CHAPTER 3

Additional Applications of the Derivative

Increasing and Decreasing Functions;
Relative Extrema

Concavity and Points of Inflection
Curve Sketching

Optimization

Additional Applied Optimization



SECTION 3.1 Increasing and Decreasing Functions;
Relative Extrema




Increasing and Decreasing Functions




-
Ll de—t s

B FALDR




Find the intervals of increase and decrease for the function
f(X)=2x3+3x2-12x-7
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FIGURE 3.4 The graph of

fO =23 +32— 120 7.




Find the intervals of increase and decrease for the function
2

f(x) =

X- 2







The graph of the functioffx) is said to have ezlative maximum
atx=c if f(c) f(x) for all x in an intervala<x<b containingc.
Similarly, the graph hasralative minimunmatx=c if f(c ) f(x) on
such an interval. Collectively, the relative maxima and minima of
f are called irelative extrema

A numberc in the domain of(x) is called acritical number if
eitherf’(c)=0 or f'(c) does not exist. The corresponding pgmi
f(c)) on the graph of(x) is called ecritical point for f(x).
Relative extrema can only occur at critical points.




FIGURE 3.7 Three critical points (c. f(c)) where £(c) —







Find all critical numbers of the function

f(x)=2x*-4x2+3
and classify each critical point as a relative maximum, a relative
minimum, or neither.
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Sketch the graph of the functifx)=x*+8x3+18x2-8.
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FIGURE 3.9 The graph of f(x) = ' + 8¢ + 18> — 8.




Find the intervals of increase and decrease and the relative
extrema of the function ot) =3 -1
Sketch the graph.
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FIGURE 3.10 Sketching the graph of g(r) = V3 — 21 — ¢2.




The graph of a functioff{x) is shown here. Sketch a possible
graph for the derivativé(x).
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The revenue derived from the sale of a new kind of motorized
skateboardz2i-6¢&  + t weeks after its introduction is given by

2
R)=2"Y ogte63
£+63

million dollars. When does maximum revenue occur? What is the
maximum revenue?




SECTION 3.2 Concavity and points of

Inflection

Q(1)

Slope increases

Slope decreases

P o4/, —— Point of diminishing
returns

Time of maximum
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|

Production rate
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I
Production rate decreases

FIGURE 3.12 The output Q(¢) of a factory worker ¢ hours after coming to work.







Second Derivative Procedure for Determining
Intervals of Concavity for a Function f

Find all values of x for which f’(x) = 0 or f’(x) does
not exit, and mark these numbers on a number line.
This decides the line into a number of open intervals.

Choose a test number ¢ from each intervala<x <Db
determined in step 1 and evaluate f’(c). Then,

If f’(c) > O, the graph is concave upward on
a<x<b

If f’(c) <O, the graph is concave downward on
a<x<b



Determine intervals of concavity for the function
f(X)=2x0-5x*+7x-3



An inflection point (or point of inflection) is a point (c,
f(c)) on the graph of a function f where the concavity

changes. At such a point, either f’(c)= 0 or f’(c) does not
exist.



In each case, find all inflection points of the given function.
a.f(x) =3»@-5x*-1 b. g(x)=x"3






Determine where the function
f(x)=3x*-2x3-12X%+18x+15
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 .



The graph of the derivative f ’(x) of a function f(x) is shown
In the figure. Find intervals of increase and decrease and
concavity for f(x) and locate all relative extrema and

Inflection points. Then sketch a curve that has all these
features.






Supposd’(x) exists on an open interval containixec and
thatf'(c)=0.

If f’(c)>0, then f has a relative minimumatc.
If f’(c)<0, then f has a relative maximumyatc.

However, if f'(c)=0 or if f’(c) does not exist, the test is
iInconclusive and may have a relative maximum, a relative
minimum, or no relative extremum at albatc.



Find the critical points di(x)=2x3+3x2-12x-7and use the second
derivative test to classify each critical point as a relative maxm
or minimum.






An efficiency study of the morning shift at a factory indicates that
an average worker who starts at 8:00 A.M. will have produced
Q(t)=-13+9t%+12t units t hours later. At what time during the
morning is the worker performing most efficiently?



SECTION 3.3 Curve Sketching

The line x=c is a vertical asymptote of the graph of
f(x) If either

OF lim f(x)=+¥ (or-¥) lIm T(x)=+¥ (or-¥)

X® ¢’



Determine all vertical asymptotes of the graph of

X>-9
X% + 3x

f(x) =



The horizontal line y=Db Is called a horizontal
asymptote of the graph of y=f(x) if

chl@ngé f(X)=b or XI<|®n+1¥f(x)=b



Determine all horizontal asymptotes of the graph of

X2

X°+x+1

F(x) =



Sketch the graph of the function oy =X
0= ey




3%°
X°+2x- 15

Sketch the graph of f(x) =



Sketch the graphs &fx)=x2"2 andg(x)=(x-1)"s.



