
Announcements
.

1) HW I Problems duc

today

21 HW 2 Up - two parts .

Web work due Friday
Rest due Tuesday

3) Ford Day - tomorrow

recruitment for Ford

Koch off Hall

Registration : noon

Presentation : 12:15



Networking : 12:45

Also at

3:00 in Business school ,

Michigan Room East



Section 12.5
-

Lines and Planes
.

Lines in 2 - D

You are used to thinking
of a line as the graph

of y= mxtb .

Suppose b=0 .



g- mx is a

line through the

origin , contains

all vectors parallel
to < bm > .

We can write these

vector

4M¥
xm )



If we consider the

parametric function

fcx ) = ( x
,

mx >
,

the graph of the function

is just the terminal points

of the vectors < × ,
mx >

for XEIR . The

graph is just the

graph of a line

y= mx !



To capture

y= mxtb
,

add

the vector ( 0
, b)

to ( x.mx ) :

we

get
,

mxtb >
,

terminal points give
the graph of g- mxtb .



Lines in 3- D

You canto write a

line as the graph of

a function z=fCx,y ) !

Use the parametric
definition and Switch

the variable × to t .



Lines through ( 0,90 ) :

.

Any such line contains

a vector V= ( xo , Yo , Zo ) .

Again , the line is formed

by tatting terminal points

of Scalar Multiples of ✓
.



Exanykl : IF l is a

line through the origin in

1123 and contains the point

( -3
,

0 , 5)
,

the vector

( -30,5 ) is on the line .

The graph l is determined

by terminal points of

your function

/fCt)=tf395f



If the line goes through

the point ( xi , is , ,Z , ) ,

just add the vector

( xi ,

y
,z , ) to

t ( xo , yo ,
Zo ) to get

f(t)=t(×o,Yo,ZDt(×i,9bZf

The graph is all terminal

points of the vectors Flt )

for TEIR .



IF the line determined

by the direction of

the vector ( - 3,95 )

contains the point ( 4
, 1917 )

,

we write the equation as

fH1=tf3o,5)+L4,l#=



Other Equations
.

( parametric any symmetric )

The generic equation for

a line in 3 - D with

direction determined by

the vector D= ( xo
, yo ,

-20 )

and passing through

( xi , y , ;Z , ) is

fH)=t(xo,yo,ZDtLxihZ£



The equation

fltj.tk/o,yo,ZDtLxi,Yiit=

is called the Vector equation

for the line l it represents .

We can easily rewrite this

in parametric form :

fH=(yttxo,y,+tyo,Zittz=



The symmetric Form of

the line recovers a

formula in × , y ,
and Z -

but it needs two

equalities !

write the parametric Form

and Set equal to ( x ,y it )
.

L ×
, y ,Z )

= ( x
,

ttxo
,

yittyo , Zittzo )

Equate coordinates ,
solve fort !



We get

t= ×¥ ( xo to )

= 9j?f ( goto )

= 2¥ ( zo to )

Zo

If either Xo , yo ,
or Zo is Zero ,

we get ( respectively )

× = xi , y=y| , ZIZ ,
.



If Xo ,
Yo

, Zo FO ,

the Symmetric equations

of the line are given by

x÷=o÷=t÷'d



Exampl= Consider the

÷
- Ct) = t (-1/8,15)+42,1 , 6) .

Find the parametric and

Symmetric forms for theline

parametric
- ( 2- t

,
1 t8t ,

6+15 t ) .



Symmetric Equations :

×I= I = 2¥ ,
so

ax=9÷=T¥@



Parallel ,
Intersecting ,

and

Skew Lines
.

In 2- D
, lines either

intersect or are parallel .

In 3- D
,

if two lines

don't intersect ,
it doesn't

mean that they are

parallel ! If the two lines

lie on the same plane ,
then

they are either intersecting

Or parallel .



If two lines on the

Same plane ,
and they

don't intersectthe .

the vectors that determine

theirdirection Should

be parallel .



Ext : Determine whether

the

line
- ( 2+543 - t

, lltlbt )
and

ga )=( - ltlot , 15 -2T ,
32T )

are parallel or not .

÷=tL5 , -1,167+(2,3/11)

gets = tllo , -2,327+4/15,0 ) .



Since the direction

vector5 , -1,16 ) and

( 10
,

-2,32 ) are

parallel ,
the lines

are parallel .



Observation
-

: if two lines

are parallel , we can take

their direction vectors to

be identical :

f(t)=< 2,0 , Dt

gal 't ( 16,0 , At

= ( 2,01178T

Redefine g as

gcs )=<2,9175with St
.



If two lines are not

parallel , then they

either intersect or they

don't . Two non - parallel ,

non - intersecting lines

will be called Skew
.



Example 4
-

: Determine

whether the lines

ftt ) = ( t +5,2+-6,8++3 )
and

gas = ( st -2 ,
ttl

,
17T )

are intersecting , parallel ,
or

Skew .

.

Direction vector for f :( 1,2 , 87

Direction vector for g :( 8,1 , 17 )



These vectors are not parallel ,

so the lines are not

parallel . To tell if

they are intersecting or skew
,

replace t with s in

the equation for g .

g(s)=(8s -2
,

st 1,1757
.

Set equal to

fCt1=Ltt5 .2t - 6,8++3 ) .



X - coordinate

←=tt5 , so

t=8s -7

Plug this into y
- coordinate

÷2t - 6

=  2 ( 8s - 7) - 6

=  16 s - 20 .

sowings:S '

.se#



If 5-75
,

then

t=8s -7

=
 245

Plug these numbers into the

2- - coordinates
.

for f : 8 ( 245 ) +3

=  18315
119

for g : 17-(7/5)=-5



Since 18315+1145 ,

the lines are Skew .

Tf these two numbers

had been equal ,
the

lines would have intersected
.



Planes
.

Any ] ( non . coli near ) points

determine a plane !

In 2- D
,

there is only

one plane ! In 3 - D ,

there arc infinitely many .



Easiest : Coordinate planes

analogs of the Coordinate

axes in 2- D :

in 2 - D
, they - axis is ×=o ,

the × - axis is y=o .

in 3- D
,

X=0 is an

equation that is Satisfied

by any point ( 0 , y
,

Z ) .

these points make up a plane !

.  s



Similarly , the other

coordinate planes are

y=0 ( all points ( Xp , Z ) ) and

z=o ( all points ( x ,y,o ) ) .



Look at z = O .

Rewrite using vectors

and the dot product !

O =Lx , Yit ) . ( 0
,

°
, 17

= z W

So if ( x , y ,z7 is a

Vector on the plane , it

IS orthogonal to

( 0,0 , 17 .



Given a vector

n= ( A ,
B

, c) that

is nonzero , it determines

a line through the origin

( l - dimensional ) . There

are 3 dimensions in 1123
,

So to make up the rest ,

take all vectors ( xiy , 2-7

orthogonal to ( A , B , C) :

this gives a plane through
the origin !



The equation for

the plane is then

all points ( xiy ,Z )

Such

thatEngaged
If the plane passes through

( Xo
, yo ,

701 . the equation becomes

O=(A,B,C)-(Xxo,y-yo,7Z£



Exampkj: Find the

equation of the plane
Orthogonal to

( -2
, 6,4 ) passing

through ( - 8 ,
-1

,

- e)
.

Equation :

|T2,G47kxot8,y+l,ZT=.


