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Motivatingexample recall 4 A 12

The cost to build a fence around a

12ft region is cCx 5 2
51ft

7 21 n.CI55
Hx

Goal How to minimize dd
µ

keyobservation The minimum is where

the target line is horizontal 45
ie it has slope m O

Recall The stop of the line through Xi yl and k yo is

m 92717 if X Xa rise over run

xz Y Xi yl

xyY z i 0 rise
Y Y

2 Yz4 rise I

XL X o Xz X 20
run run

positive slope negative slope

the line is rising the line is falling



Think of the slope as a stretchingfactor
largemsmall m
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Averagevelocity let xD be the positionof a car at time t Then

the a ty rate ofchange of XD bw tea and t b is

NHI
b a

Thinkabout how average velocity compares to instantaneous velocity

Example Suppose Xlt 12 for O E te lo

what is the instantaneous velocity at f l
L t
l

1
IWronganswery

rightanswer
slopeofthis line
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t t

XD
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are vel btw f O i t t are vel btw t td.tt



t.i.KL.it

Kth at xa t w 2 a xff.hn D dth5hI
are rel btw 1 1 I E u are Vel btw t t t to

lt2ht 2

Note The instantaneous rate of charge at 1 1 is fight4 2

Def The instantaneous rate of change of fad at x c is the

function him ftkthhf.CH called the derivative of fad
denoted fCH

f x slope of the tangent line to f at x fan
E Consider the same function above f t t

Compute the derivativeof fees at an arbitrary point t

Anse hlimofftthlhI li.no kth
h

him 2htthh

fish 2 that fightth
slope 2

whatthisme.rs slope
µµ

I
2 Slope O



Wed 9 4
Theinterplaybetweenafurctionarditsdrivat

Note f x o means fad is increasing or rising

F x so means fix is decreeing or falling

Exi Compare f x x2 vs flex 2x

f decreasing
µ

AH X

f increasing

horizontal targetline

f yo
f Lo ft

f D

If If the target line at K fo is horizontal then c is a

critical point

Exercise 1 Given a function fix graph its derivative fkn
2 Given the derivative fad graph the function
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The second derivative

Motivation let XD position of a car or ball etc at time E

Then X t rateofchangeofposition
velocity Vlt

whatis v th rateofchangeofvelocity

As acceleration

Wecallthisthesecondderivativeoffey the rateofchangeof the
rateofchange denoted f Cx

What does the second derivative measure

f o f s o

slopeof target line is increasing

Up

slope of line is decreasing

I
i or

con

A

concave down



fix _xwhat about f O f p fan xDAH

EI fµ axtb
HAH

annoyingcase

keytakawy If f O we don't necessarily know about theconcavity

Tangutlineapproximation

Goats a what is theformulafor thetangentlineapproximation to fix at a
G How can we use this to approximatefan for x za

Recall Formula for a line throwh Go yo with dope m
CXy

dope m YI
y yo X to

fix Xo
X Xo y yo m x XD

Exercise Find thetarget line approximationto fix x2 at x L Usethis
to approximate fu D

Iii ii ji
Kall f'M 2x so ftp 2

Here Koyo l lf

m f
il I
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So y yo m x xD

is Y I 2 x l
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Now use this to approximate f Ii

Ffl 1 I 211.1 I 1.2 Actual value II D 1.12 1.21

This only works for Xxl
Mon 916

sometimes there is no linear approximation This happens when you zoom in the
function doesn't look like a straight line

fan Hi

µ I
i

t t

O

notdefinedat X 0 not continuous at x o not differentiable at x

How to characterize this

fCD is continuous at x a if xlima.fcxl ylima.fm fca

differentiable at x a if C fly is continuous at x a
and G mafkx fight'M

Non i how 2 could hold but it could fail


