
SELECTED FACTS AND FORMULAS

a • b = kak kbk cos θ
compba = a• b

kbk
ka× bk = kak kbk sin θ
Angles between non-parallel lines with respective direction vectors a and b:

θ = cos−1
Ã
a · b
kak kbk

!
and π − θ.

Let r (t) = hx (t) , y (t) , z (t)i , a ≤ t ≤ b be a smooth position function.
Curvature if r is a plane curve (z = 0): K = |x0y00−x00y0|

[(x0)2+(y0)2]
3/2

Curvature if r is the graph of a twice differentiable y = f (x) : K = |y00|
[1+(y0)2]

3/2

Curvature if r has unit speed : K = kT0k .
Curvature if r is a space curve: K = ka×vk

kvk3 .

Tangential component of acceleration: aT = a •T = a• v
kvk .

Normal component of acceleration: aN = a •N = a• T0
kT0k = K kvk2 = ka×vk

kvk

=
q
kak2 − a2T.

If P is any point on line `1 with direction a and Q is any point on `2 is a line with
direction b, the distance from `1 to `2 is:

Dist =
¯̄̄
compa×b

−→
PQ

¯̄̄
.

If P is any point on plane ax+ by+ cz+ d = 0, the distance from point Q to this
plane is:

Dist =
¯̄̄
compha,b,ci

−→
PQ

¯̄̄
.

The first moments My and Mx of the lamina R about the x-axis and y-axis are:

My =
ZZ
R

xρ (x, y) dA and Mx =
ZZ
R

yρ (x, y) dA.

The center of mass (x̄, ȳ) of the lamina R is: (x̄, ȳ) =
³
My

m
, Mx

m

´
.



Let F (x, y, z)= hM (x, y, z) , N (x, y, z) , P (x, y, z)i be a vector field such thatM,
N, P and their first partials are continuous on an open region of space containing
a surface S.

5 =
D

∂
∂x
, ∂
∂y
, ∂
∂z

E
div (F) = 5 • F

curl (F) = 5× F
H
C F• dr =

RR
S curl (F) • n dS,

where C is the boundary of S and n is the upward unit normal on S.

RR
S F • n dS =

RRR
Q div (F) dV,

where S is the closed piece-wise smooth boundary of Q and n is the outward unit
normal on S.

If C is a piece-wise smooth simple closed plane curve (z = 0) bounding a plane
region R, thenH
C F • dr =

RR
R

³
∂N
∂x
− ∂M

∂y

´
dA.
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