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Im If f cars É Ih uoas on cars

and differentiable on carb and flak fib
then there exists c e aib s t f c o

Mean Value Thn

Thy It f attention on ais

and differentiable on Cail then

there exists Ce Laib sit

fled HIII
Intuitively If f represents velocity it means

over a time intend cab the average velocity

and instantaneous velocity coincide at at least

one point in time

If average 100mph from time

0 Toti how then

iiithere must have been at

such that we drove exactly



Exauplet Use the mean value theorem to show that for any realnumbers a b

we have
I
105 11 It

To use the MVT we need 1 a function and 2 an interval

Consider the interval aib and function fix Cossa

why can we apply mut

Then there exists a in carb sit f'a t

That is since 1055911

Then 11 101 p since El

y s El as required



Exercise fan É 2 continuous an f lil

Note that fl 1 Ir z

3M z

fit
But f'a 3 it to for any K 4,131903

This does not contradict Rolle's thin because

f is not differentiable on the sin f'co DNE

Excised If f 27
2 F'in it for K in 2,5

Howswell can fist be

Sppore f satisfy hypothesis of MVT
Then there exists C in 12,51 St

flea f i fists
Th f4711 7157

3
21

7157 7 3 fly

Fcs 7,3 2 1

So fist at least I

Exercise Suppose f is an oddfunction which

is differentiable on 0,0 Show for a o

there is some x in Gaia sit far It
Apply mut since f sont en Cosas to get
Gin Oia sit f'sci fat



Exercise Does there exists a function f suchthat

fro I

fiz 4
o f'ex 12 for every x in copy

How to approach
Either find an example

OR explain why it cannot happen

let's
say such an f exist The f is differentiable an cons

and so continuous on 0,23 So Mean Valve Theorem applies

Meaning there exist e in co 2 sit

fic t

But then

tf 4ft E

But flea 42 which cannot happen

sine 2252

So no so f exists



Exampley aim a fix Its

got
ex
e
x

see quiza

For f andg find the following

a Intervals on which theyare increasing decreasing

5 Local minima and local maxima

c Intervals of concavity and inflection points

a

fix 3 tan mail.is
h

g

f o on to o

f co on too

So f is increasing on o 3013,0
9
and f is decreasing on to 3 u 13107

b f has a local minimum at x o

f does nothave a local maximum

c f tax Eje Hex 12435
6 6432 6 121714353 2x
61 23 2421437
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mE

i FjllanhP



For g
a Weknow gis increasing

an on intend I if g'm o

forall act 2
well fly 2e e

Now 2e e t o

2e 1 le o

n g

É
Now 281 0

Try g'tInne t
balance Inch yeacinia en
x Ing I get e

22 2

4 2 LO

So g is strictly increasing on CY o

And g is strictly decreasing onfoe1

got
flection pointC g contate

g changessign
b
ghas

local extrema where g't 0 at c

or g cc ONE
well 9424 4e e 70 foral seeCo o

4and so g
doesnot change sign noinflectro

Andby a g
has a local minimum

And g is concave upwards an c 0,0
at



tstDerivatiutest

f increasing for every acre he ha fan E fixe
f decreasing for every x coz we has folds Fla

Proposition Suppose f I 711 is a differentiable function

If fill so for de x in 2 ther f increasing on Z

If flat to tr d x in L th f defasiya L

Main Questions

Tarmininteral where functions are increasing

Using derivatives to classify local extrema

Proposition Suppose that C is a critical number

of a continuous function f
1 If f charges from to 0 th

f has a local max at c

2 If t charges from O to then

f has a local min at c

o



Concavity and

test

tangent line f m so

I concave down Gmph of f les below

tangent line f d o

def Inflection point
A point D Cftc is called an inflection

point to mean

o f is continuous at C and

f charges sign at C



Examples

Think about for x

a

god
ex

a 461 Sin x

Ktx I
Ask about the following for f g h K

1 Where is the function increasing and decreasing
2 what are the local and global extrema
Local min max and global min max

3 What are the intervals where the function

is concave up concave down

4 Where lit ay I are inflection points

fix I

isnt


