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MATH 317 vs. MATH 417

MATH 317 "Advanced Calculus of One Variable"
— Denseness of Q in R; Cauchy criterion;
— Uniform continuity; Mean value theorems;

— Uniform convergence; FTC: F'(x) = [F(x)]5
[a,]

MATH 417 "Advanced Calculus" of Multivariables
» Implicit function theorem;
» Taylor expansion; Hessian matrix for local min./max.

» Gradient, Divergence, Curl: theory and applications

Gradient flow, Incompressible fluid flow, Electromagnetic fields;

» New: Differential forms on manifolds: /dw:/ w
Q a9

Exploration to renovate MATH 417 for students in the new era.



Taylor Expansion

MATH 317:
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MATH 417: For a scalar-valued multivar. fxn. f(x) = f(x1, -, Xa),
1
f(x) = f(a)+ Df(a)(x —a) + E(x —a) Hf(a)(x —a)+ -

— 1st order derivatives form the gradient vector;

2
— 2nd order derivatives form symmetric Hessian matrix [ ];

O0x;0x;
“Eigenvalues all positive” implies local minimum;

— How about higher order terms?
— How about a vector-valued function f : R” — R™ 7?7



Curl — Circulation
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(a) Verifying theorem on a hemisphere (b) Intuition for proof

Figure: Sources: (a)(b) math.libretexts.org




Vector Fields in applications

(a) Div-free flow thru a duct  (b) Curl (paddle-wheel)  (c) Shield by magnetosphere

Figure: Sources: (b) math.libretexts.org; (c) BBC skyatnightmagazine




