February 10, 2020

MCv4U Lesson b
Operations with Algebraic Vectors

Most of the operations for algebraic vectors below are defined for vectors in R%. It should be simple to
apply these definitions to vectors in R as well.

Vector Equality - Let i = (a,, by, ¢;) and ¥ = (a,, by, C;). We say that il = ¥ if and only if
— G
QA =a.

L= b,

C, =5 <y

Scalar Multiplication

let ¥ = (a, b, ¢) be any vector in R®. Given scalar keR then:

w-Clko, kb 4:Q>

Vector Addition/Subtraction
How do we add two algebraic vectors?

Letid = (ay, by, c;) and ¥ = (a,, by, c;)

itvi- (a 4o, &>[+ b, ) C\+C,L§

Example: Givenl = (3,1,0) and 7= (1,—1,3) Find 3i + 47:
= 303,00+ Y (L1,
= (4,30 + O =t

= (3% 71
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Vector Joining 2 Points

Often we want to define an algebraic vector that goes through to points.

In R% The point-to-point vec‘torP_Q' for points P(a1, b1) and Q(az,bs) is given by:

PG = Cara, b))

—_
In R3: The point-to-point vector PQ for points P(a1, b, c1) with Q(az,bz, c2) is given by:

’\3)62 — (OZ‘O, 3 391”)9, )C2~c\>

CO’{)’AC(,‘/‘

/Pmﬂﬂ\fectors

Two vectors U and ¥ are parallel if and only if:

(—j\ :\QU (o/ Sio~M¢ k—@ Q
Example: Determine whether ﬁuﬁ given A(2,0), B(3,6), C(3, 1) and D(5,-5).
— ]
A= (3-2,¢-0) Co=(2,-¢)
A= ¢ 6) Br—Lct
- ch Fad k sl it Ao=LkcD|/

N

We call parallel vectors “collinear”. Collinear refers to the fact t they can be drawn on the same line.

Collinear
Three points, A, B and C are collinear if and only if IB' = kﬁ forsome k € R.

Example: Determine whether or not the points A(9, -6, 15), B(-3, 2, -5) and C(6, -4, 10) are collinear.
_> -
B =>Cn Ge=(a -6,
—_ - _ QO — —
) % ) B U ) ) S v

ﬁJQ}: \CE—)D %O/ SOome keR )

(‘I?/ € —lo)— \ (q,—@, l§>

= % \/6’8) @)@ C\/w(_g\ C ore (o\\\’ﬂeo\r
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Unit Vectors avk vedr

AN U
\/é/m So¢ AN

(2 T

Any vector U, can be expressed as a scalar product of its magnitude and a unit vector having the same

direction. %7 RV | = 7>
o e A
v 1 \VA V4 — = < =3V

C v

A unit vector has a magnitude of one unit. It is denoted by the » symbaol.

Example: given ¥ = (4,3):
-} —
V) = s = S
~ ~\
J — [V
We can rearrange this definition of a vector to derive a definition of a unit vector.

—)

\/\/z\/
10

So we can use the above process to make a vector into a unit vector having the same direction. We call this

normalizing a vector.

Example: Normalize the vector ¥ = (2,—3,-6) F{n ‘,( C

AN — A\
v =V / — (’2/_3/43
-
. Lo 7
= C N\
\/—_<7"5' 3 \/:Cl/)”-s/—(,
2 < - 7 7 ) =
NZx e+ o >
So if we travel one unit from thé origin along the vector ¥, we will be at point:

7 4 7
Note that the components of a unit vector v, are also the direction cosines for any vector that is a multiple

= (o b O ()= and

~
—_ N
R Cosqdi'(ofsz(”("‘r:\

1 i -
of vl This tells us that.\)

\
N\ %)
Q/ — (o,b, ) v = 1) ’“\9—1&/
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Use algebraic vectors (i.e. components) to prove the distributive law for vector addition/scalar

multiplication. i.e. prove that k(d + l_;:) = kd + kb

L et o= (OTm@z)ﬁzv an d ~E:CQ1(’2}"X>
(2% L2y kb
IS D =k Canee) kO, L)
:k((oluo\i)o\}\*r(\m)\p“\;\) (L/
— Ou\ lﬁj k“q C
= (O Jf\:\)a +1>l) \+\: e DJFO@UU))H)})

—_C I Car b)), T learh ) \:‘(07%\9\> (\CO teb h kb, l(“c; Hclﬂ
— (ankh e, +\’\71)\(C\—y¥\f\o>
LS—=RS

Unit Vector Notation

We define 3 standard unit vectors in the direction of x, y and z axes.

In R%: /\7 /\\ :(l,o) /\\'):(O, I> In R%: ~
~ \

Any algebraic vector can be defined in either component form or in unit vector notation.

Examples

(41 _8) (11 _ZJ ?]

N BN N ~ N\
=4 - % VAN AN
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