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4¥45Good : Minimize dx)

8K¥.at . The minimum occurs where the tangent is horizontal
,

i. e
,
has slope m -- O.
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Question what is the
'' tangent line

" ? How to define it ?

Funaside : consider an airplane that takes off
what does its stope represent ?

Is there :

- A first point in time that the

airplane is in the air?

- A last point in time that the plane is on the ground ?
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Question: Driving a car
.
.
.

Can you : go 60 to 0 instantly ? "o¥Co to 0 instantly ?

Motion to 0 instantly?
If not

,
how do you stop ?

Stope of the line through ( x . ,yD silk , yd is

M -- 9×21×1, if xitx, "

rise over run
"

(Xi , a)

(Xu Y) r

•
y.-y,so !µ,y,#',,o rise

y.)

. Xz- X, >O
Xz-X, >0 run

"
run
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slope is positive slope is negative
line is rising line is falling

slope -- o ⇒ line is flat slope -- undefined ⇒ line vertical

lie
,
tie ) .

impossible for a function, /
but can occur for curves
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Think about slope as
"stretching factor

"
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dist

n large m÷iiii÷
.

Averageveloatg let HH = position of a car at time t
.

J
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O 35

The average velocity lrdtfhaze) of Ht) btw
t -- a and t -- b is X(b)-X#

=

fmlms-inrpy
b -a total time

Think about how are
. velocity compares to instantaneous ad

.
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EI . Suppose X-D -- t
' for OE te lo
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ifIlo) -102=100 meters
.
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Def : Target line intersects @ I pt (locally) nigher: slope of
secant line intersects @ 2 pts "

this line
.
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In general : HA --t
'

'"

÷÷¥i÷ :

* The instantaneous rate of change at 4=1 is

him @th) = 2 .

" dope of the target
line
"

-
Def : The instantaneous rate of charge of flx) at x

is the function this flxeHf , called the derivative
of fu)

,
denoted f '( x)

.
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input : time

E Compute the derivative f ft --t
'

output. position m

Anse : digfftthlh-fftt.li.no#h5-th=thmotH2thjh--X=lisnoZthth'

= thing 2tth=④ slope flaky
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.
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of golf cart ate
"

TheirtrplgblwafmHia&Hsdevati#
• f4x) > O means fu ) is increasing or

"
rising

"

← f'(x) so means Axl is deceasing or 'falling"
• f' lo) -- O is a critical

Giticdpoints : f ' =o
f'Kiko flu) > O

" is:*. e
rising .

falling
+ Xo - t - T



other types of critical pts ?
A" -- Htt fix -x't ,
#

ft 70

rising
fyxko¥1- tf'M > o - -

rising

"

inflection point
"

Exercise l
.

Given a function fix)
,
graph its derivative

,
f'Cx)

2. Given the derivative f'Cx )
, graph the function

.
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secmdder.int#
-

Motivating: ht x-D -- pos. of car (or ball) at time t

Ther x' (f) = rate of charge of position

= velocity VCA
.

Note : v ' th is
" rate of charge of velocity

"

=
acareration

.

This is the second-LINE of XCH ,
write f "t)

" rate of charge of the rate of charge of Htt
"

Say :
"

f double prime of t
"

what does the second derivative measure?

f- " > o f "so

slope of target line is increasing slope of target line is decreasing
e-

4 t p t k

u At+ f r. t
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"
concave up

"
"

concave down
"



what if f " -- O ?
- fth -- E fat -- t'

EI: '

*At#
" threshold b/w concave up ÷

problem case

concave down "

Mord : tf f " --O
, we don't necessarily knw about concavity .

( the " inquire case
" )

Targvtliuappnxinatim

God : (1) Find the equation of the targetline, not just its slope, at *a

ie
, y

-
- mxtb
[ slope

T ? ? ?

(2) Use this to approximate fly for xx a

Record' - Formula for a line through (Xo
, yo) with slope m

(x , ,y,)
5- MY tb .

.
. .

how to find m
i
,

b ?

•

×# Y'-90
store m =yx¥ Xi - Yo



(x , y)
Ytb .

.
. .

how to find n g
'

b ?

-

" m

×# a-yo
storm = ⇒ y-%=m(×→

Mon 9/14
Exercise : use the target line to approximate fix) -- x' at

X -- I .

i÷÷i:÷÷÷÷:÷÷÷÷:*.y - 1=2( x - l)

if y = 2x - I target line

Approximation : plug in Xo = I. I

y
-
- 211.1) - 1--2.2-1--1.2

i. e
,
fll . 1) =/ . I ' I 1.2

Approximating functions with polynomials is how computers evaluate them .

For example
,
fat -- TX

.
How would you compute fan

-
- T20 ?

We just did a linear ( 1st order) approximation .

Computers can easily of loth order
,
or
tooth order

,
etc

.

others : fan -
-
e
'

,
1.5
''

,
In x

,
sink

This is a topic in Cdc L
.



Sometimes
,
there is no linear approx at Xo . This occurs ifyou zoom

in
'

s
,
the function doesn't look like

a straight line .

fad -- sin I⇐

IF#t-0

not defined at yo not continuum at anti . not locally like a line
at x-0 at X

at x=o

fix) -- txt

1¥
"" """K
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continuous at X -- O

not "diffee
"

d- to

How to characterize this ?

fly) is continuous at x=a if finna. fly) may fly
-
- flat

differentiable at sea if ① fan is continuous
.

② finna.FM -

- finna+ fkn
Example of how ② could hold but① could fail

•
/

1- Kiffin -fig, fkn = I

0

I


