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Goals · First derivative test
-

·Concavity & inflection points
· Second derivative test

Recall Cors of MVT :

fLO on If increasing on I

f"sO on I Ef decreasing on I

-- *data.so inf>0
f increasing f de still f increasingf decreasingnote : fo also increasing



First derivative test Supposef its over interval I

containing a critical point
c. If f is diff' over

I except possibly at c , then f(c) satisfies one
of the following descriptions :

(i) if 'changes sign from positive (for xe) to o
negative (for x>c) , then fla) is a local maxa

off
(ii) if f changes sign from negative (for x<e) to
positive (for x>c) , then fla) is a local min

off V

(iii) if f has the same sign left and right of c , then
f(c) is not a local extremum .

St



y = f(x) local max·
not a local

local min

extremam

fi + 0 + 0 + 0 -

-

h with the following "signature" :Problem Drawagracal extrema via 1st devir test
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E Let's use the first derivative test to find all local extreme

of f(x) =- X + 2x + 18X
-

We have f(x) = - >xi +3x + 18

=

- 3(x-x - 6)
=

- 3(X -3)(x+2)

so the only critical points are x =- 2
,
3.

local
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f'( -3)= - 18" 810) = 1830 f'(m) = - 18

By the
1st detest

,
f(z) =
-

is a local min & fis) =-
is a local max .



concavity

Def Let o be a function that is diff's on an open interval
I.

Iff" is increasing over E ,
we sayf is concave up on I

:

iff' is decreasing over I , we

say f is concave don on I.

- Vap
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f inc f dec 1 down

Concer Idown
(i) If F"(x) > 0 for all xeI , then f is concave up on F.

(ii) If f"(x) < 0 for allxI
,
thunf is concave down on I.



De Iff is its at a and f changes concavity at a
the point (a , fla) is an inflection point off

inflectioet
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Second derivative test

Suppose f'(c) = 0 , f" is continuous over an interval containing .
() If f" (c) >O

, thun f has alocal min at aWil
If ficd =o

,
then the test is inconclusive

(ii) If f"(c < O
,

then f has a local max at

Eg. If f(x) = x - 12x + 5 then f(x) = 3x - 12 = 3(x - 4) = S(x +2)(x-2)
.

Thus f (x) = 0 for X=2 .
Now f"(x) = 6 x and

f"l-2) = -12 X= - 2 is a local max

f" (2) = 12 => x = 2 is a local min.



↑
E

E
g . f(x) = x4
~

f'(x) = 4x3 = 0 iff x= 0

f"(x) = 12 x => f"(0) = 0 second deriv test

in conclusive

Multivariable t Y
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