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. Length of curve (x(t),y(t),2(t)),a <t <bis fab V()2 4y ()2 + 2/(t)2dt = f ds.

LWV = ugv + ugvg + uzvs = ||ul|||v]| cos 6.
i j k
uUuXVvV=1|U Uz U3 = (u2v3 — U3U2)i =+ (U3U1 — ulvg)j + (Uﬂ)g — UQUl)k.
V1 Vg Vs
[lu x v|| = ||u||||v]| sin @ = area of parallelogram, (u x v) - w = volume of parallelipiped.
Plane A(z — z¢) + By —yo) + C(2 — 29) = Az + By+ Cz — D =0 LAi+ Bj+ Ck.

Line © =z + at,y = yo + bt, z = 2z + ct through (xg, Yo, 20) in direction ai + bj + ck.

dv

Position r(t), velocity v(t) = 2, speed ||v(t)|| = £, acceleration a(t) = 2

% dt
V= i+ fi+ [k
Directional derivative at p in direction u: Dy, f(p) =u-Vf(p).
Chain rule: L(f(r(t))) = Vf(r(t)) - &.
Tangent plane to z = f(z,y) at (o, %0, 20): 2 — 20 = fa(20,Y0)(x — o) + fy(0, Y0) (¥ — ¥o)-

Second derivative test at (xo,yo) where Vf((zo,90)) = 0: If D = (feafyy — f2,) (20, %0)),
then: (1) : D > 0, fy, > 0) local min;(2)D > 0, f,, < 0 local max; (3) : D < 0 saddle pt.

Area of graph z = f(z,y) over region S in zy-plane: [ [ \/mdA.

Polar coordinates: z = rcosf,y = rsinf,dA = rdrdf.

Spherical coordinates: x = psin¢cosf,y = psin¢sinf, z = pcos ¢, dV = p? sin pdpdfda.
div(F) =V -F =M, + N, + P,.

curl(F) =V xF = (P, — N,)i+ (M, — P,)j+ (N, — M,)k.

curl(Vf)=0.

If C'is a curve r(t) = z(t)i+y(t)j+2(t)k, a <t < b, then [, F-dr = [, Mdz+Ndy+Pdz =
b xT z b r
[J(M% 4+ N% 4 PLdt and [, f ds =[] f(e(t))||%(t)||dt.

If F is conservative means F = V f. If F' conservative, then curl(F) = 0.

If C'is a curve from P to Q, [,V f-dr = f(Q)— f(P).

Green’s Thm:§,, Mdx + Ndy = [ [((N, — M,)dA

Divergence Thm in plane: §,;F -nds = [ [, div(F)dA, n = outward unit normal.

Divergence Thm in space: [ [,oF-ndS = [ [ [(div(F)dV, n = outward unit normal..



