
Last class -

. On  worksheet derived average rate  of change
formula . For distance :

chaseindistavechnse
 in time

Over
time  internal [ to

,
-4 ]

,
with dltt dislwee traveled

dlt , ) - d( to ) chosen dist⇒to chngeiutn

on
, over time intend [ to

, both ]

dltothtdltosh

h is the length of The time intend
.

So hao should

get  

you speed right at to ! But  no :

ifh :O : dw.dk# = 8- ← Yaafihoh
.

ah oh ! → 0



Instead , we can  approximate the speed at t.to

by taking h
very small

,
with the hope that

as h goes to 0 the approximation gets better and better
.

Looks like we're settling in anand

I. 10830 miles / minute

[
error = 10-5 miles

Its
38 notes / had

.

( At '

. tzmili second ! )



s ( h ) =

dl4l+h)-dlH)h
is perfectly well defmd near h=0

,
but  not  at

had
.

s

1.10830 ...

.fr#...T=
o h

Graph of s has a hole
a±

h= 0
.

We need to cope  with functions with holes
and to discuss the values they one supposed

to have to " fall in
" the hole

.

More examples . . .



Average rates of Image are 't just for speed !

If  a quantity depends on time
,

we  compute  average  rates

of  chase This way :

change  in quantity
- → average rate of change

change  in time

e. g.  our friends the caribou :

plt )= looo ( 1. 1st

Compute the
avenge rate of  change in the population

over the first  year and

order
the 2nd year :

first  year : plly.to#=tlo0tl000_ = loo caribou
year .

Second year p(↳[,P4)_ = 1210,110T =
110

oaibanyew
.



p (
seanttne : those:p ,

¥"
" " "

( 1,1100)t÷t#
( connection w/ geometry : slope  of 1100 - 1000

( an 1. a

secant line To
= 100 -

year

The slope of the  secant line  on the graph tells you an

average rate of change .

What about night at t= 1 ? 100 is probably too little
- -

110 is probably too much
.

One estimate : 160yd =
105

caibunyeor

( tht 's a slope,
too !

p(2Iop6)_ = 12102-1000

= 221=105



p

#¥
" " "

} tangent line !tie
1 2

.

For  simplicity :

p

to of( lth
, p ( Hh ) )time

1 2
.



Average  rate of chase ooeu intend

] → [1,1+4]
( Slope of secant line over  mtaaal )

is

p(l+h)ypl1)_ = 160011.15+1100014

= noo [ In ]
h

For small chooies of h
,

get an arena  hate of  change  over a

shot  interval
.

e. g h=tz ( 112  year )

aug .

rate  ofchange 107.38 caribou per your

h= 0.1 105.3

4-
. .

h= 0.01 104
. 89 .  . .

h =  o .  0001 104.84169
h=o . ooo aool 104.8-41.199

↳ look like they we  settling in
.

But he 0 is a  no  no : ltD°jI= ¥ = Qo



a 1h ) = 1000 (11.14¥ →  average  rate  of  charge  over

h
[ I

,
lth ] ( he 0 is ok ! )

alh)

⇐€iF±nIiiti
::L:# t

value  is  = 1.04.8411

we need to be able to talk about the value

there .  it  is

a) the ( instantaneous ) rate of  chase

b) the slope of the tagartlme
to the graph .

a) is super  important

b) is less so , but becomes impahtbecause at a)
:open



Another function  

with
a hole :

NI x=l : of ← ah oh !

ftp.k#=x+l except at x= I
.

¥.

Another : siY# at to : 0g

¢
it  ought to have

 a value
.

but  it can't : donnas by 0 !

#n sinloo.gg = 0.99998

sub ( oiaol )
gym 0.99999983

G → 1 ?



Qo often
,

but  not  always
,

signals a function with

a hole
.

To deal with the holes we introduce a new  concept.

www.H?.iIIgInIIhe;sese*:i:taii#

tins
, ×¥= 2

him

x→o say = 1

¥s
.

1000 (11.1M€ =
1100 In ( 1.1 ) = 104

. 81197784757
.

↳ how do I knew thus ! ( teaser )



Picture :

¥t
"

in7 ×

I in f ( × ) =3

x→7


