MATH 23 — Cheat Sheet Spring 2026

Dot product: - ¥ = uzvy + uyvy + u,v, = ||t]| ||7]] cos Oy,
ik
Cross product: @ x U= |uy wu, wu,| and [[u x U|| = ||u]| |[v]]|sin Oy

Uy Uy U
Line through P in direction v: Z(t) = P+ v't

Plane through P withnormal i: 7 - (Z — P) =
Projection of ¥ onto w: Pro]w U= il

General Ellipsoid: 7 >+ Y b2 + é
General Hyperboloid: =+ 2—; +4+ % = +1 not all signs the same

2

General Paraboloid: 2z = +(% —|— )+ h

N

b2
General Hyperbolic paraboloid: =z = i(i—; %’)’—2) +h
Position: Z(t), Velocity: %7 Acceleration: [cilt; , speed: ‘ d—"”

Arclength: s = fC ds = t

When plotting z = f(z,y):
C = f(=x,y) is a contour line in the domain,
z = f(z,C) is a vertical trace in space

Partial derivative of f(z,y): % = limy,_q

f(x—l—h,y)—f(l‘,y)
h

Plane tangent to z = f(x,y) at (xo, yo, 20): Il(x,y) = 20 + (z — x0) (g—i

(o 7y0)>

of

+Hy—yo) (%

(acoﬂo)) =) <0y
Chain Rule for f(z,y) with z(s, t,u), and y(s, t,u): 9L =99z | g]yc %

Gradient of f(z,y): gradf =V f =< gi, g; >

Min/Max of f(x,y): P = (zo,yo) is a critical point if am(xg, yo) = 0 and g—i(xo, yo) =0
If, in addition, D = f..(P) fyy(P) — (f2y(P))? < 0, then P is a saddle-point

if D>0and fu»(P) >0, then P is alocal minimum

if D>0and f;;(P) <0, then P is alocal maximum

For a double integrals: [ [ f(z,y)dA the area element dA is

dA = dxdy in Cartesian coordinates

dA = r drdf in polar coordinates

For a triple integrals: [ [ [ f(z,y,2)dV the volume element dV is

dV = dzdydz in Cartesian coordinates

dV = r drdfdz in cylindrical coordinates

dV = p? sin ¢ dpd¢dé in spherical coordinates.

Coordinate conversion:

For polar and cylindrical: = rcos 6, y = rsinf

For spherical: » = psin ¢, z = pcos ¢
Line Integral [, f(Z)ds = f(:i’(t))

Fundamental Theorem. of Line Integrals: if F= V¢ and C goes from A to B, then
Jo F(@) - 4dt = ¢(B) — ¢(A)
Green’s Theorem: |, F(Z)- Iat=[[, (dﬁ - @> dA




MATH 23 — Cheat Sheet Spring 2026

ik
o, 0, 0.
Fl F2 F3
Surface Integrals of a surface S parametrlzed with #(u, v): [ [¢ f(Z)dS, with dS = ||, x7,||[dudv

Curl F=V x F =

Flux of F across a surface S parametrlzed with r(u v):
Flux = [ [(F -7 dS = ffs (Fy X 7y)dudv
Divergence theorem: Outward Flux = [ [(F-7dS = [ [ [, divF dV



