
Collinear / . o planar
-.

FamiliarFa In either 2-space or 3- space , any two

non - equal points determine a unique line containing them .

Three distinct points are collinear if they lie on
a line . This is possible but statistically unlikely if

the points are randomly chosen . )

Problems Given points P, Q , R determine if they are collinear .

Note : The points determine 6
vectors POT

,
QT
,
FR
,
ÑP
,
ÉRÑQ

and three distances distCBQ) , Dist (BR ) , Dist (Q, R) .

method Determine if ÑQ and ÑR are parallel .

methods calculate ÑQ ✗ PÑ
.

If its equals 8 they are collinear.

method3_ If the sum of two of the distances equals the
third then the points are collinear .

familiarfact-t.in 3-space any three non-collinear

points determine a unique plane .

If four points in 3- space are contained in a plane
they are called coplan-ar.CAgain, this is statistically
unlikely

.
)



Problems : Given four points in 3- space determine if

whether or not they are coplanar.

method Let P, Q, R, S be 4 points in 3-space , and let

a- = ÑQ
,
b- = PTR

,

c- = PT
.

The cross product I. xi is perpendicular to both

b- and É
.
If the points are coplanar then 5×8 must

also be perpendicular to a- .

This means that

ii. (I ✗E) should equal 0 .

Exampte P= (0
,
1
,
-D
,
Q=/ 2 , 1,1) , R=L-3,0 , - 1) , -5=14,4,41 .

I =ÑQ = {2,0 ,2)

b- = FR = 4-3
, -1,0> 15

,
- 5) ol-3, -1,0> = 15-15 = 0

I = PJ = {4,3,5) µ L- 5,15, -5> • 14,357=-201-45-25--0

is I
b- ✗I = \ -3 - I o | = -5T +15J -5I4 3 5

a- • (b- ✗E) = 430,2> • {-5,15, -5> = - 20

Conclude : These four points in BP are not coplanar .



Parametriaf-g.ua/-ious- The equations
'
✗ = f-(f) aste b
{ y=g(t)

describe the motion of an object from time t=a to

time t=b in the xy
-plane .

The function fcts gives

the horizontal position at time t , and get tracks

the vertical position .

In these equations , the variable t is called the

parameter . The motion of the object traces out a

curve C in the ✗y
- plane .

We say
that the

equations ✗ = f-(t)
, y= gctl give a parametrization of

the curve C.

In this situation we say
that the point ( f-(a),glad )

is the initiation of the curve and that

( fcb)
, glb)) is the termiualpoiut . (However we will

not always put restrictions on t . )
9

Basicproblem : Determine geometric information
about C from the equations ✗= t.lt)

, y=gH) .



E×ample_ Let's startto find some information about

the curve C parametrized by the equations :

{
⇐ colt)

7 = (t -E)
a

-21T£ 1- £31T
.

① initial point = (1,45-11-2) when t = -21T

terminal point = C-1
, ¥1T) when t = 31T

② Since - I d- cost ± 1
,
the curve C is between the

two vertical lines ✗ = -1 and ✗=/ .

③ The curve intersects ✗ = -1 whenever cos (f) = - l .

This happens f-or t =. - IT, it , 31T and the points are

C- 1 , ¥1T
' )
, (-1,511-2) , (-1,7-1-11-2)

④ C intersects ✗=L when 1- = -21T, 0,21T .
The points

are 11
, 2¥17 ) , (1,4+11-2) , ( 1 , ¥1T

" ) .

⑤ Since (t - 12.5 20 for a)I t , the ⇐wrve s above

the. x-a.x.is . It touches the x-axis only when t=TK

and the point of intersection is cool
⑥ The curve intersects the y-axis whenever cost -0.

Since -21T -4=37
,
there are 5 values for t :

- II , -E , E , 3¥ , 5¥
and the corresponding points are :

(0,411-2) , (0,11-2) , 10,0) , (0,11-2) , (0,411-2)

Observe that (0,11-2) occurs for two values of t , as

does (0,4*2) . These points of self intersection for C.



It turns out that the curve

C :{
⇐ colt)

7= (t -E)
a

-21T£ 1- £31T
.

looks like :

terminal Y initial
• •

C

+ = -3172,5¥

I
• ← (0,411-2)

+ = -21T

k
• ←

1- = -1T
•

t= -1172,3¥
←
•

t=I P t=O

• (0,4-2) •
4
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