VECTORS

Representation of Vectors

1° Let X be any vector. With respect to a given Cartesian coordinate
system, we may identify the initial point of X with the origin O of the system:

O=|0
0

The coordinates of the terminal point of X then determine X as an ordered
triple of numbers:
T
X = To
z3

Operations on Vectors

2°  We may form the sum of vectors X and Y:

T+
X+Y =|22+y
T3+ Y3

and the scalar product of a number ¢ and a vector Z:

We may form the inner product of vectors X and Y:
X oY =uz1y1 + T2y2 + x3Y3
and the outer product:

T2Y3 — T3Y2
X XY = | z3y1 —21y3

T1Y2 — T2Y1

as well. Finally, we may form the length of a vector X:

[ X = /] + 25 + a3



Properties of the Operations

3° The foregoing operations have the following properties, among many
others.

(X+Y)+Z=X+(Y +2)
(a+b).Z=aZ+bZ
(ab).Z = a.(b.2)

XeY =YeX
Xe(Y+Z)=XeY +XeoZ
(a.X)oY =a(X oY)

XxY=-YxX
XxY+4+2)=XxY+XxZ
(a.X) XY =a.(X xY)

Xe(XxY)=0
=(XxY)eY
Xe(YXZ)=Ye(ZxX)
=Ze(X xY)
Xx (Y xZ)=(XeZ)Y —(XeY).Z

IX|2 =X o X
X oY = |[X||[[¥]lcos(6)
IX x || = | X||[[Y]|sin(6)

In the last two relations, 6 is the (unordered) angle between X and Y.

4°  For any vector X:

X =21.F1 +29.Fy + 23.F3

where:
1 0 0
Eir=10], Ea=(1], Es={0
0 0 1



