INTRODUCTION TO VECTORS

A vector can be written as PQ , or a. The order of the letters is
important. PQ means the vector is from P to Q or the position vector

Q relative to P, QP means vector is from Q to P or the position vector
P relative to Q.

Q(xz’yz)

Terminal Point

P (x sV )
Initial Point

If P (x,. ) is the initial point and

O(x,. ¥, )is the terminal point of a directed
line segment, PO then component form

of vector v that represents PO is
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the magnitude or the length of v is

V= %) + (- 3)’
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Any vector that has magnitude of 1 unit = unit vector.

EXAMPL NO. 1:

Find the component form and length of the
vector v that has initial point (3-7) and
terminal point (~2.5).

Solution:

v=(-2-3,5+7)=(-5,12)

7] = ,/(—5)2 +(12) =25+144 =13

An exercise aSlé (ya Jas (p yal

Given v =(~25) and W = (34) , find each of
the following vectors:

1
a) 5" b) w—v ) V+2w

Answer:

2) (-15/2) ) (5-1) o (4.13)



Theorem:

If @ is a non-null vector and if @ is a unit

vector having the same direction as a, then
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EXAMPLE NO.2:

Find a unit vector in the direction of

v =(-25) and verify that it has length 1.
Solution:
(-2.5)

V= -2,5)

1
J=2) +5° 75

7= \(2/N29) +(5/¥29) =i=1




STANDARD VECTOR (i, j, k)
Three standard unit vectors are: i, jand k

Vectors i, j and k can be written in components form:

i=<1,0,0>,
j=<0,1,0>and
k=<0,0, 1>

and can interpreted as

a=<x,y,z=

=xi+yj+zk




The vector PQ with initial point

P(xq, 1,2 )and terminal point O(x,, y5,2)

has the standard representation
PO =(xy —xi+(y —yi+(z — 7k
or

PO=<xy—x, - ¥,20— 21>

EXAMPLE NO. 3:

Let u be the vector with initial point (2,-5)
and terminal point (-1,3), and let v =2i—],
Write each of the following vectors as a linear
combination of'i and j.

a) u

b) w=2u-3v

SOLUTION:

u = (x1-x2)i + (y1-y2)j = 3i -8j

w= 2u - 3v = 6i -16j -6i + 3j = 0i -13;]
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If ¢ is the angle between V and the positive

x — axis then we can write
x=[7|cos@and y=[7|sind . [v| = N

EXAMPLE NO.4

The vector v has a length of 3 and makes an

o ;Z- - P .
angle of 30" = 6 With the positive x-axis.

Write v as a linear combination of the unit

vectors i and j.
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solution
Xx=vcos 30=3(0.866) = 2.6
y=vsin30=3(0.5)=1.5

v=26I1+1.5]j

the angle between two vector:

Refer to the figure below, let

i = (OP) = (u,uy,u3)

v =v(00)=(v,v,,v;)
be two vectors and let € be the angle between

them, with 0<@<r,

Compute the distance, c between points P and Q in two ways.



1) Using the Distance formula

¢’ =(u, —v1)2+(u2—v2)2 +(u3—v3)2

2 2 2 2 2 2
=u, +u, +u, +v, +v, +v;

—2(uw, +u,v, +uyvy)

=la|” +[7]" =2 (u, +1,v, +u,vy) (1)

2) Using the Law of Cosines
¢ =lu|” +|v|” —2|u|[p|cos & —(2)
Equating equation (1) and (2), we get

uyv, +u,v, +uv u-v
cos @ = 11 2V2 3¥3

@]l

The dot product= u.v= ulvl+u2v2+u3v3 this called dot product.

EXAMPLE NO.5:

If v = 2i-j+k, w = itj+2k and the angle

between v and w 1s 60°, find v-w.

SOLUTION
Gy gal) s"&, iy

uy, +u,v, +uvy u-v

cosl = == =—
| [v] | [v]
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COSH & 2 paiy

TR \/22 +(—1)2 +12 1P +12 422 cos(7/3)

=6 -6 cos(7/3)=6(1/2) =3




