
MAT 519 Final Topics 

I. Complex Analysis  
a. Complex Numbers and Functions 
b. Derivatives, Cauchy-Riemann Equations, Harmonic Functions 
c. Integration along Paths 
d. Series Expansions 

i. Analytic Functions, Laurent series, Taylor series 
ii. Using geometric series 

1. 
0

1 , | | 1
1

n

n
z z

z

∞

=

= <
− ∑ ,  

2. 
1

1 1 1 , | | 111 1

n

n
z z

z z
z

∞
−

=

−
= × = − >

− −
∑  

e. Singularities – removable, poles, essential 
f. Integration 

i. Cauchy’s Theorem, Cauchy Integral Theorem 
ii. Computing Residues  
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v. Infinite (Principal Value) Integrals 
vi. Jordan’s Lemma 

g. Fluid Flow 
i. Streamlines and potential functions 

ii. Types of flow – uniform, sources, sinks, vortices 
h. Conformal Mappings, Bilinear transformations, and Laplace’s Equation 

II. Fourier Transforms 
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b. Properties – Transforms of derivatives,  
c. Gaussian Integrals, Transform of a Gaussian 
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f. Solution of PDEs using Fourier Transforms 
i. Heat Equation and the Heat Kernel 
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ii. Laplace’s Equation,  
III. Laplace Transform 
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c. Properties 
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f. Application to PDEs 
IV. Numerical Solutions of PDEs 

a. Finite Differences: Forward, Backward and Center differences 
b. Truncation Error 
c. von Neumann stability analysis and CFL 
d. Matrix Methods 


