— . u-v
Projection of u onto v:  proj,u = () v

[[v?
Identities: u-v = |jul| [|v]| cos(d) and |ju x v|| = ||u||||v] sin(8)
. O
Unit tangent vector: T(t) = Ol ifr'(t) #£0
r
o . T(t) .
Principal unit normal vector: N(¢) = ol if T/(t) #0
) -1/ (t
Tangential component of acceleration:  ar = —||r'(t)]| = () ()
dt @l
t
Normal component of acceleration:  an = ||v'(#)|| | T'(¢)| = W
r’
b / / "
T 4 4
Arc length: s :/ llt'(t)|| dt, Curvature: H ||||r (t ||| I (|I)_,Z<t;|3( )

fmx(a7
fym(aa

b)
b)

Cylindrical coordinates: = rcos(d), y = rsin(d), z = z.
) co

cos(0), y = psin(¢) sin(0), z = pcos(¢).

Integration in cylindrical coordinates example:

f2(0) 92(7’9)
// flz,y,2)dV = // / f(rcos(0),rsin(0), z)r dz dr db.
f1(0 g1 ’1"0

Integration in spherical coordinates example:

Second derivative test: d =

fay(a,b)| B o
fyy(a, )' = fra(a,b) fyy(a,b) — (foy(a,b))".

Spherical coordinates: x = psin(¢

f200)  rg2(¢, 9)
// flz,y,2)dV = / / / f(psin(o) cos(8), psin(¢) sin(0), pcos(¢>))p2 sin(¢) dp de db.
R a Jf g

1(0) 1(,0)

Jacobian for the change of variables = g(u,v), y = h(u,v):

Oudv Ovou

Line integral of the vector field F = (M, N, P) over C":

b
/CF-dr:/Cde+Ndy+sz=/CF-Tds:/a Fa(t), y(t), () - /() dt

Surface integral of f(z,y, z) over S: // flz,y,2)dS = //Rf(a:(u,v),y(u, v), 2(u,v)) ||ry X ry|| dA.

Flux of F across S: // F-NdS = // (ry X 1) dA.

i

oM ON 0P

curl F = 881 8% %, d1VF—a—+ay+aZ
M N

Divergence theorem: // F-NdS = // div FdV.

Stokes’s theorem: / F.dr= // (curl F)-NdS.
c s

10



