
Syllabus for OPTI 6101/8101 – PHYS 6210
Fall 2010

Mathematical Methods for Optical Science and
Engineering – Theoretical Physics

Instructor: Greg Gbur
Office: Grigg 205, phone: 687-8137

email: gjgbur@uncc.edu

1 Schedule:

Grigg 133, Tu 5:00-7:30 P.M.

2 Office hours:

11 am -12 pm Monday and 11 am - 12 pm Tuesday. Students may also contact the
instructor for other times.

3 Course objectives:

This course will familiarize the student with the most common mathematical methods
used in physical problems, i.e. it will give the student some ‘tools’ for his or her
mathematical physics toolkit. Interconnections of the various topics will be discussed,
and topics will be presented with examples of how they apply to specific results in
the physical sciences.
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4 Tests, homework and grading:

Homework will be assigned roughly every Tuesday and due the following Tuesday.
There will be three take-home exams during the semester. The exams will each be
worth 20% of the total grade, and the homework will make up the remaining 40%.

5 Academic Integrity:

Students have the responsibility to know and observe the requirements of The UNCC
Code of Student Academic Integrity (see Catalog or http://www.legal.uncc.edu/policies/ps-
105.html). This code forbids cheating, fabrication or falsification of information,
multiple submission of academic work, plagiarism, abuse of academic materials, and
complicity in academic dishonesty. Any special requirements or permission regarding
academic integrity in this course will be stated by the instructor, and are binding on
the students. Academic evaluations in this course include a judgment that the stu-
dent’s work is free from academic dishonesty of any type; and grades in this course
therefore should be and will be adversely affected for academic dishonesty. Students
who violate the code can be expelled from UNCC. The normal penalty for a first of-
fense is zero credit on the work involving dishonesty and further substantial reduction
of the course grade. In almost all cases the course grade is reduced to F. Students
are expected to report cases of academic dishonesty to the course instructor.

6 Course topics (tentative, and not necessarily in

this order):

1. vector analysis (Arfken Ch. 1)

2. curved coordinates (Arfken Ch. 2)

3. determinants and matrices (Arfken Ch. 3)

4. infinite series (Arfken Ch. 5)

5. complex variables (Arfken Ch. 6)

6. residue theory (Arfken Ch. 7)

7. differential equations (Arfken Ch. 8)
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8. Sturm-Liouville theory (Arfken Ch. 9)

9. Bessel functions (Arfken Ch. 11)

10. Legendre functions (Arfken Ch. 12)

11. Other special functions (Arfken Ch. 10 and 13)

12. Fourier series (Arfken Ch. 14)

13. Integral transforms - Fourier, Laplace (Arfken Ch. 15)

14. Discrete transforms

15. Integral equations (Arfken Ch. 16)

7 Required texts:

7.1 G.B. Arfken and H.J. Weber, Mathematical Methods
for Physicists (Academic Press, San Diego, 2001, 5th
edition)

A good, all-around math methods textbook. A little light on Fourier methods, but
extremely detailed description of special functions. Also a good math reference book.

8 Other resources:

The following list is a collection of books which range from the elementary to the
advanced which I have found useful in understanding various mathematical methods.
Hopefully this list will be useful not only for class but for any future mathematical
work.

8.1 Books on mathematical methods

8.1.1 K.F. Riley, M.P. Hobson and S.J. Bence, Mathematical Methods
for Physics and Engineering (Cambridge University Press, Cam-
bridge, 2006, 3rd edition) QA300 .R495 2006

A recent and relatively readable, albeit bulky, book on methematical methods. It has
a different ordering of topics than Arfken.
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8.1.2 E. Butkov, Mathematical Physics (Addison-Wesley, Reading, Mas-
sachusetts, 1968) QA401.B78

Covers most of the same topics as Arfken but with a different emphasis, and slightly
more elementary. A good alternative source of information.

8.1.3 H.W. Wyld, Mathematical Methods for Physicists QC20.W9

Another general mathematical methods textbook. Covers less material than the two
books above, but has an excellent discussion of Green’s function methods.

8.1.4 R. Courant and D. Hilbert, Methods of mathematical physics (In-
terscience, New York, 1953) QA401 .C724

A classic two-volume collection on math methods coauthored by one of the great
mathematicians of the twentieth century, David Hilbert. As you might expect, this
one is a bit more challenging.

8.2 Books on complex analysis

8.2.1 M.J. Ablowitz and A.S. Fokas, Complex Variables: Introduction
and Applications (Cambridge University Press, Cambridge, 1997)
QA331.7 .A25 1997

A very thorough and readable book on complex analysis. Has a helpful section on
asymptotic evaluation of integrals using methods such as stationary phase and steep-
est descent.

8.2.2 J.W. Dettman, Applied complex variables (Macmillan, NY, 1965)
QA401.D4 (also in Dover)

A nice book which deals not only with complex variables, but differential equations,
Fourier transforms, even Bessel functions.

8.2.3 E.T. Copson, An Introduction to the Theory of Functions of a Com-
plex Variable (Oxford, Clarendon Press, 1935) QA331.C67

A classic textbook on complex analysis. It is of an older style, and more difficult to
read, but contains detailed proofs of important theorems.
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8.3 Books on differential equations

8.3.1 H.F. Weinberger, A First Course in Partial Differential Equations
with Complex Variables and Transform Methods (Blaisdell Pub.
Co., New York, 1965) QA374 .W43 (also in Dover)

A nice elementary text which covers not only PDEs but also complex variables and
Fourier transforms.

8.3.2 S.J. Farlow, Partial Differential Equations for Scientists and Engi-
neers (Wiley, New York, 1982) QA377 .F37 1982 (also in Dover)

Another elementary text with many examples and a clear description of the different
types of PDEs.

8.3.3 I.G. Petrovsky, Lectures on Partial Differential Equations (Inter-
science, New York, 1954) QA377 .P433 (also in Dover)

An appallingly difficult but mathematically rigorous book which describes the classi-
fication and solution of various PDEs.

8.3.4 E.L. Ince, Ordinary differential equations (Dover, New York, 1956)
QA372.16 I5x

A classic but old and difficult text on ordinary differential equations. One of the few
books that discusses solutions of ODEs in the context of complex analysis.

8.4 Books on infinite series

8.4.1 K. Knopp, Theory and application of infinite series (Hafner, New
York, 2nd ed.) QA295 .K74 (also in Dover)

One of the definitive texts on infinite series. Difficult reading but very thorough and
a good reference.
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8.5 Books on special functions

8.5.1 M. Abramowitz and I.A. Stegun, Handbook of mathematical func-
tions (Dover, New York, 1965) QA3 .U5 no. 55

A reference book in which one can find numerous mathematical properties of special
functions.

8.5.2 N.N. Lebedev, Special Functions & Their Applications (Prentice-
Hall, Englewood Cliffs, N.J., 1965) QA351 .L3613 (also in Dover)

A thorough mathematical discussion of the most common special functions, though
in most cases one can still find the information in Arfken.

8.6 Books on Fourier methods

8.6.1 J.F. James, A student’s guide to Fourier transforms : with appli-
cations in physics and engineering (Cambridge University Press,
Cambridge, 2002, 2nd ed.) QC20.7.F67 J36 2002

A popular and readable introduction to the theory and uses of the Fourier transform.

8.6.2 I.N Sneddon, Fourier transforms (McGraw-Hill, New York, 1951)
QA404 .S53 (also in Dover)

This text contains only a little of the theory of Fourier transforms but devotes much
space to the application of them to specific problems.

8.6.3 R.J. Beerends, H. G. ter Morsche, J. C. van den Berg, E. M. van de
Vrie, Fourier and Laplace transforms (Cambridge University Press,
Cambridge, 2003) QA404 .F6513 2003

A recent, readable and thorough book on Fourier methods and related topics. Con-
tains detailed discussions of interesting modern techniques such as Fast Fourier trans-
forms, discrete transforms and z-transforms. I’m a little biased about this one because
I know one of the authors, but it is a really nice book.
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9 Test schedule and other dates of note:

The three take-home tests will be scheduled as follows:

1. September 28th– October 5th (Tuesday to Tuesday)

2. November 9th– November 16th (Tuesday to Tuesday)

3. FINAL: December 7th–14th (Tuesday to Tuesday)

Other dates of interest:

1. August 23rd (First day of class)

2. September 6th, Monday (Labor Day)

3. October 11th-12th : NO CLASS (Student recess)

4. October 26th : NO CLASS (OSA meeting)

5. November 24th-27th (Thanksgiving)

6. December 8th (Last day of classes)
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