MAT 519 Final Topics

I. Complex Analysis— Starting from Laurent Series
a. Series Expansions

Power series, Laurent series, Taylor series
Circle of convergence
Using geometric series
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b. Singularities—removable, poles, essentia

c. Integration
i. Cauchy’s Theorem
ii. Cauchy Integral Theorem
lii.  When can one deform contours?
iv. Computing Residues
1. Res[f(2);z=2)]= Q@m(z- z,) f(2) - smple poles

k-1
2. Res[f(2);z=2]= I| dk 7[(z- z,)“ f (2)] - polesof
order k
v. Residue Theorem ¢ f (2) dz = 2pi & Residues
Polesinside C
vi. Integrands of theform f(cosq,sing):
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. zZ-2
Use cosq = , Sing = >

vii. Infinite (Principal Value) Integrals
viii. Jordan’s Lemma

[l. Fourier Transforms
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a Definition F(W)=% Of (e dx, 1(x)= F (w)e ™w
-¥ _y¥
b. Properties— Transforms of derivatives,

c. Gaussian Integrals, Transform of a Gaussian
¥

d. Convolution Theorem F™*[Fw)G(w)] = (f * g)(x) ° Of ()g(x- x) dx
-¥

¥ ¥
e. Parseva’s|dentity c‘jF(w)|2dw:i df(x)|2dx

f. Fourier Sine and COSI ne Transforms and Semi-infinite intervals
g. Heat Equation Examples

[11. First Order PDEs
a. Quasilinear Equations a(x, y,u)u, +b(x, y,u)u, =c(x, y,u)

HY-Hogor X=aFopog

b. Method of Characteristics
dt dt dt
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c. Conservation Laws
b

i. Integral form: Z—?:f(a,t)-f(b,t)+ac‘)f(x,t)dx

ii. Loca Form: E+E: f.
ft 9x

iii. Constitutive Equation: f =f (u)p u, +2|I—fuX =f
u
d. Solutionsof u, +c(u)u, =0.
i. Sketching Characteristic Curves
ii. Sketching Solutions based on Characteristics

iii. Bresking Time t,=!- —~ 9 for Fex)=c(f))and f(x)=u(x0)
T I:(X)gmin

iv. Rarefactions - u(x,t):g(?x)

v. Shock Waves — Rankine-Hugonoit Condition Z—XS = FT] where

[u] = u+ _ u_
e. General Nonlinear First Order PDEs
I F(X’Y-U'P,Q):Ofor p=Uu,, q=U,
dX _ dy — du - dp _ dq

ii. Charpit Equations — == = = =
F, Fy PR, *+aR, Fe+pR, F +aR

dt



