Math 105: Outline of the Course

Below is a quick outline of key points covered in the course.

· Chapter 1: Geometry of Euclidean Space

a. Equation of lines, planes, distance (Pythagorean theorem)
b. Vectors (magnitude and direction)

c. Dot products and angles

d. Cross product and areas

e. Determinants and areas / volumes

· Chapter 2: Differentiation

a. Level sets 
b. Open Sets

c. Continuity

d. Limit laws
e. Differentiability (tangent plane approximation is very good)

i. Main Theorem: continuos partials ( differentiable ( partials exist, converses can fail
ii. Rules of differentiation (especially Chain Rule)

iii. Directional derivatives: 
1. gradient points in direction of fastest change

2. gradient is normal (perpendicular) to level sets

f. Parametrized curves c(t), speed is length of c’(t)
· Chapter 3: Higher order derivatives and Max/Min
a. Taylor’s theorem (replace complicated functions with simpler ones)
i. Application: Newton’s Method (when applicable superior to Divide and Conquer)

b. Main Theorem: If f of class C2 (derivatives up to 2nd order continuous) then mixed partials are equal

c. Finding candidates for max/min of f subject to some constraint, say g(x) ≤ c.
i. Check interior points: find critical points (those where grad(f) = 0) 
ii. Check boundary points: if on level set g(x) = c, use Lagrange Multipliers 

1. grad(f) = λ grad(g); often break analysis into λ zero and non-zero, frequently taking ratios of equations helps, sometimes can find point without finding λ, remember to include the constraint when listing all equations.

d. Method of least squares (application to grad(f) = 0).
· Chapter 5: Double and triple integrals
a. Riemann sums for 1- and 2-dimensional integrals (follows from limits and MVT)
b. Finding bounds of integration: x-simple, y-simple, simple and elementary regions
c. Main theorem: Fubini’s theorem: interchanging order of integration
d. Monte Carlo Integration: most integrals cannot be evaluated in closed form, resort to numerical simulations, this uses probability.
e. Application of integration: areas / volumes often represent probabilities of events.

· Chapter 6: Change of variables formula
a. Change of variable formula (especially polar, cylindrical, spherical): figure out exchange rate from volume element in one coordinates and volume element in another; need absolute value of the determinant of the derivative of the inverse map (called the Jacobian).
· Sequences and Series

a. Formulas for geometric series: if |r| < 1 then Sum_{n = 1 to ∞} rn = 1 / (1-r).
b. Divergence of harmonic series Sum_{n = 1 to ∞} 1/n but convergence of Sum_{n = 1 to ∞} 1/n2.
c. Tests of convergence: comparison, ratio, root, integral.
· Stokes’ Theorem: 

a. generalizes fundamental theorem of calculus, applications in physics, engineering. Involves other combinations of del operator (divergence, curl).

