Formulas

Dot Product
(%0, ¥0) = (X1, ¥1) = XoX1 + Yo1
= |(x0, ¥0)|1x1, ¥11cos (8)

(%0, ¥0) * (xX1,¥1) _ a-b
[ (X0, Yo) |1, y1 | lal|b|

cos(9) =

a*b>0 -0 isacute
a*b <0 - 0 is obtuse
a*b=0- 0 isright

(a+b) (c+d)=
ac+b-c+a-d+b-d

, _ (a b) b
proj, a ( |b|) m
Lines
e Standard Eq. of Line in R?
perpendicular to 71 = (a,b) :
e (x =%,y =) =0
Or equivalently,
a(x —x) +b(y —¥,) =0
e  Vector Eq. of Line in R? parallel to
¥ = (a, b):
(0, y) = (x0,¥0) + tV
In R3 and ¥ = (a, b, ¢) this generalizes to:
(,y,2) = (X0, Yo, Z9) + tV
For the standard parameterization of the
line segment. 0 <t <1
e The Parametric Eq. for a line can be

found from the Vector Eq.
X =xy+ta
y=yo+tb
z=2zy+th

e The Symmetric Eq. for a line is found
by solving for ¢
X~X _ Y~V _

a b c

Z—Z,

Planes

e Standard Eq. of Plane in R3
perpendicular to 71 = (a,b,c) :

e (x =%y —Y0,Z—2) =0
Or equivalently,
a(x —xo) +b(y —yo) +c(z—2,=0

e Vector Eq. of Plane in R3 parallel to U
and ¥ (where U X ¥ # 0) :
(x,v,2) = (xg, Vo, Zo) + AU + bV

e The Symmetric Eq. for a line is found

by solving for ¢
X~X _ Y~V _

a b c

Z—Z,

Regular
VF#0
Linearly Independent
UXV#0

Cross Product
a by_ _,
|c d| =ad — bc

(a,b,c) X (c,d,e) =

i j k
a b C|=
d e f
b ¢l L@ € »la b
He fl771a A+
|1 x 7| = |7||m]|sin (8)

* Direction given by right-hand rule*
nxXxm=-mxn
pXx(ag+br)=a@xq) +b@x7)

Partial Derivatives

fxy = fyx

if f,, and f,,, are continuous

of of of
ox’ 6y 0z

Vf(xy,2) = G-

Linear Approximation

fxX) =~ f(p)+Vf(p) (x—p)
Or as a linearization:

Ly(p) = f(p) +Vf(p) - (x —p),
f(x) = Ly (x;p)

In other words:

Af = d,f(Ax) = Vf(p) - (Vx)
The tangent plane (set) is:

z = L¢(x;p)

Tangent Plane to Parametric Eq.
r(u,v) = (x(u,v),y(u,v), z(u, v))
*show 7;, and 1, are linearly independent™®
(x,y,2) = p + ar;(uo, vo) + b7 (1o, vo)
Or
n=r,Xr,

7 (v —p) =0

Hessian Determinant (for checking

concavit
fey

fxx
D = =
Bl e
D >0, f;x > 0 — local min.
D >0, f,x < 0 - local max.
D <0 — saddle
D =0 — degenerate

2
- fxy

Lagrange Multiplier
v f is the gradient of the original function.

v g is the gradient of the constraint
function.

Vf = AVg

Basic Derivatives

d !
a(f+g)=f +g

d

—(f*g)=f’g+fg’

f'a—-gf
(f/) 7

a(x"a) =ax® 1
d
@(eax) — aeax
d ) 1
=3
2 F@@) =g"+f'(9)
d
E(sinx) = cosx
$(cos x) = —sinx
d
a(tanx) =sec?x

d
—(cscx) = —cscx cotx
I (656 X)

—(secx) =secxtanx
7y (5€cx)

d
o (cotx) = —csc?x
d .1
‘ilx (sin™tx) = \/1__1362
—(cos™1x) =
d)(; NE Ixz
d— (tan_ X) = chz
—(cscix) = ———
dx [x|Vx2 -1
1
—sec lx =———
dx [x|Vx?Z —1
-1
2 (cot-1x) =
dx (cot™ x) 1+ x2

Chain Rule for Partial Derivatives

Or

6f_v> 0x
Frinh G N
of 0f 0x; = Of Ox,
at  0dx, ot ' dx, ot

Directional Derivative

*U

Dyf(p) =

1S a unit vector!*
- dpf (@) = Vf(p) - &
= |Vf(p)|cos (6)







