chemical reactivity. In
addition group theory tells us about molecular shapes, symmetry and
selection rules used in spectroscopy.
7. | Course Syllabus Quantum Chemistry:
Basic concepts of calculus, vectors and matrices, black body radiation,
classical wave equation, Schrédinger wave equation, models in quantum
chemistry: particle in a box, harmonic oscillator and rigid rotor, theorems
in quantum chemistry, spherical harmonics, approximation methods:
variation and perturbation methods, multi electron atoms, atomic term
symbols, di-atomic molecules, Born-Oppenheimer approximation, LCAO
and molecular orbital theory, introduction to Hartree-Fock, computational
quantum chemistry.
Group Theory:
Symmetry Operations, Point Groups, Construction of Character tables,
Reducible and irreducible representation, Representation of molecular
orbitals, Chemical applications: molecular shapes, selection rules in
spectroscopy.
8. | Suggested Books Text Books

1. P. W. Atkins, Molecular Quantum Mechanics, Clarendon Press,
Oxford, 1980.

2. I. N. Levine, Quantum Chemistry, 4th Edn., Prentice Hall of India Pvt.
Ltd., New Delhi, 1995.

3. D. A. McQuarrie, Quantum Chemistry, University Science Books, 1983.

Reference Books

1. A. K. Chandra, Introductory Quantum Chemistry, Tata McGraw-Hill
Publishing Co, New Delhi, 1989.

2. E. Merzbacher, Quantum Mechanics, John Wiley and Sons, 1970.

3. L. Pauling and E. B. Wilson, Introduction to Quantum Mechanics,
McGraw-Hill, 1939.

4. P. C. W. Davies, Quantum Mechanics, ELBS, 1985.

5. A. Vincent, Molecular Symmetry and Group Theory, John Wiley and
Sons, New York, 1998.

6. Volker Heine, Group Theory in Quantum Mechanics: An Introduction
to Its Present Usage, Dover Publication, New York, 1991.
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Course Code

CH 602

Title of the Course

Thermodynamics, Kinetics and Electrochemistry

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

Name of the Chemistry

Discipline

Pre—requisite, if any | Nil

Scope of the
Course

The objective of this course involves introduction to concepts of
thermodynamics and kinetics and their application to various chemical
systems.

Course Syllabus

Chemical Thermodynamics and Kinetics: Differential calculus, properties
of gases, Vander Waals and Rddlich-Kwong equation, second virial
coefficients, Lennard-Jones interatomic potential, kinetic theory of gases,
laws of thermodynamics, Helmholtz and Gibbs energies, Maxwell relations,
phase equilibrium, chemical potentials, partial molar quantities, Gibbs-
Duhems equation, solid-liquid solutions, Debye-Huckel theory, Chemical
equilibrium and Van't Hoffs equation. Theories of reaction rates: application
to uni-, bi- and intermolecular reactions, thermodynamic formulation of
reaction rates, Kinetic isotope effect, reactions in solution-cage effect,
diffusion and activation controlled reactions.

Statistical Thermodynamics: Introduction to statistical methods,
Boltzmann factor, partition function, generalized ensembles: micro-
canonical, canonical and grand-canonical, applications of statistical methods
to evaluate: mean energies, heat capacities, residual entropies and free
energies.

Electrochemistry: Introduction, lon-solvent interaction, Born model and
Born equation. Enthalpy of ion-solvent interaction and its calculation,
solvation number, ion association, the rates of electron transfer processes,
Theory of electron transfer processes: electron tunnelling, processes at
electrode: electrode-solution interface, Butler-Volmer equation, current-
overpotential relationship, voltametry, electrolysis.

Suggested Books

Text Books

1.Peter A. Rock, Chemical Thermodynamics, University Science Books,
2003

2. T. L. Hill, An Introduction to Statistical Thermodynamics, Courier
Dover Publications 1960

3. D. A. McQuarrie, Statistical Mechanics, Harper and Row, 1976.

4. K. J. Laidler, Chemical Kinetics, TMH Publishing Company Limited,
1988.

5. S. Glasstone, An Introduction to Electrochemistry, D. Van Nostrand
Company, 1962.

6. J. O'M. Bockris, A. K. N. Reddy, Modern Electrochemistry, Vol. |,
Plenum Press, New York, 1970.

Reference Books

1. Irving M. Klotz and Robert M. Rosenberg, Chemical Thermodynamics:
Basic Concepts and Methods, Wiley, 2008

2. D. Chandler, Introduction to Modern Statistical Mechanics, Oxford
University Press 1987.

3. M. R. Wright, Fundamental Chemical Kinetics, Horwood Publishing,
1999.
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Course Code CH 604
Title of the Course Molecular Spectroscopy
Credit Structure L-T-P-Credit
2-1-0-3
Name of the Chemistry
Discipline
Pre-requisite, if any Nil

Scope of the Course

This course provides theoretical aspects for various spectroscopic
techniques such as emission, absorption, scattering and NMR. In addition
statistical mechanics provides a probabilistic approach to equilibrium
properties of large numbers of degrees of freedom in atoms and molecules.

Course Syllabus

Molecular spectroscopy: Introduction to spectral energy domains and
measurement of spectra, Implications of discrete energy levels, Population
of States—Boltzman Distribution, Interaction of radiation with matter,
Electronic spectroscopy (UV-visible, fluorescence and
phosphorescence):Simple chromophoric groups, conjugated and aromatic
systems. Characteristic absorption and emission of organic and inorganic
compounds. origin of line-widths in molecular spectra, Transition dipole
moment and Fermi's Golden Rule, Einstein’s Coefficients, Lasers and
Masers; Rotational (Microwave) spectroscopy, Molecular vibrations -
Infrared spectroscopy, Normal mode analysis, Raman Scattering,
Selection Rules from Group Theory, Molecular electronic spectra, Photo-
physical processes, Non-Linear Spectroscopy, NMR spectra: theory,
relaxation process, instrumentation, chemical shift and shielding, factors
contributing to magnitude of shielding, spin interactions its origin,
equivalent protons, qualitative idea of energy levels of AX and A2 systems,

a few representative example.

Suggested Books

Text Books

1. C. N. Banwell and E. M. McCash, Fundamentals of Molecular
Spectroscopy (4" edition), Tata McGraw-Hill Publishing Company Ltd.,
New Delhi, 1994.

2. K. K. Rohatgi, Mukkerjee, Fundamentals of Photochemistry, Wiley
Eastern Ltd., 1992.

3. T. L. Hill, An Introduction to Statistical Thermodynamics, Courier
Dover Publications 1960.

Reference Books

1. D. A. McQuarrie and J. D. Simons, Physical Chemistry (1% edition),
Viva Books Private Limited, New Delhi, 1998.

2. W. Demtroder, Laser Spectroscopy- Basic Concepts and
Instrumentation (3" edition), Springer, 2004

3. K. Denbigh, Principles of Chemical Equilibrium, Cambridge
University Press, Cambridge, 1981.

4. F. Reif, Fundamentals of Statistical and Thermal Physics, McGraw-
Hill, 1965.

5. L. D. Landall and E. M. Lifshitz, Statistical Physics (2" Revised
English edition), Pergamon Press, Oxford, 1977.
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Course Code

CH 621

Title of the Course

Structural Organic Chemistry

Credit Structure

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

Name of the Discipline

Chemistry

o

Pre—requisite, if any

Nil

Scope of the Course

Students will become familiarized with the modern theories and
instrumental techniques employed to understand the fundamentals of
structure, bonding and reactivity in organic molecules.

Course Syllabus

MO treatment of acyclic and cyclic conjugated systems, Huckel rule and
concept of aromaticity; annulenes, heteroannulens, fullerenes (C60), alternate
and non-alternate hydrocarbons, anti-aromaticity, pseudo-aromaticity, homo-
aromaticity, Frost diagram, Huckel treatment — applications to ethylene, allyl,
cyclopropenyl, butadiene, cyclobutadiene, Importance of antibonding orbitals in
organic reactions.

Photochemistry: Basic principles, Jablonski diagram, photochemistry of
olifinic compounds, Cis-trans isomerization, Paterno-Buchi reaction, Norrish
Type-l and Il reactions, Photoreduction of ketons, di-m methane
rearrangement, Photochemistry of arenas; Photoreactions in solid state,
synthetic applications; cyclization of radicals

Pericyclic reaction: Classification and stereochemical modes; Thermal and
photopericyclic reactions, selection rules and stereochemistry of electrocyclic
reactions, 2-component cycloadditions — antarafacial and suprafacial additions;
Rationalization based on Frontier M.O. approach, correlation diagram, Dewer-
Zimmermann approach, Mobius & Huckel systems; Claisen, Cope, Aza-Cope
and Oxy-Cope rearrangements, Sommelet - Hauser, Ene reaction -
Applications in Organic synthesis; Fluxional Tautomerism

Stereochemistry: Effects of conformation on reactivity in acyclic compounds
and cyclohexanes Conformation and reactivity of monocyclic systems-3
to 10 membered rings, 6-6, 6-5,6-4, 5-5 bicyclic systems, 6-6-6, 6-5-6, 5-6-5
and 5-5-5 tricyclic systems, enantioselective and diastereoselective synthesis,
Addition to carbonyl compounds. Chirooptical properties of organic molecules:
Origin, Theory of CD, ORD, their applications, haloketone rules, sector rules,
helicity rules, excitation chirality. Chiral analysis by polarimeter, NMR, GC,
HPLC and Capillary Electrophoresis (CE) methods, Baldwin’s rules.

General Concept of Spectroscopy and their applications: IR, NMR, MS

Suggested Books

Text Book:

1. E. L. Eliel and S. H. Wilen, Stereochemistry of Organic Compounds,
John Wiley & Sons, New York, 1994.

2. R. M. Silverstein, G. C. Bassler and T. C. Morril, Spectroscopic
Identification of Organic Compounds, John Wiley, 1991.

3. W. Carruthers and I. Coldham, Modern Methods of Organic Synthesis,
First South Asian Edition 2005, Cambridge University Press.

4. S. Sankararaman, Pericyclic Reactions- A text Book, Wiley VCH, 2005.

References

1. F. A Carey and R. A. Sundberc%, Advanced Organic Chemistry, Part A:
Structure and Mechanisms (5t edition), Springer, New York, 2009.

F. A. Carey and R. A. Sundberg, Advanced Organic Chemistry, Part B:

Reactions and Synthesis (5th edition), Springer, New York, 2009.

W. Kemp, Organic Spectroscopy (2™ edition), ELBS-Macmillan, 1987

I. Fleming, Frontier Orbitals and Organic Chemical Reactions, Wiley,

London, 1976.

N. J. Turro, V. Ramamurthy and J. C. Scaiano, Modern Molecular

Photochemistry of Organic Molecules, University Science Books, CA,

2010.

6. J. March and M. B. Smith, March's Advanced Organic Chemistry:
Reactions, Mechanisms, and Structure (6th Edition), Wiley, 2007.
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Course Code CH 623
Title of the Course | Synthetic and Mechanistic Aspects of Organic Chemistry
Credit Structure L-T-P-Credit
2-1-0-3
Name of the Chemistry
Discipline
Pre-requisite, if any | Nil

Scope of the Course

To develop understanding of the intermediates involved in reactions and
applications of variety of oxidizing, reducing and organometallic reagents in
organic synthesis

Course Syllabus

Reactive intermediates — Formation and stability of classical and non-classical
carbonium ions, carbanions, carbenes, nitrenes, radicals and arynes; Nucleophilic,
electrophilic and radical substitutions, addition and elimination reactions; Methods
of determining reaction mechanisms, Kinetic isotope effect, Hard and soft acids and
bases; Hammet equation. Mechanisms of some familiar name reactions: Robinson
annulation, Peterson elimination, Stork enamine reaction, Mannich reaction,
Sharpless asymmetric epoxidation, Barton reaction, Hofmann-Loffler-Freytag
reaction, Shapiro reaction, Baeyer-Villiger reaction, Chichibabin reaction.
Oxidations in Organic Chemistry: oxidative processes based on one-electron
and two-electron oxidants, oxidations with Cr(VI) oxidants; Collin oxidation, PCC,
PDC and PFC, DMSO-oxidations: Swern, Moffat, DMSO-SO; complex, DMSO-
Ac,0, Hypervalent iodine oxidations: Dess-Martin periodinane, IBX, iodobenzene
diacetate, Oxidations with MnO,, SeO,, TI(NO3);, Ag,O, RuO, and OsO,, Shi-
epoxidation.

Reductions in Organic Chemistry: Different reductive processes, reduction with
metal hydrides of B, Al, Sn and Si, catalytic and transfer hydrogenations, dissolving
metal reductions, synthetically useful hydrogenolysis reactions, samarium and
indium-based reducing agents, enzymatic and microbial reductions.
Organometallic Chemistry: Applications of organotransition metals in organic
synthesis-preparative, structural and mechanistic aspects, Davies rule, catalytic
nucleophilic addition and substitution reaction, coupling reaction-Heak, stille,
Suzuki coupling, Sonogashira, Zieglar natta reaction, olefin metathesis, Tebbe’s
Reagent, Pauson-Khand reaction, functional organometalllic compounds, use of
indium and zinc. Organosilicon chemistry, synthetic uses of silyl ethers, silylenol
ethers, TMSCI, TMSI, TMSCN, alkene synthesis, alkenyl, vinyl, aryl, allyl and acyl
silanes, Brook rearrangement, silicon Baeyer Villiger rearrangement.

Suggested Books

Text Books

1. W. Carruthers, Modern Methods of Organic Synthesis, Cambridge University
Press, 1996.

2. 1. Qjima, Catalytic Asymmetric Synthesis (2”“| edition), Wiley-VCH, New
York, 2000

3. N.S. Isaacs, Physical Organic Chemistry, ELBS, Longman, UK, 1987.

4. S. Warren, Organic Synthesis, The disconnection Approach, John Wiley &
Sons, 2004.

References

1. L. Kuerti and B. Czako, Strategic Applications of Named Reactions in
Organic Synthesis, Elsevier Academic Press, 2005.

2. J. Tsuji, Palladium Reagents and Catalysts, New Perspectives for the 21°
Century, John Wiley & Sons, 2003.

3. R. Noyori, Asymmetric Catalysis in Organic Synthesis, John Wiley & Sons,
1994.

4. T. H. Lowry and K. S. Richardson, Mechanism and Theory in Organic

Chemistry (2nd edition), Harper & Row, New York, 1981.

M. B. Smith, Organic Synthesis (2nd Edition), McGraw Hill, 2010.

J. Clayden, N. Greeves, S. Warren and P. Wothers, Organic Chemistry,

Oxford University Press, 2001.
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Course Code CH 624
Title of the Course | Total Synthesis and Natural Products Chemistry
Credit Structure L-T-P-Credit
2-1-0-3
4. | Name of the Chemistry
Discipline
5. | Pre—requisite, if any | Nil
6. | Scope of the Course| To familiarize students with modern methods of natural product synthesis
7. | Course Syllabus Modern approaches of synthesis of furan, thiophene, pyrrole, pyridine,
quinoline, isoquinoline and indole; their reactivities, Synthesis and reactions
of azidirines and azetidines.
Natural Products
Isoprene rule; Structure elucidation (by chemical and spectroscopical
methods); synthesis, Biogenesis and Biosynthesis of representative
examples of acyclic,12 monocyclic and bicyclic monoterpenes. Structural
types — general introduction to sesqui, di-and tri-terpenoids. Familiarity with
methods of structural elucidation (chemical and spectroscopical methods,
biosynthesis, synthesis of alkaloids (ephedrine and atropine), Steroids —
General methods of study and structural types, chemistry of cholesterol,
hormones, bile acids, Vitamins of D-group, diosgenin.
Alkaloids: Structure, transformation and biosynthesis of alkaloids from
terrestrial and marine sources; chemistry of indole and peptide alkaloids
Carbohydrate:
Deoxysugars, amino sugars, glycal sugars and their synthetic aspects.
Carbohydrates as chiral pools in organic synthesis
Total Synthesis:
Total synthesis of Longifolene, Reserpine, Juvabione, Aphidicolin and
Fredericamycin A and prostaglandins (PGE2, PGF2a), Taxol.
Bio-Organic Chemistry: Enzymes and antibodies ( syntheses and
applications)
8. | Suggested Books Text Books

1. J. A. Joules and K. Mills, Heterocyclic Chemistry (5" edition),
published by Chichester, Wiley-Blackwell, 2010.

2. E. J. Corey and X. M. Cheng, The Logic of Chemical Synthesis, John
Wiley & Sons, 1995.

3. S. V. Bhat, B. A. Nagasampagi, and S. Meenakshi, Natural Products
Chemistry and Applications, Narosa Publishing House, 2009.

4. E. M. Carreira and L. Kvaerno, Classics in Stereoselective Synthesis,
Wiley VCH, 2009.

References

1. T. Eicher and S. Hauptmann, The Chemistry of Heterocycles, Wiley-
VCH, Weinheim, 2003.

2. K. C. Nicolaou and S. A. Snyder, Classics in Total Synthesis-Il, VCH,
2003.

3. K. C. Nicolaou and E. J. Sorensen, Classics in Total Synthesis, VCH,
1996.

4. R. M. Acheson, An Introduction to the Chemistry of Heterocyclic
Compounds (3™ edition), Wiley India Pvt Ltd, 2008.

5. T.L. Gilchrist, Heterocyclic Chemistry, Prentice Hall, 1997.
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Course Code

CH 641

Title of the Course

Advanced Topics in Inorganic Chemistry

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

Name of the Chemistry

Discipline

Pre—requisite, if any Nil

Scope of the Course

To familiarize with synthesis, bonding and reactions of transition metal
complexes

Course Syllabus

Transition Metal 1r-acid ligands, synthesis and reactivity of transition metal
complexes with small molecules, LNCC and HNCC, Wade's rule and
capping rule.

Synthesis, structure, bonding and reactivity of transition metal complexes
with different unsaturated systems, Oxidative addition, reductive
elimination, insertion reactions, activation of small molecules, different
types of catalytic reactions of unsaturated hydrocarbons.

Formation constant from spectrophotometry, chelate and macrocyclic
effect, associative and dissociative mechanism, trans effect, isomerisation,
racemization, electron transfer reaction, fluxional molecules

Suggested Books

1. F. A. Cotton, G. Wilkinson, C. A. Murillo and M. Bochmann,
Advanced Inorganic Chemistry (6" edition), John Wiley & Sons
(Asia) Pvt. Ltd., 2003.

2. J. E. Huheey, E. A. Keiter, R. L. Keiter and O. K. Medhi, Inorganic
Chemistry (4" edition), Pearson Education, 2006.

3. S. Asperger, Chemical kinetics and Inorganic Reaction Mechanism
(2" edition), Kluwer Academic, 2002.

4. R. C. Mehrotra and A. Singh, Organometallic Chemistry (2™ edition),
New Age International (P) Ltd Publishers, 2007.

5. R. H. Crabtree, The Organometallic Chemistry of transition Metals
(5™ Edition), Wiley, 2009.

6. P. J. Dyson and J. S. McIndoe, Transition Metal Carbonyl Cluster
Chemistry, Gordon and Breach Science Publishers, 2000.

7. P. Atkins, T. Overton, J. Rourke, M. Weller, and F. Armstrong, Shriver
& Atkins Inorganic Chemistry (4" edition), Oxford University Press,
2009.
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Course Code CH 642
Title of the Course Applied Inorganic and Nuclear Chemistry
Credit Structure L-T-P-Credit
2-1-0-3
Name of the Chemistry
Discipline
Pre—requisite, if any Nil

Scope of the Course

To familiarize students with lanthanide-actinide chemistry, bio-organic,
metal-organic frameworks and nuclear chemistry.

Course Syllabus

Boranes, carboranes, silicones, phosphazanes, isopoly-, heteropolyacids,
zeolites and clay, Lanthanide and Actinide Chemistry

Role of metal ions in biology, metalloproteins in hydrolysis, structural role,
nitrogen fixation and cycle, photosystem, oxygen carrying agent, uptake
and storage of protein, redox reaction, model complex and metals in
medicine.

Metal organic framework, synthesis, topology and applications.

Nuclear forces, Nuclear structure and properties, Radioactive decay,
radiotracers and nuclear reactions.

Suggested Books

Text books

1.

w

F. A. Cotton, G. Wilkinson, C. A. Murillo and M. Bochmann, Advanced
Inorganic Chemistry (6" edition), John Wiley & Sons (Asia) Pvt. Ltd.
2003.

J. E. Huheey, E. A. Keiter, R. L. Keiter, O. K. Medhi, Inorganic
Chemistry (4" Edition), Pearson Education, 2006.

S. Cotton, Lanthanide and Actinide Chemistry, Wiley, 2006,

S. J. Lippard and J. M. Berg, Principles of Bioinorganic Chemistry,
Panima Publishing Corporation, 2005.

W. Kaim, B. Schwederski, Bioinorganic Chemistry: Inorganic
Elements in the Chemistry of Life, Wiley, 2005.

L. R. MacGillivray, Metal-Organic Frameworks, Wiley, 2010
Metal-organic Frameworks, Application from Catalysis to Gas
storage, Wiley.

W. D. Loveland, D. J. Morrissey and G. T. Seaborg, Modern Nuclear
Chemistry, John Wiley, 2006.

G. Choppin, J.O. Lilienzin and J. Rydberg, Radiochemistry & Nuclear
Chemistry, Butterworth Heinemann, 2002
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Course Code CH 643
Title of the Course Modern Techniques in Inorganic Chemistry
Credit Structure L-T-P-Credit
2-1-0-3
Name of the Chemistry
Discipline
Pre—requisite, if any Nil

Scope of the Course

To understand the correlation between modern techniques and inorganic
chemistry

Course Syllabus

Electronic absorption spectra, Orgel diagram, Tanabe-Sugano diagram,
adjusted crystal field theory, Nephelauxetic effect, MOT and octahedral
and tetrahedral complex.

Magnetic behavious, spin-orbit coupling, quenching of orbital angular
momenta, temperature independent paramagnetism, spin crossover.

Structural studies of Inorganic compound using IR, Raman and UV-vis
spectra, Electron spin resonance spectroscopy in cubic and tetragonal
ligand field, metal hyperfine coupling constant, Nuclear magnetic
resonance spectroscopy, application with various inorganic nuclei,
Mossbauer Spectra.

Precision and error, sampling, TGA-DSC, coulometry, polrography,
amperometry, Cyclic voltametry, chromatography.

Suggested Books

Text Books:

1. J. A. lggo, NMR spectroscopy in Inorganic Chemistry, Oxofrd
University Press, 1999.

2. E. l. Solomon and A. B. P. Lever, Inorganic Electronic Structure and
Spectroscopy: Methodology, John Wiley & sons, 2006

3. S. M. Khopkar, Basic concept of Analytical chemistry (2™ edition),
New Age International Publishers, 2004.

Reference Books:
1. R. Boga, A Handbook of Magnetochemical Formulae (1% edition),
Elsevier, 2012.
2. K. Nakamoto, Infrared and Raman Spectra of Inorganic and
Coordination Compounds (6™ edition), Wiley, 2009.
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Course Code CH 698

Title of the Course PG Seminar Course

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

Name of the Concerned | Chemistry

Discipline

Pre—requisite, if any
Nil

Course Obijective

To develop confidence and presentation skills of the student

Course Syllabus

In this course a PG student has to present seminar/presentation
or a series of presentations on a topic(s) chosen by him/her in
consultation with his/her PG Thesis Supervisor/ Faculty Advisor.
The frequency of seminar/presentation will be decided by the
Course Coordinator.

Textbook

None

Other references

Books and research publications in various relevant
journals/conference proceeding, etc.
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Course Code

CH 700

Title of the Course

Advanced Chemistry Lab

Credit Structure

(L-T-P-Credit)

0-0-6-3
Name of the Chemistry
Discipline
Pre—requisite, if any | Nil

Scope of the Course

To expose students to the basic experimental techniques of all the branches
of chemistry

Course Syllabus

Inorganic Chemistry:

1. Synthesis and characterization of metal complexes

2. Separation of metal ions using column chromatography

3. Electrochemical Investigation of potassium ferricyanide [K3Fe(CN)6]

Organic Chemistry:

Techniques:

Crystallization

Distillation

Steam Distillation

Vacuum Distillation
Extraction

Thin Layer Chromatography
Column Chromatography
Checking MP

©NOORWON =P

B. Synthesis and characterization of important organic molecules.
Usual Spectroscopic Characterization (UV, IR, NMR, MS etc)

Physical Chemistry:

Exp. 1: Colorimetric estimation of urease activity using UV-Vis spectroscopy.
Exp. 2: Solavtochromic shift of dye molecules using absorption and
fluorescence spectroscopy.

Exp. 3: Preparation and characterization of silica particles under mild
condition.

Exp. 4: Synthesis and characterization of liquid crystal

Exp. 5: Using Gaussian program predicting the transition state of organic

reactions.

Suggested Books

Laboratory Manual
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Course Code

CH 701

Title of the Course

Spectroscopic Techniques

Credit Structure L-T- P-Credits
2-1-0-3
Name of thel Chemistry
Concerned Discipline
Pre—requisite Nil
Scope of the
course

Course Syllabus

Infrared Spectroscopy: General principles, factors influencing vibrational
frequencies, selection rules, Analysis of Infra-red technique, Fourier- transform IR—
Spectroscopies. Introduction to terahertz spectroscopy, Application of IR and
terahertz spectroscopy Spectroscopy to inorganic and organic compounds.

Raman Spectroscopy: Principles, normal, resonance and laser Raman
Spectroscopies. Structure determination by symmetry selection rules (normal
coordinate analysis). Application of Raman Spectroscopy to structural chemistry.
Nuclear magnetic resonance Spectroscopy.

Elctronic spectroscopy: General principles, Electronic absorption spectra of
organic and inorganic molecules, Selection rules and their implications.
Instrumentation: analytical applications: qualitative and quantitative analyses.
Luminescence Spectroscopy: Introduction, characteristics of fluorescence and
phosphorescence emission, effects of solvents on fluorescence spectra. Lippert
equation, Time scale of excited state molecular processes in solution, Life times and
quantum vyields. Basic instrumentation, The Biochemical applications of solvent
effects: localization of membrane-bound and protein- bound fluorophores,
Polarization of emission, Measurements of fluorescence Polarization, Extrinsic
causes of fluorescence depolarization. Effect of rotational diffusion on fluorescence
anisotropies: the perrin equation. Chemical and biochemical applications of
anisotropy measurements.

NMR Spectroscopy: Nuclear magnetic resonance Spectroscopy: General
principles, sensitivity of the method, CW and FT-NMR, instrumentation. Application
in chemical analysis (with special reference to TH — NMR): Chemical shift, spin-spin
splitting, area of peak, shift reagents, off-resonance decoupling, Nuclear Overhauser
Effect, solid state and gas phase NMR spectra.

Mass Spectrometry: Mass spectrometry: Principles, advantages and limitations of
Mass Spectrometry. Instrumentation, Methods of ionization, Metastable ions. Theory
of Mass Spectrometry. Structure elucidation of inorganic and organic compounds.
X-ray-diffraction and X-ray photoelectron spectroscopy: Basics Principles and
applications.

Electron Paramagetic Resonance: Basic Principles, Isotropic hyperfine effects,
Zeeman energy, anisotropy, hyperfine anisotropy, applications

Mossbauer Spectroscopy: Fundamentals of Mdossbauer spectroscopy and
applications.

Suggested Books

C.N. Banwell, Fundamentals of Molecular Spectroscopy (4th edition), Tata
McGraw Hill, New Delhi, 1994.

2. R.M. Silverstein, G.C. Bassler, C. Morril, Spectrometric Identification of

Organic Compounds (5th edition), John Wiley & Sons, 1991.

3. J.R. Lakowicz, Principles of Fluorescence Spectroscopy (3rd edition), 2006.
4. M. Rose, and R.AAW. Johnston, Mass Spectrometry for Chemists and

Biochemists (2"“| edition), Cambridge University Press, 1996.

5. D.L. Pavia, G.M. Lampman, G.S. Kriz, Introduction to Spectroscopy (3rd

edition), Thomson Brooks/Cole, 2000.

6. Fritz Helmet, MGssbauer Spectroscopy
7. J.A. Weil, and J.R. Bolton, Electron Paramagnetic Resonance: Elementary

Theory and Practical Applications.
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Course Code

CH 704

Title of the Course

Chemistry at Surfaces and Interfaces

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

Name of the Chemistry

Concerned

Discipline

Pre-requisite, if
any

Undergraduate courses on surface chemistry or physics

Scope of the
course

Course Syllabus

Introduction to nanoscale and colloidal systems, Fundamentals of surface
and interfacial chemistry. Surface tension and wettability. Insoluble
monolayers.

Self-assembled monolayers (SAMs): Growth processes, Phase transitions,
Mixed monolayers, applications of SAMs. Electrostatic interactions in self-
assembling systems. Self-assembly of amphiphiles. Monolayers, micelles,
and microemulaions.

Adsorption phenomena: Adsorption of surfactants at solid surfaces.
Langmuir adsorption and models describing multilayer adsorption.
Immobilization of biomolecules: strategies and applications in
nanobiotechnology. Enzyme responsive surface.

Nanofabrication methods: Bottom-up methods, photolithography, scanning
probe methods, soft lithography, e-beam lithography.

Chemical functionalization: Recent advances in thiol-Au and silane
chemistry. Layer-by- layer synthesis of multilayer assemblies. Applications.
Spectroscopic and Imaging techniques: AFM, STM, SEM, Confocal
microscopy, Surface enhanced Raman spectroscopy (SERS), Imaging
ellipsometry, X-ray based techniques.

Heterogeneous Catalysis: Historical Background, Catalysis, difference
between homogeneous and heterogenous catalysis, reactive interfaces, effect
of structures on reactivity, catalytic materials and their preparation, activity
and selectivity, measurement of catalytic properties, applications in raw
materials and their conversions, environmental protection and daily life, future
of catalysis.

Suggested Books

1. The Colloidal Domain: Where Physics, Chemistry, Biology and
Technology Meet by D. Fennell Evans and Hakan Wennerstréom; 1999
John-Wiley and Sons, Inc.

2. Handbook of Surface and Colloid Chemistry by K. S. Birdi, 2008 CRC
press.

3. Introduction To Surface Chemistry And Catalysis by Gabor A. Somorijai,
Yimin Li, 2010 John Wiley and Sons.

4. Nano: The Essentials by T. Pradeep, 2007 Tata McGraw-Hill.

5. Nanobiotechnology Il: More Concepts And Applications by Chad A.
Mirkin, Christof M. Niemeyer, 2007 Wiley-vch Verlag Gmbh.

6. The Basis and Applications of Heterogeneous Catalysis by Bowker
Michael, 1998 Oxford University Primer.

Research articles in the journals.
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http://www.flipkart.com/nanobiotechnology-ii-chad-mirkin-christof-book-3527316736/search-book-mirkin/1
http://www.flipkart.com/nanobiotechnology-ii-chad-mirkin-christof-book-3527316736/search-book-mirkin/1
http://www.flipkart.com/author/christof-m-niemeyer/

Course Code CH 705

Title of the Course | Materials Chemistry

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

Name of the | Chemistry

Concerned

Discipline

Pre-requisite, if | Nil

any

Scope of the

course

Course Syllabus

Chemistry at the Nano-dimension: Introduction: definition of a nano system,
top-down and bottom up approach, dimensionality and size dependent
phenomena, properties of Individual nanoparticles: Metal nanoparticles, semi-
conducting  nanoparticles, metal oxide nanoparticles, composite
nanostructures, optical properties. Synthesis of Nanomaterials: Solution
chemical methods, Gas or vapor based methods of synthesis: CVD, MOCVD
and MBE, Sol-gel processing, Bioconjugation, Toxicity and green chemistry
approaches of synthesis. Carbon nanotubes: synthesis, properties and
surface functionalization, zeolites and graphenes. Magnetic nanoparticles:
Synthetic methods and properties, Diamagnetism, paramagnetism and
superparamagnetism, proton relaxation, surface modification. Applications in
magnetic seperation, development of MRI contrast agents. Characterization of
Nanomaterials: Electron microscopes-Scanning Electron Microscope,
Transmission Electron Microscopes, Scanning Tunneling Microscopy, Atomic
Force Microscopy, nano-tweezers, Dynamic Light scattering, Surface
enhanced Resonance Raman spectroscopy, ICP-mass. Applications of
Nanomaterials: Chemical and biomedical detection, imaging and therapy,
Energy conversion: PV solar cells and Photo electro-chemical cells, Lasers,
LEDs, photonic crystals.

Metal Organic Frameworks: Development of metal organic materials, guest
removal and uptake, flexibility, topology and interpenetration, highly
connected metal-organic framework, organometallic network, acentric and
chiral network, application of metal-organic framework in nonlinear optics,
selective absorption of gas and vapour, hydrogen, methane, carbon dioxide
storage, magnetic materials.

Organic Electronics: OLED, WOLED, Liquid crystalline materials. NLO
materials (2nd and 3 rd order NLO materials), 2Photon and multiphoton
process. Organic solar cell, OFET (n-channel and P-channel) materials.

Suggested Books

1. C.P. Poole, and F.J. Owens, Introduction to Nanotechnology, Wiley-
India, 20086.

2. G.A. Ozin, C. Andre, and L. Arsenault, Cademartiri, Nanochemistry: A
chemical Approach to Nanomaterials, Royal Society of Chemistry, 2005.

3. T. Pradeep, NANO: The Essentials, Tata-McGraw Hill, New Delhi, 2007.

4. K.J. Klabunde, Nanoscale Materials in Chemistry, Wiley-interscience,
2001.

5. Bharat Bhushan (Ed.) Springer Handbook of Nanotechnology, Springer,
2007.

Some recent publications in the reputed journals.
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Course Code CH 706

Title of the Course | Photochemistry

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

Name of the | Chemistry

Concerned

Discipline

Pre-requisite, if | Nil

any

Scope of the

course

Course Syllabus

Theories of electronic spectroscopy: Introduction: Absorption, Scattering,
reflection and emission, Light/Photon: Sources of light/photon, light detectors,
Chromophores: From synthetic to naturally occurring chromophores
Reactivity of electronic excited states of molecules: Excited state
deactivation pathways, Excited state reactions: excimers, exciplexes, electron
transfer, energy transfer, proton transfer. Some photochemical organic
reactions.

Natural photochemical processes and application: Mechanism of vision,
Photosynthesis, Photo dynamic therapy (PDT)

Suggested Books

1) “Fundamentals of photochemistry” by K.K. Rahatgi and K. K. Mukherjee.
2) “Modern Molecular photochemistry” by Nicholas J. Turro.
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Course Code

CH 708

Title of the Course

Catalysis: Approaches and Applications

Credit Structure L-T-P-Credits
2-1-0-3
Name of the Chemistry

Concerned Discipline

Pre-requisite, if any

Masters in inorganic and organic chemistry

Scope of the
Objective

To familiarize students with catalysts and there mode of interaction in
homo- and heterogeneous conditions.

Course Syllabus

Catalysts and catalytic processes, important terminologies in catalysis
(such as Turnover, TOF, TON, Catalyst poisoning, Deactivation,
regeneration, recycling), Factors affecting catalyst and catalytic
processes, Characterization of a catalyst and catalytic processes (Surface
structure, chemical composition and topography by electron microscopy
(SEM, TEM), X-ray and neutron methods (XRD, EDS, XPS), vibrational
spectroscopy, NMR and others.)

Application of transition metal complexes and organometallic complexes
based homogeneous catalysts in Metathesis reactions, Hydrogenation,
Oxidation, Hydroformylation, C-C coupling reactions. Heterogeneous
catalytic processes on free and supported nanocatalysts, Size dependent
catalysis, Catalysts for CO oxidation, H, generation and C-C and C-
heteroatom coupling reactions (such as, Sonogashira coupling, Heck
reaction, Suzuki reaction, hydroamination etc.).

Suggested Books

Text Books

1. Introduction to surface chemistry and catalysis, G.A. Somorjai, Y. Li,
2010, Wiley-VCH. ISBN 978-0-470-50823-7.

2. Principle and practice of heterogeneous catalysis, J.M. Thomas, W.J.
Thomas, 2008, VCH. ISBN 978-3-527-29239-4.

3. The chemistry of nanomaterials, C.N.R. Rao, A. Muller, A.K.
Cheetham, Vol 2, 2006, Wiley-VCH. ISBN 978-3-527-30686-2.

4. Mechanisms in Homogeneous Catalysis, B. Heaton, 2005, Wiley-VCH.
ISBN 978-3-527-31025-8,

5. Applied Homogeneous Catalysis, A. Behr, P. Neubert, 2012, Wiley-
VCH. ISBN 978-3-527-32633-4,

Reference Books

1. Advanced nanomaterials, K.E. Geckeler, H. Nishide, Vol 1, 2010, Wiley-
VCH. ISBN 978-3-527-31794-3.

2. Concept of modern catalysis and kinetics, |. Chorkendorff, J. W.
Niemantsverdriet, 2" revised Ed., 2007, Wiley-VCH. ISBN: 978-3-527-
31672-4.

3. Nanoparticle and catalysis, D.A. Struc, 2008, Wiley-VCH. ISBN: 978-3-
527-31572-7.

4. Catalysis-From Principles to Applications, M. Beller, A. Renken, R.A.
van Santen, 2012, Wiley-VCH. ISBN 978-3-527-32349-4
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1 | Course Code CH 709
Title of the Course Advanced Bioinorganic Chemistry

3 | Credit Structure L-T-P-credits
2-1-0-3

4 | Name of the Concerned Chemistry

Department

5 | Prerequisite if any Undergraduate courses in inorganic chemistry

6 | Learning Objectives Main objective of this course is to give an overall unified understanding
of bioinorganic chemistry by identifying the principles that have
emerged in last few decades by arranging them in a logical and
consistent order. This course will introduce the students the ever
expanding frontier of bioinorganic chemistry by discussing some
exemplary individual cases along with the principles that tie the realms
of bioinorganic chemistry together.

7 | Course Syllabus Overview of bioinorganic chemistry, thermodynamic and kinetic
aspects of coordination compound in bioinorganic chemistry, reaction
of coordinated ligands, model complexes and concept of spontaneous
self-assembly.

Coordinative properties of biological molecules : proteins, nucleic acids
and other metal binding biomolecules

Different roles of metal ions in biology :

Roles of Zn?*, Mg#, Na* and K" in terms metalloproteins in hydrolysis
exemplified by carboxypeptidase, carbonic anhydrase, a-amylase,
ATPase, thermolysin, alkaline phosphatase etc.

Roles of Fe* and Cu® as biological oxygen carrier, hemoglobins
(human A, erythrocruorin, chlorocruorin), hemocyanins and
hemerythrins, synthetic oxygen carrier and model systems.

Structural role of Zn** in DNA binding metalloprotein as zinc finger and
role of Ca?" in metalloregulatory proteins.

Metalloenzymes in biological nitrogen cycle : molybedenum-dependent
nitrogen fixation

Uptake, transport and storage of essential metal ions exemplified by
iron — transferrin and ferritin.

Manganese catalyzed oxidation of water to oxygen : photosystem | and
Il.

Cobalamins including Vitamin, reactions of the alkylcobalamin.
Biological functions of tungsten, vanadium and chromium.

Cu* and Fe?" in ATP synthesis — Cytochrome ¢ oxidase.
Metalloproteins in electron transfer — blue copper proteins and iron
sulphur proteins.

Role of metals ion in medicinal chemistry and as diagnostic tools,
chelation therapy.

8 | Suggested Books 1. S. J. Lippard, J. M. Berg, Principles of Bioinorganic Chemistry

(1995), University Science Books, Mill Valley, California, ISBN 978-0-
935702-72-9

2. W. Kaim, B. Schwederski, Bioinorganic Chemistry : Inorganic
Elements in the Chemistry of Life (1996), John Wiley & Sons,
Sussesx, England, ISBN : 978-0-471943-69-3

3. H. B. Grey, E. I. Stiefel, J. S. Valentine, |. Bertini : Biological
Inorganic Chemistry : Structure and Reactivity (2006), University
Science Books, ISBN : 978-1-891389-43-6

4. Relevant papers and reviews in reputed international journals.
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1. | Course Code CH 710

2. | Title of the Course Molecular Modeling and Computational Chemistry

3. | Credit Structure L-T-P-C
2-1-0-3

4. | Name of the Concerned | Chemistry

Department

5. | Pre—requisite, if any Undergraduate courses in Physical Chemistry

6. | Course Objective To introduce students to various molecular modeling techniques such
as molecular mechanics, molecular dynamics, ab initio electronic
structure theory and their applications in chemical research.

7. | Course Syllabus Ab Initio Methods:
BO approximation, potential energy surfaces, LCAO, HF Molecular
Orbital Theory, Slater Determinants, Anti-Symmetry Principle, SCF
method, introduction to Electron Correlation: Overview of Perturbation,
Cl and CCSD Methods, introduction to Density Functional Theory.
Molecular Mechanics/Force Field Methods:
Comparisons and Performance of Various Force Fields, Inter and
Intermolecular Interactions, Energy Minimizations, Normal Mode
Analysis, Micro Canonical and Canonical Ensembles, Monte Carlo
Simulations and Metropolis Sampling, Molecular Dynamic Simulations:
Force Calculations, Integration Schemes, Liquid Models and Properties.
Applied Computational Chemistry:
Structures, Computable Quantities, Chemical Properties, Molecular
Orbital’s Plotting, Charge Distributions and Spectroscopic Properties.

8. | Suggested Books Text Books

1. Molecular Modeling: Principles and Applications. Andrew R. Leach,
2" Ed., Prentice Hall, 2001.

2. Essentials of Computational Chemistry: Theories and Models.
Christopher J. Cramer, 2™ Ed., Wiley & Sons, New York.

3. Organic Chemists book of Orbitals, by William L. Jorgensen and
Lionel Salem; Wiley-VCH, 1973.

Reference Books

1. P. W. Atkins, Molecular Quantum Mechanics, Clarendon Press,
Oxford, 1980.

2. |. N. Levine, Quantum Chemistry, 4th Edn., Prentice Hall of India Pvt.
Ltd., New Delhi, 1995.

3. D. A. McQuarrie, Quantum Chemistry, University Science Books,
1983.
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Course Code

CH 711

Title of the Course

Bio-Organic and Medicinal Chemistry

Credit Structure

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

Name of the Concerned
Discipline

Chemistry

Pre—requisite, if any

Undergraduate courses in Organic chemistry and Biology

S

Scope of the Objective

The first part of the course focuses on the protein, nucleic acids
functions, structure, and physio-chemical aspects of enzymes involved in
biological processes. In the second part, fundamental and current
methodologies involved in the drug discovery process, application of
drugs to various diseases like cancer, inflammation and infection by
pathogens will be discussed in detail.

Course Syllabus

Bio-organic Chemistry: Weak interactions, Buffering against pH
changes in biological systems. Amino acids, Peptides and proteins, The
structure of proteins, Protein mis-folding and related to diseases. Protein
data bank (pdb), Peptide self-assembly at the nanoscale. IR
spectroscopy - Intra and intermolecular hydrogen bonding, effect of
concentration, temperature and solvent, Applications of Circular
dichroism (CD) and FT-IR in the structural elucidation of protein
structures. Enzymes and enzymatic reactions, Enzyme inhibitors.
Nucleotides and nucleic acids, Nucleic acid structures, Function of
nucleotides, DNA based self-assembling nanostructures. Systems
chemistry: Dynamic combinatorial chemistry and molecular self-
replication, Molecular recognition for dynamic combinatorial libraries,
Targeting peptides and proteins.

Medicinal Chemistry: Molecular basis of drug action and drug design-
Molecular properties, geometries, stereochemistry, conformation,
energetic; Drug discovery without leads, lead discovery strategies,
combinatorial chemistry: high throughput screening, principles of rational
drug design; Lead Modification-Pharmacophores, functional group
modification, bioisosterism, structure modification: homologation, chain
branching, SAR, QSAR: Electronics, hydrophobicity, sterics; Receptor
Targets-Forces in drug receptor complex, drug receptor theories:
occupancy, rate, induced-fit, macromolecular perturbation, activation-
aggregation, stereochemical consideration: chirality, geometric isomers,
conformational isomers, ring topology.

Suggested Books

Reference Books

1. J. M. Berg, J.L. Tymoczko, L. Stryer, Biochemistry (6th edition) W.H.
Freeman and Company, 2006, ISBN 9780716767664

2. M.M. Cox, D. L. Nelson, Lehninger Principles of Biochemistry (5th
edition), W.H. Freeman and Company, 2008, ISBN 9780230226999.

3. P. T. Corbett, J. Leclaire, L. Vial, K. R. West, J.-L. Wietor, J. K. M.
Sanders, S. Otto, Chem. Rev. 2006, 106, 3652-3711.

4. R.B.Silverman, The Organic Chemistry of Drug Design and Action,

nd
2 Edition, Elsevier, New York, 2004, ISBN: 0-12-643732-7
5. G. L. Patric, An Introduction to Medicinal Chemistry, 4" Edition,
Oxford University Press, 2009, ISBN-13: 978-0-19-923447-9
6. Online Journals: Journal of the American Chemical Society; Journal
of Medicinal Chemistry
http://pubs.acs.org/action/showPublications ?display=journals);
Angewandte Chemie-International Edition
(http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%291521-3773);
Nature Reviews Drug Discovery
(http.//www.nature.com/nrd/index.html)etc.,
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Course Code

CH 720

Title of the Course

Asymmetric Synthesis

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

Name of the Chemistry

Concerned

Discipline

Pre—requisite Nil

Scope of the
course

Course Syllabus

Part-l: Principles of asymmetric synthesis

Introduction and terminology: Topocity in molecules Homotopic, stereoheterotopic
(enantiotopic and diastereotopic) groups and faces- symmetry, substitution and
addition criteria. Prochirality nomenclature: Pro-R, Pro-S, Re and Si.

Selectivity in synthesis: Stereo specific reactions (substrate stereoselectivity).
Stereo selective reactions (product stereoselectivity): Enantioselectivity and
diastereoselectivity. Conditions for stereoselectivity: Symmetry and transition state
criteria, kinetic and thermodynamic control. Methods for inducing enantio and
diastereoselectivity.

Analytical methods: % Enantiomer excess, % enantioselectivity , optical purity, %
diastereomeric excess and % diastereoselectivity. Techniques for determination of
enantioselectivity: Specific rotation, Chiral 1H NMR, Chiral lanthanide shift reagents
and Chiral HPLC, Chiral GC.

Part-ll: Methodology of asymmetric synthesis: Classification of asymmetric
reactions into 1.substrate controlled, 2. chiral auxiliary controlled, 3. chiral reagent
controlled and 4. chiral catalyst controlled.

1. Substrate controlled asymmetric synthesis: Nucleophilic additions to chiral
carbonyl compounds. 1, 2- asymmetric induction, Cram’s rule and Felkin-Anh model.
2. Chiral auxiliary controlled asymmetric synthesis: a-Alkylation of chiral enolates,
azaenolates, imines and hydrazones. Chiral sulfoxides. 1, 4-Asymmetric induction
and Prelog’s rule. Use of chiral auxiliaries in Diels-Alder and Cope reactions.

3. Chiral reagent controlled asymmetric synthesis: Asymmetric reductions using
BINAL-H. Asymmetric hydroboration using IPC2 BH and IPCBH2. Reductions with
CBS reagent.

4. Chiral catalyst controlled asymmetric synthesis: Sharpless, Jacobsen and Shi
asymmetric epoxidations. Sharpless asymmetric dihydroxylation and amino
hydroxylation. Asymmetric hydrogenations using chiral Wilkinson biphosphine and
Noyori catalysts. Chiral catalyst controlled Diels- Alder and Michael reactions,
Organocatalytic mediated asymmetric synthesis.

Part-lll: Total Synthesis of Biological Active Compounds

Suggested Books

1. Nasipuri, D., Stereochemistry of Organic Compounds, New Age Publications,
2" Ed, 1994

2. Eliel, E. et. al. Stereochemistry of Organic Compounds, Wiley-Interscience,
1994.

3. Carruthers, et. al. Modern Methods of Organic Synthesis, Cambridge University
Press, 4" Ed. 2005

4. Robert E. Gawley, R. E. Gawley, J. Aube, Principles of Asymmetric Synthesis
Pergamon Title, Annotated Ed. 2004,

5. Nogradi, M.; Stereoselective Synthesis: A Practical Approach, Wiley-VCH, 2™
Ed. 1994.

6. List. B. et.al. Asymmetric Organocatalysis, Springer 1% Ed. 2010

7. Song, C. E.; Cinchona Alkaloids in Synthesis and Catalysis: Ligands,
Immobilization and Organocatalysis, Wiley-vch Verlag Gmbh, 2009
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Course Code

CH 797 (Autumn Semester)
CH 798 (Spring Semester)

Title of the Course

Seminar Course

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

Name of the Chemistry

Concerned

Discipline

Pre-requisite, if None

any

Scope of the
course

Course Syllabus

In this course a PhD student has to present seminar/presentation or a series
of presentations on a topic(s) chosen by him/her in consultation with his/her
PhD Thesis Supervisor/ Faculty Advisor. The frequency of
seminar/presentation will be decided by the Course Coordinator.

Textbook

None

Other references

Books and research publications in various journals
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Course Structures of

MSc (2 year), MSc+PhD Dual Degree, and
PhD Programs
in
Physics
and
Syllabi of Courses
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Course Structure of MSc (2 year) and MSc + PhD Dual Degree Program in

Physics

Qualifying Degree: 1. Bachelor’'s degree with Physics as a subject for at least two years/four semesters

and Mathematics for at least one year/two semesters. AND 2. JAM qualification in Physics

Eligibility: The first class in the qualifying degree i.e. (i) A minimum of 60 % marks for GEN/OBC (55% for
SC/ST) category in aggregate or as specified by the university/institute OR (ii) A minimum CPI of 6.0 for
GEN/OBC (5.5 for SC/ST) category on the scale of 10; with corresponding proportional requirements when
the scales are other than on 10 (for example 4.8 for GEN/OBC category (4.4 for SC/ST) on a scale of 8)

OR (iii) A first class as specified by the university/institute.

Duration of the Program: Two years full-time.

Course Structure for two-year Full-time M.Sc. (Physics) Program
1* Year: Semester-|

Course code Course Title Contact Hours Credits
(L-T-P)
PH 601 Electrodynamics 3-0-0 3
PH 603 Classical Mechanics 3-0-0 3
PH 611 Fundamental of Quantum Mechanics 3-1-0 4
PH 651 Mathematical Methods 3-0-0 3
PH 691 Physics Laboratory-I 0-0-8 4
Total minimum credits earned during the semester 17
Additional course (as per the requirement basis)
HS 641 English Communication Skills 2-0-2 PP/NP
1* Year: Semester-II
Course code Course Title Contact Hours Credits
(L-T-P)
PH 620 Statistical Mechanics 3-0-0 3
PH 622 Fundamentals of Solid State Physics 3-0-0 3
PH 624 Electronics 3-0-0 3
PH 660 Nuclear and Particle Physics 3-0-0 3
PH 692 Physics Laboratory-I| 0-0-8 4
PH 698 PG Seminar Course 0-2-0 2
Total minimum credits earned during the semester 18
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2" Year: Semester-lll

Course Course Title Contact Hours Credits
code (L-T-P)
ZZ XXX Elective-I X-X-X 3
PH 799 M.Sc. Research Project (Stage-I: may cover concepts 0-0-36 18
of experimental methods, numerical techniques,
optics, atomic and Molecular Physics)

Total minimum credits earned during the semester 21
2" Year: Semester-1V
Course Course Title Contact Hours Credits
code (L-T-P)
PH 800 M.Sc. Research Project (Stage-Il) 0-0-36 18
Total minimum credits to be earned during the program 74

List of Physics Courses for Elective-l ©

Course code Course Name Contact Hours Credit
(L-T-P)
PH 671 /IPH 471 | Relativity, Cosmology, and the Early Universe 2-1-0 3
PH 674 /IPH 474 | Basics of Radio Astronomy 2-1-0 3
PH 721 Advanced Materials 2-1-0 3
PH 722 X-ray Spectroscopy 1-2-0 3
PH 745 Laser Physics 2-1-0 3
PH 761 Theoretical Particle Physics 2-1-0 3
PH 765 Experimental Techniques in High Energy Physics 2-1-0 3
PH 781 Theory of Complex Systems 2-0-2 3

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

NOTE:

1. The conversion from M.Sc. to PhD program to be considered after evaluating the research potential of
the promising and motivating PG students at the end of the third semester of their program.

2. In the case when a student who moves to the Dual Degree Programme but cannot complete the
requirements of a PhD, an exit option with the M. Sc. degree can be earned at the end of the final
semester of the normal M.Sc. Programme by letting the M.Sc. Research Project be examined in the
standard manner as per the requirements for the award of an M.Sc. degree.

3. The enhancement in the scholarship, if any, from M.Sc. to PhD 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, whichever
later.
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Course Structure for PhD Programme in Physics
(from AY 2010-11 to 2012-13)

(A) Semester-l (Autumn / Spring)

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

1 PH 601 Electrodynamics 3-0-0-3

2 PH 651 Mathematical Methods 3-0-0-3

3. PH xxx Elective-I| X-X-X-3

4 PH 797* / PH 798* Ph.D. Seminar Course 0-2-0-2

(B) Semester-ll (Spring / Autumn)

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

1 PH 610 Quantum Mechanics 3-0-0-3

2 PH 620 Statistical Mechanics 3-0-0-3

3 PH 650 Numerical Methods 2-0-2-3

4 PH 798* / PH 797* Ph.D. Seminar Course 0-2-0-2

Physics course for the Elective-I

S.No. Course Code Course Name Contact Hours
(L-T-P-C)
1 PH 621 Solid State Physics 3-0-0-3
2 PH 671 /I1PH 471 Relativity, Cosmology and the Early Universe 2-1-0-3
3 PH 674/ IPH 474 Basics of Radio Astronomy 2-1-0-3
4 PH 761 Theoretical Particle Physics 2-1-0-3
5 PH 765 Experimental Techniques in High Energy Physics 2-1-0-3
6 PH 781 Theory of complex systems 2-0-2-3
Note:

1. MTech/MPhil qualified candidates have to do one semester coursework (with two-three PG level
courses) while MSc/BTech qualified candidates have to do two semester course work (with
minimum five PG level courses).

2. All core courses are compulsory in semester-I (Autumn).

3. Only two courses out of the three core courses PH 610, PH 620 and PH 650 are compulsory in
semester-ll (Spring).

* PhD 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 Structure for PhD Programme in Physics

(for AY 2013-14)
(A) Semester-l (Autumn / Spring)
Sr. Course code Course Name L-T-P-Credits
No.
1 PH 613 Developments in early 20™ century in Physics 2-1-0-3
2 ZZ XXX Elective-I* X-X-X-3
3 Z7Z XXX Elective-II* X-X-X-3
4 PH 797* / PH 798* | Ph.D. Seminar Course 0-2-0-2
(B) Semester-ll (Spring / Autumn)
Sr. Course code Course Name L-T-P-Credits
No.
1 PH 652 Mathematical Methods, Electrodynamics and 2-1-0-3
Applications
2 | ZZ xxx Elective-III* X-X-X-3
ZZ XXX Elective-IV* X-X-X-3
4 | PH797*/PH798* | Ph.D. Seminar Course 0-2-0-2

Physics Courses for Elective | - IV @

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

disciplines.
Sr. Course code Course Name L-T-P-Credits
:I-O- PH 671/ IPH 471 Relativity, Cosmology, and the Early Universe 2-1-0-3
2. PH 674 / IPH 474 | Basics of Radio Astronomy 2-1-0-3
3. PH 721 Advanced Materials 2-1-0-3
4. | PHT722 X-ray Spectroscopy 1-2-0-3
5. PH 745 Laser Physics 2-1-0-3
6. PH 761 Theoretical Particle Physics 2-1-0-3
7. PH 765 Experimental Techniques in High Energy Physics 2-1-0-3
8. PH 781 Theory of Complex Systems 2-0-2-3
9. PH 790 Statistical Methods in Physical Sciences 2-1-0-3

Notes:

1. MTech/MPhil qualified candidates have to do one semester coursework (with two-three PG level courses)
while MSc/BTech qualified candidates have to do two semester course work (with minimum five PG level
courses).

2. Itis expected that a total of 5 courses will be taken by Ph.D. students in Physics apart from the Seminar

course, which is 2 credits and can be taken in either semester.

The student may take 2 courses in the first semester and 3 in the second, or vice versa.

* PhD Seminar course can be taken either in Autumn or in Spring Semester or both as suggested by the

Faculty Advisor/Thesis Supervisor.

Pw
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Course Structure for PhD Programme in Physics

(from AY 2014-15)
(A) Semester-l (Autumn / Spring)
Sr. Course code Course Name L-T-P-Credits
No.
1 ZZ XXX Elective-I X-X-X-3
2 ZZ XXX Elective-I| X-X-X-3
3 Z7Z XXX Elective-lll X-X-X-3
4 PH 797* / PH 798* | Ph.D. Seminar Course 0-2-0-2
(B) Semester-ll (Spring / Autumn)
Sr. Course code Course Name L-T-P-Credits
No.
1 Z7Z XXX Elective-IV X-X-X-3
2 | ZZ xxx Elective-V X-X-X-3
3 | ZZ xxx Elective-VI X-X-X-3
4 PH 797* / PH 798* | Ph.D. Seminar Course 0-2-0-2

Physics Courses for Elective | -VI (In addition to these courses, a student can also choose from the PhD

coursess being offered by the other disciplines.)

Sr. Course code Course Name L-T-P-Credits
:l.o- PH 613 Developments in early 20" century in Physics 2-1-0-3
2. PH 652 Mathematical Methods, Electrodynamics and 2-1-0-3
Applications
3. PH 671/ IPH 471 Relativity, Cosmology, and the Early Universe 2-1-0-3
4, PH 674 / IPH 474 | Basics of Radio Astronomy 2-1-0-3
5. PH 721 Advanced Materials 2-1-0-3
6. | PH722 X-ray Spectroscopy 1-2-0-3
7. PH 725 Characterization of Surfaces and Interfaces of Materials 2-0-2-3
8. PH 745 Laser Physics 2-1-0-3
9. PH 761 Theoretical Particle Physics 2-1-0-3
10. | PH 765 Experimental Techniques in High Energy Physics 2-1-0-3
11. | PH 781 Theory of Complex Systems 2-0-2-3
12. | PH 790 Statistical Methods in Physical Sciences 2-1-0-3

NOTE: 1. A PhD student having MSc/ BTech/ BE or equivalent qualification has to do 5 to 7 PhD level courses of
at least 3 credits each and 1-2 PhD seminar courses at least 2 credits each. Minimum number of courses will be 5
PhD level courses and one PhD seminar course (minimum coursework of 17 credits).

2. A PhD student having MTech/ME//MPhil qualification has to do one semester coursework (with 2-3 PhD level
courses) Minimum number of courses will be 2 PhD level courses and one PhD seminar course (i.e. (minimum
coursework of 8 credits).

* PhD 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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1. | Course Code PH 601
Title of the Course Electrodynamics
Credit Structure L-T- P-Credits
3-0-0-3
4. | Name of the Concerned | Physics
Discipline
5. | Pre-requisite, if any Vector calculus and Special Theory of Relativity
6. | Scope of the Course
7. | Course Syllabus Brief review of Electromagnetism: Vector Calculus, Greens Function,
Coulomb's law, 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.
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.
8. | Suggested Books Text:

1. J. D. Jackson, Classical Electrodynamics (3™ edition), John-Wiley &
Sons, 1998.

2. W. Greiner, Classical Electrodynamics, Springer International
Edition.

References:

1. D. J. Griffiths, Introduction to Electrodynamics (3rd edition), Prentice
Hall, 1989.

2. R. P. Feynman et al, The Feynman Lectures on Physics, Narosa
Publishing, 2008.

3. J. R. Ritz et al. Foundations of Electromagnetic Theory (4™ edition),
Pearson.
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Course Code

PH 603

Title of the Course

Classical Mechanics

Credit Structure

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

Name of the
Discipline

Physics

Pre—requisite, if any

None

o

Scope of the Course

Course Syllabus

An overview of the Lagrangian formalism: Some specific application of
Lagrange's equation, small oscillations, normal modes and frequencies,
Rigid bodies: Independent coordinates, orthogonal transformations and
rotations (finite and infinitesimal); Euler's theorem, Euler's angles; Inertia
tensor and principal axis system; Euler's equation;

Hamilton's Principle: Calculus of variations; Hamilton's principle; Legendre
transformation and Hamilton's canonical equations; Canonical equations
from a variational principle; Principle of least action. Noether's theorem and
conservation of charges.

Canonical transformations: Generating functions; example of canonical
transformations; group property; Integral variants of Poincare; Lagrange and
Poisson brackets; Infinitesimal canonical transformations; Conservation
theorem in Poisson bracket formalism; Jacobi's identity; Angular momentum
Poisson bracket relations

Hamilton-Jacobi theory: The Hamilton Jacobi equation for Hamilton's
principle function; The harmonic oscillator problem; Hamilton's
characteristics; Action angle variables.

Special Theory of Relativity: Lorentz transformations; 4-vectors, Tensors,
Transformation properties, Metric tensor, Raising and lowering of indices,
Contraction, Symmetric and antisymmetric tensors; 4-dimensional velocity
and acceleration; 4-momentum and 4-force; Covariant equations of motion;
Relativistic kinematics (decay and elastic scattering); Lagrangian and
Hamiltonian of a relativistic particle.

Suggested Books

1. H. Goldstein, C. P. Poole and J. L.. Safko, Classical Mechanics (3rd

edition), Addison Wesley, 2001.

J. R. Taylor, Classical Mechanics, Uni. Science Books, 2005.

3. L.D. Landau, E. M. Lifshitz, Course of Theoretical Physics - Vol. 1 (3"
edition), Butterworth-Heinermann, 1976.

4. V. |. Amold, Mathematical Methods of Classical Mechanics (2nd
edition), Springer, 1988.

5. J. B. Marion and S. T. Thornton, Classical Dynamics of Particles and
Systems (4" edition), Holt Rinehart & Winston, 1995

6. A. K. Raychaudhuri, Classical Mechanics: A Course of Lectures (1
edition), Oxford University Press, 1984.

7. E. C. G. Sudarshan, Classical Dynamics: A Modern Perspective (1%
edition), John Wiley & Sons, 1974.

A
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Course Code PH 610
Title of the Course Quantum Mechanics
Credit Structure L-T-P-Credits
3-0-0-3
Name of the Physics

Concerned Discipline

Pre—requisite, if any

An undergraduate course in Quantum Mechanics is preferred, though not
necessary.

Scope of the Course

To impart a systematic exposition of basic concepts, techniques and
methods in quantum mechanics to the graduate students so that they can
confidently apply them in various fields of study and research.

Course Syllabus

Fundamental Concepts : The Stern-Gerlach experiment, Kets bras and
operators, Base kets and matrix representations, Measurements,
observables and the uncertainty relations, change of basis, position ,
momentum and translation, wave functions in position and momentum space
Quantum dynamics : Time evolution and the Schrodinger equation, The
Schrodinger versus the Heisenberg picture, Simple harmonic oscillator,
Schrodinger’s wave equation

Theory of angular momentum : Rotation and angular momentum
commutation relations, spin 2 systems and finite rotations, SO(3), SU(2) and
Euler rotations, Density operators and pure vs mixed ensembles,
Eigenvalues and eigenstates of angular momentum, Orbital angular
momentum, addition of angular momenta, Tensor operators

Approximation methods : Time independent perturbation theory (Non
degenerate case), Time-independent perturbation theory (The dependent
case), hydrogen like atoms (Fine structure and Zeeman effect), Variational
methods, Time dependent potentials (The interaction picture), Time
dependent perturbation theory, Energy shift and decay width

Scattering theory: The Lippman-Schwinger equation, Optical theorem. Born
approximation, Free particle states (Plane waves vs spherical waves),
method of partial waves.

Textbook

1. J.J. Sakurai , Modern quantum mechanics .
2. “Quantum mechanics” by E. Merzbacher, 3" edition.
3. "Quantum mechanics" by A. Messiah.
4. *Quantum mechanics”, Course of theoretical physics, Vol. 3, 3™ edition
by L. Landau and L. Liftshitz.
"A Modern Approach to Quantum Mechanics" by J. Townsend.
"Quantum Mechanics" (Feynman lectures of physics vol. 3) by R.
Feynman.
“Quantum mechanics” by Schiff.
"Lectures on Quantum Mechanics" by G Baym.
"Quantum Mechanics" by C. Cohen-Tannoud;ji, B. Diu, F. Laloé.
. "Quantum mechanics" by A. S. Davydov.
. "Principles of Quantum Mechanics" by R. Shankar

o o

- o © o N
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Course Code

PH 611

Title of the Course

Fundamental of Quantum Mechanics

Credit Structure L-T- P-Credits
3-1-0-4
Name of the Physics

Concerned Discipline

Pre—requisite, if any

An undergraduate course in Quantum Mechanics/ Modern physics is helpful,
but not necessary.

Scope of the Course

To build up fundamental concepts in quantum mechanics as a precursor to
study its applications in various branches of physics.

Course Syllabus

Fundamental Concepts: Wave particle duality, The Stern-Gerlach experiment,
Kets, bras and operators, Base kets and matrix representations, Measurements,
observables and the uncertainty relations, change of basis, position , momentum
and translation, wave functions in position and momentum space

Quantum dynamics: Time evolution and the Schrodinger equation, The
Schrodinger versus the Heisenberg picture, Simple harmonic oscillator,
Schrodinger’s wave equation ,WKB approximation, Tunneling through a barrier
Theory of angular momentum: Rotation and angular momentum commutation
relations, spin Y2 systems and finite rotations, SO(3), SU(2) and Euler rotations,
Eigenvalues and eigenstates of angular momentum, Orbital angular momentum,
addition of angular momenta, Wigner-Eckart theorem, Tensor operators.
Approximation methods: Time independent perturbation theory (Non degenerate
case), Time-independent perturbation theory (The dependent case), hydrogen like
atoms (Fine structure and Zeeman effect), Variational methods, Time dependent
potentials (The interaction picture), Fermi's Golden Rule; Selection rules; Time
dependent perturbation theory, Energy shift and decay width

Identical particles: Pauli's exclusion principle, spin-statistics connection;
Scattering theory: The Lippman-Schwinger equation, Optical theorem. Born
approximation, Free particle states (Plane vs spherical waves)

Relativistic Quantum Mechanics: Klein-Gordon equation, Feynman-Struckelberg
interpretation of negative energy states and concept of antiparticles; Dirac equation;
Plane wave solution and momentum space spinors; Spin and magnetic moment of
the electron; Non-relativistic reduction; Helicity and chirality; Properties of matrices;
Charge conjugation; Normalisation and completeness of spinors.

Suggested books

Text Book:

1. J. J. Sakurai, Modern Quantum Mechanics (2nd edition), Addison

Wesley, ISBN:978-0805382914.

Reference books:

1. E. Merzbacher, Quantum mechanics (3rd edition), Wiley ISBN:978-
0471887027.

2. A. Messiah, Quantum mechanics, Dover, ISBN:978-0486409245.

3. L. Landau and L. Liftshitz, Quantum mechanics - Vol. 3 (3rd edition),
Butterworth-Heinemann, ISBN: 978-0750635394.

4. J. Townsend, A Modern Approach to Quantum Mechanics, University
Science Books, ISBN:978-1891389788.

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

6. Schiff, Quantum mechanics, McGraw-Hill ISBN:978-0070856431.

7. G Baym, Lectures on Quantum Mechanics, Benjamin / Cummings ISBN:978-
0805306675.

8. C. C. Tannoudji, B. Diu, F. Laloé, Quantum Mechanics, Wiley-Interscience;
ISBN:978-0471569527.

9. A. S. Davydov, Quantum mechanics, Pergamon Press, [|SBN:978-
0080204376.

10. R. Shankar, Principles of Quantum Mechanics, Springer, ISBN:978-
0306447907.
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1. | Course Code PH 620
Title of the Course Statistical Mechanics
Credit Structure L-T-P-Credits
3-0-0-3
4. | Name of the Concerned Physics
Discipline
5. | Pre—requisite, if any
6. | Scope of the Course
7. | Course Syllabus Review of thermodynamics, Introduction to statistical methods,
elementary probability theory, random variable, binomial, Poisson,
normal distribution, random walk, micro canonical ensemble,
canonical ensemble, grand canonical ensemble, formulation of
quantum statistics
Semi-classical systems, unified treatment of ideal Fermi and Bose
systems, Bose condensation, degenerate Fermi gas Phase transition,
Ising model, thermal fluctuations, Langevin and generalized Langevin
equations
8. | Suggested Books 1. R. K. Pathria, Statistical Mechanics, Oxford, New York.

2. K. Huang, Statistical Mechanics (2nd edition), John Wiley &
Sons.

3. W. Greiner, L. Neise and H. Stoker, Thermodynamics and
Statistical Mechanics, Springer.

4. D. Chandler, Introduction to Modern Statistical Physics, Oxford
University Press.
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Course Code

PH 621

Title of the Course

Solid state physics

Credit Structure 3-0-0-3
Name of the Physics
Concerned

Discipline/Discipline
Pre—requisite, if any None

Scope of the Course

To expose graduate students to a broad range of theoretical concepts, ideas
and approaches applied in solid state physics and condensed matter,
emphasizing those based on quantum mechanics and collective phenomena.
In addition, this course gives exposure to students to major current fields of
research in this subject.

Course Syllabus

Sommerfield theory, Crystal structure and symmetry, Reciprocal lattice,
Bloch Theorem, electrons in weak periodic potential, Band structure, tight
binding method, semiclassical method of electron dynamics, de Haas-van
Alphen effect and other Fermi surface probes, Hartree-Fock equations,
Screening, Thomas-Fermi theory, Fermi Liquid theory, classical and quantum
theory of harmonic crystals, phonons, electron-phonon interactions,
diamagnetism and paramagnetism, magnetic structure, ordering and
properties, superconductivity and superfluids.

Textbook

“Solid State physics” by Ashcroft and Mermin

Suggested References

“Introduction ot solid state physics” by Charles Kittel

“Condensed matter physics” by Micheal P. Marder

“Solid State Physics” by Grosso and Parravicini

“Advanced solid state physics” by Philips and Philips

“Theory of solids” by Ziman

“Introduction to superconductivity” by Tinkham

“Quantum phase transitions” by Subir Sachdev

“Condensed matter field theory” by Atlands and Simons

“Quantum field theory of many particle systems” by Fetter and Walecka

©CeNOORWON =
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Course Code

PH 622

2. | Title of the Course Fundamentals of Solid State Physics

3. | Credit Structure L-T-P-Credits
3-0-0-3

4. | Name of the Concerned | Physics

Discipline

5. | Pre-requisite, if any None

6. | Scope of the Course

7. | Course Syllabus Crystal lattices, Reciprocal lattice, Bonding & Packing in crystals;
Diffraction, Structure factor; Point and Space groups; Phonons, elastic
and thermal properties, lattice specific heat, anharmonic effects,
Umklapp processes, Defects and dislocations; Free electron theory,
Drude model, Sommerfield theory; Band theory of solids, Kronig-
Penney Model; Metals and Insulators, Semiconductors, Concept of
hole, Hall effect, Thermoelectric power; Optical and Dielectric properties
of solids, Ferroelectric Materials; Magnetic ordering, dia-, para-, ferro-
and anti-ferromagnetism, spin-waves; Superconductivity, type—I, type -
Il superconductors, D.C and A.C Josephson effect; Mean Field Theory;
Fluctuation Dissipation Theorem; Mott transition (metal —insulator
transition)

8. | Suggested Books Textbook:

1. C. Kittel, Introduction to Solid State Physics (7" Edition), John
Wiley & Sons.
2. Ashcroft and Mermin, Solid State Physics, Thomson Press (India)
Ltd.
Reference Books:
1. A. J. Dekker, Solid State Physics, MacMillan India Ltd.
2. M. Ali Omar, Elementary Solid State Physics: Principles and
Applications, Addison Wesley.
3. J. M. Ziman, Principles of the Theory of Solids, Cambridge
University Press.
4. M. Tinkham, Introduction to superconductivity (2" edition), Dover
Publications.
5. A. R. Verma and O. N. Srivastava, Crystallography for Solid state
Physicists, Narosa Publishing.
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1. | Course Code PH 624
Title of the Course Electronics
Credit Structure L-T- P-Credits
3-0-0-3
4. | Name of the Concerned | Physics
Discipline
5. | Pre—requisite, if any Solid state Physics, Electrodynamics
6. | Scope of the Course
7. | Course Syllabus Review of Semiconductor Device Physics: Effect of Doping on Fermi
level and Concept of Junctions; Junction Characteristics and its
application as a diode, transistor and field effect transistors.
Application of diodes and transistors in Rectifier circuits, Filters circuits
and Regulated power supplies. AC and DC transformers. Oscillators.
Optoelectronic Devices: Introduction to interaction of radiation with
matter, Solar Cells, Photo-detectors (scintillation detector), High purity
Germanium Detector, GM Counter, Single Channel and Multichannel
analyzer.
Digital Electronic: Review of digital electronics including number
system and Logic gates. Digital techniques and applications (registers,
counters, comparators and similar circuits); A/D and D/A converters;
operational amplifiers and their applications; microprocessor and
microcontroller basics.
Introductory Signal Analysis: Introduction to Signal Analysis and its
applications.
Introduction to Electronic Instrumentation and Measurement
techniques: Transducers and their applications, sensors and physical
principles of various types of sensors.
AC, DC, and Stepper motors
8. | Suggested Books 1. J. M. Christos, C. Halkias and S. Jit, Electronic Devices and

Cricuits, McGraw Hill, International student edition. ISBN:
0070634556.
2. S.M. Sze, Physics of semiconductor devices, Wiley-

Interscience,1969.

3. A. P. Malvino and J. A Brown, Digital Computer Electronics, Tata
McGraw-Hill Education ISBN: 0028005945.

4. A. Kitai, Principles of Solar Cells, LEDs and Diodes: The role of
the PN junction, Wiley-Interscience, 2011, ISBN: 1444318330.

5.D. P. Leach and A. P. Malvino, Digital Principles and
Applications, ISBN: 978-0028018218.

6. R. L. Boylestad and L. Nashelsky, Electronic Devices and Circuit
Theory, ISBN: 978-0131189058.

7. W. D. Cooper, Electronic Instrumentation and Measurements
Techniques, PHI India.
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1. | Course Code PH 650
Title of the Course Numerical Methods
Credit Structure L-T-P-Credits
2-0-2-3
4. | Name of the Concerned | Physics
Discipline
5. | Pre—requisite, if any Basic Knowledge of Computer and any computer language
6. | Scope of the Course
7. | Course Syllabus Computational Algorithms: Structure of a Computer, some examples of
algorithms
Computer Arithmetic: Floating point representation of numbers, errors in
numbers, Binary representation of numbers
Iterative Methods: The method of successive bisection, the method of
false position, Newton Raphson lIterative method, The Secant method, The
method of successive approximations
Solution of simultaneous Algebraic Equations: Gauss elimination
method, gauss Siedel iterative method
Interpolation: Lagrange interpolation
Least Squares approximation of Functions: Linear regression,
polynomial regression
Approximation of functions: Taylor Series representation, Chebyshev
series
Differentiation and Integration: Simpson's rule, Gaussian quadrature
formulae
Numerical Solution of Differential equations: Euler's method, Taylor
Series method, Runge-Kutta method, Predictor-corrector method
8 | Textbook 1. V. Rajaraman, Computer oriented numerical methods , Prentice-Hall of

India

2. James M. Ortega, Andrew S. Grimshaw, An Introduction to C++ and
Numerical Methods , Oxford University Press, USA

3. B.H. Flowers An Introduction to Numerical Methods in C++, Oxford
university Press

4. Bradley L. Jones, Sams Teach Yourself C++ in 21 Days Sams; 5
edition (December, 2004)
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1. | Course Code PH 651

2. | Title of the Course Mathematical Methods

3. | Credit Structure L-T-P-Credits
3-0-0-3

4. | Name of the Concerned| Physics

Discipline

5. | Pre—requisite, if any None

6. | Scope of the Course

7. | Course Syllabus Vector Analysis: Curvilinear coordinates, Concept of geometry: lines
and planes, Linear Algebra and Introduction to Tensors
Group Theory and Representation Theory: Lie algebras, Lie groups,
and some of their applications. Representation theory. Explicit
construction of finite-dimensional irreducible representations; Invariant
operators and their eigenvalues; Tensor operators. Boson and fermion
realizations; Differential realizations; Quantum dynamical applications
Complex analysis (residue calculus, method of steepest descent):
Single and multiple valued complex variables, singularities, poles and
branch points, Cauchy's conditions and theorem, mapping, dispersion
relations, complex integrations.
Differential equations and Green's functions: Ordinary differential
equations, partial differential equations, first and second order
equations, homogeneous and nonhomogeneous equations, singular
points, series solutions, Sturm-Liouville Theory
Integral Transforms: General properties of Fourier series, advantages
and applications of Fourier series, Fourier transforms, Laplace
Transforms
Special Functions: Bessel, Legendre, Laguerre, Hermite, Chebyshev,
Hypergeometric Functions, Spherical Harmonics.
Probability and Statistics: Probability distributions, Statistical
Inference.

8. | Suggested Books 1. G. B. Arfken and H. J. Weber, Mathematical Methods for

Physicists (6" edition), Academic Press, 2005.

2. S. Hassani, Mathematical Physics: A modern introduction to
its foundations, Springer-Verlag, 1999.

3. K. F. Riley, M.P. Hobson and S.J. Bence, Mathematical Methods
for Physics and Engineering: A Comprehensive Guide (3"
edition), Cambridge University Press.

4. E. Kreyszig, Advanced Engineering Mathematics (8" edition),
John Wiley & Sons,.

5. M.L. Boas, Mathematical Methods in the Physical Sciences (3rd
edition), John Wiley & Sons.
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Course Code PH 660
Title of the Course Nuclear and Particle Physics
Credit Structure L-T- P-Credits
3-0-0-3
Name of the Physics

Concerned Discipline

Pre-requisite, if any

An undergraduate course in Quantum mechanics/Modern Physics.

Scope of the Course

To introduce students with the concepts and important developments in
last century in our understanding of nucleus and elementary particles and
their interactions.

Course Syllabus

Basic nuclear properties: size, shape, charge distribution, spin and parity;
Binding energy, semi-empirical mass formula; Electric and magnetic
moments; Fermi gas model of nucleus; nuclear shell model; Liquid drop
model; Rutherford scattering; Fission and fusion; Atomic Reactors, Nature
of the nuclear force, form of nucleon-nucleon potential; Charge-
independence and charge-symmetry of nuclear forces; Isospin; Deuteron
problem; Evidence of shell structure, single- particle shell model, its validity
and limitations;

Rotational spectra; Elementary ideas of alpha, beta and gamma decays
and their selection rules; Electromagnetic transitions in nuclei multipole
radiation; Nuclear reactions, reaction mechanisms, compound nuclei and
direct reactions;

Classification of fundamental forces; Elementary particles (quarks,
baryons, mesons, leptons); quark model; Bag model; Symmetries and
Conservation laws; Spin and parity assignments, isospin, strangeness;
Gell-Mann-Nishijima formula; C, P, and T invariance and applications of
symmetry arguments to particle reactions, parity non-conservation in weak
interaction; Relativistic kinematics. Particle Accelerators and Detectors;
Experimental prospective of detection of elementary particles. Introduction
to QCD and Quark-Gluon Plasma (Qualitative).

Suggested books

1. W. E. Burcham and M. Jobes, Nuclear and Particle Physics, Addison
Wesley Longman Ltd., Harlow, 1995.

2. B. R. Martin and G. Shaw, Particle Physics, John Wiley and sons, Chicester,
1996.

3. G. D. Coughlan and J. E. Dodd, The ideas of particle physics, Cambridge
University Press, 1991.

4. N. G. Cooper and G. B.West (eds.), Particle Physics: A Los Alamos Primer,
Cambridge University Press,1988.

5. R. C. Fernow, Introduction to experimental Particle Physics, Cambridge
University Press, 1986.

6. F. Halzen and A. D. Martin, Quarks and Leptons: An introductory Course
in particle physics, John Wiley and Sons, New York, 1984.

7. F. E. Close, An introduction to Quarks and Partons, Academic Press,
London, 1979.

8. D. H. Perkins, Introduction to High Energy Physics, Cambridge University
Press, 2000.

9. D. Griffiths, Introduction to Elementary Particles, Wiley-vch Verlag Gmbh,
2008.

10. W. S. C. Williams, Nuclear and Particle Physics, Oxford University Press,
USA.

11. A. Das and T. Ferbel, Introduction to Nuclear and Particle Physics, World
Scientific Publishing Company, 2003.
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Course Code

PH 671/ 1PH 471

Title of the Course

Relativity, Cosmology, and the Early Universe

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

4. | Name of the Discipline | Physics

5. | Pre—requisite, if any Special Relativity, Basic Electrodynamics

6. | 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.

7. | Course Syllabus 1. Introduction to General Relativity: Einstein Equations (through
Action), Newtonian approximation, Schwarzschild metric, Classic
test(s) of General Relativity Schwarzchild Black Hole (Event
Horizon), Raychaudhuri Equation.

2. Theory of Special Relativity

3. Friedmann equations, density parameters and cosmological
models, Redshift, Particle and event horizon, Cosmic distance
ladder.

4. Cosmic Microwave Background: Boltzmann equation, Acoustic
Oscillations, Neutrino Temperature, Inhomogeneity to anisotropy,
Power Spectrum, Primordial Nucleosynthesis, Structure Formation,
Inflation

5. Current Research Topics in Cosmology: Dark Matter, Galaxy
Clusters, Dark Energy, Secondary Effects in the Cosmic Microwave
Background, Sakharov Condition, Inflationary theory.

8. | Suggested Books Text Books

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

2. S. Carroll, Spacetime and Geometry: An Introduction to General
Relativity, 2003, ISBN: 0-8053-8732-2.

3. J. A. Peacock, Cosmological Physics, Cambridge University

Press, 1998, ISBN: 9780521422703.

Reference Books

M. S. Longir, Galaxy Formation, Springer, 2008.

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

6. P.J. E. Peebles, Large-Scale Structure of the Universe, Princeton
University Press, 1980, ISBN: 0-6910-8240-5.

7. D. H. Lyth, & A. R. Liddle, The Primordial Density Perturbation,
Cambridge University Press, 2008, ISBN: 0-5218-2849-X.

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

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

10. S. Weinberg, The First Three Minutes, Basic Books, 1993, ISBN:

0- 4650-2437-8.

ra
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Course Code

PH 674 / IPH 474

Title of the Course

Basics of Radio Astronomy

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

4. | Name of the Discipline |Physics

5. | Pre—requisite, if any Basics of Electronics procedure of conducting experiments

6. | Scope of the Course This course is intended to impart the hands-on Astronomy to students. It
aims to introduce Radio Astronomy as well as basic instrumentation and
Engineering in Astronomy. It also aims to introduce students to the
basics of Extragalactic Astronomy and Cosmology.

7. | 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-|, Effects of the earth’s atmosphere, Basics of Radiative
Transfer, Antenna fundamentals—Il, Antenna Fundamentals—III.
Radio Interferometry: Introduction, Uses and Advantages, Essential
Ingredients of an interferometer.
Radiometers: from Voltages to Spectra, Galactic Astrophysics and
observations.
Extragalactic Astrophysics: Fundamentals, Galaxies, Clusters of
Galaxies, A brief introduction to cosmology, Astrophysics with 21 cm
emission.
Experiments:

1. Measuring Beam Patterns — 4 sessions

2. Measuring telescope aperture efficiency — 2 sessions

3. Measuring the brightness of the sun and the moon — 2 sessions

4. Galactic Observations — 21 cm — 4 sessions

5. Extragalactic Observations — 21 cm — 6 sessions

6. Cosmological Comtinuum and spectral line observations — 4

sessions
7. Final Projects — 8-10 sessions
8. | Suggested Books 1. B. Ryden, Introduction to Cosmology, Addison Wesley, 2003,

ISBN: 0-8053-8912-1
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Course Code PH 691

Title of the Course | Physics Laboratory-I|

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

Name of the Physics

Discipline

Pre—requisite, if any

Basics of Safety Procedures and Conduct in Laboratories

Scope of the Course

This course aims to introduce basic laboratory techniques in Physics
through experiments that will be conducted as Experimental Projects.
Students will be expected to attend laboratory sessions having familiarized
themselves with basic theory of the experiments. Every experiment would
be carried out in the form of a project, and students will be expected to
submit a report for every experiment.

Course Syllabus

1. Thermal diffusivity : teaches student how to do Fourier analysis of a periodic
function of time. Theory involves the diffusion equation which gives thermal
waves decaying in amplitude and changing in phase as they propagate.

2. Dielectric constant of benzene and dipole moment of acetone: explains
the difference between polar and non- polar molecules, the concept of the local
electric field different from the applied field, and the application of the Clausius-
Mosotti relation.

3. Verification of Curie-Weiss law for a ferroelectric using a ce- ramic
capacitor: The ceramic capacitor contains a ferroelectric material as a
dielectric with a Curie temperature around 20 °C. This provides a cheap and
convenient method of verifying Curie-Weiss law.

4. Thermal relaxation of a serial light bulb: This experiment verifies the
Debye’s relaxation formula which is of importance in many areas.

5. B-H curve using an integrator: Uses a hard material so that measurement of
the remanent induction, coercive field and energy loss in a cycle is easy. It also
uses an integrator and indicates how by integrating Farady’s law one may get
the flux change.

6. Calibration of a Lock in Amplifier and measurement of mutual inductance
of a coil and low resistance (below 1 Ohm): The Lock in amplifier illustrates
phase sensitive detection. One can ver- ify all laws of mutual inductance and
measure MI of about 100 phenry to an accuracy of 2 to 3% using a current less
than 1 milliampere.

7. Geiger-Muller Counter: i) Statistical nuclear counting ii) Verification of
Gaussian and Poissionian Distribution.

8. Feigenbaum and Chua circuits for non-linear dynamics: This indicates how
one goes from order to chaos in a deterministic non-linear system through a
process of bifurcations. The Chua circuit illustrates how a non-linear negative
resistive device can be built using op-amps and illustrates bifurcation in
frequencies and shows different types of attractors.

9. Tracing FM to PM transition in Ni and crystal structure transition in Shape
memory alloy through resistivity measurement: The experiments on phase
transitions illustrate how resistivity can be used to trace phase transitions.

10. Percolation: To measure the percolation threshold for conductivity and show
how conductivity varies near the threshold.

11. Michelson’s interferometry: Laser diffraction (single, double and multiple
slits, diffraction grating)

12. Fiber optics experiment: numerical aperture of optical fiber, study of single
and multi mode optical fibers. Calibration of an unknown source using Gama-
ray spectrometer.

Suggested Books

1. B. L. Worsnop and H. T. Flint, Advanced Practical Physics for Students,
Metheun & Co. Ltd.
2. J. B. Rajam, Atomic Physics.
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1. | Course Code PH 692
Title of the Course Physics Laboratory-Il
Credit Structure L-T- P-Credits

0-0-8-4

4. | Name of the Disciplinel Physics

5. | Pre-requisite, if any | Basics of Safety Procedures and Conduct in Laboratories

6. | Scope of the Course | This course aims to introduce basic laboratory techniques in Physics
through experiments that will be conducted as Experimental Projects.

7. | Course Syllabus 1. Study of half-wave and full wave rectifiers.
2. Designing regulated power supply (Zener diodes, regulators)
3. Study of transistor characteristics, Using transistor as an amplifier.
4. Designing a coupled amplifier.
5. Study of various oscillators.
6. Operational Amplifiers ( Adder, subtractor,Integrator and
Differentiator circuits)
7. 555 Timer circuits.
8. Logic gates (AND, OR, NOT, NAND, NOR) using ICs
9. Seven segment Decoder.
10. Flip Flops
11. Measurement of cosmic muon lifetime
12. Thin Films: Deposition, resistivity, reflectivity and thickness
measurement
13. Powder XRD

8. | Suggested Books 1. P. B. Zbar, A. P. Malvino, M. A. Miller, Basic Electronics: A Text

Lab Manual, McGraw Hill.

2. B. L. Worsnop and H. T. Flint, Advanced Practical Physics for
Students, Metheun & Co. Ltd.

3. J. B. Rajam, Atomic Physics.
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Course Code

PH 698

Title of the Course

PG Seminar Course

3. | Credit Structure L-T-P-Credits
0-2-0-2

4. | Name of the Concerned | Physics

Discipline

5. | Pre—requisite, if any Nil

6 | Course Objective To develop confidence and presentation skills of the student

7. | Course Syllabus In this course a PG student has to present seminar/presentation
or a series of presentations on a topic(s) chosen by him/her in
consultation with his/her PG Thesis Supervisor/ Faculty Advisor.
The frequency of seminar/presentation will be decided by the
Course Coordinator.

8. | Textbook None

8. | Other references Books and research publications in various relevant

journals/conference proceeding, etc.
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Course Code PH 721

Title of the Course Advanced Materials

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

Name of the Physics

Concerned Discipline

Pre—requisite, if any

Basics of solid state physics, electricity and magnetism

Scope of the Course

To introduce the students with the modern materials; their properties,
applications and associated phenomena.

Course Syllabus

Magnetism, correlations of structural, magnetic and electronic
properties, Direct and indirect exchange interactions.

Review of superconductivity, high temperature superconductors,
Josephson junctions, flux dynamics, recent advances in
superconductivity (MgB,, Fe-based superconductors, Borocarbide
superconductor etc.)

Dilute magnetic semiconductors, spin electronics and technology
based on it.

Ferroelectric, Multiferroic and Magnetoelectric materials.

Introduction to nanotechnology and nanoscience.

Colossal magnetoresistive manganites, Giant magnetoresistance,
Ferrites, magnetic multilayers, Chare-orbital ordering, Phase-
separation, Photofunctionality of some materials.

Shape memory alloys: NiTi and magnetic alloys

Recent/important discoveries in materials.

Suggested Books

1. M. Getzlaff, Fundamentals of magnetism, Springer, 2010.

2. N. A. Spaldin, Magnetic Materials: Fundamentals and Device
applications (2™ edition), Cambridge University Press, 2011.

3. Chaikin and Lubensky, Principles of condensed matter physics,
Cambridge University Press, 2000.

4. B. D. Cullity, C. D. Graham, Introduction to magnetic materials,
IEEE press and Wiley publications, 2009.

5. H. Ibach and H. Lutz, Solid State Physics: An introduction to
materials science, Springer, 2002.

6. Ashcroft and Mermin, Solid State Physics, Wiley Publications.

7. J. Singleton, Band Theory and Electronic Properties of solids,
Oxford University Press, 2001.

8. R. C. O'Handley, Modern Magnetic Materials: Principles and
Applications, Wiley-Interscience Publications, 2000.

9. R. E. Newnham, Properties of Materials: Anisotropy, Symmetry,
Structure, Oxford University Press, 2005.

10. D. C. Lagoudas, Shape Memory Alloys: Modeling and
Engineering Applications, Springer, 2008.

11.V. A. Chernenko, Advances in Shape Memory Materials:
Magnetic Shape Memory Alloys, Trans Tech Publications, 2008.
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Course Code

PH 722

Title of the Course

X-ray Spectroscopy

Credit Structure L-T-P-Credits
1-2-0-3
Name of the Concerned | Physics

Discipline

Pre—requisite, if any
(for the students)

Basic knowledge of Quantum Mechanics, Solid State Physics and Atomic
Physics

Scope of the course

To introduce the students to different X-ray based sophisticated
experimental probes that are widely used for modern day materials
research. Importantly, the techniques taught in this course will be
established at IIT Indore in near future and this course will be of immense
benefit to the students who would like to use these techniques.

Course Syllabus

Scattering of X-Rays, X-ray Diffraction (XRD) — Theory, Instrumentation,
Data Analysis — Introduction to Rietveld method, diffraction from amorphous
solids, small angle scattering, Reflectivity.

Photoelectron Spectroscopy — Instrumentation, Core-levels and Final
States, Low-Energy Satellites, Valance Band in Metallic solids and
Insulators, Quantitative and Qualitative Data analysis,

Other related processes — Auger Effect and ESCA, Inverse Photoelectron
spectroscopy, X-ray Fluorescence

Emission Spectroscopy — Resonant inelastic and Non-resonant X-ray
Emission Spectroscopy (RIXS and NXES), Theory, Instrumentation, Data
interpretation

X-ray Absorption: Near Edge and Extended X-Ray Absorption Fine
Structure (XANES and EXAFS), Transmission and Fluorescence method of
detection, X-ray Magnetic Circular Dichroism (XMCD), Data interpretation.
X-ray Spectrometers: Cauchois-type bent crystal X-ray spectrograph,
Johnson and Johansson spectrometers and two crystal x-ray spectrometers

Suggested Books

1. Elements of X-ray Diffraction (3™ Edition) — B. D. Cullity and S. R. Stock,
Prentice Hall, ISBN: 978-0201610918

2. Photoelectron Spectroscopy: Principles and Applications — Stefan
Hufner, Springer 2003, ISBN : 9783-54041-8023

3. Modern Spectroscopy (4" Edition), — J. Michael Hollas, John Wiley &
Sons, Ltd. ISBN: 978-0-470-84416-8

4. X-Ray absorption : principles , applications, techniques of EXAFS,
SEXAFS and XANES - Ed. By D. C. Koningsberger and R. Prins, John
Wiley & Sons, ISBN: 978-0-47187-5475
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1. Course Code PH 725
2. [Title of the Course | Characterization of Surfaces and Interfaces of Materials
3. Credit Structure L-T- P-Credits
2-0-2-3
4. |Concerned Discipline | Physics
5. |Pre-requisite Basic Knowledge of Quantum Mechanics, and Mathematics.
6. [Scope of the course | To make the students to understand the mechanisms and applications of the

characterization techniques/methods commonly used in the experimental research.

Course Syllabus

Scattering: Introduction, Review of crystallography, unit cell notation; Nature of x-
rays, EM spectrum, generation of x-rays, spectra; Bohr model and transitions,
Relation to multiple techniques Interaction of EM radiation with matter, absorption,
Filters.

X-ray scattering: X-Ray Diffraction, Bragg's law; Intensities of diffracted beams,
Scattering, form factor, Structure factor; Single Crystal X-ray Diffraction; Powder X-
ray Diffraction; Grazing Incidence X-ray Diffraction (GIXRD); X-ray reflectivity to
characterize the surface and interfaces of thin films (<~100nm in A order
resolution); Small angle x-ray scattering (SAX), Wide angle x-ray scattering (WAX),
Grazing-Incidence Small-Angle x-ray Scattering (GISAXS). Application of these
techniques in characterization of soft-matters, thin films and nano-materials;
Neutron Scattering; Counters; Advantage of use of Synchrotron; Radiation for
material characterization.

Spectroscopy: Near Edge X-ray Absorption Fine Structure (NEXAFS)
Spectroscopy for organic materials and extension to EXAFS; Electronic
Spectroscopy: Vacuum ultraviolet (VUV), UV-visible spectroscopy of organic
materials/thin films; Surface spectroscopies based on electrons or photons or ions:
X-ray Photo Electron Spectroscopy (XPS), Electron Energy Loss Spectroscopy
(EELS), Secondary lon Mass Spectroscopy (SIMS)

Microscopy: SEM; TEM (HRTEM, SAD), High Angle Annular Dark field STEM
(HAADF STEM); SPM (STM, AFM).

NMR: Basics and application to biological structure determination; Vibrational
spectroscopies: IR and Raman.

Suggested books

1. P.EJ. Flewitt and R.K. Wild, Physical Methods for Materials
Characterization, Taylor & Francis (2003).

2. H.H. Willard, L.L. Merritt, Jr., J.A. Dean, F.A. Settle, Jr. Instrumental Methods
of Analysis, Wadsworth Publishing Company (1988).

3. B.D. Cullity and S.R. Stock, Elements of X-Ray Diffraction, Prentice Hall
(2001).

4. Jens Als-Nielsen, Elements of Modern X-ray Physics, (2”d Edition). John
Wiley & Sons, Ltd. (2011)

5. G.F. Knoll, Radiation Detection and Measurement, Wiley (2010).

6. C.N. Banwell and E.M. McCash, Fundamentals of Molecular Spectroscopy,
McGraw-Hill College (1994).

7. D.C. Harris, M.D. Bertolucci, Symmetry and Spectroscopy — An Introduction

to Vibrational and Electronic Spectroscopy, Oxford University Press, USA,

Dover publications (1989).

J.M Hollas, Modern Spectroscopy, Wiley (2004).

J. Stéhr, NEXAFS Spectroscopy, Springer (2003).

0. D.B. Williams, C. B.Carter, Transmission Electron Microscopy: A Textbook

for Materials Science, Plenum Press: New York, 1996.

12. E.E. Hunter, Practical Electron Microscopy: A Beginner's lllustrated Guide,
Cambridge University Press (1993).

13. J.W. Edington, Practical Electron Microscopy in Materials Science
Macmillan- Philips Technical Library (1974).

14. J.K.M. Sanders and B.K. Hunters; Modern NMR Spectroscopy. Oxford Univ.
Press (1987).

15. A.Rahman and M.l.Choudhary; Solving Problems with NMR Spectroscopy.
Academic Press (1996)

S3©®
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Course Code

PH 745

Title of the Course

Laser Physics

Credit Structure L-T- P-Credits
2-1-0-3
4. | Name of the Concerned| Physics
Discipline
5. | Pre-requisite, if any Fundamentals of Quantum Mechanics and Basic Modern Physics
6. | Scope of the Course To understand various aspects of Lasers
7. | Course Syllabus Spontaneous and stimulated emission, Einstein A & B coefficients;
Lasers, optical pumping, population inversion, rate equation; Modes of
resonators and coherence length,
Techniques for the control of laser output employing Q-switching,
mode locking and mode-dumping. Optical cavity design and laser
stability criteria. Description of common types of conventional lasers.
Physic of semiconducting optical materials, degenerate
semiconductors and their Homojunctions and Hetrojunctions. Light
emitting diodes (LED’s) junction lasers, Laser systems and
applications.
8. | Suggested books Textbook:

1. O. Svelto, Principles of Lasers, ISBN: 978-1441913012.

Reference Books:

1. K. Thyagarajan and A. K. Ghatak, Lasers: Theory and
Applications, ISBN: 9780333904466.

2. W.T. Silfvast, Laser Fundamentals, ISBN: 9780521138475.

3. G. Streetmen and Sanjay Banerjee, Solid state electronic
devices, ISBN: 81-7758-365-4.

4. A. Beiser, Concepts of Modern Physics, ISBN: 9780070495531.
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1. | Course Code PH 761
2. | Title of the Course Theoretical Particle Physics
Credit Structure L-T- P-Credits
2-1-0-3
4. | Name of the Concerned| Physics
Discipline
5. | Pre—requisite, if any Classical Mechanics, Fundamentals of Quantum Mechanics
6. | Scope of the Course
7. | Course Syllabus Review of Dirac Equation, Dirac Algebra, Review of Euler Lagrange
Equation, Canonical quantization of free and interacting fields, S-Matrix,
Wick’s theorem. Feynman Diagrams.
Quantum Electrodynamics: Tree level and higher order processes,
Regularization and Renormalization, group flow, LSZ formula,
Introduction to Lie groups.
Gauge theory: Gauge invariance in abelian and non-abelian gauge
theories, weak interactions, standard model and Higgs mechanism.
Beyond standard model physics.
8. | Suggested Books 1. Halzen & Martin, Quarks and Leptons: Introductory Course in

Modern Particle Physics.

D. Griffiths, Introduction to Elementary Particles.

A. Lahiri & P. B. Pal, A First Book of Quantum Field Theory.
Peskin & Schroeder, Quantum Field Theory.

Cheng & Li, Gauge Theory of Elementary Particle Physics.

ok wn
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Course Code PH 765
Title of the Course Experimental Techniques in High Energy Physics
Credit Structure L-T- P-Credits
2-1-0-3
Name of the Concerned | Physics

Discipline

Pre-requisite, if any

Special Theory of Relativity and Particle Physics

Scope of the Course

To familiarize students in the frontiers of detectors used in high energy
experiments, the physics of quark-gluon plasma, hadron physics and
techniques to handle large-scale data.

Course Syllabus

Interaction of Radiation with Matter: The Bethe-Bloch formula for
energy loss, Minimum lonizing particle (MIP), Cherenkov Radiation,
Radiation length, Bremsstrahlung, Interaction of Photon, Electron-
Photon Showers

Detectors for Particle Identification (principles and applications):
Energy Resolution, The Fano Factor, Detector Efficiency, Read-out and
Dead Time, Gaseous lonization Detectors, Proportional Counters, Multi
Wire Proportional Counter, Photon Multiplicity Detector, Drift Chamber,
Time Projection Chamber, Time of Flight Detector, Muon Chamber,
Transition Radiation Detector, Calorimeters (Electromagnetic and
Hadronic Calorimeters), Silicon Detectors for tracking, Scintillation
Detectors and Photomultipliers. Development of a prototype detector.
Accelerator Physics: Concepts of van de Graff, Cyclotron and Linac,
Colliders and Fixed target Experiments, Luminosity, Cross-sections,
Concept of Event Triggering.

Relativistic Kinematics: Lorentz Transformations; concept of four
vectors, proper time, transformation from laboratory to center of
momentum frame, Relativistic Kinematics, Hadron Physics, Quark
Gluon Plasma (QGP).

Data Analysis Techniques: Data Reduction and Error Analysis in High
Energy Experiments, Analysis framework and ROOT.

Suggested Books

1. W. R. Leo, Techniques for Nuclear and Particle Physics
Experiments (2™ edition), Narosa Publishing.

2. G. F. Knoll, Radiation Detection and Measurement (3rd edition),
John-Wiely and Sons.

3. C.Y.Wong, Introduction to High Energy Heavy-lon Collisions,
World Scientific publishing, 1994.

4. R. Vogt, Ultra-Relativistic Heavy lon Collisions (1% edition),
Elsevier Publishing, 2007.

5. S. Sarkar, The Physics of the Quark-Gluon Plasma, Springer,
2010, ISBN 978-3-642-02285-2.

6. J. R. Taylor, An Introduction to Error Analysis (2™ edition),
University Science Books.

7. P. R. Bevington, D. K. Rabinson, Data Reduction and Error
Analysis (3" edition), Mc Graw Hill.

8. R. Kaiser, Taylor & Francis, Hadron Physics, 2006.

9. Alex H. Blin, Hadron Physics, American Institute of Physics, 2000.

10. D. Griffiths, Introduction to Elementary Particles, Wiley-VCH
Verlag Gmbh, 2008.
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Course Code

PH 781

Title of the Course Theory of Complex Systems
Credit Structure L-T-P-Credits

2-0-2-3
Name of the Concerned | Physics

Discipline

Pre—requisite, if any

Knowledge of elementary probability and statistics.
Computer and Technical Requirement: Students should have a working
knowledge of a programming language such as Fortran, C or JAVA.

Scope of the Course

Course Syllabus

e Methods in complex systems, Nonlinearity, chaos and order

e Self-organization. Self-organization and emergence. Self-
organized criticality

e Edge of chaos and cellular automata cellular automaton
rules; Cellular automata as models of complex systems, sand
pile model, percolation

e Network theory: Characteristics of network topology.
Complex networks: Random networks, Small-world networks,
Scale-free networks, Spectral graph theory

e Multi-agent models, Game theory

Suggested Books

1. D. Sornette, Critical Phenomena in Natural Sciences: Chaos,
Fractals, Self-organization and Disorder: Concepts and Tools
(2" edition), Springer-Verlag, 2003.

2. R. Hilborn, Chaos and non-linear dynamics: An introduction for
scientists and Engineers, Oxford University Press, Oxford 2000.

3. R. Devaney, Differenetial equations, dynamical systems, and
introduction to chaos (pure and applied mathematics),
Academic Press, USA, 2004.

4. M. Tabor, Chaos and Integrability in non-linear dynamics: An
introduction, John Wiley and Sons, 1989.

5. B. Bollobas, Modern graph theory, Springer-Verlag, New York
1998.

6. N. Dorogovtsev and J. F. F. Mendes, Evolution of Networks,
Oxford University Press, Oxford, 2003.

7. S. Wasserman and K. Faust, Social Network Analysis, Cambridge

University Press, Cambridge, 1994.

C. D. Meyer, Matrix analysis and applied linear algebra, SIAM,

Philadelphia, USA, 2000.

o
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Course Code

PH 790

Title of the Course

Statistical Methods in Physical Sciences

Credit Structure L-T- P-Credits
2-1-0-3
Name of the Concerned | Physics

Discipline

Pre—requisite, if any

Some knowledge of numerical methods and any programming language,
preferably C++. Basics of Statistics.

Scope of the course

To familiarize students in various areas of experimental data analysis.

Course Syllabus

Review of Statistical Distributions: General properties of continuous
and discrete distributions: Binomial, Negative Binomial, Poisson,
Gaussian, Exponential, Breit-Wigner or Cauchy and other statistical
distributions with applications to physical systems.

Data Reduction and Error Analysis: Central limit theorem, rejection of
data, weighted averages, combination of errors, propagation of errors,
statistical and systematic errors, how to report and use uncertainties,
statistical distribution of random uncertainties.

Estimation and Least Squares: Properties of estimators, basic
estimators, maximum likelihood, method of moments, least squares, the
straight line fit, fitting binned data, chi square distribution and errors,
linear least squares and matrices, non-linear least squares, kinematic
fitting. Covariance and Correlations

Probability and Confidence: Probability and confidence levels,
student’s t-distribution

Taking Decisions: Hypothesis Testing, interpreting experiments,
goodness of fit, the two sample problem, analysis methods for several
samples

Monte Carlo Methods: Random number generation, Markov chain,
applications of Monte Carlo calculations in various physical systems.
Experiments: Handling of experimental data in ROOT GUI object
oriented programming.

Suggested Books

1. R.J. Barlow, Statistics: A Guide to the Use of Statistical Methods in the
Physical Sciences, Wiley Publishing

2. J. R. Taylor, An Introduction to Error Analysis, 2" edition, University
Science Books

3. P.R. Bevington, D.K. Rabinson, Data Reduction and Error Analysis,
3" edition, Mc Graw Hill.

4. L. Lyons, Statistics for Nuclear and Particle Physicists, Cambridge
University Press, 1986

5. F. James, Statistical Methods in Experimental Physics, 2" edition,
World Scientific Publishing
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Course Code

PH 797 (Autumn Semester)
PH 798 (Spring Semester)

2. | Title of the Course PhD Seminar Course

3. | Credit Structure L-T-P-Credits
0-2-0-2

4. | Name of the | Physics

Concerned Discipline

5. | Pre-requisite, if any None

6. | Scope of the Course

7. | Course Syllabus In this course a PhD student has to present seminar/presentation or a series
of presentations on a topic(s) chosen by him/her in consultation with his/her
PhD Thesis Supervisor/ Faculty Advisor. The frequency of
seminar/presentation will be decided by the Course Coordinator.

8. | Textbook None

9. | Other references Books and research publications in various journals
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Course Structure for PhD program in Mathematics
(during AY 2010-11 to 2012-13)
(A) Semester-l (Autumn / Spring)

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

1 MA 601 Topology 3-0-0-3

2 MA 703 Topics in Analysis 3-0-0-3

3 ZZ XXX Elective-I 3-0-0-3

4 MA 797 */ MA 798* | Seminar Course 0-2-0-2

(B) Semester-ll (Spring / Autumn)

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

1 MA 702 Conformal Mappings 3-0-0-3

2 MA 704 Probability Theory 3-0-0-3

3 MA 706 Numerical Linear Algebra 3-0-0-3

4 27 xxx Elective-ll X-X-X-3

5 MA 798 * /| MA 797* | Seminar Course () 0-2-0-2

Mathematics course for the Elective-l and Elective-ll (in addition these courses students can take
courses from the other disciplines / School)

S.No. | Course Code Course Name L-T-P-Credits
1 MA 701 Experimental Designs and Data Analysis 3-0-0-3
2 MA 705 Applied Operator Theory 3-0-0-3
3 MA 707 Special Functions 3-0-0-3
4 MA 708 Ergodic Theory 3-0-0-3
5 MA 709 Advance Numerical Methods for Linear Control Systems 3-0-0-3
6 MA 710 Fractional Differential Equations 3-0-0-3
7 MA 712 Advanced Analysis 3-0-0-3

Note: MTech/MPhil qualified candidates have to do one semester coursework (with 2-3 PG level
courses) while MSc/BTech/BE qualified candidates have to do two semester course work (with
minimum 5 PG level courses).

* PhD 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 Structure for PhD program in Mathematics

(for AY 2013-14)
(A) Semester-l (Autumn / Spring)
Sr. No. Course Code Course Name L-T-P-Credits
1 MA 711 Analysis 2-1-0-3
2 MA 741 Algebra 2-1-0-3
3 ZZ XXX Elective — | X-X-X-3
4 MA 798* /| MA 797* Ph.D. Seminar Course 0-2-0-2
(B) Semester-ll (Spring / Autumn)
Sr. No. Course Code Course Name L-T-P-Credits
MA 720 Differential Equations 2-1-0-3
77 XXX Elective — Il X-X-X-3
MA 798* / MA 797* Ph.D. Seminar Course 0-2-0-2

Mathematics course for the Elective I-II
(In addition to these elective courses, students can take elective courses from the other Disciplines also).

S. | Course Course Name L-T-P-Credits

No. Code
1.| MA 601 | Topology 2-1-0-3
2.| MA701 | Experimental Designs and Data Analysis 2-1-0-3
3.| MA 702 | Conformal Mappings 2-1-0-3
4.| MA 703 | Topics in Analysis 2-1-0-3
5.| MA 704 | Probability Theory 2-1-0-3
6.| MA 705 | Applied Operator Theory 2-1-0-3
7.1 MA 706 | Numerical Linear Algebra 2-1-0-3
8.| MA 707 | Special Functions 2-1-0-3
9.| MA 708 | Ergodic Theory 2-1-0-3
10| MA 709 | Advance Numerical Methods for Linear Control Systems 2-1-0-3
11| MA 710 | Fractional Differential Equations 2-1-0-3
12| MA 712 | Advanced Analysis 2-1-0-3

NOTE: 1. A PhD student having MSc/ BTech/ BE or equivalent qualification has to do 5 to 7 PhD level courses of
at least 3 credits each and 1-2 PhD seminar courses at least 2 credits each. Minimum number of courses will be 5
PhD level courses and one PhD seminar course (minimum coursework of 17 credits).

2. A PhD student having MTech/ME//MPhil qualification has to do one semester coursework (with 2-3 PhD level
courses) Minimum number of courses will be 2 PhD level courses and one PhD seminar course (i.e. (minimum

coursework of 8 credits).

* PhD 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 Structure for PhD program in Mathematics

(from AY 2014-15)
(A) Semester-l (Autumn / Spring)
Sr. No. Course Code Course Name L-T-P-Credits
1 Z7Z XXX Elective — | X-X-X-3
2 27 XXX Elective — Il X-X-X-3
3 27 XXX Elective — I X-X-X-3
4 MA 798* /| MA 797* Ph.D. Seminar Course 0-2-0-2
(B) Semester-ll (Spring / Autumn)
Sr. No. Course Code Course Name L-T-P-Credits
1 27 XXX Elective — IV X-X-X-3
2 ZZ XXX Elective — V X=-X-X-3
3 27 XXX Elective — VI X-X-X-3
4 MA 798* /| MA 797* Ph.D. Seminar Course 0-2-0-2

NOTE:

1. A PhD student having MSc/ BTech/ BE or equivalent qualification has to do 5 to 7 PhD level courses of at least
3 credits each and 1-2 PhD seminar courses at least 2 credits each. Minimum number of courses will be 5 PhD
level courses and one PhD seminar course (minimum coursework of 17 credits).

2. A PhD student having MTech/ME//MPhil qualification has to do one semester coursework (with 2-3 PhD level
courses) Minimum number of courses will be 2 PhD level courses and one PhD seminar course (i.e. (minimum

coursework of 8 credits).

* PhD 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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Mathematics course for the Elective I-VI
(In addition to these elective courses, students can take elective courses from the other Disciplines also).

S. Course Course Name L-T-P-Credits

No. Code
1. | MA 601 Topology 2-1-0-3
2.| MA 701 Experimental Designs and Data Analysis 2-1-0-3
3.| MA 702 Conformal Mappings 2-1-0-3
4.| MA 703 Topics in Analysis 2-1-0-3
5.| MA 704 Probability Theory 2-1-0-3
6.| MA 705 Applied Operator Theory 2-1-0-3
7.1 MA 706 Numerical Linear Algebra 2-1-0-3
8.| MA 707 Special Functions 2-1-0-3
9.| MA 708 Ergodic Theory 2-1-0-3
10| MA 709 Advance Numerical Methods for Linear Control Systems 2-1-0-3
11| MA 710 Fractional Differential Equations 2-1-0-3
12| MA 711 Analysis 2-1-0-3
13| MA 712 Advanced Analysis 2-1-0-3
14.| MA 720 Differential Equations 2-1-0-3
15.| MA 741 Algebra 2-1-0-3
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1. | Course Code MA 601
Title of the Course Topology
3. | Credit Structure L-T-P-Credits
2-1-0-3
4. | Name of the | Mathematics
Concerned Discipline
5. | Pre-requisite, if any An M. Sc. Level course in real and complex analysis
6. | Scope of the course
7. | Course Syllabus Overview of General Topology: Topological spaces, separation axioms,
products, metrisation, function spaces, uniform spaces, topological groups
Overview of Algebraic Topology: Paths, homotopy, fundamental group,
category theory, chain complexes, homology and cohomology, simplicial
and singular homology and cohomology, applications, cup product
Overview of Differential Topology: Differentiable manifolds, tangent
spaces, embeddings, differential forms, deRham cohomology
8. | Suggested Books James R. Munkres, Topology, Second Edition,Prentice Hall, 2000

1

2. James R. Munkres, Elements of Algebraic Topology,Addison-Wesley,

3. Edwin H. Spanier, Algebraic Topology, Springer, 1994

4. Marvin J. Greenberg and John R. Harper,Algebraic Topology — A First
Course,Benjamin/Cummings, 1981

5. Victor Guillemin and Alan Pollack, Differential Topology,Prentice-Hall,
1974

6. John Milnor,Topology from the Differential Viewpoint,Princeto University
Press, 1997

7. D. B. Fuks and V. A. Rokhlin, Beginner's course in Topology, Springer-
Verlag 1984
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1. | Course Code MA 701
Title of the Course Experimental Designs and Data Analysis

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

4. | Name of the | Mathematics

Concerned Discipline

5. | Pre—requisite, if any Nil

6. | Scope of the course

7. | Course Syllabus Review of standard discrete and continuous statistical distributions.
Sampling distributions such as chi-square, Student’s t and, F- distribution.
Estimation and Tests of Hypotheses.
Regression and Correlation Analysis.
Test for independence and goodness of fit.
Non-parametric tests.
Analysis of Variance (ANOVA): One way and Two way classification.
Analysis of Covariance (ANCOVA).
Experimental Designs: CRD, RBD, LSD, BIBD. Split plot and missing plot
technique.
Orthogonal Arrays: Application to Taguchi Method.
Introduction to Response Surface Methodology (RSM).

8. | Suggested Books 1. R.E. Walpole, Probability and Statistics for Engineers and Scientists,

Prentice-Hall-Gale, 1998. (ISBN:0138402086.)

2. D.C. Montgomery, Design and Analysis of Experiments (5"
John Wiley & Sons (Asia) Pte. Ltd. Singapore, 2004.
0471316490).

3. R. Y. Myers, et al., Response Surface Methodology: Process and
Product Optimization using Designed Experiments (3™ edition), Wiley,
20009.

4. M.S. Phadke, Quality Engineering Using Robust Design, Prentice Hall,
Englewood CIliff, New Jersey, 1989.

edition),
(ISBN:
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Course Code MA 702
Title of the Course Conformal Mappings
Credit Structure L-T-P-Credits

2-1-0-3

Name of the
Concerned Discipline

Mathematics

Pre—requisite, if any

Complex Analysis

Scope of the course

Course Syllabus

Preliminaries: Analytic functions, Basic theorems, The Riemann sphere,
Méobius transformations, Cross ratio, Inverse points, Characterization of maps
between special domains.

Conformal Mappings: Definition of conformal maps, Disk automorphism,
Schwarz’'s lemma, Schwarz-Pick’s lemma, The hyperbolic metric in the unit
disk, The upper half plane model.

The Riemann Mapping Theorem: Normal families, The Riemann mapping
theorem, the hyperbolic metric in simply connected domains, The Schwarz
reflection principle, The Schwarz-Christoffel mappings.

Quasiconformal Mappings: Conformal and quasiconformal maps,
Introduction to Grotzsch problem, Complex dilatation, Definition of
quasiconformal maps, Solution to Grotzsch problem, Composition maps,
Extremal length, Geometric definition of quasiconformal maps, Mori's
theorem.

Suggested Books

—

Lars V. Ahlfors, Complex Analysis, McGrawHill, 1996.

2. T.W. Gamelin, Complex Analysis, Springer (Corrected edition), 2001.

3. S. Ponnusamy and H. Silverman, Complex Variables with Applications,
Birkhauser, 2006.

4.  Zeev Nehari, Conformal Mapping, Dover Publications, 1982.

5. L. Keen and N. Lakic, Hyperbolic Geometry from a Local Viewpoint
(London Mathematical Society Student Texts), Cambridge University
Press, 2007.

6. Lars V. Ahlfors, Lectures on Quasiconformal Mappings, American
Mathematical Society (Second Edition with additional chapters by C.J.
Earle and I. Kra, M. Shishikura, J.H. Hubbard), 2006. (Originally
published by D. Van Nostrand Company, Inc. 1966)

7. O. Lehto and K.l. Virtanen, Quasiconformal mappings in the plane,
Springer, 1973.

8. 0. Lehto, Book Title: Univalent functions and Teichmiller spaces,
Springer, 1986.

9. K. Asthala, T. Iwaniec, and G. Martin, Elliptic Partial Differential

Equations and Quasi-conformal Mappings in the Plane, Princeton

University Press, 2008.
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Course Code MA 703

Title of the Course Topics in Analysis

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

Name of the Concerned
Discipline/Discipline

Mathematics

Pre—requisite, if any

Real Analysis, Complex Analysis, Functional Analysis, Fourier Series

Scope of the course

Course Syllabus

Functions of bounded variations, Riemann-Stieltjes Integration, Riemann
Mapping Theorem, Univalent Functions, Bieberbach's Theorem,
Hadamard's three circle theorem, Riemann's Zeta Function, Continuous

but nowhere differentiable functions (example), Weierstrass
approximation theorem (Stone-Weierstrass Theorem), Hahn Banach
Theorem, Fourier series, Dirichlet's Theorem, Fejer's Theorem.

Suggested Books

H.M. Edwards, Riemann's Zeta Function, Dover Publications; Dover
Ed edition, 2001, ISBN: 9780486417400.

E.C. Titchmarsh, The theory of the Riemann Zeta-Function, Oxford
University Press, USA; 2 edition, 1987, ISBN: 9780198533696.
Walter Rudin, Principles of mathematical analysis (3rd. ed.),
McGraw-Hill, 1976, ISBN: 978-0070542358.

Walter Rudin, Functional analysis, McGraw-Hill, 1973, ISBN:
9780070542365.

Peter L. Duren, Univalent Functions, Springer-Verlag Berlin and
Heidelberg GmbH & Co. K, 1983, ISBN: 9783540907954.

Georgi P. Tolstov, Fourier Series, Dover Publications, 1976, ISBN:
978-0486633176.

11. G.H. Hardy and W.W. Rogosinski, Fourier Series, Dover

abkwbd=
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Course Code MA 704

Title of the Course Probability Theory

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

Name of the Mathematics

Concerned Discipline

Pre—requisite, if any

Measure Theory

Scope of the course

Course Syllabus

Probability Space, Random Variables, Kolmogorov Consistency Theorem,
Independence and Dependence, Weak and Strong law of large numbers,
Central Limit Theorem, Characteristic Function, Levy’s Inversion Formula,
Levy’s Continuity Theorem, Conditional Expectation, Martingales, Markov
Chains, Wiener Process, Stationary Process, Entropy and its

Applications, Large Deviations.

Suggested Books

. Daniel W. Stroock, Probability Theory, an Analytic View, Cambridge
University Press; Revised edition (January, 2000), ISBN-10:
0521663490, ISBN-13: 978-0521663496.

2. Krishna B. Athreya and Soumendra Lahiri, Probability Theory,

Hindusthan Book Agency, 2006, ISBN: 978-81-85931-70-8.

3. AN. Kolmogorov, Foundations of the Theory of Probability, Chelsea

Pub Co, 2nd edition,1960 (ISBN: 9780828400237)

4. K.R. Parthasarathy, Introduction to Probability and Measure (Texts &

Readings in Mathematic), Hindustan Book Agency, New Delhi, 2005.
(ISBN: 9788185931555)

5. W. Feller, An Introduction to Probability Theory and Its Applications,

Wiley, 3 edition,1968. (ISBN: 9780471257080)
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Course Code MA 705
Title of the Course Applied Operator Theory
Credit Structure L-T- P-Credits
2-1-0-3
Name of the Concerned | Mathematics

Discipline

Pre—requisite, if any

Real Analysis, Complex Analysis and Linear Algebra.

Scope of the course

Familiarize the basic concepts of functional analysis and their application
in solving various operator equations

Course Syllabus

Normed Linear Space, Linear Transformations, Zorn's Lemma, Hamel
Basis and Hahn-Banach Theorem, The Baire Theorem and Uniform
Boundedness Theorem, The interior mapping and closed mapping
Theorems, Weak convergence, Reflexive Space.

Hilbert Spaces, Orthogonality and Bases, Linear functonals and
operators, Spectral Theory, Strum-Liouville Theory.

Calculus in Banch spaces, The Frechet Derivative, The chain Rule and
Mean value Theorems

Basic Approximate methods of Analysis, The method of iteration,
Regularization method, Projection methods, The Galerkin method, The
Rayleigh-Ritz method, Conjucate Direction methods, Methods Based on
Homotopy and continuation.

Suggested Books

1. W. Cheney, Analysis for Applied Mathematics, Springer, 2001. ISBN:
978-0-387-95279-6

2. E. Zeidler, Applied Functional Analysis: Applications to Mathematical
Physics, Springer 1995. ISBN: 978-0387944425

3. L.P. Lebedev, L.I. Vorovich and G.M.L. Gladwell, Functional Analysis:
Applications in Mechanics and Inverse Problems, Kluwer Academic
Publishers, 2002. ISBN: 978-1402006678

4. L. Collatz, Functional Analysis and Numerical Mathematics, Springer-
Verlag New York ,1966.

5. J.T. Oden and L.F. Demkowicz, Applied Functional Analysis CRC-
Press, 1996. ISBN: 978-0849325519

212




Course Code

MA 706

Title of the Course

Numerical Linear Algebra

Credit Structure

2-1-0-3

el N A B

Name of the Concerned
Discipline

Mathematics

Pre—requisite, if any

Knowledge of basic linear algebra.

Scope of the course

Problems in Numerical Linear Algebra arise in a wide variety of scientific
and engineering applications including the control theory, the analysis of
electrical networks, and the modeling of chemical processes. This course
will cover the analysis and implementation of algorithms used to solve
linear algebra problems. We will study algorithms for linear systems
solution, linear least-square problems, and eigenvalue and singular value
problems. Further, we study the sensitivity and stability analysis of the
above algorithms to improve efficiency of problems by using various
structures of matrices.

Course Syllabus

Floating point error, Round off error, Gram-Schmidt orthonormal process,
Modified Gram-Schmidt orthonormal process,

Solution of linear system: Triangular systems and Inverse of a triangle
matrix, Gauss elimination and LU Factorization method, QR factorization,
QR Algorithm.

Rank deficient least square problems, SVD, Moore Penrose inverse,
Linear iterative methods — Convergence results for Jacobi & Gauss -
Seidel and relaxation method.

Stationary & non stationary iterative methods Convergence analysis of
the Richardson method, the gradient method, the Conjugate gradient
method.

Method based on Krylov subspace Arnoldi method, the GMRES, The
Lanczos method. Approximation of Eigen value: Power method, Inverse
iteration, Sensitivity analysis of Eigen values and Eigen vectors,
canonical forms of matrices, Reduction to Hessenberg and tridiagonal
form, conditioning of numerical algorithms.

Applications to control, H.. control, Distance problems.

Analysis of electric network.

Finite Difference analysis of ordinary differential equation- Beam bending
problem.

Finite difference analysis of partial differential equation-Heat equation.
Applications to Internet search engine-Google Matrix.

Suggested Books

1. G. H. Golub and V. Van Loan, Matrix Computations, third edition,
John Hopkins U.Press, Baltimore, 1996.

2. C. Pozrikidis, Numerical Computation in Science and Engineering,
Oxford University Press, 1998.

3. A. Quarteroni, R. Sacco, and S. Fausto, Numerical Mathematics,
second edition Springer-Berlin Heidelberg, 2007.

4. K. Bryan and T. Leise, The $ 25,000,000,000 eigenvector: The
Linear Algebra Behind Google, SIAM Review, 48, 569-581.

5. David S. Watkins, Fundamentals of Matrix Computations, Wiley 3
edition.

6. James W. Demmel, Applied Numerical Linear Algebra, 1 edition,
SIAM 1997.

7. B. N. Datta, Numerical Linear Algebra and Application 2™ edition
SIAM

8. B. N. Datta, Numerical Methods for Control Systems Design and
Analysis, Elsevier Academic Press, 2003.
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Course Code MA 707
Title of the Course Special Functions
Credit Structure 2-1-0-3

Name of the
Concerned Discipline

Mathematics

Pre-requisite, if any

Basic complex analysis and differential equations

Scope of the course

Course Syllabus

Preliminaries: Infinite product; Gamma function; Beta function

Hypergeometric Functions: Integral form; The contiguous function
relation; Hypergeometric differential equation; Logarithmic solution;
Relation between functions of z and 1-z

Bessel's Functions: Definition; Bessel's differential equation;
Recurrence relation; A generating function; Bessel's integral; Modified
Bessel's function

Generating Functions: Functions of the form G(2xt-t*2); Functions of
the form exp(t) w(xt); Functions of the form A(t) exp(-xt/(1-t))

Orthogonal Polynomials: Legendre polynomial; Hermite polynomial;
Laguerre polynomial; Jacobi polynomial

Suggested Books

1. Earl D. Rainville, Special Functions, Chelsea Pub. Co. NY, 1971.
ISBN: 978-0828402583

2. G.E. Andrews, R. Askey, and R. Roy, Special Functions, Cambidge
University Press, 1999. ISBN: 978-0521623216

3. R. Beals and R. Wong, Special Functions: A Graduate Text,
Cambidge University Press, 2010. ISBN: 978-0521197977

4. N.M. Temme, Special Functions, An Introduction to the Classical
Functions of Mathematical Physics, Wiley-Interscience, 1996.
ISBN:978-0471113133

5. AM. Mathai and H.J. Haubold, Special Functions for Applied
Scientists, Springer, 2008. ISBN: 978-0387758930

6. W.W. Bell, Special Functions for Scientists and Engineers, Dover
Publication, 2004. ISBN: 978-0486435213
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Course Code MA 708

Title of the Course Ergodic Theory

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

Name of the Mathematics

Concerned Discipline

Pre—requisite, if any

Measure Theory

Scope of the course

Course Syllabus

Measure Preserving and Continuous Transformation, Poincare’s
recurrence Lemma, Ergodic Theorems, Ergodicity, Mixing and weak
mixing and their Spectral Characterizations, isomorphism invariants,
Discrete Spectrum Theorem, Entropy and Kolmogorov, Sinai Theorem,
Stacking method of constructing transformations, Ambrose theorem on
representation of flows. Van der Waerden’'s theorem on arithmetical

Progressions.

Suggested Books

1. I.P. Cornfeld, S.V. Fomin, and Ya G. Sinai, Ergodic Theory, Springer-
Verlag Berlin and Heidelberg GmbH Co. K (December 31,1982),
ISBN-10: 3540905804, ISBN-13: 978-3540905806.

2. P. Walters, An Introduction to Ergodic Theory (Graduate Texts in
Mathematics), Springer, 2000. (ISBN: 9780387951522)

3. M.G. Nadkarni, Basic Ergodic Theory, Hindusthan Book Agency,
1995.
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Course Code

MA 709

Title of the Course

Advance Numerical Methods for Linear Control Systems

Credit Structure

2-1-0-3

Name of the
Concerned
Discipline/Discipline

Mathematics

Pre—requisite, if any

Basic Linear Algebra and Numerical Linear Algebra Techniques

Scope of the course

Modern Numerical linear techniques for mathematical problems arising
in the design and analysis of linear control systems both for the first-
order and second-order models. In this course we impose systematic
descriptions and implementations of numerical algorithms based on
well-established, efficient, and stable manner so that it will be help full
to solve the various problems on design and analysis of linear control
systems.

Course Syllabus

Review of Basic Concepts and Results from Theoretical Linear
Algebra; Fundamental Tools and Concepts from Numerical Linear
Algebra; Canonical Forms Obtained via Orthogonal Transformations;
Linear State Space Models and Solutions of the State Equations;
Controllability, Observability and Distance to Uncontrollability; Stability,
Inertia and Robust Stability; Numerical Solutions and Conditioning of
Lyapunov and Sylvester Equations; Numerical Methods and
Conditioning of the Eigenvalue Assignment Problems; State
Estimation; Numerical Solutions and Conditioning of Algebraic Riccati
Equations;

Suggested Books

1. B. N. Dutta, Numerical Methods for Linear Control System, Elsevier
Academic Press, 2003

2. G. H. Golub and V. Van Loan, Matrix Computations, 3" edition,
John Hopkins U. Press, Baltimore, 1996.

3. B. N. Dutta, Numerical Linear Algebra and Application, 2" edition,
SIAM.
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Course Code MA 710
Title of the Course Fractional Differential Equations
Credit Structure L-T- P-Credits
2-1-0-3
Name of the Concerned | Mathematics

Discipline

Pre—requisite, if any

Real Analysis

Scope of the course

Answering the following questions

2. Why do we need fractional calculus / fractional differential
equation?

3. How to solve the fractional differential equations explicitly?

4. When does the fractional differential equations have unique
solutions?

Course Syllabus

Introduction to Fractional calculus, Grunwald-Letnikov Fractional
Derivatives, Riemann-Liouville Fractional Derivatives, Caputo’s
Fractional Derivative.

Introduction to Fractional Differential Equation, Explicit solution of
fractional differential equation via Integral Transform Methods.

Existence and Uniqueness Theorem for initial value problem,
boundary value problem. Fractional delay differential equation.

Suggested Books

1. AA. Kilbas, H.M. Srivastava and J.J. Trujillo, Theory and
Applications of fractional differential equations, Elsevier, USA,
2006. ISBN: 978-0-444-51832-3.

2. 1. Podlubny, Fractional Differential Equations, Academic Press,
USA, 1999. ISBN: 978-0-12-558840-2.

3. K. Diethelm, The analysis of fractional differential Equations,
Springer, New York, 2010. ISBN: 978-3-642-14573-5.

4. R. Hilfer, Applications of fractional calculus in physics, World
Scientific, Singapore, 2000. ISBN: 978-9810234577
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Course Code MA 711

Title of the Course Analysis

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

Name of the Concerned | Mathematics

Discipline

Pre-requisite, if any

Elementary Analysis, Functional Analysis, Multivariable Calculus,
Elementary Topology and Measure Theory

Objectives of the course

It is one of the basic fundamental courses for research scholars in
Discipline of Mathematics. This course will enable them to understand
topics from various branches in Mathematics.

Course Syllabus

Metric spaces, Open and closed sets, Compactness and
connectedness, Completeness, Continuous functions (several variables
and on metric spaces), uniform continuity, C(X) for a compact metric
space X, Uniform convergence, Compactness criterion, Weierstrass
approximation theorem (Stone-Weierstrass Theorem), Differentiation,
Inverse and Implicit fuction theorems, Riemann Integration, Lebesgue
Integration, L"p-spaces, Banach Spaces and Hilbert Spaces.

Suggested Books

1. G.F. Simmons, Infroduction to Topology and Modern Analysis,
McGraw-Hill International, New York, 1963.

2. H.L. Royden, Real Analysis, Macmillan Publishing Company, New
York, 1968.

3. B.V. Limaye, Functional Analysis with Applications, New Age
International, 2008.

4. W. Rudin, Principles of Mathematical Analysis, McGraw-Hill
International, 1976.

5. Tom. M. Apostol, Mathematical Analysis, Addison-Wesley, 1974.

6. 1.J. Maddox, Elements of Functional Analysis, Cambridge University
Press, 1988.
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Course Code

MA 712

Title of the Course

Advanced Analysis

Credit Structure L-T- P-Credits
2-1-0-3
Name of the Concerned | Mathematics

Discipline/Discipline

Pre—requisite, if any

Basic functional analysis

Scope of the course

It is the fundamental course for research scholars in the Discipline of
Mathematics. This course will enable them to understand various
branches in Mathematics.

Course Syllabus

Review of general measure and integral; Positive Borel measures;
Riesz representation theorem; Luzin's theorem; Vitali Caratheodory
theorem. Lp-spaces and their dense subspaces, Elementary Hilbert
space theory, Examples of Banch space Techniques, Complex
measures; Absolute continuity; Radon-Nykodym theorem, Product
measures; Fubini's theorem; Convolutions.

Suggested Books

1. W. Rudin, Real and Complex Analysis, Third edition, McGraw-Hill,
International Editions, 1986. ISBN: 978-0070542341

2. H.L. Royden, Real Analysis (3rd ed.), Prentice Hall, 1988,
ISBN: 978-0024041517

3. LK. Rana, An Introduction to Measure and Integration, Alpha
Science International Limited, 2004. ISBN: 978-1842651049

4. P.R. Halmos, Measure Theory, Springer-Verlag, 1974.
ISBN: 978-0387900889
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Course Code

MA 720

Title of the Course

Differential Equations

Credit Structure

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

Name of the Concerned
Discipline

Mathematics

Pre-requisite, if any

Elementary Ordinary and Partial Differential Equations

oo

Objectives of the course

It is one of the basic fundamental courses for research scholars in
Discipline of Mathematics. This course will enable them to understand
topics from various branches in Mathematics.

Course Syllabus

Preliminaries, Picard’s Method of Successive Approximations, Existence
Theorems, Continuous Dependence on Initial Conditions, Linear
equations, general theory, Solutions of linear equations with constant
coefficients, Equations with periodic coefficients, Green’s Functions,
Sturm-Liouville Problems, Lyapunov theory of stability.

First order quasi-linear equations, Nonlinear equations, Cauchy-
Kowalewski's theorem, Classification of second order equations, One
dimensional wave equation and De’Alembert’s method, Solution of wave
equation, Solutions of equations in bounded domains and uniqueness of
solutions, BVPs for Laplace’s and Poisson’s equations, Maximum principle
and applications, Green’s functions and properties, Existence theorem by
Perron’s method, Heat equation, Maximum principle, Uniqueness of
solutions via energy method, Uniqueness of solutions of IVPs for heat
conduction equation, Green’s function for heat equation.

Suggested Books

1. E.A. Coddington, Introduction to Ordinary Differential Equations,
Prentice Hall, 1961.

2. E.A. Coddington and N. Levinson, Theory of Ordinary Differential
Equations, Tata McGraw-Hill, 1955.

3. P. Prasad and R. Ravindran, Partial Differential Equations, New Age
International, 1985.

4. S.G. Deo and V. Raghavendra, Ordinary differential equations and

stability theory, Tata McGraw-Hill, 1980.

F. John, Partial Differential Equations, Springer, 1981.

I.N. Sneddon, The Use of Integral Transforms, McGraw-Hill, 1972.

7. LN. Sneddon, Elements of Partial Differential Equations, Dover
Publications, 2006.

8. G.B. Folland, Introduction to Partial Differential Equations, Princeton
University Press, 1995.

o o
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1. | Course Code MA 741
2. | Title of the Course Algebra

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

4. | Name of the Concerned | Mathematics

Discipline

5. | Pre—requisite, if any Elementary Abstract Algebra and Linear Algebra

6. | Objectives of the course| It is one of the basic fundamental courses for research scholars in
Discipline of Mathematics. This course will enable them to understand
topics from various branches in Mathematics.

7. | Course Syllabus Groups, Basic properties, Isomorphism theorems, Permutation groups,
Cauchy’s Theorem, Sylow’s Theorems, Structure theorem for finite abelian
groups.

Rings, Integral domains, Fields, division rings, Ideals, Maximal ideals,
Euclidean rings, Polynomial ring over a ring, Maximal & Prime ideals over a
commutative ring with unity, Prime avoidance theorem, Chinese
Remainder theorem, Field Extension, Algebraic elements and extensions,
Finite fields.

Vector spaces, Linear transformations, Characteristic and minimal
polynomial, diagonalization, Inner product spaces.

8. | Suggested Books 1. 1. N. Herstein, Topics in Algebra (2" Edition), John Wiley & Sons,

1975. ISBN: 978-0471010906

2. Thomas W. Hungerford, Algebra, Springer, 1980. ISBN: 978-
0387905181

3. Michael Artin, Algebra, Prentice Hall of India, 1991. ISBN: 978-
0130047632

4. David S. Dummit and Richard M. Foote, Abstract Algebra (3 Edition),
John Wiley and Sons, 2003. ISBN: 978-0471433347

5. Serge Lang, Algebra (3™ Edition), Springer, 2002. ISBN: 978-
0387953854

6. P.B. Bhattacharya, S.K. Jain, and S.R. Nagpaul, Basic Abstract
Algebra, Cambridge University Press, 2" Edition, 1994. ISBN: 978-
0521466295
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Course Code

MA 797 (Autumn Semester)
MA 798 (Srping Semester)

2. | Title of the Course PhD Seminar Course

3. | Credit Structure L-T-P-Credits
0-2-0-2

4. | Name of the Mathematics

Concerned Discipline

5. | Pre-requisite, if any None

6. | Scope of the course

7. | Course Syllabus In this course a PhD student has to present seminar/presentation or a
series of presentations on a topic(s) chosen by him/her in consultation
with his/her PhD Thesis Supervisor/ Faculty Advisor. The frequency of
seminar/presentation will be decided by the Course Coordinator.

8. | Textbook None

9. | Other references Books and research publications in various journals
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Course Structure
of
PhD Program
in
Biosciences & Biomedical Engineering
(BSBE)
and Syllabi of Courses
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Course Structure for PhD program in Biosciences and Biomedical engineering

(w.e.f. AY 2013-14)
(A) Semester-l (Autumn / Spring)

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

1 27 XXX Elective-I X-X-X-3

2 Z7Z XXX Elective-II X-X-X-3

3 Z7Z XXX Elective- IlI X-X-X-3

4 BSE 797 / BSE 798* | Ph.D. Seminar Course 0-2-0-2

(B) Semester-ll (spring / autumn)

3:)‘ Course code Course Name L-T-P-Credits
1 27 XXX Elective-IV X-X-X-3
2 27 XXX Elective-V X-X-X-3
3 27 XXX Elective-VI X-X-X-3
4 BSE 798 / BSE 797* | Ph.D. Seminar Course 0-2-0-2

NOTE:
1. A PhD student having MTech/ME//MPhil qualification has to do one semester coursework (with 2-3 PhD level
courses) Minimum number of courses will be 2 PhD level courses and one PhD seminar course (i.e. (minimum

coursework of 8 credits).
2. A PhD student having MSc/ BTech/ BE or equivalent qualification has to do 6 to 8 PhD level courses of at least 3

credits each and 1-2 PhD seminar courses at least 2 credits each. Minimum number of courses will be 6 PhD level
courses and one PhD seminar course (minimum coursework of 20 credits).

* PhD 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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Courses for the Elective-l to VI (In addition to this course list, a student can also opt from the PG

courses being offered by the other disciplines.)

NS(;. Course Code Course Name L-T-P-Credits
1. | BSE 601 Advanced molecular Biology 2-1-0-3
2. | BSE 602 Modern NMR Spectroscopy 1-2-0-3
3. | BSE 603 Analytical Biochemistry 2-1-0-3
4. | BSE 604/ BSE 404| Biomedical Imaging 2-1-0-3
5. | BSE 605/ BSE 405| Molercular Biophysics 2-1-0-3
6. | BSE 702 Applied Genetic Engineering 2-1-0-3
7. | CH 704 Chemistry at Surfaces and Interfaces 3-0-0-3
8. | CH 706 Photochemistry 2-1-0-3
9. |CH711 Bio-organic and Medicinal Chemistry 2-1-0-3
10.| CH 720 Asymmetric Synthesis 3-0-0-3
11.| MA 706 Numerical Linear Algebra 2-1-0-3
12.| PH 650 Numerical Methods 3-0-0-3
13.| PH 781 Theory of complex systems 2-0-2-3
14.| HS 671 Human Factors and Higher Cognitive Processes 2-0-2-3
15.| EE 619/ EE 419 | Biomedical Optics 3-0-0-3
16.| EE 701 Time frequency analysis 3-0-0-3
17.| ME 607 / ME 407 | Biofluid Mechanics 3-0-0-3
18.| ME 418 / ME 618 | Computational Fluid Dynamics 3-0-0-3
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Course Code

BSE 601

Title of the Course

Advanced Molecular Biology

Credit Structure

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

Name of the Concerned
Discipline

Biosciences and Biomedical Engineering

Pre—requisite, if any

Basic knowledge of biology

Scope of the Objective

The course will give an overview of advances and recent discoveries in
the area of Molecular Biology, in addition to fundamentals in the area.

Course Syllabus

Structure of genetic material, Central dogma; Replication: eukaryotic and
prokaryotic replication, mechanism and control, Nucleosomes:
eukaryotic and prokaryotic genome packing, heterochromatin,
euchromatin; Transcription: mechanism of RNA transcription in
prokaryotes and eukaryotes; model systems of transcriptional control:
lac operon, lambda phage; promoters, enhancers, repressors;
antitermination and attenuation; post-transcriptional regulation and RNA
processing: processing of heterogeneous nuclear RNA: splicing,
capping, polyadenylation; Translation: universal genetic code,
degeneracy of codons, mechanisms of initiation, elongation and
termination of translation, wobble hypothesis, genetic code in
mitochondria; Mutations: nonsense, missense, frameshift and point
mutations; suppression; DNA repair: photoreactivation, excision,
mismatch and SOS repair; Recombination: mechanism of homologous
recombination in prokaryotes, site specific recombination, insertion
sequences, transposons; Epigenetics, DNA methylation, chromatin
modification and gene regulation.

Suggested Books

Text Books
1. Robert F., Weaver, Molecular Biology, 4th ed., McGraw-Hill,
2003. [ISBN-10: 0071275487 | ISBN-13: 978-0071275484]
2. B. Lewin., Genes IX. 9th ed., Jones and Bartlett Publishers,
2007. [ISBN-10: 0763740632 | ISBN-13: 978-0763740634]
3. H.Lodish et al., Molecular Cell Biology. 6th ed., W.H.Freeman,
2007. [ISBN-10: 0716776014 | ISBN-13: 978-0716776017]
Reference Books or Journals
4. Alberts et al., Molecular Biology of the Cell, 4th ed., Garland
Publishing, Inc., 2002.
5. Tropp B.E., Molecular Biology: Genes to Proteins, 3 ed., Jones
& Bartlett Publishers, 2007 [ ISBN-10: 0763709166 ISBN-13:
978-0763709167
6. Selected articles from the journal Nature, Science, Cell, etc.
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Course Code

BSE 602

Title of theCourse

Modern NMR Spectroscopy

Credit Structure

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

Nameof theConcerned
Discipline

Biosciences and Biomedical Engineering

Pre—requisite, if any

None

Scope of the Objective

This course intends to give an overview of fundamentals and
advances in the area of NMR Spectroscopy which relates to
structure biology.

Course Syllabus

NMR phenomenon; parameters; chemical shifts; spin-spin
coupling; Bloch equation; the rotating frame of References;
pulses; free induction decay; Fourier transform; signal to noise
ratio; signal averaging; sampling; spin echoes; measuring T1
and T2; application to biology; C NMR; gated decoupling;
assignments; DEPT; heteronuclear correlation; nuclear
Overhauser effect; steady state NOE; transient NOE;
internuclear distances; applications to biomolecular structure
determination; multiple-pulse NMR; polarisation transfer; One,
Two and multi-dimensional experiments; COSY; TOCSY;
NOESY; ROESY; chemical exchange; application to Biological
molecules: proteins; nucleic acid and sugars etc. NMR of
biologically relevant nuclei. NMR in Bio-medicine: MRI and
fMRI; NMR in Metabolomics

Suggested Books

Text Books
1. Edwin D. Becker; High Resolution NMR. Academic
Press, 1968.

2. J. K. M. Sanders and B. K. Hunters; Modern NMR
Spectroscopy. Oxford Univ. Press, 1987

3. E. Derome; Modern NMR Techniques for Chemistry
Research. Pergamon Press, 1987.

4. K.Wuthrich; NMR of Proteins and Nucleic Acids. Wiley-
Interscience, 1986.

5. KVR Chary & G. Govil;, NMR in Biological System,
Springer, 2008.

Reference from Journals/Book

1. Teng Quincy; Structural Biology: Practical NMR
Applications, Springer, 2010

2. B. D. Nageswara Rao, Marvin D. Kemple; NMR as a
structural tool for macromolecules: current status and
future directions; Plenum Press, 1996

3. David G. Gadian; NMR and its applications to living
systems, Oxford science publications, 2008

4. Selected articles from the journal Nature, Science, Cell,
etc.
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Course Code

BSE 603

N —

Title of the Course

Analytical Biochemistry

Credit Structure

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

Name of the Concerned
Discipline

Biosciences and Biomedical Engineering

Pre—requisite, if any

Nil

Scope of the Objective

This course intends to give knowledge about the analytical
techniques which used to be carried out in regular practices during
research work.

Course Syllabus

Spectroscopy Techniques: Buffers; Methods of cell disintegration;
Enzyme assays and controls; Detergents and membrane proteins;
Dialysis, Ultrafiltration and other membrane techniques, UV- Visible
and Fluorescence Spectroscopy; Theory and application of Circular
Dichroism; MS, NMR.

Chromatography Techniques: TLC and Paper chromatography;
Chromatographic methods for macromolecule separation — Gel
permeation, lon exchange, Hydrophobic, Reverse-phase and Affinity
chromatography; HPLC and FPLC; Criteria of protein purity
Electrophoretic techniques: Theory and application of
Polyacrylamide and Agarose gel electrophoresis; Capillary
electrophoresis; IEF & 2D Electrophoresis; Disc gel electrophoresis;
Gradient electrophoresis; Pulsed field gel electrophoresis (PFGE)
Centrifugation: Basic principles; Mathematics & theory (RCF,
Sedimentation coefficient etc); Types of centrifuge - Micro centrifuge,
High speed & Ultracentrifuges; Preparative centrifugation;
Differential & density gradient centrifugation; Applications (Isolation
of cell components); Analytical centrifugation; Determination of
molecular weight by sedimentation velocity & sedimentation
equilibrium methods

Advanced Techniques: Protein crystallization; Theory and
methods; API-electrospray and MALDI-TOF; Mass spectrometry;
Enzyme and cell immobilization techniques; DNA & Peptide
Synthesis and sequencing.

Suggested Books

Text Books

1. D. Holme & H. Peck; Analytical Biochemistry. Longman,
1983.

2. T.G. Cooper; The Tools of Biochemistry. Wiley Intersciences,
1977.

3. R. Scopes; Protein Purification - Principles & Practices.
Springer Verlag, 1982.

4. R.C. Price, Proteins. Lafbax Academic Press 1996.

5. Freifelder D., Physical Biochemistry, Application to
Biochemistry and Molecular Biology, 2nd Edition,
W.H.Freeman & Company, San Fransisco, 1982

6. Keith Wilson and John Walker, Principles and Techniques of
Practical Biochemistry, 5" Edition, Cambridge University
Press, 2000.

References

1. D. Holme & H. Peck, Analytical Biochemistry, 3rd Edition,
Longman, 1998.

2. R. Scopes, Protein Purification - Principles & Practices, 3rd
Edition, Springer Verlag 1994.

3. Selected readings from Methods in Enzymology, Academic
Press.

229




Course Code

BSE 604 / BSE 404

Title of the Course

Biomedical Imaging

Credit Structure

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

Name of the
Concerned
Discipline

Biosciences and Biomedical Engineering

Pre—requisite, if
any

None

Scope of the
Course

This course will give a comprehensive introduction to the
fundamental and major aspects of biomedical imaging systems
used currently. The fundamental physics and engineering of each
imaging modality will be discussed.

Course Syllabus

Radiation and interaction with matter, principle of diagnostic
biomedical optical imaging.

Radiation dosimetry, risk and protection.
Radiography, mammography and fluoroscopy.
Principle of ultrasound imaging and current status.

Image analysis, image processing, image reconstruction theory,
computed tomography system.

Magnetic Resonance Imaging (MRI): principle of nuclear magnetic
resonance, MR imaging, functional MR imaging, application of MR
imaging.

Single Photon Emission Computed Tomography (SPECT) principle,
Positron Emission Tomography (PET).

Suggested Books

Text / Reference Books
1. J. T. Bushberg et al, The essential physics of medical imaging,

2" edition. [ISBN-10: 0683301187 | ISBN-13: 978-0683301182]
2. Richard R. Carlton, Principle of radiographic imaging: An art and
a science. [ISBN-10: 1439058725 | ISBN-13: 978-1439058725]
3. James G. Fujimoto and Daniel Farkas, Biomedical optical
imaging, 1 edition. [ISBN-10: 0195150449]
4. Andrew G. Webb, Introduction to biomedical imaging, 1% edition.
[ISBN-10: 0471237663 | ISBN-13: 978-0471237662]
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Course Code

BSE 605 / BSE 405

Title of the Course

Molecular Biophysics

Credit Structure L-T-P-Credits
2-1-0-3
Name of the Biosciences and Biomedical Engineering
Concerned
Discipline

Pre—requisite, if
any

None

Scope of the
Course

This course is designed to teach the basics of Physics, sufficient for
BSBE graduate students. The fundamental physics of Biological
phenomena will be discussed. It will also prepare students to learn and
apply  biophysical approaches to understand  biochemical,
biotechnological and medical problems.

Course Syllabus

Origin and evaluation of life. Discussion about various stages of
evolution. Single cell machinery to multi-cellular organs.

Structure of biomolecules. Elements of building blocks for
macromolecules. Weaker interatomic interactions. Hydrogen bond and
hydrophobic interactions. Amphiphilic molecular behavior in aqueous
environments.

Structures and physics of amino acids and proteins. Conformational
transitions of proteins (folding and unfolding of proteins), Ramachandran
plot. Physics of nucleic acid, membranes and membrane physics.

Dynamics of biomolecules: diffusion, vibrations versus conformational
transitions. Interaction of biomolecules with electromagnetic radiation.

General characteristic of a cell. Cytoskeletal organizations and
constituents molecules and their mechanism. lon channels and ion
pumps, osmotic pressure of cells.

Cellular  energetics: chloroplast and mitochondria. Cells as
thermodynamic machines. Active transport.

Bioelectricity, heart dynamics, anatomy of nerve cells, conducting
properties of neurons. Structure and function of synapse.

Suggested Books

Text / Reference Books
1. Philip Nelson, Biological Physics, 1% edition. [ISBN-10: 0716798972 |

ISBN-13: 978-0716798972]

2. William Bialik, Biophysics: Searching for Principles. [ISBN-10:
0691138915 | ISBN-13: 978-0691138916]

3. Jack Tuszynski, Michal Kurzynski, Introduction to Molecular
Biophysics. [ISBN-10: 0849300398 | ISBN-13: 978-0849300394]
CRC Series in Pure and Applied Physics.

4. Charles R. Cantor and Paul R. Schimmel, Biophysical Chemistry,
Part I: The conformation of biological macromolecules (Their
Biophysical Chemistry), 1°* edition. [ISBN-10: 0716711885 | ISBN-13:
978-0716711889]

5. Charles R. Cantor and Paul R. Schimmel, Biophysical Chemistry,
Part 2: Techniques for the study of biological structure and function,
1% edition. [ISBN-10: 0716711907 | ISBN-13: 978-0716711902]

6. Charles R. Cantor and Paul R. Schimmel, Biophysical Chemistry,
Part 3: The behavior of biological macromolecules, 1%t edition. [ISBN-
10: 0716711923 | ISBN-13: 978-0716711926]
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Course Code BSE 702
Title of the Course Applied Genetic Engineering
Credit Structure L-T-P-C

2-1-0-3

Name of the Concerned
Discipline

Biosciences and Biomedical Engineering

Pre—requisite, if any

Basic knowledge of molecular biology

Scope of the Course

The course is intended to give students an overview of various genetic
engineering techniques and its applications.

Course Syllabus

Concept of recombinant DNA technology and purpose, basic
methodology, use of plasmids, restriction endonucleases, linkers,
adaptors, ligation; Transformation, methods in screening recombinant
DNA; methods for labelling DNA, modifying enzymes, hybridization
techniques: northern, Southern and colony hybridization; Restriction
maps and mapping techniques; PCR technology, primer design;
Construction of cDNA libraries in plasmids, Gene amplification, RT-
PCR and quantitative RT-PCR; Strategies for maximizing gene
expression, prokaryote expression vectors and their applications in
expression, quantitation, purification; Inclusion bodies, approaches to
solubilisation; Cloning in M13 mp vectors, application to DNA
sequencing, site-directed mutagenesis; PCR-based mutations;
Vectors: cosmid vectors, yeast artificial chromosome; selection and
screening recombinant phage, in vitro packaging, genomic libraries
and cDNA cloning; principles and application of di-hybrid systems;
Cloning and expression in mammalian cells, methods of selection and
screening, application of reporter genes; Applications in mammalian
genetic engineering, Biopharmaceuticals, Transgenics in animals and
plants, restriction fragment length polymorphism, DNA fingerprinting,
human genetic diseases; Gene targeting, human gene therapy,
Automated DNA sequencing, Man-made antibodies, phage display;
Basic principles of transcriptomics and proteomics.

Suggested Books

Text Books

1. W. Old & Primrose; Principles of Gene Manipulation. 6th ed., S.
B. University Press, 2001. [ ISBN-10: 0632059540 ISBN-13:
978-0632059546]

2. T. Maniatis, E.F. Fritsch & J. Sambrook; Molecular Cloning: A
Laboratory Manual. CSHL, 3rd ed., 2002. [ ISBN-10:
0879695773 | ISBN-13: 978-0879695774]

3. M.A. Innis, D.H. Gelfand, J.J. Sninsky & T.J. White. PCR
Protocols. Academic Press, 1990. [ ISBN 0-12-372181-4]

Reference Books or Journals

1. C Hardin, J Edwards, A Riell, D Presutti, W Miller and D
Robertson; Cloning, Gene Expression and Protein Purification:
Experimental procedures and process rationale. Oxford
University Press, 2001. [ ISBN-10: 0195132947 ISBN-13: 978-
0195132946]

2. K.E. Davies et al., Genome Analysis - A Practical Approach,
1988. [ ISBN-10: 1852211105 ISBN-13: 978-1852211103]

3. Selected articles from the journal Nature, Science, Cell, etc.
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Course Code

BSE 797 (Autumn Semester)
BSE 798 (Srping Semester)

2. | Title of the Course PhD Seminar Course

3. | Credit Structure L-T-P-Credits
0-2-0-2

4. | Name of the Biosciences and Biomedical Engineering

Concerned Discipline

5. | Pre-requisite, if any None

6. | Scope of the course

7. | Course Syllabus In this course a PhD student has to present seminar/presentation or a
series of presentations on a topic(s) chosen by him/her in consultation
with his/her PhD Thesis Supervisor/ Faculty Advisor. The frequency of
seminar/presentation will be decided by the Course Coordinator.

8. | Textbook None

9. | Other references Books and research publications in various journals
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Course Structures of
PhD and MTech Program in

in
Materials Science and Engineering
(Earlier referred as Surface Engineering)

and Syllabi of Courses
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Course Structure for PhD Programme in Material Science and Engineering
(w.e.f. AY 2014-15)

((A) Semester-l (Autumn / Spring)

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

1 27 XXX Elective-I X-X-X-3

2 27 XXX Elective-II X-X-X-3

3 27 XXX Elective- lll X-X-X-3

4 MSE 797 / MSE 798* | Ph.D. Seminar Course 0-2-0-2

(B) Semester-ll (spring / autumn)

3;‘ Course code Course Name L-T-P-Credits
1 Z7Z XXX Elective-IV X-X-X-3
2 ZZ XXX Elective-V X-X-X-3
3 ZZ XXX Elective-VI X=-X-X-3
4 MSE 798 / MSE 797* | Ph.D. Seminar Course 0-2-0-2

NOTE:

1. A PhD student having MTech/ME//MPhil qualification has to do one semester coursework (with 2-3 PhD level
courses) Minimum number of courses will be 2 PhD level courses and one PhD seminar course (i.e. (minimum
coursework of 8 credits).

3. A PhD student having MSc/ BTech/ BE or equivalent qualification has to do 6 to 8 PhD level courses of at least 3
credits each and 1-2 PhD seminar courses at least 2 credits each. Minimum number of courses will be 6 PhD level
courses and one PhD seminar course (minimum coursework of 20 credits).

* PhD 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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Suggested Courses for Elective-l to VI (In addition to this course list, a student can also opt from the
PG courses being offered by the other disciplines.)

Course Code Course Name Contact | Credit
Hours

ME 614 Fabrication of Micro and Nanostructures 3-0-0 3

ME 658/ ME 458 | Laser based Measurements and Micro- 3-0-0 3
Manufacturing

ME 650 Materials Characterization Techniques 2-0-2 3

ME 660/ ME 460 | Technology of Surface Coatings 3-0-0 3

ME 661 Materials Science and Engineering 3-0-0 3

ME 738/ ME 438 | Composite Materials 3-0-0 3

PH 721 Advanced Materials 2-1-0 3

PH 722 X-ray Spectroscopy 1-2-0 3

PH 725 Characterization of Surfaces and Interfaces of 2-0-2 3
Materials

PH 745 Laser Physics 2-1-0 3
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Course Structure for MTech / MTech + PhD Dual Degree Program in

Materials Science and Engineering
Qualifying Degree: 1. BE/BTech or equivalent degree either in Mechanical/ Electrical/ Electronics/

Chemical/ Metallurgy/ Materials Science/ Automobile Engineering or M.Sc in Chemistry/ Physics, AND 2.
GATE qualification in relevant areas

For IIT graduates with equal to or more than 8.0 CPI, the GATE qualification is exempted.

For IIT graduates with equal to or more than 7.0 CPI/CGPA, the GATE qualification is exempted.
Eligibility: The first class in the qualifying degree i.e. (i) A minimum of 60 % marks for GEN/OBC (55% for
SC/ST) category in aggregate or as specified by the university/institute OR (ii) A minimum CPI of 6.0 for
GEN/OBC (5.5 for SC/ST) category on the scale of 10; with corresponding proportional requirements when
the scales are other than on 10 (for example 4.8 for GEN/OBC category (4.4 for SC/ST) on a scale of 8)
OR (iii) A first class as specified by the university/institute.

Selection criteria: GATE Score/ CSIR-JRF (Engineering Science) or Equivalent Fellowship + Interview.
Category of Admission: (i) TA: Teaching Assistantship (ii) SW: excellent eligible sponsored candidates
(without MHRD TA ship) from the reputed R & D Organizations and Industry.

Duration of the Program: Two years full-time.

Course Structure for two-year Full-time M. Tech. Program
1* Year: Semester-|

Course code Course Name Contact Credits
hours
(L-T-P)
MSE 601 Surface Science and Engineering 3-0-0 3
MSE 603 Corrosion Science and Engineering 3-0-0 3
MSE 651 Corrosion Laboratory 0-0-2 1
MSE 653 Metallurgical Analysis Laboratory 0-0-2 1
ME 661 Materials Science and Engineering 3-0-0 3
ZZ XXX Elective-I X-X-X 3
Total minimum credits earned during the semester] 14

Additional course (as per the requirement basis)

HS 641 English Communication Skills 2-0-2 PP/NP
1% Year: Semester-I|
Course code Course Name Contact Credits
hours
(L-T-P)
ME 650 Materials Characterization Techniques 2-0-2 3
ME 660/ ME 460| Technology of Surface Coatings 3-0-0 3
MSE 698 PG Seminar Course 0-2-0 2
ZZ XXX Elective-ll X-X-X 3
ZZ XXX Elective-lll X-X-X 3
ZZ XXX Elective-1V X-X-X 3
Total minimum credits earned during the semester 17
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2" Year: Semester-lll

Course Course Name Contact Credits
code hours
(L-T-P)
MSE 799 | M. Tech. Research Project (Stage-I) 0-0-36 18
2" Year: Semester-IV
Course Course Name Contact Credits
code hours
(L-T-P)
MSE 800| M. Tech. Research Project (Stage-l) 0-0-36 18
Total minimum credits to be earned during the program 67
Surface Engineering Courses for Elective-l ©
EE 605 | Nanotechnology 3-0-0 3
MSE 641 | High Temperature Oxidation & Corrosion 3-0-0 3
Suggested Courses for Elective-Il to IV®
Course Course Name Contact Credits
code hours
(L-T-P)
EE 624 Interface Effects in Electronic Devices 3-0-0 3
ME 658/ Laser based Measurements and Micro-Manufacturing 3-0-0 3
ME 458
ME 614 Fabrication of Micro and Nanostructures 3-0-0 3
ME 738/ | Composite Materials 3-0-0 3
ME 438
MSE 610 | Design of Materials for Surface Protection and Corrosion 3-0-0 3
Control
MSE 612 | High Temperature Corrosion-Resistant Materials and Coatings 3-0-0 3
MSE 614 | Corrosion-Resistant Paints and Coatings 3-0-0 3
MSE 616 | Wear, Friction and Abrasion of Surfaces 3-0-0 3
MSE 618 | Corrosion in Oil and Gas Industries 3-0-0 3
MSE 620 | Modeling & Management of Corrosion 3-0-0 3

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

NOTE: 1. The request for conversion from M.Tech. to MTech + PhD dual degree will be considered after
evaluating the research potential of the promising and motivating PG students at the end of the third
semester of their program.

2. In the case when a student who moves to the Dual Degree Programme but cannot complete the
requirements of a PhD, an exit option with the M. Tech. degree can be earned at the end of the final
semester of the normal M.Tech. Programme by letting the MTech Research Project be examined in the
standard manner as per the requirements for the award of an M.Tech. degree.

3. The enhancement in the scholarship from MTech to PhD will be from the beginning of the fifth semester
or from the date on which all requirements for the award of MTech degree are fulfilled, whichever later.
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Course Code

MSE 601

Title of the Course

Surface Science and Engineering

Credit Structure

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

Name of the
Concerned Discipline

Materials Science and Engineering

o

Pre—requisite, if any

None

o

Scope of the Course

To expose students towards science and surface engineering

Course Syllabus

Concept of Surfaces, surface reactions, interaction, surface energy,
surface tension, surface diffusion.

Design of surface layers based on mathematical modeling, rational
application of surface layers.

Spontaneous growth-Evaporation (dissolution)-condensation growth-
evaporation-condensation growth-dissolution condensation growth-vapor
(solution)-Liquid-solid growth(VLS or SLS) growth-VLS growth of various of
nanowires-control size of nanowires-Carbon nano tubes-precursors and
catalyst-solution-liquid-solid  growth-stress  induced recrystallization-
Template based synthesis-Electrocehmical deposition-electrophoretic
deposition-template filling-collidal dispersion filling-melt solution filling-
chemical vapour deposition-deposition by centrifugation-electrospinning-
lithography

Significance of the surface function, the surface — physico-chemical
concepts, interphase surface — a physical surface, surface energy, surface
phenomenon, the superficial surface structure, potential properties.

Stereometric-physico-chemical parameters types of surface degradation.

surface modification techniques conventional methods of surface property
alteration, functional coatings, advanced methods — basic principles,

Suggested Books

1. G. Cao, Y. Wang, Nanostructure and Nano materials, synthesis,
properties and applications, World scientific Publishing Co., 2011,
ISBN:978-9814324557.

2. Bhusan, The Handbook on Nanotechnology, Springer series, ISBN:
978-3-540-29855-7.

3. R. Kelsall, I. W. Hamley and M. Geoghegan, NanoScale Science and
Technology, ISBN :9780470850862.

4. L. Chi, Nano Technology-Volume 8: Nanostructured Surfaces,
Wiley Publication, ISBN:9783527317394.

5. R. K. Leach, Fundamental Principles of Engineering
Nanometrology, Elesevier publication, ISBN 978-0-08-096454-6.
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1. | Course Code MSE 603
2. | Title of the Course Corrosion Science and Engineering
Credit Structure L-T-P-Credits
3-0-0-3
4. | Name of the Materials Science and Engineering
Concerned Discipline
5. | Pre—requisite, if any None
6. | Scope of the Course To expose students towards science of corrosion and engineering
7. | Course Syllabus Corrosion, its significance, criteria, cost of corrosion, corrosion types,
corrosion rate measurement, description of environments.
Electrochemical corrosion, Pourbiax diagrams, principle of double
layer, polarization technique, impedance spectroscopy. Principle of
corrosion protection, methods of corrosion protection, better design,
materials selection, barrier coatings, cathodic protection, anodic
protection, inhibitor chemicals. Tools for corrosion inspection,
corrosion monitoring, corrosion management. Some industrial
examples of corrosion, especially power plants, off shore structures,
refineries, petrochemical plants and concrete structures.
8. | Suggested Books 1. Evans, R. Ulick, An Introduction to Metallic Corrosion, Edward

Arnold, London-UK, 1948, ISBN: 9780713127584.

2. Fontana, G. Mars, Greene and D. Norbert, Corrosion
Engineering, McGraw-Hill, New York, 1967, ISBN: 0070214603.

3. D. Stephen, Cramer, S. Bernard and Jr. Covino, ASM Corrosion
Fundamentals and Testing, ASM International, Edited, ISBN: 0-
87170-705-5.

4. A. S. Khanna, Introduction to High Temperature Corrosion,
ASM Publication, 2002, ISBN: 978-0871707628.
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1. | Course Code MSE 610
2. | Title of the Course Design of Materials for Surface Protection and Corrosion Control
Credit Structure L-T-P-Credits

3-0-0-3

4. | Name of the Concerned | Materials Science and Engineering

Discipline

5. | Pre—requisite, if any None

6. | Scope of the Course To expose students towards design and protection of structures
towards corrosion

7. | Course Syllabus Basic concepts of interaction free surfaces. Fundamentals of
Corrosion modeling, corrosion allowance calculations, life prediction of
corroding structures. Design of pitting resistant materials, stress
corrosion cracking resistance, and wear resistance. Design of material
with free from water/moisture stagnation. Design of protective coatings
: coatings for short term protection, 4-6 years, 6-10 years, 10-15 years,
more than 25 years and so on. Cathodic protection design, calculation
of number anodes, total weight of anodes, anode efficiencies and
consumption rate. Design of CP system for storage tanks, underground
cross country pipelines, offshore structures. Design of high temperature
corrosion resistant materials, life of high temperature materials.

8. | Suggested Books 1. Fontana, G. Mars, Greene and D. Norbert, Corrosion

Engineering, McGraw-Hil, New York, 1967, ISBN: 978-
0070214637.

2. D. Stephen, Cramer, S. Bernard and Jr. Covino, ASM Corrosion
Fundamentals and Testing, ASM International, Edited, ISBN: O-
87170-705-5.

3. M. Cartier, Handbook of Surface Treatment and Coatings,
Tribology in Practice S. (Hardback), ISBN-13: 9781860583759
ISBN-10: 186058375X.

4. J. Baghdachi, T. Provder, Smart Coatings: Vol-2, ACS
Symposium (Hardback), ISBN-13: 9780841272187, ISBN-10:
0841272182.

5. G. Franz, Low Pressure Plasmas and Microstructuring
Technology (Hardback), ISBN-13: 9783540858485, ISBN-10:
3540858482
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Course Code

MSE 612

Title of the Course

High Temperature Corrosion-Resistant Materials and Coatings

Credit Structure

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

Name of the Concerned
Discipline

Materials Science and Engineering

Pre—requisite, if any

None

Scope of the Course

To expose students towards design and protection of structures
towards high temperature corrosion

Course Syllabus

Importance of high temperature, examples of various industries and
components operating at high temperatures, power plants, refineries,
petrochemical plants, manufacture of various chemicals, aerospace
industry, selection criterion of materials at high temperatures,
interaction between mechanical properties such as creep and fatigue
with corrosion, materials for moderate temperature applications, steels,
low alloy steels, copper and aluminum alloys, stainless steels,
superalloys, oxide dispersion strengthened alloys, directionally
solidified materials and single crystals. High temperature coatings,
CVD, PVD, thermally sprayed coatings, thermal barrier coatings, laser
cladding.

Suggested Books

1. D. Stephen, Cramer, S. Bernard and Jr. Covino, ASM Corrosion
Fundamentals and Testing, ASM International, ISBN: 0-87170-
705-5.

2. M. Cartier, Handbook of Surface Treatment and Coatings,
Tribology in Practice S., (Hardback), ISBN-13: 9781860583759,
ISBN: 186058375X.

3. A. S. Khanna, Introduction to High Temperature Corrosion, ASM
Publication, 2002, ISBN: 978-0871707628.

4. A. A. Tracton, Coatings Technology: Fundamentals, Testing, and
Processing Techniques (Hardback) CRC Press Inc., ISBN:
9781420044065.

5. A. A. Tracton, Coatings Materials and Surface Coatings
(Hardback), CRC Press ISBN: 9781420044041.
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Course Code

MSE 614

Title of the Course

Corrosion-Resistant Paints and Coatings

Credit Structure

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

Name of the
Concerned Discipline

Materials Science and Engineering

o

Pre—requisite, if any

None

o

Scope of the Course

To expose students towards coatings on resistance against corrosion

Course Syllabus

Concept of paint coatings, classification of various paint systems based
on resin chemistry, their advantages and Iimitation in specific
environments. Constitution of a paint coating, methods of preparation,
single and two component paint systems, concept of pot life. High
performance coatings, coatings for specific functions, such as
hydrophobic and hydrphillic coatings, self cleaning and self healing
coatings. Green coatings, concept of VOC, waterborne coatings. Surface
preparation techniques and standards used. Paint application by brush,
rollers, air spray, airless spray and electrostatic spray. Coating efficiency.
Paint failures, reasons and remedial measures. Repair and maintenance
of paint coatings. Paint application quality control and inspection. Role of
supervisors and inspectors. Application of paint coatings in offshore
structures, power plants, refineries and petrochemical plants and concrete
structures.

Suggested Books

1.

A. S. Khanna, High Performance organic Coatings, CRC,
Woodhead Publications, 2008, ISBN 978-1-84569-265-0.

2. D. Stephen, Cramer, S. Bernard and Jr. Covino, ASM Corrosion

Fundamentals and Testing, ASM International, Edited, ISBN: O-
87170-705-5.

3. M. Cartier, Handbook of Surface Treatment and Coatings, Tribology

in Practice S. (Hardback), ISBN-13: 9781860583759, ISBN-10:
186058375X.

4. J. Baghdachi, T. Provder, Smart Coatings Vol.2, ACS Symposium

(Hardback), ISBN-13: 9780841272187, ISBN-10: 0841272182.
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1. | Course Code MSE 616
2. | Title of the Course Wear, Friction and Abrasion of Surfaces
Credit Structure L-T-P-Credits
3-0-0-3
4. | Name of the Materials Science and Engineering
Concerned Discipline
5. | Pre-requisite, if any None
6. | Scope of the Course | To expose students towards tribology and wear
7. | Course Syllabus Principles of friction and wear. Mechanism of adhesive and abrasive
wear, oxidation wear, corrosion and erosive wear. Fretting and fatigue,
fundamentals of erosion and erosion-corrosion. Wear and friction
resistant materials, wear resistant coatings, hard coatings using
conventional methods such as carburization, carbonitriding, principles of
CVD, PVD, plasma spraying, plasma nitriding, ion implantation, laser
surface alloying, life prediction of coated surface, economic consideration
and future coatings requirements.
8. | Suggested Books 1. M. Cartier, Handbook of Surface Treatment and Coatings,

Tribology in Practice S. (Hardback), ISBN: 9781860583759.

2. G. Franz, Low Pressure Plasmas and Microstructuring
Technology, Hardback, ISBN 13: 9783540858485, ISBN:
3540858482.

3. V. Raghavan, Materials Science and Engineering, PHI Learning
Private Limited, New Delhi, 2009, ISBN: 8120324552.

4. W. D. Callister, Materials Science and Engineering, Wiley India (P)
Ltd. , ISBN: 9788126510764.
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Course Code

MSE 618

Title of the Course

Corrosion in Oil and Gas Industries

Credit Structure

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

Name of the Concerned
Discipline

Materials Science and Engineering

o

Pre—requisite, if any

None

o

Scope of the Course

To expose students towards suitable application of corrosion

Course Syllabus

Household corrosion vs Industrial corrosion, example of corrosion in
various industries : power plants, refineries, chemical and
petrochemical plants, fertilizers plants, sugar and pulp & paper industry.
Corrosion in electrical and electronics industries. Corrosion in concrete
and RCC structures. Failure case histories and analysis. How to make
industry free from corrosion, better material selection based upon
requirement of various industries, corrosion control method, use of
corrosion monitoring to monitor the health of an industries, corrosion
management approach and KPI concept.

Definition of highly aggressive environment, sour and sweet
environments, materials requirements for offshore structures, refineries,
petrochemical plants, X-40 to X80 steels for pipelines, high corrosion
resistant materials such as superaustenitic, superferritic, Duplex
stainless steels and special superalloys, design of corrosion resistant
storage tanks, tank linings and cathodic protection, transportation of
crude and gas, underground cross country pipelines, phenomena of
corrosion in crude gas pipelines, complex combination of pH, water cut,
oil, carbon dioxide and H,S, external corrosion prevention by coatings
and cathodic protection, methods of corrosion monitoring of pipelines,
PSP surveys, Pearson surveys, intelligent pigging, ultrasonic and other
NDT methods, SCADA system.

Suggested Books

1. A. S. Khanna, Introduction to High Temperature Corrosion,
ASM Publication, 2002, ISBN: 978-0871707628.

2. Evans, R. Ulick, An Introduction to Metallic Corrosion, Edward
Arnold, London, UK, 1948, ISBN: 9780713120530.

3. Fontana, G. Mars, Greene and D. Norbert, Corrosion
Engineering, McGraw-Hill, New York, 1967, ISBN: 0070214611.

4. D. Stephen, Cramer, S. Bernard and Jr. Covino, ASM Corrosion
Fundamentals and Testing, ASM International, Edited, ISBN: O-
87170-705-5.
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1. | Course Code MSE 620
Title of the Course Modeling and Management of Corrosion
Credit Structure L-T-P-Credits
3-0-0-3

Name of the Concerned
Discipline

Materials Science and Engineering

Pre-requisite, if any

None

o

Scope of the Course

To expose students towards modeling of corrosion

Course Syllabus

Modelling tools, mathematics for mdeliling, finite element approach.
Examples of the use of modelling in corrosion life predition. Corrosion
modelling to predict the effectiveness of corrosion control measures.
Computer simulation to predict current and potential distributions under
different conditions and strategies to be trialled to find the most effective
solution. Modern numerical methods of fracture mechanics, in particular,
crack propagation and assess crack-like defects and learn how to use to
predict fatigue life and how to model cracks in built up structure to model
and assess multiple site damage. Computer modelling of
Electrochemical and many processes and coatings to components and
structures to predict their performance to learn how modelling can help
improve your corrosion control solutions. Corrosion sensor technology
with corrosion structural effects modeling to enable the transition from
periodic corrosion inspections to an efficient, focused prognostics and
health monitoring (PHM) system. Corrosion modeling in oil & gas
applications, especially in cathodic protection design, inhibitors feeding.
Design of corrosion in concrete. High temperature corrosion life
prediction of components

General management approach for better organization. Basis of
corrosion management. Tools of corrosion management. Organizational
policies and their implementation. Corrosion management begins with
design, effective corrosion control methodologies and their
implementation. Corrosion monitoring and its importance in corrosion
management. Periodic health monitoring and maintenance, Risk based
design and identification of vulnerable components. Role of failure
analysis and its importance in corrosion management by using its input in
better design and control policies.

Suggested Books

1. R. A. Adey, Modelling of Cathodic Protection Systems (Advances
in Boundary Elements), ISBN-10: 1853128899, ISBN-
13: 9781853128899.

2. A. S. Khanna, High Performance Organic Coatings, CRC,
Woodhead Publications, 2008, ISBN: 978-1-84569-265-0.

3. A. S. Khanna, Introduction to High Temperature Corrosion, ASM
Publication, 2002, ISBN: 978-0871707628.

4. C. Andrade and G. Mancini, Modelling of Corroding Concrete
Structures: Proceedings of the Joint fib-RILEM Workshop held in
Madrid, Spain, 22-23 November 2010 (RILEM Bookseries)

5. Integrity of Pipelines Transporting Hydrocarbons: Corrosion,
Mechanisms, Control, and Management (NATO Science for Peace
and Security Series C: Environmental Security), ISBN-13: 978-
9400705876.
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1. | Course Code MSE 641
Title of the Course High Temperature Oxidation and Corrosion
Credit Structure L-T-P-Credits
3-0-0-3

Name of the Concerned
Discipline

Materials Science and Engineering

Pre—requisite, if any

None

o

Scope of the Course

To expose students towards high temperature corrosion

Course Syllabus

Difference between ambient temperature corrosion and High
temperature corrosion, basics of oxidation, thermodynamic criterion,
Ellingham diagram, nomographic representation of oxidation potential,
oxide layer growth mechanisms and measurement techniques,
thermogravimetric techniques, isothermal and cyclic oxidation, concept of
activation energy and rate constants, defects in oxides, Wagner hauffe
rules, diffusion in oxides, fick’s laws, kirkendal diffusion, temperature
effect of diffusion, marking studies in oxide layers and oxidation
mechanisms using tracer studies. Thin layer oxidation, Cabrera Mott
theory, Ely Wilkensin theory and theories based upon ion migration,
electron jump and role of oxide structure. Thick layer oxidation, Wagner’'s
Theory. Oxidation of pure metals, Ni, Fe, Co, Ti, Zr, Nb. Multioxide layer
theory, oxidation of alloys, internal oxidation, selective oxidation,
breakaway oxidation, catastrophic oxidation, oxidation of steels, stainless
steels, superalloys. Oxidation in mixed environment, sulphidation,
carburization, metal dusting. Hot Corrosion with examples from gas
turbines and coal based power plants. Criteria of corrosion protection at
high temperatures. Oxide growth stresses, scale spallation. Active
element effect. Development of alloys for Gas turbine and aerospace
applications, selection of materials for high temperature application.

Suggested Books

1. A. S. Khanna, Introduction to High Temperature Corrosion, ASM
Publication, 2002, ISBN: 978-0871707628.

2. Evans, R. Ulick, An Introduction to Metallic Corrosion, Edward
Arnold, London, UK, 1948, ISBN: 9780713127584.

3. Fontana, G. Mars, Greene and D. Norbert, Corrosion Engineering,
McGraw-Hill, New York, 1967, ISBN: 978-0070214637.

4. D. Stephen, Cramer, S. Bernard and Jr. Covino, ASM Corrosion
Fundamentals and Testing, ASM International, Edited, ISBN: 0-
87170-705-5.
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1. | Course Code MSE 651
Title of the Course Corrosion Laboratory
Credit Structure L-T-P-Credits
0-0-2-1
4. | Name of the Concerned | Materials Science and Engineering
Discipline
5. Pre—requisite, if any None
6. | Scope of the Course
7. | Course Syllabus Corrosion Testing Laboratories is a complete, full service Corrosion
Testing, Failure Analysis, and materials evaluations. The Laboratory
offers testing of materials to verify conformation to various industry
standards. The Laboratory can certify materials meeting Corrosion
Testing Laboratories is capable of performing a wide range of laboratory
testing from standard ASTM, procedures to customized test programs.
Tests include a full range of corrosion tests; i.e. Accelerated corrosion
tester, polarization, potentiostatic, galvanic, etc., critical pitting/crevice
temperature, and inhibitor testing. These tests yield quick, valuable
information concerning the corrosion behavior of an alloy to a specific
environment.
8. | Suggested Books Lab Manual
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1. | Course Code MSE 653
Title of the Course Metallurgical Analysis Laboratory
Credit Structure L-T-P-Credits
0-0-2-1
4. | Name of the Materials Science and Engineering
Concerned Discipline
5. | Pre—requisite, if any None
6. | Scope of the Course
7. | Course Syllabus The Metallography and Tribology Laboratory has been conceptualized as
the starting block of material research in terms of sample preparation and
finding out the mechanical and tribological properties of material. The
Metallography section of this laboratory is a facility to prepare specimens
capable of revealing the true microstructure of materials submitted for
study. The laboratory would be capable to perform simple microscopic
evaluations, linear measurements, and other related tests. To provide the
services required, a metallography section has been knowledgeably
organized, adequately equipped and competently staffed.
The Tribology section of this Laboratory has the instruments to find out
the tribological properties of materials. The purpose of this laboratory is to
evaluate and quantify friction, wear and lubrication properties and to learn
about the counterbody interactions of materials
8. | Suggested Books Lab Manual
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Course Code MSE 698

Title of the Course PG Seminar Course

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

Name of the Concerned
Discipline

Materials Science and Engineering

Pre—requisite, if any

None

Course Syllabus

In this course a PG student has to present seminar/presentation or a
series of presentations on a topic(s) chosen by him/her in consultation
with his/her PG Thesis Supervisor/ Faculty Advisor. The frequency of
seminar/presentation will be decided by the Course Coordinator.

Textbook

None

Other references

Books and research  publications in  various relevant
journals/conference proceeding, etc.
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Course Code

MSE 797 (Autumn Semester)
MSE 798 (Srping Semester)

2. | Title of the Course PhD Seminar Course

3. | Credit Structure L-T-P-Credits
0-2-0-2

4. | Name of the Materials Science Engineering

Concerned Discipline

5. | Pre-requisite, if any None

6. | Scope of the course

7. | Course Syllabus In this course a PhD student has to present seminar/presentation or a
series of presentations on a topic(s) chosen by him/her in consultation
with his/her PhD Thesis Supervisor/ Faculty Advisor. The frequency of
seminar/presentation will be decided by the Course Coordinator.

8. | Textbook None

9. | Other references Books and research publications in various journals
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