
MATH 10C: Calculus III (Lecture B00)

mathweb.ucsd.edu/~ynemish/teaching/10c

Week 3:

homework 2 (due Monday, October 10)

Today: Equations of lines and 
planes

Next: Strang 3.1
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Equationzf-oralineinspace.to describe a line in 1123
•
R

we must know either

:-.
- ÏÏ (a) two points on the line

,
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or (b) one point andÏ
.
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Thm 2. Il ( Parametric and sym
metric eqs . of a line )

A line parallel to vector À = <aibic> and passing through
F- (xo , yo ,

Zo) can be described by the following parametric

equations : x = ✗ ◦ + ta , y
= yottb , 2- = Zot te

,
te IR

1f a. b and C are all nonZero
,
L can be described by the

sym
metric equation "

= 9¥ = ¥0



Distance between a point and a line
Consider the line L through point P with direction vector Û .

Suppose M is not on the line
.

What is the

distance between L and M ?
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µ PÛ ✗ Û Il = HÎH . d (MIL)

JÀ
"

Theorem 2.12
.

Let L be a line

passing through P with direction

vector À
. 1f M is any point not on L ,

then d (ML) = "Ë¥Îˢ



Distance between a point and a line

Example
Find the distance between M -- ( 3,211 ) and the

line x = 92ᵉ =
- z | %=Y-{ = ˢ

Identify a point on the line : F- ( 5 , -2,0)

Identify the direction Vector of the line : E- <2,2 ,

- i )

Compute PÎÛ =L - 2,4 ,
l >

,

À ✗ Î =L - 6,0 ,
-12 >

Finally ,
IIÎIK ✓i+Ï =3

,
IIPTÙ ✗ÛH=VàÎ=FÂ

= F80

d / M ,
L ) = ¥8 = F0 = 2F



Relation ships between lines in 1123

et Li and Lz be two Lines in IR? Then the following
four possibilities exist :

L
,
and Lz Share a Common point
Y_

Direction vectorsy.us/Equa1 papaye / but noteqea ,

of L , and L2

NO Interesting skew
are parallel "

not parallel
not interesting



Relation ships between lines in 1123

Example

,
: direction vector Î , = < 1

, 2,07 , passing through Pilo , 0,1)

Lz : direction Vector À =L -3
,
-6,07

, passing through Pa = ( l , 2,3 )
L
}
: direction vector À =L I.

,
-1,1 > . passing through Ps -_ f44 ,

- 1)

① Li and Lz I , is parallel to À ,
Î = - J Î,

,

therefore
,

L
,
and Lz are either equator parallel but not equa /

Write equations for Li :

l = t No solution ,

✗ = ◦ + l' t 1f L , and Lz are
2 = zt so L

, and Lz{ y = 0+2 - t equal , then BELI { 3=1 are parallel but
2- = I

not equal



Relation ships between lines in 1123

Example ② L ,
and Lz

( i ) Î = < 1
, 2,07 ,

À =L h
,
-1,17

.

Are À and À parallel ?
Parallel if and only if Î -- KÛ] for some KEIR

this System has no solutions
,
so

{
" K

2 = - K direction vector are

◦ = K L
,
and Ls are

(Ii ) Do Li and Ls have a point in common ?

If Q -- (x
, y ,z ) belongs to both Li and ↳

,
then the

coordinates of Q must x -- t ✗ = - Its for some

satisfy both equations { y -- at and { y -- u - s site R

2- = / 2- = -1+5



Relation ships between lines in 1123

✗ = t
.

{ y = at ,

and {
"= - t + s

y = 4
- s for some sit c- IR

2- = |
, 2- = - 1+5

Equate the right - hand sites of the above equations

| t
= - its

If this system has a solution
2T = 4- S

then Li and ↳ intersect

| 1 = - Its

From the Iast equation we have 5=2 . Substitut ing
5- 2 into the first two equations gives t = -1+2=1

✗ = l ✗ =L zt = y -2=2 / +=\
t --1 : y

= 2 5=2 : y
= 2

2- = =/
① = (1/2,1)

2- - t ↳ L , and ↳ intersect at Q - (lli)



Relation ships between lines in 1123 Exercise

Example ③ : Lz and Lz

Lz : direction Vector À =L -3
,
-6,07

, passing through Pa = ( l , 2,3 )
L
}
: direction vector À =L I.

,
-1,1 > . passing through Ps -_ f44 , -1)

since À and À are not parallel ,

La and ↳ are

either intersect ing or skew .
We have to check if

Lz and ↳ have a point in common
.

La :{ ↳ :| Equate :{
→ I I I



Relation ships between lines in 1123 Solution

Example ③ : Lz and Lz

Lz : direction Vector À =L -3
,
-6,07

, passing through Pa - ( l , 2,3 )
L
}
: direction vector À =L I.

,
-1,1 > . passing through Ps -_ f44 , -1)

since À and À are not parallel ,

La and ↳ are

either interesting or skew .
We have to check if

Lz and ↳ have a point in common
.

✗ = t - 3T ✗ = - t + s l - 3T = - Its

↳ : { y = 2-Gt ↳ :{ y = y - s Equate :{ 2-Gt = 4- s

2- =3 Z = - 1+5 3 =
- Its

- 3-1=2 t -_ - § no solution
5=4 → {

'→ t = -1+4

2-Gt = 4-4 { -6T = -2 { t -_ Î ↳ and ↳ are

SKEW !


