Formula sheet for the first exam in Math 291, fall 2002
FIRST VERSION 10/14/2002; REVISED 10/15/2002; FURTHER REVISED 10/16/2002; CORRECTED 10/17/2002

Cauchy-Schwarz: |v-w| < ||v]| [[w|]. Triangle inequality: ||v + w|| < ||v] + [|w]|.

Distance from Py(zo, Yo, 20) to Pi(z1,y1,21) is /(w0 — 21)% + (yo — y1)% + (20 — 21)2.
lax1 + by1 + ¢z + d|

Va2 + b2 + 2

Distance from P (z1,y1,21) to plane az + by + cz = d is

Sphere: (z —h)? + (y—k)? + (2 —1)?> =12

Plane: a(x — zo) + b(y — yo) + ¢(z — 29) = 0 where n = (a, b, c)

lall = v/(a1)? + (a2)? + (as)?

la-b| = ||a|| ||b|| cos® (If =0, thena L b.) |lax b| =]|al ||b]| siné (If a||b this = 0.)

axb=-bxa a-(bxc)=(axb)-c ax(bxc)=(a-c)b—(a-b)c

a-b a-b
b=— i.b=——
comp, Tal proj, - aa

Volume of a parallelepiped with edges a, b, c: ||a- (b x ¢)||
Arc length: [V [|¢/(6)dt  T(t) = S0 N(t) = e B(t) = T(t) x N(#)

le’ (@)l (T’ (@)l
. ’ AT T 0 X O] 2 "0 (1) — 2" OY O] v 1S (@)
ds [x/ ()] e/ ()| (2/(t)2 + 5/ (t)?)3/2 (14 (f'(x))?)3/2
B (r'(t) x r'(t)) - ¢ (¢) dT dN dB
— TIORETZGIE . Frenet-Serret: . = kN, 15 = kT + 7B, i T7N.
Tangent plane to z = f(x,y) at P(xo,Y0,20): 2—20 = fz(x0,Y0)(z—20)+ fy(zo, yo)(¥y—10)

Linear approximation to f(z,y) at (a,b): f(z,y) = f(a,b)+ fz(a,b)(x—a)+ f,(a,b)(y—D)
Tangent plane to F(zx,y,z) = 0:
F (70,0, 20)(x — ®o) + Fy(w0, Y0, 20) (¥ — Yo) + F=(Z0, Y0, 20)(2 — 20) =0

d F,
If y implicitly defined by y = f(z) in F(z,y) = 0 then e A——
dx F,
F, F
If z implicitly defined by z = f(x,y) in F(z,y,2) = 0 then z, = 7 and z, = _Fy'
of. of. 0of
Vf = <fxafy7fz> - %l-’_ a_y.] + &k Duf(l',y,Z) = vf(xay7z) -u

Some chain rules: d af d of d
_ _ _ 4= _graxr  djay
If 2 = f(z,y) and & = (t) and y = y(¢), then — = ==~ + ==~

0z 0f0dg Of Oh
If 2= f(z,y) and = = g(s,t) and y = h(s,t), then 5 — 92 Bs + Dy 05
Suppose f;(a,b) =0 and fy(a,b) =0. Let H = H(a,b) = fzz(a,b)fyy(a,b) — [fuy(a,b)]?.
a) If H> 0 and fy,(a,b) > 0, then f(a,b) is a local minimum.
b) If H > 0 and f,.(a,b) <0, then f(a,b) is a local maximum.
c) If H <0, then f(a,b) is not a local maximum or minimum (f has a saddle point).

A real-valued function F'(x) is continuous at x¢ if, given any € > 0, there is a § > 0 so
that whenever ||x — xq|| < J, then |F(x) — F(xo)| < €.



