VECTOR MULTIPLICATION

When two vectors A and B are multiplied, the result is either a scalar or a vector depend-
ing on how they are multiplied. Thus there are two types of vector multiplication:

1. Scalar (or dot) product: A - B
2. Vector (or cross) product: A X B



Dot Product
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A-B = ABcosf,,

where 045 is the smaller angle between A and B. The result of A - B is called either the
scalar product because it is scalar, or the dot product due to the dot sign. If A =

(An A, A,) and B = (B,, B,, B,), then

A-B=AB, +AB, +AB,

which is obtained by multiplying A and B component by component. Two vectors A and B
are said to be orthogonal (or perpendicular) with each other if A - B = (.

Y A



Note that dot product obeys the following:

(1) Commutative law:
A-B=B-A
(i) Distributive law:
A-B+C)=A-B+A-C
A-A=|A]"=A°

(111)
Also note that

a-a, =a -a =a,-a =~0

a,ra,—a,-a,—a, -a,=|I



Cross Product
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Thus

AXB= ABSinoAga,,

where a,, is a umt vector normal to the plane containing A and B

The vector muluplncauon is called cross product due to the cross sign; it
is also called vector product because the result is a vector. If A = (A, A,, A.) and

B = (B, B,, B,) then

| a, a, a
AXB=A, A A

B, B, B
.

= (AB, — AB)a, + (AB, — AB)a, + (A,B, — AB,a,

-~



LbA X B

Figure The cross product of A and B is a vector with magnitude egual to the
area of the parallelogram and direction as indicated.

AXB AXB

(a) (bl

Figure Direction of A X B and a,, using (a) right-hand rule, (b) right-handed
screw rule.



Note that the cross product has the following basic properties:
(1) It is not commutative:
AXB+BXA

It is anticommutative:
AXB=-—"DBXA
(11) It is not associative:
AX(BXOC #(A XB) XC
(111) It is distributive:
AXMB+C)=AXB+ A XC

(iv)
AXA=0
Also note that
a X a, = a,
a, X a. = a,



EXAMPLE
Given vectors A = 3a, + 4a, + a,and B = 2a, — 5a,, find the angle between A and B.

Solution:
The angle 8,5 can be found by using either dot product or cross product.

A-B=(341)02 -5
=0+8-5=3

Al=Vi+4+17=V%
B| = VO' + 22+ (-5) = V29
A'B 3

S04 = =
> AlBl V/(26)29)

Bip = cos ' 0.1092 = 83.73°

= 0.1092




Alternatively:

a, a, A,
AXB=[3 4 |
0 2 -5
= (=20 - 2)a, + (0 + 15)a, + (6 - O)a,
= (-22,15,6)
AXB| = V(-2 + 15 + 6 = V14
AXB
.. VIS _ o

AlBl  V26)29)
0, = sini’ 0.994 = §3.73° K



