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Arc length, Frenet formulas, and tangential and normal acceleration components

ds = |v| dt T =
dr
ds

=
v
|v|

N =
dT/ds

|dT/ds|
=

dT/dt

|dT/dt|
B = T×N

dT
ds

= κN
dB
ds

= −τN κ =
∣∣∣∣dTds

∣∣∣∣ =
|v × a|
|v|3

τ = −dB
ds

·N =

∣∣∣∣∣∣
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Directional derivative, Discriminant Lagrange Multipliers, and Estimating Change

df

ds
= (∇f) · u = Duf fxxfyy − (fxy)2 ∇f = λ∇g df = (∇f |P0 · u)ds

Linear Approximation Error, E(x, y)

|E(x, y)| ≤ 1
2
M(|x− x0|+ |y − y0|)2, where max{|fxx|, |fxy|, |fyy|} ≤ M

Polar coordinates x = r cos θ y = r sin θ r2 = x2 + y2 dA = dx dy = r dr dθ

Cylindrical and spherical coordinates

Cylindrical to Rectangular Spherical to Cylindrical Spherical to Rectangular
x = r cos θ r = ρ sinφ x = ρ sinφ cos θ
y = r sin θ z = ρ cos φ y = ρ sinφ sin θ

z = z θ = θ z = ρ cos φ

dV = dx dy dz = rdz dr dθ = ρ2 sin φdρ dφ dθ

Substitutions in multiple integrals∫ ∫
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Mass, first moments and center of mass

Mass M =
∫ ∫ ∫
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δ dV

Moments Myz =
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x δ dV Mxz =
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y δ dV Mxy =
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z δ dV

Center of mass x̄ = Myz/M ȳ = Mxz/M z̄ = Mxy/M


