Vector Arithmetic

Unit Vectors

* A unit vector is a vector that has a magnitude of 1 and is
used to describe a direction.
« The standard unit vectors in the direction of the x, y and z
axes of a three dimensional Cartesian coordinate system

are 1, J and k.

The unit vectors z and j point in the |
Y directions of the x- and y-axes and
‘ have a magnitude of 1.

- We can write a vector A in terms of its components as
A=Ai+Aj+Ak

_) .
Y We can express a vector A in
terms of its components as




Example
Write each vector in the figure below in terms of the unit

vectors i and J.

y

B (15.0 m)




Vector Addition
- Using unit vectors, we can express the vector sum R of
two vectors A and B as follows:

R=A+B
= (Axi +Aj+ Azl}> + (Bxi + B, + le2>
= (A, +B,)i+ (Ay+By j+(A,+B)k
Example

Given two vectors

A=3i-8)- - 4k and B =—i+3j-4k,
a) determine A + B

b) determine B—-A



Dot (Scalar) Product
- The dot product of two vectors A and B is defined by

A.-B=|A||B]|cosb
where X denotes the magnitude of Kand 0 is the

angle between A and B.

« The dot product is thus the magnitude
of one vector multiplied by the
component of a second vector in the
direction of the first.

* Note that the dot product of two
perpendicular vectors is zero.
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« Using unit vectors, we can express the dot product of two
vectors A and B as follows:

A-B = <A1+AyJ+Ak>-(Bxi+Byj+BZf<)
=Ai-Bi+Ai- BJ+Ai Bk
+AyJ Bl+AyJ ByJ+AyJ Bk
+Ak-Bi+Ak-Bj+Ak-Bk

=AB,+AB,+AB.

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




« Applications of the dot product:

.W=F-d
. (I)B= B - A
Example

leen two vectors

A =3i-8j- - 4k and B = —1i+3j - 4k,
a) determine A B

b) determine B-A



Cross (Vector) Product
- The cross product of two vectors A and B is defined by

a vector with a direction perpendicular to both Aand B
and a magnitude equal to

AxB =‘Z’H§’

sin @

—

where | A | denotes the magnitude of A and 6 is the

angle between X and ?

- The magnitude of the cross

- Note that the cross product of two

« The direction of the cross product

product is thus the magnitude of
one vector multiplied by the
perpendicular component of a
second vector.

parallel vectors is zero.

IS given by the right-hand rule.

« Applying the definition of the cross product to the unit

W)h)i—l)

vectors, we get

iso o bxj=koixkeo]
X1A=Tk lXjAZOA JAxlizi
X1i=] kxj=-—1i kxk=0



« Using unit vectors, we can express the cross product of
two vectors A and B as follows:

Ax B = (ad+4j+Ak)x (Bi+Bj+Bk)

=A§xBi+AixBj+A§xBR
+AyJXBl+AyJXBJ+AyJXBk
+AkXBl+AkXBJ+AkXBk

—

Ax§=

(4,8.-4.8,) i+ (4.8, - AB)j+(AB,-AB,)k

» The cross product can be expressed in determinant form

as
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« Applications of the cross product:

T=rXF




Example
leen two vectors
—_—

A =3i-8j—4kand B = —i+3j—4k
a) determine AXB
b) determine B X A




Example
Given two vectors A = 61+ 8j and B = — 51 + 12,
a) determine the magnitude and direction of A and B

b) determine A + B
c) determine B-—A
d) use two methods to determine X ?
e) use two methods to determine KX ?



