
Relative Extrema

Example
Findall @f thefunction

f(x)-y1Py = x('I-XJL
and classify each critical point as a relative maximum, a relative
minimum, or neither.
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Sketching the graph

Prodecure for
function using

sketching the graph of a continuous
the derivative

-step 1 . Determine the domain of f (x). set up a number liner-- t

restricted to include only those numbers in the domain.
step 2. Find f'(x) and mark each critiq4[ number on the

restricted number line. ftrenina[ze ffre sign of f 
,(x) 

-:to determine the intervals of increase and decrease
tor f (x) .

step 3. For each criticaf rymgrr c, find f (c) and plot the
critical point p(c,(gD on a ptane. .plot intercepts
other key points that can be easirv iound.

SteP 4. joining the
critical points in such a way that it rises where
f'(x) > 0, falls where f'(x) < 0, and has a horizontal
tangent where f 

,(x) - 0.
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Sketching the graph

Example
Use calculus to sketch the graph of

f(x)-2x5-Sxa -10x3 +7
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Relative Extrema

Example
Find all critical numbers of the function * V.: = aLt)

t(x)_ 2x5_ sxa-10x3 +7 
LtB6

and classify each critical Potn,t as a relative maximuffi, a retative
minimum, or neither.

n^r1u^[rrs1 tr=e x=3 X:-tC" i{-r.*-U

- r I -l r -[8a \c u thc* \ p"rittsr ( or T) (3,,)e) (^r,r to)

$(r> =ffi'- .tor - 21o+ I : K @
(o 

, t) ns L{-[,u,\
Af'

veJtqhu4 n^'lt( tHA LA t,tzt ::: ;; : : i I(3 trs)
(-t 

,(o)
rl( e\q hr^p (,trtor )" (tuut\t/u



z3{



Sketching the graph

Example
Use calculus to sketch the graph of

u2F(x)_*3
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Sketching the graph

Example
Use calculus to sketch the graph of

f(x):#
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$.ff. **n*mv[ty and P*is'rts *f f;nf|sctlmn

ilef inittcn
It f (x) is differentiable on the interval a < x < b,then the graph
offis

interval
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Concavity

Second Derivative Procedure for Determining Intervals of
Concavity

step 1. Find all values of x torwhich f,,(x) - o or f,,(x) does
not exist, and mark these numbers on a number line.
This divides the line into a number of open intervals.

step 2. choose a test number c from each interval
determined in step 1 and evaruate f//. Then

a<x<b.

a<x<b.
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Concavity

Example
Determine intervals of concavity for the function

f(x)-3xQ -1Oxa+11x_ 17
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$nflsctinn F*ints

ilef inltinn
An ir:fir'ri:;litl'tr"r.*,*int is a point (c,t(c)) on the graph of f where
the concavity changes.
At such a point, either f"(c) - 0 or ft,(c) does not exist.

Fr*csdilre f*r finding the f nfle*tlon F*lnts

Step 1. Compule ftt (x) and determine all points in the domain
of f where either f" (c) - 0 or ft,(c) does not exist.

step 2. For each number c found in step 1, determine the sign
of f" to the left of x - c and to the right of x - c.lf
f" (x) > 0 on one side and f,,(x) < 0 on the other side,
then (c,f(c)) is an inflection point tor f .



Curve Sketching with the Second Derivative

Example
Determine where the function

f(x) - x3 +3x2 +1

it iryg and dgcreasjxs, and where its graph is concave
up and concave down. Find all relative extrema and points of
inflection, and sketch the graph.
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Curve Sketching with the Second Derivative

Example
Determine where the function

tt , X2
r\x) - xz +3

is increasing and decreasing, and where its graph is concave

up and concave down. Find all relative extrema and points of

inflection, and sketch the graph.



ffi*n*mvity mnd !nfl*ct!*n F*Ents

Example
The first derivative of a certain function f(x) is

f'(x)-x2-2x-8.

(a) Find intervals on which f is increasing and decreasing.

(b) Find intervals on which the graph of f is concave up and

concave down

(c) Find the x coordinate of the relative extrema and inflectlon
points of f .
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The Second Derivative Test

Suppos e f't (x) exists on an open interval containing x - c and

that f'(c) - 0.

However,if f"(c) - 0 or if ftt(c) does not exist, the test is
inconclusive and f may have a relative maximuffi, ? relative

minimum, or no relative extremum at all at X - c-



The Second Derivative Test

Example
Find the critical points of

f(x)-x3 +3x2+1

and use the second derivative test to classify each critical point
as a relative maximum or minimum.


