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PREAMBLE

The curriculum of an institution of higher learning is a living entity. It evolves with time; it reflects
the ever changing needs of the society and keeps pace with the growing talent of the students and
the faculty. The curriculum of the MSc, MA and MBA programmes of NIT Rourkela is no exception.
Half a century of experience in preparing graduates in engineering and postgraduates in science for a
wide variety of industries has led to creation of the new curriculum. | sincerely believe that it will
meet the aspirations of all stake holders — students, faculty and the employers of the graduates and
postgraduates of NIT Rourkela.

In the old college — university system the curricula and syllabi represented the upper limit of the
material to be covered, the teacher having no motivation for stepping outside the defined territory.
In the autonomous institute system, the curriculum and syllabi only serve as a guideline. The teacher
enjoys freedom to expand it in any direction he feels appropriate, incorporates his latest knowledge
and stimulates the creative minds of the students. He experiments with new contents and new
techniques. A new teaching-learning paradigm is born.

This book of curricula is the culmination of the efforts of large number of faculty members and
supporting staff. It also reflects the creative contribution of hundreds of teachers — both serving and
retired, over the past five decades. In keeping with the demands of the changing times, it contains
many innovative features. The introductory sections of the book highlight the special features of the
NIT Rourkela PG curriculum. | sincerely hope that the faculty and students of NIT Rourkela will take
full advantage of the dynamic features of the curriculum and make the teaching-learning process a
truly sublime experience for all.

On behalf of the Senate of NIT Rourkela, | record my appreciation of the meticulous work done by

the colleagues for bringing out this book. | also record my personal gratitude to the members of the
Senate who have lent every bit of their wisdom to make the contents truly superior.

Sunil Kr Sarangi
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PHILOSOPY OF THE CURRICULUM

A. PHILOSOPHY OF THE CURRICULUM

Like most institutions of higher learning, the teaching-learning process of NIT Rourkela is expressed
in terms of course credits, one credit being approximately equal to 1 hour of lecture class or 1.5
hours of laboratory or design class per week. M.A, M.Sc and MBA programms are expected to little
over 100 credits distributed over four.

The postgraduate curriculum of NIT Rourkela has strived to offer both theory courses as well as
laboratory and design practice in all major areas of study. It has, however, consciously avoided
combining theory and laboratory classes in the same course (e.g. L-T-P = 3-0-3). It was felt that an
inflexible combination of theory and laboratory components will limit the opportunity to study a
wider variety of subjects and increase failure rate. Instead, the NITR system offers separate courses
for theory and laboratory components in the form of (3-0-0) or (3-1-0) theory courses and (0-0-3)
laboratory courses. In order to make the time table simple and easily implementable, the variety of
course volume has been limited to only three types — (0-0-3) 2 credits, (3-1-0) 4 credits and (0-0-0) 2,
4, 20 credits. Teachers are expected to package appropriate volume of teaching material in a subject
to justify one of these three modes.

Semesters
| | n v Total
Theory 5 5 4 4 18 60
Laboratory 4 4 3 3 28
Others - - SIRE -2 Comp Viva—-2 18
STW -2 STW -2
Project—4 Project—6
Core PE OE
Theory 18 8 6 4
(Guidelines) Lab Minimum 6 in Experimental Laboratory or Software
Laboratory
Practical/Design Courses
Type of Course No. of Courses Credits
Professional Laboratory Courses: 4 8
Total: 4 8
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NIT Rourkela curriculum has certain innovative features that are rather uncommon in traditional
universities and institutes in India. Among them are:

(1)

Special Topic in <specialization name> [Course Nos.: AA 681 and AA 682, AA standing for the
Department code]. While for a normal subject, the syllabus needs to be approved by the
Senate and notified in advance, the syllabus of a special topic shall be approved by the
Departmental Academic Committee of the offering department and reported to the Senate
at its earliest meeting. The contents may change semester to semester and multiple
instances may be floated in a single semester. A student, may however, register for
maximum one special topic in an odd semester (AA 681) and another in an even semester
(AA 682). Such courses give opportunity to departments to convert new ideas of existing
faculty, expertise of new and visiting faculty, suggestions of employers etc. to tangible
courses without waiting for prior approval of the Senate. It is expected that if a course is
offered as a special topic and is expected to continue, the department will take steps to
introduce a formal course on the subject with approval of the Senate.

Special Laboratory in <specialization name> [Course Nos.: AA 683 and AA 684:] Similar to
special topics AA 681 and AA 682 except that the latter are for theory courses, while the
special laboratories cover practical, design and CAD courses.

Research Project | & Il [AA 591 and AA 592 (M.Sc)], [AA 693 and AA 694 (M.Tech)]:
Postgraduate research is receiving increasing emphasis in institutions of higher learning. It is
an important component of NIT Rourkela’s curriculum. The total credits in M.Tech shall be
40 which may be split as 20+20 as per the department. Other details are given in the
regulations.

Postgraduate projects also constitute important components of the R&D programmes of the
departments. Students carry out the research ideas of their supervisors, and in the process
learn the techniques of research. It is essential that they become proficient on computer
assisted literature search, patent search, experimental and computational techniques,
systematic recording of data, writing of thesis and presentation before a scholastic audience.
Needless to say, original scientific concepts and their effective exploration shall get due
credit in evaluation of the projects.

Normally, thesis evaluation shall be based on 3 components — (a) evaluation by supervisor
based on day to day work by the student, (b) that by departmental committees that will lay
emphasis on proper research methodology and maintenance of records, and (c) that by
institute level committees which will strive to ensure that students have demonstrated
effective use of institutional resources such as computer aided literature search, patent
search, use of advanced fabrication and characterization equipment, industrially relevant
R&D problems and the like that bring glory to the institute. The Senate, at its discretion, may
delegate this responsibility to the department concerned or to a committee of teachers.

Barring exceptional cases, the grade awarded in the “Research Project” courses shall not be
below ‘C’. To qualify for ‘C’ or higher grade, a student will be given additional time in units of
one month. Till the project is re-evaluated the student will be given as ‘I’ grade in official
records.
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(4)

All theses of NIT Rourkela shall be made available to scientific workers around the globe. Any
dishonest practice or plagiarism will lead to severe academic penalty to the student and
appropriate administrative steps against the supervisors. The Project record book shall be
the key element of the exercise. Continuous discussions and signatures by supervisors on
the record book, and faithful reproduction of record books on the thesis will ensure an
honest scholastic environment in the Institute.

Seminar & Technical Writing [ AA 685 to AA 688 (M.Tech) ]: These subjects are introduced in
the first year and final year of M. Tech. and the courses of [ AA 593, AA 594 ] in M. Sc.
Courses to:

(a) give students exposure to variety of topics through the medium of attending seminars,
and

(b) teach them the skill of writing technical articles, concepts of abstract, Introduction,
material and methods, conclusion, references, acknowledgement etc.

The students shall not be required to present seminars; they will attend seminars presented
by others, as per recommendation of the teacher. These will include seminars by faculty and
research students in the department and by invited experts in the same or related
departments. Every student will be required to write a brief (1/2 page) report on what he
learnt in the seminar. The technical writing shall cover writing of scientific articles on any
subject chosen jointly by the student and the teacher. The article may be presented either as
a printed document, a poster, a recorded video/audio presentation or as combinations of
more than one media.

In a semester, a student shall be required to attend 6 — 10 seminars and write 2 scientific
(including popular science) articles or posters. The record books, articles and posters will be
on display in departmental libraries, web sites or in any other media for public benefit.
Copies shall be made freely available on demand. The teacher will announce his plan of
activities at the beginning of the semester and make it continuously available to students
through the institute’s intranet site.

Evaluation shall normally be made solely by the teacher, but may be moderated by
committees appointed by the Senate as per Institute rules.

Short Term Industrial / Research Experience (SIRE) [ AA 595 (M.Sc) ] and Summer Research /
Industrial Project [ AA 691 (M.Tech) ]

Summer industrial training has been a part of engineering education for a long time. NIT
Rourkela insists on an eight week summer internship either in industry or in an R&D
organization, including educational institutes with excellent research culture. The student is
expected to submit a formal report at the end of the programme. This requirement is
applicable to both M.Tech and M.Sc students. In exceptional cases, a project may be carried
out within the Institute; but that is discouraged.
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(6)

Comprehensive Viva-Voce [ AA 596 (M.Sc), AA 692 (M.Tech) ]

Postgraduates of NIT study many theory and laboratory courses, while resource constraints
force the Institute to adopt a credit and subject based curriculum. It appreciates the value of
holistic learning. The comprehensive viva-voce aims to test the holistic comprehension of
the student covering all the subjects taught. The questions in the oral examination will,
generally, be such as to use contents of two or more subjects for framing an answer.

Emphasis on Quantitative Approach

Quantitative analysis is often considered the corner stone of engineering education. In fact,
in our country, universities often offer both M.Tech. and M.Sc. degree in the same subject
such as Biotechnology, Materials Science and Electronics, the distinction between the two
streams being the degree of quantitative and numerical approach. All branches of
engineering shall make a conscious effort to introduce quantitative analysis and numerical
problem solving in most theory papers. Examination questions will also reflect this spirit.
Basic science courses offered to engineering students will also inculcate the quantitative
approach.

Use of Computers and Modern Educational Technology Tools

The faculty shall make a conscious effort to exploit the massive computational and data
handling capacity of modern day computers (hardware and software) and related devices.
They will specifically include equation solving tools (e.g. EES, MALTAB), simulation software
etc. Technology Enhanced Learning may be used in theory subjects, design courses,
laboratories, projects, examination and evaluation. Innovative and creative approaches shall,
in general, be encouraged as long as they do not compromise on academic standards.

(9) Multi-Disciplinary Approach

(10)

Unlike our counterparts in developed countries, many colleges and universities in India
draw a bold line between science and engineering. At NIT Rourkela, while the line is quite
bold at organization level, it almost vanishes in research and teaching. There is no
distinction between courses offered by Science and Engineering Departments; a student
can take courses from any department oblivious of its character, as long as he is within the
curricular constraints prescribed by the department.

Maintenance of Curricular Standards

Creating an ambitious curriculum is one thing, but following the prescriptions is another. In
a scholastic environment, it is neither feasible nor desirable to have a policing system
imposed from outside. Compliance to curricular requirements must be voluntary, at best
dictated by peer pressure. Faculty students, technicians and the administration — all are
stake holders. The Senate, the ultimate guardian of academic standards shall monitor
compliance by the faculty and students. There will be an Academic Programme Monitoring
Committee which will routinely examine the activities in the departments and report to the
Senate. It will also give suggestions for continuous improvement of standards and greater
compliance by all concerned.

Occasionally the Senate may prescribe repetition of a curricular activity or additional work
to compensate for activities not done. Such prescriptions shall be binding on all — faculty,
students and technicians. Stake holders who silently encouraged missed classes or similar
failures without drawing attention of concerned authorities should gladly accept such
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additional assignment. The best way, however, will be to maintain high standards as a
matter of habit.
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1. EXCERPTS FROM REGULATIONS

The M.Tech, M.Sc, MA and MBA Programme of NIT Rourkela are governed by the
undergraduate regulations approved by the Senate and the Board of Governor as. In this chapter,
some important sections of this document are reproduced for ready reference by the students and
the faculty. Students are advised to consult the original book of regulations and amendments issued
from time to time for complete guidance. This section and subsections numbers given in this chapter
refers to the corresponding section numbers in the original document.

Academic Calendar

1.1 The academic session is -divided into two semesters each of approximately 17 weeks duration:
An Autumn / Odd semester (July - November) and a Spring / Even semester (January - May). In
addition, a summer session (May - July) may be offered at the discretion of the Senate under
special circumstances.

1.2 The candidates have to take admission to the institute on the dates as per Academic Calendar
approved by the Senate. Under special circumstances, e.g. foreign students nominated by the
Government of India or a serious medical iliness, the Senate (or Chairman Senate on its behalf)
may condone delay up to one month from the starting of classes.

1.3 The Senate will approve the academic calendar consisting of schedule of activities for a session
inclusive of dates for registration, Mid semester and End-semester examinations; inter-semester
breaks etc. well in advance of start of a semester. The academic calendar shall usually provide
for at least 80 working days (including examination dates) in each semester, excluding holidays
and days when classes are suspended.

1.4 The academic calendar will also reflect the scheduled holidays. Classes lost in holidays need not
be compensated. In addition to holidays, the Director, in capacity of Chairman Senate, may
announce suspension of classes when a situation so demands. Such suspended classes mayor
may not be compensated on a weekend/holiday as per decision of the Director.

1.5 Unlike many traditional universities in India, NIT Rourkela's academic programme is based on a
direct contact between the teacher and the student. The teacher enjoys considerable freedom in
deciding the contents and method of instruction, evaluation and grading. The printed syllabus is
a guideline, rather than a legally enforced constraint. It is mandatory for the class (teacher and
students) to conduct all scheduled classes. There is no concept of "finishing a course" because
the syllabi are flexible, and permit instruction and practice till the last day of the semester.

Course Structure

1.1 The duration of the course leading to M. Tech. degree will ordinarily be two years. A student
may, however, opt for the slow pace programme if he does not feel comfortable with the
workload. The maximum duration allowed to complete the M. Tech. programme is 4 years (8
semesters).

1.2 The curricula of the different degree programmes as proposed by the respective departments
and recommended by the Post-graduate Programme and Evaluation Committee (PGPEC) shall
have the approval of the Senate. The departments will also prepare the syllabus of each subject
containing the scope of studies and instructions to be imparted which must have the approval of
the Senate.

1.3
(a) All subjects will have Lecture - Tutorial Laboratory / Design components (L- T -P) to indicate

the contact hours. Theory courses will have 3-0-0 (3 credits) or 3-1-0 (4 credits) structure.
Design or laboratory courses will be offered as distinct (0 - O - P) courses without being
mixed with lecture components. For the benefit of standardization, other combinations,
though permitted, should be avoided. There may be a few special courses of structure 0-0-2
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1.4

15

1.6

1.7

1.8

(1 credit). Some courses may have pre- and co-requisites. Co-requisite courses may be taken
in the same or different semesters.

(b) Normally, subjects based on engineering or scientific principles or on thought provoking
information, where it is possible to conduct a closed book examination, will be taught as
theory courses, whereas those based on applications and practice (conceptual,
computational or experimental) will be covered under Design or Practical courses. The
dividing line between the two, however, is fuzzy and will be decided by Departmental
Academic Committees.

(c) All subjects will have a credit count 'C'. Teaching of subjects will be reckoned in terms of
credits.

(d) Every course, identified by a single course identifier, shall be taught by a single teacher, who
may be assisted by adjunct faculty, teaching assistants, postgraduate and research students,
and by other faculty members. The administrative responsibility including decision on
contents of instruction and examination as well as submission of grades shall rest solely on
the subject teacher. The academic office will recognize only one teacher per course, who will
be a regular member of the Institute faculty unless otherwise arranged with approval of
Director.

(e) Student feedbacks on courses [Forms AC/118 and AC/119] assist a teacher to improve the
contents and delivery. It is the duty of every student to give his thoughtful response to the
questions in Form AC/118.

The prescribed coursework shall be grouped under 2 heads - core courses and professional
electives. The core courses, not to exceed 40% of the course load will cover all essential skills
associated with a given department and specialization. Professional electives will be taken from
a list prescribed by the department, covering courses from the same and allied departments.
These courses shall reflect the different specialized topics in a field including the latest
developments taking place around the world. Provision of electives helps a student to further
specialize on his chosen field.
The total number of credits in the coursework and seminars in 1st and 2nd semesters together
will range between 46 and 50 credits, and that in the entire programme shall be between 98 and
102 credits.
The summer vacation will constitute a part of the 3rd semester. A student will carry out a mini
project during the summer vacation, which should be distinguished from the traditional summer
training or SIRE (Short term Industrial or Research Experience) undergone by UG students. The
summer project (an internship in industry or an R&D institution, an assigned work in the
Institute or a combination of the three) will carry 4 credits which will be counted in the 3rd
semester.
The summer project (either in-house or industrial) will be assigned and monitored by the
student's thesis supervisor. It may be related to the thesis topic or may be an independent work,
to be decided by the thesis supervisor. The topic and place of work will be decided before the
middle of the Spring Semester.
There is no summer or winter vacation for M.Tech. Students
In addition to regular course work, an M. Tech. student must carry out a major project in final
year under the guidance of one or two supervisors. The project will be of 2 semester duration
and carry 20 credits in each semester. While the Principal Supervisor shall normally be a faculty
member of the department, the second supervisor can be from the same or another
department, or from another organization. In special circumstances, the Principal Supervisor
may be from another department.

Every programme shall provide a "Seminar and Technical Writing" course [2 credits] during the

3rd and 4th semesters where the students shall learn and practice essential writing and

presentation skills, and attend seminars by reputed engineers and scientists organized by the

Departments. Each student will also present 1 or 2 seminars and/or poster presentations before

10
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his class. Evaluation will be based on attendance in departmental and Institute seminars,
presentation in seminars, poster presentations and technical writing supervised by the course
teacher.

1.9 The 4th semester programme shall contain a comprehensive viva voce of 4 credits. It will cover
all material learnt in course work over the first two semesters and basic skills learnt in course of
the project work. It will be conducted by a board constituted by the HOD in consultation with
the DAC (PG&R).

1.10  When circumstances so permit, it will be possible for a student to spend a semester or more
in another NIT, IIT or another reputed institute of comparable standing and transfer the credits
to NIT Rourkela. The core (compulsory) courses need to have a one-to-one correspondence
between the participating institutions. The Senate shall constitute a course equivalence
committee to establish the adequacy of the education received in another institution.

1.11  Allinstructions, practices and examinations will use the Sl system of units or any unit system
recognized by Government of India.

1.12  Slow Pace programme for local students: The M. Tech. programme is also offered in the slow
pace mode to students from Rourkela area who are employed in Government or private
institutions and cannot join full time programmes. Under the slow pace programme a student
will be registered for half the courses in a semester and will take 4 semesters to complete the
course work, and upto 4 years to complete the full programme. There is no other concession and
no compromise in quality. The student is not entitled to a hostel room but will be attached to a
hostel for administrative purposes. He needs to pay full tution and other fees for all semesters of
study even if he takes only partial academic load. In case a student completes 8 semesters with a
few F grades or has a course CGPA less than 6.00, he must leave the Institute without obtaining
a degree.

Registration

1.1 Every student of the M. Tech. programme is required to be present and do semester registration
at the commencement of each semester on the date fixed and notified in the Academic
Calendar. The registration process has 3 components:

(a) Physical presence of the student in campus on the first day of semester.
(b) Payment of semester fees including any unpaid dues of past semesters, and
(c) Selection of courses to be studied during the semester

For selection of courses, a "Pre-Registration" process may be organized during the previous
semester. Based on pre-registration data, low demand courses may be dropped, student
strength in high-demand courses may be limited and sections may be formed.

If courses of a student's choice are not available, he may be given alternative courses with
approval of his Faculty Advisor.

1.2 Registration of students in each semester will be organized by the Academic Section. The
registration will be done in respective departments supervised by the Faculty Advisors; the
choice of subjects being finalized by the student and his Faculty Advisor. Payment of dues etc.
will be verified by the Academic Section. An appropriate semester registration form (Form
AC/109) will be used for the purpose.

Once registered, a student may amend the registration within a week of the original registration
date. The same form (AC/109) shall be used for the purpose with "Amended Registration"
written on the top.

1.3 A student who does not register on the day announced for the purpose may be permitted by
Dean (AA), in consideration of any compelling reason, late registration within next 5 working

11
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days on payment of an additional fee as prescribed by the Institute. Normally no late registration
shall be permitted after the fifth working day from the scheduled date, except in special cases
like those directed by MHRD or MHRD approved authorities in 1st semester, a serious medical
problem, a family calamity or participation in a national event, to be approved by the Director on
recommendation of Dean (AA). However, under no circumstances, late registration after 45
calendar days from the scheduled date of registration is allowed. A student must repeat the
semester in the following year. The percentage of attendance of students registering late will be
calculated from the date of their joining. However no special allowance may be claimed in the
matter of assessment / evaluation or grading.

1.4 Students who have become non-resident with approval of the Institute may be permitted late
registration by Dean (AA). They may register anytime during the semester; but registration must
be done in person.

1.5 Only those students will be permitted to register who have:

(i) Cleared all Institute and Hall dues of the previous semesters

(ii) Paid all required prescribed fees for the current semester

(iii) Not been debarred from registering for a specified period on disciplinary or any other
ground,

(iv) Satisfied the academic requirements of the course,

(v) Not been struck off from the rolls of the Institute
1.6 Students who secure CGPA less than 6.00 but above 5.00 in the First Semester will be permitted
to register in the Second semester. Fellowship will be temporarily suspended till publication of
second semester results. If the CGPA improves above 6.00, fellowship will be restored with
arrears. If the CGPA is still less than 6.00 at the end of second semester, the student shall leave
the institute. The unpaid scholarships of second semester will not be paid.
1.7 To be able to register in the 2nd year (3rd semester) and continue his/her study in the Institute
at the end of 1st year, a student must
i) complete satisfactorily at least 32 credits of courses prescribed for the two semesters, i.e.,
secure 'P' or higher grade in at least 32 credits. [The courses with F grade must be cleared as
backlog papers in 3rd and 4th semesters to qualify for a degree.], and

ii) obtain a Cumulative Grade Point Average (CGPA) of not lower than 6.00 (considering all
courses including those in which the student has secured an F grade).

iii) The method for calculating SGPA and CGPA is illustrated in Appendices | & II.

1.8 While registering in 3rd or 4th semester, a student will register for backlog papers of 1st or 2nd
semester respectively. A student need not attend classes in papers registered as "backlog
papers". He has to sit for both mid-semester and end-semester examinations and the grade will
be awarded based on the scores of the latest examinations. The Teacher's assessment
component will be same as that given by the instructor in the original semester, when he
attended classes. The registration for backlog papers must be done at the time of semester
registration. In all such cases of "backlog paper", the grade awarded will be one step lower than
what the student actually obtained, except for the grade 'P' which remains unchanged. A
student can appear in a backlog paper only once per subject, in the year following the year when
he took the course for the first time.

1.9 Alternatively, a student may opt to repeat a course afresh, in which case he will attend classes,
and there will be no reduction of grade awarded. He will, however, be ineligible for awards of
medals and prizes which are based on academic performance. If regulations and examination
schedule otherwise permit, a student may register for an even semester elective in odd
semester and vice versa. A student may change an elective course if he satisfies the pre-
requisites and if the timetable permits.

1.10  Ordinarily a student is not permitted to repeat a course in which he has obtained a P or
higher grade. But if his CGPA is less than 6.00 he may repeat courses to improve the grade. He is

12
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also permitted to replace one elective course by another. In such cases, he will be ineligible for
medals and prizes based on academic performance.

1.11 A student who has been debarred from appearing at an examination either (i) as a measure
of disciplinary action or (ii) for adopting malpractice at an examination and consequently
awarded a grade 'X', may register for the subject(s) as backlog papers in the following semester,
if he satisfies attendance requirements. Otherwise he needs to formally register for the courses
and attend classes.

1.12 If a student is debarred from examination or his paper cancelled due to unsatisfactory
attendance, he will be given UR grade in that paper. He will need to register for the course
afresh and attend classes.

1.13  If a student spends a part of his time in third or fourth semester in course work (except as
backlog papers) as a consequence of poor grades or unsatisfactory attendance in first two
semesters, his thesis submission date will be forwarded by one semester. His thesis will be
evaluated along with those of the next batch students, and he will be awarded the degree in the
following year. The extension period will be without fellowship.

Attendance and Leave

1.1

a) Unlike many examining universities, NIT Rourkela's academic programme is based primarily
on the teaching-learning process. Attendance in classes, participating in class room
discussions and participating in the continuous evaluation process is the most essential
component of the academic programme. All teachers and students must appreciate that the
number of classes scheduled for a course under the approved academlc calendar and time
table must be held during the semester. Form AC/117 gives the format of a monthly
attendance sheet.

b) If because of personal leave or official duty, or on student request, a teacher is unable to
hold a class on the scheduled hour, he will hold the compensating classes at a mutually
convenient hour. A teacher may communicate with his class by announcing in the class,
through messages on Institute and hostel notice boards or through e-mail. Attendance in
these compensatory classes is mandatory for every student.

c) Under special situations, when a teacher is unable to communicate with the students in
advance about his absence from a scheduled class, the students present may mark their
attendance in the departmental office. If the class is compensated by the teacher on a later
date, this attendance sheet will be replaced by the attendance record provided by the
teacher.

d) A teacher, at his discretion, may hold additional classes beyond what is originally scheduled,
particularly when several classes are lost due to holidays or suspension of classes.
Attendances in these classes are also mandatory for the students.

1.2 Attendance in all classes (Lectures, Tutorials, Laboratories, and Seminars etc.) is compulsory. A
student shall be debarred from appearing at an examination or, if he has already written the
examination, the grades will be rejected on ground of unsatisfactory attendance, if the
attendance is below what is prescribed in clause 7.3, or if in the opinion of the course teacher
the student has not participated effectively in the class in terms of home assignments, class tests
etc.

In such a case a student shall be given UR grade, and the student will need to register for the

course once again and attend classes with seriousness.

1.3
a) Considering that attendance in classes, participating in the teaching-learning process is the

basic foundation of our academic programme, a student is expected to attend all classes
conducted as per Institute calendar and time table.

13
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b)

d)

e)

f)

However, to provide for exigencies, absence to the extent of 15% of scheduled number of
classes in every course will be condoned as a matter of routine.

In deserving cases, a further relaxation of 15% (i.e., 30% of scheduled number of classes)
may be made by Dean(AA); but the student's grade will be reduced by one step. A 'P' grade
will be reduced to 'F', and the student will be permitted register for the course as a backlog
paper in the following year.

The following table gives the number of classes that a student may miss with or without
penalty in grade.

With reduction of

L-T-P Without Penalty .
one step in grade

3-0-0 6 12
3-1-0 8 16
0-0-3 2 4

It may be noted that missed classes are of 1 hour duration in theory courses and of 3 hour
sessions in lab (0-0-3) courses.

If a student has attendance lower than that prescribed under item (c), he will get UR grade.
He may register in a summer course if offered or register for the course in a subsequent
semester. In the latter case he may not be able to complete the programme in two years.
The Institute will fix a cutoff date before every examination to compute the percentage of
absence.

In case there are truly exceptional circumstances, the Senate or the Director as Chairman
Senate, may relax attendance requirements as they think fit.

1.4 It is possible for a student to get leave of absence from classes in deserving cases [Use Form
AC/110 to apply for leave]. Dean (AA) may sanction leave on recommendation of Faculty Advisor
and Head of the Department on one of the following grounds:

(i)
(ii)

(iii)

(iv)

(v)
(vi)

Upto 10 working days of CASUAL LEAVE per year for incidental purposes.

Upto 15 (including intervening holidays) days of medical leave per year based on
prescription of "Unfit for class" by Institute Medical Officer or on hospitalization and
post-hospitalization rest approved by attending physician of the hospital, countersigned
by Institute Medical Officer. The medical rest recommended by Institute Medical Officer
must be on the student's medical record book, and that of external hospitals on the
discharge certificate. Advice of rest must be dated prior to the rest period, not later,
except under special circumstances. It may be noted that such advice of rest is not
sufficient for missing examinations, for which a specific recommendation must be
obtained on Form AC/112. The first five days of medical leave will count towards
payment of fellowship, but not for satisfying attendance requirement. It is because the
15% concession in attendance requirement includes few days of minor sickness.
Participation in inter-NIT or other national level student competitions inside or outside
the Institute. To avail such leave of absence from classes, a student should be selected
by SAC to represent the Institute through a process of open competition. A copy of
appropriate office order of SAC must be enclosed with the application. (Limited to 5
working days per semester.) [use Form AC/111]

for academic work or presentation of papers related to final year project, if the project
involves visit to Industry or other Institutes or to participate in a Conference. The
application must be recommended by the Project Guide and relevant documents are to
be enclosed. (Limited to 5 working days in a semester.) [use Form AC/111]

for officially arranged placement programmes on recommendation of Professor,
T & P. (Limited to 5 working days in a semester.) [use Form AC/111]

The Director, as Chairman Senate may approve leave beyond this period upto 40
working days on ground of prolonged illness or unusually serious circumstances.
Consideration will be given to students who give prior and continuous information either
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directly or through parents, project guide or faculty advisor. Family functions (social or
religious), illness of family members, participation in student activities such as organizing
functions or raising money, preparing for other examinations or searching of jobs are
not adequate grounds for leave of absence from classes (including project work).

It should also be appreciated that a single student is unlikely to require all the categories
of leave listed above during all the semesters. The Dean (AA) or Director will sanction
leave under any of the above categories only when he is convinced that the leave will
not adversely affect the student's academic programme.

1.5 A student will give a list of missed classes (course wise) in his leave application. If approved, the
student will be deemed to be present in classes during that many hours for the purpose of
computing unauthorized absence from classes.

1.6 In the project period (3rd and 4th semesters), if a student has poor attendance or unsatisfactory
record of active work in. the department, as perceived by the supervisor and concurred by the
DAC, the date of thesis submission shall be extended by 2 to 6 months without fellowship. The
evaluation of the thesis may be done along with the student's batch mates or with students of
next batch as decided by DAC.

1.7 A student may be given mess rebate (in units of one day) by the Warden of the hall for the
period of approved leave and permission to leave station. For this purpose he must produce the
approval by the competent authority and submit a photocopy if the Warden so desires. Medical
'rest' while in Rourkela will not qualify for mess rebate, nor will absence from hostel without
proper approval to leave station. Minimum duration of absence should be 5 days to qualify for
mess rebate.

1.8 No sanction of leave is necessary if a student wants to leave station over weekend or holidays,
except when there is a scheduled compensatory class. No mess rebate is admissible for such
absence. The student, however, is required to inform the Warden of his hall of residence before
leaving Rourkela.

1.9 Form AC/111 will be used by students seeking permission with or without financial support to
travel for academic or extra-curricular work. Such absence from classes shall NOT be counted as
leave.

Assessment of Performance

1.1 There will be continuous assessment of a student's performance throughout the semesters and
grades will be awarded by the Subject Teacher.

1.2 In general, there is no strict marks-to-grade linkage. The following should be taken as a guideline
to ensure uniformity of grading among, all courses.

(a) For arriving at a grade obtained by a student for a particular subject, initially numeric marks
obtained by the student out of 100 (hundred) are to be determined and then the same is to
be converted to letter grade following the guidelines given in Appendix-Il.

(b) For theory subjects, the subcomponents and the respective weights assigned to them are

given below.

Subcomponent Weight
Teacher's Assessment (T.A.) 20%
Mid-Semester Examination 30%
End-Semester Examination 50%

(c) For assigning marks in Teacher's Assessment (T.A.), performance in home assignments, class
tests, tutorials, quizzes, viva-voce, attendance etc. are to be considered. It is recommended
that at least two class tests for 4 credit theory courses and 1 test for 3 credit theory courses
are to be conducted for a subject. The weights of different subcomponents of T.A. may be
announced to the students by the teacher at the beginning of the Semester.
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(d) In case of students given an F, lor X grade, the teacher must submit the marks under T.A.
head to the Department Office for use in future.

(e) For assignment of marks in design/ laboratory component (P - component) the relevant
subcomponents that are to be considered are: day-to-day work, regularity, tests,
assignments, viva-voce etc. Percentage weights of the different subcomponents in deciding
the final marks are to be announced at the beginning of the Semester. The evaluation
process must be completed before the beginning of end semester examination.

Unlike purely examining universities, design and laboratory courses at NIT Rourkela will put greater
emphasis on day to day work than on end semester examinations. To the extent possible, design and
laboratory work should be completed and evaluated every class thus ensuring continuous
evaluation. Final examination and/or viva voce, if any, may not carry more than 20% marks. No
external examiner shall be associated with evaluation of design/laboratory or theory courses.

1.3

Class tests, assignments, tutorials, viva-voce, laboratory assignments, etc., are the constituent
components of continuous assessment process, and a student must fulfill all these requirements
as prescribed by the teacher of the subject. If due to any compelling reason (such as
participation in national/international events with due approval of the institute, personal illness,
calamity in the family, etc.) a student fails to meet any of the requirements within the scheduled
date and time, the teacher may take such steps (including conduction of compensatory
tests/examinations) as are deemed fit to ensure a fair assessment.

Examination

11

1.2

The departments will conduct the Mid-semester and End-semester Examinations in respect of
theory subjects unless otherwise arranged. The Chairman of the Departmental Academic
Committee (PG&R) will arrange the examination schedule, invigilation duties, and dispatch of
answer scripts to the teachers and collection of grades. In departments with a single M.Tech.
Programme, the course teacher may conveniently (not mandatory) be assigned the invigilation
duty for the examination. The examinations will normally be "closed book type", where the
students are not permitted to bring any material from home or hostel. All necessary charts,
tables, codes etc. will be provided by the department. It is the teacher's responsibility to ensure
that the required materials are made available to the invigilators. While normal scientific
calculators are permitted, other electronic devices such as advanced programmable calculators
and calculators containing communication devices are forbidden. Any exception to these
provisions must be specially approved by the Senate.

On request from a department, the Institute shall provide sick room facility with medical
attention inside the Institute building or in a nearby hospital as deemed convenient by the
Institute to assist students who may fall sick during the examinations.

(a) A student will be permitted to appear in an examination, only if he/she has:

(i) attendance record as per these regulations in theory and laboratory classes and has
completed the assignment works given.

(ii) paid all Institute and Hall dues of the semester.

(iii) not been debarred from appearing in the examination as a result of disciplinary
proceedings, or on recommendation of the subject teacher.

(iv) has formally registered for the subjects at the beginning of the semester.

(b) A student may be debarred from appearing at the Mid-Semester or End-Semester
Examination in the subject on the report of Subject Teacher if his
(i) attendance at lecture/tutorial/ laboratory classes in that subject has not been
satisfactory during the period, and/or,
(ii) Performance in the assignment works in that subject during the semester has not been
satisfactory.
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13

14

15

1.6

1.7

1.8

1.9

The final grades awarded to the students in a subject must be submitted by the teacher, within
ten days from the date of holding the Examination to the concerned Head of the Department for
onward transmission to the Examination Office, which has to be done by the. Head on the same
or next working day. The teacher will submit a separate report on all students obtaining F OT |
grades on Forms AC/121 and AC/122. A teacher, at his discretion, may display the grades
(including partial lists) on his door or on any electronic forum. Display of grades by a teacher is
for benefit of students, and cannot be cited for legal purposes.

The Examination Office will place the results and statistical reports of all examinations before
the PGPEC, which will examine them and recommend to the Senate for approval. In case the
Senate meeting is delayed, the recommended results can be published with approval of the
Chairman, Senate. The same may be ratified by the Senate it its next meeting. The Senate has
the authority to correct any mistake in the results, even if they are already approved by the
Chairman.

For the benefit of and as a process of learning by the students, the scripts after correction of all
class tests, mid-semester examinations assignments etc. will be shown to the students within 3
weeks from the date of Tests / Examinations. The evaluated scripts of the end-semester
examinations are to be shown to the students at the beginning of the next semester, but not
later than 2 weeks from the starting of classes. There is no limit on how early a teacher can show
the evaluated scripts to the students.

Any change of grade of a student in a subject [Form AC/120], consequent upon detection of any
genuine error of omission and/or commission on part of the concerned teacher, must be
recommended by the Departmental Academic Committee and forwarded by the Head of the
concerned Department to the Examination Office within three weeks from the date of
commencement of the next semester. Every Department will send one comprehensive report
for each semester in a standard format.

If a student is dissatisfied with his/her grade, he/she may bring it to the attention of the teacher
within two weeks from the first day of commencement of classes in the next semester. The
teacher may change the grades if he finds an error in evaluation. The teacher will report the
change of grade to the Departmental Academic Committee [Form AC/120] along with all
relevant papers (answer scripts, attendance register etc.) before a specified date. The DAC will
submit a consolidated report as per standard form to the Examination office for correction of
records. If the student still feels aggrieved, he/ she will file a formal complaint with Dean (AA)
through his/her faculty advisor and HOD with a copy to the teacher (evaluator). If no complaint
is filed within one month from the first day of classes in the next semester, the student is
deemed to have accepted the results and no further change of grade is permitted.

The teachers are expected to retain all answer scripts, assignments and laboratory records for a
period of two months from the starting of classes in the next semester. After that the material
may be disposed off, except for the students who have filed a complaint. In case of complaint
filed before the expiry of two months, the material need to be saved till all disputes are settled
and final grade awarded. All relevant material will be handed over by the teacher to the Head of
the Department for safe keeping in the department office. The teacher, at his discretion, may
retain a photo copy.

There is no provision for supplementary or alternative mid semester exams in an M.Tech.
Course. A student who secures an F grade in First or Second semester or misses an examination
due to a compelling reason, may appear at the examinations during 3rd or 4th semester as
backlog papers, the later being subject to satisfactory attendance record. In such cases the grade
will be reduced by one step, except in case of P grades which remain unchanged. A student can
get full credit if he misses examination for a compelling reason and has over 95% attendance. If a
student does not satisfy attendance requirements, he will have to formally register for the
courses during 3rd or 4th semesters, in which case his date of thesis submission gets deferred.
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Withdrawal

11

1.2

1.3

In case of a student already employed, or if he secures new placement (including long term
internship), he may be allowed to become nonresident on the recommendation of Faculty
adviser and Head of the Department and with approval of Dean (AA) after he has completed
successfully two semesters of course work. [Students with any F, I, X or UR grade at the end of
second semester will not be granted withdrawal.] The student so permitted has to pay the
prescribed fees in all subsequent semesters till submission of thesis. In such cases, however, the
student has to submit the dissertation not later than four years from the date of admission.

The following arrangement will be made for carrying out the project after a student takes

withdrawal from the Institute in accordance with clause 10.1:

(i) If the withdrawal is taken before the end of the autumn semester, it will be necessary
for the student to start afresh on his project with a joint supervisor from his employing
organization. The student has to identify a suitable supervisor from the organization
where he joins and submit the bio-data of the supervisor, his willingness to supervise the
student and the consent of the organization to the Departmental Supervisor, who shall
subsequently forward it to the Dean (Academic Affairs) through HOD for approval. The
student can submit thesis from outside with a delay of at least one year.

(ii) If the withdrawal is taken after completion of the autumn semester, the student can
work under the guidance of his present supervisor (if the supervisor certifies it to be
feasible) and submit his thesis at least one year after his normal date of submission.

(iii) As a special case of clause 10.3 (ii), if the withdrawal is sought within one month prior to
the scheduled date of thesis submission, the student is required to ask the employer for
an extension of date of joining. If not agreed to by the employer, he may be granted
withdrawal by Dean (AA). Copies of all relevant correspondence need to be submitted
by the student to establish that an honest attempt was made by the student and his
supervisor to obtain an extension of joining date. In such a scenario, the student may
submit a partial thesis for evaluation. He / She can also appear at viva voce examination
along with his batch mates. He / She will submit the complete thesis after putting in
additional work before the end of following autumn semester which will be evaluated by
a departmental board for award of the final grades. He / She will be awarded degree
along with the next batch of students.

Students will not be entitled to any fellowship after taking withdrawal from the course.

Project Work and Submission of Thesis

11

1.2

1.3

The project is an important component of the Institute's M.Tech. programme. It gives an
opportunity to the student to express his creative talents and prepare for his future career.

Each topic will be taken by one student only. In case of specially challenging problems, larger
teams may work on a single problem, with the prior approval of Dean (AA).

The Departmental Academic Committee will invite research topics for M.Tech. projects from its
own faculty (including adjunct faculty) and from other departments across the Institute towards
the middle of the first semester. One member of the Committee may be designated to
coordinate this activity. Faculty members may propose project topics, singly or in collaboration
with a colleague from the same or another department. Co-Supervisors from industry or other
institutions may also be accepted. The topics should be advanced in academic content and,
preferably, relevant to industry/field application. It is expected that research topics offered by
an academic group fall into a pattern, and reflect the long term research plans of the faculty
members.
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1.4 The Departmental Academic Committee will assign research topics to students at the end of the

first semester (preferably by September 30), after taking into consideration the requirements of
the projects and choice of the students.
Initial assignments of projects will generally be broad titles, which will crystallize as the work
progresses. It is not mandatory for the student or his supervisor to inform the DAC about such
incremental changes. In case of a major change of field during the course of a work, the DAC
should be informed to decide if the student shall need additional time to complete the work.

1.5 M.Tech. projects may be analytical, computational, experimental or developmental or
combination thereof. The department will make the necessary resources available to the
students, including access to laboratory and computing facilities outside normal working hours.
It will be the moral and legal responsibility of the supervisor (s) to arrange the facilities. Students
are encouraged to discuss such matters with their supervisors, and if not satisfied, with HODs
and higher authorities.

1.6 The Institute encourages research projects in collaboration with industry, R&D organizations and

other reputed educational institutions. Such projects must be proposed and actively pursued by
the faculty supervisor, instead of being a private arrangement between the student and the
external Institution. The supervisor may propose to DAC a co-supervisor from the collaborating
institution. The student may accept financial support from the external institution, to offset the
additional cost of travel, and living expenses. But he cannot accept a second
fellowship/scholarship while enjoying a fellowship from the Institute.
The Institute specifically discourages internships in industry where a student works in an
organization without active participation by his supervisor in pursuing the research topic.
Indicators of such arrangement are initiation of a problem after allotment of research topics,
interview of the student by the company, long stay of student in the premises of the employing
organization with intermittent visit to the Institute, absence of meetings between the
supervisors from the industry and the Institute, withholding of information in the thesis by the
company, absence of share of IPR to the faculty supervisor etc. Reputation of the industry,
expertise of its engineers and standard of the research topic do not justify non-participation of
the student in the Institute's academic programme.

1.7 The Head of the Department is the competent authority to approve travel of students for all
academic purposes including those for working on research projects irrespective of the duration.
Travel support from the Institute, however, needs to be approved by Dean (AA).

1.8 Each student will be given an official "Project Record Book" by the Institute. A guideline for
Project Book is given in Appendix-Ill. All concepts, drawings, formulas, derivations, experimental
observations, graphs, charts, photographs, computer flow charts and pseudo codes must be
recorded by the student on this note book, which must be produced before all evaluation
boards. There shall no blank pages in between the writings.

1.9 The student is required to submit formal project reports at the end of 3rd and 4th semesters
that submitted at the end of the 4th semester being in the form of a well bound thesis. The
Departmental Academic Committee will constitute one or more evaluation boards, for
continuous monitoring of the projects. The Boards will examine the day to day records and
conduct viva-voce and/or oral presentations by the students at least twice in each semester.

1.10 For the purpose of assignment of a grade in the 3rd semester, the following will be
weightage of the different components:

Mid Semesters assessment by Supervisor (s) = 20%
(based on day to day work and record book)

Mid Semester assessment by Evaluation Board = 20%
(based on record book only)

End Semester assessment by Supervisor(s) = 20%
(based on day to day work and record book)

End Semester Assessment by Evaluation Board = 20%

19



EXCERPTS FROM REGULATIONS

(based on oral presentation, viva-voce and record book)
Interim Project Report = 20%
(assessed by Evaluation Board)

1.11  For the assignment of a grade in the 4th semester, the following will be weightage of the
different components.
Supervisor’s assessment

(twice in a semester 20% + 20%) = 40%
Assessment by Evaluation Board along with external examiner through oral presentation and
viva -

Voce = 40%

20%

Project Report
(external examiner)
The external examiners will be selected by Dean (AA) out of a panel of five experts suggested by
the Departmental Academic Committee. Depending on the number of students and the variety
of topics either one or two external experts may be invited. The invitation will be issued by the
AR (Acad), further correspondence regarding date of viva voce and travel plans being made by
the HOD or his nominee.

1.12  On completion of the examination process a student shall submit two bound copies of the
thesis (three if there are two supervisors) to the Head of the Department - one for the
Departmental Library and one copy to each of his supervisors. Loosely bound copies will not be
accepted. The student is also required to submit two electronic copies of the thesis in prescribed
format (PDF). The paper and electronic copies of the thesis will be archived in Institute and
Departmental libraries and will be distributed by the Institute through Internet and other means.

1.13  On completion of evaluation, the Departmental Academic Committee or its subcommittee
constituted for the purpose shall decide the grade awarded. If the performance of a student is
unsatisfactory, the Committee may recommend one of the following:

(i) Rewriting of report and submission for evaluation.

(ii) Extension of time for completion of the work (the time duration is to be specified), [No
fellowship to be given during extension period.)

(iii) Complete repetition of the project in the following year.

The resubmitted thesis will be evaluated by the Committee and the grade will be sent to the
examination office. The committee may, at his discretion, seek advice of the external examiner.

1.14  Students who have been absent for a substantial duration during the project period, or have
otherwise invested less than required time will be granted extension of time on
recommendation of the supervisor or of the Evaluation Board. Such extension will be without
fellowship.

The extension of duration shall not be less than the number of days lost by unauthorized
absence during the project period.

If the extension of thesis submission is for duration less than 2 months, the oral examination can
be carried out along with the same batch students. Otherwise, a student can complete his work
and submit his thesis; but his thesis will be evaluated along with the student of next batch.

1.15 Rights to all intellectual property generated in the project shall be distributed equally among
the students, technicians and the supervisors, except where the concerned workers mutually
settle on a distribution formula. If a project is supported by a sponsor, the sponsoring
organization will be given IPR as per the contract, and the balance divided among the faculty,
students and technicians.

1.16  Like course credits, it will be possible for a student to carry out his project in another NIT, lIT
or institution of comparable standing in India or abroad under the joint supervision of faculty
members of both institutions, and transfer the credits to NIT Rourkela. Such arrangements will
need the approval of the Senate [or Chairman Senate on its behalf] on case to case basis.
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Graduation Requirement

1.1 In order to qualify for the M. Tech. degree of the Institute, a student must:

(a) complete all credit requirements for the degree as laid down in the prescribed curriculum of
the discipline, with a minimum grade' P, in each subject.

(b) obtain a CGPA of 6.00 or higher at the end of the semester in which he completes all the
requirements of the degree, separately in both course work (1st and 2nd semesters) and
thesis (3rd and 4th semesters) components.

(c) have cleared all dues of the Institute, Halls of residence, Library, Department and Student
Activity Centre.

1.2 Normally a student should complete all the requirements consecutively in four semesters for the
M. Tech. degree. [Six semesters in the Slow Pace programme.] Students taking withdrawal in the
middle of a programme will be governed by rules given in Section 10.

1.3 All graduating students are required to submit their suggestion for improvement of courses to
the Director in Form AC/123. The suggestions will be summarized on Form AC/124 and
presented before the Senate.

1.4 Students who do not satisfy all graduation requirements within 4 years from the date of
admission will leave the institute without being awarded a degree.
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B. Curricula of M.Sc,Integrated M.Sc, MA and MBA Programmes

Sl. No Branch. Branch Name Curricula | Syllabi
Code Page No. | Page No.
1 cYy Chemistry
2 LS Life Science
3 MA Mathematics
4 PH Physics
5 HS MA in Development Studies (HUMANITIES &
SOCIAL SCIENCES)
6 SM School of Management
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DEPARTMENT OF CHEMISTRY
Curriculum of M.Sc. (CHEMISTRY)

FIRST SEMESTER

SI. No Sub. Code Subjects L-T-P Credits

1 CY 511 Stereochemistry and Reaction Mechanism 3-1-0 4
2 Cy 521 Principles of Inorganic Chemistry 3-1-0 4
3 CY 531 Thermodynamics & Chemical Equlibria 3-1-0 4
4 Professional Elective — | 3-0-0 3
5 Open Elective — | 3-0-0 3
6 CY 571 Organic Chemistry Laboratory 0-0-9 6
7 Cs171 Computing Laboratory — | 0-0-3 2

TOTAL 26

SECOND SEMESTER

SI. No Sub. Code Subjects L-T-P Credits
1 CY 512 Structure and Functions of Biomolecules 3-1-0 4
5 CY 522 Chemistry of Transition and Non-transition 3-1.0 4
Elements

3 CY 532 Chemical Kinetics and Photochemistry 3-1-0 4
4 Professional Elective — I 3-0-0 3
5 Open Elective — Il 3-0-0 3
6 CY 572 Inorganic Chemistry Laboratory 0-0-9 6
7 CS 172 Computing Laboratory — Il 0-0-3 2

TOTAL 26

THIRD SEMESTER

SI. No Sub. Code Subjects L-T-P Credits
1 CY 533 Quantum Chemistry 3-1-0 4
2 Professional Elective — Il 3-0-0 3
3 Professional Elective — IV 3-0-0 3
4 Open Elective — Il 3-0-0 3
5 CY 573 Physical Chemistry Laboratory 0-0-9 6
6 CY 591 Research Project — | 0-0-6 4
7 CY 593 Seminar & Technical Writing — | 0-0-3 2
8 CY 595 Short Term Industrial / Research 0-0-0 )

Experience(SIRE)
TOTAL 27

FOURTH SEMESTER

SI. No Sub. Code Subjects L-T-P Credits

1 CY 514 Environmental Chemistry 3-1-0 4

2 Professional Elective —V 3-0-0 3

3 Professional Elective — VI 3-0-0 3

4 Open Elective — IV 3-0-0 3

5 CY574 Environmental Chemistry Laboratory 0-0-9 6

6 CY 592 Research Project — Il 0-0-9 6

7 CY 594 Seminar & Technical Writing — Il 0-0-3 2

8 CY 596 Comprehensive Viva — Voce 0-0-0 2
TOTAL 29
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Curriculum of Integrated M.Sc. (CHEMISTRY)

FIRST SEMESTER(STRUCTURE COMMON TO ALL BRANCHES)

SI.No Sub. Code Subjects L-T-P Credits
1 MA 101 Differential Equations 3-1-0 4
2 PH 101 Physics — | 3-1-0 4
3 Cy 101 Chemistry 3-1-0 4

EE 100 Basic Electrical Technology
4 - - - - OR 3-1-0 4
EC 100 Basic Electronics Engineering
CE 100 Engineering Mechanics
5 - - - OR 3-1-0 4
CE 130 Environmental and Safety Engineering
PH 170 Physics Laboratory
6 CY 170 Chemistry Laboratory OR 0-0-3 2
7 cs171 Computing Laboratory — | 0-0-3 2
8 CE171 Engineering Drawing 0-0-3 2
9 WS 171 Workshop Practice — | 0-0-3 2
10 Extra Academic Activity — | 0-0-3 2
TOTAL 30
SI.No Sub. Code Subjects L-T-P Credits
1 MA 102 Matrix theory, Vector Calculus and Fourier 3-1-0 4
Analysis
2 PH 102 Physics — Il 3-1-0 4
3 CS 102 Data Structures and Algorithms 3-1-0 4
EC 100 Basic Electronics Engineering
4 ; - OR 3-1-0 4
EE 100 Basic Electrical Technology
CE 130 Environmental and Safety Engineering
5 - - - OR 3-1-0 4
CE 100 Engineering Mechanics
CYy 170 Chemistry Laboratory
6 PH 170 Physics Laboratory OR 0-0-3 2
7 CS 172 Computing Laboratory — Il 0-0-3 2
8 ME 170 Machine Drawing and Solid Modeling 0-0-3 2
9 ME 172 Workshop Practice — Il 0-0-3 2
10 Extra Academic Activity — | 0-0-3 2
TOTAL 30

SI.No Sub.Code Subjects L-T-P Credits
1. Cy 221 Chemistry of Industrial Materials 3-1-0 4
2. Cy 231 Basic Physical Chemistry — | 3-1-0 4
3. PH 201 Thermodynamics 3-1-0 4
4, MA 207 Introduction to Numerical Analysis 3-1-0 4
5. HS & Open Elective — | 3-0-0 3
6. MA 270 Numerical Methods Laboratory 0-0-3 2
7. Cy 271 UG Organic Chemistry Laboratory 0-0-3 2
8. PH 271 Thermal Laboratory 0-0-3 2

TOTAL 25
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FOURTH SEMESTER

SI.No Sub.Code Subjects L-T-P Credits
1. Cy 214 Basic Organic Chemistry — | 3-1-0 4
2. CY 234 Basic Physical Chemistry — Il 3-1-0 4
3. PH 202 Electricity and Magnetism 3-1-0 4
4, MA 206 In.troduct.ion to Cgmplex Analysis and Partial 3-1.0 4

Differential Equations
5. HS & Open Elective — I 3-0-0 3
6. CY 273 UG Physical Chemistry Laboratory 0-0-3 2
7. PH 272 Electricity and Magnetism Laboratory 0-0-3 2
8. HS 270 Language Laboratory 0-0-3 2
TOTAL 25

FIFTH SEMESTER

SI.No Sub.Code Subjects L-T-P Credits

1. CY 312 Basic Organic Chemistry — I 3-1-0 4
2. CY 322 Basic Inorganic Chemistry — | 3-1-0 4
3. MA 301 Group Theory 3-1-0 4
4, PH 301 Waves and applications 3-1-0 4
5. HS & Open Elective — Il 3-0-0 3
6. CY 375 Instrumentation Laboratory 0-0-3 2
7. PH 371 Waves and Optics Laboratory 0-0-3 2
8. MA 371 Lab works on Abstract Algebra 0-0-3 2

TOTAL 25

SIXTH SEMESTER

SI.No Sub.Code Subjects L-T-P Credits

1. Cy 313 Natural Products 3-1-0 4
2. CY 323 Basic Inorganic Chemistry — Il 3-1-0 4
3. PH 302 Properties of Matter 3-1-0 4
4, MA 332 Probability 3-1-0 4
5. HS & Open Elective — IV 3-0-0 3
6. CY 374 UG Inorganic Chemistry Laboratory 0-0-3 2
7. PH 374 Properties of Matter Laboratory 0-0-3 2
8. MA 372 Statistics Laboratory 0-0-3 2

TOTAL 25

SEVENTH SEMESTER

SI.No Sub.Code Subjects L-T-P Credits

1. Cy 511 Stereochemistry and Reaction Mechanism 3-1-0 4
2. Cy 521 Principles of Inorganic Chemistry 3-1-0 4
3. CY 531 Thermodynamics & Chemical Equlibria 3-1-0 4
4, Professional Elective — | 3-0-0 3
5. HS & Open Elective -V 3-0-0 3
6. CY 571 Organic Chemistry Laboratory 0-0-9 6
7. CY 581 Research Project — | 0-0-6 4

TOTAL 25
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EIGHTH SEMESTER

SI.No Sub.Code Subjects L-T-P Credits
1. CY 512 Structure and Functions of Biomolecules 3-1-0 4
5 CY 522 Chemistry of Transition and Non-transition 3-1.0 4

Elements

3. CY 532 Chemical Kinetics and Photochemistry 3-1-0 4
4. Professional Elective — 3-0-0 3
5. HS & Open Elective — VI 3-0-0 3
6. CY 572 Inorganic Chemistry Laboratory 0-0-9 6
7. CY 582 Research Project — Il 0-0-6 4
TOTAL 28

SI.No Sub.Code Subjects L-T-P Credits
1. CY 533 Quantum Chemistry 3-1-0 4
2. Professional Elective —llI 3-0-0 3
3. Professional Elective — IV 3-0-0 3
4, HS & Open Elective — VII 3-0-0 3
5. CY 573 Physical Chemistry Laboratory 0-0-9 6
6. CY 583 Research Project — Il 0-0-9 6
7. CY 593 Seminar & Technical Writing — | 0-0-3 2
8. CY 595 Short Term Industrial / Research Experience(SIRE) 0-0-0 2
TOTAL 27

SI.No Sub.Code Subjects L-T-P Credits
1. CYy 514 Environmental Chemistry 3-1-0 4
2. Professional Elective — V 3-0-0 3
3. Professional Elective — VI 3-0-0 3
4, HS & Open Elective — VIII 3-0-0 3
5. CY 574 Environmental Chemistry Laboratory 0-0-9 6
6. Cy 584 Research Project — IV 0-0-9 6
7. CY 594 Seminar & Technical Writing — Il 0-0-3 2
8. CY 596 Comprehensive Viva-Voce 0-0-0 2
TOTAL 27
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LIST OF PROFESSIONAL ELECTIVES

SI. No | Sub. Code Subjects L-T-P Credits Offered

To

1 CY 515 Spectroscopic Methods of Analysis 3-0-0 3 #
2 CY 516 Industrial Organic Chemistry 3-0-0 3 #
3 Cy 517 Chemistry of Natural Products 3-0-0 3 #
4 CY 518 Polymer Chemistry 3-0-0 3 #
5 CY 519 Pericyclic Reactions and 3-0-0 3 #

Photochemistry

6 CY 523 Industrial Inorganic Chemistry 3-0-0 3 #
7 CY 524 Group Theory and Molecular Orbitals 3-0-0 3 #
8 CY 525 Advanced Co-ordination Chemistry 3-0-0 3 #
9 CY 526 Bio-inorganic Chemistry 3-0-0 3 #
10 CY 527 Supramolecular Chemistry 3-0-0 3 #
11 CY 534 Principles of Heterogeneous Catalysis 3-0-0 3 #
12 CY 535 Electrochemistry 3-0-0 3 #
13 CY 536 Colloids and Surface Chemistry 3-0-0 3 #
14 CY 537 Advanced Solid State Chemistry 3-0-0 3 #
15 CY 538 Molecular Spectroscopy 3-0-0 3 #
16 CY 539 Biophysical Chemistry 3-0-0 3 #
17 CY 541 Chemistry of Heterocyclic Compounds 3-0-0 3 #
18 CY 542 Methods on Organic Synthesis 3-0-0 3 #
19 CY 543 Molecular Rearrangement 3-0-0 3 #
20 CY 544 Instrumental Methods of Analysis 3-0-0 3 #
21 CY 558 Organometallic Chemistry 3-0-0 3 #

Note: # - for both M.SC and Integrated M.Sc. courses

LIST OF OPEN ELECTIVES

sl.No | Sub.Code Subject LT-P | Credits | Vo Eligible
Branches
1 Cy 211 Name Reactions & Rearrangements 3-0-0 3 -
2 CY 232 | Chemical Kinetics 3-0-0 3 CH
3 CYy 311 Concerted Reactions 3-0-0 3 -
4 CY 413 | Spectroscopic Methods of Analysis. 3-0-0 3 -
5 CY 431 | Chemistry of Nanomaterials 3-0-0 3 -
6 CY 432 Introduction to Nanobiotechnology 3-0-0 3 -

SUMMARY OF COURSES

Sub Discipline: Core Courses

| cvio1

‘ Chemistry

3-1-0

4

Sub Discipline: Organic Chemistry

Cy 211 Name Reactions & Rearrangements 3-0-0 3
CYy 214 Basic Organic Chemistry — | 3-1-0 4
Cy 311 Concerted Reactions 3-0-0 3
CY 312 Basic Organics Chemistry — I 3-1-0 4
CY 313 Natural Products 3-1-0 4
CY 413 Spectroscopic Methods of Analysis 3-0-0 3
Cy 511 Stereochemistry and Reaction Mechanism 3-1-0 4
CY 512 Structure and Functions of Biomolecules 3-1-0 4
Cy 514 Environmental Chemistry 3-1-0 4
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CY 515 Spectroscopic Methods of Analysis 3-0-0 3
CY 516 Industrial Organic Chemistry 3-0-0 3
CY 517 Chemistry of Natural Products 3-0-0 3
CY 518 Polymer Chemistry 3-0-0 3
CY 519 Pericyclic Reactions and Photochemistry 3-0-0 3
CY 541 Chemistry of Heterocyclic Compounds 3-0-0 3
CY 542 Methods on Organic Synthesis 3-0-0 3
CY 543 Molecular Rearrangement 3-0-0 3
CY 544 Instrumental Methods of Analysis 3-0-0 3

Sub Discipline: Inorganic Chemistry

Cy 221 Chemistry of Industrial Materials 3-1-0 4
CY 322 Basic Inorganic Chemistry — | 3-1-0 4
CY 323 Basic Inorganic Chemistry — I 3-1-0 4
Cy 521 Principles of Inorganic Chemistry 3-1-0 4
CY 522 Chemistry of Transition and Non transition Elements 3-1-0 4
CY 523 Industrial Inorganic Chemistry 3-0-0 3
CY 524 Group Theory and Molecular Orbitals 3-0-0 3
CY 525 Advanced Co-ordination Chemistry 3-0-0 3
CY 526 Bio-Inorganic Chemistry 3-0-0 3
CY 527 Supramolecular Chemistry 3-0-0 3
CY 544 Industrial Methods of Analysis 3-0-0 3
CY 558 Organometallic Chemistry 3-0-0 3

Sub Discipline: Physical Chemistry

Cy 231 Basic Physical Chemistry — | 3-1-0 4
CY 232 Chemical Kinetics 3-0-0 3
CY 234 Basic Physical Chemistry — I 3-1-0 4
Cy 431 Chemistry of Nanomaterials 3-0-0 3
CY 432 Introduction to Nanobiotechnology 3-0-0 3
Cy 531 Thermodynamics & Chemical Equilibria 3-1-0 4
CY 532 Chemical Kinetics & Photochemistry 3-1-0 4
CY 533 Quantum Chemistry 3-1-0 4
CY 534 Principles of Heterogeneous Catalysis 3-0-0 3
CY 535 Electrochemistry 3-0-0 3
CY 536 Colloids and Surface Chemistry 3-0-0 3
CY 537 Advanced Solid State Chemistry 3-0-0 3
CY 538 Molecular Spectroscopy 3-0-0 3
CY 539 Biophysical Chemistry 3-0-0 3

Sub Discipline: Laboratory Courses

CY 170 Chemistry Laboratory 0-0-3 2
Cy 271 UG Organic Chemistry Laboratory 0-0-3 2
CY 273 UG Physical Chemistry Laboratory 0-0-3 2
Cy 374 Inorganic Chemistry Laboratory 0-0-3 2
CY 375 Instrumentation Laboratory 0-0-3 2
CY 571 Organic Chemistry Laboratory 0-0-9 6
CY 572 Inorganic Chemistry Laboratory 0-0-9 6
CY 573 Physical Chemistry Laboratory 0-0-9 6
CY 574 Environmental Chemistry Laboratory 0-0-9 6

Sub Discipline: Project, Seminar and Special Courses

Cy 581

| Research Project — |

0-0-6

4
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CY 582 Research Project — Il 0-0-6 4
CY 583 Research Project — I 0-0-9 6
CY 584 Research Project — IV 0-0-9 6
CY 591 Research Project — | 0-0-6 4
CY 592 Research Project — Il 0-0-6 4
CY 593 Seminar & Technical Writing — | 0-0-3 2
CY 594 Seminar & Technical Writing — Il 0-0-3 2
CY 595 Short Term Industrial / Research Experience(SIRE) 0-0-0 2
CY 596 Comprehensive Viva-Voce 0-0-0 2
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DEPARTMENT OF EARTH AND ATMOSPHERIC SCIENCES

DEPARTMENT OF EARTH AND ATMOSPHERIC SCIENCES

Vision: To be recognized as a seat of higher learning in the fields of Earth and Atmospheric Science
and provider of superior human resource to major national agencies engaged in exploration &
exploitation of mineral and energy resources and prediction of weather, climate and natural hazards
for disaster mitigation.

Mission:

To carry out cutting-edge research in the fields of Earth and Atmospheric Science with the
emphasis on application to geological prospective, atmospheric modeling and
measurements.

To provide education in the field of Earth and Atmospheric Science with an eye on strong
fundamentals, research aptitude, devotion to profession and high ethical standards.

Programme Educational Objectives (PEOs)

To impart advanced knowledge of science and technology in the fields related to Earth and
Atmosphere.

To provide a strong background on theoretical, practical and fundamental research oriented
understanding.

To train the students with the available computational technology for addressing relevant
issues.

To focus on the interdisciplinary, qualitative and quantitative way of teaching and research
programme.

To create well trained scientists to address various challenges faced by industry and society.

Develop analytical skill to communicate effectively in verbal and documented forms.

Programme Outcomes (POs):

To create well trained manpower for exploration and exploitation of mineral and energy
resources in view of sustainable growth and development of the society.

Developing the understanding of internal and surfacial dynamics of the Earth and associated
Atmospheric processes.

Create efficient researchers to understand and predict weather and climate.

To train people in order to take challenging responsibility for addressing issues relating to
environment and natural hazards.
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Curriculum of M.Sc. (APPLIED GEOLOGY)
FIRST SEMESTER

SI. No Sub. Code Subjects L-T-P Credits
1 ER 511 Physical Geology 3-0-0 3
2 ER 512 Crystallography & Mineralogy 3-0-0 3
3 ER 513 Structural Geology 3-0-0 3
4 ER 514 Geochemistry 3-0-0 3
5 Open Elective — | 3-0-0 3
6 ER 571 Crystallography & Mineralogy Laboratory 0-0-3 2
7 ER 572 Structural Geology Laboratory 0-0-3 2
8 ER 573 Geochemistry Laboratory 0-0-3 2
9 CSs171 Computing Laboratory — | 0-0-3 2

TOTAL 23

SECOND SEMESTER

SI. No Sub. Code Subjects L-T-P Credits
1 ER 515 Igneous & Metamorphic Petrology 3-1-0 4
2 ER 516 Sedimentary and Quaternary Geology 3-1-0 4
3 ER 519 Fuel and Economic Geology 3-1-0 4
4 ER 518 Palaeontology 3-0-0 3
5 Open Elective — Il 3-0-0 3
6 ER 574 Igneous and Metamorphic Petrology Laboratory 0-0-3 2
7 ER 575 Sedimentary Geology Laboratory 0-0-3 2
8 ER 576 Palaeontology Laboratory 0-0-3 2
9 CS172 Computing Laboratory — I 0-0-3 2

TOTAL 25

THIRD SEMESTER

SI. No Sub. Code Subjects L-T-P Credits
1 ER 517 Stratigraphy 3-0-0 3
2 ER 520 Hydrogeology 3-0-0 3
3 Professional Elective — | 3-0-0 3
4 Open Elective — Il 3-0-0 3
5 ER 577 Core Microscopy Laboratory 0-0-3 2
6 ER 578 Hydrogeology Laboratory 0-0-3 2
7 ER 579 Paleoceanogaphy Laboratory 0-0-3 2
8 ER 591 Research Project — | 0-0-0 4
9 ER 593 Seminar and Technical Writing — | 0-0-0 2

ER 595 Short term Industrial/ Research Experience 0-0-0 2
10
(SIRE)
TOTAL 27

FOURTH SEMESTER

SI. No Sub. Code Subjects L-T-P Credits
1 Professional Elective — Il 3-0-0 3
2 Professional Elective —llI 3-0-0 3
3 Professional Elective — IV 3-0-0 3
4 Open Elective — IV 3-0-0 3
5 ER 580 Remote Sensing & GIS Laboratory 0-0-3 2
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6 ER 582 Coal Geology Laboratory 0-0-3 2
7 ER 585 Modeling and Simulation Laboratory 0-0-3 2
8 ER 592 Research Project — Il 0-0-0 4
9 ER 594 Seminar and Technical Writing — I 0-0-0 2
10 ER 596 Comprehensive Viva — Voce 0-0-3 2
TOTAL 26
SI. No Sub. Code Subjects L-T-P Credits
1 ER 521 Engineering Geology 3-0-0 3
2 ER 522 Remote Sensing & GIS 3-0-0 3
3 ER 523 Geology of Fuels 3-0-0 3
4 ER 524 Environmental Geology 3-0-0 3
5 ER 525 Isotope Geology 3-0-0 3
6 ER 526 Geophysical Methods 3-0-0 3
7 ER 527 Geostatistics 3-0-0 3
8 ER 528 Introduction to Atmosphere and Ocean 3-0-0 3
Sceince
9 ER 529 Tectonic Geodesy: Crustal Deformation & 3-0-0 3
Active Tectonics
10 ER 530 Rheology of the Earth 3-0-0 3
11 ER 531 Earthquake and Volcano Deformation 3-0-0 3
12 ER 532 Weather and Climate Systems 3-0-0 3
Sl. No | Sub.Code Subject L-T-P | Credits Non Eligible
Branches
1 ER 201 | Physics of Atmosphere 3-0-0 3 -
2 ER 202 | Evolution of Early Earth 3-0-0 3 -
3 ER 203 | Coal and Petroleum Geology 3-0-0 3 -
4 ER 204 | Global Plate Tectonics 3-0-0 3 -
5 ER 205 | Introduction to Weather and Climate 3-0-0 3 -
SUMMARY
ER 511 Physical Geology 3-0-0 3
ER 512 Crystallography & Mineralogy 3-0-0 3
ER 513 Structural Geology 3-0-0 3
ER 514 Geochemistry 3-0-0 3
ER 515 Igneous & Metamorphic Petrology 3-1-0 4
ER 516 Sedimentary and Quaternary Geology 3-1-0 4
ER 517 Stratigraphy 3-0-0 3
ER 518 Palaeontology 3-0-0 3
ER 519 Fuel and Economic Geology 3-1-0 4
ER 520 Hydrogeology 3-0-0 3
ER 521 Engineering Geology 3-0-0 3
ER 523 Geology of Fuels 3-0-0 3
ER 524 Environmental Geology 3-0-0 3
ER 525 Isotope Geology 3-0-0 3
ER 526 Geophysical Methods 3-0-0 3
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ER 527 Geostatistics 3-0-0
ER 529 Tectonic Geodesy: Crustal Deformation & Active 3-0-0
Tectonics

ER 530 Rheology of the Earth 3-0-0 3
ER 531 Earthquake and Volcano Deformation 3-0-0 3
ER 207 Mining Geology 3-0-0 3
ER 202 Evolution of Early Earth 3-0-0 3
ER 203 Coal and Petroleum Geology 3-0-0 3
ER 204 Global Plate Tectonics 3-0-0 3
ER 607 Application of Tectonic Geodesy 3-0-0 3
ER 608 Rock Water Interaction 3-0-0 3
ER 609 Geochronology 3-0-0 3
ER 610 Applied Isotope Geology 3-0-0 3
ER 611 Instrumentation for Earth Scientists 3-0-0 3
ER 612 Petroleum Geology 3-0-0 3
ER 613 Coal Geology 3-0-0 3
ER 614 Geostatistics 3-0-0 3
ER 615 Applied Hydrogeology 3-0-0 3

Sub Discipline: Atmospheric Science

ER 528 Introduction to Atmosphere and Ocean Science 3-0-0 3
ER 532 Weather and Climate Systems 3-0-0 3
ER 201 Physics of Atmosphere 3-0-0 3
ER 205 Introduction to Weather and Climate 3-0-0 3
ER 601 Theoretical Meteorology 3-0-0 3
ER 602 Applied Atmospheric Dynamics 3-0-0 3
ER 603 Introduction to Climate Science 3-0-0 3
ER 604 Boundary Layer Meteorology 3-0-0 3
ER 605 Introduction to Microscale and Mesoscale Meteorology 3-0-0 3
ER 606 Mesoscale Meteorology and Modeling 3-0-0 3

Sub Discipline: Remote Sensing & GIS

ER 522

Remote Sensing & GIS

3-0-0

3

ER 616

Satellite Remote Sensing for Geo-resource Evaluation

3-0-0

3

Sub Discipline: Laboratory courses

ER 571 Crystallography & Mineralogy Laboratory 0-0-3 2
ER 572 Structural Geology Laboratory 0-0-3 2
ER 573 Geochemistry Laboratory 0-0-3 2
ER 574 Igneous and Metamorphic Petrology Laboratory 0-0-3 2
ER 575 Sedimentary Geology Laboratory 0-0-3 2
ER 576 Palaeontology Laboratory 0-0-3 2
ER 577 Ore Microscopy Laboratory 0-0-3 2
ER 578 Hydrogeology Laboratory 0-0-3 2
ER 579 Paleoceanography Laboratory 0-0-3 2
ER 580 Remote Sensing & GIS Laboratory 0-0-3 2
ER 582 Coal Geology Laboratory 0-0-3 2
ER 585 Modeling and Simulation Laboratory 0-0-3 2
ER 273 Mining Geology Laboratory 0-0-3 2
CS171 Computing Laboratory — | 0-0-3 2
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| cs172

‘ Computing Laboratory — Il

0-0-3

2

Sub Discipline: Laboratory courses

ER 591 Research Project — | 0-0-0 4
ER 592 Research Project — Il 0-0-0 4
ER 593 Seminar & Technical Writing — | 0-0-0 2
ER 594 Seminar & Technical Writing — Il 0-0-0 2
ER 595 Short term Industrial/ Research Experience (SIRE) 0-0-0 2
ER 596 Comprehensive Viva-Voce 0-0-0 2
ER 798 Seminar and Technical Writing 0-0-0 2
ER 799 Research Project 0-0-0 -
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FIRST SEMESTER

DEPARTMENT OF LIFE SCIENCE
Curriculum of M.Sc (LIFE SCIENCE)

SI. No Sub. Code Subject L-T-P Credits

1 LS 401 Microbiology 3-1-0 4
2 LS 402 Biochemistry 3-1-0 4
3 LS 440 Physical Sciences and Instrumentation 3-1-0 4
4 Professional Elective — | 3-1-0 4
5 Open Elective — | 3-0-0 3
6 LS 471 Microbiology Laboratory 0-0-3 2
7 LS 472 Biochemistry Laboratory 0-0-3 2
8 Cs171 Computing Laboratory — | 0-0-3 2

TOTAL 25

SECOND SEMESTER

Sl. No Sub. Code Subject L-T-P Credits

1 LS 403 Immunology 3-1-0 4
2 LS 404 Molecular Biology and Biotechnology 3-1-0 4
3 LS 410 Food Science 3-1-0 4
4 Professional Elective — I 3-1-0 4
5 Open Elective — 11 3-0-0 3
6 LS 473 Biotechnology Laboratory 0-0-3 2
7 LS 474 Molecular Biology Laboratory 0-0-3 2
8 LS 475 Immunology Laboratory 0-0-3 2

TOTAL 25

THIRD SEMESTER

SI. No Sub. Code Subject L-T-P Credits
1 LS 420 Applied Bioinformatics 3-1-0 4
2 LS 504 Environmental Sciences and Biostatistics 3-1-0 4
3 LS 512 Developmental Biology 3-1-0 4
4 LS 575 Applied Bioinformatics Laboratory 0-0-3 2
5 LS 591 Research Project — | 0-0-6 4
6 Professional Elective — llI 3-1-0 4
7 Open Elective -l 3-0-0 3
8 LS 593 Seminar & Technical Writing — | 0-0-3 2
9 LS 595 Short-term Industrial/Research Experience 0-0-3 2

(SIRE)
TOTAL 29

FOURTH SEMESTER

SI. No Sub. Code Subject L-T-P Credits

1 LS 511 Genetics 3-1-0 4
2 LS 592 Research Project — Il 0-0-9 6
3 LS 594 Seminar & Technical Writing — Il 0-0-3 2
4 Open Elective = IV 3-0-0 3
5 Professional Elective — IV 3-1-0 4
6 LS 596 Comprehensive Viva - Voce 0-0-0 2

TOTAL 21

TOTAL CREDITS: 25+25+29+21=100
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LIST OF PROFESSIONAL ELECTIVES

SI. No. | Sub.code Subject L-T-P Credits
1. LS 405 Cell biology 3-1-0 4
2. LS411 Biophysics 3-1-0 4
3. LS 412 Advanced Microbial genetics 3-1-0 4
4, LS 421 Radiation biology 3-1-0 4
5. LS 422 Cell-cell Signaling 3-1-0 4
6. LS 423 Advanced Techniques 3-1-0 4
7. LS 424 Genomics & Proteomics 3-1-0 4
8. LS 502 Advances in Structural Biology 3-1-0 4
9. LS 505 Food Processing technology 3-1-0 4
10. LS 513 Enzymology and metabolism 3-1-0 4
11. LS 530 Aquatic biology and marine biotechnology 3-1-0 4
12. LS 531 Epigenetics 3-1-0 4
13. LS 532 Molecular medicine 3-1-0 4
14. LS 536 RNAI, Stem cells & Oncogenomics 3-1-0 4
15. LS 581 Cancer Biology 3-1-0 4
16. LS 583 Special Topics in Modern Biology — | 3-1-0 4
17. LS 584 Special Topics in Modern Biology — I 3-1-0 4
18. LS 585 Special Topics in Applied Life Science — | 3-1-0 4
19. LS 586 Special Topics in Applied Life Science — Il 3-1-0 4
SI. No Sub.Code Subject L-T-P Credits Non Eligible
Branches
1. LS 406 Fundamentals of Cell Biology 3-0-0 3 HS, SM
2. LS 413 Basic Biophysics 3-0-0 3 HS, SM
3. LS 414 Microbial Genetics 3-0-0 3 HS, SM
4. LS 425 Introduction to Bioinformatics 3-0-0 3 HS, SM
5. LS 427 Advanced Techniques 3-0-0 3 HS, SM
6. LS 435 Ei'ti"e"rﬁfp',,ﬂ:fj“'ty and 3-0-0 3 HS, SM
7. LS 503 Recombinant DNA Technology 3-0-0 3 HS, SM
8. LS 507 Structural Biology 3-0-0 3 HS, SM
9. LS 509 Introduction to Proteomics 3-0-0 3 HS,SM
10. LS 514 Fundamental of Genetics 3-0-0 3 HS, SM
11. LS 533 Marine Biotechnology 3-0-0 3 HS, SM
12. LS 534 Introduction to Epigenetics 3-0-0 3 HS, SM
13. LS 535 Basics in Molecular Medicine 3-0-0 3 HS, SM
14. LS 537 Processing of Food Commodities 3-0-0 3 -
Man and Microbes CE, CS, EC,EE,
ME,ID, FP, PA,
15. LS 538 3-0-0 3 EA, MM,
MN,MA,HS, SM
16. LS 539 Stem (.IeII and Regenerative 3-0-0 3 )
Medicine
17. LS 540 Research Methodology 3-0-0 3 HS, SM
18. LS 542 Basic Biotechnology 3-0-0 3 -
SUMMARY OF COURSES
LS 401 Microbiology 3-1-0 4
LS 402 Biochemistry 3-1-0 4
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LS 403

Immunology

3-1-0

4

LS 440

Physical Sciences and Instrumentation

3-1-0

4

Sub Discipline: Cell and Molecular Biology

LS 404 Molecular Biology and Biotechnology 3-1-0 4
LS 405 Cell biology 3-1-0 4
LS 406 Fundamentals of Cell Biology 3-0-0 3
LS 502 Advances in Structural Biology 3-1-0 4
LS 503 Recombinant DNA Technology 3-0-0 3
LS 507 Structural Biology 3-0-0 3

Sub Discipline: Topics in Modern Biology

LS 410 Food Science 3-1-0 4
LS 411 Biophysics 3-1-0 4
LS 412 Advanced Microbial genetics 3-1-0 4
LS 413 Basic Biophysics 3-0-0 3
LS 414 Microbial Genetics 3-0-0 3
LS 504 Environmental Sciences and Biostatistics 3-1-0 4
LS 511 Genetics 3-1-0 4
LS 512 Developmental Biology 3-1-0 4
LS 513 Enzymology & Metabolism 3-1-0 4
LS 514 Fundamental of Genetics 3-0-0 3
LS 537 Processing of Food Commodities 3-0-0 3
LS 538 Man and Microbes 3-0-0 3

Sub Discipline: Advanced Courses

LS 420 Applied Bioinformatics 3-1-0 4
LS 421 Radiation biology 3-1-0 4
LS 422 Cell — cell signaling 3-1-0 4
LS 423 Advanced Techniques 3-1-0 4
LS 424 Genomics and Proteomics 3-1-0 4
LS 425 Introduction to Bioinformatics 3-0-0 3
LS 427 Advanced Techniques 3-0-0 3
LS 509 Introduction to Proteomics 3-0-0 3
LS 539 Stem Cell and Regenerative Medicine 3-0-0 3
LS 542 Basic Biotechnology 3-0-0 3

Sub Discipline: Specialized Courses

LS 435 Microbial Diversity and Extremophiles 3-0-0 3
LS 505 Food Processing Technology 3-1-0 4
LS 530 Aquatic biology and marine biotechnology 3-1-0 4
LS 531 Epigenetics 3-1-0 4
LS 532 Molecular medicine 3-1-0 4
LS 533 Marine biotechnology 3-0-0 3
LS 534 Introduction to Epigenetics 3-0-0 3
LS 535 Basics in Molecular medicine 3-0-0 3
LS 536 RNAI, Stem cells and Oncogenomics 3-1-0 4
LS 581 Cancer Biology 3-1-0 4

Sub Discipline: Research Methodology

LS 540

| Research Methodology

3-0-0

3
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Sub Discipline: Laboratory Courses

CS171 Computing Laboratory — | 0-0-3 2
LS 471 Microbiology Laboratory 0-0-3 2
LS 472 Biochemistry Laboratory 0-0-3 2
LS 473 Biotechnology Laboratory 0-0-3 2
LS 474 Molecular Biology Laboratory 0-0-3 2
LS 475 Immunology Laboratory 0-0-3 2
LS 575 Applied Bioinformatics Laboratory 0-0-3 2

Sub Discipline: Project Seminar and Special Courses

LS 583 Special Topics in Modern Biology — | 3-1-0 4
LS 584 Special Topics in Modern Biology — Il 3-1-0 4
LS 585 Special Topics in Applied Life Science — | 3-1-0 4
LS 586 Special Topics in Applied Life Science — Il 3-1-0 4
LS 591 Research Project — | 0-0-6 4
LS 592 Research Project — Il 0-0-9 6
LS 593 Seminar and Technical writing— | 0-0-3 2
LS 594 Seminar and Technical writing— Il 0-0-3 2
LS 595 Short-term Industrial/Research Experience (SIRE) 0-0-3 2
LS 596 Comprehensive Viva — Voce 0-0-0 2
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DEPARTMENT OF MATHEMATICS
Curriculum of M.Sc (MATHEMATICS)

FIRST SEMESTER

Sl. No Sub. Code Subject L-T-P Credit

1 MA 401 Real Analysis 3-1-0 4
2 MA 403 Linear Algebra 3-1-0 4
3 MA 405 Partial Differential Equations 3-1-0 4
4 MA 407 Topology 3-1-0 4
5 Open Elective — | 3-0-0 3
6 MA 471 Object Oriented Programming Practice Laboratory 0-0-3 2
7 MA 481 Departmental Seminar —| 0-0-3 2

TOTAL 23

SECOND SEMESTER

Sl. No Sub. Code Subject L-T-P Credit

1 MA 402 Measure Theory 3-1-0 4
2 MA 404 Functions of a Complex Variable 3-1-0 4
3 Professional Elective — | 3-1-0 4
4 Professional Elective — I 3-1-0 4
5 Open Elective — 3-0-0 3
6 MA 470 Laboratory works on Real Life Problems — | 0-0-3 2
7 MA 472 Research Paper Review 0-0-3 2
8 MA 482 Departmental Seminar — Il 0-0-3 2

TOTAL 25

THIRD SEMESTER

SI. No Sub. Code Subject L-T-P Credit

1 MA 501 Abstract Algebra 3-1-0 4
2 Professional Elective —llI 3-1-0 4
3 Professional Elective — IV 3-1-0 4
4 Open Elective —llI 3-0-0 3
5 MA 571 Statistical Methods Laboratory 0-0-3 2
6 MA 591 Research Project — | 0-0-6 4
7 MA 593 Seminar & Technical Writing — | 0-0-3 2
8 MA 595 Short term Industrial/Research Experience 0-0-3 2

TOTAL 25

FOURTH SEMESTER

SI. No Sub. Code Subject L-T-P Credit

1 MA 502 Functional Analysis 3-1-0 4

2 Professional Elective —V 3-1-0 4

3 Professional Elective — VI 3-1-0 4

4 Open Elective — IV 3-0-0 3

5 MA 572 Laboratory Works on Real Life Problems — I 0-0-3 2

6 MA 592 Research Project — Il 0-0-9 6

7 MA 594 Seminar & Technical Writing — Il 0-0-3 2

8 MA 596 Comprehensive Viva Voce 0-0-3 2
TOTAL 28
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Curriculum of Integrated M.Sc. (MATHEMATICS)

FIRST SEMESTER(STRUCTURE COMMON TO ALL BRANCHES)

SI.No Sub. Code Subjects L-T-P Credits
1 MA 101 Differential Equations 3-1-0 4
2 PH 101 Physics — | 3-1-0 4
3 Cy 101 Chemistry 3-1-0 4

EE 100 Basic Electrical Technology
4 : - - - OR 3-1-0 4
EC 100 Basic Electronics Engineering
CE 100 Engineering Mechanics
5 - - - OR 3-1-0 4
CE 130 Environmental and Safety Engineering
PH 170 Physics Laboratory
6 Cy 170 Chemistry Laboratory OR 0-0-3 2
7 CS171 Computing Laboratory — | 0-0-3 2
8 CE171 Engineering Drawing 0-0-3 2
9 WS 171 Workshop Practice — | 0-0-3 2
10 Extra Academic Activity — | 0-0-3 2
TOTAL 30
SI.No Sub. Code Subjects L-T-P Credits
1 MA 102 Matrix theory, Vector Calculus and Fourier 3-1-0 4
Analysis
2 PH 102 Physics — I 3-1-0 4
3 CS 102 Data Structures and Algorithms 3-1-0 4
EC 100 Basic Electronics Engineering
4 , . OR 3-1-0 4
EE 100 Basic Electrical Technology
CE 130 Environmental and Safety Engineering
> CE 100 Engineering Mechanics OR 310 4
Cy 170 Chemistry Laboratory
6 PH 170 Physics Laboratory OR 0-0-3 2
7 CS 172 Computing Laboratory — Il 0-0-3 2
8 ME 170 Machine Drawing and Solid Modeling 0-0-3 2
9 ME 172 Workshop Practice — Il 0-0-3 2
10 Extra Academic Activity — | 0-0-3 2
TOTAL 30
Sl. No Sub. Code Subject L-T-P Credit
1 MA 205 Calculus 3-1-0 4
2 MA 207 Introduction to Numerical Analysis 3-1-0 4
3 Cy 221 Chemistry of Industrial Materials 3-1-0 4
4 PH 201 Heat and Thermodynamics 3-1-0 4
5 Open Elective-I 3-0-0 3
6 Cy 271 UG Organic Chemistry Laboratory 0-0-3 2
7 PH 271 Thermal Laboratory 0-0-3 2
8 MA 270 Numerical Methods Laboratory 0-0-3 2
9 EE 270/ Electrical Engineering Laboratory/Electronics 0-0-3 2
Laboratory
TOTAL 27
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FOURTH SEMESTER

Sl. No Sub. Code Subject L-T-P Credit
1 MA 206 Introduction to Complex Analysis and Partial 3-1-0 4
Differential Equations
2 MA 208 Analysis — | 3-1-0 4
3 Cy 214 Basic Organic Chemistry — | 3-1-0 4
4 PH 202 Electricity and Magnetism 3-1-0 4
5 Open Elective-ll 3-0-0 3
6 CY 273 UG Physical Chemistry Laboratory 0-0-3 2
7 PH 272 Electricity and Magnetism Laboratory 0-0-3 2
8 HS 270 Language Laboratory 0-0-3 2
TOTAL 25
SI. No. Sub. Code Subject L-T-P Credit
1 MA 301 Group Theory 3-1-0 4
2 MA 321 Discrete Mathematics 3-1-0 4
3 Cy 321 Basic Physical Chemistry 3-1-0 4
4 PH 301 Waves and Applications 3-1-0 4
5 Open Elective — Il 3-0-0 3
6 CY 375 Instrumentation Laboratory 0-0-3 2
7 PH 371 Waves and Optics Laboratory 0-0-3 2
8 MA 373 Laboratory works on Latex and Matlab 0-0-3 2
TOTAL 25
SI. No. Sub. Code Subject L-T-P Credit
1 MA 322 Linear Programming 3-1-0 4
2 MA 332 Probability 3-1-0 4
3 CY 322 Basic Inorganic Chemistry — | 3-1-0 4
4 PH 302 Properties of Matter 3-1-0 4
5 Open Elective — IV 3-0-0 3
6 CY 374 Inorganic Chemistry Laboratory 0-0-3 2
7 MA 372 Statistics Laboratory 0-0-3 2
8 PH 374 Properties of Matter Laboratory 0-0-3 2
TOTAL 25
SI. No Sub. Code Subject L-T-P Credit
1 MA 403 Linear Algebra 3-1-0 4
2 MA 413 Analysis — Il 3-1-0 4
3 MA 405 Partial Differential Equations 3-1-0 4
4 MA 407 Topology 3-1-0 4
5 Open Elective - V 3-0-0 3
6 MA 471 Object Oriented Programming Practice Laboratory 0-0-3 2
7 MA 481 Departmental Seminar — | 0-0-3 2
TOTAL 23
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EIGHTH SEMESTER

Sl. No Sub. Code Subject L-T-P Credit
1 MA 402 Measure Theory 3-1-0 4
2 MA 404 Functions of a Complex Variable 3-1-0 4
3 Professional Elective — | 3-1-0 4
4 Professional Elective — I 3-1-0 4
5 Open Elective — VI 3-0-0 3
6 MA 470 Laboratory works on Real Life Problems — | 0-0-3 2
7 MA 472 Research Paper Review 0-0-3 2
8 MA 482 Departmental Seminar — Il 0-0-3 2

TOTAL 25

Sl. No Sub. Code Subject L-T-P Credit
1 MA 503 Theory of Rings and Fields 3-1-0 4
2 Professional Elective — IlI 3-1-0 4
3 Professional Elective — IV 3-1-0 4
4 Open Elective — VII 3-0-0 3
5 MA 571 Statistics Methods Laboratory 0-0-3 2
6 MA 591 Research Project — | 0-0-6 4
7 MA 593 Seminar & Technical Writing — | 0-0-3 2
8 MA 595 Short Term Industrial/Research Experience 0-0-0 2

TOTAL 25

Sl. No Sub. Code Subject L-T-P Credit
1 MA 502 Functional Analysis 3-1-0 4
2 Professional Elective —V 3-1-0 4
3 Professional Elective — VI 3-1-0 4
4 Open Elective — VI 3-0-0 3
5 MA 572 Laboratory Works on Real Life Problems — I 0-0-3 2
6 MA 592 Research Project — Il 0-0-9 6
7 MA 594 Seminar & Technical Writing — Il 0-0-3 2
8 MA 596 Comprehensive Viva Voce 0-0-3 2

TOTAL 27

Sl. No Subject Subject L-T-P Credit

1 MA 438 | Dynamical Systems 3-1-0 4

2 MA 504 | Introduction to Several Complex Variables 3-1-0 4

3 MA 510 | Calculus of Several Variables 3-1-0 4

4 MA511 | Differential Geometry 3-1-0 4

5 MA 512 | Fourier Analysis 3-1-0 4

6 MA 513 | Differential Topology 3-1-0 4

7 MA 514 | Rings and Module 3-1-0 4

8 MA 515 | Homotopy Theory 3-1-0 4

9 MA 516 | Operator Theory 3-1-0 4
10 MA 517 | Lie Algebra 3-1-0 4
11 MA 518 | Advanced Complex Analysis 3-1-0 4
12 MA 519 | Multi-Linear Algebra 3-1-0 4
13 MA 520 | Automata Theory 3-1-0 4
14 MA 521 | Combinatorics 3-1-0 4
15 MA 522 | Operations Research 3-1-0 4
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16 MA 523 | Discrete Mathematics 3-1-0 4
17 MA 524 | Statistical Methods 3-1-0 4
18 MA 525 | Ergodic Theory 3-1-0 4
19 MA 527 | Fractals 3-1-0 4
20 MA 529 | Information Theory 3-1-0 4
21 MA 531 | Boundary Layer Theory 3-1-0 4
22 MA 532 | Numerical Solutions of Partial Differential 3-1-0 4
Equations
23 MA 533 | Modern Theory of Partial Differential 3-1-0 4
Equations
24 MA 534 | Geometry of Robotics 3-1-0 4
25 MA 535 | Calculus of Variations and Integral Equations 3-1-0 4
26 MA 536 | Numerical Method for Differential Equation 3-1-0 4
27 MA 537 | Numerics of Singularly Perturbed Differential 3-1-0 4
Equation
28 MA 538 | Fluid Dynamics 3-1-0 4
29 MA 539 | Scientific Computing 3-1-0 4
30 MA 540 | Singular Homology Theory 3-1-0 4
31 MA 541 | Commutative Algebra 3-1-0 4
32 MA 542 | Tensor Analysis 3-1-0 4
33 MA 543 | Complex Dynamics 3-1-0 4
34 MA 544 | Category Theory 3-1-0 4
35 MA 545 | Convex Analysis and Monotone Operator 3-1-0 4
36 MA 546 | Differentiable Manifolds 3-1-0 4
37 MA 547 | Geometry of Normed Spaces 3-1-0 4
38 MA 548 | Field Theory 3-1-0 4
39 MA 549 | Algebraic Geometry 3-1-0 4
40 MA 550 | Coding Theory 3-1-0 4
41 MA 551 | Numerical Analysis 3-1-0 4
42 MA 552 | Fuzzy Logic and Set Theory 3-1-0 4
43 MA 553 | Optimization Techniques 3-1-0 4
44 MA 554 | Graph Theory with Algorithms 3-1-0 4
45 MA 555 | Stochastic Processes 3-1-0 4
46 MA 556 | Number Theory 3-1-0 4
47 MA 557 | Statistical Inference 3-1-0 4
48 MA 558 | Sampling Techniques 3-1-0 4
49 MA 559 | Statistical Decision Theory 3-1-0 4
50 MA 560 | Mathematical Methods 3-1-0 4
51 MA 561 | Lie Groups & Applications to ODEs & PDEs 3-1-0 4
52 MA 562 | Finite Volume Methods for Hyperbolic PDEs 3-1-0 4
53 MA 563 | Wavelets and Applications 3-1-0 4
54 MA 564 | Integral and DiscreteTransforms 3-1-0 4
55 MA 565 | Fractional Order Calculus 3-1-0 4
56 MA 566 | Fractional Differential Equations and Fractional 3-1-0 4
Order Models
57 MA 567 | Theory of Vibrations 3-1-0 4
58 MA 568 | Mathematics of Soft Computing 3-1-0 4
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‘ 59 ‘ MA 569 ‘ Perturbation Methods ‘ 3-1-0 ‘ 4 |
SI. No Sub. Code Subjects L-T-P Credits
1 S 414 Software Project, Process and Quality 3.1.0 4

Management
2. CS 418 Real Time Systems 3-1-0 4
3. CS 425 Data Mining and Data Warehousing 3-1-0 4
4, CS 427 Network Security 3-1-0 4
5. CS 430 Information Theory and Coding 3-1-0 4
6. CS 432 Distributed Operating Systems 3-1-0 4
7. CS 438 Pattern Recognition 3-1-0 4
8. CS 441 Advanced Computer Architecture 3-1-0 4
9. CS 443 Embedded Systems 3-1-0 4
10. CS 444 Cluster and Grid Computing 3-1-0 4
11. CS 445 Parallel Algorithms 3-1-0 4
12. CS613 Combinatorial Optimization 3-1-0 4
13. CS 617 Graph Theory and Network Algorithms 3-1-0 4
14. CS621 Cryptographic Foundations 3-1-0 4
15. CS 630 Artificial Intelligence 3-1-0 4
16. CS631 Information Theory and Coding 3-1-0 4
17. CS633 Game Theory 3-1-0 4
18. CS 635 Biometric Security 3-1-0 4
19. CS 638 Image Processing 3-1-0 4
20. CS 639 Soft Computing 3-1-0 4
21. CS 673 Image Processing Laboratory 0-0-3 2
22. CS 675 Soft Computing Laboratory 0-0-3 2
23. CS 676 Cryptographic Laboratory — | 0-0-3 2
24, CS 679 Network Security Lab 0-0-3 2
25. EC 641 Digital Signal Processing 3-1-0 4
26. EC 644 Soft Computing 3-1-0 4

Note: all courses are common to both M.Sc and Integrated M.Sc

LIST OF OPEN ELECTIVES

SI. No | Sub. Code Subject L-T-P Credits Non Eligible
Branches
1. MA 311 Linear Algebra 3-0-0 3 -
MA 312 Real Analysis 3-0-0 3 -

3 MA 313 Compllex Analysis and Transforms 3-0-0 3
Techniques

3. MA 411 Metric Spaces 3-0-0 3 -

4, MA 423 Discrete Mathematics 3-0-0 3 -

5. MA 424 Operations Research 3-0-0 3 -
Elementary Stochastic Processes

6. MA 426 with AppIiZations 3-0-0 3 )

7. MA 431 Mathematical Methods 3-0-0 3 -

8. MA 432 Finite Difference Methods 3-0-0 3 -

9. MA 433 Finite Element Methods 3-0-0 3 -
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Sub Discipline: Foundation Courses

SUMMARY OF COURSES

MA 101 Differential Equations 3-1-0 4
MA 102 Matrix theory, Vector Calculus and Fourier Analysis 3-1-0 4
MA 201 Probability, Statistics and Numerical Methods 3-1-0 4
MA 202 Complex Analysis and Partial Differential Equations 3-1-0 4
MA 205 Calculus 3-1-0 4
MA 206 Introduction to Complex Analysis and Partial Differential 3-1-0 4
Equations
MA 207 Introduction to Numerical Analysis 3-1-0 4
MA 208 Analysis-| 3-1-0 4
MA 301 Group Theory 3-1-0 4
MA 321 Discrete Mathematics 3-1-0 4
MA 322 Linear Programming 3-1-0 4
MA 401 Real Analysis 3-1-0 4
MA 402 Measure Theory 3-1-0 4
MA 403 Linear Algebra 3-1-0 4
MA 404 Functions of a Complex Variable 3-1-0 4
MA 405 Partial Differential Equations 3-1-0 4
MA 407 Topology 3-1-0 4
MA 413 Analysis-ll 3-1-0 4
MA 501 Abstract Algebra 3-1-0 4
MA 502 Functional Analysis 3-1-0 4
MA 503 Theory of Rings and Fields 3-1-0 4

Sub Discipline:

Topology, Analysis and Algebra

MA 311 Linear Algebra 3-0-0 3
MA 312 Real Analysis 3-0-0 3
MA 313 Complex Analysis and Transforms Techniques 3-0-0 3
MA 504 Introduction to Several Complex Variables 3-1-0 4
MA 510 Calculus of Several Variables 3-1-0 4
MA 511 Differential Geometry 3-1-0 4
MA 512 Fourier Analysis 3-1-0 4
MA 513 Differential Topology 3-1-0 4
MA 514 Rings and Modules 3-1-0 4
MA 515 Homotopy Theory 3-1-0 4
MA 516 Operator Theory 3-1-0 4
MA 517 Lie Algebra 3-1-0 4
MA 518 Advanced Complex Analysis 3-1-0 4
MA 519 Multi-Linear Algebra 3-1-0 4
MA 540 Singular Homology Theory 3-1-0 4
MA 541 Commutative Algebra 3-1-0 4
MA 542 Tensor Analysis 3-1-0 4
MA 543 Complex Dynamics 3-1-0 4
MA 544 Category Theory 3-1-0 4
MA 545 Convex Analysis and Monotone Operator 3-1-0 4
MA 546 Differentiable Manifolds 3-1-0 4
MA 547 Geometry of Normed Spaces 3-1-0 4
MA 548 Field Theory 3-1-0 4
MA 549 Algebraic Geometry 3-1-0 4
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Sub Discipline: Statistics and Optimization

MA 423 Discrete Mathematics 3-0-0 3
MA 424 Operations Research 3-0-0 3
MA 426 Elementary Stochastic Processes with Applications 3-0-0 3
MA 520 Automata Theory 3-1-0 4
MA 521 Combinatorics 3-1-0 4
MA 522 Operations Research 3-1-0 4
MA 523 Discrete Mathematics 3-1-0 4
MA 524 Statistical Methods 3-1-0 4
MA 525 Ergodic Theory 3-1-0 4
MA 527 Fractals 3-1-0 4
MA 529 Information Theory 3-1-0 4
MA 550 Coding Theory 3-1-0 4
MA 551 Numerical Analysis 3-1-0 4
MA 552 Fuzzy Logic and Set Theory 3-1-0 4
MA 553 Optimization Techniques 3-1-0 4
MA 554 Graph Theory with Algorithms 3-1-0 4
MA 555 Stochastic Processes 3-1-0 4
MA 556 Number Theory 3-1-0 4
MA 557 Statistical Inference 3-1-0 4
MA 558 Sampling Techniques 3-1-0 4
MA 559 Statistical Decision Theory 3-1-0 4

Sub Discipline: Applied Mathematics

MA 431 Mathematical Methods 3-0-0 3
MA 432 Finite Difference Methods 3-0-0 3
MA 433 Finite Element Methods 3-0-0 3
MA 438 Dynamical Systems 3-1-0 4
MA 531 Boundary Layer Theory 3-1-0 4
MA 532 Numerical Solutions of Partial Differential Equations 3-1-0 4
MA 533 Modern Theory of Partial Differential Equations 3-1-0 4
MA 534 Geometry of Robotics 3-1-0 4
MA 535 Calculus of Variations and Integral Equations 3-1-0 4
MA 536 Numerical Methods for Differential Equations 3-1-0 4
MA 537 Numerics of Singularly Perturbed Differential Equations 3-1-0 4
MA 538 Fluid Dynamics 3-1-0 4
MA 539 Scientific Computing 3-1-0 4
MA 560 Mathematical Methods 3-1-0 4
MA 561 Lie Groups & Applications to ODEs & PDEs 3-1-0 4
MA 562 Finite Volume Methods for Hyperbolic PDEs 3-1-0 4
MA 563 Wavelets and Applications 3-1-0 4
MA 564 Integral Transforms 3-1-0 4
MA 565 Fractional Order Calculus 3-1-0 4
MA 566 Fractional Differential Equations and Fractional Order Models 3-1-0 4
MA 567 Theory of Vibrations 3-1-0 4
MA 568 Mathematics of Soft Computing 3-1-0 4

Sub Discipline: Laboratory Courses

MA 270 Numerical Methods Laboratory 0-0-3 2
MA 372 Stastics Laboratory 0-0-3 2
MA 373 Laboratory Works on Latex and Matlab 0-0-3 2
MA 470 Laboratory works on Real Life Problems — | 0-0-3 2
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MA 471 Object Oriented Programming Practice Laboratory 0-0-3 2
MA 571 Statistical Methods Laboratory 0-0-3 2
MA 572 Laboratory Works on Real Life Problems — Il 0-0-3 2
MA 574 Laboratory Works on NSPDE 0-0-3 2

Sub Discipline: Project, Seminar and Special Courses

MA 472 Research Paper Review 0-0-3 2
MA 481 Departmental Seminar — | 0-0-3 2
MA 482 Departmental Seminar — 0-0-3 2
MA 591 Research Project — | 0-0-6 4
MA 592 Research Project — Il 0-0-9 6
MA 593 Seminar & Technical Writing — | 0-0-3 2
MA 594 Seminar & Technical Writing — Il 0-0-3 2
MA 595 Short term Industrial/Research Experience 0-0-3 2
MA 596 Comprehensive Viva Voce 0-0-3 2
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DEPARTMENT OF PHYSICS
Curriculum of M.Sc (Physics)

FIRST SEMESTER

SI. No | Sub. Code Subjects L-T-P Credits

1 PH 401 Mathematical Methods in Physics 3-1-0 4

2 PH 403 Classical Mechanics 3-1-0 4

3 PH 405 Statistical Mechanics 3-1-0 4

4 PH 407 Quantum Mechanics — | 3-1-0 4

5 EC100 Basic Electronics Engineering 3-1-0 4

6 PH471 General Physics Laboratory 0-0-3 2

7 PHA473 Spectroscopy Laboratory 0-0-3 2

8 Cs171 Computing Laboratory — | 0-0-3 2
TOTAL 26

SI. No | Sub. Code Subjects L-T-P Credits

1 PH 402 Numerical Techniques in Physics 3-1-0 4

2 PH 404 Electrodynamics 3-1-0 4

3 PH 406 Condensed Matter Physics 3-1-0 4

4 PH 408 Quantum Mechanics — I 3-1-0 4

5 Open Elective — | 3-0-0 3

6 PH 472 SolidState Physics Laboratory 0-0-3 2

7 EC270 Basic Electronics Laboratory 0-0-3 2

8 CS172 Computing Laboratory — Il 0-0-3 2
TOTAL 25

THIRD SEMESTER

SI. No | Sub. Code Subjects L-T-P Credits
1 PH 507 Nuclear & Particle Physics 3-1-0 4
2 Open Elective — 3-0-0 3
3 Professional Elective — | 3-1-0 4
4 Professional Elective — I 3-1-0 4
5 PH571 Instrumentation Laboratory 0-0-3 2
6 PH573 Computational Physics Laboratory 0-0-3 2
7 PH 591 Research Project — | 0-0-6 4
8 PH 593 Seminar & Technical Writing — | 0-0-3 2
9 PH 595 Short Term Industrial / Research Experience 0-0-0 2

TOTAL 27

SI. No | Sub. Code Subjects L-T-P Credits
1 PH 508 Atomic & Molecular Physics 3-1-0 4
2 Open Elective — Il 3-0-0 3
3 Professional Elective — IlI 3-1-0 4
4 Professional Elective — IV 3-1-0 4
5 PH 572 Advanced Materials Synthesis Laboratory 0-0-3 2
6 PH 574 Advanced Characterization Techniques Laboratory 0-0-3 2
7 PH 592 Research Project — I 0-0-9 6
8 PH 594 Seminar & Technical Writing — Il 0-0-3 2
9 PH 596 Comprehensive Viva — Voice 0-0-0 2

TOTAL 29
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Curriculum of Integrated M.Sc. (PHYSICS)

FIRST SEMESTER(STRUCTURE COMMON TO ALL BRANCHES)

SI.No Sub. Code Subjects L-T-P Credits
1 MA 101 Differential Equations 3-1-0 4
2 PH 101 Physics — | 3-1-0 4
3 Cy 101 Chemistry 3-1-0 4

EE 100 Basic Electrical Technology
4 - - - - OR 3-1-0 4
EC 100 Basic Electronics Engineering
CE 100 Engineering Mechanics
5 - - - OR 3-1-0 4
CE 130 Environmental and Safety Engineering
6 PH 170 Physics Laboratory OR 0-0-3 5
CY 170 Chemistry Laboratory
7 Cs171 Computing Laboratory — | 0-0-3 2
8 CE171 Engineering Drawing 0-0-3 2
9 WS 171 Workshop Practice — | 0-0-3 2
10 Extra Academic Activity — | 0-0-3 2
TOTAL 30
SI.No Sub. Code Subjects L-T-P Credits
1 MA 102 Matrix theory, Vector Calculus and Fourier 3-1-0 4
Analysis
2 PH 102 Physics — Il 3-1-0 4
3 CS 102 Data Structures and Algorithms 3-1-0 4
EC 100 Basic Electronics Engineering
4 . - OR 3-1-0 4
EE 100 Basic Electrical Technology
CE 130 Environmental and Safety Engineering
5 - - - OR 3-1-0 4
CE 100 Engineering Mechanics
CYy 170 Chemistry Laboratory
6 PH 170 Physics Laboratory OR 0-0-3 2
7 CS 172 Computing Laboratory — I 0-0-3 2
8 ME 170 Machine Drawing and Solid Modeling 0-0-3 2
9 WS 172 Workshop Practice — Il 0-0-3 2
10 Extra Academic Activity — | 0-0-3 2
TOTAL 30

SI.No Sub. Code Subjects L-T-P Credits
1. PH 201 Thermodynamics 3-1-0 4
2. EC 201 Analog Electronics 3-1-0 4
3. Cy 221 Chemistry of Industrial Materials 3-1-0 4
4. MA 207 Introduction to Numerical Analysis 3-1-0 4
5. Open Elective — | 3-0-0 3
6. PH 271 Thermal Laboratory 0-0-3 2
7. Cy 271 UG Organic Chemistry Laboratory 0-0-3 2
8. MA 270 Numerical Methods Laboratory 0-0-3 2

TOTAL 25

SI.No Sub. Code Subjects L-T-P Credits
1. PH 202 Electricity & Magnetism 3-1-0 4
2. EC 202 Digital Electronics 3-0-0 3
3. Cy 214 Basic Organic Chemistry — | 3-1-0 4
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4. MA 206 In.troduct.ion to .Complex Analysis and Partial 3-1.0 4
Differential Equations

5. Open Elective — 11 3-0-0 3
6. PH 272 Electricity & Magnetism Laboratory 0-0-3 2
7. Cy 273 UG Physical Chemistry Laboratory 0-0-3 2
8. HS 270 Language Laboratory 0-0-3 2
TOTAL 24

SI.No Sub. Code Subjects L-T-P Credits
1. PH 301 Wave and Oscillations 3-1-0 4
2. PH 303 Optics 3-1-0 4
3. Cy 231 Basic Physical Chemistry — | 3-1-0 4
4, MA 301 Group Theory 3-1-0 4
5. Open Electives -l 3-0-0 3
6. PH 371 Waves and Optics Laboratory 0-0-3 2
7. CY 375 Instrumentation Laboratory 0-0-3 2
8. MA 373 Laboratory Works on Latex and Matlab 0-0-3 2
TOTAL 25

SI.No Sub. Code Subjects L-T-P Credits
1. PH 302 Properties of Matter 3-1-0 4
2. PH 304 Introduction to Mechanics 3-1-0 4
3. CY 322 Basic Inorganic Chemistry — | 3-1-0 4
4, MA 332 Probability 3-1-0 4
5. Open Elective — IV 3-0-0 3
6. PH 372 Properties of Matter Laboratory 0-0-3 2
7. CY 374 UG Inorganics Chemistry Laboratory 0-0-3 2
8. MA 372 Statistics Laboratory 0-0-3 2
TOTAL 25

SI.No Sub. Code Subjects L-T-P Credits
1. PH 401 Mathematical Methods in Physics 3-1-0 4
2. PH 403 Classical Mechanics 3-1-0 4
3. PH 405 Statistical Mechanics 3-1-0 4
4, PH 407 Quantum Mechanics — | 3-1-0 4
5. PH 409 Introduction to Spectroscopy 3-1-0 4
6. PH 471 General Physics Laboratory 0-0-3 2
7. PH 473 Spectroscopy Laboratory 0-0-3 2
8. PH 481 Research Project — | 0-0-6 4
TOTAL 28

SI.No Sub. Code Subjects L-T-P Credits
1. PH 402 Numerical Techniques in Physics 3-1-0 4
2. PH 404 Electrodynamics 3-1-0 4
3. PH 408 Quantum Mechanics — Il 3-1-0 4
4. PH 406 Condensed Matter Physics 3-1-0 4
5. Open Elective -V 3-0-0 3
6. PH 472 Solid State Physics Laboratory 0-0-3 2
7. EC 270 Basic Electronics Laboratory 0-0-3 2
8. PH 482 Research Project — Il 0-0-6 4
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TOTAL 27
SI.No Sub. Code Subjects L-T-P Credits
1. PH 507 Nuclear & Particle Physics 3-1-0 4
2. Professional Elective — | 3-1-0 4
3. Professional Elective — I 3-1-0 4
4, PH 571 Instrumentation Laboratory 0-0-3 2
5. PH 573 Computational Physics Laboratory 0-0-3 2
6. PH 581 Research Project — lll 0-0-6 4
7. PH 593 Seminar & Technical Writing — | 0-0-3 2
8. PH 595 Short Term Industrial/Research Experience 0-0-0 2
TOTAL 27
SI.No Sub. Code Subjects L-T-P Credits
1 PH 508 Atomic & Molecular Physics 3-1-0 4
2 Professional Elective —llI 3-1-0 4
3 Professional Elective — IV 3-1-0 4
4 Open Elective — VII 3-0-0 3
5 PH 572 Advanced material synthesis Laboratory 0-0-3 2
6 PH 574 Advanced Characterization Techniques 0-0-3 )
Laboratory
7 PH 582 Research Project — IV 0-0-9 6
8 PH 594 Seminar & Technical Writing — Il 0-0-3 2
9 PH 596 Comprehensive Viva Voce 0-0-0 2
TOTAL 29
SI. No Sub. Subjects L-T-P | Credits | Offered
Code to
1 PH511 | Advanced Quantum Mechanics 3-1-0 4 #
2 PH512 | Advanced Statistical Mechanics 3-1-0 4 #
3 PH 513 Dens.,ity .Functional Theory and its recent 3-1.0 4 #
applications
4 PH514 | Advanced Condensed Matter Physics 3-1-0 4 #
5 PH 522 Physics of Semiconductors : From Bulk to 3-1.0 4 #
Quantum Dots
6 PH 523 Semicondt..lctor Spintronics & Quantum 3-1-0 4 #
Computation
7 PH 524 | Computational Condensed Matter Physics 3-1-0 4 #
8 PH 525 | Electronic Structure of Disordered Alloys 3-1-0 4 #
9 PH 531 Non.— Iir.1ear dynamics, Chaos and its recent 3-1.0 4 #
applications
10 | PH532 | Physics of Macromolecules 3-1-0 4 #
11 | PH3533 Synch.ronization and its recent applications in 3-0-0 3 #
Chaotic systems
12 | PH535 | LASER Physics 3-1-0 4 #
13 | PH 538 | Special Topics in Condensed Matter Physics — | 3-1-0 4 #
14 | PH 539 | Special Topics in Condensed Matter Physics — I 3-1-0 4 #
15 | PH541 | Dielectric & Magnetic Properties of Materials 3-1-0 4 #
16 | PH542 | Physics & Applications of Dielectric Materials 3-1-0 4 #
17 | PH543 | Bio-Ceramic Materials & Applications 3-1-0 4 #
18 | PH544 | Polymer Physics 3-1-0 4 #
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19 | PH551 | Crystal Symmetry & Crystal Physics 3-1-0 4 #
20 | PH553 | Advanced X-rays structure Analysis 3-1-0 4 #
21 | PH554 | Physics of Thin film Technology 3-1-0 4 #
22 | PH555 Physics of.Ma.terlaI Synthesis and 3-1.0 4 #
Characterization
23 | PH556 | X-rays and Nano Science 3-1-0 4 #
24 | PHG561 | Physics of Microelectronic and Photonic Devices | 3-1-0 4 #
25 | PHG562 | Super fluidity and Superconductivity 3-1-0 4 #
26 | PH563 | Physical Phenomena at Low Temperature 3-1-0 4 #
27 | PH564 | Magnetism - Principles & Applications 3-1-0 4 #
28 | PH565 | Defects in Solids 3-1-0 4 #
29 PH 568 | Special Topics in Low Temperature Physics — | 3-1-0 4 #
30 PH 569 | Special Topics in Low Temperature Physics — I 3-1-0 4 #
31 | PH381 | Special Topics in Physics — | 3-1-0 4 S
32 | PH 382 | Special Topics in Physics — I 3-1-0 4 S
33 | PH 383 | Special Laboratory in Physics — | 0-0-3 2 S
34 | PH 384 | Special Laboratory in Physics — Il 0-0-3 2 S

Note: S- for only Integrated MSc Courses
#- for both MSc and Integrated MSc Courses

PROFESSIONAL ELECTIVES FROM OTHER DEPARTMENTS

1 CH 419 Computational Fluid Dynamics 3-1-0 4
2 CR 415 Bio-ceramics 3-0-0 3
3 CR 424 Composite Materials 3-0-0 3
4 CR 435 Functional Materials & Devices 3-0-0 3
5 CR 441 Electrical and Magnetic Ceramics 3-1-0 4
6 CR 446 Thin Film and Coating 3-0-0 3
7 CS 430 Information Theory and Coding 3-1-0 4
8 CS434 Image Processing 3-0-0 3
9 CS 438 Pattern Recognition 3-1-0 4
10 CS 444 Cluster and Grid Computing 3-1-0 4
11 CS 445 Parallel Algorithms 3-1-0 4
12 EE 404 Renewable Energy Systems 3-0-0 3
13 MM 448 Composite Materials 3-1-0 4
14 MM 442 Advanced Materials 3-0-0 3
15 MM 449 Nanostructured Materials 3-0-0 3
16 EC410 Antenna Engineering 3-0-0 3
17 EC411 Coding Theory and Secure Communication 3-0-0 3
18 EC412 Antenna Analysis and Synthesis 3-1-0 4
19 EC414 Information Theory and Coding 3-1-0 4
20 CY 515 Spectroscopic Methods of Analysis 3-0-0 3
21 CY 524 Group Theory and Molecular Orbitals 3-0-0 3
22 CY 525 Advanced Co-ordination Chemistry 3-0-0 3
23 CY 535 Electrochemistry 3-0-0 3
24 CY 537 Advanced Solid State Chemistry 3-0-0 3
25 CY 544 Instrumental Methods of Analysis 3-0-0 3
26 CY 554 Molecular Spectroscopy 3-0-0 3
27 MA 510 Calculus of Several Variables 3-1-0 4
28 MA 511 Differential Geometry 3-1-0 4
29 MA 512 Fourier Analysis 3-1-0 4
30 MA 513 Differential Topology 3-1-0 4

48



DEPARTMENT OF PHYSICS

31 MA 514 Rings and Modules 3-1-0 4
32 MA 515 Homotopy Theory 3-1-0 4
33 MA 516 Operator Theory 3-1-0 4
34 MA 517 Lie Algebra 3-1-0 4
35 MA 518 Advanced Complex Analysis 3-1-0 4
36 MA 519 Multi-Linear Algebra 3-1-0 4
37 MA 520 Automata Theory 3-1-0 4
38 MA 521 Combinatorics 3-1-0 4
39 MA 522 Operations Research 3-1-0 4
40 MA 523 Discrete Mathematics 3-1-0 4
41 MA 524 Statistical Methods 3-1-0 4
42 MA 525 Ergodic Theory 3-1-0 4
43 MA 527 Fractals 3-1-0 4
44 MA 529 Information Theory 3-1-0 4
45 MA 530 Computational Methods in Boundary Value Problems 3-1-0 4
46 MA 531 Boundary Layer Theory 3-1-0 4
47 MA 532 Numerical Solutions of Partial Differential Equations 3-1-0 4
48 MA 534 Geometry of Robotics 3-1-0 4
49 MA 540 Singular Homology Theory 3-1-0 4
50 MA 542 Tensor Analysis 3-1-0 4
51 MA 544 Category Theory 3-1-0 4
52 MA 546 Differentiable Manifolds 3-1-0 4
53 MA 548 Field Theory 3-1-0 4
54 MA 549 Algebraic Geometry 3-1-0 4
55 MA 550 Coding Theory 3-1-0 4
56 MA 551 Numerical Analysis 3-1-0 4
57 MA 552 Fuzzy Logic and Set Theory 3-1-0 4
58 MA 553 Optimization Techniques 3-1-0 4
59 MA 554 Graph Theory with Algorithms 3-1-0 4
60 MA 555 Stochastic Processes 3-1-0 4
61 MA 556 Number Theory 3-1-0 4
62 MA 558 Sampling Techniques 3-1-0 4
SI. No Sub. Code Subject L-T-P Credit MG AIGLE
Branches
1 PH 311 Fund.amentals of Thermal & Statistical 3-0-0 3 i
Physics
2 PH 312 Physics of Quantum World 3-0-0 3 -
3 PH 321 Physics of Semiconducting Materials 3-0-0 3 -
4 PH331 World of LASERS 3-0-0 3 -
5 PH 332 Physics of the Universe 3-0-0 3 -
6 PH 341 Treatise of Einstein Work and Beyond 3-0-0 3 -
7 PH 351 Science of Nano-materials 3-0-0 3 -
3 PH 352 X-Ray te;chniques for Structure 3-0-0 3 i
Evaluation
9 PH 422 Theory & Simulation of 3-0-0 3 i
Nanostructures
10 PH 431 Non-linear systems & Chaos 3-0-0 3 -
11 PH 462 Vacuum Science and Applications 3-0-0 3 -
SUMMARY OF COURSES

Sub Discipline: Core Course
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PH 101 Physics — | 3-1-0 4
PH 102 Physics — I 3-1-0 4
PH 201 Heat and Thermodynamics 3-1-0 4
PH 202 Electricity & Magnetism 3-1-0 4
PH 301 Wave and Oscillations 3-1-0 4
PH 302 Properties of Matter 3-1-0 4
PH 303 Optics 3-1-0 4
PH 304 Introduction to Mechanics 3-1-0 4
PH 401 Mathematical Methods in Physics 3-1-0 4
PH 402 Numerical Techniques in Physics 3-1-0 4
PH 403 Classical Mechanics 3-1-0 4
PH 404 Electrodynamics 3-1-0 4
PH 405 Statistical Mechanics 3-1-0 4
PH 406 Condensed Matter Physics 3-1-0 4
PH 407 Quantum Mechanics — | 3-1-0 4
PH 408 Quantum Mechanics — Il 3-1-0 4
PH 409 Introduction to Spectroscopy 3-1-0 4
PH 507 Nuclear & Particle Physics 3-1-0 4
PH 508 Atomic & Molecular Physics 3-1-0 4

Sub Discipline: Condensed Matter Physics

PH 311 Fundamentals of Thermal & Statistical Physics 3-0-0 3
PH 312 The Physics of Quantum World 3-0-0 3
PH 321 Physics of Semiconducting Materials 3-0-0 3
PH 422 Theory & Simulation of Nanostructures 3-0-0 3
PH 511 Advanced Quantum Mechanics 3-1-0 4
PH 512 Advanced Statistical Mechanics 3-1-0 4
PH 513 Density Functional Theory and its Recent Applications 3-1-0 4
PH 514 Advanced Condensed Matter Physics 3-1-0 4
PH 522 Physics of Semiconductors : From Bulk to Quantum 3-1-0 4
Dots
PH 523 Semiconductor Spintronics & Quantum Computation 3-1-0 4
PH 524 Computational Condensed Matter Physics 3-1-0 4
PH 525 Electronic Structure of Disordered Alloys 3-1-0 4

Sub Discipline: Soft Condensed Matter Physics

PH 331 World of LASERS 3-0-0 3

PH 332 Physics of the Universe 3-0-0 3

PH 431 Non-linear systems & Chaos 3-0-0 3

PH 531 Non' - linear dynamics, Chaos and its recent 3-1-0 4
applications

PH 532 Physics of Macromolecules 3-1-0 4

PH 533 Synchronization and its recent applications in Chaotic 3-0-0 3
Systems

PH 535 LASER Physics 3-1-0 4

Sub Discipline: Functional Materials

PH 341 Treatise of Einstein Work and Beyond 3-0-0 3
PH 541 Dielectric & Magnetic Properties of Materials 3-1-0 4
PH 542 Physics & Applications of Dielectric Materials 3-1-0 4
PH 543 Bio-Ceramic Materials & Applications 3-1-0 4
PH 544 Polymer Physics 3-1-0 4

Sub Discipline: Synthesis and Characterization
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PH 351 Science of Nano materials 3-0-0 3
PH 352 X-Ray techniques for Structure Evaluation 3-1-0 4
PH 551 Crystal Symmetry & Crystal Physics 3-1-0 4
PH 553 Advanced X-rays structure analysis 3-1-0 4
PH 554 Physics of Thin Film Technology 3-1-0 4
PH 555 Physics of material synthesis & Charaterization 3-1-0 4
PH 556 X-rays and Nano-Science 3-1-0 4

Sub Discipline: Low Temperature Physics

PH 462 Vacuum Science and Applications 3-1-0 4
PH 561 Physics of Microelectronics and Photonic Devices 3-1-0 4
PH 562 Superfluidity and Superconductivity 3-1-0 4
PH 563 Physical Phenomena at Low Temperature 3-1-0 4
PH 564 Magnetism — Principles & Applications 3-1-0 4
PH 565 Defects in Solids 3-1-0 4

ub Discipline: Laboratory Courses

PH 170 Physics Laboratory 0-0-3 2
PH 271 Thermal Laboratory 0-0-3 2
PH 272 Electricity & Magnetism Laboratory 0-0-3 2
PH 371 Waves and Optics Laboratory 0-0-3 2
PH 372 Properties of Matter Laboratory 0-0-3 2
PH 471 General Physics Laboratory 0-0-3 2
PH 472 Solid State Physics Laboratory 0-0-3 2
PH 473 Spectroscopy Laboratory 0-0-3 2
PH 571 Instrumentation Laboratory 0-0-3 2
PH 572 Advanced material synthesis Laboratory 0-0-3 2
PH 573 Computational Physics Laboratory 0-0-3 2
PH 574 Advanced Characterization Techniques Laboratory 0-0-3 2

Sub Discipline: Project, Seminar and Special Courses

PH 481 Research Project — | 0-0-6 4
PH 482 Research Project — Il 0-0-6 4
PH 538 Special Topics in Condensed Matter Physics — | 3-1-0 4
PH 539 Special Topics in Condensed Matter Physics — Il 3-1-0 4
PH 558 Special Topics in Functional Materials — | 3-1-0 4
PH 559 Special Topics in Functional Materials — I 3-1-0 4
PH 568 Special Topics in Low Temperature Physics — | 3-1-0 4
PH 569 Special Topics in Low Temperature Physics — Il 3-1-0 4
PH 381 Special Topics in Physics — | 3-1-0 4
PH 382 Special Topics in Physics — Il 3-1-0 4
PH 383 Special Laboratory in Physics — | 0-0-3 2
PH 384 Special Laboratory in Physics — Il 0-0-3 2
PH 581 Research Project — lll 0-0-6 4
PH 582 Research Project — IV 0-0-9 6
PH 591 Research Project — | 0-0-6 4
PH 592 Research Project — Il 0-0-9 6
PH 593 Seminar & Technical Writing — | 0-0-3 2
PH 594 Seminar & Technical Writing — Il 0-0-3 2
PH 595 Short Term Industrial/Research Experience 0-0-0 2
PH 596 Comprehensive Viva Voce 0-0-0 2
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DEPARTMENT OF HUMANITIES AND SOCIAL SCIENCES

Curriculum for MA (DEVELOPMENT STUDIES)

FIRST SEMESTER

SI. No Sub. Code Subjects L-T-P Credits

1 HS 511 Technical and Business Communication 3-1-0 4
2 HS 522 Social Psychology and its Application 3-1-0 4
3 HS 531 Social Institutions and Development 3-1-0 4
4 HS 541 Economics of Development 3-1-0 4
5 HS 543 Global Issues in Development 3-1-0 4
6 Open Elective — | 3-0-0 3
7 Cs171 Computing Laboratory — | 0-0-3 2

TOTAL 25

SECOND SEMESTER

SI. No Sub. Code Subject L-T-P Credits
1 HS 500 Research Methodology 3-1-0 4
2 HS 532 Planning and Policy: Issues in India 3-1-0 4
3 HS 533 De\./e:Iopment: SoFiaI, Anthropological and 3-1.0 4
Political Perspectives

4 HS 542 Poverty, Inequality and Human Development 3-1-0 4
5 Professional Elective — | 3-1-0 4
6 Open Elective — Il 3-0-0 3
7 HS 572 Statistical Laboratory 0-0-3 2

TOTAL 25

THIRD SEMESTER

SI. No Sub. Code Subject L-T-P Credits

1 HS 535 Gender and Development 3-1-0 4
2 Professional Elective — I 3-1-0 4
3 Professional Elective — Il 3-1-0 4
4 Open Elective — Il 3-0-0 3
5 HS 570 Advanced Language Laboratory 0-0-6 4
6 HS 591 Research Project — | 0-0-6 4
7 HS 593 Seminar & Technical Writing — | 0-0-3 2
8 HS 595 Short Term Industrial/Research Experience 0-0-3 2

TOTAL 27

FOURTH SEMESTER

SI. No Sub. Code Subject L-T-P Credits
1 HS 534 Natural Resource Management and Sustainable 3-1-0 4
Development

2 HS 544 Environment and Development 3-1-0 4
3 Professional Elective — IV 3-1-0 4
4 Open Elective — IV 3-0-0 3
5 HS 592 Research Project — Il 0-0-9 6
6 HS 594 Seminar & Technical Writing — I 0-0-3 2
7 HS 596 Comprehensive Viva —Voce 0-0-3 2

TOTAL 25
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LIST OF PROFESSIONAL ELECTIVES

Sl. No Sub. Code Subject L-T-P Credits
1 HS 501 Advanced Research Methodology 3-1-0 4
2 HS 512 Literary Foundations: Methods and Genres 3-1-0 4
3 HS 513 Post-Colonial Consciousness and Development 3-1-0 4
4 HS 514 Mapping the Other: Theories for Alterity 3-1-0 4
5 HS 515 History of Ideas: The Modern Period 3-1-0 4
6 HS 516 Introduction to Critical Theories 3-1-0 4
7 HS 523 Educational Psychology 3-1-0 4
8 HS 524 Cognitive Development and Assessment 3-1-0 4
9 HS 525 Psychometrics: Theory and Applications 3-1-0 4
10 HS 526 Clinical Par.adigms, PsYChoIogicaI Disorders and 3.1.0 4

Therapeutic Interventions
11 HS 527 Corporate Social Responsibility 3-1-0 4
12 HS 536 Trends and Issues in Tribal Studies 3-1-0 4
13 HS 537 Development Issues in Orissa 3-1-0 4
14 HS 538 Urban Governance and Development 3-1-0 4
15 HS 545 Indian Financial System 3-1-0 4
16 HS 546 Population Dynamics and Development 3-1-0 4
17 HS 548 Demogréphic Transition and Health Policies in 3-1-0 4
Developing World
18 HS 549 Public Economics 3-1-0 4
19 HS 550 Theory of Money, Output and Employment 3-1-0 4
20 HS 551 Special Topics in Development Studies — I %
21 HS 552 Special Topics in Development Studies — llI %
22 HS 553 Special Topics in Development Studies — IV %
SI. No. | Sub. Code Subject L-T-P Credits
1 HS 311 Communicative English 3-0-0 3
2 HS 312 Creative Writing 3-0-0 3
3 HS 317 Introduction to the Structure of Modern English 3-0-0 3
4 HS 321 Organizational Behaviour 3-0-0 3
5 HS 327 Cognitive Science 3-0-0 3
6 HS 328 Sports Psychology 3-0-0 3
7 HS 330 Introduction to Indian Society and Development 3-0-0 3
8 HS 331 Sociology: The Science of Praxis 3-0-0 3
9 HS 340 Special Course in Economics 3-0-0 3
10 HS 341 Managerial Economics 3-0-0 3
11 HS 350 Contemporary Dance 3-0-0 3
12 HS 410 Literary Foundations: Methods and Genres 3-0-0 3
13 HS 411 Ethical Leadership and Literature 3-0-0 3
14 HS 418 Language and Writing 3-0-0 3
15 HS 420 Human Resource Management 3-0-0 3
16 HS 428 Psychometrics 3-0-0 3
17 HS 431 Special Course in Sociology 3-0-0 3
18 HS 440 Financial Markets and Institutions 3-0-0 3
19 HS 441 Special Course in Economics 3-0-0 3
20 HS 448 Health Economics and Policy 3-0-0 3
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SUMMARY OF COURSES

Sub Discipline: Research Methodology

HS 500 Research Methodology 3-1-0 4
HS 501 Advanced Research Methodology 3-1-0 4
HS 516 Introduction to Critical Theories 3-1-0

Sub Discipline: English

HS 311 Communicative English 3-0-0 3
HS 312 Creative Writing 3-0-0 3
HS 317 Introduction to the Structure of Modern English 3-0-0 3
HS 410 Literary Foundations: Methods and Genres 3-0-0 3
HS 411 Ethical Leadership and Literature 3-0-0 3
HS 418 Language and Writing 3-0-0 3
HS 511 Technical and Business Communication 3-1-0 4
HS 512 Literary Foundations: Methods and Genres 3-1-0 4
HS 513 Post-Colonial Consciousness and Development 3-1-0 4
HS 514 Mapping the Other: Theories for Alterity 3-1-0 4
HS 515 History of Ideas: The Modern Period 3-1-0 4

Sub Discipline: Psychology

HS 321 Organizational Behaviour 3-0-0 3
HS 327 Cognitive Science 3-0-0 3
HS 328 Sports Psychology 3-0-0 3
HS 428 Psychometrics 3-0-0 3
HS 522 Social Psychology and Its Application 3-1-0 4
HS 523 Educational Psychology 3-1-0 4
HS 524 Cognitive Development and Assessment 3-1-0 4
HS 525 Psychometrics: Theory and Applications 3-1-0 4
HS 526 Clinical Par_adigms, PsYChoIogicaI Disorders and 3-1.0 4
Therapeutic Interventions
HS 527 Corporate Social Responsibility 3-1-0 4

Sub Discipline: Sociology

HS 330 Introduction to Indian Society and Development 3-0-0 3
HS 331 Sociology: The Science of Praxis 3-0-0 3
HS 350 Contemporary Dance 3-0-0 3
HS 420 Human Resource Management 3-0-0 3
HS 431 Special Course in Sociology 3-0-0 3
HS 531 Social Institutions and Development 3-1-0 4
HS 532 Planning and Policy: Issues in India 3-1-0 4
HS 533 DeveloprT\ent: Social, Anthropological and Political 3-1.0 4
Perspectives
HS 534 Natural Resource Management and Sustainable 3-1.0 4
Development
HS 535 Gender and Development 3-1-0 4
HS 536 Trends and Issues in Tribal Studies 3-1-0 4
HS 537 Development Issues in Orissa 3-1-0 4
HS 538 Urban Governance and Development 3-1-0 4

Sub Discipline: Economics

HS 340

‘ Special Course in Economics ‘

3-0-0

3
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HS 341 Managerial Economics 3-0-0 3
HS 440 Financial Markets and Institutions 3-0-0 3
HS 441 Special Course in Economics 3-0-0 3
HS 448 Health Economics and Policy 3-0-0 3
HS 541 Economics of Development 3-1-0 4
HS 542 Poverty, Inequality and Human Development 3-1-0 4
HS 543 Global Issues in Development 3-1-0 4
HS 544 Environment and Development 3-1-0 4
HS 545 Indian Financial System 3-1-0 4
HS 546 Population Dynamics and Development 3-1-0 4
HS 548 Demographic Transition and Health Policies in Developing 3.1.0 4
World
HS 549 Public Economics 3-1-0 4
HS 550 Theory of Money, Output and Employment 3-1-0 4

Sub Discipline: Laboratory Courses

CS171 Computing Laboratory — | 0-0-3 2
HS 570 Advanced Language Laboratory 0-0-6 4
HS 572 Statistical Laboratory 0-0-3 2
Sub Discipline: Project, Seminar and Special Courses
HS 591 Research Project — | 0-0-6 4
HS 592 Research Project — Il 0-0-9 6
HS 593 Seminar & Technical Writing — | 0-0-3 2
HS 594 Seminar & Technical Writing — Il 0-0-3 2
HS 595 Short Term Industrial/Research Experience 0-0-3 2
HS 596 Comprehensive Viva —Voce 0-0-3 2
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Curriculum of MBA (Masters of Business Administration)

FIRST SEMESTER

SI. No Sub Code. Subjects L-T-P Credits

1. SM 501 Organizational | and Structure 3-0-0 3
2. SM 503 Managerial Economics 3-0-0 3
3. SM 505 Financial and Cost Accounting 3-0-0 3
4. SM 507 Marketing Management 3-0-0 3
5. SM 509 Research Methodology 3-0-0 3
6. SM 511 Management Information System 3-0-0 3

TOTAL 18

SECOND SEMESTER

SI. No. Sub Code. Subjects L-T-P Credits

1. SM 502 Human Resource Management 3-0-0 3
2. SM 504 Production & Operations Management 3-0-0 3
3. SM 506 Financial Management 3-0-0 3
4, SM 508 Quantitative Techniques and Operations Research 3-0-0 3
5. SM 510 Economic and Legal Environment 3-0-0 3
6. SM 512 Technology and Innovation Management 3-0-0 3

TOTAL 18

THIRD SEMESTER

SI. No. Sub Code. Subjects L-T-P Credits

1. SM 601 Strategic Management 3-0-0 3
2. Professional Elective — | 3-0-0 3
3. Professional Elective — I 3-0-0 3
4, Professional Elective — llI 3-0-0 3
5. Professional Elective — IV 3-0-0 3
6. Professional Elective — V 3-0-0 3
7. SM 603 Internship 3-0-0 3

TOTAL 21

FOURTH SEMESTER

Sl. No. Sub Code. Subjects L-T-P Credits

1. SM 602 Business Ethics & Corporate Governance 3-0-0 3
2. Professional Elective — | 3-0-0 3
3. Professional Elective — Il 3-0-0 3
4, Professional Elective —llI 3-0-0 3
5. Professional Elective — IV 3-0-0 3
6. Professional Elective —V 3-0-0 3
7. SM 604 Presentation & Comprehensive Viva Voce 0-0-0 3

TOTAL 21

LIST OF PROFESSIONAL ELECTIVES

Sl. No. Sub Code. Subjects L-T-P Credits
1. SM 613 Consumer | and Marketing Research 3-0-0 3
2. SM 614 Customer Relationship Management 3-0-0 3
3. SM 615 Product and Brand Management 3-0-0 3
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4 SM 616 Retail Management 3-0-0 3
5. SM 617 Sales and Distribution Management 3-0-0 3
6. SM 618 Industrial and Services Marketing 3-0-0 3
7 SM 619 Integrated Marketing Communication 3-0-0 3
8 SM 620 International Marketing 3-0-0 3
9. SM 621 Financial Institutions, Instruments and Markets 3-0-0 3
10. SM 622 Financial Options, Futures and Swap 3-0-0 3
11. SM 623 Commercial Banking 3-0-0 3
12. SM 624 International finance 3-0-0 3
13. SM 625 Financial Services 3-0-0 3
14, SM 626 Mergers and Acquisitions 3-0-0 3
15. SM 627 Security Analysis and Portfolio Management 3-0-0 3
16. SM 628 Insurance and Risk Management 3-0-0 3
17. SM 630 Project Planning and Appraisal 3-0-0 3
18. SM 612 Customer Relationship Management 3-0-0 3
19. SM 631 Employee Relations and Labour Legislations 3-0-0 3
20. SM 632 Performance Management 3-0-0 3
21. SM 633 Human Resource Planning 3-0-0 3
22. SM 634 Organization Change and Development 3-0-0 3
23. SM 635 Training and Development 3-0-0 3
24, SM 636 Leadership for Corporate Excellence 3-0-0 3
75, SM 637 Employee Compensation and Benefits 3-0-0 3
Management
26. SM 638 Strategic Human Resource Management 3-0-0 3
27. SM 640 Knowledge Management 3-0-0 3
28. SM 641 Materials Management 3-0-0 3
29. SM 642 Reliability and Risk Management 3-0-0 3
30. SM 643 Total Quality Management 3-0-0 3
31. SM 644 Supply Network Management 3-0-0 3
32. SM 645 Business Process Transformation 3-0-0 3
33. SM 646 Operations Strategy 3-0-0 3
34, SM 647 Project Planning, Scheduling and Monitoring 3-0-0 3
35. SM 648 Decision Modeling and Simulation 3-0-0 3
36. SM 651 Strategic Information System 3-0-0 3
37. SM 652 Database Management System 3-0-0 3
38. SM 653 E-Commerce 3-0-0 3
39. SM 654 Software Project and Quality Management 3-0-0 3
40. SM 655 Enterprise Resource Planning 3-0-0 3
41. SM 656 IT Strategy 3-0-0 3
42. SM 657 System Analysis and Design 3-0-0 3
43, SM 658 Software Engineering 3-0-0 3
Sl. No Sub Code. Subjects L-T-P Credits
1. SM 513 Basic Computer Lab 0-0-3 2
2. SM 514 Statistics Lab 0-0-3 2
3. SM 515 OB Lab 0-0-3 2
4 SM 516 HR Lab 0-0-3 2
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5. SM 517 Business Simulation Lab 0-0-3 2
6. SM 518 Management Games Lab 0-0-3 2
7. SM 519 Seminar & Technical Writing — | 0-0-3 2
8. SM 520 Seminar & Technical Writing — Il 0-0-3 2
9. SM 605 OR Lab 0-0-3 2
10. SM 606 Banking Operations Lab 0-0-3 2
11. SM 607 Leadership Lab 0-0-3 2
12. SM 608 Project Lab 0-0-3 2
13. SM 609 Language Lab 0-0-3 2
14. SM 610 Marketing Lab 0-0-3 2
15. SM 611 Seminar & Technical Writing — llI 0-0-3 2
16. SM 612 Seminar & Technical Writing — IV 0-0-3 2
SUMMARY OF COURSES
SM 613 Consumer | and Marketing Research 3-0-0 3
SM 614 Customer Relationship Management 3-0-0 3
SM 615 Product and Brand Management 3-0-0 3
SM 616 Retail Management 3-0-0 3
SM 617 Sales and Distribution Management 3-0-0 3
SM 618 Industrial and Services Marketing 3-0-0 3
SM 619 Integrated Marketing Communication 3-0-0 3
SM 620 International Marketing 3-0-0 3
SM 653 E — Commerce 3-0-0 3

Sub Discipline: Finance

SM 621 Financial Institutions, Instruments and Markets 3-0-0 3
SM 622 Financial Options, Futures and Swap 3-0-0 3
SM 623 Commercial Banking 3-0-0 3
SM 624 International finance 3-0-0 3
SM 625 Financial Services 3-0-0 3
SM 626 Mergers and Acquisitions 3-0-0 3
SM 627 Security Analysis and Portfolio Management 3-0-0 3
SM 628 Insurance and Risk Management 3-0-0 3
SM 630 Project Planning and Appraisal 3-0-0 3

Sub Discipline: Human Resource

SM 631 Employee Relations and Labour Legislations 3-0-0 3
SM 632 Performance Management 3-0-0 3
SM 633 Human Resource Planning 3-0-0 3
SM 634 Organization Change and Development 3-0-0 3
SM 635 Training and Development 3-0-0 3
SM 636 Leadership for Corporate Excellence 3-0-0 3
SM 637 Employee Compensation and Benefits Management 3-0-0 3
SM 638 Strategic Human Resource Management 3-0-0 3
SM 640 Knowledge Management 3-0-0 3

Sub Discipline: Operations

SM 641

| Materials Management

3-0-0

3
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SM 642 Reliability and Risk Management 3-0-0 3
SM 643 Total Quality Management 3-0-0 3
SM 644 Supply Network Management 3-0-0 3
SM 645 Business Process Transformation 3-0-0 3
SM 646 Operations Strategy 3-0-0 3
SM 647 Project Planning, Scheduling and Monitoring 3-0-0 3
SM 648 Decision Modeling and Simulation 3-0-0 3
SM 612 Customer Relationship Management 3-0-0 3
SM 640 Knowledge Management 3-0-0 3
SM 651 Strategic Information System 3-0-0 3
SM 652 Database Management System 3-0-0 3
SM 653 E- Commerce 3-0-0 3
SM 654 Software Project and Quality Management 3-0-0 3
SM 655 Enterprise Resource Planning 3-0-0 3
SM 656 IT Strategy 3-0-0 3
SM 657 System Analysis and Design 3-0-0 3
SM 658 Software Engineering 3-0-0 3
Sub Discipline: Project, Seminar and Special Courses
SM 519 Seminar & Technical Writing — | 0-0-3 2
SM 520 Seminar & Technical Writing — Il 0-0-3 2
SM 603 Internship 0-0-0 3
SM 604 Presentation and Comprehensive Viva-voce 0-0-0 3
SM 611 Seminar & Technical Writing — llI 0-0-3 2
SM 612 Seminar & Technical Writing — IV 0-0-3 2

Sub Discipline: Laboratory Courses

SM 513 Basic Computer Lab 0-0-3 2
SM 514 Statistics Lab 0-0-3 2
SM 515 OB Lab 0-0-3 2
SM 516 HR Lab 0-0-3 2
SM 517 Business Simulation Lab 0-0-3 2
SM 518 Management Games Lab 0-0-3 2
SM 605 OR Lab 0-0-3 2
SM 606 Banking Operations Lab 0-0-3 2
SM 607 Leadership Lab 0-0-3 2
SM 608 Project Lab 0-0-3 2
SM 609 Language Lab 0-0-3 2
SM 610 Marketing Lab 0-0-3 2
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Sl. No | Branch.Code Branch Name Page No.
1 CH Chemistry
2 LS Life Science
3 MA Mathematics
4 PH Physics
5 HS MA in Development Studies
6 SM School of Management
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DEPARTMENT OF CHEMISTRY
DETAILED SYLLABI OF COURSES

Sub. Code Subject L-T-P Credits
Cy 101 Chemistry 3-1-0 4
CY 170 Chemistry Laboratory 0-0-3 2
Cy 211 Name Reactions & Rearrangements 3-0-0 3
CY 232 Chemical Kinetics 3-0-0 3
CY 234 Basic Physical Chemistry — Il 3-1-0 4
Cy 311 Concerted Reactions 3-0-0 3
CY 312 Basic Organic Chemistry — I 3-1-0 4
CY 313 Natural Products 3-1-0 4
CY 322 Basic Inorganic Chemistry — | 3-1-0 4
CY 323 Basic Inorganic Chemistry — I 3-1-0 4
CY 413 Spectroscopic Methods of Analysis 3-0-0 3
Cy 431 Chemistry of Nanomaterials 3-0-0 3
CY 432 Introduction to Nanobiotechnology 3-0-0 3
CY 511 Stereochemistry and Reaction Mechanism 3-1-0 4
CY 512 Structure and Functions of Biomolecules 3-1-0 4
CYy 514 Environmental Chemistry 3-1-0 4
CY 515 Spectroscopic Methods of Analysis 3-0-0 3
CY 516 Industrial Organic Chemistry 3-0-0 3
CY 517 Chemistry of Natural Products 3-0-0 3
CY 518 Polymer Chemistry 3-0-0 3
CY 519 Pericyclic Reactions and Photochemistry 3-0-0 3
Cy 521 Principles of Inorganic Chemistry 3-1-0 4
CY 522 Chemistry of Transition & Non-transition Elements. 3-1-0 4
CY 523 Industrial Inorganic Chemistry 3-0-0 3
Cy 524 Group Theory and Molecular Orbitals 3-0-0 3
CY 525 Advanced Co-ordination Chemistry 3-0-0 3
CY 526 Bio-inorganic Chemistry 3-0-0 3
CY 527 Supramolecular Chemistry 3-0-0 3
CY 531 Thermodynamics & Chemical Equilibria 3-1-0 4
CY 532 Chemical Kinetics & Photochemistry 3-1-0 4
CY 533 Quantum Chemistry 3-1-0 4
CY 534 Principles of Heterogeneous Catalysis 3-0-0 3
CY 535 Electrochemistry 3-0-0 3
CY 536 Colloids and Surface Chemistry 3-0-0 3
CY 537 Advanced Solid State Chemistry 3-0-0 3
CY 538 Molecular Spectroscopy 3-0-0 3
CY 539 Biophysical Chemistry 3-0-0 3
CY 541 Chemistry of Heterocyclic Compounds 3-0-0 3
CY 542 Methods on Organic Synthesis 3-0-0 3
CY 543 Molecular Rearrangement 3-0-0 3
CY 544 Instrumental Methods of Analysis 3-0-0 3
CY 558 Organometallic Chemistry 3-0-0 3
CY 571 Organic Chemistry Laboratory 0-0-9 6
CY 572 Inorganic Chemistry Laboratory 0-0-9 6
CY 573 Physical Chemistry Laboratory 0-0-9 6
CY 574 Environmental Chemistry Laboratory 0-0-9 6
CY 581 Research Project — | 0-0-6 4
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CY 582 Research Project — Il 0-0-6 4
CY 583 Research Project — Il 0-0-9 6
CY 584 Research Project — IV 0-0-9 6
CY 591 Research Project — | 0-0-6 4
CY 592 Research Project — Il 0-0-9 6
CY 593 Seminar & Technical Writing — | 0-0-3 2
CY 594 Seminar & Technical Writing — Il 0-0-3 2
CY 595 Short Term Industrial / Research Experience(SIRE) 0-0-0 2
CY 596 Comprehensive Viva-voce 0-0-0 2
CY 101 CHEMISTRY 4 Credits [3-1-0]

Electrochemistry : Electrochemical cells, galvanic cells, general equation for emf of cells, Electrode
potentials and its relevance to oxidation and reduction, measurement of EMF, determination of pH,
dry cells, fuel cells and storage battery ; Metallic Corrosion : Types of corrosion, mechanism of
corrosion, Galvanic corrosion, principle of corrosion control; Introduction to Polymer Chemistry :
Introductory concepts, definition, common system chemistry and classification of polymers, resins,
rubber, plastics. Characterization: molecular weight studies and molecular weight distribution.
Mechanistic aspects: addition, ionic, condensation polymerization, polymerization techniques;
Atomic Structure — Wave-particle duality and principle of Indeterminacy, Schrodinger wave
equation, atomic orbitals, degeneracy, radial and angular dependence of hydrogen orbitals and
probability distribution,Spectroscopy and Instrumentation :Introduction, basic principles and
instrumentations of rotational, vibrational, electronic spectroscopy. Chemical Kinetics- First and
Second order reactions, Determination of rate-reaction. Consecutive, concurrent and chain
reactions. Influence of rate constant. Theory of reaction rate. Principles of Organic chemistry:
Inductive effects, resonance, 63mmune63r63 and heterolytic fission of covalent bonds, reaction
intermediates, addition, elimination and substitution reactions. Principles of catalysts and catalysis,
industrial and biocatalysis.

Essential Reading:
1. P.W. Atkins, Elements of Physical Chemistry, 4™ Ed., Oxford University Press, 2007.
2. J.Singh, L.D.S. Yadav, Advanced Organic Chemistry, Pragati Prakashan, 2009.
3. C. N. Banwell and E. M. McCash, Molecular spectroscopy, Tata McGraw-Hill, 7" reprint,
1999.

Supplementary Reading:

1. G. N. Mukherjee and A. Das, Elements of Bioinorganic Chemistry, U. N. Dhar and Sons Pvt.
Ltd., Kolkata, Revised Second Edition, 2002.

2. J. E. Huheey, E. A. Keiter and R. L. Keiter, Inorganic Chemistry, Principles of structure and
reactivity, Harper Collins, 1993.

3. Clayden, Greeves, Warren and Wothers, Organic Chemistry, Oxford, 2001.

4. B. R. Puri, L. R. Sharma, M. S. Pathania, Principles of physical Chemistry, Shoban Lal Nagin
Chand & Co., 2001.

CY 170 CHEMISTRY LABORATORY 2 Credits [0-0-3]

LIST OF EXPERIMENTS

Determinations of hardness of water ; Determinations of percentage purity of lime stone sample ;
Determinations of 63mmune63r63 oxygen in water ; Determinations of sodium carbonate & sodium
bicarbonate content in a mixture ; Determinations of sodium carbonate & sodium hydroxide content
in a mixture ; Determinations of iron content in a sample ; Determinations of chloride content of
water ; Determinations of proximate analysis of coal ; Determinations of carbon residue of an oil by
conradson’s apparatus ; Determinations of flash point of an oil by pensky-marteins closed cup flash
point apparatus ; Determinations of viscosity of an oil by redwood viscometer ; Determination of
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Dissociation constant of weak acids by conductometric Titration ; Determination of pH of an
electrolyte by potentiometric Titration.

Essential Reading:

Material supplied in the laboratory.

CY 211 NAME REACTIONS & REARRANGEMENTS 3 Credits [3-0-0]

Name reactions in organic synthesis : Demijanov, Pinacol-Pinacolone rearrangement, Favorski
Rearrangement, Fries rearrangement,Wagner-Meerwein Rearrangement, Benzil-Benzilic Acid
Rearrangement, Beckmann Reaction, Curtius, Schmidt, Lossen and Wolff Reaction, Cope Reaction,
Chugev Reaction,Perkin, Stobb, Hofmann, Reimer-Tiemann, Reformatsky, Grignard reaction, Diels-
alder reaction, Aldol Condensation, Claisen condensation, Dieckmann condensation,Claisen
rearrangement, Friedel-craft reaction, Witting reaction, Meerwein-Pondroff-Verley and Birch
reduction, Clemmenson reduction, Wolf-kishner reduction.

Essential Reading:
1. A.R. Parikh, H. Parikh and K. Parikh, Name reactions in Organic Synthesis, Foundation Books,
2006.
2. S.N. Sanyal, Reactions, Rearrangements and Reagents, Bharati Bhawan, 2000.

Supplementary Reading:
1. J.J, Li, Name reactions in organic synthesis, 3" Edition, SPRINGER 20086.
2. G. Bramhachari, Organic Name Reactions, Narosa Publishers, 2009.

Cy 214 BASIC ORGANIC CHEMISTRY -1 3 Credits [3-0-0]

Aliphatic Hydrocarbons: alkanes, alkenes addition reaction, Markownikov’s rule, peroxide effect,
hydroboration, allylic substitution by NBS, polymerization types, free radical, cationic and anionic
including the mechanism; Alkynes: acidity of alkynes in comparison with alkanes and alkenes,
formation of acetylides, oxidation, ozonolysis and hydroboration- polymerization; Dienes: types,
synthesis of 1, 3-butadiene from 1, 4-Butanediol, 1,2- and 1, 4- diol, reaction of 1, 3-butadiene, Diels-
Alder reaction, synthesis rubber-buna, neoprene and natural rubber; Cycloalkanes: reactions,
hydrogenation and halogenations, comparison of the stabilities of cycloalkanes-Beaver’s-strain
theory-postulates and limitations, Sasche-Mohr’s theory of strainless rings, chair and boat
conformations of cyclohexane; Aromatic hydrocarbons: aromaticity, resonance energy, resonance
structures of naphthalene, anthracene and phenanthracene, electrophyllic substitution reactions of
benzene with mechanism, ortho-para orienting groups; Alchohols: synthesis and reactions, phenols:
synthesis, reactions (Reimer-Tiemann’s reaction. Kolbe’s reaction and Frie’s rearrangement),
synthesis of resorcinol and napthols (a- and B-); Carbonyl compounds: nomenclature, addition
reaction, Aadol condensation, Knoevenagel condensation, Perkin’s reaction, Cannizzarro’s reaction,
Claisen condensation, Wolf- kishner, MPV, base catalyzed halogenations reaction of ketones
(mechanism for all the reactions). Alpha, beta unsaturated carbonyl compounds- preparation and
properties, mechanism of Michael addition; Carboxylic acids, Hydroxyl acids: classification, synthesis
and synthetic applications; Aromatic nitro compounds: reduction in neutral, acidic and alkaline
media, TNT, distinction between nitroalkanes; Amines: classification, separation of amines from
mixture by Hinsberg’'s method using toluene sulphonyl chloride, basicity of amines. Reaction with
nitrous acid, Hoffmann-Martius rearrangement; Diazonium Compounds: preparation and application
in organic transformations.

Essential Reading:
1. P.Y. Bruice, Organic Chemistry, 3" Edition, Pearson Education, 2009.
2. R.K.Bansal, Organic Chemistry, Norosa Publication, 2001.

Supplementary Reading:
1. S.K.Ghosh, Advanced general organic Chemistry, Part | & II, New Central Book
Agency, Pvt. Ltd. 2009.
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Cy 221 CHEMISTRY OF INDUSTRIAL MATERIAL 4 Credits [3-1-0]

Fuel and combustion: Introduction, classification, calorific value, Petroleum and coal based
chemicals: Composition of petroleum, cracking processes, knocking, diesel engine fuels,
distillation of coal water gas, CNG, LPG, Biodiesels. Polymers: polymerization mechanisms,
Addition, condensation, step growth, chain growth, method of polymerization. Oils and fats:
Solvent extraction of oils, hydrogenation of oil, use of oil in the manufacturing of soap, Surface
active agents: classification and manufacturing of detergents used for cleansing purpose. Dyes and
pigments: Types of dyes, paints and varnishes. Chemistry of cement, metal extraction, Pesticides :
DDT manufacture, BHC manufacture, parathion manufacture.

Essential readings:
1. Outlines of Chemical Technology. By M. Gopala Rao and Marshall Sittig, Affiliated East-West
Press Pvt. Ltd.

Supplementary readings:
1. P.J. Chenier, Survey of Industrial Chemistry, 3" Ed. Springer, 2002
2. C. A.Clausen and G. Mattson, Principles of Industrial Chemistry, Wiley-Interscience, 1978.

Cy 231 BASIC PHYSICAL CHEMISTRY - | 4 Credits [3-1-0]

Macroscopic properties of matter: The properties of gases, kinetic model of gases, Real
Gases, Thermodynamics, 1* Law, conservation of energy, internal energy and enthalpy,
Thermochemistry: Physical and chemical change, 2™ law; Entropy, Gibb,s energy, phase equilibrium,
Pure substances: Thermodynamics of transitions, Phase diagrams, Properties of mixtures:
Thermodynamic descriptions, Colligative properties, Phase diagram of mixtures, Principles of
Chemical equilibrium: Thermodynamic background, Response of equillibria to the conditions,
Consequence of equilibrium: Proton transfer reactions, salts in water, solubility equillibria,
Electrochemistry: lons in solutions, electrochemical cells, applications of standard potentials,
Chemical Kinetics: Rates of reactions, Temp dependence of reaction rates, reaction mechanisms,
reactions in solutions, catalysis and chain reactions

Essential readings:

1. P.W. Atkins and Julio de Paula, Elements of Physical Chemistry, Oxofrd University Press,
1992

Supplementary readings:

1. G N Barrow, Physical Chemistry, TATA MCGRAW-HILL, 2007.
2. K. L. Kapoor, Text Book of Physical Chemistry, MACMILLAN, 2006
CY 232 CHEMICAL KINETICS 3 Credits [3-0-0]

Chemical Kinetics : Methods of determining rate laws.Mechanisms of photochemical, chain and
oscillatory reactions.Collision theory of reaction rates; steric factor, treatment of unimolecular
reactions.Theory of absolute reaction rates, comparison of results with Eyring and Arrhenius
equations, ionic reactions; salt effect.Homogeneous catalysis and Michaelis — Menten kinetics;
heterogeneous catalysis. Kinetics in the excited electronic states : Laws of light absorption,
Photoelectric  effect, photo chemical equivalence, fluorescence, Phosphorescence,
Chemiluminiscence, Photosensitization, pre-dissociation and quantum efficiency of photochemical
reaction, photodissociation. Isomerisation and cycloaddition, Flash phtolysis, Chemistry of vision.
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Essential Reading:
1. M. R. Wright, An Introduction to Chemical Kinetics, John Wiley & Sons, 2005.
2. J. Raja Ram, and J. C. Kuriacose,Kinetics and Mechanism of Chemical Transformations,
MacMiillan Indian Ltd., New Delhi, 1993.

Supplementary Reading:
1. R.l. Masel, Chemical Kinetics & Catalysis, Wiley-Interscience; 1° Edition, 2001.
2. K. K. Rohatgi, S. Mukherjee, Fundamentals of Photochemistry, Wiley, New York, 3" Edition,
1978.

CY 271 UG ORGANIC CHEMISTRY LABORATORY 2 Credits [0-0-3]

Detection of functional groups: Element detection, detection of amine, alcohol, nitro, acid,
amide etc., Distilation, chromatography, Purification of organic solvents, drying of organic
solvents. Preparation of picric acid, Benzoin. Extraction of caffine from tea leaf, cassine from
milk, isolation of club oil.

Essential Reading
1. V K Ahluwalia and R Aggarwal, Comprehensive practical organic chemistry,
University press. 2000
2. Brian S. Furniss, Vogel’s Text Book of Practical Organic Chemistry, ELBS Longman,
5" edition, 1996.

Supplementary Reading

1. D S Gupta, Experimental Organic Chemistry, Qualitative and Quantitative, TATA
MCGRAW HILL 2004,
2. Addison Ault, Techniques and Experiments for Organic Chemistry, University

Science Book.1998

CY 273 UG PHYSICAL CHEMISTRY LABORATORY 2 Credits [0-0-3]

. Study of the distribution equilibrium of iodine in water/tolune
. Determination of hydrolysis rate of ester

. Determination of molecular mass by Victor Mayer apparatus

. Estimation of Ca and Mg in mixture by EDTA

. Determination of Eutectic point of a binary mixture

. Estimation of Ni by DMG complex by spectrometry

. lonization constant of a week acid

. Solubility of a sparingly soluble salt

coONO U1 b WN B

Essential Reading
1. R.C. Das and B. Behera, Experimental Physical Chemistry, , Tata McGraw Hill 2000

Supplementary Reading
1. D. Alart, Practical Physical Chemistry, Longman, 1993.

Cy 311 CONCERTED REACTIONS 3 Credits [3-0-0]

Molecular orbitals and symmetry operations; Pericyclic reactions, Froniter orbital approach,
Aromatic transition state approach (Huckel and Mobius systems) Woodward Hofmann rule for
pericyclic reactions); Electrocyclic Reactions, correleation diagram; Cycloaddition reaction, [4+2]-
cycloaddition reaction (Diels-Alder reaction), regioselectivity of Diels-Alder reaction, [2+2]-
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cycloaddition reaction; 1,3 dipolar cycloaddition reaction; Sigmatropic reactions :Orbital description,
[1,5], [2,3], [3,3] sigmatropic rearrangement, Claisen rearrangement, Cope rearrangement.

Essential Reading:
1. J. Singh & J. Singh, Photochemistry & Pericyclic Reactions, New Age International (P) Ltd.,
2007.
2. L. Fleming, Frontier Orbitals and Organic Chemical Reactions, Wiley, 1976.

Supplementary Reading:
1. B. B. Woodward and Hoffman, Conservation of Orbital Symmetry, Verlag Chemie Academic
Press, 1971.
2. M. Smith, Organic Synthesis, Mc Graw Hill, 2" Ed. 2004.

CY 312 BASIC ORGANIC CHEMISTRY —II 4 Credits [3-1-0]

Active methylene compounds: Preparation and synthetic applications of malonic ester and ethyl
acetoacetate, Keto-enol tautomerism in ethyl aceto acetate.

Stereochemistry: Elements of symmetry, asymmetry and dissymmetry, Chiiral carbon atom, cause of
optical activity, enantiomers, diastereomers, Optical isomerism in tartaric acid and biphenyls,
Racemisation, resolution, methods of resolution Walden inversion, Asymmetric synthesis.
Geometrical isomerism: Designation of cis-trans and E-Z notations, Geometrical isomerism of
oximes, Backmann rearrangement.

Organometallic compounds: Definition with examples, Preparation and synthetic applications
Grignard reagent, organolithium compounds, Organozinc compounds, organo copper compounds,
selected Name reactions and their application in organic synthesis.

Oils and fats: Analysis of oils and fats-determination of acid value saponification value, iodine value
and their importance, merits and demerits of syndets in relation to soaps, Cleansing action of soaps.
Waxes: Animal and plant waxes (one example each)

Natural pigments: Structural formulae and their importance of anthocyanin, B-carotene,
haemoglobin.

Dyes: Colour and constitution, chromophore-auxochrome theory, Classification of dyes based on
applications with examples, Synthesis of malachite green and indigo, Structural elucidation of
alizarin and its synthesis.

Heterocyclic compounds: Classification, synthesis of furan, thiophene, pyrrole, pyridine, indole,
67mmuneb7r67, isoquinoline, pyrimidine (one method each), Aromaticity and basicity of pyrrole and
pyridine.

Uric acid: Elucidation of structure and synthesis by Fischer’s by Fischer’s method, conversion of uric
acid to purine and caffeine, Synthesis of guanine and theobromine.

Essential readings:
1. P.Y. Bruice, Organic Chemistry, Pearson Education, 3" Ed. 20009.
2.T. W. G. Solomons & C. B. Fryhle, Organic Chemistry, Wiley student Edition, 8" Ed. 2004.

Supplementary readings:

1. T.L. Gilchrist, Heterocyclic Chemistry, Pearson Education, 3 Ed. 2007.

2. S. K. Ghosh, Advanced General organic Chemistry, Part | &Il, New Central Book Agency, Pvt. Ltd.
2009.

CY 313 NATURAL PRODUCTS 4 Credits [3-1-0]

Alkaloids: Introduction, Occurrence, Functions of Alkaloids, Classification, Isolation, Properties,
Determination of molecular structure, Detailed discussions on Coniine (Hemlock alkaloid), Nicotine,
piperine, Atropine.
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Terpenoids: Introduction, Occurrence, Isolation, Classification, Structural features of Terpenoids,
Determination of molecular structure, specific importance to reactions of double bonds with
Chromic acid, Ozone, catalytic hydrogenation, Tilden reagent, Hydroxylating agents etc.
Monoterpenoids, diterpenoids, Triterpenoids. Detailed discussions on Myrcene, Citral, Menthol,
Bisabolone. Geometrical considerations of Neral & Geranial, Menthol.

Carbohydrates : Introduction, Nomenclature, Reactions of Monosaccharides, Interconversions, Ring
structure of Aldoses and ketoses. Projection formula for Monosaccharides. Conformation of
Monosaccharides.

Hormones: Definition, classification, synthesis of adrenaline, thyroxine, Structural formulae of
estradiol, progesterone and testosterone and their importance. Peptide hormones-oxytocin and
insulin — action, uses and side effects.

Insecticides: Fungicides and Herbicides: Classification, synthetic organic insecticides and fungicides
and their importance; BHC, Lindane, Malathion, Herbicides: Diuren, 2, 4-D[2,4-dichlorophenoxy
acetic acid] and their importance.

Wood protectants: Creosote oil, pental chloraphenols.

Essential readings:

1. S. V. Bhat, B.A. Nagaramgagi, M. Srikumar, Chemistry of Natural Products, Alpha Science
International Ltd, 2005.
2. O. P. Agarwal, Chemistry of Natural Products, Vol- 1 &Vol-2, Goel publishing House,
1989.
Supplementary Reading
1. K. C. Nicolaou, T. Montagnon, Molecules that changed world, Wiley-VCH, 1* ed., 2008.
2. James R Hanson, Natural Products: the secondary metabolites, Royal society of

Chemistry, 2003.
CY 322 BASIC INORGANIC CHEMISTRY -1 4 Credits [3-1-0]

Atomic structure: de-Broglie matter waves, Uncertainty principle, Schrodinger wave equation,
hydrogen atom, quantum numbers and its significance, Radial and angular wave functions, spherical
harmonics, Radial and angular distribution curves, shape of s, p, d orbitals, LS coupling.

Chemical bonding: lonic bond: Born equation, polarizability, Fajan’s rule, percentage ionic character
and solvation energy, covalent bonds, VBT, Resonance, directional characteristics, hybridization and
deduction of geometry, Qualitative treatment of MO theory.

p-Block elements: Boron, Carbon, Nitrogen, Oxygen and Halogen family

d-Block elements: electronic configuration and comparative study of ionic radii, ionization potential,
redox potential, oxidation state, metallic nature.

Coordination chemistry: Ligands, coordination numbers, coordination sphere, Nomenclature,
Werner’s theory, EAN, Chelates, isomerism in coordination compounds, Valence Bond theory,
octahedral, tetrahedral and square planner complexes

Essential readings:

1. J.D. Lee, Concise Inorganic Chemistry, 5™ edition, Blackwell Publishing, 2008
Supplementary readings:

3. Huheey, Keiter and Keiter, Inorganic chemistry Principle, structure and reactivity. 4™ edition.

CY 323 BASIC INORGANIC CHEMISTRY - I 4 Credits [3-1-0]

Crystal field Theory, qualitative idea about d-orbital splitting in octahedral and square planner
complexes, Calculation of CFSE, explanation of magnetism, geometry and colour of coordination
compounds, John-Teller distortion. Thermodynamic, kinetics and magnetic aspects of metal
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complexes. Chemistry of f-block elements, Lanthanides and actinides, Organometallic chemistry:
definition, nomenclature and classification, preparation and properties, Bonding and application
alkyl and aryl and carbonyl complexes, Inorganic polymers: Types of inorganic polymers, comparison
with organic polymers, structure aspects and application of silicones, phosphonitrilic halides and
condensed phosphates.

Essential readings:
2. J.D. Lee, Concise Inorganic Chemistry, 5t edition, Blackwell Publishing, 2008

Supplementary readings:

3. Huheey, Keiter and Keiter, Inorganic chemistry Principle, structure and reactivity. 4"
edition.
CY 374 UG INORGANIC CHEMISTRY LABORATORY 2 Credits [0-0-3]

Quantative analysis of mixture of inorganic substances containing six radicals (interfering acid
radicals like phosphate, fluoride and mixture of acid radicals like carbonate, sulfite, sulfide, nitrate,
chloride, bromide, phosphate, arsenate, nitrate, iodate and sulfate)

Essential Reading

1. G. Svehla, Vogel’s qualitative inorganic analysis, Harlow Longman, 2002.

2. AlVogel, John Bassett, Vogel’s textbook of quantitative inorganic analysis: including elementary
instrumental analysi, Longman,2003

Supplementary Reading
1. AlVogel, Qualitative Inorganic Analysis, Orient Longman — 1979.

CY 375 INSTRUMENTATION LABORATORY 2 Credits [0-0-3]

Simple experiments will be conducted to elucidate the working principles, instrumentation and
handling of Gas Chromatograph, UV-Vis spectrometer, IR spectrometer, Polarimeter, conductivity
meter, pH meter and Nephlometer

Essential Reading
1. R.C. Dasand B. Behera, Experimental Physical Chemistry, , Tata McGraw Hill 2000

Supplementary Reading
1. D. Alart, Practical Physical Chemistry, Longman, 1993.

CY 413 SPECTROSCOPIC METHODS OF ANALYSIS 3 Credits [3-0-0]

General introduction to electromagnetic spectrum and molecular spectrospocpy, spectroscopy,
spectrometry, and spectrum, Nature of electromagnetic radiation and spectrum, Absorption of
electromagnetic radiation by organic molecule. Types of molecular energy and molecular
spectroscopy. Infrared Spectroscopy: Basic theory, instrumentation and application to functional
group determination,;UV-Visible  Spectroscopy :Basic concepts, instrumentation and
applications;Mass Spectrometry, Principle, Instrumentation and applications; NMR Spectroscopy:
Basic principles, Chemical shift, Spin-Spin Coupling, Coupling Constant, NOE, **C NMR, heteronuclear
coupling, Elementary ideas on 2D NMR spectroscopy; Problem involving these techniques for
structural determination and other applications.

Essential Reading :
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1. D. C. Pavia, G. M. Lampman, G. S. Kriz, Introduction to Spectroscopy, 3 Edition, THOMSON,
2007.

2. J. Mohan, Organic Spectroscopy, Narosa Publishing House, 2004

Supplementary Reading:
1. B. H. Williams, I. Flemming, Spectroscopy Methods in Organic Chemistry, McGraw Hill,2005.
2. Bessler and Silverstein, Spectroscopy of Organic Compounds,JOHN WILEY, 2001.

Cy 431 CHEMISTRY OF NANOMATERIALS 3 Credits [3-0-0]

Introduction to Nanoparticles and Nanotechnology, Methods of Preparation, top down and bottom
up approach, Characterization methods, Properties and size effect of nanomaterials, electrical,
Mechanical, Magnetic, Optical and catalytic properties, Applications of nanotechnology in industry.

Essential Reading:
1. G. Ozoin, Nanochemistry: A Chemical approach to nanomaterials, Springer-Verlag, 2005.
2. C.N.RRao, A. Muller, A. K Cheetham, Nanomaterials Chemistry, Wiley-VCH, 2007.

Supplementary Reading:

1. M. Hosokawa, K. Nogi, M. Naito, Y. Yokoyama, Nanoparticles Technology Handbook, Elsevier,
2007.

CY 432 INTRODUCTION TO NANOBIOTECHNOLOGY 3 Credits [3-0-0]

Introduction tonanomaterials, nanobiotechnology, nanoparticle production by microbes,DNA and
Protein based nanostructures, Application of nanoparticles in Biological Detection, gold nanoparticle
conjugates, Application of Iuminescent quantum dots in biological imaging, Emerging
Nanotechnologies: nano labels, biosensors, medicines.

Essential Reading:
1. C. M. Niemeyer and C. A. Mirkin,Nanobiotechnology: Concepts, Applications and
Prospectives, Wiley Interscience Publications, 2005.
2. M. A. Stroscio and M. Dutta, Bioelectric Engineering Vol I, Biological nanostructures and
Applications of Nanostructures in Biology: Electrical, Mechanical, and Optical Properties,
Kluwer academic publications, 2000.

Supplementary Reading:
1. C.A. Mirkin and C. M. Niemeyer Nanobiotechnology II: More Concepts and
Applications,Wiley Intersciences Publications, 2008.

Cy 511 STEREOCHEMISTRY AND REACTION MECHANISM 4 Credits [3-1-0]

Stereochemistry : Classification, 70mmune70 modification, molecules with one, two or more chiral
centres; Configuration nomenclature, D L, R S and E Z nomenclature, conformations and stability of
cyclohexanes (mono-, di-, and trisubstituted), cyclohexenes, cyclohexanones. Reaction
intermediates, Carbocation, carbanion, Free radicals, 70mmune70 and nitrene (generation,
structure, stability and reactions). Substitution Reaction: Classification, Aliphatic nucleophilic
substitution reaction:Syl, Sy2, Syi reactions, solvent effect, neighboring group participation
reactions.Aromatic Nucleophilic substitution reactions, benzyne mechanism. Aliphatic Electrophilic
substitution reactions, aromatic electrophilic substitution reaction, orientation and reactivity in
substituted benzene ring ortho-para ratio. Addition to Carbon-Carbon Multiple Bonds, addition to
carbon-hetero multiple bonds. Electrophilic, nucleophilic and free radical addition reactions.
Elimination Reactions E1, E2 and E1 CB mechanisms. Stereospecificity, regioselectivity and
stereoselectivity of elimination reactions. Relative reactivity of distereoisomers in ionic elimination,
intermolecular rearrangements and neighboring group participation reactions.
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Essential Reading:
1. J. March, Advanced Organic Chemistry: Reactions Mechanism and Structure , 4™ Ed., John-
Wiley and Sons,1999.
2. J.Singh & L. D. S. Yadav, Advanced Organic Chemistry, 4" Ed., Pragati Prakashan, 2009.

Supplementary Reading
1. Clayden, Greeves, Warren and Wothers, Organic Chemistry; Oxford, 2001.
2. ). M. Coxan, Principles of Organic Synthesis, 3 Ed. Thomson Science, 1998.

CY 512 STRUCTURE AND FUNCTIONS OF BIOMOLECULES 4 Credits [3-1-0]

Carbohydrates: Ring and open chain structure of glucose and fructose. Reactions of glucose and
fructose. Mutarotation. Inter conversion reactions- aldose to ketose, ketose to aldose, chain
elongation and chain degradation, epimerization. Disaccharides: sucrose, Lactose, cellobiose,
Reducing and non-reducing sugars, Polysaccharide: Starch, glycogen, Cellulose and Chitin, analysis of
carbohydrates. Aminoacids, Proteins and nucleic acid: Proteins (structure and functions): Amino
acids, structural features, optical activity, essential and non-essential amino acids, iso-electric point,
synthesis and chemical properties of a amino acids. Peptides and it’s structure determination.
Polypeptides or proteins: classifications, primary, secondary, tertiary and quaternary structure of
proteins, glycoproteins, denaturation and folding, enzymes.Nucleic acids: Nitrogeneous base and
pentose sugars, Nucleosides, nucleotides,Chemical and enzymatic hydrolysis, structure and functions
of nucleic acids; DNA, RNA (m-RNA, t-RNA, r-RNA), an overview of gene expression (replication,
transcription and translation), genetic code (origin, Wobble hypothesis and other important
features), genetic errors, Central dogma, Protein synthesis.

Essential Reading:
1. D. L. Nelson and M. M. Cox, Lehlinger Principles of Biochemistry, W. H. Freemanpublisher,4th
Ed, 2004.
2. T. K. Lindhorst, Essentials of Carbohydrate Chemistry and Biochemistry (Wiley-VCH), 2™
Revised Edition, 2003.

Supplementary Reading:
1. U.Satyanarayan, Biochemistry, New Central Book Agency, 3" ed.,2006.
2. L.Stryer, J. Berg, J.L. Tymoczko , Biochemistry,W.H. Freeman Publisher, 6™ Ed., 2006.

CY 514 ENVIRONMENTAL CHEMISTRY 4 Credits [3-1-0]

Chemistry of Environment : Environmental segments, atmospheric structure chemistry of lower and
upper atmosphere, radiation balance of earth .Major air pollutant, sources and their effect. Green
house effect, acid rain, depletion of ozone layer, global worming .Air pollution abatement
technology. Chemistry of water environment: Classification of water pollutants, characteristics of
waste water, water quality parameters and their measurements.Waste water treatment:
preliminary, primary, secondary, tertiary treatment . Waste water from some typical industries
,sources, characteristics , effect and treatment option:textiles, refinery, leather, foods, sugar,
fermentation, paper and pulp ,fertilizer ,soap and detergents ,electroplating and pharmaceuticals.
Solid waste disposal and management: classification and origin, methods of solid waste disposal.
Microbiology involved in solid waste disposal. Soil pollution :Chemical composition of the soil, the
exploitation of the mineral resources and abuse of the earth, soil pollution due to natural and
artificial agencies and its effects, remedial measures to check the pollution. Energy and
Environment: Energy sources, renewable and non-renewable, primary and secondary fossil fuels,
their occurrence and estimation of reserves.
Essential Reading:

1. Mani Vasakam, Physico Chemical Examination of Water, Sewage and Industrial effluents,

Pragati Prakashan, 1991.
2. A.K. Dey, Environmental Chemistry, Wiley Eastern, 2002.
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Supplementary Reading:
1. L.T.Pryde, Environmental Chemistry — An Introduction, Menlopark, 1973.
2. Environmental Chemistry: A Global Prospective, Oxford University, 2000.

CY 515 SPECTROSCOPIC METHODS OF ANALYSIS 3 Credits [3-0-0]

General introduction to electromagnetic spectrum and molecular spectroscopy, spectroscopy,
spectrometry, and spectrum, Nature of electromagnetic radiation and spectrum, Absorption of
electromagnetic radiation by organic molecule. Types of molecular energy and molecular
spectroscopy; Infrared Spectroscopy: Theory and instrumentation, application of IR Spectroscopy for
determination of functional groups;UV-Visible Spectroscopy, Basic concepts and instrumentation.
Factors affecting the position of UV bands, Characteristic absorption of Organic compounds,
Application of UV spectroscopy, NMR spectroscopy. Spin active nuclei, orientation of spinning
nuclear magnets, chemical shift, factor affecting the chemical shift, Spin-spin splitting theory, NOE,
de-coupling experiments, CNMR, hetronuclear coupling, 2D NMR, applications of NMR
spectroscopyfor structure determination; Mass Spectrometry, Principle, Instrumentation, General
methods of fragmentation, interpretation and application of mass spectra. Problem involving these
techniques for structural determination, Recent development in the above fields.

Essential Reading:
1. Bessler and Silverstein, Spectroscopy of Organic Compounds, John Wiley, 2001.
2. D. C. Pavia, G. M. Lampman, G. S. Kriz, Introduction to Spectroscopy, 3" Edition, THOMSON,
2007

Supplementary Reading:
1. J. Mohan, Organic Spectroscopy, Narosa Publishing House, 2004.
2. B. H. Williams, I. Flemming, Spectroscopy Methods in Organic Chemistry , McGraw Hill, 2005.

CY 516 INDUSTRIAL ORGANIC CHEMISTRY 3 Credits [3-0-0]

Basic products of industrial syntheses, chemicals from natural gases, petrochemicals and coal;
chemicals of industrial importance: olefins, diolefines, acetylens, halocompounds, alcohols,
aromatics, amides, polyamides, organic reactions in industrial synthesis (oxidation, hydration,
hydrogenation, dehydrogentation, hydroformylation and polymerization) fermentation technology,
polymers, thermoplastics, thermosetting resins, polymerization techniques, polymer
characterization, polymer degradation, paints, pigments and coating.

Essential Reading:
1. K. Weissermal, H. I. Arpe, C. R. Lindley,Industrial Organic Chemistry, 4t Edition,Wiley-
interscience 2003.
2. A. Wittcoff, B. G. Reuben, and J. S. Plotkin, Industrial Organic Chemistry, 2 Edition,Wiley —
interscience, 2004.
3. F. W Billmeyer, Text book of Polymer Science, Johns Wiley and sons Publication, 3 Edition,
1984

Supplementary Reading:
1. K. Weissovmel, H. J. Prpe;Industrial Organic Chemistry;Wiley-VCH, 2002.
2. P.J. Chenier, Survey of Industrial Chemistry, 3" Edition, Springer, 2002.

CY 517 CHEMISTRY OF NATURAL PRODUCTS 3 Credits [3-0-0]

Alkaloids: Introduction, Occurrence and isolation, function of alkaloids in plant, general properties,
nomenclature, and classification of alkaloids. Isolation, properties and structural elucidation of
Quinine, Morphine: (structure, synthesis, molecular re-arrangement, stereo chemistry and bio-
genesis). Steroids: Introduction, nomenclature of steroids, absolute configuration of steroid.
Occurrence, isolation, Structure elucidation, and chemical properties of Cholesterol. Terpenoids:
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Introduction, isolation, and classification of terpenoids. General properties, structure determination
of Citral and Camphor. Vitamins: Introduction, chemical properties and structure elucidation of
vitamin A, Vitamin B, Ascorbic Acid and Vitamin D.

Essential Reading:
1. S. V. Bhat, B. A. Nagaramgagi, M. Srikumar, Chemistry of Natural Products, Alpha Science
International Ltd, 2005.
2. O.P. Agarwal, Chemistry of Natural Products, Vol- 1 &Vol-2, Goel publishing House, 1989.

Supplementary Reading:
1. K. C. Nicolaou, T. Montagnon, Molecules that changed world, Wiley-VCH, 1* Ed., 2008.
2. J.R. Hanson, Natural Products: the secondary metabolites, Royal society of Chemistry, 2003.

CY 518 POLYMER CHEMISTRY 3 Credits [3-0-0]

Introductory concepts, definition, common system chemistry and classification of polymers,
synthetic and natural polymers, types of polymerization, addition, condensation, co-ordination and
ring opening polymerization, Preparation, properties and uses of some important thermoplastic (i.e.
PE, PVC, Teflon, PS, PMMA)and thermosetting resins (i.e. Phenolic resin, Amino resin and Epoxy
resin), natural and synthetic rubbers, Fibers (i.e. Nylons, PAN, Polyurethanes). Polymer
Characterization: molecular weight studies and molecular weight distribution, polydispersive index,
determination of molecular weight of polymers. Polymer behavior, crystalline and thermal behavior,
Glass transition temperature, factor influencing glass transition.Polymerization techniques: bulk,
solution, emulsion, and suspension polymerization, polymer colloids and polymer solution.
Thermodynamics aspect of Polymerization, Stereo Chemistry and mechanism of polymerization: free
radical, cationic and anionic polymerization. Relevant aspects of physical properties of polymer
systems, rheological properties, polymer processing, processing techniques i.e. molding, casting,
extrusion and, calendaring techniques. Polymer degradation and stabilization, biological degradation
of polymers.Polymers & environments, environmental pollution by polymers.

Essential Reading:
1. J. W. Nicolson, The chemistry of polymers, RSC publishing, 3" Ed., 2006
2. P. Bahadur and N.V. Sastry, Principles of Polymer Science, Norosa Publication, 2" Edition,
2005.

Supplementary Reading:
1. F. W Billmeyer, Text book of Polymer Science, Johns Wiley and sons Publication, 3" Edition,
1984
2. |. M. Cambell, Introduction to synthetic polymer, Oxford university press, 2" Ed., 2000.

CY 519 PERICYCLIC REACTIONS AND PHOTOCHEMISTRY 3 Credits [3-0-0]

Molecular orbitals and symmetry operations; Pericyclic reactions, Froniter orbital approach,
Aromatic transition state approach (Huckel and Mobius systems) Woodward Hofmann rule for
pericyclic reactions); Electrocyclic Reactions, correleation diagram; Cycloaddition reaction, [4+2]-
cycloaddition reaction (Diels-Alder reaction), regioselectivity of Diels-Alder reaction, retroDiels-Alder
reactions, heteroatom Diels-Alder reactions, Intramolecular Diels-Alder reactions [2+2]-cycloaddition
reactions, 1,3 dipolar cycloaddition reactions; Sigmatropic reactions : Orbital description, [1,5], [2,3],
[3,3] sigmatropic rearrangement, Claisen rearrangement, Cope rearrangement. Photochemistry:
Introduction, Jablonski diagram, photochemical reactions including photochemical elimination
reactions, Norrish type | process, Norrish type Il process, photochemical reductions, photochemical
oxidations, photochemical cyclization and photochemical isomerization and rearrangement,
photosubstitution, photoaddition, Barton reaction, Paterno Buchi reaction, Nazarov cyclization,.
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Essential Reading:
1. J. Singh & J.Singh, Photochemistry and Pericyclic Reactions, New Age International (P) Ltd.,
2007.
2. B. B. Woodward and Hoffman, Conservation of Orbital Symmetry, Verlag Chemie Academic
Press, 1971.
3. M. Smith, Organic Synthesis, Mc Graw Hill, 2" Ed. 2004.

Supplementary Reading:
1. W. Carruthers, Some Modern Methods of Organic Synthesis, Cambridge University, Press,
1993.
2. I. Ninomiya and T. Naito, Photochemistry Synthesis, Academic Press, 1989.

Cy 521 PRINCIPLES OF INORGANIC CHEMISTRY 4 Credits [3-1-0]

Modern view of atomic structure, wave mechanical description of electron and orbital. Covalent
Bond: The natures of covalent bond, resonance, formal charge, overlap of atomic orbital, partial
ionic character of a covalent bond, electronegativity, electron affinity, polarization. VBT/VSEPR, inert
pair effect, diagonal relationships. Molecular Orbital Treatment: Hydrogen molecule ion, molecular
orbital of diatomic molecules like H,, N,, O,, F,, CO and NO. Hydrogen bond & Vander wall force
bond. Acid-base theories: Bronsted, Lewis and Lux-Flood theories, HSAB model. Theories of Metal-
Ligand bonding and stereochemistry: Valency bond theory, crystal field theory, tetrahedral,
octahedral complexes; Chemistry of selected Inorganic Compounds: Acyclic & cyclic ring systems,
boranes, carboranes, silicones, phosphazens (structure and reactivity); Inert gases, Structure and
reactions of inert gas compounds.

Essential Reading:
1. J. E. Huheey, E. A. Keiter and R. L. Keiter, Inorganic Chemistry, Principles of structure and
reactivity, Harper Collins 1993.
2. Cotton and Wilkinson, Advanced Inorganic Chemistry, Wiley Eastern, 1976.

Supplementary Reading:
1. M. Chanda, Structure and Chemical bond, Tata McGraw Hill Atomic Edition, 2000.
2. D.F. Shriver, P. W. Atkins and C. H. Langford, Inorganic Chemistry, Oxford University Press,
1990.
3. N.N. Greenwood and E. A. Earnshaw, Chemistry of Elements, Pergaman Press, 1984.

CY 522 CHEMISTRY OF TRANSITION AND NON- TRANSITION 4 Credits [3-1-0]
ELEMENTS

S and P-block elements and their reactivity; d-block Elements : Introduction, chemistry of titanium
group elements, technetium and Rhenium, Metal carbonyls : Preparation, properties and bonding of
iron, cobalt and nickel carbonyls, general treatment of isopoly molybodates and vanadates.
Heteropoly acids. Cages & clusters of elements, structural variety, properties and implications of
borides, carbides, silicides, nitrides, phosphides, oxides and sulphides of transition elements,
multiple bonds and cluster variety of transition metals. Structure, synthesis and reactions of
boranes, carboranes and metalloboranes. F-block Elements : Chemistry of lanthanides, position in
the periodic table. Electronic configuration, oxidation states, color paramagnets, lanthanide
contraction general methods of extraction. Actinides : Electronic structure, ionic radii, oxidation
state, spectra and paramagnetic properties of actinides elements, Actinide hypothesis, chemistry of
uranium and thorium, isolation of neptunium, plutonium and americium and their aqueous
chemistry, introduction to transamoricium elements.

Essential Reading:

1. F. A. Cotton, G. Wilkinson, C. A. Murillo and M. Bochmann ,Advanced Inorganic Chemistry,
6™ Edition Wiley, Chichester, 1999.
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2. D. F. Shriver, P. W. Atkins and C. H. Langford, Inorganic Chemistry, Oxford University press,
2002.
3. J.D. Lee, Advanced Inorganic Chemistry, Wiley Sons, 2009.

Supplementary Reading:
1. A.Kettle, Physical Inorganic Chemistry, Freeman, N.Y., 1996.
2. N. N. Greenwood and A. Earnshaw,Chemistry of the Elements, 2" ed Butterworth- Heinman,
London, 1997.
3. Cotton, Lanthanide and Actinide Chemistry, John Wiley & Sons, 2006.

CY 523 INDUSTRIAL INORGANIC CHEMISTRY 3 Credits [3-0-0]

Introduction to chemical industry, Industrial Gases: carbon dioxide, carbon monoxide, sulphur
dioxide, hydrogen, oxygen, nitrogen, rare gases of the atmosphere, coal gas, water gas, manufacture
of producer gas. Manufacture of ammonia, urea, nitric acid, calcium ammonium nitrate, cement,
glasses, carbon black, abrasives, fertilizers, pulp and paper. Zeolites, Surface active agents, High
purity electronic materials, explosives and propellants, extraction of iron, aluminium, copper, tin,
lead from ores. Application of catalysis in industry.

Essential Reading:
1. H. L. White, Introduction to Industrial Chemistry, Wiley-Interscience, 1986.
2. P.J. Chenier, Survey of Industrial Chemistry, 3" Ed. Springer, 2002.

Supplementary Reading:
1. A.Clausen and G. Mattson, Principles of Industrial Chemistry, Wiley-Interscience, 1978.

CY 524 GROUP THEORY AND MOLECULAR ORBITALS 3 Credits [3-0-0]

Groups, sub-groups, cossets, classes, symmetry elements and symmetry operations. Matrix
formulation of group theory (Idea of matrix multiplication, inverse, trace, diagonalisation, eigen
values and eigen vectors should be given). Classification of point groups (and octahedral group are to
be discussed). Molecular orbitals : Hydrogen like orbitals, Molecular orbital calculation Electronic
energy levels. The LCAO method, Overlap and Coulomb Integrals. Solution of problems dealing with
bicylobutadiene, butadiene pentene and toluene. Bond order, free valance index, charge
distribution, mobile bond order, self consistent field and length. Aromaticity rule, Application of
group theory to simplification of M.O.determination.

Essential Reading:
1. F.A. Cotton, Chemical Applications of Group Theory, Wiley Eastern, 1991.
2. M.S. Gopinathan and V. Ramakrishnan, Group Theory in Chemistry, Vishal Publishers, 1988.

Supplementary Reading:
1. J.D. Roberts, Notes on M.O.Calculation, McGraw Hill, 1990.
2. A. Streitweiser, Jr Molecular Orbital for Organic Chemistry, John Wiley & Sons, 1991.
3. David M. Bishop, Group theory and Chemistry, Dover, 1989.

CY 525 ADVANCED CO-ORDINATION CHEMISTRY 3 Credits [3-0-0]

Theories of metal-ligand bonding, Crystal field theory with respect to octahedral, tetrahedral and
square planner, regular symmetry, distortion from regular system, John Teller effect. Ligand field
theory. Spectral Properties : Selection rule, mechanism for breakdown of selection rule, absorption
band width & shape, energy level diagrams, derivation of term symbols, nephelauxetic effect, Orgel
and Tanabe-Sugano diagrams. Charge transfer spectra, Magnetic properties of complexes,
Isomerism and stability of metal complexes. Mechanism of Inorganic Substitution Reactions : The
nature of substitution reactions, Kinetic application of crystal field theory, Acid hydrolysis of
octahedral cobalt Complexes, Effect of charge, chelation, steric crowding in determining the
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mechanism. Base hydrolysis of octahedral cobalt complexes: Conjugate base and ion pair
mechanisms, tests for conjugate base mechanisms. Mechanism of redox reactions. Mixed valence
complexes. Modern aspects of crystal field theory, molecular orbital theory and valence bond
methods applied to chemical, optical and magnetic properties of coordination compounds.
Essential Reading:

1. J. E. Huheey, E. A. Keiter, R. L. Keiter, O. K. Medhi, Inorganic Chemsitry: Principles of

Structure and Reactivity, Pearson, 2006.
2. J.D. Lee, Concise Inorganic Chemistry, Blackwell Science, 1996

Supplementary Reading:
1. D.J. Newman, Betty, Crystal Field, Science, 2000
2. Emeleous & Sharpe, Inorganic Chemistry, Longman,1981.

CY 526 BIO- INORGANIC CHEMISTRY 3 Credits [3-0-0]

Metal ions in biology,their vital role in the active-site structure and function of metallo-proteins and
enzymes especially those containing Mg, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo and W ions. Both heme
and non-heme systems with one-, two- or multi-metal centers (e.g., Fe: Hb, Mb, Hr, P-450, MMO,
ferridoxins, Fe-S clusters: Cu: hemocyanin, SOD, Mn: vitamin B12; Zn: CPA, CA, Ni: urease will also be
highlighted. Focus will be on the metal environment (ligand type, coordination, geometry),
electronic, magnetic and redox properties; functions such as electron — transfer, O,-binding,
reduction to O,, 0,%, and O, species their utilization in hydroxylation and epoxidation; fixation of
N2, water-oxidation (Oxygen Evolving Complex) reactions.

Essential Reading:
1. G. N. Mukherjee and A. Das, Elements of Bioinorganic Chemistry,U.N. Dhar and Sons Pvt.
Ltd., Kolkata, Revised Second Edition, 2002.
2. S.). Lippard, and J. M. Berg, Principles of Bioinorganic Chemistry, Univ. Science Books, 1994.

Supplementary Reading:
1. D.E. Fenton, Bio coordination Chemistry (Chemistry Primer 26), Oxford Univ. Press, 1996.
2. L. Bertini, H. B. Gray, S. J. Lippard, and J. S. Valentine, Bioinorganic Chemistry, Univ. Science
Books, 1994.

CY 527 SUPRAMOLECULAR CHEMISTRY 3 Credits [3-0-0]

From molecular to supramolecular chemistry: factors leading to strong binding, hydrogen bonding
and stacking interactions. Molecular models of biological receptors, biomimetic chemistry, design,
synthesis and binding studies of synthetic receptors. Metal guided self assembly reactions, molecular
knot with double helical complexes of Cu(l). Self assembly of polynuclear metal complexes. New
molecular receptors: crown ethers, siderophores, cyclophanes, cyclodextrin and their application in
specific recognition processes. Anion coordination chemistry and recognition. Supramolecular
reactivity and catalysis, supramolecular devices.

Essential Reading:
1. J. W. Steed and J.L.Atwood , Supramolecular Chemistry , CRC Press, 2004.
2. H. W. Roesky ,Rings, Clusters & Polymers of the main group & Transition Elements, Elsevier,
1989.

Supplementary Reading:

1. P.Beer, P. Gale and D.Smith , Supramolecular Chemistry (Oxford Chemistry Primers), 1999.
2. J. M. Lehn, Supramolecular Chemistry, VCH, 1995.
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CyY 531 THERMODYNAMICS AND CHEMICAL EQUILIBRIA 4 Credits [3-1-0]

Thermodynamics : Concept of system, exact differentials. First law of thermodynamics : energy and
heat changes, Reversible processes, heat capacities, relation between Cp and Cv, Isothermal and
adiabatic process, Joule-Thomson coefficient of ideal and real gases. Thermo Chemistry: Hess Laws,
Heat changes of chemical reactions. Kirchoff’'s equation and its application, Calculation of heat of
reaction from bond energy. Second Law of Thermodynamics. Elementary concept of entropy and
free energy, Entropy and its variation with temperature, pressure and volume, entropy of mixing,
Thermodynamic equation of state. Entropy and heat capacities relationship, Boltzmann-Plank
equation for entropy. Work function, Gibb’s Helmholtzs equation and its application, Carnot cycle,
Heat engine. Third Law of Thermodynamics and its application to solid liquids and gases, Partial
Molar Properties, Chemical potential and its variation with temperature and pressure, Fugacity.
Chemical Equilibrium: Free energy and entropy, partial molar quantities, Equilibrium constant,
Temperature — dependence of equilibrium constant, phase diagram of one — and two — component
systems, phase rule.

Essential Reading:
1. G. N. Barrow, Physical Chemistry, TATA MCGRAW-HILL, 2007.
2. T.Engel, P.Reid, Physical Chemistry, Pearson, 2006.

Supplementary Reading:
1. K. L. Kapoor, Text Book of Physical Chemistry, MACMILLAN, 2006.
2. A.W. Atkins, Physical Chemistry, W. H. Freeman and Company, 1997.

CY 532 CHEMICAL KINETICS & PHOTOCHEMISTRY 4 Credits [3-1-0]

Chemical Kinetics : Methods of determining rate laws; Dependence of rate on concentration;
Determination of order and rate constant from experimental data; Integrated rate expressions;
Collision theory of reaction rates; steric factor, treatment of unimolecular reactions; Modified
collision theory; Transition state theory; Chain reactions; Characteristic experimental features of
chain reactions; ldentification of a chain reaction; Normal and branched chain reactions; Theory of
absolute reaction rates, comparison of results with Eyring and Arrhenius equations, ionic reactions;
Salt effect; Mechanisms of photochemical, chain and oscillatory reactions; Homogeneous catalysis
and Michaelis — Menten kinetics; - Lineweaver-Burk and Eadie plots, Effect of temperature and pH,
inhibition effect, transient-phase kinetics, heterogeneous catalysis. Kinetics in the excited electronic
states : Jablonskii diagram, Laws of light absorption, kinetics of unimolecular photophysical and
photochemical processes, photostationary states, photoisomerisation, bimolecular photophysical
and photochemical proceses: excimers, exciplexes and 77mmune77r777777ia. Mechanism of
fluorescence quenching — Stern — Volmer equation, solar cells, photocatalysis, photosensitization,
photo-initiated polymerization, epoxy polymers, photorefractive polymers supramolecules,
dendrimers, photochromic compounds, Flash photolysis, Chemistry of vision.

Essential Reading:
1. M. R. Wright, An Introduction to Chemical Kinetics,John Wiley & Sons, 2005.
2. J. Raja Ram, and J. C. Kuriacose,Kinetics and Mechanism of Chemical Transformations,
MacMillan Indian Ltd., New Delhi, 1993.

Supplementary Reading:
1. Richard I. Masel, Chemical Kinetics & Catalysis, Wiley-Interscience; 1* Edition, 2001.
2. K. K. Rohatgi-Mukherjee, Fundamentals of Photochemistry, Wiley, New York, 3" Edition,
2002.
CY 533 QUANTUM CHEMISTRY 4 Credits [3-1-0]

Quantum Chemistry: Planck’s quantum theory, wave — particle duality. Uncertainty Principle,
operators and commutation relations; postulates of quantum mechanics and Schrodinger equation;
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free particle, particle in a box, degeneracy, harmonic oscillator, rigid rotator and the hydrogen atom.
Angular momentum, eigenvalues of angular momentum operator, ladder operators, orbital and spin
motion of electron, coupling of angular momenta including spin-orbit coupling, Time-independent
perturbation theory, degenerate states, variational method, Hellmann-Feynman theorem. Spectra
and structure of helium atom, term symbols for atoms, Hartree-Fock equations, self-consistent field
method and coupling schemes. Born-Oppenheimer approximation, hydrogen molecule ion,
hydrogen molecule: valence bond and molecular orbital methods, polyatomic molecules and
78mmune78r787878ia. The concept of groups, symmetry operations and symmetry elements in
molecules, matrix representations of symmetry operations, point groups, irreducible
representations and character tables.

Essential Reading:
1. D.A.McQuarrie, Quantum Chemistry, University Science Books, 1983.
2. A. K. Chandra,Introductory Quantum Chemistry, Tata McGraw Hill,1979.
3. P. W. Atkins, Molecular Quantum Mechanics, 2™ edition, Oxford University Press, 1983.

Supplementary Reading:
1. Eyring, Walter & Kimbel ,Quantum Chemistry, John Willey,1953.
2. Fitts, D. Donald, Principle of Quantum Mechanics, Cambridge University Press, 1999.
3. 1. N. Levine, Quantum Chemistry, 3" edition, Allyn and Bacon, 1983.

CY 534 PRINCIPLE OF HETEROGENEOUS CATALYSIS 3 Credits [3-0-0]

Basic principles of catalysis, homogeneous and heterogeneous catalysis. Adsorptions: type of
adsorption and their discrimination, adsorption isotherms, BDDT classification, surface area and pore
size calculation, Enthalpy and entropy of adsorption, Langmuir, BET and other isotherms, Kelvin
equation and capillary condensation. Kinetics: Kinetics of 78mmune78r78 reaction, various types of
reactions such as simple, parallel and consecutive reaction, order of reaction, energy of activation.
Catalyst preparation: Selection, preparation and evaluation of a catalyst, Effect of promoter, carrier,
stabilizer, poisioning effect. Catalyst site characterization: Types of catalyst based on active sites,
acid-base and redox catalysts, methods of determination of active sites (titration, TPD, TPR, FTIR
etc.). Mechanism of catalyst action: Mechanism of selected reactions on catalyst surfaces such as
hydrogenation, dehydrogenation, dehydration, cracking etc. Applications to selected industrial
processes- petrochemical industry-reforming and refining, environment protection, value added
chemicals, autoexhaust catalysis, pharmaceuticals. Novel nanosize catalysts: Novel nanosize catalytic
materials- clusters, zeolites, Mesoporous materials, clays, composite oxides etc.

Essential Reading:
1. M. Thomas and W. H. Thomas, Introduction to the principles of heterogeneous catalysis,
Academic press, London 2007.
2. G. A.Somorijai, Introduction to surface chemistry and catalysis, John Wiley and Sons 2006.
Supplementary Reading:
1. L. Augustine, Heterogeneous catalysis for the synthetic chemist. Marcel Dekker Inc., New
York, 1996

CY 535 ELECTROCHEMISTRY 3 Credits [3-0-0]

Inter ionic attraction theory, Derivation of Debye Huckel Onsager’s conductance equation, its
verifications and modifications and its present trend. Determination of degree of dissociation of
electrolyte. Theoretical calculation of activity coefficient from ionic strength by Debye-Huckel
theory, Determination of activity coefficient from Freezing Point method, EMF method and solubility
method. lon association, determination of thermodynamic dissociation, constant of weak
electrolytes by Shedlovsky method, Reversible cells, chemical and construction cells, Liquid junction
potential, single electrode potential, oxidation — reduction electrodes. Determination of (i)
dissociation constant of weak monobasic acid (ii) hydrolysis constant of salts (iii) ionic product of
water and (iv) solubility product of sparingly spoilable salts by EMF measurements. Factors effecting
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the EMF of half cells, Determination of pH. Electrode concentration cells, Electrolyte concentration
cell. Electrochemical series and its significance,. Electrolytic polarization, over voltage.

Essential Reading:
1. S. Glasstone, Text Book of Physical Chemistry, MACMILLAN 1974.
2. G.M. Barrow , Physical Chemistry, TATA MCGRAW-HILL ,2007
Supplementary Reading:
1. Books and Reddy, Modern Electrochemistry, Vol — | .Springer,2000.
2. W.J. Moore, Physical Chemistry, Prentice Hall,1993

CY 536 COLLOIDS AND SURFACE CHEMISTRY 3 Credits [3-0-0]

The colloidal state: Introduction; Classification and colloidal systems; Properties of 79mmune79r79
and lyophobic colloidal solutions. Structural characteristics; Preparation and purification of colloidal
systems. Kinetic properties: The motion of particles in liquid media; Brownian motion and
translational diffusion; Osmotic pressure; Rotary Brownian motion. Optical properties: Optical and
electron microscopy; Light scattering; Tyndall effect- turbidity. Liquid-gas and liquid-liquid interfaces;
Surface and interfacial tensions; Adsorption and orientation at interfaces; Association colloids-
micelle formation; spreading; Surface films and Langmuir-Blodgett films. Properties and aggregation
of surfactants; The solid-gas interface: Adsorption of gases and vapours on solids; Capillary
condensation; Langmuir adsorption isotherm; BET equation for multimolecular adsorption;
Composition and structure of solid surfaces. The solid-liquid interface; Contact angles and wetting;
Detergency; Adsorption from solution. Charged interfaces: The electric double layer; Electrokinetic
phenomena; Electrokinetic theory. Colloid stability: Lyophobic sols; van der Waals forces between
colloidal particles; Rheology: Introduction; Viscosity; Non-Newtonian flow; Viscoelasticity. Emulsions
and foams: Oil-in-water and water-in-oil emulsions; Emulsifying agents and emulsion type; gels and
Foams.

Essential Reading:
1. R. M. Pashley, and M. E. Karaman, Applied Colloid and Surface Chemistry, John Wiley & Sons
Ltd., 2004.
2. D. Shaw, and B. Heinemann, Introduction to Colloid and Surface Chemistry, Butterworth
Heinemann, 4" Edition, 1992.

Supplementary Reading:
1. E. D. Shchukin, A. V. Pertsov, E. A. Amelina, and A. S.Zelenev, Colloid and Surface
Chemistry,Elsevier, 2001.
2. F. Caruso (Editor),Colloids and Colloid Assemblies: Synthesis, Modification, Organisation and
Utilization of Colloid Particles, Wiley, 2004.

CY 537 ADVANCED SOLID STATE CHEMISTRY 3 Credits [3-0-0]

Introduction, Crystal structure, Crystalline solids, Crystal systems, Metallic structure-Unit cells,
Crystallographic directions and planes, linear and planar densities, close-packed crystal structures,
Types of close packing-hcp and ccp, packing efficiency, Ceramics structure- radius ratio, structure
types-NaCl, ZnS, Na,0, CdCl,, wurtzite, nickel arsenide, CsCl, Cdl,, rutile, Perovskite ABO; and Spinels
AB,0,. Material preparation-Solid state reactions, precipitation, sol-gel route, precursor method, lon
exchange reactions, Intercalation/deintercalation reactions, soft chemical reactions and thin film
preparation, Method of characterization-Powder X-ray diffraction, electron and Neutron diffraction,
Thermal analysis, microscopic and spectroscopic techniques as tools for material characterization,
Phase diagram and microstructure analysis- simple binary isomorphous, eutectic and congruent
phase diagrams, Electronic properties-Developments, free electron theory, Band Theory, metals and
their properties, Semiconducors- intrinsic and extrinsic, Hall Effect, Insulators-dielectric,
ferroelectric, pyroelectric and Peizoelectric properties, Magnetic properties-Dia, para, ferro, ferri,
antiferro and antiferri materials, Defects and dislocations-Vacancies and interstitials, dislocations
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and grain boundaries colour centers and reactivity, Amorphous materials-glasses and refractories,
Superconductivity-Theory, discovery, various high Tc materials, Novel materials-Zeolites, Heteropoly
acids, Mesoporous materials (MCM-41, MCM-48, SBA, TS), fullerenes, carbon nanotubes etc

Essential Reading:
1. A. R. West, Solid state Chemistry and its applications, Wiley Student Edition (John Wiley &
Sons), 1988
2. C. N.R. Rao and J. Gopal Krishnan,New directions in solid state Chemistry, Cambridge press,
1990

Supplementary Reading:
1. A.F.Wells, Structural Inorganic Chemistry,Oxford University Press, USA; 5 Edition, 1984.

CY 538 MOLECULAR SPECTROSCOPY 3 Credits [3-0-0]

Interaction of matter with radiation, time dependent perturbation theory, Einstein coefficients.
Energy levels and transition probabilities for the rigid rotor — harmonic oscillator model, potential
energy surfaces in the ground and excited electronic states, Franck-Condon principle, spectroscopy
of diatomic molecules (rotational, vibrational and electronic). Anharmonicity and centrifugal effects,
Dunham expansion and Morse oscillator. Rotational and vibrational spectroscopy of polyatomic
molecules, angular momentum operator matrix elements, energy levels and transition probabilities
for symmetric and asymmetric top molecules, normal modes of vibration and their classification by
group theory. Coupling between rotational and vibrational degrees of freedom: elementary
introduction. Electronic spectra of polyatomic molecules: absorption and emission spectroscopy,
charge transfer spectra, effect of solvent, Raman spectroscopy, Introduction to Mossbauer,
photoelectron nuclear magnetic resonance spectroscopy. Electron Spin Resonance Spectroscopy:
Electronic Zeeman and hyperfine interactions, hydrogen atom in a magnetic field, selection rules in
ESR, anisotropy and hyperfine constants, hybridization, ESR of organic free radicals in solution,
McConnell’s relations.

Essential Reading:
1. C. N. Banwell and E. M. McCash, Fundamentals of Molecular Spectroscopy, Tata- McGraw-
Hill, 1994.
3. P. S. Sindhu, Fundamentals of Molecular Spectroscopy, New Age International (p) Limited,
2008.
Supplementary Reading:
1. Peter F. Bernath, Spectra of Atoms and Molecules, Oxford University Press, 1995.
2. J. M. Hollas, Modern Spectroscopy, Wiley, 1992.
4. C. Harris and M. D. Bertolucci, Symmetry and Spectroscopy, Dover, 1989.

CY 539 BIOPHYSICAL CHEMISTRY 3 Credits [3-0-0]

Hydrophobic and hydrophilic interactions in biological systems, biological relevance of chemical
potential, protein solvent interactions-binding, hydration and exclusion, protein structure, stability,
folding, unfolding and their spectroscopic and calorimetric studies. Protein ligand binding, equillibria
across membranes, structure-function relationships.

Essential Reading:
1. R.B. Gregory, Protein solvent interactions, Marcel Dekker, Inc. 1995.
2. B. T. Nall and K. A. Dill, Conformations and forces in protein Folding, American Association
for the Advancement of science, 1991.

Supplementary Reading:
1. C.R.Cantorand P. R. Schimmel, Biophysical Chemistry Part-Ill, Freeman and Co. 1980.

CY 541 CHEMISTRY OF HETEROCYCLIC COMPOUNDS 3 Credits [3-0-0]
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Introduction, Structure and uses of heterocycles, Synthesis and Reactivity of furan, thiophene,
pyrrole, pyridine, 8lmmune81r81, isoquinoline, indoles, azines, purines, pteridines, azoles, benzo-
fused ring systems including isobenzofuran, heteroisobenzofurans, compounds withoxygen and
sulfur hetero atoms and small-ring heterocycles. Role ofheterocyclic compounds in biological
systems.

Essential Reading:
1. T.L. Gilchrist, Heterocyclic Chemistry, Pearson Education, 3" Ed. 2007.
2. J.A. Joule and G. F. Smith, Heterocyclic Chemistry, ELBS, 1978.

Supplementary Reading:
1. A. R. Katritzky and Pozharskii, Handbook of Heterocyclic Chemistry Academic Press; 2" Ed.
2000.
2. J. A.Joule and K. Mills, Heterocyclic Chemistry, Wiley-blackwell; 4™ Ed, 2000.

CY 542 METHODS INORGANIC SYNTHESIS 3 Credits [3-0-0]

The disconnection approach, chemoselective synthesis,C-C bond forming reactions, organometallic
reagents in organic synthesis: Grignard reagents, organolithium reagents, organocadmium reagents,
organocopper reagents, organosilicon compounds, organotin compounds, organoaluminum
compounds, organoiron compounds, organochromium reagents, ylides of sulfur, phosphorous and
nitrogen. Tebbe’s reagent. Enolates, kinetic and thermodynamic enolates, enolate condensation
reactions like Claisen, Dieckmann, Knoevenegal, Stobbe, Darzen glycidic ester. Umpolung reagents,
definition of umpolung, acyl anion equivalent, equivalents of ketene, RCOCH,*, RCOCH,CH,CH,",
RCOCH,CH,CH, etc. Protecting groups: protection of hydroxyl, carboxyl, carbonyl, amino groups.
Protection of carbon-carbon multiple bonds. Illustration of protection and deprotection in synthesis.

Essential Reading:
1. S.Warren, Organic Synthesis: The Disconnection Approach, Wiley Student Ed. 2007
2. J.Singh, L. D. S. Yadav, Organic Synthesis, Pragati Prakashan, 2007.
3. Michael B. Smith, Organic Synthesis, McGraw Hill, 2004.

Supplementary Reading:
1. S.Warren, Designing Organic Synthesis, John Wiley, 1978
2. S. G. Davies, Organotransition Metal Chemistry, Application to Organic Synthesis, Pergamon
Press, 1982.
3. R. K. Mackie and D. M. Smith, Guidebook to Organic Synthesis, ELBS, 1982.

CY 543 MOLECULAR REARRANGEMENT 3 Credits [3-0-0]

Aldol Condensation, Claisen condensation, Dieckmann condensation, Curtius, Schmidt, Lossen and
Wolff Reaction, Cope Reaction, Chugaev Reaction, Perkin, Stobb, Hofmann, Schidmt, Curtius,
Reimer-Tiemann, Reformatsky, Diels-Alder reaction, Friedel-craft reaction, Wittig reaction,
Meerwein-Pondroff-Verley reduction, Clemmenson reduction, Wolf-Kishner reduction, Birch
reduction, Baylis-Hilman reaction, Barton reaction, Bamford-Stevans reaction, Shapiro reaction, Heck
reaction, Demijanov, Pinacol-Pinacolone rearrangement, Favorski Rearrangement, Fries
rearrangement, Wagner-Meerwein Rearrangement, Benzil-Benzilic Acid Rearrangement, Beckmann
Rearrangement, Claisen rearrangement, Bamberger rearrangement, Suzuki coupling, Stille coupling,
McMurry coupling, Sonagashira coupling.

Essential Reading:

1.Parikh, Parikh and Parikh, Name reactions in Organic Synthesis, Foundation Books, 2006.
2.G. Brahmachari, Organic Name Reactions, Narosa Publishers, 2009.
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Supplementary Reading:
1. Robert and Cassenio, Basic Principles of Organic Chemistry, Addison-Wesley Pub1977.
2. 1. ). Li, Name reactions in organic synthesis , 3™ Edition, SPRINGER 2006.
3. M. Smith, Organic Synthesis, Mc Graw Hill, 2" Ed. 2004.

CY 544 INSTRUMENTAL METHODS OF ANALYSIS 3 Credits [3-0-0]

Basic principle, Instrumentation and application to chemist of the following instruments Atomic
absorption spectroscopy, Flame emission spectroscopy, XRD, XRF. Polarography, Cyclic Voltametry,
Basic principle and general analytical application of Thermal analysis, TGA and DTA, DSC
Thermometric titration, Theory, instrumentation and complexation titrations dealing with EDTA,,
Principle, instrumentation and general application of Chromatography., Flow injection analysis,
Recent development in the above technique.

Essential Reading:
1. A.S.Douglas, F.J Holler, S. R. Crouch, Principles of Instrumental Analysis, Thomson, 2007.
2. Willard, Merritt and Dean , Instrumental Methods of Analysis, AFFILIATED EAST-WEST, New
Delhi, 2004

Supplementary Reading:
1. A.S.Douglas, F.J Holler, SR Crouch Fundamentals of Analytical Chemistry, Thomson, 2007.
2. R. S. Drago Physical methods in inorganic chemistry, AFFILIATED EAST-WEST, New Delhi,
1988.

CY 558 ORGANOMETALLIC CHEMISTRY 3 Credits [3-0-0]

General introduction, Structure and bonding, 18-Electron rule, Wades rule, Survey of organometallic
complexes Preparation, properties and bonding of metal carbonyl complexes, Bonding in carbonyls,
nitrosyls, tertiary phosphines, hydrides, alkene, alkyne, cyclobutadiene, cyclopentadiene, arene
compounds and their M.O. diagrams. Metal-carbon multiple bonds. Fluxional organometallic
compounds including 8-allyl complexes and their characterization. Metallocycles, unsaturated
nitrogen ligands including dinitrogen complexes. Preparation and applications of organomagnesium
compounds, Organolithium compounds, organocopper reagents, organozinc compounds,
organolead compounds, organoaluminum compounds, organosilanes and organoboranes towards
organic tranformations. Metal-Metal bond and transition metal cluster, Organometallic catalysis.

Essential Reading:
1. B. F.G.Johnson, Transition metal cluster, Wiley, 1980.
2. R. C. Mehrotra and A. Singh, Organometallic Chemistry-A unified approach, New age
international(P)limited publisher, 2001.
3. C. Elschenbroich and A, Salzer, Organometallic-A Concise introduction, Weinheim, 1992.

Supplementary Reading:
1. R.H. Crabtree, The organometallic chemistry of the transition metals, Wiley-Interscience,
2005.
2. G. Wikinson, F.G.A. Stone, E. Abel, Comprehensive Organometallic Chemistry, Peramon,
1980.
3. P. Powell, Principle of Organometalic Chemistry, Kulwar, 1991.

CY 571 ORGANIC CHEMISTRY LABORATORY 6 Credits [0-0-9]

Elemental Analysis of Organic Compounds (C, H, N, O, S), Identification of organic compounds having
at least two functional groups; Preparation of (a) p-lodo tolune, (b) Benzaldehyde to Benzoin -
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Benzil = Benzilic acid, (c) Benzoic acid - o-Benzoyl Benozoic acid - Anthraquinone - Anthrone, (d)
Ethylacetate - Ethylaceto acetate, | Anisole = Phenacetin; Synthesis of a simple dye and check, its
purity by paper chromatography and extinction coefficient measurement; Estimation : (a) Methoxy
group, (b) Acetyl group, (c) Nitrogen, (d) Carbon and hydrogen, | Spectrophotometric analysis of Keto

group

Essential Reading:
1. V. K.Ahluwalia and R. Aggarwal, Comprehensive practical organic chemistry, University press.
2000
2. B. S. Furniss, Vogel’s Text Book of Practical Organic Chemistry, ELBS Longman, 5™ Edition,
1996.

Supplementary Reading:
1. D.S. Gupta, Experimental Organic Chemistry, Qualitative and Quantitative, TATA MCGRAW
HILL 2004
2. A.Ault, Techniques and Experiments for Organic Chemistry, University Science Book.1998

CY 572 INORGANIC CHEMISTRY LABORATORY 6 Credits [0-0-9]

Semimicro qualitative analysis (anions are excluded) and quantitative estimations (Polarography,
Amperometry & Biamperometry, Potentiometry, spectrophotometry, Turbidimetry,
Electrogravimetry, pH metry and Flame photometry), synthesis (air-sensitive, moisture-sensitive
etc.,), characterization and property measurements of inorganic (especially coordination)
compounds, Exposure to various spectroscopic characterization techniques.

Essential Reading:

1. In-house laboratory manual and relevant literature

2. G. Svehla, Vogel’s qualitative inorganic analysis, Harlow Longman, 2002.

3. A. I. Vogel, John Bassett, Vogel’s textbook of quantitative inorganic analysis: including elementary
instrumental analysis, Longman, 2003

Supplementary Reading:
5. A.l. Vogel, Qualitative Inorganic Analysis, Orient Longman — 1979.

CY 573 PHYSICAL CHEMISTRY LABORATORY 6 Credits [0-0-9]

Conductometric titrations: Dissociation constant of weak acid, solubility product of sparingly
soluable salt (PbSO,, BaSQ,), Determination of strength of strong and weak acids in a given mixture
conductrometrically, Determination of ratio of Potasium Dicromate, chromate in a supplied mixture.
Potentiometric titration: Determination of Dissociation Constant of weak acid Determination of pH
of an electrolyte. Polarimetricdetermination of Concentration of unknown sugar solution Inversion
of cane sugar; Determination of Co-ordination number of copper in cupramine complex by
distribution method, determination of Equilibrium constant of the reversible reaction KI + I, = Kl;,
Kinetics of Easter Hydrolysis by acid and base; Determination of Molecular mass of volatile liquids by
Victor Meyer Method. Determination of Molecular mass of inorganic solids by Rast’s method,
Determination of magnetic moment by Gouy’s balance.

Essential Reading:
1. B.Behera, Experimental Physical Chemistry, , Tata McGraw Hill 2000.

Supplementary Reading:
1. D. Alart, Practical Physical Chemistry, Longman, 1993.

CY 574 ENVIRONMENTAL CHEMISTRY LABORATORY 6 Credits [0-0-9]
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Physico-chemicalanalysis of water and waste water analysis ; Analysis of Soil parameters ; Analysis of
air & Noise

Essential Reading:
1. N. Manivaskam, Physico-Chemical Examination of Water, sewage and Industrial Effluences,

Pragatiprakashan, 2000.

Supplementary Reading:
1. Standard Methods for the Examination of Water and Waste Water, APHA, AWWA, 6™

Edition, 2002.
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DETAILED SYLLABI OF COURSES

SI. No Sub. Code Subjects L-T-P Credits
1 ER 201 Physics of Atmosphere 3-0-0 3
2 ER 202 Evolution of Early Earth 3-0-0 3
3 ER 203 Coal and Petroleum Geology 3-0-0 3
4 ER 204 Global Plate Tectonics 3-0-0 3
5 ER 205 Introduction to Weather and Climate 3-0-0 3
6 ER 207 Mining Geology 3-0-0 3
7 ER 511 Physical Geology 3-0-0 3
8 ER 512 Crystallography & Mineralogy 3-0-0 3
9 ER 513 Structural Geology 3-0-0 3

10 ER 514 Geochemistry 3-0-0 3
11 ER 515 Igneous & Metamorphic Petrology 3-1-0 4
12 ER 516 Sedimentary and Quaternary Geology 3-1-0 4
13 ER 517 Stratigraphy 3-0-0 3
14 ER 518 Palaeontology 3-0-0 3
15 ER 519 Fuel and Economic Geology 3-1-0 4
16 ER 520 Hydrogeology 3-0-0 3
17 ER 521 Engineering Geology 3-0-0 3
18 ER 522 Remote Sensing & GIS 3-0-0 3
19 ER 523 Geology of Fuels 3-0-0 3
20 ER 524 Environmental Geology 3-0-0 3
21 ER 525 Isotope Geology 3-0-0 3
22 ER 526 Geophysical Methods 3-0-0 3
23 ER 527 Geostatistics 3-0-0 3
24 ER 528 Introduction to Atmosphere and Ocean Science 3-0-0 3
25 ER 529 Tectonic Geodesy: Crustal Deformation & 3-0-0 3
Active Tectonics
26 ER 530 Rheology of the Earth 3-0-0 3
27 ER 531 Earthquake and Volcano Deformation 3-0-0 3
28 ER 532 Weather and Climate Systems 3-0-0 3
29 ER 601 Theoretical Meteorology 3-0-0 3
30 ER 602 Applied Atmospheric Dynamics 3-0-0 3
31 ER 603 Introduction to Climate Science 3-0-0 3
32 ER 604 Boundary Layer Meteorology 3-0-0 3
33 ER 605 Introduction to Microscale and Mesoscale 3-0-0 3
Meteorology
34 ER 606 Mesoscale Meteorology and Modeling 3-0-0 3
35 ER 607 Application of Tectonic Geodesy 3-0-0 3
36 ER 608 Rock Water Interaction 3-0-0 3
37 ER 609 Geochronology 3-0-0 3
38 ER 610 Applied Isotope Geology 3-0-0 3
39 ER 611 Instrumentation for Earth Scientists 3-0-0 3
40 ER 612 Petroleum Geology 3-0-0 3
41 ER 613 Coal Geology 3-0-0 3
42 ER 614 Geostatistics 3-0-0 3
43 ER 615 Applied Hydrogeology 3-0-0 3
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44 ER 616 Satellite remote sensing for geo-resource 3-0-0 3
evaluation
ER 201 PHYSICS OF ATMOSPHERE 3 Credits [3-0-0]

State of the atmosphere; Constituents of air; Structure of Atmosphere; Importance of solar radiation
in Earth’s atmosphere; Characteristics of solar radiation; Definitions and concepts in radiation;
Transfer of radiation through a medium; Terrestrial radiation; Characteristics of terrestrial radiation;
Absorption of terrestrial radiation; Transmission of terrestrial radiation through the atmosphere;
Radiative cooling or heating of the atmosphere; Overview of Earth’s radiation budget

Thermodynamics of dry air: Equation of state, Expansion of gas under constant pressure; Law of
conservation of energy; specific heats of a gas; First law of thermodynamics; Adiabatic process in the
atmosphere; Potential temperature; Equation state of dry air; poisson’s equation for dry air;
Alternative forms of the energy equation; Entropy; Enthalpy.

The thermodynamics of water vapour and moist air: The three states of water substances; The
Classius and Clapeyron equation; Equation of state for water vapour; Moisture variables (Absolute
humidity, specific humidity, relative humidity, mixing ratio); Virtual temperature.

Environmental lapse rate, Standard atmosphere, Hydrostatic equilibrium, Hydrostatic equation,
Vertical stability of the atmosphere: Dry adiabatic lapse rate; Standard adiabatic lapse rate;
Equilibrium states; The parcel method; Application of the parcel method, The slice method,
Cumulous clouds and bubble theory, Radiative heating and cooling of clouds; Convection and
Rainfall; Introductory idea of weather systems and physical climate

Essential Reading:

1. Hess S. L. (1959): Introduction to Theoretical Meteorology, Krieger Publishing Company
Malabar, Florida

2. Lynch A. H. and and J. J. Cassano (2005): Applied Atmospheric Dynamics, John Wiley and Sons
Ltd

Supplementary Reading:

3. Haltiner G. J. and F.L.Martin (1957): Dynamical and Physical Meteorology, McGraw-Hill
Publcations,

4. Houghton H. G. (1985): Physical Meteorology, MIT Press

5. Iribarne J. V. and W.L.Godson (1981): Atmospheric Thermodynamics, Springer

ER 202 EVOLUTION OF EARLY EARTH 3 Credits [3-0-0]

Formation of our solar system; Nucleosynthesis; Comparison of Earth with other planets;
Sedimentary and Ore deposits; Radiometric age dating; Onset and evolution of life; Continent
formation and their reconfiguration; Marine anoxia; Abundance and distribution of redox-sensitive
elements; Stable and non-traditional isotopes; Seawater iron and oxygen; Atmospheric oxygen level
and its temporal trend.

Essential Readings:
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1. S.E. Kesler and H. Ohmoto (2006): Evolution of Early Earth’s atmosphere, hydrosphere, and
Biosphere-Constrains from Ore deposits, Geological society of America Memoir 198.

2. H.Rollison, Early Earth Systems (2006): A Geochemical approach, Wiley-Blackwell Publishers.

Supplementary Reading:

1. D.C. Catling and M. W. Clarie, How Earth’s atmosphere evolved to an oxic state: A status
report. Earth and Planetary Science Letters, 237, 1-20, 2005.

2. H D Holland (1984): The chemical evolution of the atmosphere and oceans, Princeton
university.

3. W Altermann, P L Cocoran, Precambrian sedimentary environment (2002): A modern
approach to ancient deposational systems, Blackwell science publishers.

ER 203 COAL AND PETROLEUM GEOLOGY 3 Credits [3-0-0]

Definition and origin of coal; Sedimentology of coal bearing strata; Types of seam discontinuities and
structures associated with coal seams; Chemical analysis of coal (proximate and ultimate analysis).

Coal Petrology — concept of ‘lithotype’, ‘maceral’ and ‘microlithotype; Classification and optical
properties of macerals and microlithotypes; Techniques and methods of coal microscopy;
Elementary knowledge of the application of reflectance and fluorescence microscopy; Applications
of coal petrology.

Classification of coal in terms of rank, grade and type; Indian classification for coking and non-coking
coals; International classifications (1.5.0. and Alpern’s classification); Elementary idea about coal
preparation, coal carbonization, coal gasification, underground coal gasification (UCG), coal
hydrogenation and coal combustion.

Coal Bed Methane (CBM) — Non Conventional clean energy resources.; Elementary idea about
generation of methane in coal beds; coal as a reservoir and coal bed methane /Coal Mine Methane
Shale gas etc exploration

Petroleum — its composition, origin (formation of source rocks - kerogen, organic maturation and
thermal cracking of kerogen); Migration of petroleum; Reservoir rocks - petrology of reservoir rocks,
porosity and permeability; Reservoir traps — structural, stratigraphic and combination traps.

Petroleum exploration; Identification and characterization (petrographic and geochemical) of
petroleum source rocks; Amount, type and maturation of organic matter; Oil and source rock
correlation; Locating petroleum prospects based on principles of petroleum generation and
migration (geological modeling).

QOilfields of India.
Essential Readings:

1. Chandra, D., Singh, R.M. Singh, M.P. (2000): Textbook of Coal (Indian context), Tara Book
Agency, Varanasi.
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2. Thomas, Larry (2002): Coal Geology, John Wiley and Sons Ltd., England

3. Holson, G.D. and Tiratso, E.N. (1985): Introduction of Petroleum Geology, Fulf Publishing,
Houston, Texas

4. Selley, R.C. (1998): Elements of Petroleum Geology, Academic Press.

Supplementary Reading:

1. Scott, A.C. (1987): Coal and Coal-bearing strata: Recent Advances, Blackwell Scientific
Publications.
2. Stach;, E., Mackowsky, M-Th., Taylor, G.H., Chandra, D., Teichumullelr, M. and Teichmuller R.

(1982): Stach.

3. Barker, C. (1996): Thermal Modeling of Petroleum Generation, Elsevier Science, Netherlands.
4. Jahn, F., Cook, M. and Graham, M. (1998): Hydrocarbon exploration and production, Eslevier
Science

5. Tissot, B.P. and Welte, D.H. (1984): Petroleum Formation and Occurrence, Springer—Verlag.

6. Texbook of Coal petrology, Gebruder Borntraeger, Stuttgart. Taylor,G.H., Teichmuller, M.,
Davis, A., Diessel, C.F.K., Littke, R. and Robert P. (1998): Organic Petrology, Gebruder
Borntraeger, Stuttgart.

7. North, F.K. (1985): Petroleum Geology, Allen Unwin.

ER 204 GLOBAL PLATE TECTONICS 3 Credits [3-0-0]

Historical perspective, The interior of the Earth, Continental drift, Sea floor spreading and transform
faults, The framework of plate tectonics, Ocean ridges, Continental rifts and rifted margins,
Continental transforms and strike-slip faults, Subduction zones, Orogenic belts, Precambrian
tectonics and the supercontinent cycle, The mechanism of plate tectonics, Implications of plate
tectonics and current trend of research.

Essential Readings:

1. Global Tectonics, 3™ Edition, by P.Kearey, K.A. Klepeis, F.J.Vine, (2009), Wiley-Blackwell.
2. Plate Tectonics Continental Drift and Mountain Building, by Martin Meschede, Ronald C.
Blakey, Wolfgang Frisch (2011), Springer

Supplementary Reading:

1. Geodynamics, 2" Edition, by D.L. Turcotte and G. Schubert, (2008), Cambridge University
press.

2. Plate Tectonics and crustal evolution, by K.C. Condie, (1997), Butterworth-Heinemann.
ER 205 INTRODUCTION TO WEATHER AND CLIMATE 3 Credits [3-0-0]

Wind systems in atmosphere; Tropical and extra tropical weather systems; Clouds and severe
weather; Tropical weather; Mountain weather; Polar weather; Clouds and precipitation;
Condensation and precipitation processes; Heat and temperature changes; Radiation and exchange
of heat; Showers, thunderstorms, hail and tornadoes; Haze, Mist, Smog and Fog; Local wind systems;
The major wind systems; Air masses; Fronts and frontogenesis; Over view of the severe convective
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storms, Cyclonic systems, tornadoes and tornadic storms; Tropical disturbances, storms and
hurricanes; Temperature regimes; Precipitation regimes; World climates; Modifying weather and
climate; Climate Change; Natural causes of climate change; Anthropogenic climate change and the
future

Essential Readings:

1. Lynch A. H. and and J. J. Cassano (2005): Applied Atmospheric Dynamics, John Wiley and
Sons Ltd.

2. Critchfield H. J. (1992): General Climatology, 4™ Edition, Prentice Hall of India Pvt. Ltd, New
Delhi, India

Supplementary Reading:

1. Roland Stull (2000): Meteorology (for scientists and engineers), Second edition,
Brooks/Cole Thomson Learning.

2. C. Donald Ahrens (1988): Meteorology Today (An introduction to weather, climate
and environment), Third Edition, West Publishing Company.

ER 207 MINING GEOLOGY 3 Credits [3-0-0]

Introduction to Geology: its scope and application to engineering problems, Physical Geology,
Mineralogy - Determinative properties and occurrence of common rock forming minerals in India,
Petrology - Igneous, Sedimentary and Metamorphic rocks; Structural Geology: Elementary
knowledge of rock deformation and structural characteristics of deformed rocks, strike, dip, folds
and faults, their description, classification, Joints, Un-conformities/simple forms of igneous rocks,
Dykes, sills, etc., Geological maps and their interpretation, Stratigraphy - Principles of Stratigraphy,
Standard Stratigraphic Scale, Indian Stratigraphy; Economic minerals: their classification, origin,
mode of occurrence, geographical and geological distribution, physical properties and industrial uses
and distribution of major metallic and non-metallic mineral deposits of India. Origin and distribution
of natural fuels - Coal, Petroleum and natural gas, nuclear fuels.

Essential Reading:

1. P. K. Mukherjee, A Text Book of Geology, The World Press Pvt. Ltd., 9™ Edition, 1982.
2. H. H. Read, Rutley’s Elements of Mineralogy, CBS Publishers and Distributors, 26™ Edition,
1984

Supplementary Reading:

1. P.B. Marland, Structural Geology, Prentice Hall of India Pvt. Ltd., 3" Edition, 1990.

2. D. E. Salisbury & W. E. Ford, A Text Book of Mineralogy, Wiley Eastern Limited, 4™ Edition,
1992.

3. G.W. Tyrrel, The Principles of Petrology, B.l. Publications Pvt. Ltd., 1989.

4. G. B. Mahapatra, Text Book of Physical Geology, CBS Publishers and Distributors, 1** Edition,
1990.

5. R. Kumar, Fundamentals of Historical Geology and Stratigraphy of India, Wiley Eastern
Limited, 1992.

ER 511 PHYSICAL GEOLOGY 3 Credits [3-0-0]
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Origin and Age of the Earth; Geological time-scale; Earth’s internal structure; Earthquakes and
seismic waves; Volcanoe, Earth’s magnetic and gravity fields; Palaeomagnetism. Continental Drift;
Sea-floor spreading; Plate Tectonics; Island Arcs, Mid-oceanic Ridge, Isostasy, Structure of
Atmosphere and related phenomena; Geological Hazards; Origin and Evolution of ocean basins,
Ocean Circulation, Global Warming; Geological processes operating on the surface of earth.
Landforms produced by actions of river, wind, groundwater, glacier and wave; Coastal
geomorphology.

Essential Reading:

1. Kent C. Condie, Earth as an Evolving Planetary System, Academic Press; 2nd edition, Second
Edition, 2010.
2. H.Jay Melosh, Planetary Surface Processes, Cambridge University Press; 1st edition, 2011.
Supplementary Reading:

1. William Lowrie, Fundamental of Geophysics, Cambridge University Press, 2nd edition, 2007.

ER 512 CRYSTALLOGRAPHY & MINERALOGY 3 Credits [3-0-0]

Crystallography, Unit Cells, Symmetry Elements, Crystal Systems, Miller Indices, Crystal Habit,
Stereographic Projection of Crystals, Silicate Structure, Chemical and Physical Properties of common
rock-forming minerals, Twinning, Optical Mineralogy, Uniaxial and Biaxial Minerals, Optical
Properties of common rock-forming minerals, application of mineral physics in earth sciences, phase
transitions, LPO and seismic anisotropy etc.

Essential Reading:

1. L.G. Berry, B. Mason, and R.V. Dietrich, Mineralogy, CBS Publ, 1982.
2. E.S. Danaand W.E. Ford, A textbook of Mineralogy (Reprint), 2002.

Supplementary Reading:

1. D.W. Nesse, Optical Mineralogy, McGraw Hill, 1986.
2. D. Perkins, Mineralogy, Prentice Hall, 1998.
3. P.F.Kerr, Optical Mineralogy, McGraw Hill, 1977.

ER 513 STRUCTURAL GEOLOGY 3 Credits [3-0-0]

Dynamic and kinematic analyses of rocks in two dimensions, Stress and Strain Ellipsoid. Plastic and
Brittle Deformation, Rheology, Petrofabric Analysis, Dip and Strike, Fold- Parts, Classification,
Mechanism of folding, Superimposed folding and interference pattern, Fault — Parts, Classification
and Mechanism of faulting, Thrust tectonics, Lineaments, Joints, Unconformity, Micro-deformation,
Shear zones, GPS and active tectonics, earthquake & volcano deformations.

Essential Reading:

1. Haakon Fossen, Structural Geology, Cambridge University Press; 1 edition, 2010.
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2. G. H. Davis, S. J. Reynolds, C. F. Kluth, Structural Geology of Rocks and Regions, Wiley; 3
edition, 2011.

3. J. Jaeger, N. G. Cook and R. Zimmerman, Fundamentals of Rock Mechanics, Wiley-Blackwell;
4th edition, 2007.

Supplementary Reading:

1. J.G. Ramsay and M.I. Huber, Techniques of Modern Structural Geology, Vol. I, Strain Analysis,
Academic Press, 1983.

2. J.G. Ramsay and M.l. Huber, Techniques of Modern Structural Geology, Vol. I, Folds and
Fractures, Academic Press, 1987.

3. J.G. Ramsay and M.I. Huber, Techniques of Modern Structural Geology, Vol. Ill (Application of
continuum mechanics), Academic Press, 2000.

ER 514 GEOCHEMISTRY 3 Credits [3-0-0]

Earth in relation to the solar system and universe; cosmic abundance of elements; Composition of
meteorites; Structure and composition of earth and distribution of elements; Polymorphism;
Isomorphism; Elementary crystal chemistry; Chemical thermodynamics; Geochemical classification
of elements; Geochemistry of hydrosphere, biosphere and atmosphere; Weathering of rocks;
Surface chemistry; Oxidation and Reduction reactions; Introduction to isotope geochemistry;
Reaction rates and mass transfer.

Essential Reading:

1. K. B. Krauskopf and D. K. Bird, Introduction to Geochemistry, McGraw-Hill, 1995.
2. C.AJ. Appelo, D. Postma, Geochemistry, Groundwater and Pollution, Taylor & Francis; 2nd
edition, 2005.

Supplementary Reading:

1. J. V. Walter, Essentials of Geochemistry, Jones and Bartlett, 2010
2. J.l. Drever, The Geochemistry of Natural Waters, Prentice Hall, 1997

ER 515 IGNEOUS & METAMORPHIC PETROLOGY 4 Credits [3-1-0]

Forms, textures and structures of igneous rocks; Silicate melt equilibria; binary and ternery phase
diagrams; Effect of P, T and fluid on melting; Norms — CIPW, Niggli values; Chemical Petrology;
Petrology and geotectonic evolution of granites, basalts, andesites and alkaline rocks; Petrology of
gabbros, kimberlites, anorthosites and carbonatites; Origin of primary basic magmas. Textures and
structures of metamorphic rocks; Regional and contact metamorphism of pelitic and calcareous
rocks; Metamorphic Mineral assemblages and chemographic (ACF, AKF and AFM) diagrams;
Metamorphic reactions; Characteristics of diferent grades and facies of metamorphism;
Metasomatism and granitization; migmatites;. Plate tectonics and metamorphic zones; Paired
metamorphic belts.

Essential Reading:

1. Myron G. Best, Igneous and Metamorphic Petrology, Wiley-Blackwell; 2nd edition, 2002.

2. John D. Winter, Principles of Igneous and Metamorphic Petrology, Prentice Hall; 2nd edition,
2009.

3. Anthony Philpotts and Jay Ague, Principles of Igneous and Metamorphic Petrology,
Cambridge University Press; 2nd edition, 2009.
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Supplementary Reading:

4. Anthony Hall, Igneous Petrology, Longman Sci. & Tech, 1987.
5. Powell, R., Equilibrium thermodynamics in Petrology: An Introduction, Harper and Row Publ.,
London, 1978.

ER 516 SEDIMENTARY AND QUATERNARY GEOLOGY 4 Credits [3-1-0]

Process of formation of sedimentary rocks, Elements of Sedimentary Basins, Transport of sediment
grains, Mechanics of sediment transport and transport laws, Sedimentary Structures: grain size
parameters and distribution, grain shape and form, Biogenic, chemical and volcanogenic sediments,
Definition of Quaternary, Quaternary Stratigraphy of India- continental records, marine records,
Quaternary Stratigraphy: Oxygen Isotope Stratigraphy, biostratigraphy and magnetostratigraphy,
Quaternary dating methods-radiocarbon, Uranium series, Luminescence, Amino acid, relative dating
methods, Quaternary climates, Proxy indicators of paleoenvironmental/paleoclimatic changes.

Essential Reading:

1. Maurice Tucker, Sedimentary Petrology, Wiley-Blackwell; 3rd edition, 2001.

2. Harold G. Reading, Sedimentary Environments: Processes, Facies and Stratigraphy, Wiley-
Blackwell; 3rd edition, 1996.

3. William F. Ruddiman, Earth’s Climate: Past and future, W. H. Freeman & Co Ltd., 1*" edition,
2001.

Supplementary Reading:

1. D.R. Prothero and Fred Schwab, Sedimentary Geology, W. H. Freeman; 2nd Edition, 2003.
ER 517 STRATIGRAPHY 3 Credits [3-0-0]

Principles of Stratigraphy; Stratigraphic Units; Stratigraphic Correlation; Geological Time Scale; Code
of Stratigraphic nomenclature; Concept of Seismic and Sequence Stratigraphy; Biostratigraphy;
Lithostratigraphy; Chemostratigraphy; Magnetostratigraphy; Chronostratigraphy; Precambrian
stratigraphy of India; Stratigraphy of the Palaeozoic; Mesozoic and Cenozoic formations of India;
Pleaogeographic and Paleoclimatic Condition.

Essential Reading:

1. M.S. Krishnan, Geology of India and Burma, C.B.S. Publ. and Distributors, Delhi, 1982.
2. S. M. Naqvi and J.J. W. Rogers, Precambrian Geology of India, Oxford University Press, 1987.
Supplementary Reading:

1. S.Boggs, Principles of Sedimentology and Stratigraphy, Prentice Hall, 2001.
2. Ravindra Kumar, Fundamentals of Historical Geology and Stratigraphy of India, New Age
International, 1st edition, 1998.

ER 518 PALAEONTOLOGY 3 Credits [3-0-0]

Fossilization, Fossil record and geological time-scale. Morphology, time-ranges and evolutionary
changes of invertebrates fossil groups—Brachiopoda, Mollusca, Trilobita, Echinoidea, Graptozoa.
Evolutionary changes in mammals and reptiles in geological time. Siwalik vertebrate fauna and
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Gondwana flora, evidence of life in Precambrian times, different microfossil groups and their
distribution in India. Recent advancements in application of paleontology and micropaleontology.

Essential Reading:

1. Michael Foote, Arnold I. Miller, W. H. Freeman, Principles of Paleontology, 3rd Edition, 2006.
2. Michael J. Benton, David A. T. Harper, Introduction to Paleobiology and the Fossil Record,
Wiley-Blackwell; 1st edition, 2009.

Supplementary Reading:

1. Bilal-Ul-Hag and Anne Boersoma, Introduction to Marine Micropaleontology, Elsevier
Science, 1998.

2. D. R. Prothero, Bringing Fossil to Life —An Introduction to Paleontology, McGraw Hill, 2nd
edition 2004.

ER 519 FUEL AND ECONOMIC GEOLOGY 4 Credits [3-1-0]

Magmatic, hydrothermal and surface processes of ore formation. Metallogeny and its relation to
crustal evolution; Active ore-forming systems, methods of mineral deposit studies including ore
microscopy, fluid inclusions and isotopic systematics; ores and metamorphism- cause and effect
relationships. Geological setting, characteristics, and genesis of ferrous, base and noble metals.
Origin, migration and entrapment of petroleum; properties of source and reservoir rocks; structural,
stratigraphic and combination traps. Methods of petroleum exploration. Petroliferous basins of
India. Origin of peat, lignite, bitumen and anthracite. Classification, rank and grading of coal; coal
petrography, coal resources of India. Gas hydrates and coal bed methane. Nuclear and non-
conventional energy resources

Mode of Occurrence and Distribution of various metals and non-metals. National Mineral Policy
Essential Reading:

1. Friedrich-Wilhelm Wellmer, Manfred Dalheimer and Markus Wagner, Economic Evaluations
in Exploration, Springer; 2nd edition, 2010.

2. 0. Rudawsky, Mineral Economics: Development and Management of Natural Resources,
Elsevier Science, 1996.

3. Friedrich-Wilhelm Wellmer, Manfred Dalheimer and Markus Wagner, Economic Evaluations
in Exploration, Springer; Softcover reprint of hardcover 2nd edition, 2010.

4. D. Chandra, R.M. Singh, M.P. Singh, Textbook of Coal (Indian context), Tara Book Agency,
Varanasi, 2000.

5. R.C.Selley, Elements of Petroleum Geology, Academic Press, USA, 1997

6. Holson, G.D. and Tiratso, E.N. (1985): Introduction of Petroleum Geology, Fulf Publishing,
Houston, Texas.

Supplementary Reading:

1. A. Mookherjee, Ore Genesis-A Holistic Approach, Allied Publisher, 2000

2. A.M. Evans, Ore Geology and Industrial Minerals, Blackwell, 1993.

3. P.K. Banerjee and S. Ghosh, Elements of Prospecting for Non-fuel Mineral deposits, Allied
Publ, 1997.

ER 520 HYDROGEOLOGY 3 Credits [3-0-0]
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Hydrologic cycle and its importance to society, Tracing, Dating and Modeling of hydrologic cycle,
Occurrence of groundwater, Aquifers, Darcy’s Law, Porosity, Permeability, Storage Coefficient,
Hydraulic conductivity, Transmissivity, Anisotropic Aquifers, Groundwater flow, Steady unidirectional
flow, Steady radial flow, Unsteady radial flow, Soil-water processes-infiltration, evapotranspiration,
Water quality, Groundwater prospecting, Application of remote sensing and GIS in hydrogeology,
watershed- water quality models, acidification models, Groundwater provinces of India, Artificial
recharge of groundwater, Saline water intrusion in Aquifers, Dispersion, Contaminant transport in
vadose zone, groundwater contamination modeling. Impact of global warming on hydrology.

Essential Reading:

1. D.K.Todd, Groundwater Hydrogeology, John Wiley & Sons, 1995

2. O. M. Phillips, Geological Fluid Dynamics Su-surface Flow and Reactions, Cambridge
University Press, 2009

3. K. R.Karanth, Ground Water Assessment, Development and Management, Tata Mc Graw Hill

Supplementary Reading:

4. C.A.J. Appelo, D. Postma, Geochemistry, Groundwater and Pollution, A. A. Balkema, 2005
5. F.H. Chapelle, F. Chapelle, Ground-water Microbiology and Geochemistry, John Wiley & Sons

ER 521 ENGINEERING GEOLOGY 3 Credits [3-0-0]

Role of engineering geology in civil construction and mining industry; Various stages of engineering
geological investigations for civil engineering projects; Engineering properties of rocks and soil, rock
discontinuities, physical characters of building stones, concrete and other aggregates; Influence of
geological structures (fold, fault and joint) on Dam, Tunnel, Reservoir, Road and Bridge; Earthquake
resistance design of building and influence of geological condition on foundation; Shoreline
engineering geology; Improvement of sites for engineering projects; Mohs circle and failure
mechanism, Basic concepts of rock excavation, Open and underground excavations, in-situ stress
measurement techniques, Stress distribution in and around the openings. Rock mass rating.
Instrumentation in Engineering Geology, Slope Stability, Mass movements — causes of landslides and
their remedial measures.

Essential Reading:
1. F G Bell, Engineering Geology, Butterworth-Heinemann; 2" edition, 2007.
2. Tony Waltham, Foundations of Engineering Geology, CRC Press; 3rd edition, 2009.
3. David George Price, Michaelde Freitas, Engineering Geology: Principles and Practice,
Springer, 2010.

Supplementary Reading:

4. J.laeger, N. G. Cook and R. Zimmerman, Fundamentals of Rock Mechanics, Wiley-Blackwell;
4 edition, 2007.

ER 522 REMOTE SENSING & GIS 3 Credits [3-0-0]

Elements of photogrammetry, Stereoscopic Vision, Photo interpretation techniques, Definition and
components of remote sensing, Electromagnetic waves and radiation principles, Multiconcept
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remote sensing, interaction of EMW with various ground components: vegetation, water, snow, soil
and minerals; Sensors and platforms, False color composite, Digital image processing: geometric and
radiometric correction, image enhancement, band ratio, edge detection, filtering, principal
component analysis, and image classification, Normalized difference vegetation index, Application of
remote sensing in hydrology, mineral exploration, natural hazards like landslide, flood, and
earthquake, Identification of surface feature, drainage pattern, structural patterns. Fundamentals of
GIS, vector, raster and attribute data models, vector and raster data structure, spatial data input and
editing, visualization and query of spatial data, spatial data transformations, spatial analysis, case
studies of geological applications.

Essential Reading:

1. Thomas M. Lillesand, Ralph W. Kiefer, Jonathan W. Chipman, “Remote Sensing and Image
Interpretation”, John Wiley and Sons, 2004.

2. Rafael C. Gonzalez, Richard E. Woods, “Digital Image Processing”, Addison-Wesley

Publishing Company, 1992.

Shiv N Pandey “Principle and Application of Photogeology”, Wiley Eastern Limited, 1987.

4. Ravi P Gupta, “Remote Sensing Geology”, Springer, 2003.

w

Supplementary Reading:

1. S.A.Drury, “A Guide to Remote Sensing: Interpreting Images of the Earth”, Oxford University
Press, Oxford, 1990.

2. Brandt Tso, Paul M Mather “Classification Methods for Remotely Sensed Data”, Taylor &
Francis, 2001.

ER 523 GEOLOGY OF FUELS 3 Credits [3-0-0]

Coal Geology: Definition and origin of coal. Mode of occurrence of coal, Chemical analysis of coal,
Coal Petrology — concept of ‘Lithotype’, ‘Maceral’ and ‘Microlithotype’. Depositional environment,
Classification of coal in terms of Rank, Grade and Type. Indian classification for coking and non-
coking coals. International classifications, Elementary Idea about coal preparation, coal
carbonization, coal gasification, coal hydrogenation, and coal combustion, Coal as a source rock in
petroleum generation. Coal bed methane — a new energy resource. Elementary idea about
generation of methane in coal beds, coal as a reservoir and coal bed methane exploration.
Geological and geographical distribution of coal and lignite deposits in India. Coal exploration and
estimation of coal reserves. Indian coal reserves and production of coal in India. Petroleum Geology:
Petroleum — its composition. Origin (Formation of source rocks-kerogen, organic maturation and
thermal cracking of kerogen) and migration of petroleum. Reservoir rocks-porosity and permeability.
Oil traps — structural, stratigraphic and combination traps. Oil field fluids — water, oil and gas.
Methods of prospecting for oil and gas (geological modeling). Elementary knowledge of drilling and
logging procedures. Qil shale. An outline of oil belts of the world. Onshore and offshore petroliferous
basins of India. Geology of productive oilfields of India. Mineralogy and geochemistry of radioactive
minerals: Instrumental techniques of detection and measurement of radioactivity. Radioactive
methods for prospecting and assaying of mineral deposits. Distribution of radioactive minerals in
India. Radioactive methods in petroleum exploration — well logging techniques. Nuclear waste
disposal — geological constraints.

Essential Reading:

1. D. Chandra, R.M. Singh, M.P. Singh, Textbook of Coal (Indian context), Tara Book Agency,
Varanasi, 2000.
2. R.C.Selley, Elements of Petroleum Geology, Academic Press, USA, 1997
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3. Holson, G.D. and Tiratso, E.N. (1985): Introduction of Petroleum Geology, Fulf Publishing,
Houston, Texas.

4. North, F.K. (1985): Petroleum Geology, Allen Unwin.

5. Selley, R.C. (1998): Elements of Petroleum Geology, Academic Press.

Supplementary Reading:

1. K. Bjgrlykke, Petroleum Geoscience: From Sedimentary Environments to Rock Physics,
Springer, 2010

2. A.C.Scott, Coal and Coal-bearing strata: Recent Advances, The geological Society of London,
Publication no. 32, Blackwell scientific Publications, 1987.

ER 524 ENVIRONMENT GEOLOGY 3 Credits [3-0-0]

Fundamental concepts and principles; Natural hazards — preventive/precautionary measures —
floods, landslides, earthquakes, river and coastal erosion; Environmental impact of resource
exploitation, river-valley projects, disposal of industrial and radio-active waste, excess withdrawal of
ground water, use of fertilizers, dumping of ores, mine waste and fly-ash; Environment of water,
sediment and soil; Organic and inorganic contamination of ground water and their remedial
measures; Soil degradation and remedial measures. Environment protection — legislative measures
in India; Biogeochemical cycle of carbon and nitrogen.

Essential Reading:

1. Carla Montgomery, Environmental Geology, McGraw-Hill Science/Engineering/Math; 9"
edition, 2010.
2. Edward A. Keller, Environmental Geology, Prentice Hall; gt edition, 2010.

Supplementary Reading:

1. Daniel B. Botkin, Environmental Science Earth as a Living Planet, Wiley; 8th edition. 2009.

ER 525 ISOTOPE GEOLOGY 3 Credits [3-0-0]

Introduction to isotopes and their properties, Decay mechanisms of radioactive atoms, Equations of
Radioactive Decay and Radiogenic Growth, Geochronology using radioactive isotopes, Fission track
Dating, Analytical methods in Thermal lonization Mass Spectrometry, Isotope Geochemistry of the
Earth’s Mantle and crust, Isotopic evidence regarding the formation of the Earth and Tectonics
setting, Stable Isotope Theory, Kinetic and equilibrium isotope fractionation, Analytical methods in
Stable isotope ratio mass spectrometry, Applications of stable isotopes in hydrology, environment
and climate, archaeology and palaeontology.

Essential Reading:

1. Claude J. Allegre, Isotope Geology, Cambridge University Press, 2008.

2. Gunter Faure, Teresa M. Mensing, Isotopes: Principles and Applications, Wiley; 3rd edition,
2004.

3. Zachary Sharp, Principles of Stable Isotope Geochemistry, Prentice Hall; 1st edition, 2006.

ER 526 GEOPHYSICAL METHODS 3 Credits [3-0-0]
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Fundamental concepts of Geophysics;, Principle, interpretation and instrumentation of various
geophysical methods - Gravity, Magnetic, Seismic, Electromagnetic; Electrical and Radioactive
survey; Introduction to well logging methodology and various logging techniques.

Essential Reading:

1. Milton B. Dobrin and Carl H. Savit, Introduction to Geophysical Prospecting, 4th Edition,
Mcgraw-Hill College; 4 Sub edition, 1998.

2. Philip Kearey, Michael Brooks, lan Hill, An Introduction to Geophysical Exploration (2002),
Wiley-Blackwell; 3 edition, 2003.

3. James K. Hallenburg, Standard Methods of Geophysical Formation Evaluation, CRC Press; 1
edition, 1997.

Supplementary Reading:

1. William Lowrie, Fundamental of Geophysics, Cambridge University Press, 2nd edition, 2007.

ER 527 GEOSTATISTICS 3 Credits [3-0-0]

Definition of Resource and reserve, traditional resource estimation techniques, introduction to
geostatistics, Concept of random function and probabilistic distribution, uni-variate and bi-variate
distribution parameters, covariance function and variograms, variograms modeling and fitting
theoretical variogram functions, geostatistical interpolation using ordinary kriging, simple kriging;
concept of block Kriging, variance volume relationships, change of support, correcting for support
effect, dispersion variance, non-parametric geostatistical models: indicator kriging, disjunctive
kriging, log-normal kriging, universal kriging, grade tonnage curve.

Essential Reading:

1. E.H.lIsaaks and R. M. Srivastava, An Introduction to Applied Geostatistics, Oxford University
Press, USA, 1990.
2. P. Goovaerts, Geostatistics for Natural Resources Evaluation, Oxford University Press, 1997.

Supplementary Reading:

3. A.l.Sinclair and G. H. Blackwell, Applied Mineral Inventory Estimation, Cambridge University
publication, 2002.

ER 528 INTRODUCTION TO ATMOSPHERE AND OCEAN SCIENCE 3 Credits [3-0-0]

Structure and composition of the atmosphere; Thermodynamics of dry and moist air; Formation of
Cloud droplets and Precipitation; Radiation budget; Cyclone, Anticyclone, Hurricane and Tornado;
Atmospheric modeling; Atmospheric Chemistry, Air Pollution, Fog-haze formation, Aerosol-Cloud
interaction and chemistry, Ozone layer depletion, Characteristics of Ocean Basins, Properties of Sea
water; Air-Sea Interaction; Ocean Circulation; Waves and Tides; Marine Biogeochemistry.

Essential Reading:
1. E.Aguado, J. E. Burt, Understanding Weathering and Climate, Prentice Hall, 1999.

2. C. Neil, The Atmosphere and Ocean: A Physical Introduction (Advancing Weather and Climate
Science), Wiley; 3 edition, 2011.
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3. Maarten H. P. Ambaum; Thermal Physics of the Atmosphere (Advancing Weather and
Climate Science), Wiley; 1 edition, 2010.

Supplementary Reading:

1. H.V.Thurman, A. P. Trujillo; Essentials of Oceanography, Prentice Hall, 1999.
ER 529 TECTONIC GEODESY: CRUSTAL DEFORMATION & ACTIVE 3 Credits [3-0-0]
TECTONICS

Historical background of Tectonic Geodesy, definition and scope of Geodesy, Introduction to
space-based techniques, basic principle of GNSS, network designing, site establishment, data
acquisition, data processing, modeling of geodetic data (Okada, COULOMB, ANSYS, SSPX, RELAX
etc), geodynamic applications (earthquake and volcano related deformation process), different
case studies, problem sets, discussion/feedbacks and project presentation.

Essential Reading:

1. Paul Segall, Earthquake and Volcano Deformation, Cambridge University press, 1° edition,
2012.

2. Gunter Seeber, Satellite Geodesy, 2" edition.

Supplementary Reading:

1. J.Jaeger, N. G. Cook and R. Zimmerman, Fundamentals of Rock Mechanics, Wiley-Blackwell;
4th edition, 2007.

ER 530 RHEOLOGY OF THE EARTH 3 Credits [3-0-0]

Continuum mechanics and Rheology, Stress, deformation and strain, Elasticity, Flow, strain rate and
viscosity, Strength, fracture and Plasticity, Continuum approach of Earth: Short term scale vs Long
term scale process of the Earth, Internal composition of Earth and its rheological variations,
Earthquake cycle, Post-seismic deformation, Earthquake and Volcano interactions.

Essential Reading:
1. Deformation of Earth Materials, 2008, Shun-Ichiro Karato, Cambridge University press.
2. The Rheology of Earth, 1995, G. Ranalli, Cambridge University press.

Supplementary Reading:

1. J.Jaeger, N. G. Cook and R. Zimmerman, Fundamentals of Rock Mechanics, Wiley-Blackwell;
4th edition, 2007.

ER 531 EARTHQUAKE AND VOLCANO DEFORMATION 3 Credits [3-0-0]

Concept of stress and strain, Rheology, Earthquake cycle, Post-seismic deformation, Earthquake and
Volcano interactions. Dislocation models of Strike-Slip faults, Dip-Slip faults, Crack models of faults,
Elastic heterogeneity, Postseismic Relaxation, Volcano deformation, Topography and earth
Curvature, Gravitational effect, Poroelastic effects, Fault Frictions, Interseismic Deformationa and
Plate Boundary Cycle Models, Slow-slip events, Global case studies.
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Essential Reading:
1. Earthquake and Volcano deformation, 2012, Paul Segall, Princeton press.
2. Introduction to seismology, 2010, Peter M. Shearer, Cambridge University press.

Supplementary Reading:
1. Gunter Seeber, Satellite Geodesy, 2" edition.

2. J.Jaeger, N. G. Cook and R. Zimmerman, Fundamentals of Rock Mechanics, Wiley-Blackwell;
4th edition, 2007.

ER 532 WEATHER AND CLIMATE SYSTEMS 3 Credits [3-0-0]

Simple wave motions, Difference between tropics and extra tropics, Extra-tropical weather systems,
Tropical weather, Tropical and extra-tropical cyclone, Clouds and severe weather, Mountain
weather, Polar weather, thunderstorms, hail and tornadoes; Haze, Mist, Smog and Fog; Local wind
systems; The major wind systems; Air masses; Fronts and frontogenesis; Over view of the severe
convective storms, Cyclonic systems, tornadoes and tornadic storms; Tropical disturbances, storms
and hurricanes; General circulation, Introduction to physical climate, Seasonality on Earth, General
climate of India, Summer and winter monsoon, Asian monsoon system, An overview of Global
climate, Climate variability, An introductory idea of climate change and global warming, Regional
climate change, Impact of climate change

Essential Readings:

1. Applied Atmospheric Dynamics — A. H. Lynch and J. J. Cassano, John Wiley and Sons Ltd
2. Climate Change and Climate Modeling - J. David Neelin, Cambridge University Press

Supplementary Readings

1. Climate in Asia and the Pacific- Advances in Global Change Research, Vol. 56 Manton,

Michael, Stevenson, Linda Anne (Eds.), 2014, XVIII, Springer Publishers

2. Tropical Meteorology - Krishnamurti, T.N., Stefanova, Lydia, Misra, Vasubandhu 2013, XV,
Springer Publishers

ER 601 THEORETICAL METEOROLOGY 3 Credits [3-0-0]

Introduction to Earth and atmosphere; The Equation of State, The Principles of Thermodynamics,
The thermodynamics of water vapour and moist air, Thermodynamic Diagrams, Hydrostatic
Equilibrium, Hydrostatic Stability and Convection, The fundamental physics of radiation, Solar and
terrestrial radiation, Application of Radiation in the Earth-Atmosphere System

The equation of motion on a rotating earth; Horizontal motion under balanced forces; Kinematics of
fluid flow; The mechanism and influence of pressure changes; Surface discontinuity; Circulation,
Vorticity and Divergence; The fundamental Equations using pressure as an independent coordinate;
Viscosity and Turbulence; Energy and Stability relationships; Numerical weather prediction; The
general circulation

Essential Reading:


http://www.springer.com/series/5588
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1. HessS. L. (1959): Introduction to Theoretical Meteorology, Krieger Publishing Company
Malabar, Florida

2. Lynch A. H. and and J. J. Cassano (2005): Applied Atmospheric Dynamics, John Wiley and Sons
Ltd

Supplementary Reading:

1. Sverre Petterssen (1958): Introduction to meteorology, Second Edition, McGraw Hill Book
Company

2. Roland Stull (2000): Meteorology (for scientists and engineers), Second edition, Brooks/Cole
Thomson Learning.

3. Haltiner G. J. and F.L.Martin (1957): Dynamical and Physical Meteorology, McGraw-Hill
Publcations,

4. Houghton H. G. (1985): Physical Meteorology, MIT Press

5. Iribarne J. V. and W.L.Godson (1981): Atmospheric Thermodynamics, Springer

ER 602 APPLIED ATMOSPHERIC DYNAMICS 3 Credits [3-0-0]

Introduction to wind systems in atmosphere; Mathematical methods in fluid dynamics; Properties of
fluids; Fundamental forces; Scale analysis; Simple steady motion; Circulation and vorticity; Simple
wave motions; Tropical and extra tropical weather systems;

Boundary layers; Clouds and severe weather; Tropical weather; Mountain weather; Polar weather;
Introduction to general circulation

Essential Reading:

1. Lynch A. H. and and J. J. Cassano (2005): Applied Atmospheric Dynamics, John Wiley and Sons
Ltd

2. Holton J. R. (2004): An introduction to Dynamic Meteorology, 4™ Edition, Elsevier, Burlington,
MA.

Supplementary Reading:

1. Hess S. L. (1959): Introduction to Theoretical Meteorology, Krieger Publishing Company
Malabar, Florida

2. Roland Stull (2000): Meteorology (for scientists and engineers), Second edition, Brooks/Cole
Thomson Learning.

3. C. Donald Ahrens (1988): Meteorology Today (An introduction to weather, climate and
environment), Third Edition, West Publishing Company.

ER 603 INTRODUCTION TO CLIMATE SCIENCE 3 Credits [3-0-0]

Climate science for today’s world; Climate and the atmosphere; Monitoring Earth’s climate system;
Planetary energy budget in Earth’s climate system; Thermal response of the climate system; Water
in Earth’s climate system; Global atmospheric circulation; Atmospheric circulation and regional
climates; Climate and air-sea interactions; The climate record and paleoclimates; Instrument based
climate record and climatology of severe weather; Climate classification; Climates dominated by
equatorial and tropical air masses; Climates dominated by tropical and polar air masses; Climates
dominated by polar and arctic air masses; High-land and ocean climates; Modifying weather and
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climate; Climate Change; Natural causes of climate change; Anthropogenic climate change and the
future; Responding to climate change; Climate change and public policy

Essential Reading:

1. MoranJ. M. (2010): Climate Studies (Introduction to climate science), American
Meteorological Society, Boston, MA, USA

2. Critchfield H. J. (1992): General Climatology, 4™ Edition, Prentice Hall of India Pvt. Ltd, New
Delhi, India.

Supplementary Reading:

1. Miler A. A. (2001): Climatology, Subhi publication, New Delhi, India.

Singh C. (2007): Global warming and Climatology, Akansha publishing house, New Delhi, India
Awasthi A. (2012): Climatology, Aph publishing corporation, India

Lal D. S. (2011): Climatology, Shradha pustak bhawan, Allahabad, India

Roland Stull (2000): Meteorology (for scientists and engineers), Second edition, Brooks/Cole

vk wnN

Thomson Learning.
6. C. Donald Ahrens (1988): Meteorology Today (An introduction to weather, climate and
environment), Third Edition, West Publishing Company.

ER 604 BOUNDARY LAYER METEOROLOGY 3 Credits [3-0-0]

Introduction: definitions and background, variables, wind and flow, turbulent transports; Taylor’s
hypothesis and observing techniques, boundary layer depth and structure

Mathematical and conceptual tools: Turbulence and its spectrum; spectral gap; mean and turbulent
parts; basic statistical methods; rules of averaging; turbulent kinetic energy; kinematic flux, eddy
flux; stresses.

Governing equations for turbulent flow: methodology, basic equations, simplifications and
approximations, equations for mean variables in a turbulent flow, prognostic equations for turbulent
fluxes and variables, TKE budget and stability; turbulent closure techniques.

Mixed layer theory: mixing and entropy; governing equations, model behaviour, surface fluxes and
entrainment.

Stable boundary layer: Understanding stable boundary layer concepts and related applications over
land, arctic stable boundary layer, modeling and evolution of stable boundary layer over land
surface, diurnal cycles, possible role of small scale terrain drag on stable boundary layers over land,
land-surface boundary layer characteristics in calm and windy conditions

Cloud-topped boundary layers: moisture variables; radiative processes, observed structure;
governing equations, entrainment. Trade wind boundary layer: mean structure and fluxes; moist
convective processes; sub-cloud layer interactions; strato-cumulus to trade cumulus transitions,
monsoon trough boundary layer

Deep convection and Marine boundary layer: controls on deep convection; MABL modification by
downdrafts; boundary layer recovery; Thermal internal boundary layer concepts and modeling

Geographic effects on boundary layer: Geographically generated local winds and modified flow,
urban boundary layer characteristics, urban heat island, urban modification of flow, urban weather
and mesoscale weather

Atmospheric boundary layer modeling and parameterizations

Essential Reading:
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Roland B. Stull (1991): An introduction to boundary layer meteorology, Kluwer academic
publishers.

Lambert M. Surhone, Mariam T. Tennoe, Susan F. Henssonow (Edited) (2010): Planetary
boundary layer, Betascript publishing.

Supplementary Reading:

1.

James R. Holton (2012): An introduction to dynamic meteorology, 5" Edition, Academic Press

2. Steeneveld G. J. (2007): Understanding and prediction of stable atmospheric boundary layers

over land, ISBN 978-90-8504-716-2

Narasimha R., D. R. Sikka and A. Prabhu (Edited) (1997): The monsoon trough boundary,
Indian Academy of Sciences, Banglore, India.

J. Panda and M. Sharan (2012): Some atmospheric boundary layer characteristics over north
India, Lambert Academic Publishing, Germany.

Hamza Varikoden and C. A. Babu (2011): Atmospheric boundary layer dynamics, Lambert
Academic Publishing, Germany.

ER 605 INTRODUCTION TO MICROSCALE AND MESOSCALE 3 Credits [3-0-0]

METEOROLOGY

Introduction to atmosphere; Instruments and observations; Clouds and precipitation; Condensation
and precipitation processes; Heat and temperature changes; Radiation and exchange of heat;
Showers, thunderstorms, hail and tornadoes; Haze, Mist, Smog and Fog; The laws of motion applied
to atmospheric science; Local wind systems; The major wind systems; Air masses; Fronts and

frontogenesis; Over view of the severe convective storms, Mesoscale processes and severe
convection; Mesoscale convective systems; Cyclonic systems, tornadoes and tornadic storms; Cloud
and precipitation in mesoscale systems; Tropical disturbances, storms and hurricanes; Temperature
regimes; Precipitation regimes; World climates; Introduction to weather forecasting, observations
and analysis.

Essential Reading:

1.

Sverre Petterssen (1958): Introduction to meteorology, Second Edition, McGraw Hill Book
Company

Roland Stull (2000): Meteorology (for scientists and engineers), Second edition, Brooks/Cole
Thomson Learning.

. C. Donald Ahrens (1988): Meteorology Today (An introduction to weather, climate and

environment), Third Edition, West Publishing Company.
Lynch A. H. and and J. J. Cassano (2005): Applied Atmospheric Dynamics, John Wiley and Sons
Ltd

Supplementary Reading:

1.

Charles A. Doswell Il (Edited) (2001): Severe convective storms, American Meteorological
Society.
David Brunt (1928): Meteorology, Oxford University Press

. Hess S. L. (1959): Introduction to Theoretical Meteorology, Krieger Publishing Company

Malabar, Florida
Houghton H. G. (1985): Physical Meteorology, MIT Press
Iribarne J. V. and W.L.Godson (1981): Atmospheric Thermodynamics, Springer
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ER 606 MESOSCALE METEOROLOGY AND MODELING 3 Credits [3-0-0]

Circulation systems related to orography, valley winds, energy budgets, cloudiness, precipitation,
evaporation, fog, lightening, snow avalanches and valley air pollution; general

properties of mountain perturbations, adiabatic meso-scale perturbations in a straight atmospheric
flow, adiabatic synoptic scale perturbations, dissipation of mechanical energy, mountain drag,
modeling aspects of mountain waves, mountain generated momentum fluxes, theory of linear
gravity waves, orographic gravity-wave drag, its parameterization and influence in general
circulation models.

Modeling mesoscale processes: Basic set of equations used in mesoscale models; Simplifying basic
equations; Averaging the conservation relations; Physical and analytic modeling; Coordinate
transformations; Parameterizing subgridscale fluxes; Averaged radiation flux divergence;
Parameterization of moist processes; Methods of solution; Boundary and initial conditions; Model
evaluation; Examples of mesoscale models

Essential Reading:

1. James R. Holton (2012): An introduction to dynamic meteorology, 5" Edition, Academic
Press

2. Roger A. Pielke Sr (2002): Mesoscale meteorological modeling, Second Edition, Academic
Press.

3. Lynch A. H. and and J. J. Cassano (2005): Applied Atmospheric Dynamics, John Wiley and
Sons Ltd

Supplementary Reading:

1. Roland Stull (2000): Meteorology (for scientists and engineers), Second edition, Brooks/Cole
Thomson Learning.

2. C.Donald Ahrens (1988): Meteorology Today (An introduction to weather, climate and
environment), Third Edition, West Publishing Company.

ER 607 APPLICATION OF TECTONIC GEODESY 3 Credits [3-0-0]

Historical background of Tectonic Geodesy, definition and scope of Geodesy, Introduction to
space-based techniques, basic principle of GNSS, network designing, site establishment, data
acquisition, data processing, modeling of geodetic data (Okada, COULOMB, ANSYS, SSPX, RELAX
etc), geodynamic applications (earthquake and volcano related deformation process), different
case studies, problem sets, discussion/feedbacks and project presentation.

Essential Reading:

4. Paul Segall, Earthquake and Volcano Deformation, Cambridge University press, 1** edition,
2012.

5. Gunter Seeber, Satellite Geodesy, 2" edition.
Supplementary Reading:

2. ). Jaeger, N. G. Cook and R. Zimmerman, Fundamentals of Rock Mechanics, Wiley-Blackwell;
4th edition, 2007.

ER 608 ROCK WATER INTERACTION 3 Credits [3-0-0]
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Chemical equilibrium; Aqueous solution; Introduction to thermodynamics; Rock Weathering; Soil
Formation; Elemental Mobility; Clay Minerals; Solution-Mineral Equilibrium — Silicate and Carbonate;
Surface Chemistry — Sorption and Desorption processes; Oxidation Reduction reactions; Reaction
kinetics; Interaction of rock with geothermal fluid; Mobility and bioavailability of metals; Acid mine
drainage

Essential Reading:

3. K. B. Krauskopf and D. K. Bird, Introduction to Geochemistry, McGraw-Hill, 1995.

4. C.A.. Appelo, D. Postma, Geochemistry, Groundwater and Pollution, Taylor & Francis; 2nd
edition, 2005.

5. B. C. Raymahashay, Geochemistry for Hydrologist, Applied Publisher, 1998.

Supplementary Reading:

3. J. V. Walter, Essentials of Geochemistry, Jones and Bartlett, 2010
4. J.1. Drever, The Geochemistry of Natural Waters, Prentice Hall, 1997

ER 609 GEOCHRONOLOGY 3 Credits [3-0-0]

Fundamentals of radioactive decay and growth; geochronology and thermochronology; Diffusion of
elements in minerals and heat in the Earth; Trace element behaviour; Differentiation and recycling
processes in the Earth and other solar system objects; Dendrochronology; Radiocarbon dating;
Details of various geochronometers: Rb-Sr, Re-Os, Sm-Nd, Lu-Hf, K-Ar, Ar-Ar, U-Th, U-Pb; Thermo-
luminescence (TL); relative age constraints.

Essential Readings:

1. G. Faure, Principles of isotope geology, Wiley 2™ edition, 608 pp., 1986.

2. A.P. Dickin, Radiogenic Isotope Geology, Cambridge Publishers, 2™ edition, 492 pp., 2005.
Supplementary Reading:

1. C.J. Allegre, Isotope Geology, Cambridge Publishers, 1*" edition, 512 pp., 2008.

ER 610 APPLIED ISOTOPE GEOLOGY 3 Credits [3-0-0]

Zero-point energy; Mass dependent and independent isotope fractionation; Application of isotopes
in planetary sciences; Isotopes as tracers of geological processes: Evolution of mantle and
continents; Provenance of dusts; Sources, transport and deposition of sediments; Erosion rates;
Water exchange and ocean mixing time; Sub-marine groundwater discharge; Paleoclimate;
Paleoceanography; Anthropogenic processes.

Essential Readings:

1. Radiogenic Isotope Geology, Cambridge Publishers, 2" edition, 492 pp., 2005.
2. C. M. Johnson, B. L. Beard, F. Albarede, Geochemistry of non-traditional stable isotopes,
Reviews in Minerology and geochemistry, Vol. 55, 454 pp., 2004.
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Supplementary Reading:

1. R. Criss, Principles of stable isotope distribution, Oxford University Press, 1% edition, 254 pp.,
1999.

ER 611 INSTRUMENTATION FOR EARTH SCIENTISTS 3 Credits [3-0-0]

Basic principles of particle analyzer, Optical spectrometry, Neutron activation, lon Chromatography,
XRF, XRD, CNS analyzer, Coulometer, AAS, AES, Q-ICPMS, TIMS, Stable isotope mass spectrometer,
MC-ICPMS. Data accuracy and precision, International reference materials, Sample preparation and
analysis. Introduction to space-based techniques, basic principle of GNSS, seismogram,
gravimeter, electrical, well loging instruments etc.

Essential Readings:
1. P.J. Potts, A handbook of silicate rock analysis, Springer, 622 pp., 1992
Supplementary Reading:

1. F. Vanhaecke, P. Degryse, Isotopic analysis: Fundamentals and applications using ICP-MS,
Wiley-VCH, 1** edition, 529 pp., 2012.

ER 612 PETROLEUM GEOLOGY 3 Credits [3-0-0]

Petroleum — its composition, origin (formation of source rocks - kerogen, organic maturation and
thermal cracking of kerogen); Migration of petroleum; Reservoir rocks - petrology of reservoir rocks,
porosity and permeability; Reservoir traps — structural, stratigraphic and combination traps.

Petroleum exploration; Identification and characterization (petrographic and geochemical) of
petroleum source rocks; Amount, type and maturation of organic matter; Oil and source rock
correlation; Locating petroleum prospects based on principles of petroleum generation and
migration (geological modeling).

Oilfields of India
Essential Readings:

1. Holson, G.D. and Tiratso, E.N. (1985): Introduction of Petroleum Geology, Fulf Publishing,
Houston, Texas.

2. North, F.K. (1985): Petroleum Geology, Allen Unwin.

3. Selley, R.C. (1998): Elements of Petroleum Geology, Academic Press.

Supplementary Reading:

1. Barker, C. (1996): Thermal Modeling of Petroleum Generation, Elsevier Science, Netherlands.
Jahn, F., Cook, M. and Graham, M. (1998): Hydrocarbon exploration and production, Eslevier

Science.
3. Tissot, B.P. and Welte, D.H. (1984): Petroleum Formation and Occurrence, Springer—Verlag

ER 613 COAL GEOLOGY 3 Credits [3-0-0]
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Definition and origin of coal; Sedimentology of coal bearing strata; Types of seam discontinuities and
structures associated with coal seams; Chemical analysis of coal (proximate and ultimate analysis).

Coal Petrology — concept of ‘lithotype’, ‘maceral’ and ‘microlithotype; Classification and optical
properties of macerals and microlithotypes; Techniques and methods of coal microscopy;
Elementary knowledge of the application of reflectance and fluorescence microscopy; Applications
of coal petrology.

Classification of coal in terms of rank, grade and type; Indian classification for coking and non-coking
coals; International classifications (1.5.0. and Alpern’s classification); Elementary idea about coal
preparation, coal carbonization, coal gasification, underground coal gasification (UCG), coal
hydrogenation and coal combustion.

Coal Bed Methane (CBM) — Non Conventional clean energy resources.; Elementary idea about
generation of methane in coal beds; coal as a reservoir and coal bed methane /Coal Mine Methane
Shale gas etc exploration

Essential Readings:

1. Chandra, D, Singh, R.M. Singh, M.P. (2000): Textbook of Coal (Indian context), Tara Book
Agency, Varanasi.

2. Scott, A.C. (1987): Coal and Coal-bearing strata: Recent Advances, Blackwell Scientific
Publications.

3. Thomas, Larry (2002): Coal Geology, John Wiley and Sons Ltd., England.

Supplementary Reading:

1. Texbook of Coal petrology, Gebruder Borntraeger, Stuttgart. Taylor,G.H., Teichmuller, M.,
Davis, A., Diessel, C.F.K., Littke, R. and Robert P. (1998): Organic Petrology, Gebruder
Borntraeger, Stuttgart.

ER 614 GEOSTATISTICS 3 Credits [3-0-0]

Frequency distribution; Central Limit theorem; Fundamentals of probability and probability
distribution function; Conditional probability; hypothesis testing; linear regression; principal
component analysis; cluster analysis; uni-variate and bi-variate distribution parameters, variance
and covariance function; variograms; geostatistical interpolation using ordinary kriging, simple
kriging; concept of block Kriging, variance volume relationships, change of support, correcting for
support effect, dispersion variance, non-parametric geostatistical models: indicator kriging,
disjunctive kriging, log-normal kriging, universal kriging, grade tonnage curve.

Essential Reading:

4. E.H.lIsaaks and R. M. Srivastava, An Introduction to Applied Geostatistics, Oxford University
Press, USA, 1990.
5. P. Goovaerts, Geostatistics for Natural Resources Evaluation, Oxford University Press, 1997.

Supplementary Reading:

1. A.J. Sinclair and G. H. Blackwell, Applied Mineral Inventory Estimation, Cambridge University
publication, 2002.
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2. D. D. Sharma, Geostatistics with Applications in Earth Sciences, Capital Publishing Company,
2009

ER 615 APPLIED HYDROGEOLOGY 3 Credits [3-0-0]

Hydrologic cycle; Tracing, Dating and Modeling of hydrologic cycle; Occurrence of groundwater;
Aquifers; Darcy’s Law; Properties of the Aquifers; Anisotropic Aquifers; Groundwater flow, Steady
unidirectional flow, Steady radial flow, Unsteady radial flow, Ground water quality, Saline water
intrusion in Aquifers, Dispersion, Contaminant transport in vadose zone, groundwater contamination
modeling. Groundwater prospecting, Ground water recharge

Essential Reading:

1. D.K.Todd, Groundwater Hydrogeology, John Wiley & Sons, 1995

2. K. R. Karanth, Ground Water Assessment, Development and Management, Tata Mc Graw
Hill,

3. C.A.J. Appelo, D. Postma, Geochemistry, Groundwater and Pollution, A. A. Balkema, 2005

Supplementary Reading:

1. O. M. Phillips, Geological Fluid Dynamics Su-surface Flow and Reactions, Cambridge
University Press, 2009
2. F.H. Chapelle, F. Chapelle, Ground-water Microbiology and Geochemistry, John Wiley & Sons

ER 616 SATELLITE REMOTE SENSING FOR GEO-RESOURCE 3 Credits [3-0-0]
EVALUATION

Electromagnetic Radiation — Characteristics and Remote Sensing Regions and bands; Aerial photos —
types, scale, resolution; properties of aerial photos, stereoscopic parallax, Relief displacement;
General Orbital characteristics of remote sensing satellites; General sensor characteristics of remote
sensing satellites; Spectra of common natural objects — soil, rock, water and vegetation. Thermal
remote sensing, Microwave remote sensing, Characteristics of remote sensing data; Preprocessing
of remotely sensed data; Enhancements, Classification, Elements of photo and imagery
interpretation, Principles and Components of GIS, Application of remote sensing and GIS in
engineering geology, and subsidence, hydrogeology, mineral exploration, mine reclamation, mine
fire detection, environmental impact assessment, mapping surface moisture and rock types.

Essential Reading:

1. T.M. Lillesand, R.W. Kiefer, J.W. Chipman, Remote Sensing and Image Interpretation, John
Wiley and Sons, 2004.

2. R.C. Gonzalez, R.E. Woods, Digital Image Processing, Addison-Wesley Publishing Company,
1992.

Supplementary Reading:

1. 1. H. Woodhouse, Introduction to Microwave Remote Sensing, CRC Press, 2005

2. S.N Pandey, Principle and Application of Photogeology, Wiley Eastern Limited, 1987.

3. R.P Gupta, Remote Sensing Geology, Springer, 2003.

4. S.A.Drury, A Guide to Remote Sensing: Interpreting Images of the Earth, Oxford University
Press, Oxford, 1990.

5. B.Tso, P.M Mather, Classification Methods for Remotely Sensed Data, Taylor & Francis, 2001
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DEPARTMENT OF LIFE SCIENCE
DETAILED SYLLABI OF COURSES

Sub. Code Subject L-T-P Credits
LS 401 Microbiology 3-1-0 4
LS 402 Biochemistry 3-1-0 4
LS 403 Immunology 3-1-0 4
LS 404 Molecular Biology and Biotechnology 3-1-0 4
LS 405 Cell biology 3-1-0 4
LS 406 Fundamentals of Cell Biology 3-0-0 3
LS 410 Food Science 3-1-0 4
LS 411 Biophysics 3-1-0 4
LS 412 Advanced Microbial genetics 3-1-0 4
LS 413 Basic Biophysics 3-0-0 3
LS 414 Microbial Genetics 3-0-0 3
LS 420 Applied Bioinformatics 3-1-0 4
LS 421 Radiation Biology 3-1-0 4
LS 422 Cell — Cell Signaling 3-1-0 4
LS 423 Advanced Techniques 3-1-0 4
LS 424 Genomics & Proteomics 3-1-0 4
LS 425 Introduction to Bioinformatics 3-0-0 3
LS 427 Advanced Techniques 3-0-0 3
LS 435 Microbial diversity and Extremophiles 3-0-0 3
LS 440 Physical Sciences and Instrumentation 3-1-0 4
LS 471 Microbiology Laboratory 0-0-3 2
LS 472 Biochemistry Laboratory 0-0-3 2
LS 473 Biotechnology Laboratory 0-0-3 2
LS 474 Molecular Biology Laboratory 0-0-3 2
LS 475 Immunology Laboratory 0-0-3 2
LS 502 Advances in Structural Biology 3-1-0 4
LS 503 Recombinant DNA Technology 3-0-0 3
LS 504 Environmental Sciences and Biostatistics 3-1-0 4
LS 505 Food Processing technology 3-1-0 4
LS 507 Structural Biology 3-0-0 3
LS 509 Introduction to Proteomics 3-0-0 3
LS 511 Genetics 3-1-0 4
LS 512 Developmental Biology 3-1-0 4
LS 513 Enzymology & Metabolism 3-1-0 4
LS 514 Fundamental of Genetics 3-0-0 3
LS 530 Aquatic biology and marine biotechnology 3-1-0 4
LS 531 Epigenetics 3-1-0 4
LS 532 Molecular Medicine 3-1-0 4
LS 533 Marine Biotechnology 3-0-0 3
LS 534 Introduction to Epigenetics 3-0-0 3
LS 535 Basics in Molecular medicine 3-0-0 3
LS 536 RNAI, Stem cells and Oncogenomics 3-1-0 4
LS 537 Processing of Food Commodities 3-0-0 3
LS 538 Man and Microbes 3-0-0 3
LS 539 Stem Cell and Regenerative Medicine 3-0-0 3
LS 540 Research Methodology 3-0-0 3
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LS 542 Basic Biotechnology 3-0-0 3
LS 571 Ecology and Environmental Science Laboratory 0-0-3 2
LS 575 Applied Bioinformatics Laboratory 0-0-3 2
LS 581 Cancer Biology 3-1-0 4
LS 582 Special Topics in Life Science — Il 3-1-0 4
LS 583 Special Topics in Modern Biology — | 3-1-0 4
LS 584 Special Topics in Modern Biology — Il 3-1-0 4
LS 585 Special Topics in Applied Life Science — | 3-1-0 4
LS 586 Special Topics in Applied Life Science — Il 3-1-0 4
LS 591 Research Project — | 0-0-6 4
LS 592 Research Project — Il 0-0-9 6
LS 593 Seminar & Technical writing — | 0-0-3 2
LS 594 Seminar & Technical writing — II 0-0-3 2
LS 595 Short-term Industrial/Research Experience (SIRE) 0-0-3 2
LS 596 Comprehensive Viva — Voce 0-0-0 2
LS 401 MICROBIOLOGY 4 credits [3-1-0]

Unit- 1: Introduction to microbiology

Introduction to Microbiology; Discovery of the microbial world, controversy over spontaneous
generation, Koch’s postulate, development of pure culture methods. Microbial Taxonomy- low G+C
gram positive bacteria; high G+C gram positive bacteria. Yeast and filamentous fungi, Viruses.
Classification of prokaryotes and bacterial taxonomy: short description of different groups under
Archaebacteria (Extremophiles: Thermophiles, Halophiles and Acidophiles), under Eubacteria
(Myxobacteria, Mycoplasma, Actinomycetes, Rickettsias and Chlamydiae) and auxotrophs including
Cyanobacteria.

Unit- 2: Microbial nutrition

Cultivation of bacteria — nutritional requirements of micro organism, physical requirements,
different types of media & their preparations. Isolation of pure cultures, maintenance and
preservation of the pure cultures. Culture characteristics — Bacterial growth — Growth curve, batch
and continuous cultures diauxic and synchronous growth. Enumeration of cells by direct and indirect
methods.

Unit- 3: Control of microorganisms

Concept of sterilization and disinfection. Physical and chemical methods of control.
Chemotherapeutics — mode of action of antibiotics, Penicillin, ampicillin, sulfonamide, vancomycin,
streptomycine, tetracycline, chloramphenicol, antifungals, antiviral etc. Antibiotic resistance.

Unit- 4: Microbial genetics

The basic principles of microbial DNA, replication, transcription and translation. Mutation and DNA
repair- Types of mutations, molecular basis of mutation, spontaneous mutation, reverse mutations
& suppressor mutations, Mutagens, mechanisms of DNA repair (Photo reactivation, Nucleotide
excision repair, Mismatch correction, SOS repair). Extra chromosomal DNA structures. Different
types of plasmids: F plasmids, R plasmids and Col plasmids. Importance of plasmids for bacterial
survival and antibiotic resistance. Transposons. Genetic recombination and mechanisms of
recombination processes. Horizontal gene transfer in bacteria: Transformation, conjugation and
transduction. Lytic and lysogenic life cycles of bacteriophages. Operon systems for gene expressions
in prokaryotes- lac and trp operon.

Unit-5: Recombinant DNA technology

Definition, importance and applications of recombinant DNA technology. Different kinds of vectors
used in recombinant DNA technology [Plasmids, bacteriophages (Lambda and M13), phagemids,
cosmids, artificial chromosomes (YAC, BAC)]. Restriction endonucleases, methyltransferase, ligase,
polymerase, kinase, phosphatase, nuclease, transferase, reverse transcriptase, linkers, adapters-
design of cloning strategy and stepwise experimental procedure. Polymerase chain reactions (PCR)
and site directed mutagenesis. Restriction mapping. DNA sequencing (Maxam Gilbert, Sanger’s and
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automated). Construction of cDNA and genomic libraries. DNA fingerprinting and its application in
forensic science.

Unit- 5: Medical microbiology

Normal microflora of host —normal micro flora of skin, oral cavity, gastrointestinal tract, Respiratory
tract; host-parasite relationship, entry of pathogens into the host, types of toxins (Exo, endo, entro)
and their mode of actions; mechanisms of pathogenesis, and clinical manifestations associated with
medically-important pathogenic microorganisms (bacteria, fungi, parasites, and viruses).

Unit- 6: Environmental microbiology

Role of microorganisms in the cycling of bioelements (carbon, nitrogen, phosphorus, sulphur, iron,
manganese etc.); microbial degradation of pesticides and other recalcitrant chemicals, xenobiotics);
microorganism in mineral recovery; microbial degradation of petroleum and hydrocarbons;
biodeteriroration and control; microbial inoculants in agricultural: Biofertilizers- Biological Nitrogen
fixation- symbiotic and asymbiotic, mass production by Rhizobium, Azotobacter and Cyanobacteria,
nitrifying, ammonifying and photosynthetic bacteria; biological control.

Essential Reading:
1. Microbiology, M.J. Pelczar, E.C.S. Chan and N.R. Kreig, Tata McGraw Hill.
2. General Microbiology, R.Y. Stanier, J.L. Ingraham, M. L. Wheelis and P.R. Painter, Macmillian.
3. Microbial ecology: Fundamentals and Applications, 4 e, R.M. Atlas and R. Bartha, Pearson
Education.
4. Molecular genetics of bacteria, 3 e, L. Snyder and W. Champness, ASM Press.
5. Biotechnology, B.D. Singh, Kalyani Publishers.
6. Gene cloning and DNA analysis: An introduction, T.A. Brown, Blackwell Publishing.

Supplementary Reading:

1. The microbes — An Introduction to their Nature and Importance, P.V. Vandenmark and B.L.
Batzing Benjamin Cummings.

2. Microbiology, Tortora, Funke and Chase, Benzamin & Cummings

3. Microbiology, 5™ Edition, Lansing M. Prescott

4, Brock biology of microorganisms, 12 e Michael Madigan, John Martinko, Paul Dunlap, David
Clark, Pearson Education.

5. Microbial genetics, S. R. Maloy, J.E. Cronan, Jr., D. Freifelder, Narosa Publishing House.

LS 402 BIOCHEMISTRY 4 credits [3-1-0]

Amino acids: Nomenclature, structure and properties of amino acids- Ninhydrin test. Proteins:
Peptide bond, Conformation of proteins (Ramachandran plot, secondary, tertiary and quaternary
structure; domains, motif and folds). Lipids, Membrane structure and function- Structure of model
membrane, lipid bilayer and membrane protein diffusion, osmosis, ion channels, active transport,
ion pumps, mechanism of sorting and regulation of intracellular transport, electrical properties of
membranes. Concept of gene and genetics: Nucleic Acids, Structure of DNA and RNA, central dogma,
central dogma reverse, genetic code. Principles of gene regulation: replication, transcription and
translation. Carbohydrates: Structure of various sugars, including hexoses and pentoses. Concept of
monosaccharides, disaccharides and polysaccharides. Glycolysis, TCA cycle and pentose phosphate
pathway.

Photosynthesis and Pigments of life: Chlorophyll, Haemoglobin and Cytochrome c. Tetrapyrroles
are responsible, inter alia, for oxygen transport (haem), electron transport (cytochrome c) and, most
fundamentally, photosynthesis (chlorophyll).

Essential Reading:
1. Lehninger Principles of Biochemistry, Fourth Edition by David L. Nelson, Michael M. Cox,
Hardcover: 1100 pages, Publisher: W. H. Freeman
2. Herpers Review of Biochemistry
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Supplementary Reading:
1. Biochemistry by Donald Voet, Hardcover: 1616 pages, Publisher: Wiley; 3 edition
2. Biochemistry, L. Stryer, W.H. Freeman.
3. Biochemistry, J. David Rawan, Neil Patterson.

LS 403 IMMUNOLOGY 4 Credits [3-1-0]

Basic concepts in immunology, components of the immune system, Innate immunity, principles of
innate and adaptive immunity, Different lines and layers of defense, Pattern recognition in innate
immune system. The complement system, Induced innate responses to infections, Antigen
recognition by B-cells, The structure of a typical antibody molecule, Interaction between the
antibody and specific antigen, Diversity of Immunoglobulins: VDJ Recombination; Antigen
recognition by T cells, Antigen processing and presentation: MHC, Complement system,
Development and survival of lymphocytes, Lymphocytes in bone marrow and thymus, Positive and
negative selection of lymphocytes, Survival and maturation of lymphocytes, The Adaptive Immune
Response, T Cell-Mediated Immunity and cytotoxicity, Macrophage activation by armed CD4 TH1
cells, Humoral Immune Response ; Adaptive Immunity to Infection: Infectious agents and how they
cause disease? The course of the adaptive response against infection, The mucosal immune system,
Immunological memory; Failures of Host Defense Mechanisms, Inherited immunodeficiency
diseases, Acquired immune deficiency syndrome, Allergy and Hypersensitivity, Effector mechanisms
in allergic reactions and IgE, Hypersensitivity diseases, Autoimmunity and Transplantation,
Autoimmune responses are directed against self antigens.

Essential Reading:
1. Delves, Martin, Burton &Roitt, Essential Immunology, 11" Edition.
2. Richard A. Golds by, Thomas J. Kindt and Barbara A. Osborne, Kuby Immunology |. K.
International Pvt Ltd.

Supplementary Reading:
1. Janeway, Travers, Walport, and Shlomchik, Immunobiology, the immune system in health
and disease, Garland Science Publishing, 6™ Edition, 2005,
2. L. M. Sompayrac, How the Immune System Works, Wiley-Blackwell; 3 edition.

LS 404 MOLECULAR BIOLOGY AND BIOTECHNOLOGY 4 credits [3-1-0]

Properties and evolution of genetic material, flow of genetic information and Isolation of genes. DNA
Replication: Models of Replication, Origin of replication, DNA polymerases, DNA topology, DNA
damage and repair. Transcription: RNA-polymerases, RNA processing, regulation, post-
transcriptional control and degeneration, gene silencing. Translation: Structure of Ribosome, tRNA
and mRNA, protein synthesis and regulation in prokaryotes and eukaryotes, protein sorting, signal
peptides. Biosignaling: signal perception, molecular mechanisms of signal transduction, regulation of
signal transduction pathways in controlling gene expression. Transposons and retrotransposons:
prokaryotic and eukaryotic transposable elements and their role in evolution. Linkage and crossing
over, Genetic recombination and construction of genetic maps in Drosophila, Interference and
coincidence, Cytological demonstration of crossing over in Drosophila, Mitotic recombination,
Intragenic recombination, Inheritance of quantitative traits, Continuous and discontinuous variation,
Polygenic inheritance, Genetic variance, heritability (narrow sense and broad sense). ; Concept and
definition of biotechnology: Microbial biotechnology, Culture system (batch, fed batch and
continuous culture), Fermentor, output optimization, concept of downstream processing for product
recovery, stain development of microorganisms, fermentation of antibiotics, organic acids and
amino acids, single cell protein, microbial fuel production, microbial pestisides and biofertilizers. ;
Enzyme engineering: Commercial use of enzymes, immobilization techniques and its application,
various methods of immobilization, enzyme sensors, enzyme reactor and there utility. ; Animal
biotechnology: cell culture, Monoclonal antibody, gene therapy, hybridoma technology, methods of
vaccination, gene therapy, Application of recombinant DNA technology in medicine and diagnosis.
Animal cloning. ; Plant biotechnology: Transgenic plants, herbiside and insecticide resistant plants
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and there utility in modern day agriculture, chloroplast enginnering- production of moleculer H2 and
chloroplast and photo voltaic system; Advantages of 89mmune89r898989ia as possible commercial
source of molecular H2.

Essential Reading:
1. B. Lewin, Genes Vil by Hardcover, Publisher: Prentice Hall
2. B.D. Singh, Biotechnology by Kalyani Publishers 2009.
3. R.C.Dubey, A text book of Biotechnology by S. Chand and Co., India
4. J.K.PalandS.S. Ghaskadbi, Fundamentals of molecular biology by Oxford University Press.

Supplementary Reading:
1. L. Stryer, Biochemistry
2. S. Cummings, Current Perspectives in Genetics: Insights and Applications in Molecular,
Classical, and Human Genetics, 2000 Edition Paperback: 170 pages, Publisher: Brooks Cole

LS 405 CELL BIOLOGY 4 credits [3-1-0]

Structure and Function of Cell and its Organelles: Cell as the unit of life- Development of cell theory,
Cell types: prokaryotes vs. eukaryotes; from single cell to multi-cellular organism; Prokaryotic cells:
Structure, cell-walls and related molecules, outer membrane, flagella, motivity, cell inclusion
endospores, gas vesicles, capsules, slime layers.

Cell Architecture: Cyto-skeletal components, microtubules and microfilaments, motility and motor
motions, actomyosin complex , Extra-cellular matrix. Membrane system: Biological membranes —
architecture & kinetics (transport, ion channels, diffusion, Na-K pump, proton pump).
Endomembrane system: endoplasmic reticulum, Golgi complex, endosomes, lysosomes. Cell
nucleus, Chromatin structure, nucleolus, nucleoplasm.

Cell Division: Mitosis, meiosis and cytokinetics, animal and yeast cell division, cell cycle control,
programmed cell death. Cell cycle: GO/G1, S, G2 and M phages, duration of different phages and the
methods for their determination, Cell cycle synchronization, arrest and delay in case of diseases.
Protein localization: Synthesis of secretory & membrance protein, import into nucleus,
mitochondria, chloroplast & peroxisome; Receptor-mediated endocytosis. Cellular communication:
Regulation of hematopoiesis, general principles of cell communication, cell adhesion and roles of
different adhesion molecules, gap junctions, extracellular matrix, integrins.

Cell Signaling: Hormones and their receptors, cell surface receptor, signaling through G-protein
coupled receptors, signal transduction pathways, second messengers, regulation of signaling
pathways, bacterial and plant two-component systems, light signaling in plants, bacterial chemotaxis
and quorum sensing.

Specific pathways: Chromatin  Regulation; Ras, MAPK and Ras-MAPK Signaling;
Apoptosis/Autophagy, PI3K/Akt Signaling, Translational Control; Ca, cAMP & Lipid Signaling, Cell
Cycle/Checkpoint, DNA Damage, Jak/Stat Pathway, NF-kB Signaling, TGF-B/Smad Signaling,
Lymphocyte Signaling, Neuroscience, Tyrosine Kinase/Adaptors, Angiogenesis, Vesicle Trafficking,
Cytoskeletal Signaling, Adhesion, Glucose Metabolism, Wnt/Hedgehog/Notch, Stem Cell/Lineage
Markers, Nuclear Receptors.

Essential Reading:

1. Essential Cell Biology : An Introduction to the Molecular Biology of the Cell, B. Alberts, D.
Bray, A. Johnson, J. Lewis, M. Roff, K. Robert, P. Walter and K. Roberts, Garland Publishing
Company

2. Cell and Molecular Biology, DeRobertis, B .. Publication Pvt. Ltd

3. Molecular Cell Biology, H. Lodish, A.Berk, S.L. Zipursky, P. Matsudaura, D. Baltimore and J.
Danell, W.H. Preeman and Company.

4. Essential Cell Biology : An Introduction to the Molecular Biology of the Cell, B. Alberts, D.
Bray, A. Johnson, J. Lewis, M. Roff, K. Robert, P. Walter and K. Roberts, Garland Publishing
Company.

5. Structure and Function in Cell Signalling by John Nelson, Wiley.
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6. The biochemistry of cell 90mmune90r90 by Ernst J. M. Helmreich, Oxford Uni Press

Supplementary Reading:
1. Cellin Development and Inheritance, E.B. Wilson, Macmillan
LS 406 FUNDAMENTALS OF CELL BIOLOGY 3 credits [3-0-0]

Structure and function of cell and its organelles. Cell as the unit of life- Development of cell theory,
Cell types: prokaryotes vs. eukaryotes; from single cell to multi-cellular organism; Prokaryotic cells:
Structure, cell-walls and related molecules, outer membrane, flagella, motivity, cell inclusion
endospores, gas vesicles, capsules, slime layers

Cell architecture, cyto-skeletal components, microtubules and microfilaments, motility and motor
motions, actomyosin complex. Membrane system: Biological membranes — architecture & kinetics
(transport, ion channels, diffusion, Na-K pump, proton pump). Endomembrane system: endoplasmic
reticulum, Golgi complex, endosomes, lysosomes. Cell 90mmune90r9090:- Membrane domains,
Lipid rafts, messengers and receptors. Extra-cellular matrix, Cell nucleus, Chromatin structure,
nucleolus, nucleoplasm. Energy Transduction and Bioenergetics: Mitochondria, ATP,
Chemiosomes, ATPase, Gap junctions Chloroplast —photosynthetic electron transport, Calvin cycle.
Anti-reductionism: Cell division: Mitosis, meiosis and cytokinetics, animal and yeast cell division, cell
cycle control, programmed cell death. Cell cycle: GO/G1, S, G2 and M phages, duration of different
phages and the methods for their determination, Cell cycle synchronization, arrest and delay in case
of diseases. Protein localization: Synthesis of secretory & membrance protein, import into nucleus,
mitochondria, chloroplast & peroxisome; Receptor-mediated endocytosis.

Essential Reading:

1. Essential Cell Biology : An Introduction to the Molecular Biology of the Cell, B. Alberts, D.
Bray, A. Johnson, J. Lewis, M. Roff, K. Robert, P. Walter and K. Roberts, Garland Publishing
Company

2. Cell and Molecular Biology, DeRobertis, B .. Publication Pvt. Ltd

3. Molecular Cell Biology, H. Lodish, A.Berk, S.L. Zipursky, P. Matsudaura, D. Baltimore and J.
Danell, W.H. Preeman and Company.

4. Essential Cell Biology : An Introduction to the Molecular Biology of the Cell, B. Alberts, D.
Bray, A. Johnson, J. Lewis, M. Roff, K. Robert, P. Walter and K. Roberts, Garland Publishing
Company

Supplementary Reading:
1. Cellin Development and Inheritance, E.B. Wilson, Macmillan

LS 410 FOOD SCIENCE 4 credits [3-1-0]

Unit- 1: Principles of food processing and preservation

Scope and importance of food processing: national and international perspectives, Principles of
Preservation methods, fermentation methods for preservation, and chemical

preservations of foods. Food preservation by low-temp: Refrigeration, freezing and freeze-drying.
Food preservation by heating: drying, osmotic dehydration, blanching, canning, pasteurization,
sterilization, extrusion cooking. Non-thermal preservation: Hydrostatic pressure, dielectric heating,
microwave processing, hurdle technology, membrane technology, irradiation.

Unit- 2: Food chemistry

Food chemistry-definition and importance, Carbohydrates-chemical reactions, functional

properties of sugars and polysaccharides in foods. Applications and preparations of sugars and
polysaccharides. Protein and amino acids: structure, classifications, sources, denaturation and
functional properties of proteins. Lipids: classification, and use of lipids in foods, physical and
chemical properties, effects of processing on functional properties. Vitamins and Minerals, Effect of
processing on vitamins and minerals. Enzymatic browning in foods and industrial applications of
enzymes. Water in food, water activity and shelf life of food.

Unit- 3: Principles of food engineering
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Unit operation in food engineering, Mass and energy balance, Fluid flow, fluid statics, fluid dynamics,
fluid flow applications, Heat transfer-modes of heat transfer, conduction,

convection, and radiation, heat exchangers and their designs. Thermal processing- vaporation and
concentration, dehydration, drying, blanching, pasteurization, sterilization, distillation and
crystallization. Mechanical separation-filtration, membrane concentration, sieving, centrifugation,
sedimentation, Mechanical handling-conveying and elevation. Size reduction and classification-
mixing, kneading, blending.

Unit- 4: Fermentation technology

Introduction to fermentation: Rate of microbial growth and death. Fermentation kinetics, Types of
fermentation sub-merged/solid state, Batch /continuous fermentation. Fermenter design, operation,
measurement and control in fermentation, Aeration and agitation in fermentation: Oxygen
requirement, measurement of adsorption coefficients, sterilization of air and media; scale up in
fermentation. Production of beer, wine and vinegar, Traditional fermented foods like idli and dosa.
Principles of down stream processing and Product recovery. Production of alcohols, organic acids,
enzymes and immobilization of enzymes.

Unit- 5: Food quality and safety management

Objectives, importance and functions of quality control. Methods of quality, assessment

of food materials-fruits, vegetables, cereals, dairy products, meat, poultry, egg and processed food
products. Sanitation and hygiene, GMP, GLP, Statistical quality control. Food laws and standard, PFA,
AGMARK. Sampling and specification of raw materials and finished products, Concept of Codex
Almentarious/ /USFDA/ISO 9000 series, rules and regulations for waste disposals. Food adulteration
and food safety. HACCP, Sensory evaluation-introduction, panel screening, Sensory and instrumental
analysis in quality control, IPR and patents.

Essential Reading:
1. Food Science, by Norman N. Potter and Joseph H. Hotchkiss
2. New Text Book on Food Science and technology, editor Geoffrey Cambell-Platt, Scientific
publishers and Reviews

LS 411 BIOPHYSICS 4 credits [3-1-0]

Thermodynamic Principles: Laws of thermodynamics, Details of thermodynamic variables and
functions. Application of there laws in Life Science with examples. Basic atomic and radiation
physics. Electromanetic properties of light and basic molecular physics. Interaction of UV, VIS and IR
radiation and LASER with bio-molecules and living system, Bio- and chemi-luminescence,
photochemical reaction. Thermal changes in cells and tissues, thermal 91mmune91r91 in biological
tissues, Biological transport processes, Nernst potential and Donnan potential — surface potential
and potential across bio-membranes, biological energy conversion. Electromagnetic energy
spectrum - their effects on the molecules and method of studying them, Raman, NMR, NOESY and
TOCSY, ESR spectroscopy and Mass spectrometry, and their biological applications, optical rotatory
dispersion, fluorescence, phosphorescence spectroscopy, circular dichroism, X-ray diffraction
(structure of DNA, RNA and Proteins), ultrastructure determination, electron microscopy —
transmission and scanning. Concept of liquid crystals, Principal component analysis, Matrices,
analysis of spectral data with MetLab. Radioactivity: Radio emission, law of radioactive decay,
production of radio isotopes for medical use, electromagnetic radiation, interaction of radiation with
matter, exponential attenuation, half value thickness, photo electric, Compton and pair production
process and their significance in radiology, radiation units, detection and measurements of radiation
; Introduction of ultrasonic wave: Ultrasonic wave motion, wave characteristics, intensity, and
ultrasound properties in body. Use of ultrasound in biological field.

Essential Reading:
1. Biochemistry by L. Stryer, W.H. Freeman and Co.
2. Abiologists physical chemistry by J. G. Morris, Edward Arnold (Publishers) Ltd.

Supplementary Reading:
1. Textbook of Biophysical Chemistry by U. N. Dash, MacMillan
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A Textbook of Biophysics by R.N. Roy, New Central Book Agency

LS 412 ADVANCED MICROBIAL GENETICS 4 credits [3-1-0]

Unit — 1: DNA Structure and Mutagenesis

Historical developments in genetics, discovery of DNA and experimental evidence, Structure of
Circular DNA molecule, Primary, Secondary, Tertiary and Quaternary structure of DNA, Watson and
Crick model of double stranded DNA the law of DNA constancy and C value paradox and topological
manipulations.

DNA replication: DNA replication mechanism, enzymes involved in DNA replication and models of
DNA replication. Molecular basis of spontaneous and induced mutations [physical and chemical
mutagenic agents], types of mutation: point, frameshift, lethal, conditional lethal, inversion and
deletion, null mutation, reversion of mutations, intra and intergenic suppression mutations.
Environmental mutagenesis, toxicity testing and population genetics. Systems that safeguard DNA.
DNA methylation and DNA repair mechanisms — excision, mismatch, SOS , photoreactivation,
recombination repair and glycocylase system.

Unit — 2: Prokaryotic Transcription and Translation

Organization of transcriptional units and regulation of gene expression Mechanism of transcription
of prokaryotes-Structure and function of RNA polymerase, [DNA foot printing], termination and
antitermination — N proteins and nut sites in DNA binding proteins, enhancer sequences and control
of transcription, RNA processing (Capping, polyadenylation, splicing, introns and exons)
Ribonucleoprotein, structure of mRNA, rRNA, tRNA. Direction of protein synthesis, RNA template,
direction with experimental proof, tRNA as adaptor, ribosomes and their organization in
prokaryotes, polycistronic mRNA in bacteria, initiation of translation in bacteria, small sub-units, its
accessory factors, SD sequence in bacteria, initiator tRNA, elongation of translation, translocation
and termination mechanisms. Post-translational modification. Salient features of genetic code.

Unit — 3: Regulation of gene expression in prokaryotes

Operon concept, co-ordinated control of structural genes, stringent response, catabolite repression,
instability of bacterial RNA, positive regulation in E.coli [Arabinose operon] and negative regulation
in E.coli [lac operon], inducers and repressors, regulation by attenuation by trp operon.

Unit — 4: Genetic recombination

Genetic recombination processes: Role of rec proteins in homologous recombination. Conjugation:
Discovery, F+, F- and Hfr cells, types of Hfr; F+ and F- and Hfr and F- genetic crosses. Mechanism of
conjugation. Sexduction, conjugational transfer of colicinogenic and resistance transfer factors.
Genetic mapping. Plasmid Replication and Incompitability, Control of copy number.

Transposons — Insertion sequences and composite transposons, phages as transposons, replicative,
non-replicative and conservative transposition. Mutations i.e. deletions, inversions and frameshift
due to transposition. Mechanism of transposition, controlling elements of maize — autonomous and
non-autonomous elements. Types of transposons and their properties.

Unit — 5: Phage Genetics

T4 virulent phage: structure, life cycle, genetic map and DNA replication. Lamda temperate phage:
Structure, genetic map, lytic and lysogenic cycle, lysogenic repression and phage immunity. [Lambda
regulon] applications of phages in microbial genetics.

Essential Reading:
1. Molecular genetics of bacteria by J. Dale and S. Park, Wiley
Microbial genetics by S. R. Maloy, Jones and Bartlett Publishers Inc.

LS 413 BASIC BIOPHYSICS 3 credits [3-0-0]

Thermodynamic Principles: Laws of thermodynamics, Details of thermodynamic variables and
functions. Application of there laws in Life Science with examples. Basic atomic and radiation
physics. Electromanetic properties of light and basic molecular physics. Interaction of UV, VIS and IR
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radiation and LASER with bio-molecules and living system, Bio- and chemi-luminescence,
photochemical reaction. Thermal changes in cells and tissues, thermal 93mmune93r93 in biological
tissues, Biological transport processes, Nernst potential and Donnan potential — surface potential
and potential across bio-membranes, biological energy conversion. Electromagnetic energy
spectrum - their effects on the molecules and method of studying them, Raman, NMR, NOESY and
TOCSY, ESR spectroscopy and Mass spectrometry, and their biological applications, optical rotatory
dispersion, fluorescence, phosphorescence spectroscopy, circular dichroism, X-ray diffraction
(structure of DNA, RNA and Proteins), ultrastructure determination, electron microscopy -
transmission and scanning. Concept of liquid crystals, Principal component analysis, Matrices,
analysis of spectral data with MetLab. Radioactivity: Radio emission, law of radioactive decay,
production of radio isotopes for medical use, electromagnetic radiation, interaction of radiation with
matter, exponential attenuation, half value thickness, photo electric, Compton and pair production
process and their significance in radiology, radiation units, detection and measurements of radiation
; Introduction of ultrasonic wave: Ultrasonic wave motion, wave characteristics, intensity, and
ultrasound properties in body. Use of ultrasound in biological field.

Essential Reading:
1. Biochemistry by L. Stryer, W.H. Freeman and Co.
2. Abiologists physical chemistry by J. G. Morris, Edward Arnold (Publishers) Ltd.

Supplementary Reading:
1. Textbook of Biophysical Chemistry by U. N. Dash, MacMillan
2. ATextbook of Biophysics by R.N. Roy, New Central Book Agency

LS 414 MICROBIAL GENETICS 3 credits [3-0-0]

Unit — 1: DNA Structure and Mutagenesis

Historical developments in genetics, discovery of DNA and experimental evidence, Structure of
Circular DNA molecule, Primary, Secondary, Tertiary and Quaternary structure of DNA, Watson and
Crick model of double stranded DNA the law of DNA constancy and C value paradox and topological
manipulations.

DNA replication: DNA replication mechanism, enzymes involved in DNA replication and models of
DNA replication. Molecular basis of spontaneous and induced mutations [physical and chemical
mutagenic agents], types of mutation: point, frameshift, lethal, conditional lethal, inversion and
deletion, null mutation, reversion of mutations, intra and intergenic suppression mutations.
Environmental mutagenesis, toxicity testing and population genetics. Systems that safeguard DNA.
DNA methylation and DNA repair mechanisms — excision, mismatch, SOS , photoreactivation,
recombination repair and glycocylase system.

Unit — 2: Prokaryotic Transcription and Translation

Organization of transcriptional units and regulation of gene expression Mechanism of transcription
of prokaryotes-Structure and function of RNA polymerase, [DNA foot printing], termination and
antitermination — N proteins and nut sites in DNA binding proteins, enhancer sequences and control
of transcription, RNA processing (Capping, polyadenylation, splicing, introns and exons)
Ribonucleoprotein, structure of mRNA, rRNA, tRNA. Direction of protein synthesis, RNA template,
direction with experimental proof, tRNA as adaptor, ribosomes and their organization in
prokaryotes, polycistronic mRNA in bacteria, initiation of translation in bacteria, small sub-units, its
accessory factors, SD sequence in bacteria, initiator tRNA, elongation of translation, translocation
and termination mechanisms. Post-translational modification. Salient features of genetic code.

Unit — 3: Regulation of gene expression in prokaryotes

Operon concept, co-ordinated control of structural genes, stringent response, catabolite repression,
instability of bacterial RNA, positive regulation in E.coli [Arabinose operon] and negative regulation
in E.coli [lac operon], inducers and repressors, regulation by attenuation by trp operon.

Unit — 4: Genetic recombination

Genetic recombination processes: Role of rec proteins in homologous recombination. Conjugation:
Discovery, F+, F- and Hfr cells, types of Hfr; F+ and F- and Hfr and F- genetic crosses. Mechanism of
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conjugation. Sexduction, conjugational transfer of colicinogenic and resistance transfer factors.
Genetic mapping. Plasmid Replication and Incompitability, Control of copy number.

Transposons — Insertion sequences and composite transposons, phages as transposons, replicative,
non-replicative and conservative transposition. Mutations i.e. deletions, inversions and frameshift
due to transposition. Mechanism of transposition, controlling elements of maize — autonomous and
non-autonomous elements. Types of transposons and their properties.

Unit — 5: Phage Genetics

T4 virulent phage: structure, life cycle, genetic map and DNA replication. Lamda temperate phage:
Structure, genetic map, lytic and lysogenic cycle, lysogenic repression and phage immunity. [Lambda
regulon] applications of phages in microbial genetics.

Essential Reading:
1. Molecular genetics of bacteria by J. Dale and S. Park, Wiley
2. Microbial genetics by S. R. Maloy, Jones and Bartlett Publishers Inc.

LS 420 APPLIED BIOINFORMATICS 4 credits [3-1-0]

Introduction to computational biology & bioinformatics. Branches of bioinformatics. Nature of
biological data. Biological data formats. Bioinformatics databases: Literature databases (PubMed),
Primary nucleotide sequence databases (NCBI, EMBL, DDBJ), Secondary nucleotide sequence
databases (UniGene, SGD etc.), Protein sequence databases (SwissProt/TrEMBL, PIR), Sequence
motif databases (Pfam, PROSITE), Structure databases (PDB, NSD, SCOP, CATH), Gene Expression
databases. Algorithms and bio-tools: Sequence alignment and database similarity searching. Scoring
matrix, BLAST series, FASTA. Pairwise Sequence Alignments and Multiple sequence alignments
(ClustalW). Global Alignments — Needleman Wunsch Algorithm, Local Alignments — Smith Waterman
Algorithm. Multiple sequence alighments (ClustalW). Basic concepts on phylogenetic markers and
molecular phylogeny. Comparative genomics and gene prediction tools. Structural bioinformatics:
prediction of secondary & tertiary structure of proteins, comparative modeling. Molecular viewers.
Concept of in-silico drug design. Vaccine design concept. Human genome and epigenome projects.
Overview of programming languages in bioinformatics. Basic commands of UNIX. Other biological
tools and resources: EMBOSS, Expasy, OMIM, GOLD etc.

Essential Reading:

1. Bioinformatics: Principles and Applications by Z. Ghosh and B. Mallick, Oxford University
Press.

2. Bioinformatics: Sequence and Genome Analysis by D.W. Mount, Cold Spring Harbor
Laboratory Press

3. Bioinformatics: A Practical Guide to the Analysis of Genes and Proteins by A.D. Baxevanis
and B.F.F. Quellette, Wiley-interscience.
Understanding Bioinformatics by Marketa Zvelebil and Jeremy Baum, Garland Science.

LS 421 RADIATION BIOLOGY 4 credits [3-1-0]
Basic concept of electromagnetic radiations, radiation dose and dosimetry. Photolysis of water, UV-
radiation induced damage to DNA and various repair pathways. Rapidly accumulating advancement

in the field of Radiobiology, Radio-oncology, Diagnostic Radiology.

Essential Reading:
6. Introduction to radiation biology by Devi Nagarathnam and Rao, B. I. Churchil Livingstone

LS 422 CELL CELL SIGNALING 4 credits [3-1-0]
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A. Cell signaling: Hormones and their receptors, cell surface receptor, signaling through G-protein
coupled receptors, signal transduction pathways, second messengers, regulation of signaling
pathways, bacterial and plant two-component signaling systems, bacterial chemotaxis and quorum
sensing.
B. Cellular communication: Regulation of hematopoiesis, general principles of cell communication,
cell adhesion and roles of different adhesion molecules, gap junctions, extracellular matrix, integrins,
neurotransmission and its regulation.
C. Cancer : Genetic rearrangements in progenitor cells, oncogenes, tumor suppressor genes, cancer
and the cell cycle, virus-induced cancer, metastasis, interaction of cancer cells with normal cells,
apoptosis, therapeutic interventions of uncontrolled cell growth.
D. Specific pathways:- Chromatin Regulation; Ras, MAPK and Ras-MAPK Signaling;
Apoptosis/Autophagy, PI3K/Akt Signaling, Translational Control; Ca, cAMP & Lipid Signaling, Cell
Cycle/Checkpoint, DNA Damage, Jak/Stat Pathway, NF-kB Signaling, TGF-B/Smad Signaling,
Lymphocyte Signaling, Neuroscience, Tyrosine Kinase/Adaptors, Angiogenesis, Vesicle Trafficking,
Cytoskeletal Signaling, Adhesion, Glucose Metabolism, Wnt/Hedgehog/Notch, Stem Cell/Lineage
Markers, Nuclear Receptors.
Essential Reading:

1. Molecular Biology of the cell by Bruce Alberts et al, Garland Science Com

2. Molecular cell Biology by Lodish et al, W H Freeman and Company

3. Structure and Function in Cell Signalling by John Nelson, Wiley.

4. The biochemistry of cell 95mmune95r95 by Ernst J. M. Helmreich, Oxford Uni Press

LS 423 ADVANCED TECHNIQUES 4 credits [3-1-0]

Spectroscopy — Concepts of spectroscopy, Visible and UV spectroscopy, Laws of photometry. Beer-
Lambert’s law, Principles and applications of colorimetry, Mass Spectroscopy, LC-MS, LC-MS-MS, GC-
MS-MS

Chromatography — Dialysis, Principles of partition chromatography, paper, thin layer, ion exchange
and affinity chromatography, gel permeation chromatography, HPLC and FPLC

Centrifugation — Principles of centrifugation, concepts of RCF, different types of instruments and
rotors, preparative, differential and density gradient centrifugation, analytical ultra-centrifugation,
determination of molecular weights and other applications, subcellular fractionation

Electrophoretic techniques — Principles of electrophoretic separation. Continuous, zonal and
capillary electrophoresis, different types of electrophoresis including paper, cellulose,
acetate/nitrate and gel. Electroporation, pulse field gel electrophoresis, EMSA, DNA fingerprinting,
and foor printing.

Molecular Biology techniques- Hybridization and blotting, PCR, RT-PCR, Real time PCR, RFLP, AFLP,
Chromosome walking, chromosome jumping, DNA microarray, chips and RIA. Methods of DNA
sequencing: Sangers sequencing, 454 sequencing. Analysis of SINES and LINES. Genomic insulators.
Electron microscopy — Transmission and scanning, freeze fracture techniques, specific staining of
biological materials. Spectroscopic techniques: Absorption, Florescence, ORD, CD, X-ray diffraction,
X-ray absorption, and NMR.

Advances in Viscosity and surface tension measurement- Viscosity of macromolecules, relationship
with conformational changes.

Essential Reading:
1. Principles of Biochemistry and molecular biology by K. Wilson and J. Walker, Cambridge
University Press.
2. Principles of Instrumental analysis by D. A. Skoog and J. J. Leary, Saunders College Publishing,
Philadelphia

LS 424 GENOMICS & PROTEOMICS 4 credits [3-1-0]

Definition, classification, and scopes. The emergence of proteome concept: structural and functional
proteomes, protein structure related to functional kinetics, e.g. prions, bridging genomics to
proteomics. Transcriptomes: measurement of gene expression. Proteome analysis: by methods, 2-D
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PAGE including protein detection on electro-blot membrane, mass spectrometry and
phosphorylation site analysis. Proteomics in relation to animal and plant health and welfare.

Essential Reading:

1. A Textbook of Protein and Proteomics, C Subramanian and Nandan Hazare, Dominant Pub.
2. Discovering Genomics, Proteomics and Bioinformatics (2nd Edition), by A. Malcolm Campbell
and Laurie J. Heyer.

LS 425 INTRODUCTION TO BIOINFORMATICS 3 credits [3-0-0]

Basic concepts, Introduction to biological databases and tools. Sequence and structure databases.
Sequence alignments: Pairwise and Multiple Sequence Alignment, Methods and algorithms used in
alignment tools: Methods for doing Multiple Sequence Alignments: CLUSTALW and PILEUP. BLAST
series and FASTA. Phylogenetic analysis: Concept and methods: Distance based (Fitch and
Margoliash & UPGMA) and character based methods (Parsimony). Prediction of genes and tools.
Structural bioinformatics and molecular modelling. Human genome and epigenome projects.
Introduction of protein structure and prediction. Useful biological tools and resources for biological
research, eg. EMBOSS, Expasy, OMIM, GOLD etc. Introduction to bio-programming languages. Some
basic commands of UNIX.

Essential Reading:
1. Bioinformatics: Principles and Applications by Z. Ghosh and B. Mallick, Oxford University
Press.
2. Bioinformatics: Sequence and Genome Analysis by D.W. Mount, Cold Spring Harbor
Laboratory Press.

LS 427 ADVANCED TECHNIQUES 3 credits [3-0-0]

Spectroscopy — Concepts of spectroscopy, Visible and UV spectroscopy, Laws of photometry. Beer-
Lambert’s law, Principles and applications of colorimetry, Mass Spectroscopy, LC-MS, LC-MS-MS, GC-
MS-MS

Chromatography — Dialysis, Principles of partition chromatography, paper, thin layer, ion exchange
and affinity chromatography, gel permeation chromatography, HPLC and FPLC

Centrifugation — Principles of centrifugation, concepts of RCF, different types of instruments and
rotors, preparative, differential and density gradient centrifugation, analytical ultra-centrifugation,
determination of molecular weights and other applications, subcellular fractionation

Electrophoretic techniques — Principles of electrophoretic separation. Continuous, zonal and
capillary electrophoresis, different types of electrophoresis including paper, cellulose,
acetate/nitrate and gel. Electroporation, pulse field gel electrophoresis, EMSA, DNA fingerprinting,
and foor printing.

Molecular Biology techniques- Hybridization and blotting, PCR, RT-PCR, Real time PCR, RFLP, AFLP,
Chromosome walking, chromosome jumping, DNA microarray, chips and RIA. Methods of DNA
sequencing: Sangers sequencing, 454 sequencing. Analysis of SINES and LINES. Genomic insulators.
Electron microscopy — Transmission and scanning, freeze fracture techniques, specific staining of
biological materials. Spectroscopic techniques: Absorption, Florescence, ORD, CD, X-ray diffraction,
X-ray absorption, and NMR.

Advances in Viscosity and surface tension measurement- Viscosity of macromolecules, relationship
with conformational changes.

Essential Reading:
1. Principles of Biochemistry and molecular biology by K. Wilson and J. Walker, Cambridge
University Press.
2. Principles of Instrumental analysis by D. A. Skoog and J. J. Leary, Saunders College Publishing,
Philadelphia
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LS 435 MICROBIAL DIVERSITY AND EXTREMOPHILES 3 credits [3-0-0]

Unit — 1: Biodiversity

Introduction to microbial biodiversity — distribution, abundance, ecological niche. Types-Bacterial,
Archael and Eucaryal.

Unit — 2: Characteristics and classification of Archaebacteria

Thermophiles: Classification, hyperthermophilic habitats and ecological aspects. Extremely
Thermophilic Archaebacteria, Thermophily, commercial aspects of thermophiles. Applications of
thermozymes. Psychrophiles. Methanogens: Classification, Habitats, applications.

Unit — 3: Alkalophiles and Acidophiles

Classification, alkaline environment, soda lakes and deserts, calcium alkalophily Applications.
Acidophiles: Classification, life at low pH, acidotolerence, applications.

Unit — 4: Halophiles and Barophiles

Classification, Dead Sea, discovery basin, cell walls and membranes — Purple membrane, compatible
solutes. Osmoadaptation / halotolerence. Applications of halophiles and their extremozymes.
Barophiles: Classification, high-pressure habitats, life under pressure, barophily, death under
pressure.

Unit — 5: Space Microbiology

Aims and objectives of Space research. Life detection methods a] Evidence of metabolism (Gulliver)
b] Evidence of photosynthesis (autotrophic and heterotrophic) c] ATP production d] Phosphate
uptake e] Sulphur uptake . Martian environment (atmosphere, climate and other details). Antartica
as a model for Mars. Search for life on Mars, Viking mission, Viking landers, and Biology box
experiment. Gas exchange , Label release and pyrolytic release experiments. Monitoring of
astronauts microbial flora: Alterations in the load of medically important microorganisms, changes in
mycological autoflora, and changes in bacterial autoflora.

Essential Reading:
1. Extremophiles: Microbial life in extreme environments by K. Horikoshi and W. D. grant,
Wiley Liss
2. Physiology and biochemistry of Extremophiles by C. Gerday and N. Glansdorff, ASM Press.

LS 440 PHYSICAL SCIENCES AND INSTRUMENTATION 4 credits [3-1-0]

Physical sciences

Reductionism vs. holistic view of living system, Debate on the definition of Life:- Molecular view:
Koshland’s concept — Seven Pillars of Life: Program, Improvisation, Compartmentalization, Energy,
Regeneration, Adaptability, and Seclusion (PICERAS). Thermodynamics Principles: laws of
thermodynamics, Details of thermodynamic variables and functions. Application of thermodynamics
to biology. Structure of atoms, molecules and chemical bonds. Composition, structure and function
of biomolecules (carbohydrates, lipids, proteins, nucleic acids and vitamins). Stablizing interactions
(Van der Waals, electrostatic, hydrogen bonding, hydrophobic interaction, etc.). Water structure and
polarity. Principles of biophysical chemistry (pH, buffer, reaction kinetics, thermodynamics,
colligative properties). Stereochemistry: Configuration and conformation and stability; Elements of
symmetry, Chirality; RS-, EZ, DL- and dl- system of nomenclature; Stereo-specific and stereo-selective
reactions; Determination of relative configuration by asymmetric synthesis.

Instrumentation

Unit- 1: Chromatography

Paper, TLC, gel filtration, ion-exchange chromatography, affinity chromatography, HPLC and GLC.
Unit- 2: Microscopy
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Optical microscopy, Bright field, Dark field, phase contrast and fluorescence microscopy. Electron
microscopy: Transmission and scanning electron microscopy.

Unit- 3: Centrifugation

Principle of centrifugation, rotors, different types of centrifuges, preparative and analytical
centrifugation, ultra centrifugation.

Unit- 4: Electrophoresis

Gel electrophoresis, SDS-PAGE, isoelectric focusing, two —dimensional electrophoresis, 98 mmune
electrophoresis, capillary electrophoresis.

Unit- 5: Spectroscopy

Atomic Absorption, spectrophotometry, Mass spectrometry, NMR.

Essential Reading:
1. Principles of Biochemistry and molecular biology by K. Wilson and J. Walker, Cambridge
University Press.
Principles of Instrumental analysis by D. A. Skoog and J. J. Leary, Saunders College Publishing,
Philadelphia

LS 471 MICROBIOLOGY LABORATORY 2 credits [0-0-3]

To study the guidelines for working in microbiology laboratory.
To acquaint with the instrument used in microbiology laboratory
To study the various aseptic techniques used in microbial experiment.
To prepare various liquid and solid media used in microbiology experiment.
To isolate and count total heterotrophic bacteria in soil sample.
To isolate and count total heterotrophic microbes from air.
To isolate and count total heterotrophic bacteria in water sample.
To isolate pure culture from mixed culture by streak plate method
To perform fungal staining for the study of fungal morphology.
. To perform simple staining and to compare the morphological shape and arrangements’ of
bacteria cells.
11. To perform gram staining or differential staining to study the bacterial morphology and
distinguish between gram positive and gram negative bacteria.
12. To test starch hydrolysis by amylase activity
13. To test protein hydrolysis by gelatin degradation.
14. Preparation of agar slant
15. To study catalase activity
16. To study motility of bacteria by tube method.
17. MPN
18. Antibiotic sensitivity test
19. IMVIC test
20. Isolation of Actinobacteria from soil samples.
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LS 472 BIOCHEMISTRY LABORATORY 2 credits [0-0-3]

1. Estimation of blood glucose, detection of serum- (i) urea, (ii) uric acid, (iii) creatine, (iv)
creatinine and (v) bile pigment

Blood grouping (ABO — Rh)

Determination of urine sample for (i) sugar, (ii) ketone bodies, (iii) protein

Estimation of Hb concentration, total W.B.C and R.B.C count in blood

Determination of lipid, total cholesterol, LDL and HDL and triglycerides

Enzymology — purification of enzyme & its kinetics

Study of the cell — (i) Cell culture, lymphocyte isolation & culture, growth rate studies,
staining techniques (ii) Cell fractionation, homogenization of the tissue, centrifugation,
marker enzyme assays (iii) Microscopy and microphotography.

8. Quantitative assays — (i) Enzyme assays (ii) RIA (iii) ELISA iv) DNA, RNA & proteins

NouswN
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9. Protein fractionation — (i) Salting in and out, gel filtration, electrophoretic separation (ii) Gel
filtration affinity based techniques (iii) SDS-PAGE (iv) Electrophoretic separation of LDH
isoenzymes

10. Absorption & fluorescence spectroscopy related experiments

11. Determination of CMC of biological surfactants.

LS 473 BIOTECHNOLOGY LABORATORY 2 credits [0-0-3]

Quantitation of nucleic acids (Spectrophotometric, Gel based and Saran wrap method)
Analysis of DNA fragments and size determination by agarose gel electrophoresis
Restriction digestion and ligation

Restriction mapping

Southern blotting

Western blotting

PCR and RT-PCR

Optimization of gene expression in E.coli and analysis of expressed product

Methods for enzyme immobilization
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LS 474 MOLECULAR BIOLOGY LABORATORY 2 credits [0-0-3]

Determination of Isobestic points

Determination of melting point of DNA (Calf thymus, Whale Sperm)
Isolation of chromosomal DNA from E.coli and plants.

Isolation of RNA from mammalian cells (sources- horse, rat, rabbit etc.)
SDS-PAGE of protein.

Isolation of plasmid DNA from E.coli.

Transformation of E.coli with plasmid.

UV induced mutagenesis in E. coli

Tissue culture
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LS 475 IMMUNOLOGY LABORATORY 2 credits [0-0-3]

Study of Blood Groups

Study of Antigen- Antibody pattern-ODD
Immunoglobulin Y purification
Immunoglobulin G purification

Study of immunohistochemistry

Study of Latex agglutination

Study of haem agglutination

Study of antibody-FITC conjugation

PNV~ WNE

LS 502 ADVANCES IN STRUCTURAL BIOLOGY 4 credits [3-1-0]

A familiarity with the NMR, X-ray, and computational techniques used to study macromolecular
structure, motions in macromolecules and the functional importance of dynamics, the basis for
various types of macromolecular interactions including protein- protein and protein-nucleic acid
interactions, evolutionary relationships of structural features, the determinants of protein structure
and an understanding of the current views of protein folding, the chemical basis for interactions with
enzyme inhibitors and other ligands. History of Structural Biology: X-ray crystallographic and NMR-
structure of Proteins, and Nucleic acids. Proposition of DNA double helical structure in
understanding the blue-print of life- Watson & Crick model. Fine structure of Proteins- fibrous,
globular and membrane proteins, Nucleosome and Chromatin structure. Cytoskeleton structure and
protein-protein Network, Muscle proteins. Structure of Heart, Lung and Brain.

Essential Reading:
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1. Textbook of Structural biology by Anders Lilgas, Lars Lilgas, Jui Piskur et al, World Scientific
Publisher

2. Advances in structural biology by S. K. Malhotra (Editor), Elsevier.

3. Membrane structural biology by Mary Luckey, Barnes and Noble Publisher.

LS 503 RECOMBINANT DNA TECHNOLOGY 3 credits [3-0-0]

Unit- 1: Introduction to the subject and the tools used in RDT

Restriction endonuclease, methyltransferase, ligase, polymerase, kinase, phosphatase, nuclease,
transferase, reverse transcriptase, linkers, adapters DNA, RNA and protein markers.

Unit- 2: Overview of cloning vectors

Plasmids, bacteriophages (Lambda and M13), phagemids, cosmids, artificial chromosomes (YAC,
BAC).

Unit- 3: Blotting techniques. Hybridization and Nucleic acid amplification

Southern, Northern and Western blotting techniques. Radioactive and non-radioactive probes.
Basics of PCR, site directed mutagenesis.

Unit- 4: Cloning and selection of clones

Basic cloning experiment: Design of cloning strategy and stepwise experimental procedure including
application of tools introduced in module I. Complementation, colony and plaque hybridization,
restriction, PCR, plus-minus screening, immunoscreening.

Unit- 5: Heterologous gene expression

Overview of expression vectors (Bacteria and yeast), vector engineering (fusion tags, antibiotic
markers), codon optimization, host engineering

Unit- 6: DNA Libraries

Purpose of constructing DNA libraries. Construction of cDNA and genomic libraries.

Unit- 7: Advanced techniques in RDT

Primer extension mapping, S1 mapping, Rnase protection assay, two and three hybrid systems,
subtractive hybridization, gel retardation assay, Dnase footprinting, in vitro transcription and
translation, phage display, DNA sequencing (Maxam Gilbert, Sanger’s and automated), protein
engineering.

Essential Reading:
1. Principles of Gene Manipulation: An Introduction to Genetic Engineering, R.W. Old and S. B
Primrose, Blackwell Science Inc.
2. DNA Cloning: A Practical Approach, D.M. Glover and B.D. Hames, IRL Press.
3. Molecular Cloning: A Laboratory Manual, J. Sambrook, E.F. Fritsch and T. Maniatis, Cold
Spring Harbor, Laboratory Press.

Supplementary Reading:
1. Molecular Biotechnology: Principles and Applications of Recombinant DNA, B.R. Grick and
J.J. Pasternak, ASM Press
2. Molecular and Cellular Cells Methods in Biology and Medicine, P.B Kaufman, W. Wu, D. Kim
and C.J. Cseke, CRC Press.
3. Milestones in Biotechnology: Classic Papers on Genetic Engineering, J.A. Bavies and W.S.
Reznikoff, Butterworth Heinemann.

LS 504 ENVIRONMENTAL SCIENCES AND BIOSTATISTICS 4 credits [3-1-0]

Unit- 1: Scope of ecology and environmental sciences

Definition, principles and scope of ecology and environmental sciences. Earth, man and
environment. Ecosystems- pathways in Ecosystems. Physico-chemical and Biological factors in the
environment. Geographical classification and zones. Structure and composition of atmosphere,
hydrosphere, lithosphere and biosphere.

Unit- 2: Ecosystem structure and functions
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Ecosystems: Structure and functions, abiotic and biotic components, energy flows. Food chains, food
web, ecological pyramids, types and diversity. Energy flow and mineral cycling (CNP).

Unit- 3: Habitat and ecological components

Habitat and niche: Concept of habitat and niche; fundamental and realized niche.

Population ecology: Characteristics of a population; population growth curves; population
regulation; life history strategies (r and K selection);

Community ecology: Nature of communities; community structure and attributes; levels of species
diversity and its measurement.

Ecological succession: Types; mechanisms; changes involved in succession; concept of climax.

Unit- 4: Biogeography and conservation biology

Major terrestrial biomes; theory of island biogeography; biogeographical zones of India.
Environmental pollution. Principles of conservation, major approaches to management.

Unit- 5: Collection and presentation of data

Collection of biological data: sampling, aim, techniques- random sampling and non-random
sampling. Classification of data, frequency distribution and tabulation. Graphical representation- bar
diagram, pie diagram, frequency curve, histogram, Ogive.

Unit- 6: Statistics of location and dispersion

Measures of central value- Mean, Median, Mode. Measures of dispersion- standard deviation,
coefficient of variation. Skewness and Kurtosis.

Unit- 7: Sampling statistics and testing of hypothesis

Procedure for testing hypothesis. Test of significance based on small samples and large samples (‘t’
test and ‘Z’ test), Chi-square test, Analysis of variance- One-way and Two-way ANOVA.

Unit- 8: Correlation and regression

Use of correlation in biological science — purpose, positive correlation, negative correlation,
calculating correlation coefficient, significance. Use of Regression in Biological Sciences — purpose,
coefficient of regression (b), Regression line (Y on X and X on Y).

Essential Reading:

1. Fundamentals of Ecology by E. P. Odum and G. W. Barrett, Cengage Learning
Environmental Science by S. C. Santra, New Central Book Agency, India.
Ecology and Environment by P. D. Sharma, Rastogi Publications, India.
Fundamentals of statistics by S.C. Gupta, Himalaya Publishing House
Biostatistical analysis by J. H. Zar, Prentice Hall.

Quantitative Zoology by G. G. Simpson, A. Roe and Dover Publications.
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Supplementary Reading:
1. Ecology by P. J. Russell, S. L. Wolfe, P. E. Hertz, C. Starr and B. McMillan, Cengage Learning
2. Ecology: Principles and applications by J. L. Chapman and M. J. Reiss, Cambridge University
Press.
3. Modern statistics for the Life Sciences by A. Grafen and R. Hails, Oxford University Press.
4. An Introduction to Biostatistics by Thomas Glover and Kevin Mitchell, Waveland Pr Inc

LS 507 STRUCTURAL BIOLOGY 3 credits [3-0-0]

A familiarity with the NMR, X-ray, and computational techniques used to study macromolecular
structure, motions in macromolecules and the functional importance of dynamics, the basis for
various types of macromolecular interactions including protein- protein and protein-nucleic acid
interactions, evolutionary relationships of structural features, the determinants of protein structure
and an understanding of the current views of protein folding, the chemical basis for interactions with
enzyme inhibitors and other ligands. History of Structural Biology: X-ray crystallographic and NMR-
structure of Proteins, and Nucleic acids. Proposition of DNA double helical structure in
understanding the blue-print of life- Watson & Crick model. Fine structure of Proteins- fibrous,
globular and membrane proteins, Nucleosome and Chromatin structure. Cytoskeleton structure and
protein-protein Network, Muscle proteins. Structure of Heart, Lung and Brain.

Essential Reading:
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4. Textbook of Structural biology by Anders Lilgas, Lars Lilgas, Jui Piskur et al, World Scientific
Publisher
5. Advances in structural biology by S. K. Malhotra (Editor), Elsevier.
6. Membrane structural biology by Mary Luckey, Barnes and Noble Publisher.
LS 509 INTRODUCTION TO PROTEOMICS 3 credits [3-0-0]

Definition, classification, and scopes. The emergence of proteome concept: structural and functional
proteomes, protein structure related to functional kinetics, e.g. prions, bridging genomics to
proteomics. Transcriptomes: measurement of gene expression. Proteome analysis: by methods, 2-D
PAGE including protein detection on electro-blot membrane, mass spectrometry and
phosphorylation site analysis. Proteomics in relation to animal and plant health and welfare.

Essential Reading:

1. A Textbook of Protein and Proteomics, C Subramanian and Nandan Hazare, Dominant Pub.
2. Discovering Genomics, Proteomics and Bioinformatics (2" Edition), by A. Malcolm Campbell
and Laurie J. Heyer.

LS 511 GENETICS 4 credits [3-1-0]

Introduction to Genetics: Mendelism, Mendel and his experiments, Law of segregation, Law of
independent assortment, Application of laws of probability (product rule, sum rule), Chromosomal
basis of segregation and independent assortment.
Extensions of Mendelism: Codominance, incomplete dominance, gene interactions, pleiotropy,
genomic imprinting, penetrance and expressivity, phenocopy, linkage and crossing over, sex linkage,
sex limited and sex influenced characters.
Gene mapping methods: Linkage maps, tetrad analysis, mapping with molecular markers, mapping
by using somatic cell hybrids, development of mapping population in plants.
Extra chromosomal inheritance: Inheritance of Mitochondrial and chloroplast genes, maternal
inheritance.
Mutation: Types, causes and detection, mutant types — lethal, conditional, biochemical, loss of
function, gain of function, germinal verses somatic mutants, insertional mutagenesis. Deletion,
duplication, inversion, translocation, ploidy and their genetic implications. Homologous and non-
homologous recombination including transposition
Evolutionary genetics-Properties and evolution of genetic material flow of genetic information.
Molecular tools in phylogeny, classification and identification; Protein and nucleotide sequence
analysis; origin of new genes and proteins; Gene duplication and divergence. Populations, Gene
pool, Gene frequency; Hardy-Weinberg Law; concepts and rate of change in gene frequency through
natural selection, migration and random genetic drift; Adaptive radiation; Isolating mechanisms;
Speciation; Allopatricity and Sympatricity; Convergent evolution; Sexual selection; Co-evolution.
Essential Reading:
1. Principles of Genetics, E J Gardner, John Wiley & Sons Inc
2. Principles of Genetics, D.P. Snustad & M.J. Simmons, John Wiley and Sons Inc
3. The Science of Genetics, Alan G. Atherly, Jack R. Girton, John F. McDonald, Saunders College
Pub
Supplementary Reading:
1. Genetics: From Genes to Genomes by L. Hartwell, Leroy Hood, Michael Goldberg, Ann
Reynolds, Lee Silver, Ruth Veres
publisher: McGraw-Hill
2. Medical genetics by Lynn B. Jorde, John C. Carey, Michael J. Bamshad and Raymond L. White.

LS 512 DEVELOPMENTAL BIOLOGY 4 credits [3-1-0]

Basic Concepts of Development: Potency, commitment, specification, induction, competence,
determination and differentiation; morphogenetic gradients; cell fate and cell lineages; stem cells,
Gametogenesis, fertilization and early development: cell surface molecules in sperm-egg recognition
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in animals; embryo sac development and double fertilization in plants; zygote formation, cleavage,
blastula formation, embryonic fields, gastrulation and formation of germ layers in animals;
embryogenesis, and establishment of symmetry in plants; seed formation and germination.

Cell Aggregation and Differentiation; Axes and pattern formation in Drosophila, 103mmune103r103
and chick; organogenesis, development and regeneration in vertebrates; metamorphosis;
environmental regulation of normal development.

Morphogenesis and Organogenesis in Plants: Organization of shoot and root apical meristem; shoot
and root development, Programmed cell death, aging and senescence. Embryonic development,
cellular differentiation, organogenesis, metamorphosis.

Animal Physiology: Comparative physiology, the respiratory system: Comparison of respiration in
different species, anatomical considerations, transport of gases, exchange of gases, waste
elimination, neural and chemical regulation of respiration, circulatory system: cardiac cycle, heart as
a pump, blood pressure, neural and chemical regulation, digestive system: Digestion, absorption,
energy balance, BMR, the nervous system: Neurons, action potential, gross neuroanatomy of the
brain and spinal cord, central and peripheral nervous system, neural control of muscle tone and
posture, the excretory system, the endocrine system and reproductive system: Endocrine glands,
basic mechanism of hormone action, hormones and diseases; reproductive processes,
neuroendocrine regulation, the skeletal system.

Plant Physiology: Osmoregulation, Solute transport and photoassimilate translocation;
Photosynthesis: Light harvesting complexes; mechanisms of electron transport; CO, fixation,
Respiration and photorespiration: Citric acid cycle, plant mitochondrial electron transport and ATP
synthesis, alternate oxidase, photorespiratory pathway; Plant hormones and Sensory photobiology;
Responses of plants to biotic (pathogen and insects) and abiotic (water, temperature and salt)
stresses.

Essential Reading:
1. Developmental Biology by S.F. Gilbert, Sinauer Associates Inc.
2. Plant Physiology, Lincoln Taiz and Eduardo Zeiger, Sinauer Associates Inc.

LS 513 ENZYMOLOGY AND METABOLISM 4 credits [3-1-0]

Enzymology: Concept of Enzyme and mechanism of action. Classification of enzumes (OTHLyILi) and
nomenclature. Kinetics: derivation of Michaelis-Menten equation, L-B plot, Regulation of enzyme
activity, binding site and active site, Factors affecting the rate of enzymatic reaction, Enzyme kinetics
for mono- and bi-substrate reactions, Inhibitions —competitive, uncompetitive mixed and non-
competitive type, Allosteric regulation, covalent modifications, Isozymes, ribozymes, abzymes.
Enzyme inhibition and Mechanisms of inhibitors action

General Metabolism: Biogenetics and ATP, Oxidative and photo phosphorylation; Carbohydrate:
Glycolysis, TCA, Gluconeogenesis, Pentose phosphate pathway: Mechanism of selective reactions,
Radioisotope distribution study and regulation. Glycogen metabolism: Break down, synthesis,
hormonal control and regulation. Amino acids and protein: Catabolism of proteins and amino acids,
Urea cycle, Fate of carbon skeleton of amino acids, Mechanism of selective reactions. Biosynthesis of
amino acids: Nitrogen fixation, Biosynthesis of essential amino acids, and Mechanism of selective
reactions, Regulation. Biomolecules obtained from amino acids. Fatty acids: oxidation (Even, odd,
saturated and unsaturated) and Biosynthesis of fatty acids, tri-glycerides, phospholipids and sterols.
Regulation of fatty acid metabolism. Introduction, hydrolysis of tri-acylglycerols, a-, B-, w- oxidation
of fatty acids. Oxidation of odd numbered fatty acids — fate of propionate, role of carnitine,
degradation of complex lipids. Fatty acid biosynthesis, Acetyl CoA carboxylase, fatty acid synthase,
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ACP structure and function. Lipid biosynthesis, biosynthetic pathway for tri-acylglycerols,
phosphoglycerides, sphingomyelin and prostaglandins. Metabolism of cholesterol and its regulation.
Energetics of fatty acid cycle. Nucleic Acids: Biosynthesis and degradation of purine and pyrimidine,
nucleotides, Mechanism of selective reactions and regulation.

Essential Reading:
1. Methods in Enzymology, Academic Press.
2. Biochemistry by Donald Voet, Hardcover: 1616 pages, Publisher: Wiley
3. Lehninger Principles of Biochemistry; David L Nelson; Albert L Lehninger; Michael M Cox;
New York : W.H. Freeman

LS 514 FUNDAMENTAL OF GENETICS 3 credits [3-0-0]

Introduction to Genetics: Mendelism, Mendel and his experiments, Law of segregation, Law of
independent assortment, Application of laws of probability (product rule, sum rule), Chromosomal
basis of segregation and independent assortment, Chi-square test and its application in analysis of
genetic data

Extensions of Mendelism: Allelic variation and gene function- Dominance relationships, basis of
dominant and recessive mutations, Multiple allelism, allelic series, Testing gene mutations for
allelism: complementation test, intragenic complementation, Visible, sterile and lethal mutations,
Genotype to phenotype: effect of the environment on phenotype development- Penetrance and
expressivity, phenocopy, Gene interactions and modifying genes, Pleiotropy

Sex-linked inheritance, Linkage and crossing over, Genetic recombination and construction of
genetic maps in Drosophila, Interference and coincidence, Cytological demonstration of crossing
over in Drosophila, Mitotic recombination, Intragenic recombination, Inheritance of quantitative
traits, Continuous and discontinuous variation, Polygenic inheritance, Genetic variance, heritability
(narrow sense and broad sense), Cytoplasmic inheritance, maternal effects, inheritance due to
parasites and symbionts, Properties and evolution of genetic material, flow of genetic information.

Essential Reading:
1. Principles of Genetics, E J Gardner, John Wiley & Sons Inc
2. Principles of Genetics, D.P. Snustad & M.J. Simmons, John Wiley and Sons Inc

Supplementary Reading:

1. Genetics: From Genes to Genomes by L. Hartwell, Leroy Hood, Michael Goldberg, Ann
Reynolds, Lee Silver, Ruth Veres
publisher: McGraw-Hill

2. Maedical genetics by Lynn B. Jorde, John C. Carey, Michael J. Bamshad and Raymond L. White.

LS 530 AQUATIC BIOLOGY AND MARINE BIOTECHNOLOGY 4 credits [3-1-0]

Unit 1: Aquatic ecosystems

Definition, principles and scope of ecology in relation to aquatic ecosystem. Abiotic and biotic
factors. Freshwater ecology- 104mmune-chemical characteristics of freshwater, Marine ecology-
104mmune-chemical characteristics of marine environment, classification, thermal stratification,
marine communities. Estuarine and coastal ecology- Characteristics of estuaries, classification,
horizontal stratification, estuarine communities, adaptations. Mangrove ecosystems: special
features of mangrove habitats and distribution of plants and animals in mangrove ecosystems.

Unit 2: Productivity and benthos
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Primary productivity- gross and net productivity; methods employed for measuring productivity;
general account of productivity in different oceans. Factors affecting primary production: nutrients,
light, temperature, organic micro nutrients and inhibitors, grazing.

Plankton- role in aquatic ecosystem in relation to fisheries; qualitative and quantitative analysis of
plankton; eutrophication; red tide; phytoplankton — zooplankton relationships.

Benthos- classification and identification of major types and their role in aquatic production.

Unit 3: Aquatic microbiology and public health

Types of microbes- bacteria, fungi and viruses. Isolation and culture techniques, identification of
bacteria and fungi and maintaining their cultures. Methods of studying the marine microorganisms-
methods of collection, enumeration (total and viable counts), isolation, culture & identification
based on morphological, physiological and biochemical characteristics.

Diseases of cultivable organisms: signs, symptoms, prophylaxis and treatment.

Microbiology of fresh and processed fish; handling of fish- spoilage of fish and shellfish.

Unit- 4: Marine pharmacology
Marine Pharmacology: current status and prospects. Bioactive compounds from marine
environment: isolation, purification and identification of compounds.

Unit- 5: Fouling and boring organisms

Biofouling — biofilm, biocorrosion, corrosion process and control of marine structures. Bioinvasion
and ballast water. Marine fouling and boring organisms — their biology, adaptation — factors
influencing the settlement of macrofoulers.

Unit- 6: Aquaculture and fisheries technology

Application of microbial biotechnology in culture ponds- bioaugmentation, bioremediation for soil
and water quality improvement; nutrient cycling; probiotics, prebiotics and immunostimulants.
Tools for disease diagnosis in cultivable organisms — Enzyme 105mmune assays — Dot
immunobinding assay — Western blotting — Latex agglutination test — Monoclonal antibodies — DNA
based diagnosis.

Reproductive biotechnology- breeding biology and endocrine control of reproduction in fin fishes
and shell fishes.

Fish cytogenetics- application of genetics in aquaculture, hybridization of fishes, recent trends and
techniques in hybridization, selective breeding, cross breeding, development of disease resistance
and high quality new strains, transgenic fish production.

Chromosome manipulation- role in aquaculture, androgenesis, gynogenesis, sex reversal and
polyploidy. Cryopreservation.

Essential Reading:

1. Aquatic Ecosystems: Trends and global prospects by Nicholas V. C. Polunin, Cambridge
University Press.

2. Handbook of Fish Biology and Fisheries: 2 Volume Set by Paul J. B. Hart, John D. Reynolds,
Wiley.

3. Gene Expression and Manipulation in Aquatic Organisms by S. J. Ennion, G. Goldspink,
Cambridge University Press

4. Encyclopedia of Aquaculture by Stickney, R.R., John Wiley Sons Inc.

Supplementary Reading:
1. Fundamentals of Aquatic Ecology by R. S. K. Barnes, K. H. Mann, Wiley
2. New developments in marine biotechnology by Y. Le Gal, Y. Le Gal and H. O. Halvorson,
Springer US
3. Biochemical aspect of marine pharmacology by P. Lazarovici, Alaken Inc.
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LS 531 EPIGENETICS 4 credits [3-1-0]

Epigenesis and development: Concept of epigenetics, Epigenetic mechanisms and regulation of gene
expression; DNA-Methylation, Epigenome, Methylome. Histone Code: histone modifications
(acetylations, methylations, phosphorylations, sumoylations, uniquitylation etc.) and enzymatic
mechanisms. DNA-methyltransferases, Histone acetylases, histone deacetylases, (Histone) protein
arginine methyltransferases and demethylases, (Histone) protein lysine methyltransferases and
demethylases. Transcriptional silencing by polycomb group proteins and regulation by trithorax
group proteins. Histone variants, chromosome inheritance, X-chromosome inactivation. Genomic
imprinting, germ line and pluripotent stem cells. Epigenetics of human disese and epigenetic
determinants of cancer. Nuclear transplantation and the reprogramming of the genome. RNA
interference and regulation of gene expression (RNAi, microRNA, heterochromatin assembly).
Position-effect Variegation, heterochromatin formation and gene silencing in Drosophila

Essential Reading:

1. Epigenetics by C. David Allis, Thomas Jenuwein, Danny Reinberg and Marie-Laure Caparros,
Cold Spring Harbor Laboratory Press, CSH Press, NY, USA.
2. Epigenetics by Jorg Tost (Editor), Caister Academic Press.

LS 532 MOLECULAR MEDICINE 4 credits [3-1-0]

Overview of Drug Design; Drug targets and vaccine delivery, Cell differentiation, Proliferation and
gene expression; junctional components targeted by disease causing micro-organisms; diseases
associated with intercellular junctions including multiple sclerosis, type 1 diabetes, inflammatory
bowel diseases.

Introduction to Metabolic Disorders; Reproductive disorders, Cardiovascular diseases, Disorders in
hormonal action: Insulin dependent and independent diabetes, Importance of intracellular
trafficking and its related pathogenesis, Molecular endocrinology in health and disease.

Diseases; Current topics in fungal, parasitic, bacterial and viral diseases; Introduction to metabolic
disorders and metabolic profiling; Reproductive disorders; Cardiovascular diseases; Disorders in
hormonal action; Insulin dependent and independent diabetes, Molecular endocrinology in health
and disease.

Cancer; Basic biology and pathology of cancer, various types of cancers, Molecular epidemiology and
genetic susceptibility; Cell proliferation, transformation and cancer progression.

Essential Reading:

1. Molecular Medicine: An Introductory Text by Ronald J. Trent, Elsevier.
2. Science in Medicine: The JCI Textbook of Molecular Medicine American Society for Clinical
Investigation

LS 533 MARINE BIOTECHNOLOGY 3 credits [3-0-0]
Unit 1: Aquatic ecosystems
Definition, principles and scope of ecology in relation to aquatic ecosystem. Abiotic and biotic

factors. Freshwater ecology- Physico-chemical characteristics of freshwater, Marine ecology-
Physico-chemical characteristics of marine environment, classification, thermal stratification, marine
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communities. Estuarine and coastal ecology- Characteristics of estuaries, classification, horizontal
stratification, estuarine communities, adaptations.

Unit 2: Productivity and benthos

Primary productivity, gross and net productivity. Plankton and their role in aquatic ecosystem in
relation to fisheries; qualitative and quantitative analysis of plankton. Biomass , food webs, energy
flow. Benthos- classification and identification of major types and their role in aquatic production.
Methods of collection, preservation and identification of dominant types from different water
habitats.

Unit 3: Aquatic microbiology and public health

Types of microbes, bacteria, fungi and viruses. Isolation and culture techniques, identification of
bacteria and fungi and maintaining their cultures. Methods of studying the marine microorganisms-
methods of collection, enumeration (total and viable counts), isolation, culture & identification
based on morphological, physiological and biochemical characteristics. Microbiology in relation to
fish and prawn production. Biological factors of water-self purification. Technical means of
controlling microbial population in water.

Unit- 4: Marine pharmacology
Marine Pharmacology: Prospects — Bioactive compounds from marine environment: isolation,
purification and identification of compounds.

Unit- 5: Fouling and boring organisms

Biofouling — Biofilm formation. Marine fouling and boring organisms — their biology, adaptation —
Factors influencing the settlement of macrofoulers. Antifouling and Anti boring treatments.
Corrosion Process and control of marine structures.

Unit- 6: Aquaculture and fisheries

Application of microbial biotechnology in culture ponds, bioaugmentation, bioremediation for soil
and water quality improvement — nutrient cycling, bio-fertilization. Probiotics — Immunostimulants.
Regulation of bacterial growth.

Tools for disease diagnosis in cultivable organisms — Enzyme 107mmune assays — Dot
immunobinding assay — Western blotting — Latex agglutination test — Monoclonal antibodies — DNA
based diagnosis.

Hybridization of fishes, recent trends and techniques in hybridization, selective breeding, cross
breeding, development of disease resistance and high quality of new strains, transgenic fish
production. Chromosome manipulation, its role in aquaculture, androgenesis, gynogenesis, sex
reversal and tripoidy. Cryopreservation.

Essential Reading:

1. Aquatic Ecosystems: Trends and global prospects by Nicholas V. C. Polunin,
Cambridge University Press.

2. Handbook of Fish Biology and Fisheries: 2 Volume Set by Paul J. B. Hart, John D.
Reynolds, Wiley.

3. Gene Expression and Manipulation in Aquatic Organisms by S. J. Ennion, G.
Goldspink, Cambridge University Press

4. Encyclopedia of Aquaculture by Stickney, R.R., John Wiley Sons Inc.

Supplementary Reading:
1. Fundamentals of Aquatic Ecology by R. S. K. Barnes, K. H. Mann, Wiley
2. New developments in marine biotechnology by Y. Le Gal, Y. Le Gal and H. O.
Halvorson, Springer US
3. Biochemical aspect of marine pharmacology by P. Lazarovici, Alaken Inc.
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LS 534 INTRODUCTION TO EPIGENETICS 3 credits [3-0-0]

Epigenesis and development, Concept of epigenetics, Epigenetic mechanisms and regulation of gene
expression; DNA-Methylation, Epigenome, Methylome. Histone Code: histone modifications
(acetylations, methylations, phosphorylations, sumoylations, uniquitylation etc.) and enzymatic
mechanisms. DNA-methyltransferases, Histone acetylases, histone deacetylases, (Histone) protein
arginine methyltransferases and demethylases, (Histone) protein lysine methyltransferases and
demethylases. RNA interference and regulation of gene expression (RNAi, microRNA ETC)
Essential Reading:

1. Epigenetics by C. David Allis, Thomas Jenuwein, Danny Reinberg and Marie-Laure Caparros,

Amazon Publishers.
2. Epigenetics by Jorg Tost (Editor), Caister Academic Press.

LS 535 BASICS IN MOLECULAR MEDICINE 3 credits [3-0-0]

Principles of protein and nucleic acid structure.Overview of drug design and drug targets. Molecular
108mmunel08r in drug discovery. Computer representations of Molecules, chemical databases, cell
differentiation, proliferation and gene expression; junctional components targeted by disease
causing micro-organisms; diseases associated with intercellular junctions including multiple sclerosis,
type 1 diabetes, inflammatory bowel disease, and cancers of the breast, prostate and colon.

Introduction to metabolic disorders and metabolic profiling. Reproductive disorders. Cardiovascular
diseases. Disorders in hormonal action. Insulin dependent and independent diabetes. Ligand induced
108mmunel08r108 and gene expression in eukaryotic cells. Importance of intracellular trafficking
and its related pathogenesis. Molecular endocrinology in health and disease. Cancer and cell cycle.

Current topics in fungal, parasitic, bacterial and viral 108mmune108.Introduction to metabolic
disorders and metabolic profiling. Reproductive disorders. Cardiovascular diseases. Disorders in
hormonal action. Insulin dependent and independent diabetes. Ligand induced 108mmune108r108
and gene expression in eukaryotic cells. Importance of intracellular trafficking and its related
pathogenesis. Molecular endocrinology in health and disease. Cancer and cell cycle.Basic biology and
pathology of cancer, multifactorial etiology of cancer. Molecular epidemiology and genetic
susceptibility. Cell proliferation, transformation and cancer progression.

Essential Reading:

1. Molecular Medicine: An Introductory Text by Ronald J. Trent, Elsevier.
2. Science in Medicine: The JCI Textbook of Molecular Medicine American Society for Clinical
Investigation.

LS 536 RNAi, STEM CELLS AND ONCOGENOMICS 4 credits [3-1-0]

1. Concept of RNA interference (RNAiI), different types of regulatory RNA viz. miRNA, piRNA, IncRNA,
rasiRNA etc and their basics, biogenesis and regulatory roles.

2. What are Stem cells, Different types of stem cells (hESC, iPSC, mESC etc) and their role in tissue
regeneration

3. Role of RNAi in stem cell induction

4. What is oncogenomics? How is it influenced by Cancer Stem Cells (CSCs)?

5. The stem cell properties influenced by these regulatory RNAs.

6. Role of regulatory RNAs in CSCs and hence its role in oncogenomics

7. Current research progress in regenerative therapy by stem cells (overview on current research
findings, their significance and challenges)
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Essential Reading:

1. Regulatory RNAs: Basics, Methods and Applications. B. Mallick and Z. Ghosh, Springer-
Verlag, Heidelberg, Germany

LS 537 PROCESSING OF FOOD COMMODITIES 3 credits [3-0-0]

Objectives:
1) To study the processing methods for different food materials like fruits &

Vegetables, dairy products, cereals, meat, poultry, fish and bakery products
2) To study different innovative food processing techniques

Outcomes:
1) Students  will acquire  knowledge on the basics of food processing
2) Students will have a know-how on the various processing technologies involving fruits

and vegetables, dairy, cereals, meat, fish, egg and plantation products
3) Students to acquire basic knowledge on microbiology of food products
4) Students will have an overview of the possible arena of entrepreneurial activity related

to food products.

Unit | Fruits and vegetable processing

Production of Fruits and vegetables in India, Cause for heavy losses, preservation treatments —
Basics of Canning, Minimal processing and Hurdle technology as applied to Vegetable and Fruit
processing, Processing of fruit juices, Dehydration, Aseptic processing

Unit Il Cereal, Pulses and Oil seeds Technology

Rice milling, Pulse milling, Wheat milling — Qil extraction — Methods of manufacture of Bread —
different processes of manufacture — types of breads — buns, biscuits, cakes and cookies —Pasta
products

Unit lll Dairy processing

Basic dairy terminology, composition, General tests at reception, Dairy Processing — Method of
manufacture of Standardised, toned and double toned milk, milk powder — Method of manufacture
of dairy products — Icecream, Cheese, Paneer, Yoghurt - Pasteurisation and microorganisms involved
in spoilage of milk.

Unit IV Meat, Fish and Poultry processing
Meat composition from different sources, Definitions and measurements, Carcass Processing, Meat
Products, Processing of Poultry Products and Fish.

Unit V Plantation product technology

Processing of Tea, Coffee and Cocoa — Outline of the methods of manufacture of — green tea, black
tea, instant tea, Instant coffee, Cocoa and Chocolate. Outline of the methods of processing of
Pepper, cardamom, ginger, vanilla and turmeric.

Essential Reading:

1. Srivastava, R.P. and Kumar, S.: Fruit and Vegetable Preservation: Principles and Practices.
International Book Distributing Co. Lucknow (2™ Edition 1998).

2. Chakraverty, A., Mujumdar A.S., Raghavan G.S.V and Ramaswamy H.S. Handbook of Post-
harvest Technology: Marcel Dekker Press, USA (2001)
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3. Sukumar De. 2006. Outlines of Dairy Technology. Oxford University Press, New Delhi
LS 538 MAN AND MICROBES 3 credits [3-0-0]
Objectives:

1) To study the basic concepts of microorganisms
2) To study the utilization of microorganisms in various sectors

Outcomes:
1) Students to acquire knowledge on the basics of microbiology
2) Students will have know-how on the various uses of microorganisms.

3) Students to acquire basic knowledge on microbiology of food products
4) Students will have an overview of the possible arena of entrepreneurial activity related to
microbiology.

Syllabus

Unit I: Basics of microorganisms

Classification of microorganisms, shape and arrangement, structure and function of internal
organelles.

Unit Il: Microbes in Food and agriculture

Fermented foods, food spoilage and food borne diseases. Role of microbes in different
biogeochemical cycles, biofertilizers and biopesticides.

Unit lll: Microbes in medicines

Concept of pathogenesis, microbial prophylactic and therapeutic agents.

Unit IV: Microbes in bioenergy and war

Role of microbes in bioenergy production. Anthrax bacillus, Clostridium botulinum and aflatoxins
Unit V: Microbes in disposal and cleaning up

Role of microbes in waste water treatment, biodegradation and bioremediation

Suggested Reading:
1. John Postgate. 2000. Microbes and Man. Cambridge University Press.
2. Willey, Sherwood and Woolverton. 2008. Prescott, Harley, and Klein’s Microbiology.
McGraw-Hill International Edition. 7™ Edition. Singapore.
3. Pommerville, J.C. 2006. Alcamo’s Fundamentals of Microbiology. Jones and Bartlett
International Edition. USA.

LS 539 STEM CELL AND REGENERATIVE MEDICINE 3 credits [3-0-0]

Concept of stem cells; types of stem cells, totipotent and pluripotent stem cells; Embyronic stem
cells, Natural fertilization vs in-vitro fertilization and development of embryonic stem cells (ESCs);
molecular and genetic control of cell fate specification and differentiation; origins of totipotent and
pluripotent stem cells, sources of ESCs, ethical issues associated with embryonic stem cells, cells
responsible for regeneration; differences between wound healing and regeneration; Adult stem
cells and their location in the body; role of adult stem cells in homeostasis; comparison between
embryonic and adult stem cells; Cell fate and 110mmunell0r; Microenvironment, how cell
phenotype comes from genotype; transcription and translation; how a cell knows what to become;
Developing pluripotent stem cells; hematopoietic stem cell and its descendents: myeloid, erythroid
and lymphoid lineages; Reprogramming of Somatic Cells to induced pluripotent stem cells (IPSCs);
role of transcription factors in pluripotency, efficacy, safety of IPSCs; Application of iPS technology to
Regenerative Medicine.

Essential Reading:

1. Stem Cells: A Very Short Introduction; Jonathan Slack; Oxford University Press (2012)
2. Stem Cells; Eapen Cherian, G. Nandhini, Anil Kurian; Jaypee Brothers Medical Pub (2011)
3. Regulatory RNAs: Basics, Methods & Applications; B. Mallick & Z. Ghosh; Springer-Verlag (2012)
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LS 540 RESEARCH METHODOLOGY 3 credits [3-0-0]
Bio-Statistics

Unit 1: Collection and presentation of data
Statistics- definition, function, scope and limitations. Collection of biological data — sampling, aim,
techniques, random sampling and non-random sampling. Classification of data- frequency
distribution and tabulation. Tabulation of data and graphical representation- bar diagram, pie
diagram, frequency curve, histogram, Ogive.

Unit 2: Statistics of location and dispersion
Measures of central value- Mean, Median, Mode. Measures of dispersion- standard deviation,
standard error, coefficient of variation. Normal distribution, Skewness and Kurtosis.

Unit 3: Sampling statistics and testing of hypothesis
Sampling distribution, Sampling error, standard errors, degrees of freedom. Test of significance
based on large samples- procedure for testing hypothesis.

Unit 4: Correlation and regression

Use of correlation in biological science — purpose, positive correlation, negative correlation,
calculating correlation coefficient, significance, other types of correlation. Use of Regression in
Biological Sciences — purpose, regression coefficient Y, Regression line.

Unit 5: ‘t’ test, Chi square and ANOVA
Student ‘t’ test for mean, Chi-square test, Analysis of variance- One-way and Two-way ANOVA.

Unit 6: Use of computers in Bio-statistics

Use of computer in Bio-Statistics- Computation of Median, Variance, Standard Deviation, and
Correlation Coefficient etc. Application of statistical packages- MS Excel, SPSS etc.
Bio-Instrumentation

Unit 1: Chromatography
Paper, TLC, gel filtration, ion-exchange chromatography, affinity chromatography, HPLC and GLC

Unit 2: Microscopy
Optical microscopy, Bright field, Dark field, phase contrast and fluorescence microscopy. Electron
microscopy: Transmission and scanning electron microscopy.

Unit 3: Centrifugation
Principle of centrifugation, rotors, different types of centrifuges, preparative and analytical
centrifugation, ultra centrifugation

Unit 4: Electrophoresis
Gel electrophoresis, SDS-PAGE, isoelectric focusing, two-dimensional electrophoresis, 111mmune
electrophoresis, capillary electrophoresis

Unit 5: Spectroscopy
Atomic Absorption spectrophotometry, Mass spectrometry, NMR.

Essential Reading:
1. Fundamentals of statistics by S.C. Gupta, Himalaya Publishing House
2. Biostatistical analysis by J. H. Zar, Prentice Hall.
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3. Principles of Biochemistry and molecular biology by K. Wilson and J. Walker, Cambridge
University Press.

4. Principles of Instrumental analysis by D. A. Skoog and J. J. Leary, Saunders College Publishing,
Philadelphia

Supplementary Reading:
7. Modern statistics for the Life Sciences by A. Grafen and R. Hails, Oxford University Press
8. An Introduction to Biostatistics by Thomas Glover and Kevin Mitchell, Waveland Pr Inc
LS 542 BASIC BIOTECHNOLOGY 3 credits [3-0-0]

Definition and scope of biotechnology; branches of biotechnology; Bioprocess technology for the
production of cell biomass and primary/secondary metabolites, such as baker’s yeast, ethanol, citric
acid, amino acids, exopolysacharides, antibiotics and pigments etc; Regeneration of plants and
totipotency; Plant products of industrial importance; Biochemistry of major metabolic pathways and
products; Autotrophic and heterotrophic growth; Plant growth regulators and elicitors; Cell
suspension culture development; Production of secondary metabolites by plant suspension cultures;
Hairy root cultures and their cultivation; generation of transgencies and their application in
agriculture; Cloning in animals; Genetic engineering; transgenic animals; Animal cell preservation;
Genomics and its application to health and agriculture, including gene therapy

Essential Reading:

1. Introduction to Biotechnology (2™ Edition); William J. Thieman and Michael A. Palladino;
Benjamin Cummings (2008).

2. Introduction to Plant Biotechnology; H.S. Chawla; Science Publishers, 2002

LS 575 APPLIED BIOINFORMATICS LABORATORY 2 credits [0-0-3]

Visualizing and understanding biological data formats, such as genbank flat file, genpept, fasta,
nexus, pdb etc.

Exploring nucleotide and protein databases: GenBank, EMBL, DDBJ, PIR-PSD, SwissProt,
TrEMBL/GenPept.

Visualizing and understanding 3D structure of macromolecules by molecular viewers: RasMol, Cn3D,
Swiss-PDB Viewer

Sequence comparisons & alignment

Estimating protein secondary structure and physical attributes: Proteolytic digestion mapping,
molecular weight and amino acid composition determination, isoelectric point estimation,
hydrophobicity and hydrophobic moment determinations, surface probability and antigenicity
mapping, and secondary structure prediction.

Introduction to molecular phylogenetics: Clustering techniques, Hierarchial & non-hierarchial,
Bootstrapping, Interpretation of phylogenetic trees.

Comparative genomics and gene prediction

Pattern matching

Designing of primers for PCR; ldentification of restriction enzyme maps for molecular biology
applications and other genomics and proteomics analysis tools embedded in the Genomics
Workbench

Prediction of secondary & tertiary structure of proteins

Immunoinformatics concepts and tools

Structural bioinformatics (Homology modeling)

Molecular docking and Drug design

Vaccine design

Exploring EMBOSS series, NCBI tools and other tools

Essential Reading:
Bioinformatics: Principles and Applications by Z. Ghosh and B. Mallick, Oxford University Press.
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LS 581 CANCER BIOLOGY 4 credits [3-1-0]

Introduction to mammalian cell culture and applications; what is Cancer? Profile of a Cancer Cell;
How Cancers Spread; Identifying the causes of Cancer: Chemicals and Cancer, Radiation and
Cancer, Infectious Agents and Cancer, Heredity and Cancer; Oncogenes, Tumor Suppressor Genes
and Cancer Overview; Chromosome heterogeneity, micro satellite instability, Epigenetic basis of
cancer, DNA-methylation and histone modifications associate to cancer; Cancer stem cell:
identification, property and therapeutic implication; tumor evolution, escape from non-immune and
immune surveillance. Immunoediting, role of immunological ignorance and tolerance in tumor
escape, Regulatory lymphocytes in cancer; Cancer Screening, Diagnosis, and Treatment; Preventing
Cancer.

Essential Reading:

1. Principles of Cancer Biology: International Edition; Lewis J. Kleinsmith, Pearson Higher
Education

2. Cancer Stem Cells: Identification and Targets, Sharmila A. Bapat, Wiley

3. Cancer immunotherapy: immune suppression and tumor growth , George C. Prendergast
and Elizabeth M. Jaffee, Academic Press
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DEPARTMENT OF MATHEMATICS
DETAILED SYLLABI OF COURSES

Sub. Code Subject L-T-P Credits
MA 101 Differential Equations 3-1-0 4
MA 102 Matrix theory, Vector Calculus and Fourier Analysis 3-1-0 4
MA 201 Probability, Statistics and Numerical Methods 3-1-0 4
MA 202 Complex Analysis and Partial Differential Equations 3-1-0 4
MA 205 Calculus 3-1-0 4
MA 206 Introduction to Complex Analysis and PDEs 3-1-0 4
MA 207 Introduction to Numerical Analysis 3-1-0 4
MA 208 Analysis-I 3-1-0 4
MA 270 Numerical Methods Laboratory 0-0-3 2
MA 301 Group Theory 3-1-0 4
MA 311 Linear Algebra 3-0-0 3
MA 312 Real Analysis 3-0-0 3
MA 313 Complex Analysis and Transform Techniques 3-0-0 3
MA 321 Discrete Mathematics 3-1-0 4
MA 322 Linear Programming 3-1-0 4
MA 332 Probability 3-1-0 4
MA 372 Statistics Laboratory 0-0-3 2
MA 373 Laboratory Works on Latex, and Matlab 0-0-3 2
MA 401 Real Analysis 3-1-0 4
MA 402 Measure Theory 3-1-0 4
MA 403 Linear Algebra 3-1-0 4
MA 404 Functions of a Complex Variable 3-1-0 4
MA 405 Partial Differential Equations 3-1-0 4
MA 407 Topology 3-1-0 4
MA 413 Analysis-II 3-1-0 4
MA 423 Discrete Mathematics 3-0-0 3
MA 424 Operations Research 3-0-0 3
MA 426 Elementary Stochastic Processes with Applications 3-0-0 3
MA 431 Mathematical Methods 3-0-0 3
MA 432 Finite Difference Methods 3-0-0 3
MA 433 Finite Element Methods 3-0-0 3
MA 438 Dynamical Systems 3-1-0 4
MA 470 Laboratory works on Real Life Problems — | 0-0-3 2
MA 471 Object Oriented Programming Practice Laboratory 0-0-3 2
MA 472 Research Paper Review 0-0-3 2
MA 481 Departmental Seminar — | 0-0-3 2
MA 482 Departmental Seminar — I 0-0-3 2
MA 501 Abstract Algebra 3-1-0 4
MA 502 Functional Analysis 3-1-0 4
MA 503 Theory of Rings and Fields 3-1-0 4
MA 504 Introduction to Several Complex Variables 3-1-0 4
MA510 Calculus of Several Variables 3-1-0 4
MA 511 Differential Geometry 3-1-0 4
MA 512 Fourier Analysis 3-1-0 4
MA 513 Differential Topology 3-1-0 4
MA514 Rings and Modules 3-1-0 4
MA 515 Homotopy Theory 3-1-0 4
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MA 516 Operator Theory 3-1-0 4
MA 517 Lie Algebra 3-1-0 4
MA 518 Advanced Complex Analysis 3-1-0 4
MA 519 Multi-Linear Algebra 3-1-0 4
MA 520 Automata Theory 3-1-0 4
MA 521 Combinatorics 3-1-0 4
MA 522 Operations Research 3-1-0 4
MA 523 Discrete Mathematics 3-1-0 4
MA 524 Statistical Methods 3-1-0 4
MA 525 Elementary Stochastic Processes with Applications 3-1-0 4
MA 527 Fractuals 3-1-0 4
MA 529 Information Theory 3-1-0 4
MA 531 Boundary Layer Theory 3-1-0 4
MA 532 Numerical Solutions of Partial Differential Equations 3-1-0 4
MA 534 Geometry of Robotics 3-1-0 4
MA 540 Singular Homology Theory 3-1-0 4
MA 542 Tensor Analysis 3-1-0 4
MA 544 Category Theory 3-1-0 4
MA 546 Differentiable Manifolds 3-1-0 4
MA 548 Field Theory 3-1-0 4
MA 549 Algebraic Geometry 3-1-0 4
MA 550 Coding Theory 3-1-0 4
MA 551 Numerical Analysis 3-1-0 4
MA 552 Fuzzy Logic and Set Theory 3-1-0 4
MA 553 Optimization Techniques 3-1-0 4
MA 554 Graph Theory with Algorithms 3-1-0 4
MA 555 Stochastic Processes 3-1-0 4
MA 556 Number Theory 3-1-0 4
MA 558 Sampling Techniques 3-1-0 4
MA 560 Mathematical Methods 3-1-0 4
MA 561 Lie Groups & Applications to ODEs & PDEs 3-1-0 4
MA 562 Finite Volume Methods for Hyperbolic PDEs 3-1-0 4
MA 563 Wavelets and Applications 3-1-0 4
MA 564 Integral Transforms 3-1-0 4
MA 565 Fractional Order Calculus 3-1-0 4
MA 566 Fractional Differential Equations and Fractional Order 3-1-0 4
Models
MA 567 Theory of Vibrations 3-1-0 4
MA 568 Mathematics of Soft Computing 3-1-0 4
MA 569 Perturbation Methods 3-1-0 4
MA 571 Statistical Methods Laboratory 0-0-3 2
MA 572 Laboratory Works on Real Life Problems — I 0-0-3 2
MA 574 Laboratory Works on NSPDE 0-0-3 2
MA 591 Research Project — | 0-0-6 4
MA 592 Research Project — Il 0-0-9 6
MA 593 Seminar & Technical Writing — | 0-0-3 2
MA 594 Seminar & Technical Writing — Il 0-0-3 2
MA 595 Short term Industrial/Research Experience 0-0-3 2
MA 596 Comprehensive Viva Voce 0-0-3 2
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MA 101 DIFFERENTIAL EQUATIONS 4 credits [3-1-0]

Differential equations: First-order differential equations: Basic concepts and ideas, Separable
equations, Exact equations, Integrating factors, Linear differential equations, Bernoulli equation,
Orthogonal trajectories of curves. Applications to physical problems, Linear differential equations of
second and higher order: Homogeneous linear equations of second order, Euler-Cauchy equation,
Solution by undermined coefficients and variation of parameters, Higher order linear differential
equations. Applications to physical problems. Series solutions of differential equations and special
functions: Power series method, Legendre’s equations and functions, Frobenius method, Bessel’s
equation and functions, Sturm-Liouville problems, Orthogonal functions, Orthogonal eigen-function
expansions, Applications to physical problems. Laplace transforms: Laplace transform, Inverse
Laplace transforms, Solution of differential equations, Differentiation and integration of transforms,
Integral equations.

Essential Reading:
1. E. Kreyszig, Advanced Engineering Mathematics, Wiley India Pvt. Ltd. 2007 Chapters:
Chapter 1 (excluding 1.9), 2, 3, 4, 5.

MA 102 MATRIX THEORY, VECTOR CALCULUS AND FOURIER 4 credits [3-1-0]
ANALYSIS

Matrix theory: Linear Systems and equations, Gauss elimination, Rank of a matrix, Linear
independence, Vector space, Solutions of linear systems, Existence, uniqueness, Cramer’s rule,
Inverse of a matrix, Gauss-Jordon elimination, Vector spaces, Inner product spaces, Linear
transformations. Eigen values, Eigen vectors, Symmetric, skew-symmetric and orthogonal matrices,
Complex matrices: Hermitian, skew- Hermitian, and unitary matrices, Similarities of matrices, Basis
of eigenvector, Diagonalisation ; Vector calculus: Vector differential calculus: Grad, div, curl, Vector
algebra in 2-space and 3-space, Inner product (dot product), Vector product (cross product), Vector
and scalar functions and fields, Derivatives, Curves, tangents are length, Velocity and acceleration,
Curvature and torsion of a curve, Gradient of a scalar field, Directional derivative, Divergence of a
vector field, Curl of a vector field. Vector integral calculus: Line integrals, Line integral independent
of path, Double Integrals, Green’s theorem in the plane, Surfaces and surface integrals, Triple
integrals: Divergence theorem of Gauss, Further applications of the divergent theorem, Stoke’s
theorem ; Fourier Analysis: Fourier series, Integrals and transforms: Fourier series, Functions of any
period p = 2L, Even and odd functions: Half-range expansions, Complex Fourier series, Forced
oscillations, Approximation by trigonometric polynomials, Fourier integrals, Fourier cosine and sine
transforms, Fourier transform.

Essential Reading:
1. E. Kreyszig Advanced Engineering Mathematics, Wiley India Pvt. Ltd. 2007 Chapters : 6 (6.3 —
6.8),7,8,9,and 10.

MA 201 PROBABILITY, STATISTICS AND NUMERICAL METHODS 4 credits [3-1-0]

Probability and Statistics: Probability theory: Probability, Random variables, Probability
distributions, Mean and variance of distributions, Binomial, Poisson and Hyper-geometric
distributions, Normal distribution, Distributions of several random variables, Mathematical statistics,
Random sampling, Estimation of parameters, Confidence intervals, Testing of hypothesis, Decisions,
Quality control, Acceptance sampling, z-test for goodness of fit, Nonparametric tests, Regression
analysis, Fitting of straight lines, Correlation analysis. Numerical Methods: Numerical methods in
general: Floating point, Round-off, error, Propagation of error, Interpolation, Splines, Numerical
integration and differentiation. Numerical methods in linear algebra: Gauss elimination, LU-
Factorization, Matrix inversion, Linear systems: Solution by iteration, Linear systems: lll-conditioning,
Norms, Method of least squares, Matrix eigen value problems, Inclusion of matrix eigen values,
Eigen values by iteration (Power method), Tridiagonalization and QR-factorization, Numerical
methods for differential equations: Methods for first-order differential equations, Multistep
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methods, Methods for systems and higher order equations, Methods for elliptic partial differential
equations, Methods for parabolic and hyperbolic equations.

Essential Reading:
1. E.Kreyszig, Advanced Engineering Mathematics, Wiley India Pvt. Ltd. 2007Chapters: 17,
18,19, 22 (excluding 22.4), 23.

MA 202 COMPLEX ANALYSIS AND PARTIAL DIFFERENTIAL 4 credits [3-1-0]
EQUATIONS

Complex Analysis: Derivative. Analytic function, Cauchy Riemann equations, Laplace’s equation,
Geometry of analytic functions, Exponential function, Trigonometric functions, Hyperbolic functions,
Logarithm, General power, Conformal mapping, Linear fractional transformations. Complex
integration, Line integral in the complex plane, Cauchy’s Integral Theorem, Cauchy’s Integral
Formula, Derivative of Analytic functions, Power series, Taylor series, Sequences, Series,
Convergence tests, Functions Given by power series, Taylor series and Maclaurin series, Uniform
convergence. Laurent series, Residue integration, Laurent series, Singularities and zeros infinity,
Residue integration methods, Evaluation of real integrals. Partial Differential Equations: Basic
concepts, Modeling of vibrating string, Wave equation, Separation of variable, Use of Fourier series,
D’Alembert’s solution of the wave equation, Heat equation, Solution by Fourier Series, Solution by
Fourier integral and transforms, Modeling: Membrane, Two-dimensional wave equation,
Rectangular membrane. Use of double Fourier series, Laplacian in polar coordinates, Circular
membrane, Use of Fourier—Bessel series, Laplace’s equation in cylindrical and spherical coordinates,
Potential, Solution by Laplace transforms.

Essential Reading:
1. Erwin Kreyszig, Advanced Engineering Mathematics, Wiley India Pvt. Ltd. 2007
Chapters: 11, 12 (12.3 -12.9), 13,14, 15.

MA 205 CALCULUS 4 credits [3-1-0]

Real numbers, Real sequences, Convergence of sequences and series of real numbers, Limits,
Continuity of functions, Differentiability, Rolle's theorem, Mean value theorem, Taylor's theorem,
Maxima, Minima, Points of inflection, Asymptotes and curvature, Definite integral as limit of a sum,
Properties of definite integrals, Application of definite integrals, Power series, Test of convergence,
Alternating series, Absolute convergence, Partial derivatives, Gradient and directional derivatives,
Chain rule, Lagrange multipliers.

Essential Reading:

1. G.B. Thomas and R.L. Finney, Calculus and Analytical Geometry (9" Edition), ISE Reprint,
Addison-Wesley, 1998.

Supplementary Reading:
1. N. Piskunov, Differential and Integral Calculus, GK Publishers, 1996.

MA 206 INTRODUCTION TO COMPLEX ANALYSIS AND PDES 4 credits [3-1-0]
Complex Analysis: Derivative. Analytic function, Cauchy Riemann equations, Laplace’s equation,
Geometry of analytic functions, Exponential function, Trigonometric functions, Hyperbolic functions,
Logarithm, General power, Conformal mapping, Linear fractional transformations. Complex
integration, Line integral in the complex plane, Cauchy’s Integral Theorem, Cauchy’s Integral
Formula, Derivative of Analytic functions, Power series, Taylor series, Sequences, Series,

Convergence tests, Functions Given by power series, Taylor series and Maclaurin series, Uniform

118



DEPARTMENT OF MATHEMATICS

convergence. Laurent series, Residue integration, Laurent series, Singularities and zeros infinity,
Residue integration methods, Evaluation of real integrals.

Partial Differential Equations: Classification of integrals, Linear equations of PDEs, Charpits method,
Jacobi method, Method of Characteristics, Quasi linear PDEs, Nonlinear first order PDEs,
Classification of second order PDEs, Methods for Wave equation, Heat equation and Laplace
equation

Essential Reading:

1. R.V.Churchil and Brown, Complex variables and applications, Tata McGraw Hill, 1990.
2. T.Amaranath, An Elementary course in Partial Differential Equations, Narosa, 2009.

MA 207 INTRODUCTION TO NUMERICAL ANALYSIS 4 credits [3-1-0]

Definition and sources of errors, Propagation of errors, Backward error analysis, Sensitivity and
conditioning, Stability and accuracy, Floating-point arithmetic and rounding errors. Nonlinear
equations, Bisection method, Newton's method and its variants, Fixed point iterations, Convergence
analysis. Newton's method for non-linear systems. Finite differences, Polynomial interpolation,
Hermite interpolation, Spline interpolation, B-splines. Numerical integration, Trapezoidal and
Simpson's rules, Newton-Cotes formula, Gaussian quadrature, Richardson Extrapolation IVP: Taylor
series method, Euler and modified Euler methods, Runge-Kutta methods, Multistep methods,
Predictor-Corrector method Accuracy and stability,

Essential Reading:

1. S. D. Conte and Carl de Boor, Elementary Numerical Analysis - An Algorithmic Approach, 3™
Edition, McGraw Hill, 1980.
Supplementary Reading:

1. K. E. Atkinson, Introduction to Numerical Analysis, 2nd Edition, John Wiley, 1989.

MA 208 ANALYSIS -I 4 credits [3-1-0]

Metric spaces: Open sets, Closed sets, Continuous functions, Completeness, Cantor intersection
theorem, Baire category theorem, Compactness, Totally boundedness, Finite intersection property.

Functions of several variables: Differentiation, inverse and implicit function theorems. Rlemann-
Stieitjes integral: Definition and existence of the integral, Properties of the integral, Differentiation
and integration.

Sequence and Series of functions: Uniform convergence, Uniform convergence and continuity,
Uniform convergence and integration, Uniform convergence and differentiation. Equicontinuity,
Ascoli’s Theorem.

Essential Reading:

1. W.Rudin, Principles of Mathematical Analysis, McGraw-Hill, 1986.
2. H.L. Royden, Real Analysis, Macmillan, 1988.

MA 270 NUMERICAL METHODS LABORATORY 2 credits [0-0-3]

Experiments to be handled using FORTRAN/C **/JAVA

1. Bisection Method
2. Method of false position and secant method
3.  Newton-Raphson method
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4. Method of successive approximation

5. Gaussian elimination method

6. Gauss-Seidel iterative method

7. Inversion of a matrix

8. Eigen values and eigen vectors

9. Lagrange’s interpolation

10. Newton’s forward and backward interpolation
11. Everette’s formula

12. Numerical differentiation

13. Trapezoidal rule of integration

14. Simpson’s one-third rule

15. Simpson’s three-eighth rule

16. Euler’s method

17. Improved Euler’s method

18. Runge-Kutta second and fourth order methods
19. Predictor-corrector methods

20. Taylor series method

MA 301 GROUP THEORY 4 credits [3-1-0]

Groups, Subgroups, Centralizers, Normalizers, Stabilizers, Kernels, Cyclic groups, Subgroups
generated by a subset of a group, Quotient groups, Lagrange’s theorem, Homomorphisms,
Isomorphism theorems, Composition series, Solvable groups, Nilpotent groups, Symmetric group,
Alternating group, Group actions, Permutation representations, Automorphisms, p-groups, The
Sylow theorems, Simplicity of the Alternating group, Direct products of groups, Fundamental
theorem of finitely generated abelian groups, Groups of small orders, Rings, Ring homomorphisms,
Ideals, Ring of fractions, The Chinese remainder theorem, Euclidean domains, Principal domains,
Unique factorization domains, Matrix rings, Polynomial rings, Irreducible Criteria, Eisenstein’s
criterion.

Essential Reading:
1. D.S.Dummit & R. M. Footee, Abstract Algebra, Wiley, 2008

Supplementary Reading :
1. N. Herstien, Topics in Algebra, Wiley, 2008
2. 1. ). Rotman, An Introduction to the Theory of Groups, Springer, 1999.

MA 311 LINEAR ALGEBRA 3 credits [3-0-0]

Vector spaces, Bases and dimensions, Change of bases and change of coordinates, Sums and direct
sums, Quotient spaces. Linear transformations, Representation of linear transformations by
matrices, Dual spaces, Invariant subspaces, Direct-sum decomposition, Cyclic subspaces and
Annihilators, The minimal polynomial, The rational and Jordan canonical forms, Inner product
spaces, Orthonormal bases, Gram-Schmidt process. Adjoint operators, Normal, unitary, and self-
adjoint operators, Spectral theorem for normal operators.

Essential Reading:
1. K. Hoffman and R. Kunze, Linear Algebra, Prentice Hall of India, 1996.

Supplementary Reading:

1. G. Schay, Introduction to Linear Algebra , Narosa, 1997.
2. G.C. Cullen, Linear Algebra with Applications, Addison Wesley, 1997.
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MA 312 REAL ANALYSIS 3 credits [3-0-0]

The real number system : Elementary logic, The field axioms, the axiom of order, geometric
representation of real numbers.

Metric sets and limits : Metric sets, Interior points and boundary points of a set, open sets and
closed sets, limit point of a set, sequences, monotonic sequences, Cauchy sequences, limit of a
function.

Continuity and Differentiation: Continuous functions, uniform continuity, mean value theorem for
derivatives, the total differential, the directional derivative.

Integration : Step functions, upper and lower integral of a bounded function, integral of a bounded
function, interchange of limits, the fundamental theorem of differential and integral calculus.

Essential Reading :
1. J.M. Howie, A First Course in Real Analysis, Springer, 2001

MA 313 COMPLEX ANALYSIS AND TRANSFORM TECHNIQUES 3 credits [3-0-0]

Analytic functions, Line integral, Cauchy’s integral theorem and integral formula, Taylor and Laurent
series, Residue theorem and applications, Bilinear transformations, Fourier transformations, Fourier
transforms (exp, sin, cos), Laplace transforms, Inversion integrals, Convolution, Applications.

Essential Reading:

1 R. V. Churchil and Brown, Complex variables and applications, Tata McGraw Hill, 1990.
Supplementary Reading:

1 Erwin Kreyszig, Advanced Engineering Mathematics, Wiley India Pvt. Ltd. 2007.

2 L.N. Sneddon, The use of integral transforms, Tata MCGraw Hill, New Delhi, 1974.

MA 321 DISCRETE MATHEMATICS 4 credits [3-1-0]

The language of sets: The concept of a set, Operations with sets, Computer operations with sets,
The cardinality of a set, Recursively defined sets.

Functions and Matrices: The concept of a function, Special functions, Properties of functions, The
pigeonhole principle, Composition of functions, Matrices.

Induction and algorithms: The division algorithm, Divisibility properties, Mathematical Induction,
Algorithm correctness, The growth of functions,

Recursion: Recursively defined functions, Solving recurrence relations, Generating functions,
Recursive algorithms.

Combinatorics and Discrete probability: The fundamental counting principles, Permutations,
derangements, Combinations, Permutations and combinations with repetitions, The binomial
theorem, The generalized inclusion and exclusion principle, Discrete probability.

Relations: Boolian matrices, Relations and digraphs, Computer representations of relations,

Properties of relations, Operations on relations, The connectivity relations, Equivalence relations,
Partial and total orderings.
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Graphs: Computer representation of graphs, Paths, cycles and circuits, Eulerian and Hamiltonian
graphs, Planner graphs, graph colouring, Trees: Spanning trees, Binary trees, Binary search trees.

Boolean algebras and combinatorial circuits: Boolean algebras, Boolean functions, Logic gates,
Combinatorial circuits.

Essential Reading :
1. T. Koshy, Discrete Mathematics with Applications, Academic Press (An Imprint of Elsevier)
First Indian Reprint 2005

MA 322 LINEAR PROGRAMMING 4 Credits [3-1-0]

Linear Programming : Lines and hyperplanes, convex sets, convex hull and their properties -
Formulation of a Linear Programming Problem - Theorems dealing with vertices of feasible regions
and optimality - Graphical solution - Simplex method ( including Big M method and two phase
method); infeasible and unbounded LPP's, alternate optima - Dual problem and duality theorems -
Dual simplex method and its application in post optimality analysis - Revised simplex method -
Sensitivity analysis - parametric programming .

Transportation problem: Introduction - existence of solution - degeneracy - MODI method (including
the theory) - Assignment problem - Hungarian method for solving assighment problems - travelling
salesman problem.

Integer Programming : Gomory’s cutting plane method for an integer linear programming problem
and a mixed integer linear programming problem.

Theory of Games: Introduction — Minimax (maximin) — Criterion and optimal strategy — Solution of
games with saddle points — Rectangular games without saddle points — 2 X 2 games — dominance
principle —m X 2 & 2 X n games —graphical method.

Dynamic programming : Multistage decision process - Concept of sub optimization - Principle of
optimality - Computational procedure in dynamic programming -Application to problems involving
discrete variables, continuous variables and constraints involving equations and inequalities -
application to linear programming problem

Essential Reading :
1. H.ATaha, AnIntroduction to Operations Research , PHI

Supplementary Reading:

1. Kambo, Mathematical Progamming Techniques, East-West Publi., Delhi
2. Kanti Swarup et. al., Operations Research, Sultan Chand and Co.,
3. S.D.Sharma, Operations Research, Kedarnath.
4. J.K.Sharma, Operation Research, MacMilan.
5. Hiller and Libermann, Introduction to Operation Research, TMH.
6. Wayne L.Winston, Operation Research, Thomson BrooCole.
MA 332 PROBABILITY 4 Credits [3-1-0]

Axiomatic definition of probability, Theorems on probability. Conditional probability and
independence. Bayes’s theorem, Geometric probability. Random variables, their properties. Some
standard discrete and continuous variables. Mathematical expectation, variance, moments, moment
generating function. Chebyshev's inequality. Functions of a r.v., their distributions and moments.
Joint, marginal and conditional distributions, independence of random variables. Law of large
numbers, Central limit theorem, Correlation and regression: Simple, multiple and partial. Sampling
distributions. Estimation of parameters : Maximum likelihood and method of moments. Properties
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of best estimates. Testing of hypotheses, Neyman-Pearson Lemma, standard tests for one and two
sample problems.

Essential Reading:

1 V.K. Rohatgi and A.K. Md Ehsanes Saleh, An Introduction to Probability and Statistics, John
Wiley and sons

Supplementary Reading:
1 S.C. Gupta and V.K. Kapoor, Fundamentals of Mathematical Statistics , Sultan Chand and
Sons, New Delhi.
2 W.J. DeCoursey, Statistics and Probability with Engineering Application, John Wiley and Sons
Ltd.s

3 T.T.Soong, Fundamentals of Probability and Statistics for Engineers, John Wiely and Sons Ltd
4 Douglas C. Montgomery, George C. Runger, Applied Statistics and Probability for Engineers,
Third Edition
MA 342 DIFFERENTIAL GEOMETRY 4 Credits [3-1-0]

Vector Fields: height of the level set, level curves, Integral curve, smooth vector field, The tangent
Space: tangent to the level set, gradient, Surfaces: Hyperplane, Lagrange multiplier, Vector Fields on
Surfaces, maximal integral curve, orientation and its consistency, Osculating plane, Serret Frenet
formula, Singular points and their classification Gauss, The Gauss map spherical image, one-sheeted
hyperboloid, Geodescis: maximal geodesic, great circle, Parallel Transport, covariant derivative and
acceleration, Fermi derivative, The Weingarten Map: shape operator, geodesic flow, Curvature of
plane curves: center of curvature, radius of curvature, Isometries, Intrinsic differentiation, Gauss-
Kronecker curvature, translation, rotation, Funda-mental theorem on curves, Riemannin metrics:
Hyperbolic metric, Stereographic projection, Poincare metric, affine and Riemannian connection and
covariance derivation, Applications of differential geometry in engineering and sciences.

Essential Reading:
1. J. A. Thorpe, Elementary Topics in Differential Geometry (Springer), 2004.

MA 372 STATISTICS LABORATORY 2 Credits [0-0-3]

Classification of raw data

Computation of arithmetic mean by different methods

Computation of geometric mean and harmonic mean for ungrouped and grouped data
Computation of quartiles, deciles and percentiles

Computation of mean deviation and quartile deviation

Computation root mean square deviation and standard deviation

Computation of raw moments and central moments

Computation of Karl Pearson’s coefficient of correlation

© N U WDNPRE

Testing if the mean of a normal population is equal to a given value
10. Testing the equality of two population means

11. Testing if the variance of a normal population is equal to a given value
12. Testing the equality of two population variances

MA 373 LABORATORY WORKS ON LATEX AND MATLAB 2 Credits [0-0-3]

Introduction to Latex- Latex symbols- Type setting- Figures and Tables inserting — Formatting.
Introduction to Mathematica and Matlab- Matrix computation using Matlab- Solving algebraic and
differential equations using Mathematica and Matlab. Plotting graphs .
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MA 401 REAL ANALYSIS 4 Credits [3-1-0]

Numerical sequences and series: Convergent sequences, Subsequences and Cauchy sequences,
Special sequences, Upper and lower limits, Series of non-negative terms, Root and ratio tests,
Summation by parts, Absolute convergence, Rearrangements, Continuity: Continuity and
compactness and connectedness, Monotonic functions, Differentiation: The Mean value theorem,
Continuity of derivatives, L'Hospital’s rule, Taylor's Theorem, Differentiation of Vector-valued
functions, The Riemann-Stieltjes integral: Definition, existence and properties, Integration and
differentiation, Integration of vector-valued function, Sequence and series of functions: Uniform
convergence and continuity, Differentiation and integration, Equi-continuous family of functions,
The Stone-Weierstrass theorem, Functions of several variables: Linear transformations,
Differentiation, The contraction principle, The inverse and implicit function theorems, The rank
theorem, Derivatives of higher order, Differentiation of integrals

Essential Reading:
1. W. Rudin, Principles of Mathematical Analysis, McGraw Hill, 1986.

Supplementary Reading:
1. F. Morgan, Real Analysis, AMS Bookstore, 2005.

MA 402 MEASURE THEORY 4 Credits [3-1-0]

Outer measure, Measurable sets and Lebesgue measure, Nonmeasurable sets, Measurable
functions, Littlewood'’s three principles, The Riemann integral, The Lebesgue integral of a bounded
function over a set of finite measure, The integral of a nonnegative function, The general Lebesgue
integral, Convergence in measure, Differentiation of monotone functions, Functions of bounded
variation, Differentiation of an integral, Absolute continuity, Convex functions, The L° spaces, The
Minkowski and Holder inequalities, Convergence and completeness, Approximation in L°, Bounded
linear functionals on the L" spaces.

Essential Reading:
1. E.D.Benedetto, Real Analysis: Foundations and Applications, Springer, 2002
2. H.L. Royden, Real Analysis (Third Edition), Macmillan Publishing Company, 1988
3. G. De. Barra, Measure Theory and Integration, Horwood Publishing Corporation, 2003.

MA 403 LINEAR ALGEBRA 4 credits [3-1-0]

Vector spaces, Bases and dimensions, Change of bases and change of coordinates, Sums and direct
sums, Spanning sums and independence, The dimension of a vector space, The complexification of a
real vector space, Quotient spaces. Linear transformations, The kernel and image of a linear
transformation, The rank and nullity theorem, Change of bases for linear transformations, Linear
functionals, Representation of linear transformations by matrices, Dual spaces, Second dual,
Reflexive spaces, Invariant subspaces, Direct-sum decomposition, Cyclic subspaces and Annihilators,
The minimal polynomial, The rational and Jordan canonical forms, Inner product spaces,
Orthonormal bases, Gram-Schmidt process. Adjoint operators, Normal, unitary, and self-adjoint
operators, Spectral theorem for normal operators.

Essential Reading:
1. K. Hoffman and R. Kunze, Linear Algebra, PHI, 1971.
2. S.roman, Advanced Linear Algebra, Springer, 2007.

MA 404 FUNCTIONS OF A COMPLEX VARIABLE 4 credits [3-1-0]

Spherical representation of extended complex plane, Analytic functions, Branches of multiple-valued
functions, Cauchy’s theorem, Singularities, The Argument principle, Calculus of residues, Harmonic
functions, Poisson’s formula, The reflection principle, Conformal mappings, Geometry of Mobius
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transformations, Open mapping theorem, The Maximum modulus theorem, Schwarz’s lemma,
Partial fractions and factorization, Stirling’s formula, Jensen’s formula, Hadamard’s theorem.

Essential Reading:
1. L. V. Ahlfors, Complex Analysis (McGraw Hill International), 1979
2. ). B. Conway, Functions of One Complex Variable (Springer), 1978
3. W. Rudin, Real and Complex Analysis (McGraw-Hill), 1986

MA 405 PARTIAL DIFFERENTIAL EQUATIONS 4 credits [3-1-0]

Origin of first order partial differential equations, Cauchy’s problem, Linear equations, Integral
surfaces passing through a given curve, Surfaces orthogonal to a given system of surfaces, Nonlinear
partial differential equations of the first-order, Cauchy’s method of characteristics, Compatible
systems of first-order equations, Charpit’s method, Special types of first-order equations, Solutions
satisfying given conditions, Jacobi’s method, Origin of second order partial differential equations ,
Second and higher order equations in physics, Linear partial differential equations with constant
coefficients, Equations with variable coefficients, Characteristic curves of second-order equations,
Characteristics of equations in three variables, Solution of linear hyperbolic equations, Separations
of variables, Integral transforms method, Nonlinear equations of second-order. Laplace’s equation:
The occurrence of Laplace’s equation in physics, Elementary solutions of Laplace’s equations, Family
of equipotential surfaces, Boundary value problem, Problems with axial symmetry, Kelvin inversion
theorems, theory of green's function for Laplace equation.

Essential Reading:
1. L.N. Sneddon: Elements of Partial Differential Equations, Dover, 2006

MA 407 TOPOLOGY 4 credits [3-1-0]

Topological spaces and continuous functions: Topological spaces, Basis for a topology, Order
topology, Product topology, Subspace topology, Closed sets and limit points, Continuous functions,
Homeomorphism, Metric topology, Quotient topology, Connectedness and compactness: Hausdorff
spaces, Connected spaces, Connected subspaces of the real line, Compactness and local
connectedness, Compact spaces, Compact subspaces of the real line, Limit point compactness, Local
compactness, Countability and separation axioms: Countability axioms, Separation axioms, Normal
spaces, Regular spaces, Completely regular spaces, Urysohn lemma, Urysohn metrization theorem,
Tietze extension lemma, The Tychonoff theorem: Compactification, One-point compactification, The
Stone-Cech compactification, Metrization theorems and paracompactness, Local finiteness,
Complete metric spaces and function spaces: Compactness in metric spaces, Pointwise and compact
convergence, Ascoli,s theorem, Baire’s spaces and dimension theory, A nowhere differentiable
function, Applications of topology in engineering and sciences.

Essential Reading:
1. J. R. Munkres: Topology: (Pearson Prentice Hall), 2005

MA 413 ANALYSIS-II 4 credits [3-1-0]

Functions on Euclidean spaces, continuity, differentiability; partial and directional derivatives, Chain
Rule, Inverse Function Theorem, Implicit Function Theorem. Riemann Integral of real-valued
functions on Euclidean spaces, measure zero sets, Fubini's Theorem. Partition of unity, change of
variables. Integration on chains, tensors, differential forms, Poincare Lemma, singular chains,
integration on chains, Stokes' Theorem for integrals of differential forms on chains. (general
version). Fundamental theorem of calculus. Differentiable manifolds (as subspaces of Euclidean
spaces), differentiable functions on manifolds, tangent spaces, vector fields, differential forms on
manifolds, orientations, integration on manifolds, Stokes' Theorem on manifolds.

Essential Reading:
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1. V. Guillemin and A. Pollack, Differential Topology, Prentice-Hall Inc., Englewood Cliffe, New
Jersey, 1974.
Supplementary Reading:

1. W. Fleming, Functions of Several Variables, 2nd Ed., Springer-Verlag, 1977.

2. J.R. Munkres, Analysis on Manifolds, Addison-Wesley, 1991.

3.  W. Rudin, Principles of Mathematical Analysis, 3rd ed., McGraw-Hill, 1984.

4. M. Spivak, Calculus on Manifolds, A Modern Approach to Classical Theorems of Advanced
Calculus, W. A. Benjamin, Inc., 1965.

MA 423 DISCRETE MATHEMATICS 3 credits [3-0-0]

The language of sets: The concept of a set, Operations with sets, Computer operations with sets, The
cardinality of a set, Recursively defined sets: Functions and Matrices: The concept of a function,
Special functions, Properties of functions, The pigeonhole principle, Composition of functions,
Matrices. Induction and algorithms: The division algorithm, Divisibility properties, Mathematical
Induction, Algorithm correctness, The growth of functions, Recursion: Recursively defined functions,
Solving recurrence relations, Generating functions, Recursive algorithms, Combinatorics and Discrete
probability: The fundamental counting principles, Permutations, derangements, Combinations,
Permutations and combinations with repetitions, The binomial theorem, The generalized inclusion
and exclusion principle, Discrete probability. Relations: Boolian matrices, Relations and digraphs,
Computer representations of relations, Properties of relations, Operations on relations, The
connectivity relations, Equivalence relations, Partial and total orderings. Graphs: Computer
representation of graphs, Paths, cycles and circuits, Eulerian and Hamiltonian graphs, Planner
graphs, graph colouring, Trees: Spanning trees, Binary trees, Binary search trees. Boolean algebras
and combinatorial circuits: Boolean algebras, Boolean functions, Logic gates, Combinatorial circuits.

Essential Reading:
1. T. Koshy, Discrete Mathematics with Applications, Academic Press (An Imprint of Elsevier)
First Indian Reprint 2005

MA 424 OPERATIONS RESEARCH 3 credits [3-0-0]

Convex sets, Supporting and separating hyperplanes, Convex polyhedron and polytope, Convex
functions, , Linear programming model, Graphical solution, The simplex method, Artificial variables,
The Big-M method, Degeneracy and cycling, Dual of an LPP, The dual simplex method,
Transportation and assignment Problems: Balanced transportation problem, Unbalanced
transportation problem, Basic feasible solution by north-west corner rule, Row minima and column
minima methods, Vogel’s approximation method, Solution of TP, Assignment problem, Hungarian
method of assignment, Queuing Theory: Introduction, Components of a queuing problem,
Classification of queues, Steady, Transient and explosive states of a queue, Roles of Poisson process
and exponential distribution in queuing theory, Queuing models, (M/M/1:0/FIFO) Model,
Distribution of waiting time and time spent by an unit in the system, (M/M/1:N/FIFO) model,
(M/M/c:0/FIFO) model, (M/M/c:N/FIFO) model, (M/E,/1:00/FIFO) model, (M/E,/1:00/FIFO) model,
(M/E/1:1/FIFO) model, Real life examples of queuing models.

Essential Reading:
1. H.A.Taha, Operations Research, Prentice Hall, 1997

Supplementary Reading:
1. N.S. Kambo, Mathematical Programming Techniques, East West Press, 1997.

MA 426 ELEMENTORY STOCHASTIC PROCESS WITH 3 credits [3-0-0]
APPLICATIONS
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(Prerequisite: MA-201)

Definition and examples of stochastic processes, Classifications of stochastic processes, Markov
chains, Definition and examples, Transition Probability matrices, Classification of states of a Markov
chain, Determination of higher order transition probabilities, stability of a Markov chain, Graph
theoretic approach, Markov chains with denumerable number of states, Reducible Markov Chains,
Markov chains with continuous state spaces, General pure birth and death processes, Renewal
processes, Renewal processes in continuous time, renewal equation, Renewal theorems, Residual
and excess lifetime, Renewal reward processes, Regenerative renewal processes, Stochastic
processes in queuing, General concepts of queuing systems, Steady state and transient behavior,
Birth and death process in queuing theory, Network of Markovian queuing systems.

Essential Reading :
1. J. Medhi, Stochastic Processes, New Age Publishers, 2007.

MA 431 MATHEMATICAL METHODS 3 credits [3-0-0]

Bessel Equation: General solution of Bessel equation, Recurrence relations, Orthogonal sets of
Bessel functions, Modified Bessel functions, Applications.

Legendre equation: General solution of Legendre equation, Legendre polynomials, Associated
Legendre polynomials, Rodrigues formula, Orthogonality of Legendre polynomials, Application.

Green's function: Concept and calculation of Green's function, Approximate Green's function,
Green's function method for differential equations.

Fourier Series, Generalized Fourier series, Fourier Cosine series, Fourier Sine series, Fourier integrals.
Fourier transform, Laplace transform, Z-transform, Hankel transform, Mellin transform. Solution of
differential equation by Laplace and Fourier transform methods.

Essential Reading:

1. G. N. Watson, A Treatise on the Theory of Bessel Functions, Cambridge University Press,
1944,
2. G.F.Roach, Green's Functions, Cambridge University Press, 1995.

3. A.D. Poularikas, The Transforms and Applications Handbook, CRC Press, 1996.
4. J. W. Brown and R. Churchill, Fourier Series and Boundary Value Problems, McGraw Hill,
1993.
MA 432 FINITE DIFFENCE METHODS 3 credits [3-0-0]

Iterative methods for linear systems: Classical iterative methods (Jacobi, Gauss-Seidel and
successive overrelaxation (SOR) methods), Krylov subspace methods; GMRES, Conjugate-gradient,
biconjugate-gradient  (BiCG), BiCGStab methods, preconditioning techniques, parallel
implementations.

Finite difference method: Explicit and implicit schemes, consistence, stability and convergence, Lax
equivalence theorem, numerical solutions to elliptic, parabolic and hyperbolic partial differential
equations.

Essential Reading:
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1. D.S. Watkins, Fundamentals of Matrix Computations, Second Edition, Wiley-interscience,
New York, 2002.

2. Joe D. Hoffman, Numerical methods for Engineers and Scientist, McGrow-Hill, 1993.

3. A. Quarteroni and A. Valli, Numerical Approximation of Partial Differential Equations,
Springer, 1994.

4. K. Atkinson and W. Han, Theoretical Numerical Analysis: A Functional Analysis Frame-work,
Springer-Verlag, New York, 2001.

MA 433 FINITE ELEMENT METHODS 3 credits [3-0-0]
Basic concept of the finite element method, Integral formulations and variational methods, The Lax-
Milgram theorem, The abstract Galerkin method, Piecewise polynomial approximation in Sobolev
spaces, Finite elements, Numerical quadrature, Applications to autonomous and non-autonomous
problems, Optical error bounds in energy norms, Variational crimes, Apriori error estimates. The
discontinuous Gaterkin methods, Adaptive finite element, The Autin-Nitscte duality argument, A
posteriori error analysis.

Essential Reading:
1. C. Johnson, Numerical Solution of Partial Differential Equations by the Finite Element
Method, Cambridge Universityh Press, 1987.
2. J.N. Reddy, An Introduction to Finite Element Method, McGraw Hill, 1993

Supplementary Reading :
1. P. G. Ciarlet, The Finite Element Method for Elliptic Problems, North-Holland, Amsterdam,
1978.
2. K. Erikssen et al., Computational Differential Equations, Cambridge University Press, 1996.
3. C.A.l. Fletcher, Computational Galerkin Methods, Springer-Verlag, New-York inc, 1984.

MA 438 DYNAMICAL SYSTEMS 4 credits [3-1-0]
Review of stability for linear systems. Flow defined by nonlinear systems of ODEs, linearization and
stable manifold theorem. Hartman-Grobman theorem. Stability and Lyapunov functions. Planar
flows: saddle point, nodes, foci, centers and non-hyperbolic critical points. Gradient and Hamiltonian
systems. Limit sets and attractors. Poincare map, Poincare Benedixson theory and Poincare index.

Essential Reading:

1. L. Perko, Differential Equations and Dynamical Systems, Springer Verlag, NY, 1991.
Supplementary Reading:

1. V.l Arnold, Ordinary Differential Equations, Prentice Hall of India, New Delhi, 1998.
2. M.W. Hirsch and S. Smale, Differential Equations, Dynamical Systems and linear Algebra,
Academic Press, NY, 1974.

MA 470 LABORATORY WORKS ON REAL LIFE PROBLEMS - | 2 credits [0-0-3]
MA 471 OBIJECT ORIENTED PROGRAMMING PRACTICE 2 credits [0-0-3]
LABORATORY

Computational works are to be done on the following 12 topics.

Finding all topologies from a 4-point set

Income tax calculation

Calculation of quintiles

Drawing all random samples from a given population and finding the unbiased estimate of
the population mean and the variance

Calculation of central moments

6. Computations of roots of algebraic and transcendental equations by four methods

PWNPE
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7. Interpolation by four methods

8. Numerical integration and numerical solution of differential equations
9. Listing all primes and twin primes up to certain number

10. Listing all divisors of certain numbers

11. Finding the determinant and inverse of a matrix

12. Finding eigen values and eigen vectors of a given matrix

MA 501 ABSTRACT ALGEBRA 4 Credits [3-1-0]

Groups, Subgroups, Centralizers, Normalizers, Stabilizers, Kernels, Cyclic groups, Subgroups
generated by a subset of a group, Quotient groups, Lagrange’s theorem, Homomorphisms,
Isomorphism theorems, Composition series, Solvable groups, Nilpotent groups, Symmetric group,
Alternating group, Group actions, Permutation representations, Automorphisms, p-groups, The
Sylow theorems, Simplicity of the Alternating group, Direct products of groups, Fundamental
theorem of finitely generated abelian groups, Groups of small orders, Rings, Ring homomorphisms,
Ideals, Ring of fractions, The Chinese remainder theorem, Euclidean domains, Principal domains,
Unique factorization domains, Matrix rings, Polynomial rings, Irreducible Criteria, Eisenstein’s
criterion.

Essential Reading:
1. D.S.Dummit & R. M. Footee, Abstract Algebra, Wiley, 2008

Supplementary Reading:
1. 1. N. Herstien, Topics in Algebra, Wiley, 2008
2. J.J. Rotman, An Introduction to the Theory of Groups, Springer, 1999

MA 502 FUNCTIONAL ANALYSIS 4 Credits [3-1-0]

Normed spaces, Banach spaces, Further properties of normed spaces, Finite dimensional normed
spaces and subspaces, Compactness and finite dimension, Bounded and continuous linear operators,
Linear functionals, Linear operators and functionals on finite dimensional spaces, Normed spaces of
operators, Dual spaces, Inner product spaces, Hilbert spaces, Further properties of inner product
spaces, Representation of functionals on Hilbert spaces, Hilbert-adjoint operator, Self-adjoint,
unitary and normed operators, Fundamental theorems for normed and Banach spaces: Zorn’s
lemma, Hahn-Banach theorem, Hahn-Banach theorem for complex vector spaces and normed
spaces, Adjoint operators, Reflexive spaces, Topological vector spaces.
Essential Reading:

1. Y. Eidelman, V.D. Milman, A. Tsolomitis, Functional Analysis: An Introduction, AMS

Bookstore, 2004
2. E. Kreyszig, Introductory Functional Analysis with Applications, Willey, 1978

MA 503 THEORY OF RINGS AND FIELDS 4 Credits [3-1-0]

Simple groups and solvable groups, nilpotent groups, simplicity of alternating groups, composition
series, Jordan-Holder Theorem. Semidirect products. Free groups, free abelian groups.

Rings, Examples (including polynomial rings, formal power series rings, matrix rings and group rings),
ideals, prime and maximal ideals, rings of fractions, Chinese Remainder Theorem for pairwise
comaximal ideals.

Euclidean Domains, Principal Ideal Domains and Unique Factorizations Domains. Poly-nomial rings
over UFD's.

Fields, Characteristic and prime subfields, Field extensions, Finite, algebraic and finitely generated
field extensions, Classical ruler and compass constructions, Splitting fields and normal extensions,
algebraic closures. Finite fields, Cyclotomic fields, Separable and inseparable extensions.
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Galois groups, Fundamental Theorem of Galois Theory, Composite extensions, Examples (including
cyclotomic extensions and extensions of finite fields). Norm, trace and discriminant. Solvability by
radicals, Galois' Theorem on solvability. Cyclic extensions, Abelian extensions, Trans-cendental
extensions.

Essential Reading:

1. M. Artin, Algebra, Prentice Hall of India, 1994.

2. D.S. Dummit and R. M. Foote, Abstract Algebra, 2nd Ed., John Wiley, 2002.

3. J.A. Gallian, Contemporary Abstract Algebra, 4th Ed., Narosa, 1999.

4. N.Jacobson, Basic Algebra I, 2nd Ed., Hindustan Publishing Co., 1984, W.H. Freeman, 1985.

MA 504 INTRODUCTION TO SEVERAL COMPLEX VARIABLES 4 credits [3-1-0]

Review of the theory of functions of one complex variables; Holomorphy, power series in several
complex variables, Hartogs property; Domains of holomorphy, plurisubharmonic functions,
pseudoconvex domains; Entire functions, weighted L2 spaces, Bergman projectors for L2 spaces with
guadratic plurisubharmonic weights; Applications: Berezin-Toeplitz quantization, Catlin-D'Angelo-
Quillen Theorem, analytic proof of the Nullstallensatz; Solving the 0 equation in L2 spaces with
global plurisubharmonic weights; Fefferman/Boutet de Monvel-Sjostrand asymptotics for Bergman
projectors for "nonlinear" weights; Quick introduction to complex manifolds, complex line bundles
and powers of line bundles; Applications of Bergman kernel asymptotics: Kodaira's embedding
theorem and the Catlin-Tian-Yau-Zelditch asymptotics.

Essential Reading:

(1) Hormander, L., Introduction to Complex Analysis in Several Variables, 3rd ed., North-
Holland, 1990

(2) Krantz, S. G., Function Theory of Several Complex Variables, AMS Chelsea Publishing, 2001.

(3) Rudin, W., Function Theory in the Unit Ball of Cn, Springer-Verlag, 1980

MA 510 CALCULUS OF SEVERAL VARIABLES 4 credits [3-1-0]

Euclidean Space: Vector space, Definition of euclidean space, Orthinormal basis, The dual and
second dual, Norms in the dual, The space L(E, F), Open sets, Closed sets, Completeness, Borel
covering theorem, Equivalence of norms, Connected open sets.
Mappings and their duals: Continuous mappings, Definition of differentials, Differentiability implies
continuity, Special cases, Function of class C', Mappings of class C', Composition of differentiable
mappings, Higher differentials.
Mappings into reals: Taylor’'s theorem for one variable, Taylor’s theorem for n variables, Absolute
maxima and minima, Volume of a set, Integral on a closed interval, Condition for integrability,
Integral on an open set, Iterated integral, Volume of n-ball, Interchange of order of integration with
differentiation.
Main theorems on mappings: Regular elements in L(E, F), Inverse of a mapping, Implicit function
theorem, Determinant, Oriented volume, Change of variables in integration.
Essential Reading:

1. S.Salas and G.J. Etgen, Calculus: Several Variables, John Wiley, 2003
T. P. Dick, C. M. Patton, Calculus of Several Variables, PWS Pub. Co., 1995

MA 511 DIFFERENTIAL GEOMETRY 4 credits [3-1-0]

Vector Fields: height of the level set, level curves, Integral curve, smooth vector field, The tangent
Space: tangent to the level set, gradient, Surfaces: Hyperplane, Lagrange multiplier, Vector Fields on
Surfaces, maximal integral curve, orientation and its consistency, Osculating plane, Serret Frenet
formula, Singular points and their classification Gauss, The Gauss map spherical image, one-sheeted
hyperboloid, Geodescis: maximal geodesic, great circle, Parallel Transport, covariant derivative and
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acceleration, Fermi derivative, The Weingarten Map: shape operator, geodesic flow, Curvature of
plane curves: center of curvature, radius of curvature, Isometries, Intrinsic differentiation, Gauss-
Kronecker curvature, translation, rotation, Funda-mental theorem on curves, Riemannin metrics:
Hyperbolic metric, Stereographic projection, Poincare metric, affine and Riemannian connection and
covariance derivation, Applications of differential geometry in engineering and sciences.

Essential Reading:
1. J. A.Thorpe, Elementary Topics in Differential Geometry (Springer), 2004.

MA 512 FOURIER ANALYSIS 4 credits [3-1-0]

Fourier series and integral: Fourier coefficient and series, Criteria for point-wise convergence,
Fourier series of continuous functions, Convergence in norm, Summability methods, The Fourier
transforms of L! functions, The Fourier transform on L?, p > 2, The convergence and summability of
Fourier integrals. The Hardy-Littlewood maximal functions: Approximation of the identity, Weak-
type inequalities and almost everywhere convergence, The Marcinkiewicz interpolation theorem,
The Hardy-Littlewood maximal function, The dyadic maximal function. The Hilbert transform: The
conjugate Poisson kernel, The theorems of M. Riesz and Kalmogrov, Truncated integrals and point-
wise convergence, Multipliers

Essential Reading:
1. J. Duoandikoetxea, Fourier Analysis: AMS Bookstore, 2001.

MA 513 DIFFERENTIAL TOPOLOGY 4 credits [3-1-0]

Manifolds and Smooth Maps: Derivatives and tangents, The inverse function theorem and
immersions, submersions, transversability, homotopy and stability, Sard’s theorem and Morse
functions, embedding manifolds into Euclidean spaces, Simplicial surfaces: Simplices, Simplicial
complexes, Simplicial surfaces, The Euler characteristic, Proof of the classification of compact and
connected surfaces, Smooth surfaces, Tangent and normal vectors, First fundamental forms,
Directional derivatives. Coordinates free, Dirtectional derivatives-coordinates, Length and area,
Isometries, Transversality and interactions: Manifolds with boundaries, one-manifolds and some
consequences, Transversality and interaction theorem mod 2, winding numbers and the Jordan-
Brouwer separation theorem, Oriented interaction theorem: Motivation, orientation, oriented
interaction number, Lefschetz fixed-point theory, Vector fields and the Poincare-Hopf theorem, The
Hopf degree theorem, The Euler characteristic and triangulations, Intergration on manifolds:
Introduction, exterior algebra, differential forms, interior of manifolds, exterior derivatives,
cohomology with forms, Stokes’ theorem, Integration and mappings, the Gauss-Bonnet theorem.

Essential Reading:
1. D. B. Gauld, Differential Topology: An Introduction, Dover Publication 2006.

MA 514 RINGS AND MODULES 4 credits [3-1-0]
Ring of continuous functions, matrix rings, polynomial rings, power series rings, Laurent rings,
Boolean rings, Direct products, local rings, prime fields, Euclidean domains, PID, Unique factorization
domains, Eisenstein’s criteria, modules, direct sum, free modules, quotient modules, simple
modules, homomorphisms, module’s over PID’s, Artinian modules, Noetherian modules, Artian

rings, Noetherian rings, Nil Radicals, Jacobson radicals.

Essential Reading:
1. C. Musili, Introduction to Rings and Modules, Narosa,

MA 515 HOMOTOPY THEORY 4 credits [3-1-0]
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Brouwer Fixed point theorem, categories, Functors, Natural transformations, Natural equivalence,
Homtopy, Convexity, Contrctibility, Mapping cylinder and cones, Paths and path connected spaces,
Affine spaces, Affine maps, Homotopy as equivalence relation, Contractible Spaces, Homotopy of
maps, Homotopy classes, Homotopically equivalent spaces with examples, Fundamental Groups,
Induced maps and homomorphisms, Lifting property, Calculation of first homotopy groups, Function
spaces, Group objects and cogroup objects, Loop space and suspension, Exact sequence of
homotopy groups, Homotopy lifting property, Homotopy extension property, Fibrations and
cofibrations, CW-complexes and their examples, attaching of maps, Homotopy groups of CW-
complexes, The effect on the homotopy groups of a cellular extension, Spaces with prescribed
homotopy groups, Weak homotopy equivalences and CW-approximation Homotopy extension and
classification theorems, Study of some cases where homotopy theory is applied in electrical
engineering.

Essential Reading:
1. J. Rotman, Algebraic Topology, Springer-Verlag, 2004

MA 516 OPERATOR THEORY 4 credits [3-1-0]

Banach Spaces: The Banach space of continuous functions, Abstract Banach spaces, The conjugate
space of continuous linear functionals, Examples of Banach spaces: c,, I' and I, Weak topologies on
Banach spaces, The Alaoglu theorem, The Hahn-Banach theorem, The conjugate space of C([0,1]).
The open mapping theorem, The Lebesgue spaces: L' an L*, The Hardy spaces: H' and H”, Banach
algebras: The Banach algebra of continuous functions, Abstract of Banach algebras, Abstract index in
a Banach algebra, The space of multiplicative linear functions, The Gelfand transform, The Gelfand-
Mazur theorem, The Gelfand theorem for commutative Banach algebras, The spectral radius
formula, The Stone-Weirstrass theorem, The generalized Stone-Weirstrass theorem, The disk
algebra, The algebra of functions with absolutely convergent Fourier series, The algebra of bounded
measurable functions, Geometry of Hilbert space: Inner product spaces, The Cauchy-Schwarz
inequality, The Pythagorian theorem, Hilbert spaces, Examples of Hilbert Spaces: C", I?, L?, and H%
The Riesz-Representation Theorem, The existence of orthogonal bases, The dimension of Hilbert
spaces, Operators on Hilbert space and C -algebras: The adjoint operators, Normal and self-adjoint
operators, Projections and subspaces, Multiplication operators and maximal abelian algebras, The
bilateral shift operators, C -algebras.

Essential Reading:
1. R.G. Douglas: Banach Algebra Techniques in Operator Theory, Springer, 1998

MA 517 LIE ALGEBRA 4 credits [3-1-0]

Definitions and examples, Solvable and nilpotent Lie algebras, Simple and semi-simple Lie algebras,
Levi's theorem, Idealizer and centralizer, Derivation of a Lie algebra, Structure constant, Special
linear algebra, Lie groups and Lie algebras, Classical groups and their Lie algebras, Cartan-Killing
form, Root-space decomposition of a Semi-simple Lie algebra, Properties of root space, Simple root
system and classification of finite dimensional complex Semi-simple Lie algebra, Cartan matrix, root
diagrams, Dynkin diagrams, Weyl group of a root system, Weyl reflection, Real forms of Lie algebras
and their classification through Satake and Vogan diagram, Applications of Lie groups and Lie
algebras to robotics, Genetic coding, Control theory, Computer vision, Particle physics.

Essential Reading:

1. K. Erdmann, M. J. Wildon, Introduction to Lie Algebras, Springer 2006

MA 518 ADVANCED COMPLEX ANALYSIS 4 credits [3-1-0]

Compactness and Convergence in the space of analytic functions, Riemann mapping theorem,

Reflection principle, Weierstrass factorization theorem, The Reimann zeta function, Runge’s

theorem, Simple connectedness, Picard’s little theorem and Picard’s big theorem, Normal families,

Equicontinuity, Arzela’s theorem, Normality and continuity, Conformal mapping of polygons, The
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Schwarz-Christiffel formula, Harnock’s of harmonic functions, Diridhlet’s principle, The Weierstrass
P-function, Analytic continuation, The Monodromy theorem, Picard’s theorem, Lacunary values.

Essential Reading:
1. L. V. Ahlfors, Complex Analysis (Mc-Graw Hill International)

Supplementary Reading:
1. J. B. Conway, Functions of One Complex Variable (Narosa).
2. M. Rao & H. Stetkaer, Complex Analysis: An Invitation (World Scientific)

MA 519 MULTI LINEAR ALGEBRA 4 credits [3-1-0]

Tensor product: Multilinear mappings of vector spaces, Existence and universal property of the
tensor product, Commutativity and associativity of the tensor product, The tensor product in terms
of coordinates, Tensor products and spaces of linear mappings, Tensor algebras: Covariant,
contravariant and mixed tensors, Classical definition and notation of a tensor in terms of
coordinates, Structure tensor of an algebra, Mixed tensor algebra, Universal property of the tensor
algebra, symmetry and alteration, Exterior algebra: Exterior powers and p-vectors, Alternation
operator, Exterior powers of linear mappings, Exterior algebra, Duality and p-forms, Exterior algebra,
duality in exterior algebra, applications to vector space bundles, exterior differentiation, Tensor
products and standard algebras: Graded vector spaces, graded algebra, the graded tensor algebras,
commutative algebra, the exterior algebra of a finite dimensional vector spaces, Grassman algebras:
Alternate k-linear functions, exterior multiplications, homogeneous elements, decomposable
elements, Recent developments.

Essential Reading:
1. R. Merris, Multilinear Algebra, (CRC Press) 1997

MA 520 AUTOMATA THEORY 4 credits [3-1-0]

Finite Automata, Regular expressions, equivalence of finite automata and expressions, Moore and
Mealy Machines, Properties of regular sets: Pumping lemma, closure properties and decision
algorithms, Minimizing finite automata, Context-free grammars, Pushdown automata

Essential Reading:
1. J. E. Hopcroft & J. D. Ullman, Introduction to Automata theory, Languages and computations
(Narosa)

MA 521 COMBINATORICS 4 credits [3-1-0]

Graphs, Trees, Colorings of graphs and Ramsey’s theorem, The addressing problem for graphs, The
principle of inclusion and exclusion, inversion formulae, Permanents, Elementary counting, Stirling
numbers, Recursions and generating functions, Partitions, (0,1)-matrices, Latin squares, Hadamard
matrices, 1 Designs, Codes and designs, Strongly regular graphs and partial geometries, Orthogonal
Latin squares, Projective and combinatorial geometries, Gaussian numbers and g-analogues, Lattices
and Mobius inversion, Combinatorial designs and projective geometries.

Essential Reading:
1. V. K. Balakrishnan, Theory and Problems of Combinatorics, McGraw Hill, 1994
2. J.H.Van Lint and R.M. Wilson, A Course in Combinatorics, Cambridge University Press, 2001.

MA 522 OPERATIONS RESEARCH 4 credits [3-1-0]

Nonlinear programming problem: Kuhn-Tucker optimality conditions and convex programming:
Kuhn-Tucker first order optimality conditions, Second order optimality conditions, Lagrange’s
method, Convex programming problem, Sufficiency of Kuhn-Tucker conditions, Lagrangian saddle-
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point and duality, Duality of convex programs - Quadratic programming (Wolfe’s and Beale’s
methods). Network analysis: Preliminaries - min cost flow problem - max flow problem - CPM/PERT.
Scheduling and sequencing. Queuing theory: Queuing theory: Introduction, Components of a
qgueuing problem, Classification of queues, Steady, transient and explosive states of a queue, Roles
of Poisson process and exponential distribution in queuing theory, Queuing models,
(M/M/1:00/FIFO) model, Distribution of waiting time and time spent by an unit in the system,
(M/M/1:N/FIFO) model, (M/M/c:0/FIFO) model, (M/M/c:N/FIFO) model, (M/E,/1:00/FIFO) model,
(M/E/1:00/FIFO) model, (M/E/1:1/FIFO) model, Examples of queuing models. Inventory Control:
Introduction, Inventory control for single commodity - deterministic inventory models (without and
with shortages) - Probabilistic inventory ( both discrete and continuous) control models.

Essential Reading:

1. H.A.Taha, An Introduction to Operations Research , PHI, 2002

Supplementary Reading:
1. H.M.Wagner : Principles of Operations Research, Prentice Hall of India, Delhi. , 1996
2. J.C. Pant, Introduction to Optimisation, Jain Brothers, Delhi, 2000.
3. F.S. Hillier & G. J. Lieberman, Introduction to Operations Research, Tata McGraw-Hill, 2005.
4. N.S. Kambo: Mathematical Programming Techniques Affiliated East-West Press Ltd, 1984.

MA 523 DISCRETE MATHEMATICS 4 credits [3-1-0]

Functions and matrices: Special functions, Properties of functions, pigeonhole principle,
Composition of functions.

Induction and algorithms: The division algorithm, Divisibility properties, Mathematical induction,
Algorithm correctness, The growth of functions, Complexities of algorithms.

Recursion: Recursively defined functions, Solving recurrence relations, Generating functions,
Recursive algorithms, Correctness of recursive algorithms, Complexities of recursive algorithms.
Combinatorics and discrete probability: The fundamental counting principles, The generalized
inclusion and exclusion principle, Discrete probability.

Relations: Boolian matrices, Relations and digraphs, Computer representations of relations,
Properties of relations, Operation on relations, The connectivity relations, Equivalence relations,
Partial and total orderings.

Graphs: Computer representation of graphs, Isomorphic graphs, Paths, cycles and circuits, Eulerian
and Hamiltonian graphs, Planner graphs, graph colouring.

Trees: Spanning trees, Minimal spanning trees, Rooted trees, Binary trees, Binary search trees.
Boolean algebras and combinatorial circuits: Boolean algebras, Boolean functions, Logic gates,
Combinatorial circuits, Minimization of combinatorial circuits, Recent developments.

Essential Reading:
1. T. Koshy, Discrete Mathematics with Applications, Academic Press (An Imprint of Elsevier)
First Indian Reprint 2005.

Supplementary Reading:
1. R.Johnsonbaugh, Discrete Mathematics, Pearson Prentice Hall, 2008

MA 524 STATISTICAL METHODS 4 credits [3-1-0]

Random variables: Distribution functions, Properties of distribution functions, Discrete random
variables and probability mass functions, Continuous random variables and probability density
functions, Two dimensional random variables: Joint, marginal and conditional distributions,
Independence, Mathematical expectations: Mathematical expectation of function of a random
variable, Linearity of mathematical expectation, Expectation in joint distributions, Conditional
expectation and conditional variance, Moments, cumulants and their generating functions,
Conditional expectations and conditional variance, Theoretical discrete distributions: Binomial,
Poisson, hyper-geometric, Negative binomial and multinomial distributions, Recurrence relations for
probabilities and moments, Theoretical continuous distributions: Exponential, gamma, beta and
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normal distributions, Applications of normal distribution, Chi-square distribution: Test for goodness
of fit and population variance, t-distribution: Test for single mean and difference of two means, F-
distribution: Test for equality of two population variances, Law of large numbers: Chebyshev’s
inequality, Weak law of large numbers, De-Moivre Laplace theorem, Central limit theorems.

Essential Reading:
1. J. E. Freund, Mathematical Statistics with Applications, Miller 2003.

Supplementary Reading:
1. J. Medhi, Statistical Methods, An Introductory Text, New Age, 1992
2. K. Knight, Mathematical Statistics, CRC Press, 1999

MA 525 ERGODIC THEORY 4 credits [3-1-0]

Measure preserving transformation, Isomorphism and spectral invariants, Measure preserving
transformation with pure point spectrum, Entropy.

Essential Reading:
1. P. Walters, Ergodic Theory, Springer Verlag, 1981

MA 527 FRACTALS 4 credits [3-1-0]

Fractal examples: the Traidic Cantor dust, the Sierpinski Gasket, A space of strings, Turfle graphics,
Sets defined recursively, number system, Metric topology, Uniform convergence, The Hausdorff
metric, Metrics for strings, Topological dimension, Small and large inductive dimension, Two
dimensional euclidean space, Other topological dimensions.

Essential Reading:
1. G.A. Edger, Measure, Topology and fractal Geometry, Springer Verlag.
2. M. Barnsley, Fractals Everywhere, Morgan Kaufmann, 2000.
3. H. 0. Peitgen, Chaos and Fractals, New Frontiers of Science, Springer, 2004

MA 529 INFORMATION THEORY 4 credits [3-1-0]
Information Theory and Source Coding: Introduction to information theory, Uncertainty and
information, Average mutual information and entropy, Information measures for continuous
random variables, Source coding theorem, Huffman coding, The Lempel-Ziv algorithm, Tun length
encoding and PCX format, Rate distortion function, Optimum quantizer design, Introduction to
image compression, The Jpeg standard for lossless compression, The Jpeg standard for Lossy
compression, Channel Capacity and Coding: Channel models, Channel capacity, Channel coding,
Information capacity theorem, The Shannon limit, Random selection of codes, Cryptography:
Introduction to cryptography, An overview of encryption techniques, Operations used by
encryptions algorithm, Symmetric (secret key) cryptography, Data encryption standards (DES),
International data encryption algorithm (IDEA), RC ciphers, Assymmetric (public key) algorithms,
Way hashing, Other techniques, Secure communication using chaos functions, Cryptanalysis, Politics
of cryptography, Recent developments.

Essential Reading:
1. H.S. M. Coxeter, Elements of Information Theory, John Wiley, 2005.

Supplementary Reading:

1. R.Bose, Information Theory Coding and Cryptography, Tata McGraw-Hill, 2003
2. S. Goldman, Information Theory, Dover, 2005
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MA 531 BOUNDARY LAYER THEORY 4 credits [3-1-0]

Outline of viscous flows: Real and perfect fluids, viscosity, Reynolds number, Laminar and turbulent
flows, Asymptotic behavior at large Reylonds numbers, Fundamentals of boundary-layer theory:
Boundary-layer concept, Laminar boundary-layer on a flat plate at zero incidence, Separation of the
boundary-layer. Field equations for flows of Newtonian fluids: Continuity equation, Momentum
equation, General stress state of deformation bodies, General state of deformation of flowing fluids,
Relation between stresses and rate of deformation, Stokes hypothesis, Navier-Stokes equations,
Energy equations, Equations of motion in different coordinate systems. Exact solutions of the
Navier-Stokes equations: Couette-Poiseuille flows, Plane stagnation point flow, Flow at a wall
suddenly set into motion, Stokes first problem, Flow at an oscillation flow, Stokes second problem,
Unsteady plane stagnation-point flow. Boundary-layer equations in plane flow: Setting the
boundary-layer equations, Wall friction, separation and displacement, Dimensional representation
of the boundary layer equations, Plate boundary- layer. Thermal boundary- layer: Boundary layer
equations for the temperature field, Effect of the Prandtl number.

Essential Reading:
1. H. Schlichting and K. Gersten, Boundary-Layer Theory, Springer, 2003.

MA 532 NUMERICAL SOLUTIONS OF PARTIAL DIFFERENTIAL 4 credits [3-1-0]
EQUATIONS

Parabolic equations in one space dimension, Explicit and implicit formula, Convergence and stability,
Derivative boundary conditions, Parabolic equations in three dimensions, Explicit methods and their
stability, Alternating direction implicit methods, nonlinear equations, Elliptic equations in two
dimensions, Laplace equation in a square, the Nuemann problem, Mixed boundary conditions, Non-
rectangular regions, Alternative method for constructing difference formula, Properties of difference
formula, The solution of elliptic difference equations, Direct factorization methods, Successive over
relaxation, A.D.I methods, Conjugate gradient and related methods, First order hyperbolic
equations, Explicit and implicit schemes and their stability.

Essential Reading:
1. A.R. Mitchel & D.F. Grifflts: The Finite Difference Methods in Partial Differential Equations,

Willey, 1980
MA 533 MODERN THEORY OF PARTIAL DIFFERENTIAL 4 credits [3-1-0]
EQUATIONS

Theory of distributions: support, test functions, regular and singular distributions, generalized
derivatives,

Sobolev spaces: Definition and basic properties, approximation by smooth functions, dual spaces,
trace and imbedding results

Eliptic boundary value problems: abstract variational problems, Lax-Milgram lemma, weak solutions
and wellposedness with examples, regularity result, maximum principles, eigen value problems.

Semigroup theory and applications: exponential map, C-semigroups, Hille-Yosida and Lummer-
Phillips theorems, applications to heat and wave equations

Essential Reading:
1. S Kesavan, Topics in Functional Analysis, Wiley Eastren Ltd, New Delhi, 1989.
Supplementary Reading:

1. L C Evans, Partial Differential Equations, AMS, Providence, 1998.
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2. M Renardy and RC Rogers, An introduction to Partial Differential Equations, 2" edition, Springer,
New York, 2004.

MA 534 GEOMETRY OF ROBOTICS 4 credits [3-1-0]

Robotics: An introduction, Theoretical robotics, Mathematical ingredients: Lie groups, subgroups,
the Proper Euclidean group, Chasle's theorem, SE(3), Reuleaux's lower pairs, Lie algebras,
Commutators, Exponential mapping, Robots Jacobian and Derivatives, Robot Kinematics: Inverse
kinematics for 3-R wrists, 3-R Robots and planar motion, Planar 4-bar, Line geometry, Plucker
coordinates, Inverse robots Jacobian, Representation SO(3), Screw systems, Clifford algebra, Dual
qguarternions, Euclidean geometry, Pieper's theorem, the T3 Robot, the PUMA, Statics: Gripping,
Friction, Dynamics: Lagrangian and Hamiltonian Dynamics of Robots. Robot equation of motion,
Constrained dynamics, trees and stars, Serial robot with end effector constraints, Biped walking,
Differential geometry, Controlling of Robots, Hybrid control, Non linear control and Lie brackets.

Essential Reading:
2. J.M. Seling, Geometric Fundamentals of Robotics, Springer (2005)

Supplementary Reading:
1. R M Murray, S. Sastry, Li Z, A mathematical introduction to robotic manipulation, CRC press,
Boca Raton, Florida

MA 535 CALCULUS OF VARIATIONS AND INTEGRAL EQUATIONS 4 credits [3-1-0]

Calculus of Variations: Variation of a functional, Euler-Lagrange equation, Necessary and sufficient
conditions for extrema. Variational methods for boundary value problems in ordinary and partial
differential equations.

Integral equations : Classification of Liner Integral Equations: Fredholm, Volterra, Integro-
Differential Equations, Singular Integral Equations, Converting Volterra Equation to ODE, Conversion
of IVP to Volterra equation Conversion of BVP to Fredholm Equation ; Fredholm Integral Equations -
Decomposition method, Direct Computation method, successive approximation method, method of
successive substitutions, Homogeneous Fredholm Equations, Comparison between Alternative
methods ; Volterra Integral Equation — Adomian Decomposition methods, Series Solution method,
converting Volterra Equation to VIP, Successive Approximation method, successive substitution
method, comparison between alternative methods ; Intergro-Differential Equations — Introduction,
Direct Computation method, Adomian Decomposition Method. Conversion to Fredholm integral
Equation. Volterra Intego-Differential equation Series Solution, Decomposition Method, Conversion
to IVP.

Essential Reading:

1. A.S. Gupta, Calculus of Variations, Prentice-Hall Of India Pvt. Ltd., 2004
2. M. L. Krasnov, A. I|. Kiselev, and G. |. Makarenko, Problems and Exercises in Integral
Equations, Mir Publ., Moscow, 1971.

Supplementary Reading:

1. J. N. Reddy, An introduction to the Finite Element Method, McGraw Hill, NY, 2006.

2. Shanti Swarup, Linear Integral Equations, Krishna Prakashan Media (Pvt.) Ltd., 2003.

3. J. Kondo, Integral Equations, Clarendon Press, Oxford, 1997.

4. C. Corduneanu, Integral Equations and Applications, Cambridge Univ.Press, Cambridge—New
York, 1991.

A. C. Pipkin, A Course on Integral Equations, Springer-Verlag, New York, 1991.

A.W. Wazwaz, A First Course in Integral Equation, World Scientific, 1997.

7. A..lerri, Introduction to Integral Equation with Application, Wiley Interscience, 1999.

ow
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MA 536 NUMERICAL METHODS FOR DIFFERENTIAL EQUATIONS 4 credits [3-1-0]

Introduction. Runge-Kutta methods -derivation, error bounds and error estimates. Weak stability
theory for Runge-Kutta methods. Order and convergence of the general explicit one-step methods.
Linear multi-step methods -derivation, order consistency, zero-stability and convergence. Weak
stability theory for general linear multi-step methods. Predictor-Corrector methods. Stiff systems.

Essential Reading:

1. J. C Butcher, Numerical Methods for Ordinary Differential Equation, Wiley publisher, 2008.

MA 537 NUMERICS OF SINGULARLY PERTURBED DIFFERENTIAL 4 credits [3-1-0]
EQUATIONS

First-order Initial-Value Problems: Continuous problem, classical difference schemes, necessary
conditions, uniformly convergent exponentially fitted schemes, artificial viscosity, constant fitting
factors, optimal error estimates, Fitted mesh methods in one dimension, Convergence of fitted mesh
methods for Reaction-diffusion problem and convection-diffusion problems.

Essential Reading:

R.E. O'Malley, Singular Perturbation Methods for Ordinary Differential Equations, Springer-Verlag,
New York, 1991.

1. J.J.H Miller, E.O. Riordan, G.I Shishkin, Fitted Numerical Methods for Singular Perturbation
Problems, World Scientific, Singapore, 1996.
Supplementary Reading:

1. P.A. Farrell, A.F. Hegarty, J.J.H Miller, E.O. Riordan, G.I Shishkin, Robust Computational
Techniques for Boundary Layers, Chapman & Hall/CRC Press, Boca Raton, FL, 2000.

2. E.P. Doolan, J.J.H. Miller, and W.H.A. Schildres. Uniform Numerical Methods for Problems
with Initial and Boundary Layers. Boole Press, Dublin, 1980.

MA 538 FLUID DYNAMICS 4 credits [3-1-0]

Review of gradient, divergence and curl. Elementary idea of tensors. Velocity of fluid, Streamlines
and path lines, Steady and unsteady flows, Velocity potential, Vorticity vector, Conservation of mass,
Equation of continuity. Equations of motion of a fluid, Pressure at a point in fluid at rest, Pressure at
a point in a moving fluid, Euler's equation of motion, Bernoulli's equation. Singularities of flow,
Source, Sink, Doublets, Rectilinear vortices. Complex variable method for two-dimensional problems,
Complex potentials for various singularities, Circle theorem, Blasius theorem, Theory of images and
its applications to various singularities. Three dimensional flow, Irrotational motion, Weiss's theorem
and its applications. Viscous flow, Vorticity dynamics, Vorticity equation, Reynolds number, Stress
and strain analysis, Navier-Stokes equation, Boundary layer Equations

Essential Reading:

1. G. K. Batchelor, An Introduction to Fluid Dynamics, Cambridge University Press, 1993.
Supplementary Reading:

1. N. Curle and H. Davies, Modern Fluid Dynamics, Van Nostrand Reinhold, 1966.

2. F.Chorlton, A Text Book of Fluid Dynamics, Von Nostrand Reinhold/CBS, 1985.

3. L. M. Milne Thomson, Theoretical Hydrodynamics, Macmillan and Co., 1960.

4. A.R. Patterson, A First Course in Fluid Dynamics, Cambridge University Press, 1992.
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MA 539 SCIENTIFIC COMPUTATING 4 credits [3-1-0]

Errors; lterative methods for nonlinear equations; Polynomial interpolation, Spline interpolations;
Numerical integration based on interpolation, quadrature methods, Gaussian quadrature; Initial
value problems for ordinary differential equations - Euler method, Runge-Kutta methods, multi-step
methods, predictor-corrector method, stability and convergence analysis; Finite difference schemes
for partial differential equations - Explicit and implicit schemes; Consistency, stability and
convergence; Stability analysis (matrix method and von Neumann method), Lax equivalence
theorem; Finite difference schemes for initial and boundary value problems (FTCS, Backward Euler
and Crank-Nicolson schemes, ADI methods, Lax Wendroff method, upwind scheme).

Essential Reading:

1. D. Kincaid and W.Cheney, Numerical Analysis:Mathematics of Scientific Computing, 3rd Ed.,
AMS, 2002.

2. G. D. Smith, Numerical Solutions of Partial Differential Equations, 3rd Ed., Calrendorn Press,
1985.

Supplementary Reading:

1. K. E. Atkinson, An Introduction to Numerical Analysis, Wiley, 1989.
2. S.D. Conte, C. de Boor, Elementary Numerical Analysis, An Algorithmic Approach, McGraw-

Hill, 1981.
3. R.Mitchell and S.D.F.Griffiths, The Finite Difference Methods in Partial Differential Equations,
Wiley, 1980.
MA 540 SINGULAR HOMOLOGY THEORY 4 credits [3-1-0]

General Homology Theory: Axioms of homology theory, Singular homology theory, Affinely
independent, Ordered simplex: Standard n-simplex, Singular n-simplex, singular n-chain, Free
abelian group, Singular chain complex, nth singular homology group of a topological space,
boundary operator, Induced homomorphism of singular homology groups, Connecting
homomorphism, Brouwer fixed point theorem: Brouwer degree, Jordan-Brouwer separation
theorem, Brouwer theorem on the invariance domain, Inverse system and direct system of abelian
groups, Attaching spaces with maps, Singular homology groups of standard projective spaces:
Excision theorem, Reduced singular homology groups, Strong deformation retract, Relative
homeomorphim theorem, Verification Eilenberg-Steenrod axioms, Calculation of singular homology
groups using Eilenberg-Steenrod axioms, Products: Kunneth formula, Acyclic model Theorem,
Homology external product, Alexander-Whitney diagonal approxi-mation, Homology theory of CW-
complxes, Some cases application of singular homology groups in electrical engineering.

Essential Reading:
1. J.Rotman: An Introduction to Algebraic Topology (Springer-Verlag) 2004

MA 541 COMMUTATIVE ALGEBRA 4 credits [3-1-0]

Dimension theory of affine algebras: Principal ideal theorem, Noether normalization lemma,
dimension and transcendence degree, catenary property of affine rings, dimension and degree of
the Hilbert polynomial of a graded ring, Nagata's altitude formula, Hilbert's Nullstellensatz, finiteness
of integral closure.

Hilbert-Samuel polynomials of modules : Associated primes of modules, degree of the Hilbert
polynomial of a graded module, Hilbert series and dimension, Dimension theorem, Hilbert-Samuel
multiplicity, associativity for-mula for multiplicity, Complete local rings: Basics of completions, Artin-
Rees lemma, associated graded rings of filtrations, completions of modules, regular local rings Basic
Homological algebra: Categories and functors, derived functors, Hom and tensor products, long
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exact sequence of homology modules, free resolutions, Tor and Ext, Koszul complexes. Cohen-
Macaulay rings: Regular sequences, quasi-regular sequences, Ext and depth, grade of a module,
Ischebeck's theorem, Basic properties of Cohen-Macaulay rings, Macaulay's unmixed theorem,
Hilbert-Samuel multiplicity and Cohen-Macaulay rings, rings of invariants of finite groups.

Essential Reading:

1. D. Eisenbud, Commutative Algebra (with a view toward algebraic geometry) Graduate Texts
in mathematics 150, Springer-Verlag, Berlin, 2003.
Supplementary Reading:

2. H. Matsumura, Commutative ring theory, Cambridge Studies in Advanced Mathematics No.
8, Cambridge University Press, Cambridge, 1980.

3. W.Bruns and J. Herzog, Cohen-Macaulay Rings, (Revised edition) Cambridge Studies in Advanced
Mathematics No. 39, Cambridge University Press, Cambridge, 1998.

MA 542 TENSOR ANALYSIS 4 credits [3-1-0]

Tensor analysis: Transformation of coordinates, The summation convention, Contravariant vectors,
Invariants, Covariant vectors, Tensors, The Christofell 3-index symbols and their relations, Riemann
symbols and the Riemann tensor, The Ricci tensor, Quadratic differential forms, The equivalence of
symmetric quadratic differential forms, Covariant differentiation with respect to a tensor g,
Introduction to a metric: Definition of a metric, N-tuply orthogonal systems of hypersurfaces ina Vv,
Metric properties of a space V, immersed in a V,,, Geodesics, Riemannian, Normal and geodesic
coordinates, Geodesic form of the linear element, Finite equations of geodesics, Curvature of a
curve, Parallel displacement and the Riemann tensor, Fields of parallel vectors, Associate directions,
Curvature of V, at appoint, The Bianchi identity, The theorem of Schur, Isometric correspondence of
spaces of constant curvature, Conformal spaces, Spaces conformal to flat space, Orthogonal
ennuples: The Frenet formulas Principal directions determined by a symmetric covariant tensor of
the second order, The Ricci principal tensors, Condition that a congruence of an orthogonal ennuple
be normal, N-tuply orthogonal systems of hypersurfaces, N-tuply orthogonal systems of
hypersurfaces in a space conformal to a flat space, Congruence canonical with respect to a given
congruence, Recent developments.

Essential Reading:
1. L.P.Lebedev: Tensor Analysis (World Scientific) 2003.

MA 543 COMPLEX DYNAMICS 4 credits [3-1-0]

Introduction and definitions
Newton's method
Critical points, classification of fixed points, periodic points
The Fatou and Julia sets
Properties of the Julia set
Repelling and parabolic fixed points
Connectedness, density of orbits
Classification of components of the Fatou set
No wandering domains
. Attracting basins, rotation domains
. Bottcher's theorem
. Shishikura's theorem
. Quadratic polynomials
. The special case of polynomials, quadratic polynomials
. The structure of the Fatou sets
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16. The Mandelbrot set (the parameter space)- Definition and properties, Proof that its
complement is simply connected (time permitting), Its interior structure; combinatorics
Essential Reading:

1. Iteration of rational functions, Alan F. Beardon
MA 544 CATEGORY THEORY 4 credits [3-1-0]

Categories and Functors: The definition of a category, Covariant and contravariant functors, Natural
transformations, Natural equivalence, Examples from from different topics of engineering and
sciences, The duality principle, The construct of small categories, Reflective subcategories, Coma
category, Full and faithful functors, Limits and colimits: Products and coproducts, Limits, colimits,
equalizer, coequaliser, pullback, pushout, Universal and couniversal properties, Equivalence of
equalizer and pullback in presence of products, Equivalence of coequalizer and pushout in presence
coproducts, Limits in terms of products and equalizers, Limits in terms of products and pullback,
Colimits in terms of coproducts and coequalizers, Colimits in terms of coproducts and pushout,
Adjoint functors: Left adjoint, Right adjoint, Adjoint functor theorem, Preservation of limits by
adjoint functors, Representable functors, Representing objects, Tensor products of categories.

Essential Reading:
1. S. Awodey: Category Theory (Oxford University Press) 2006

MA 545 CONVEX ANALYSIS AND MONOTONE OPERATORS 4 credits [3-1-0]

Convex set, convex function and its properties in Banach spaces and R*n, Subdifferential, Normal
and tangent cones and its application to optimization, Fenchel duality, Clarke subdifferential, cone
and its properties, Regular normal cone, subdifferential, subderivatives and its calculus rule in Rn.

Monotone operators: definitions, examples, properties, Fitzpatrick's function: definition and
properties, Linear maximal monotone operators, Maximal monotonicity of sums and compositions
involving maximal monotone operators in reflexive spaces and non reflexive spaces, Introduction of
different types of maximal monotone operators and its relationship, Enlargements of monotone
operators.

Essential Reading:

1. Rockafellar and Wets, Variational Analysis , Springer, Chapter-: 2 (A, B, D,E, F), 6(A,B)
and 8(A,B,C).
Supplementary Reading:

1. J. M. Borwein and A. S. Lewis, Convex Analysis and Nonlinear Optimization Theory and
Applications, Springer, Chapter-: 3 and 6

2. FHClarke, Optimization and Nonsmooth analysis, Chapter-: 1.1,1.2,2.1,2.2 and 2.3.

3. S Simons, Hahn Banach to Monotonicity, Springer, Chapter-: IV, VI and VII

MA 546 DIFFERENTIABLE MANIFOLDS 4 credits [3-1-0]

Differentiable Manifolds: Topological manifolds, Chart, Atlas, Maximal atlas, Differentiable
structures, Differentiable functions, Diffeomorphisms, Germs of local smooth functions, Algebra of
smooth germs, Derivation, Tangent and cotangent spaces, Differential of smooth map, Immersion,
Vector bundles, Examples of smooth vector bundles, Differential forms: Alternate k-linear functions,
Grassmann algebras, Universal property of exterior algebra, Differential forms, Differential k-forms,
Exterior multiplication, Exterior differentiation, De Rham cohomolgy groups, Induced
transformations, Poincare’s lemma, Riemannian manifolds: Innerproducts, Riemannian structures,
Riemannian metric, Riemannian connection, Geodesics, Convex neighborhoods, De Rahm’s
theorem: Singular homology groups, Real singular cohomology groups, De Rham’s theorem.
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Essential Reading:
1. L. Conlon: Differentiable Manifolds (Springer-Verlag): 2001

MA 547 GEOMETRY OF NORMED SPACES 4 credits [3-1-0]

Geometric form of Hahn-Banach theorem, w-w* topologies, James characterization of reflexivity,
Strict convexity, Uniform convexity, Duality between strict convexity and smoothness,
Differentiability of the norm, Drop theorem, Bishop- Phelp theorems, Krein-Milman theorem and
Radon-Nikodym property

Essential Reading:

1 M. Fabian, P. Habala, P. Hajek, V.M. Santalucia, J. Pelant and V. Zizler, Functional analysis and
infinite dimensional geometry, Canadian Mathematical Society, 2001

Supplementary Reading:

1. J. B. Conway, A course in functional analysis. Graduate Texts in Mathematics, 96. Springer-
Verlag, 1990.
2. K. Yosida, Functional Analysis, Springer-Verlag (1980).

MA 548 FIELD THEORY 4 credits [3-1-0]

Algebraic Extensions, Algebraic closed fields, Splitting fields, Normal extensions, Multiple Roots,
Finite fields, Separable extensions, Galois theory: Automorphism groups and fixed firelds,
Fundamental theorem of Galois theory, Fundamental theorem of algebra, Applications: Roots of
unity and cyclotomic polynomials, cyclic extensions, Polynomoals solvable by radicals, Symmetric
functions, Ruler and compass construction

Essential Reading:
1. S.lang: Algebra (Addison-Wesley)
2. T.W. Hungerford: Algebra (Springer)

MA 549 ALGEBRAIC GEOMETRY 4 credits [3-1-0]

Regular Functions and Maps: The Zariski topology, Regular functions on an affine variety, Projective
varieties, Regular maps, The Veronese map, Determinantal representation of Veronese varieties,
Subvarieties of Veronese varieties, The Segre maps, Subvarieties of Segre varieties, Products of
varieties, Graphs, Fiber products, Combinations of Veronese and Segre maps, Cones, Projections and
More about Products: Cones, Quadrics, Projections, More cones, More projections, Constructible
sets, Families and parameter spaces: Families of varieties, The universal hyperplane, The universal
hyper section, Parameter spaces of hypersurfaces, Universal families of hypersurfaces, A family of
lines, Rational functions and rational maps: Rational functions, Rational Maps, Graphs of Rational
Maps, Birational Isomorphism, The Quadric Surface, Hypersurfaces, Degree of a rational map, Blow-
ups, Blowing up points, Blowing up subvarieties, The quadric surface again, The cubic scroll in P*,
Unirationality.

Essential Reading:
1. J. Harris, Algebraic Geometry A First Course, Springer, 1992

MA 550 CODING THEORY 4 credits [3-1-0]
Block codes, Linear codes, Hamming codes, Weight enumerators, Binary Golay code, Ternary Golay
code, Constructing codes from other codes, Ree-Muller codes, Cyclic codes: Generator matrix and

check polynomial, Zeros of a cyclic code, BCH codes, Reed-Solomon codes, Binary cyclic codes of
length 2n (n odd).
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Essential Reading:
1. J. H.van Lint, Introduction to Coding Theory, Springer, 1998.
2. F. Blake & R. C. Mullin, An introduction to Algebraic and Combinatorial Coding theory,
Academic press, 1976.

MA 551 NUMERICAL ANALYSIS 4 credits [3-1-0]

Sources of errors, Propagation of errors, Stability in numerical analysis, Root finding of nonlinear for
equations: Aitken extrapolation for linearly convergent sequences, Error tests, The numerical
evaluation of multiple roots, Brent’s root finding algorithm, Hermite interpolation, Piecewise
polynomial interpolation, The minimax and near minimax approximations, The Remes algorithms,
Numerical integration: Patterson’s method, Asymptotic error formulas and their applications,
Adaptive numerical integration, Singular integrals, Umerical methods for differential equations:
Multistep method, Derivation of higher-order multistep methods, Numerical solutions of system of
linear equations: The residual correction method, Error prediction and acceleration, The numerical
solution of Poisson’s equation.

Essential Reading:
1. K. E. Atkinsan, An Introduction to Numerical Analysis, Willey, 1978
2. E.Sdli, D. F. Mayers, An Introduction to Numerical Analysis, Cambrige University Press, 2003

MA 552 FUZZY LOGIC AND SET THEORY 4 credits [3-1-0]

Fuzzy sets, Support, Membership function, Fuzzy union and intersection, Fuzzy product, Fuzzy
topological spaces, Fuzzy continuity, Fuzzy compactness, Fuzzy connectedness, Fuzzy groups, Fuzzy
normal Subgroups, Fuzzy ideals, Fuzzy maximal ideals.

Essential Reading:
1. H.J.Zimmermann, Fuzzy Set Theory and Its Applications, Kluwer Academic Publishers, 1998.

MA 553 OPTIMIZATION TECHNIQUES 4 credits [3-1-0]

Dynamic programming: Introduction, The recursive equation approach, Computational proce-dure in
dynamic programming, Solution of LPP by dynamic programming, Application of dynamic
programming to a minimum path problem, Goal programming: Goal programming problem,
Generalized goal programming models, Chebyshev norm model, Network optimization problem:
The shortest-path problem, The mimimun spanning tree problem, Maximum flow problem,
Minimum cost flow problem, Network simplex method, Simulation: Various Methods of Sample
Collection, Simulated sampling (Monte-Carlo method), Definition of simulation, Steps in simulation
procedure, Simulation model, Application of simulation method, Simulations here Monte-Carlo
methods are useful, General procedure of Monte Carlo methods, Advantages
and disadvantages of Monte Carlo methods, Problem of Replacement: Replacement models and
their solutions, Concept of present value, Replacement of items whose efficiency deteriorates with
time, Replacement of items whose maintenance cost increases with time and the value of money
remains the same, Replacement of items when value of money also changes, Replacement of items
that fail completely, Group replacement method, Inventory control: Economic lot size models, EOQ
with uniform rate of demand, Economic lot size with different rates of demand in different cycles,
Determination of buffer stock, ABC analysis of inventory, Game theory: Solving simple games, Games
with mixed strategies, Graphical solution procedure, Solution by linear programming.

Essential Reading:
1. F.S. Hillier & G. J. Lieberman, Introduction to Operations Research, Tata McGraw-Hill, 2005

Supplementary Reading:
1. N.S. Kambo, Mathematical Programming Techniques, Affiliated East-West Press Ltd, 1984.
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MA 554 GRAPH THEORY WITH ALGORITHMS 4 credits [3-1-0]

Introduction to Graphs, Isomorphism, Bipartite graphs, Directed graphs, Subgraphs, Spanning
Subgraphs (Super graphs), Operations on graphs, Walk, Trails and Paths, Connected graphs,
Disconnected graphs, Cycles, Euler Tour, Euler Trail, Euler graphs, Euler Theorem, Hamiltonian path,
Hamiltonian graphs, Maximal non-Hamiltonian graphs, Dirac’s Theorem, Ore’s Theorem,
Complement graph, Trees, Spanning Tress, Fundamental Circuits, Fundamental Cutsets, Algorithms
on graphs, Shortest path Algorithms: Dijkstra’s Algorithm, Floyd-Warshall’s Algorithm, Minimal
Spanning Tree, Breadth First Search Algorithm, Depth First Search Algorithm, Matrix Representation
of graphs, Incidence matrix, Adjacency Matrix, Circuit Matrix, Vector Space associated with graphs,
Cut sets, Cut vertices, Edge connectivity, Vertex connectivity, Whitney’s Inequality, Coloring of
graph, Chromatic number, Chromatic polynomial, Edge contraction, Plane and Planar graphs,
Embedding and Regions, Kuratowski’s Two graphs Ks and K33 , Euler’s Formula, Subdivision and
Branch vertex, Kuratowski’s Theorem, Dual of a planar graph, Edge Coloring, Edge Chromatic
number, Coloring planar graphs, The Four-Color Theorem, The Five-Color Theorem, Map Coloring,
Network Flows, Transport networks and cuts, Maxflow-Mincut Theorem, Residual capacity and
Residual network, Ford-Fulkerson Algorithm, Edmonds-Karp Algorithm, Maximal Flow Applications,
Multiple sources and sinks, Maximum Bipartite matching.

Essential Reading:
1. S.Saha Ray, Graph Theory with Algorithms and Its Applications in Applied Science and
Technology, Springer, 2012.

Supplementary Reading (Reference Books):
1. N. Deo, Graph Theory with Applications to Engineering and Computer Science, PHI, 1974.

MA 555 STOCHASTIC PROCESSES 4 credits [3-1-0]

Stochastic Processes: Definition and examples of stochastic processes, Classifications of stochastic
processes, Markov chains: Definition and examples, Transition Probability matrices, Classification of
states of a Markov chain, Determination of higher order transition probabilities, Stability of a Markov
chain, Graph theoretic approach, Markov chains with denumerable number of states, Reducible
Markov chains, Markov Chains with continuous state spaces, Non-homogeneous Markov Chains,
Markov chains in continuous time: General pure birth and death processes, Birth and death
processes with absorbing states, Renewal processes: Renewal processes in continuous time,
renewal equation, Renewal theorems, Residual and excess lifetime, Renewal reward processes,
Regenerative renewal processes, Regenerative inventory systems, Generalization of the classical
renewal theory, Stochastic processes in queuing and reliability: General concepts of queuing
systems, Steady state and transient behavior, Birth and death process in queuing theory, Network of
Markovian queuing systems, Reliability, Introduction to Brownian motion: Wiener processes,
Differential equations for a Wiener process, Kalmogrov's equations, The first passage time
distribution for a Wiener process. Recent developments.

Essential Reading:
1. J. Medhi, Stochastic Processes, New Age Publishers, Second Edition, Reprint 2007.

Supplementary Reading:
1. S.Karlinand H. M. Taylor, A First Course in Stochastic Processes, Academic Press, 1975.

MA 556 NUMBER THEORY 4 credits [3-1-0]

Basis representation: Principles of mathematical induction, The basis representation theorem, The
fundamental theorem of arithmetic: Euclid’s division lemma, Divisibility, The linear Diophantine
equation, The fundamental theorem of arithmetic, Combinatorial and computational number
theory: Fermat’s little theorem, Wilson’s theorem, Generating functions, The use of computers in
number theory, Fundamentals of congruences: Basic properties of congruences, Residue systems,
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Riffling, Solving congruences: Linear congruences, The theorems of Fermat and Wilson revisited, The
Chinese remainder theorem, Polynomial congruences, Arithmatic functions: Combinatorial study of
¢(n), Formulae for d(n) and o(n), Multiplicative arithmetic functions, The Mobius inversion formula,
Primitive roots: Properties of reduced residue systems, Primitive root modulo p.

Essential Reading:
1. G. E. Andrews, Number Theory, Courier Dover Publications, 1994.

MA 557 STATISTICAL INFERNECE (PARAMETRIC) 4 credits [3-1-0]

Parametric models, parameters, random sample and its likelihood, statistic and its sampling
distributions, problems of inference. Examples from standard discrete and continuous models such
as Bernoulli, Binomial, Poisson, Negative Binomial, Normal, Exponential, Gamma, Weibull, Pareto
etc. Concept of sufficiency, minimal sufficiency, Neyman factorization criterion, Fisher information,
exponential families. Maximum likelihood estimators, method of moment estimators, percentile
estimators, least squares estimators, minimum mean squares estimators, uniformly minimum
variance unbiased estimators, Rao-Blackwell theorem, Cramer-Rao lower bond, different examples.

Statistical Hyptheses-simple and composite, statistical tests, critical regions, Type-l and Type-lI
errors, size and power of a test, Neyman Pearson lemma and its different applications. Most
powerful test, uniformly most powerful test, unbiased test and niformly most unbiased test.
Likelihood ratio test. Interval estimation, confidence intervals, construction of confidence intervals,
shortest expected length confidence interval, most accurate one sided confidence interval and its
relation to UMP test.

Essential Eeadings:
1. R. L. Berger and G. Casella, Statistical Inference.

2. E. L. Lehmann, Theory of Point Estimation
Supplementary Readings:

1. T.S. Ferguson, Statistical Decision Theory.
2. E.L. Lehmann, Testing of Statistical Hypotheses.
3. P.J.Bickel and K. A. Doksum, Mathematical Statistics.
4. ). 0. Berger, Statistical Decision Theory.
MA 558 SAMPLING TECHNIQUES 4 credits [3-1-0]

Basic concept of sample surveys: Census and sample surveys, Advantages and disadvantages,
Probability and non-probability sampling, Sampling unit, Sampling frame, Sampling and non-
sampling error, Simple random sampling and Stratified random sampling: Procedure for selecting a
random sample, Estimation of population parameters, Estimation of population Proportion,
Confidence limits, Estimation of sample size, Principle of stratification, Advantages of stratification,
Estimation of population mean and variance, Allocation of sample size in different strata, Relative
precision of stratified random sampling over simple random sampling, Estimation of gain in precision
due to stratification, Systematic random sampling: Sample selection procedure, Advantages and
disadvantages, Estimation mean and its sampling variance, Comparison of simple random sampling
with stratified random sampling in some specified populations, Cluster sampling: Equal cluster
sampling, Estimator of mean and its variance, Relative efficiency of cluster sampling, Optimum
cluster size, Cluster sampling for proportions.

Essential Reading:
1. R.K.Som, Practical Sampling Techniques, CRC Press, 1995

Supplementary Reading:
1. S.K. Thompson, Sampling, John Wiley, 1992.
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MA 559 STATISTICAL DECISION THEORY 4 credits [3-1-0]

Games and statistical games, statistical decision problem, decision funcion, risk function, prior and
posterior distribution, Bayes risk and Bayes rules, least favourable prior, minimaxity, admissibility
and complete classes, admissibility of Bayes rules, existence of minimal complete class and Bayes
rules, the supporting and separating hyperplane theorems, essential completeness of the class of
nonrandomized rules, minimax and complete class theorems, solving for minimax rules, essential
completeness of class of rules based on suffiecient statistics, continuity of risk functions, invariant
decision problems, admissible and minimax invariant decision rules.

Essential Readings:
1.T.S. Ferguson, Statistical Decision Theory.
2. E. L. Lehmann, Theory of Point Estimation.
Supplementary Readings:

1. ). O. Berger, Statistical Decision Theory.
MA 560 MATHEMATICAL METHODS 4 credits [3-1-0]

Asymptotic expansions, Watson's lemma, method of stationary phase and saddle point method.
Applications. to differential equations. Behaviour of solutions near an irregular singular point,
Stoke's phenomenon, Method of strained coordinates and matched asymptotic expansions.
Variational principles, Lax-Milgram theorem and applications to boundary value problem, Calculus of
variations and integral equations. Volterra integral equations of first and second kind. lterative
methods and Neumann series.

Essentials Reading:
1. C.M. Bender and S.A. Orszag, Advanced Mathematical Methods for Scientists and Engineers,
McGraw-Hill Book Co., 1978.
Supplementary Reading:

1. J. Kevorkian and J.D. Cole, Perturbation Methods in Applied Mathematics, Springer Verlag,
Berlin, 1985
MA 561 LIE GROUPS AND APPLICATIONS TO ODEs AND PDEs 4 credits [3-1-0]

Lie group of transformations, Infinitesimal transformations, Extended transformations,
Multiparameter, Lie group of Transformations, Invariance of Ordinary Differential Equations,
Invariance of ODEs under multi-parameter groups, Applications to Boundary Value problems,
Invariance of Partial Differential Equations.

Essential Reading:
1.G.W. Bluman and S. Kumei, Symmetries and Differential Equations, Springer Verlag, New York,
1989

Supplementary Reading:
2. N.H. Ibragimov, Transformation groups applied to mathematical physics, Reidel, Dordrecht,
1985
MA 562 FINITE VOLUME METHODS FOR HYPERBOLIC PDEs 4 credits [3-1-0]
Conservation Laws and Differential Equations, Characteristics and Riemann Problems for Linear

Hyperbolic Equations, Finite volume methods, Necessary components for convergence, CFL
Condition, Lax-Friedrichs Method, The Richtmyer Two-Step Lax-Wendroff Method, Upwind
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Methods, Godunov's Method, Flux-Difference vs. Flux-Vector Splitting, Roe's Method, The Lax-
Wendroff Method, The Beam-Warming Method.

Essential Reading:
1. R.J.LeVeque, Finite volume methods for hyperbolic problems, Cambridge University Press,
Cambridge, UK 2002.

Supplementary Reading:

1. E.F. Toro, Rieman solvers for numerical methods for fluid dynamics, Springer-Verlag, Berlin,
1999.

MA 563 WAVELETS AND APPLICATIONS 4 credits [3-1-0]

Fourier transform on L' (R) and L? (R) and basic properties and examples; Motivation and definition
of Windowed Fourier Transform and examples, Time frequency localization, the reconstruction
formula; Motivation and Definition of the wavelet transform and examples, Basic properties, The
reconstruction formula, Frequency localization, Scaling functions and wavelets, orthogonal bases of
compactly supported wavelets, orthonormal Wavelets; Definition of Multiresolution Analysis and
examples, Properties of scaling functions and orthonormal wavelets bases, Construction of
orthonormal wavelets.

Essential Reading:
1. L. Debnath, Wavelet Transforms and Their Applications, Birkhauser, 2002.

Supplementary Reading:
1. G. Bachman, L. Narici, and E. Beckensterin, Fourier and Wavelet Analysis, Springer-Verlage, 2000.
2. C.K. Chui, An Introduction to Wavelets, Academic Press, 1992.

MA 564 INTEGRAL AND DESCRETE TRANSFORMS 4 credits [3-1-0]

Laplace Transform : Definition - Functions of exponential order and examples - Transforms of
elementary, transcendental and special functions - transforms of derivatives and integrals and
periodic function, unit step function and impulse function - The inverse transform - Convolution
theorem - solution of differential equations by the use of the transform - Laplace inverse integral -
Solution of Laplace equation (in two dimensions), one dimensional heat equation and one
dimensional wave equation.

Fourier transform : The Fourier transform, Inverse Fourier transform, Fourier transform properties,
Convolution integral, convolution theorem, correlation, correlation theorem, Parseval’s theorem,
Wave from sampling, sampling theorem, frequency sampling theorem, Solution of one dimensional
heat equation. Discrete Fourier Transform : Fourier transform of sequences, Discrete Fourier
transform, transfer function. The Fast Fourier Transform : Intuitive Development, Theoretical
development of Base 2, FFT algorithm.

Z transform : Z transform, inverse Z transform, Z transform properties, solution of linear difference
equations by using z-transform.

Mellin Transforms: Definition, properties and evaluation of transforms, Convolution theorem for
Mellin transforms, Application to integral equations.

Essential Reading :
1. Churchill, Operational Mathematics, McGraw Hill, Tokyo, 1972.
2. Hildebrand, Methods of Applied Mathematics, Prentice Hall Inc., New Jercy, 1960.
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3. E.O.Brigham, The Fast Fourier Transforms, Prentice Hall, 1988.
4. E.JJerry, Theory and applications of Z transform method, 1996.

MA 565 FRACTIONAL ORDER CALCULUS 4 credits [3-1-0]

Special Functions of the Fractional Calculus: Gamma Function. Mittag-Leffler Function. Wright
Function. Fractional Derivatives and Integrals: Griinwald-Letnikov Fractional Derivatives. Riemann-
Liouville Fractional Derivatives. Some Other Approaches. Geometric and Physical interpretation of
Fractional Integration and Fractional Differentiation. Sequential Fractional Derivatives. Left and Right
Fractional Derivatives. Properties of Fractional Derivatives. Laplace Transforms of Fractional
Derivatives. Fourier Transforms of Fractional Derivatives. Mellin Transforms of Fractional
Derivatives. Fractional Green’s Function: Definition and some properties. One Term Equation. Two
Term Equation, Three-Term Equation, Four-Term Equation. General Case: n-term Equation.
Numerical Evaluation of Fractional Derivatives: Approximation of Fractional Derivatives. The “Short-
Memory” Principle. Order of Approximation. Computation of Coefficients. Higher-order
Approximations.

Essential Reading:

1. I. Podlubny, Fractional Differential Equations, San Diego, Academic Press, 1999.
Supplementary Reading:

1. K. S. Miller and B. Ross, An Introduction to the fractional calculus, New York, John Wiley 1993.

2. S. G. Samko, A. A. Kilbas, and O. |. Marichev, Fractional Integrals and Derivatives: Theory and
Applications, Taylor & Francis Books Ltd, London, 2002.

3. K. B. Oldham and J. Spanier, The Fractional Calculus: Theory and Applications of Differentiation
and Integration to Arbitrary Order, Academic Press, New York, 1974.

4. Carpinteri and F. Mainardi (Editors), Fractals and Fractional Calculus in Continuum Mechanics.
CISM Courses and Lectures no. 378. International Centre for Mechanical Sciences. Springer Verlag
Wien, New York, 1997.

MA 566 FRACTIONAL DIFFERENTIAL EQUATIONS AND 4 credits [3-1-0]
FRACTIONAL ORDER MODELS

Linear Fractional Differential Equations: Fractional Differential Equation of a General Form.
Existence and Uniqueness theorem as a method of solution. Dependence of a solution on initial
conditions. The Laplace Transform method. Standard Fractional Differential Equations. Sequential
Fractional Differential Equations. Some Methods for the solution of Fractional-order Equations:
Power Series Method. Babenko’s Symbolic Calculus method. Method of Orthogonal Polynomials.
The Mellin Transform Method. Numerical Solution of Fractional Differential Equations: Initial value
problems and Boundary value problems for linear equations. Examples of Numerical Solutions. The
“Short Memory” Principle in Initial Values problems for Fractional Differential Equations. Matrix
approach to discrete fractional calculus. Numerical solution of nonlinear problems. Applications:
Fractional order models. Fractional order systems and controllers.

Essential Reading:
1. I. Podlubny, Fractional Differential Equations, San Diego, Academic Press, 1999.
Supplementary Reading:

1. K. S. Miller and B. Ross, An Introduction to the fractional calculus, New York, John Wiley 1993.
2. K. Diethelm, The Analysis of Fractional Differential Equations, Springer-Verlag, Berlin, Germany,
2010.
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3. K. B. Oldham and J. Spanier, The Fractional Calculus: Theory and Applications of Differentiation
and Integration to Arbitrary Order, Academic Press, New York, 1974.

4. A. Carpinteri and F. Mainardi (Editors), Fractals and Fractional Calculus in Continuum Mechanics.
CISM Courses and Lectures no. 378. International Centre for Mechanical Sciences. Springer Verlag
Wien, New York, 1997.

MA 567 THEORY OF VIBRATIONS 4 credits [3-1-0]

Theory of Vibrations: Vibrations Basics, One Degree of Freedom Systems, Two Degree of Freedom
System, Multi-Degree of Freedom Systems, Continuous Systems: String, Rod, Beam, Membrane,
Plate, Equation of Motion Through application of energy method, Approximate methods for
Vibrations problems, Rayleigh methods, Rayleigh-ritz methods, Non-Linear Vibarion.

Essential Reading:
1. Inman D.J 1994. Engineering Vibrations. Prentice Hall, Englewood Cliffs, NJ.
2. TimoshenkS., Young D.H. and Weaver W. 1990. Vibrations Problems in Engineering 5 ed.
Wiley, New York., NY.
3. Rao J.S. Advanced Theory of Vibration. New York, NY1991.
Chakraverty S Vibration of Plates, Taylor and Francis, Boka Raton. 2008.
5. Meirovitch L. Elements of Vibration Analysis. 2" Ed. McGraw Hill, New York, NY1986.

E

MA 568 MATHEMATICS OF SOFT COMPUTING 4 credits [3-1-0]

Introduction to soft computing, Fuzzy set theory, Fuzzy logic and control, gradient descent
optimization: least squares methods, genetic algorithms, swarm optimization, support vector
machines, neural networks: supervised and unsupervised learning: Hopfield nets, perceptrons,
gradient descent, multilayer nets, backpropagation, overfitting, hybrid systems: neuro-fuzzy, neuro-
genetic, GA tuned Fuzzy system.

Essential Readings:
1. J-S.RJang, C-T. Sun, E. Mizutani, Neuro-Fuzzy and soft computing” Prentice Halls, 1997.
Ross T J., Fuzzy Logic with engineering applications, John Wiley & Sons 2007.
RA Aliev & RR Aliev Soft Computing and its applications, World Scientific, 2001.
JM Zurada, Introduction to Artificial Neural Systems. West Pub. Company, 1992
John Shawe-Taylor & Nello Cristianini, Support Vector Machines and other kernel — based
learning methods- Cambridge University Press, 2000.

ik wnN

MA 569 PERTURBATION METHODS 4 credits [3-1-0]

Asymptotic expansion and approximation, asymptotic solution of algebraic and transcendental
equations, regular and singular perturbations for first and second-order ordinary differential
equations, physical examples, initial-value problems, multiple scales, two-scale asymptotic
approximation, averaging technique, composite asymptotic expansions, initial layers - matching by
Van Dyke rules. Two-point boundary-value problems: Boundary layers -exponential and cusp layers,
matched asymptotic expansions, composite asymptotic expansions, WKB (Wentzel, Kramers,
Brillouin) expansion method, conditions for validity of the WKB approximation, patched asymptotic
approximations, WKB solution of inhomogeneous ordinary differential equations. Perturbation
methods for linear eigen value problems, Rayleigh-Schrodinger theory, singularity structure of eigen
values as functions of complex perturbing parameter, level crossing. Nonlinear eigen value
problems, direct error estimation, oscillatory phenomena - free conservative and free self-sustained
oscillations, harmonic resonance, shock and transition layers.

Essential Readings:
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1. C.M. Bender, S.A. Orszag, Advanced Mathematical Methods for Scientists and Engineers,
Springer, New York, 1999.

2. W. Eckhaus, Asymptotic Analysis of Singular Perturbations, North-Holland, Amsterdam,
1979.

3. J. Kevorkian, J.D. Cole, Perturbation Methods in Applied Mathematics, Springer- Verlag, New
York, 1981.

4. P.A. Lagerstrom, Matched Asymptotic Expansions, Springer-Verlag, New York, 1988.

5. J. A. Murdock, Perturbations -Theory and Methods, SIAM -Classics in Applied Mathematics,
Vol. 27, SIAM, Philadelphia, 1999.

6. A.H. Nayfeh, Introduction to Perturbation Techniques, John Wiley & Sons, New York, 1981.

7. R.E. O'Malley, Singular Perturbation Methods for Ordinary Differential Equations, Springer-
Verlag, New York, 1991.

MA 571 STATISTICAL METHODS LABORATORY 2 credits [0-0-3]

Computational works are to be done on the following topics.

v oks

©® N o

Calculation of A.M., G.M., H.M., median and mode

Calculation of quartiles, deciles and percentiles

Calculation of range, quartile deviation, mean deviation, standard deviation and root mean
square deviations

Calculation of central moments from raw moments, calculation of skewness and kurtosis
Calculation of raw moments from central moments, calculation of moments about one point
from moments about another point

Flitting of binomial distribution

Flitting of Poisson distribution

Flitting of normal distribution

Tasting of hypothesis based on normal distribution

10. Tests based on chi-square distribution
11. Tests based on t-distribution
12. Tests based on F-distribution

MA 572 LABORATORY WORKS ON REAL LIFE PROBLEMS - Il 2 credits [0-0-3]

MA 574 LABORATORY WORKS ON NSPDE 2 credits [0-0-3]

Finite difference methods for Parabolic, Elliptic and Hyperbolic equations using explicit and Implicit

Schemes - Consistency, Stability and Convergence analysis.
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DEPARTMENT OF PHYSICS
DETAILED SYLLABI OF COURSES

Sub. Code Subject L-T-P Credits
PH 101 Physics — | 3-1-0 4
PH 102 Physics - 1l 3-1-0 4
PH 170 Physics Laboratory 0-0-3 2
PH 201 | Thermodynamics 3-1-0 4
PH 202 Electricity & Magnetism 3-1-0 4
PH 271 | Thermal Laboratory 0-0-3 2
PH 272 Electricity & Magnetism Laboratory 0-0-3 2
PH 301 | Wave and Oscillations 3-1-0 4
PH 302 | Properties of Matter 3-1-0 4
PH 303 | Optics 3-1-0 4
PH 304 | Introduction to Mechanics 3-1-0 4
PH 311 | Fundamentals of Thermal & Statistical Physics 3-0-0 3
PH312 | The Physics of Quantum World 3-0-0 3
PH 321 Physics of Semiconducting Materials 3-0-0 3
PH331 | World of LASERS 3-0-0 3
PH 332 Physics of the Universe 3-0-0 3
PH 341 | Treatise of Einstein Work and Beyond 3-0-0 3
PH351 | Science of Nano-materials 3-0-0 3
PH 352 X-Ray techniques for Structure Evaluation 3-0-0 3
PH 371 | Waves and Optics Laboratory 0-0-3 2
PH 372 Properties of Matter Laboratory 0-0-3 2
PH 401 | Mathematical Methods in Physics 3-1-0 4
PH 402 | Numerical Techniques in Physics 3-1-0 4
PH 403 | Classical Mechanics 3-1-0 4
PH 404 | Electrodynamics 3-1-0 4
PH 405 | Statistical Mechanics 3-1-0 4
PH 406 | Condensed Matter Physics 3-1-0 4
PH 407 Quantum Mechanics - | 3-1-0 4
PH 408 | Quantum Mechanics - Il 3-1-0 4
PH 409 Introduction to Spectroscopy 3-1-0 4
PH 422 | Theory & Simulation of Nanostructures 3-0-0 3
PH431 Non-linear systems & Chaos 3-0-0 3
PH462 | Vacuum Science and Applications 3-0-0 3
PH 471 General Physics Laboratory 0-0-3 2
PH 472 | Solid State Physics Laboratory 0-0-3 2
PH 473 Spectroscopy Laboratory 0-0-3 2
PH 481 Research Project — | 0-0-6 4
PH 482 Research Project — Il 0-0-6 4
PH 507 | Nuclear & Particle Physics 3-1-0 4
PH 508 | Atomic & Molecular Physics 3-1-0 4
PH511 | Advanced Quantum Mechanics 3-1-0 4
PH 512 | Advanced Statistical Mechanics 3-1-0 4
PH 513 | Density Functional Theory and its Recent Applications 3-1-0 4
PH 514 | Advanced Condensed Matter Physics 3-1-0 4
PH 522 Physics of Semiconductors : from Bulk to quantum dots 3-1-0 4
PH 523 Semiconductor Spintronics & Quantum Computation 3-1-0 4
PH 524 | Computational Condensed Matter Physics 3-1-0 4
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PH 525 Electronic Structure of Disordered Alloys 3-1-0 4
PH 531 Non-Linear dynamics, Chaos & its recent applications 3-1-0 4
PH 532 Physics of Macromolecules 3-1-0 4
PH 533 | Synchronizations & its recent applications in Chaotic Systems 3-1-0 4
PH 535 LASER Physics 3-1-0 4
PH 538 | Special Topics in Condensed Matter Physics - | 3-1-0 4
PH 539 | Special