
COURSE NAME:       COMPLEX ANALYSIS AND APPLICATIONS 

 

COURSE CODE:    MATH 6635 

 

# of CONTACT HRS: One semester (13 weeks - 33 hours of lectures and 30 hours 

of tutorial time) 

 

LEVEL:     Graduate  

 

SEMESTER:    I 

 

NUMBER OF CREDITS:   4 

 

PREREQUISITES:     Real Analysis (Undergraduate level) 

 

 

RATIONALE: 

Complex Analysis has tremendous applications in many branches of Mathematics, Physics and 

engineering.  It is well known that two dimensional Laplace Equation can be related to Complex 

Analytic functions and many mathematical techniques based on the results of Complex Analysis 

can be used for studying problems in two dimensional Potential theory. Functions of complex 

variables arise in many branches of mathematics both as part of a theoretical framework and in 

applied areas like Electronics, Fluid Mechanics and Physics. Providing graduate students with a 

background in this field is an essential part of developing mathematical maturity, and prepares 

them for advanced work in many other areas. 

 

COURSE DESCRIPTION: 

This course develops Complex Analysis as an extension of Real Analysis. Apart from 

concentrating on the theoretical developments, emphasis will be on unifying aspects in theory 

and applications. Examples will be taken from different applied subjects to showcase the 

elegance and utility of introducing methods based on complex analysis. 

 

LEARNING OUTCOMES: 

By the end of the course, students will be able to:  

 Identify and construct analytic functions using the Cauchy Riemann equations; 

 Use branch cuts to construct an analytic function from a multi-valued elementary 

function; 



 Compute contour integrals via path parameterization; 

 Apply the Cauchy-Goursat theorem, the Cauchy integral formula and the principle of 

deformation of path to compute contour integrals; 

 Develop Taylor and Laurent series representations for elementary functions; 

 Classify isolated singular points and compute residues; 

 Use the Residue Theorem to evaluate improper real integrals.  

 Appreciate the effective use of Complex Analysis in i) understanding many results which 

are real variables in nature. And ii) solving problems in applied areas. 

 

CONTENT: 

Basic Complex Analysis and overview: [3 Hrs i.e. 2 hrs lecture + 2 hrs tutorials] 

- Algebraic and geometric representation of complex numbers; Comparison of real and 

complex analysis,  

- Euler’s formula; Rational powers and roots of complex numbers;  

- Sets of points in the complex plane.  

- Complex functions, Special power functions, Linear Mappings, 

- Limits and Continuity, Applications 

 

Analytic Functions [10 hours i.e. 8 hrs lecture + 4 hrs tutorials] 

 

- Complex Differentiability and Analytic functions;  

- Cauchy Riemann equations; Harmonic functions;  

- The complex exponential function; Trigonometric and Hyperbolic functions and inverses; 

The complex logarithm – definition, properties, branches and branch cuts. 

 Conformal mapping, Elliptic Functions, Gamma and Zeta functions Analytic 

Continuation, Applications 

 

Complex Integration: [15 hours i.e. 9 hrs lecture + 12 hrs tutorials] 

 

- The contour integral – definition, properties, application; 



- Bounds on integrals; Antiderivatives;  Fundamental Properties of Holomorphic 

Functions, Cauchy’s and Morera’s theorems,  

- The Cauchy-Goursat theorem and the principle of deformation of path, Cauchy’s integral 

formula; Lioville’s theorem, fundamental theorem of Algebra. 

- Cauchy’s inequality and the Maximum Modulus Principle; Applications 

 

Series: [10 hours i.e. 7 hrs lecture + 6 hrs tutorials] 

 

- Convergence of sequences and series; 

- Power series – absolute and uniform convergence, integration and differentiation; 

- Taylor and Laurent series; Applications 

  

Residues and Poles  [10 hours i.e. 7 hrs lecture + 6 hrs tutorials] 

 

- Meromorphic Functions,  Isolated singularties, Calculus of residues and the Residue 

Theorem; 

- Classifying isolated singular points; Residues at poles; 

- Evaluation of improper real integrals by contour integration around poles.  

- Applications 

 

Total contact hrs=48 i.e. 33 hrs lecture + 30 hrs tutorials 

 

TEACHING METHODOLOGY: 

The course is theoretical in nature and will be delivered via informative lectures supported by 

tutorials (provided as needed during scheduled lecture hours) designed to give students practical 

self-guided exposure to the ideas presented in lectures. 

  

The total estimated 48 contact hours may be accounted for as follows: 33 hours of lectures and 

30 hours of tutorial time. The tutorial periods will include problem solving sessions which will 

ensure that the students are able to understand, appreciate and apply the concepts learnt in the 



course. Course material, including assignments and practice problems, will be posted on the 

webpage   http://ourvle.mona.uwi.edu/ 

 

ASSESSMENT: 

The course assessment has three components consisting of coursework (40%) and final exam 

(60%):  

1. One in-course test – 20% of overall grade; 

2. Written assignment – 20% of overall grade; 

3. Final exam 3 hours in duration – 60% of overall grade  

 

REFERENCE MATERIAL: 

Books: 

1. Kwok,  Y. K. (2010). Applied complex variables for scientists and engineers, Cambridge 

 University Press, 2010. ISBN-10: 0521701384 

2.  Brown, J. W. & R. V. Churchill (2002). Complex Variables and Applications (Eighth 

 Edition) McGraw-Hill College, ISBN-10: 0073051942 

3. Ahlfors, L. (1979).  Complex Analysis, McGraw-Hill, New York, ISBN-10: 0070006571  

4. Zill, D.G. and P. D. Shanahan (2003). A first Course in Complex Analysis.  Jones and 

Bartlett Mathematics, ISBN-10: 0763757721 

5. Rudin, W. (1987). Real and Complex Analysis, third edition, McGraw-Hill, New York, 

ISBN- 10: 0070542341 

 

Online Resources: 

1. http://mathforum.org/library/topics/complex_a/ - The MathForum Internet Mathematics 

Library is a curated list of online resources for Complex Analysis, including online 

lecture notes, software, and practice problems. The site is maintained by the Goodwin 

College of Professional Studies at Drexel University. 

2. http://www.math.ttu.edu/~pearce/complex.shtml - This page contains a list of websites 

that allow complex mappings to be visualized. 

 

 

 

http://mathforum.org/library/topics/complex_a/
http://www.math.ttu.edu/~pearce/complex.shtml

