
Announcements

÷'

z Thursday over

13.1 , 13.2 ( limits .

derivatives ,
and tangent lines )

21 Exam I next week



Vector Functions
.

( Chapter 13 )

A vector function is a

function f : IR → IR"such

that the images flt ) are

vectors in Rn
.



framed : Some vector functions

are

f( tk ( 2+349 - sit
,
lot )

( graph is a line )

get )= ( cosh ) ,
sinctl , t )

( graph = ? )



Vector Functions and Space Curves

÷ion 13.1 )

Graphs and Such

Just like lines ,
the graph of

a vector - valued function is

Made up of all terminal

points of vectors in the

range of the function .



Exampled

Graph

fltl = ( ( used

pin
HI it )

Mathematic a

Parametric Plot 3D[ { Cos [ H
, sina.IT }

,

{ t , to ,ti3 ]
where to and t , are numbers you choose .

This is the graph of a helix



Limits
.

If fct ) = ( xlt )
, yctl , Zlt ) )

is a vector function
,

we

let.tEkl?mn⇒n¥ni€

provided all these limits exist !



NIC' IF even one of the

limits at t.to of

× Ct ) , ylt ) ,
and Ht )

does not exist , then

tim flt ) does not

÷
xist !



Example 3

÷Find
figs t¥l→÷

,

siesta
, ¥y7 t - 7

Or Show the limit does not

exist .

÷
=

t ? to
t - I



Plugging in t=O gives

of ,
so the quotient

is indeterminate .

we can factor

th Itt - Hlt - NEH )
,

sint¥¥Hi→i*÷I"

Highest's =D



him × a) exists
,

so we turn

t -71

Sin 1 sit -5 )
to tin

-

t→l 7t -7
.

Plugging in t= I gives

Sing
)

= od , again

indeterminate ,
but we can't

do any factoring this time ;



We use I
'
Hopital 's rule :

Iftijnaftttzhjmagtt )=0

( or both limits are ± as )
,

then

.di→na¥¥ti→⇒'¥€
5t - 5)

Then link7 t - 7 chain rule

= lim cos(5+-5)-50⇐
-

= 5170



Now fix ya ) also exists ,

so we only have to find

lim ZH ) or show it
t :

es not exist
.

Plugging in t= I to

÷- IZctft
giragain indeterminate .



This time we don't have a

quotient to use I ' Hopital's

rule ,
So we have to

make one !

t¥=elnH¥
)

⇒
=

et' ' ( log rules )

If we can find thing !¥Y ,

the limit will be el
,



Using 1
'

Hopital 's rule again ,

tea ¥i' 't:X 's
=

1

,
So

tiny 2- ' the
' =D

Finally ,

fi→yfCH=(2,5€



Continuity
-

We won't really do anything

with this , but here 's the

definition : if f is a

Vector . valued function ,

we say that f is

Continuous at t.to if

fi→zofH1=f€



Derivatives and Integrals of

Vector Functions
.

( Section 13.2 )

We will first look at secant

lines ,
then make the step to

tangent lines .



fraud

: If

fat ( cosh ) , Sinai
,

t ) ,

find the equation of the

line through the terminal

points of f( o ) = ( 1,0 , o )

and f ( Tna ) = ( 0
,

I

,T÷
The direction vector is given

by subtracting

( 1,40 ) from ( 0,15% ) .



We get the vector

( - I
,

1

,
Its ) ,

so that

the equation for the line

%,o)ttf'is7a£



Tangent Lines

÷
- ( th ( xlt ) , yet ) , zit ) )

,

then we can Construct the

Secant line through the terminal points of

f Hol = ( xlto )
,

ylto )
,
Z ( to )

x. II

and

f ( t , )=( xlti ,
ylt , ) ,

ZH , ) )

x. ... ;

provided Flto ) FFH ,
)



The line will have the form

( Xo , yo ,Zo)t 5 ( xi - xo
, Yiyoit . to )

= Go ,yoiZDt¥to
( × '

- xoisryoiti . ZD

=sxa%i⇒+sE÷IM÷fM÷Ip

since I ( × ,

- xo ,y ,

- yoiti ZD is

ti - to

a Vector parallel to ( × ,

- Xo
,

y ,

- yo ,Z ,
. ZD



Now take the limit as t , → to .

Since ( Xo
, yo , zo ) has constant

coordinates , the limit passes by

t÷into '¥txIti¥ii÷on±ne÷:p
⇒Cti¥o"It÷Hti.tt#k*otttItD

= s ( x
' Hol

, y
'

Ho )
,
-2

'

Ho ) )

provided all these limits exist !



Then the equation of the

tangent line at t= to is

(xHo1.yHoIiHoDtS(x'Hh,y'Hyz'EoD€



Exempt

: Find the tangent

line
th ( Mst

' ) , ebay.tt )

at

t=÷
= In (3+3)=+3413 ) by

log properties , so

× 'Ct1=3t3nl3 )
,

and

X ( l ) = In 131 , × 'll ) =3 In 13 )



yltkelYc±it )
= ekm( that )

= :tu )
= t

,¥ niu ,
. l )yitl

.

' intent ,
and

yl 15-1
, y 'll )=h÷u )



The hardest derivative is last :

ZHI =t: Ctt )
= : nltl

= e

Then Chain rule

m

Elthet " " ¥ ( that )

= eth 't '
( hit ) +1 )

= tt ( kltltl ) ,
and

z L i ) = I
,

z 'Ll ) = 1
.



Putting all this together ,

the tangent line is given by

( xc his 111,74 ) tslxtlliia 't 'll ) )

=4nbl,1,1)tsfinb),,÷u£



The Derivative
.

If it exists ,
the derivative of

a vector - valued function

f(tl= ( XHI . ylt ) ,
ZH ) ) :S

the function

f'Hl=(x'H,y'HhZ'HDf



We can then restate

the formula for the

tangent line at t.to as

flto)tsf€


