
$Y ffxl

fht>o f i*.r"oti^1t on lo,h )u tb,a)
f6o tg \3.r*".- 

oh (h,qJuQ,ul u(d,oa)

* ki[)=o ufo f'(r rrrA1.,'tf

X=, iXrfu pfi{tn iorukr

[= -- ; r'&t f$fir 
6s.uc/

xeD;-

t= (o p)



@
(c)

Dr&t,Ji,'i? -i-i-
u-ijaql<o -L L

.f(x)=Ji? ,. .r\../ 
o F ro,$f,ilrrr;iY/Pa: niou*nuto

.f-'(.x) = o

Local maximum
No sreater value of f

le I J

nqarby. 
i

I

I
I

, -f'' (x
I

I

il ertrenr
I

-

i

I

I

I

I

I

f,Local minimum
No smaller value
of/ nearby.

ibi
'ltl

a

I

,l I

Ll,L'r
tl---Jr !

I
I

./'(r) undefined

f'(rt=#f. and,'lildn

Local nrinimum
No smaller vaiue ofl"
nearby.

o

{'crl
{=-\L
tti? ,( :7.

=) X=O
tF: cir ffr)ro

+ ir',rt es,r r, o't (-ho)
f dcatrr^3 on (or Zl

Locar Extrema fhl"lfo$,rtrrt 1An^ett"u$.f

tf,t u,nnJrrnrrlnT Z,f,@.^,
L!( /A@ -r,r[*.'lrl1]"1.

Definition 2Let c be a value in the domain of the function / tnat is continuous an (.a,b).

(1) We catl f(c) alocal maximumif thereexistsaninterval (*,n) containing c where J'G)<f(")
ror att x in 1.,,r;$S&t*1"6

(2) We call f (c) a localminimum if there exists an interval (.m,n) containing c where f (r)> f (c) for

ail x in (m,n) -ffiry[tr*fin$(3) We call f (c) a tocalextremum, ,t f (c) is a local maximum or a local minimum.
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extremum. then c is a critical number.
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First-Derivative Test

b+o*rfr=C
;.*J,qo$i. 
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Let c be a critical number of the function fl(x) that is continuous on (a,h) containing c. tt ./ is

on the intervar' except':::::: 
:l]:::i::l-:::::i::11.'i:,. , _.- \ .1 \ ,r fkr,1. a localminimum, rt f'{x) changes from negative (or zero) to positive (or zero) at c. \ /

C:@
2. a local maximum, ,f -f'(x) changes from positive (or zero) to negative (or zero) al c . / \v

3. neither a max nor a min if ./'(x) is positive on both sides of c / / or negative on both sides of c. \ \
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Example Find the local extrema (if exists) for the following functions, and determine the type of extrema.
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Example The graph in the figure approximates rnfir f the price of eggs over a 70 month period, where

E(/) is the price of a dozen of eggs (in dollars), and / is the time in months. Determine when the price of eggs was
#
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Example (Revenue Analysis) The graph of the total revenue R(x) (in dollars) from the sale of x b&kcases is shown

below. When would the marginal revenue be positive. and when would it be negative?

0<x<70and-0.03<y<0.015 @j -$ry4u- ?*
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Definition 3 The graph of function ll is concave upward on the interval (.a.b) rt J''$
(a,&) and is concavedownward on the interval (a.b') n l"'(.r) is decreasing on (a,b').

Example From the graph of ./' below, find f'fil <o

{a) intervals where the graph of / is cancave r.pryard

(t, clu (c,a), &O)
(b) intervals on which /'(x) is inereasing \
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Goncavity summary: For the interval (a,b),

J',G) "f '(x) Graph of /' Examples
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lncreasing Concave upward u/t\
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Decreasing Concave downward /1\(

Exatnple Find the intervals where the graph of .f(x): x3 724x2 +l5x-12 is concave up or concave down.
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(d) intervals where the graph of ,f is concave downward
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(e) intervals on which f '(x) is decreasing
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(f) intervats on which f '(x) < 0
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Example Find the intervals where the graph of -f I x) = h (.rt - ax + 5 ) is concave up or concave down.

f'(x)=ffi , fo(r I = -2xt+gx-6
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Remark: The values of .tr where -f"(x) =0 or where .f'"(x) does not exist are called the partition numbers of

-f "(x). (lt does not matter whether it is in the domain of ./ or not.)

Theorem 3lf y = /(x) is continuous on (a,6) and has an inflection point at (r,f (")), then either

"f'(:c) = 0 or -f"(c) does not exist'
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