
Strategy for finding scalar equations for a line :

① Find a point P=(✗o, yo, Zo) on l .

! Find a vector Ñe= { a , b. c) parallel to l
(
"

direction vector " 1

Then equations for l are :

e :{ ¥ :÷
z = et t 2- o

strategy for finding the equation of a plane p
① Find a point D= Go

, yo, Zo) on p .

! Find a vector Ñp= { a ,b, c> perpendicular to

p ( "normal vector " ) .

Then an equation for the plane is

p : A (x - ✗ o> + Bly - yo) tccz - za = 0



A curve C in Xyz - space can be described by
parametric equations : may or may

not

← have a restriction

aE
like this

.

c :{ :÷÷
,

y = g (f)

Or express these equations in vectorform :

C : Fct) = { flt
,
gas ,hct)> , a±t<_b

We can then differentiate :
←

we say -74 is a

vectorfu-t.in
F
'

(f)={f-
'
(t),glt) , h

/ (t)>

= him d- ( ñltothl -ñlto)) .
h→o

Fact If wethink of r-ct-hx.lt)
, y 11-1,2-(1-1) describing the

motion of an object along a curve C, then the velocity
at time t.to is I 'Cto1=vH), and this is a vector tangent

=

to C at the point where 1- = to .

Also
,
the speed of object at time to is

slt = tr
'

(toll = x'(to5+yEto5+zYtoÉ
The acceleration at time to is

a-(f) = Ñ
" (to)= ( ✗

"
Cto)
, y

"Hol
,
z
" /to))



Exampte An object moves along a curve C in
3- space according to the vector function

C : Flt ) =↳ tyg 51-+1,2 t
'
- t>

⑨ Show that the point D= ( 6
, -9,10) is on C .

⑤ Find equations for the line l tangent to C at P .
② A plane up intersects C perpendicularly at P .

Find an equation for p .



Example_ (continued )

C : Flt )=↳ -142,51-+1,2+2- t>

At what time ( if any) is the speed a minimum ?

F- ' (f) = £3T , 5,41--1>

sctl-lr.lt/l--Ft-F-i-----fqtz+zs---6t-8ttl=Mzs---st+-
Useful simplification : local extremes for Sct) occur

at same values of t for local extremes of

slt)
-

= 25+2-81-+26

¥+125-1-2-81-+263=501--8

criticalpoints 501--8=0 ⇒ C- = %o = . 16

s
'

ltko Ict)>0
< i s t
s decreasing + = . ,g

s increasing

absolute

Answers speed has a minimum value when f- • 16

ad object is located It ( • 0384
,
1.8
,
-1.9488 )



F-xample-C.ir (f) = { cost, Sint, 3T >

Find Ict)
,
sat
,

ñlt) :

J(t)=r 'Ctl = { -sint , cost , 3)

sltl =C-sinti.tk#-5--Fo-alt)=
f-cost, -Sint, o>

The motion described by Ect) has constant speed
but neither velocity nor acceleration is constant .

Note : Each point (cost, sint, 3T) on C satisfies

the equation ✗2+42=1 . The set of all points

satisfying ✗2+42=1 is a cylinder in 3- space
whose axis is the z-axis

.

Att i

← i+ñ=i

intersection
, ,

with *g-plane
is a circle

✗
<

← curve C is a helix

(2--0)

! ! !



Exampte Find velocity , speed , acceleration for the
vector function : Fct) = { 3T -2

,
-51-+1
,
-1-+7>

Ñ
'

(f) = <3, -5,
- I> ← constant vector

SH) = 1<3,-5,
- it V35 ← constant speed

a- (t) =ñ " (f) = 20,407 = 8

discussion : The curve described by Fct) here
is a line with direction vector d- -13

,
-5
,

- i.

The object is moving with constant speed along this
line .

>

a

•
→

< { 3
,
-5
,
-1)

Any object in motion having constant velocity will trace
out a line in 3-space ,

where the object is moving along
the line with constant speed .



Example_ The curve associated withthe vector function

g-(f) = td +To = t {a,b, c) + <Xo , yo , Zo)

is a straight line and

F'(t) = d- = Laine> =T (t)

so these equations represent the notion of an
object in 3- space with constant velocity .

Also s (f) =FEE is constant and a-(f) =o→ .

Note : Having constant velocity is a much stronger
condition than having constant spend .

Having constant velocity guarantees the object
is moving along a straight line .

7
C :TLt)

velocity is
net constant

>
F'Cfd

Feet F' (to) = I lto ) is a vector tangent to C
at point on C where 1- = to

.




