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Now back to Chapter 12 :

Immediate Goal (section 12.5)

Find equations to describe lines and planes in R?

First
,
Recall !

① rectangular coordinates in
IR
>

② vectors

③ Dot product of vectors

④ cross product of vectors
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⑤ Vectors
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= (✗a - g)I + (yz-ypjtfz-z-z.TK

③ Dot Product a- = <a
, .az , as>

I=Lb
, , bz.bz>

a- •I = a ,b , + azbz + a > bz = a scalar

• E. a- = tap

• cos 0 = .

•Ñ_
,

= angle between a- andI
1.a- II.b- I

• a- 1-I ⇒ ñ•b=o

④ Cross Product

ñxb = /
÷ JKa
, az
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1 bi be b
,
/ = A vector

• ñ is perpendicular to both a-
and b- .

• taxis / = lñllblsinol
• limb

,
Éxb ) satisfies right-hand rule .



Exampte For constant a
,
let

ñ =L 2,6, - 2) and Ñ = ( za+1,3A, of >

① Find any
values of a for which is is parallel to i.

To be parallel means there is a scalar K with kñ=v :

here
2k = 2.at /

{ 6k =3a ⇒ . . . ⇒ 9=-1 (and K = - %)
-2K = of µ

can youfill in details ?

② Find any values of a
for which i is perpendicular toJ .

I •Ñ = 2(za+ 1) + 6 (3a) - Za
'

= -Zad +22a +2

= -2 ( a- - Ha - 1)

When does a- - I / a -1 = 0 ?

a =
11 ±Mix
2-

= 11+-55--2



Review

Class Notes from September 20 :

② Lines .
If a-1-0

,
b
,
xo
,yo

are constants then

l :{
✗ = at + ✗ o

y = bt t yo

describes a nonvertical line l in IR? This line goes thru (Xo , yo)

(when t=o) and (✗ota , yotb) (when C- =L) and has slope bla .

A rectangular equation is y
- yo = Efx- ✗ol

,
which can also be written

with the form y = ¥ ✗ + 90¥10 or by ay - b ✗
= ayo - bxo .

The speed of this motion is s (f)=fÑÉdÑ = uÉ so the

object is moving with constant speed .

Et

t = 0 1- =L C- = 2 C- =3

1-= -2 -1=-1
, 1mi s f

l l 1
(

( ✗ o, yo
)

(✗0+9Yotb) ( ✗otza, yotzb)
(Xo - a

,yo
-b)

So this parametrization amounts to identifying l as a number line in
which

the unit leg this AFF .

'

Note well !
-

The same line l ca- be identified with many ,many different

number lines by re choosing the unit length and/or redressing the

"

origin
" (point when t=o) . So one line l has many different parametrizations

of the form described here . On top of that there are many parametric

descriptions of l that don't have constant speed .

examine

In section 12.5
,
we will

,
these parametrization of

lines more thoroughly.



Lines in 3- space

Each line l in Xyz- space has a parametrization :

✗ = at + ✗ o
l :{ y= bt + yo

2- = Ct + Zo

for some constants a ,b, c and Xo, Yo , Zo .

some comments

① A point on l has coordinates (x,y,z)=(attxo
,
bttyo ,

cttzo)

for some number C- .

② (xo
, yo , to) is the point on l having C- = 0

.

③ the point on l with 1- =L is Catxo
, btyo , c + to) .

+= '
Sl( Xo, 4012-07 •

•ÉÉtxo , btyo , Ct to)2
t=o

④ The vector Ñ from Go
,go ,zo) to ( at ✗o , btyo , ctto)

is d- = Ta
,
b
,
c> .
It is called a direction vector fort

.

⑤ Observe in the parametrization

✗ = at + ✗ o
l :{ y= bt + yo
⇒
%

direction-
← point one where

vector É t=o -

⑥ If we know a point (☒ o , yo , 2-a) one and a direction vector

I = <a
>
b
, c) then we can give a parametrization fort .



-

examine ✗ = - zt + I = at + ✗o

f : { 7--31--2 = bt + yo
z = t +5 = cttzo

here Ñ =L -2,3 , I>

P=( 1
, -2,5)① Is (1/2,3) a point on l ? Not

=
1=-21-+1

µ no solution{ 2 = 31--2

3 = t 1- 5

② Is ( 3
, -5,4 ) a point on l ? Ypg
3

¥;-) + = -1 is a solution- 5=31--2

③ Is l parallel to the line l , ?

I =L -33,1 >
y = -9T = -2

e. :{ +
I 's pot , -_ < 6 , -9/-3>

parallel ? Yes
b/c Ñ

, =-3d-

④ Does 1=1
,
? Ng because P= (4-2,5) is on

l but not on l
,

.



Alternate Notation

The equations

✗ = at + ✗ o
l :{ y = bt + yo

2- = Ct + Zo

are called para-etrieq-ansfc.nl .

We can also write them as a vectorequation-f.ir l

l : Fct) = td + To

where

I(f) = { ×, y , z>
= {✗ (t), y (f) ,zlt))

I = La
,
b
,
c) = direction vector for l

To = { xo
, yo , to> = point on l



examples

find equations for the line containing points

D= ( -1,3 , 4) and Q = (2,2 ,
- 1) .

Strategy First identify ci , a point on the line , and

Liisa
.

direction vector for the line .

t

Always use this strategy !

' ' L


