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AppendixAll The MeanValueTheorem

Er Highironde iteratedderivatives

Limpleida It f D IR is differentiable then f D IR
is a function defined on a possiblysmaller set D

If f is differentiable we differentiateagain and write
f f D R

X to pay
i and so on

Notation y f f If Ex t fat
In general y't f x Ifn fr n l

Contento f means f no derivative

Example Monomials m polynomials via additive rule

y c constant m y 0 y to you to talk
degreeo

y X n o integer degree n

y's n x y s n n i x
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sulu e uz x

QWhen does thisstop y s n n n n ki x for teen
I At geht yet 0 yh is a constant

so y
m

so for m n

Rotation We can shorten the notation if weuse

p p factorial p Pt z for pet integer

0 1 Convention
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th

In x for Ken gko fr k n
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Example Monomials with negative powers

y x In to no m y't ya y ath
y s nightie so it never ends

In general y s ti nlntdggitntht.fr all k o

integer

y II
Exampled Trig functions

y su x y as x y sax y
3

as x y sax

it repeats fromhere
Similar phenomenon fr y as x

Observe sax as x will both solve the differential
equation y't y
In fact the solutions to it are all ofthe form
y ex a smx tb as x for fixed parameter a b

aredetermined by a initial conditions
m We'll see this again in 59.6 Simple HarmonicMotion

NIstep Combinehigherderivatives with implicitdifferentiation

Ex X y R think y s y ex
ok if tangent line is not

2x zy y O Kay
thtical seeLecture n

m y't f if y to



Low y is differentiable so we look at Kay
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differentiate again implicitly
2 2 y y't yy o use y y

2 21 tyg o

It ga t y y
o
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so y I again whiny0

Exampled
fix I 1 1 11

X X 0 notdifferentiableat x o

Ok
It X

Xcomfix 1 X o o

1 X CO O

notdefined at x o

m f ex o for x o of
undefinedato

fun for all n 32

EAppendixAG Mean ValueTheorem MUT

MUI If f a b IR is antinuous on as
differentiable m as we can find c in as with
F'cc flying slopeofsecant line L
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ROLLE'S THM

We will show that we need onlyto check the specialcase
when Gca L b if we take E VT for granted

ROLLE'sTHEOREM IL f a b IR is continuous onCa57
differentiable m as with tea b then we can find Cintab
with Fcc D

Why Use the E VT f antinuous has maximum

minimum values on a b

If his constant then f's 0 everywhere so any c willdo
Otherwise f is not constant so the max min valuesof f

cannot agree Since Fca fib we cannot have both max

min being achieved only at x a or x b so we have

some point c in Ca s achieving one of the extremevalues

Since f is differentiable we know f cc O

IIYE.IT
we need a way to new L as a

L i g flyby x a tea



Equivalently o y flips x a tea

We build the auxiliary function g a b R

gu fix ftp.t lx a has
Sox testmembership of x fix to L
Usefulproperties By ROLLE's THM

g is continuous on
a b applied to g we

g is differentiable m a b have glee o

o g a g b o for some c in Cab

But g cc fly fibs to means

F'cc flyfy
General MVT Given two Lanterns f g continuousmass
differentiable m a s with glex to for all x m 19,5
we can find cin as with

5 ftpgg
Nt six X recovers MVT

Why is this tree

First weargue that gib gag otherwise by Rolle's Thm
we'll find c in Cab with glee o which contradicts

our assumptions on g
As before we build a new auxiliary function apply
ROLLE'S TH N to it to find c



Wedefine h a b IR as

hix b teas Sox glas ex tea g b Glas

we build it based on the ratio we want to achieved

Inopertisolt
his continuous on a b By ROLLE's THM
h is differentiable on ab applied to h we

h.ca h b o have h co o

for some c in Cab

But his Ab tea glee fie 815 96 0
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45


