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then

every number K in between Lca f b is attained meaning

we can find c in a b with fcc K
3 0 0
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ii sg 0 I

Thegraphcrosses thehorizontalline Y K K 2 is in between

at least once forany K in betweenGca f b Go 1 Fez 3 but
it's notattainedwenn I it

Specialumase If fca 0 fib co or vicerusa tis continuous

then we can find c in a b with fcc o pick K o

Q How can we use this result

Example fly 3Ett't
This is the tight too

dominant bin
term t

flt o

Claim flt has a real root Meaning we can find to
with Fito o f can we estimate to I YES

Flo 0 0 1 170 41 4 3 16 64 1 15 0

So we have a root in between 0 4



Better approximation Bisect the internal Ijf
fl 2 3.4 8 1 570 m a real root in between 9 2

Once again 61 3 130 m 4 3

We can keep going like this 81 3.5

This is Newton's method for solving equations

2TheMeanVakeThuun_MUT

IT Assume that h a b IR satisfies

i f is antinous m a b meaning hea legitfax Gb thing tix
F is continuousat each x with a x b

z f is differentiable on a b ftexists foreachx with acx b
Then we can find c in Ca b where the 11311j

slopeofthe topofthesecant
tangent lineat laGe linethrough19,1cal

b 1lb
Ia argument

f
Queen

I I d b d
Gia Feb Fla Gb NON example
2valuesforC Ivalueforc
Rolle'sThin horizontal line if

you tilt yourhead

49 Feb
Don't havea horip
tangent line

A proof will be discussed in AppendixA4 future lecture



Ipplicatin We can use thesignoff to predictthegrowthbehavior

off assuming f is continuous on a b term tiablemlat

Signof f
n a b

t o

Growthbehavioroff strictly strictly
INCREASING DECREASING

constant

Why Pick s t with assets b So f is continuous

on St differentiable m a b

By MVT we can find c in St with

Fcc ftp
So tic fit his have the same sign

1 If flee so then flt ks m tis strictly incr
e If fiasco then flt his m t Deck

3 If f cc o f t ta is f is constant
Thechoiceof sat was
arbitraryss3 TheExtremevaluethoum.EU

EVI If f is continuous on a b then f attains both a

maximum a minimum value in a b the extremevalues

Why Needto show f is bounded i.e we can find M N

with ME fix s N for all x with a ex Eb

Canadjust M N to be the least lower upperbounds
This is done in Appendix A3 and it uses properties ofthe realnumbers
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Show these optimal bounds M N are achieved

T t
d e I's a s a b

Fcc MAX fineLex to tea Min

flb MAXf d MIN no minattained f is differentiablef differentiableatlab no man
but not at a orb

L o z IRf'd O

notantennas at go
his antinouson19,5

A It is important to consider thepoints arb

If f is differentiable in la b the search for M N is simpler

Consequence It e in la b realizes an extremevalue for F
F is antinuous m Cab differentiable at c then flee to

in short thetangent line to thegraph off at Stcc is horizontal

Why Assume fcc is a MAX value if it's a Min valuethe

argument is similar

strength slopeso
Use

storeofsecants slopof
throughKGc Dx so tangentline
CctDx Gotay atca hea

Totheright slopedsecant is so
1

II
d III To the left so

So the sign in the limit is 0 thatis too



Show that fix 9tX has max min values on

III find them What happens it we restrict to 1 2,2

Elution f is antinuous m 1 2,2 By EVT we have a max

a min value on 1 2,2 Since his differentiable on 2,2 we

can find these values as follows
1 Find x with flex so 20 0 so x o flops

2 Compute FL z f z fat 427 8

3 Compare 81 2 f z with the values from 1 pickthe

largest smallest

MAX 8 at X 2 2

MIN 4 lat Xo
It

Whenrestricted to 2,2 we stillhave a MIN value but we don'thave a MAX since
lui
x z

tu thist fix 8 his sti increasing near x 2

deararing x 2

Problemt Assume sit 12 6 test is the position at time t of an

objectmoving ona straight line Find thevelocity acceleration decide if at
any point the object changesdirection

Solution Vet s t 6 65 616 1
9

Sit

Act V t 6 manstant
To changedirection means vet mustchange sign
Answer At timitthangesabdirectin

It to u to so sit is strictlyteasing
It t i ult O so sit is strictly increasing


