28

29.

" 30.

31

* To locate vertical asymptotes
® 1o sketch graphs of functions

Volume

{a) A square plece of cardboard 36 centimesters on a
side 18 1o be formed into a rectangular box by cur-
ting squares with length x from each corner and
folding up the sides. What is the maximum volume
possible for the box?

{b)
on each side, cutting squares of size &/6 and fold-
ing up the sides gives the maximum voiume.

Revenne The owner of an orange grove must decide
when to pick one variety of oranges, She can sell them
for $8 a bushe! if she sells them now, with each tree
yielding an average of 5 bushels. The yield increases by
half a bushel per week for the next 5 weeks, but the price
per bushel decreases by $0.50 per bushel each week.
When should the oranges be picked for maximum return?

Minimum material

{a) A box with an open top and a sguare base is to be
constracted to contain 4000 cubic inches. Find the
dimensions that will require the minimum amount
of material tc construct the box.

A box with an open top and a square base is to be
censtructed to contain k cubic inches. Show that the
minimum amount of material is used to construct
the box when each side of the base is

(b}

x = {2k3*? and the height is ¥

Minimum cost A printer has a contract to print
160,000 posters for a political candidate, He can run the
posters by using any number of plates from 1 to 30 on
his press. If he uses x metal plates, they will preduce

COBJECYIVES -/
® To locate horizontal

)] Appiicétion Preview
asymptotes

that have vertical and/or
horizontal asympiotes

Show that if the piece of cardboard is k centimeters f

. Shortest tine
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x copies of the poster with each impression of the press.
The metal plates cost 52.06 to prepare, and it costs
$12.30 per hour to run the press. If the press can make
1000 impressions per hour, how many metal plates

should the printer make to minimize costs?

A vacanoner on an island 8 miles off-
shore from a point that is 48 miles from town must fravel
10 town occastonally. (See the figure.) The vacationer
has a beat capable of traveling 30 mph and can go by
auto along the coast ar 53 mph. At what point should the
car be left to minimize the time it takes 1o get o fown?

48 mi
Beach

33 DV players 'The sales revenue for DVD players is

given by

R(r) = —0.0942 + 0.6800 + 0.7175: + 0826

in billions of dollars, where 1 1s the number of years
past 1999, Use a graphing utility 1o find the vear when
sales revenue is maximized.

Rational Functions: More Curve Sketching

Suppos' that th' '-'tatal cost of producmg a sh;pment of a. product is -

5000 ﬂ+

425000 o
ww;mw x>Q:.

The procedures for using the first-derivative test and the second-derivative test are given in
previous sections, but none of the graphs discussed in those sections contains vertical
asymptoetes or horizontal asymptotes. In this section, we consider how to use information

about asymptotes along with the first and second derivative

approach to curve sketching.

. and we present a unified
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Vertical Asymptote

Vertical Asymptote of a
Rational Function

Horizontal Asymptote

Asymptotes

in Section 2.4, “Special Functions and Their Graphs,” we first discussed asymplotes ang
saw that they are important features of the graphs that have them. Then, in our discussion
of limits in Sections 9.1 and 9.2, we discovered the relationship between certain limits ang

asymptotes. The formal defination of vertical asymptotes uses limits,

The line x = x; is a vertical asympmte of the graph of y = fx) 1f the vahzes
approach -+ o or —= as x approaches Xy {from the left or the rzght} g

From our work with limits, recall that & vertical asymptote will oceur on the graph

of

2 function at an x-value at which the denominator (but not the numerator) of the function
15 equal to zero, These observations allow us to determine where vertical asymplotes occur,

The graph of the rational funcrion. -

has & vertical asymptote 4t x = ¢ i gl

Because a horizontal asymptote tells us the behavior of the values of the function

{(v-coordinates) when x increases or decreases without bound, we use limits at infinity
determine the existence of horizontal asymptoies.

The graph of a ralmnal funcmon y = f(x) w;ll have: a hﬂrlzontal asym' ef:e-a :y
for a. const&nt b 1f : . .

hm f(x} = b oL’ lzm j(r) = b

Otherwme the graph has no honzozltal asymptote

o

For a rational function f. hm fOy = b if and only 1f iim Jix) = b, sowe only need

o find one of these limits to iwmt; a horizontal awmpmte iﬂ Problemx 37 and 38 in

the

0.2 FExercices. the [ollowing statements regarding horizontal asymptoles of the graphs of

rational functions were proved.

Horizontal Asymptotes of Rational Functions -
Xy gpxT T X+ Og

Consider the rational function y = a .
| : Y= 000 " b+ e byx + by

1. 1f 0 < m {that is, if the degree of the numerator is less than that of the denomina-
tor}, a horizontal asymptote cccurs at y = 0 {the x-axis).

2. 1f p = m (that is, if the degree of the numerator equals that of the denominator), a

L b L ‘ .
horizontal asymptote occurs at y = ,gc_ {the ratio of the leading coefficients).

m

nator}, there is no horizontal asymptote.

3. # n > m {that is, if the degree of the numerator is greater than that of the denemi- |

-




Figure 10.42
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@ EXAMPLE 1 Vertical and Horizental Asymptotes

Find any vertical and horizontal asymptotes for

) . 2x
(ay flxy= P

+2
o X243
(b f) = ———
b—x
Solution
(2) The denominator of this function is 0 at x = ~2, and because this value dogs not
make the numerator O, there is a vertical asymptote at x = —2. Because the function

is rational, with the degree of the numerator equal to that of the denominator and
with the ratic of the leading coefficients equal to 2, the graph of the function has o
horizontal asymptote at ¥ = 2. The graph is shown in Figure 10.42(a).

g 4

Horizontal

|

|
|+
! asympiote
I

i 13 I i 1 i i i i I H S 1 i i,
T T 3 T T T & T T t T - T t t x
. —4 4 -8 —4 ' 4 8
Vertical i S No honizental i Yertical
asymptore : o i Fixy = aX T asymptote -4 7 . asymplote
xm 2 T ) ¥+12 I x=
i L X =
i H
| . 1
\ -8 ST
{a} (b)

{(by At x = 1. the denominator of f(x) is 0 and the numerator is not, so a vertical asymp-
tote cceurs at ¥ = 1. The fupetion is rational with the degree of the numerator greater
shan that of the denominator, so there is no horizontal asymptote. The graph is shown
in Figure 10.42(b).

More Curve Sketching

We now extend our firsi- and second-derivative techniques of curve sketching o include
functions that have asymprotes.
In general, the following steps are helpful when we sketch the graph of a function.

Determine the domain of the function. The domain may be restricted by the nature
of the problem or by the equation.

Look for vertical asvmptotes, especiatly it the function is a rational function.

Look for horizontal asymptotes, especially if the function is a rational function.
Find the relative maxima and minima by using the first-derivative test or the second-

—

Bl 1o

derivative fest.
Use the second derivative to find the points of inflection if this derivative is easily

L

found.
6. Use other information (intercepts, for example} and plot additional poiats 1o com-

plete the sketch of the graph.
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® EXA.M'P.LE. 2 G%aphfﬁg with Asympiotes

o

: FAA Sketch the graph of the fupction flx) = 73
= (x + 1y

Solution

i. The domain is the set of all real numbers except x = — L

7 Because x = — | makes the denominator 0 and does not make the numerator 0, there
is a vertical asympiote at ¥ = — 1.

l )
X e

TR
the function is rational with the degree of the numerator equal to that of the denomi-
nator and with the ratio of the leading coefficients equal to 1. Hence, the graph of the
function has a horizontal asymptote at y = I.

4. To find any maxima and minima, we first find /7 (x).

3, Because

(x + BH2x) - X 20x + 1)

Fixy =
fix GOy

ot Ol + 1) = x)

- (x + b

o 2x

(x + 1¥

Thus f'(x) = 0 when x = 0and v = 0), and f7(x) 15 undefined at x = —1 (where the
vertical asymptote ocours). Testing f (x) on either side of x = 0 and x = —1 gives the
following sign diagram. The sign diagram for f' shows that the critical point UG
2 relative minimum and shows how the graph approaches the vertical asymptote at
xo= -1 -

fo / \ / '
Frial

|

-1 0

oy = —1 iy a vertical asymptote.

5. The second derivative Is

, (x + DH2) ~ 2x[3(x + 1)2]
frx)y = MJ
(x + 13

Factoring (x + 1)? from the numerator and simplifving give

oo 2TAx
F0 =T

We can see that f7(0y = 2 = (, so the second-derivative test also shows that (0,
i is a relative minimum, We see that f7(x) = ¢ when x = 3. Checking f"(x) between
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Lo N | . .
v = 1 {where it is undefined) and x = 3 shows that the graph is concave up on this

interval, Note alse that () < G for x = 3, 50 the point (5, 5) is a point of inflection,
Also see the sign iagram for f7(x).

?ﬂ‘“f/ \M/ //”

Fyom =} s w vertical axymprote.

6. To see how the graph approaches the horizontal asymptote, we check fix) for large
values of ixl.
(- 100 10,000 e 1007 10,000

(~100) = ~———0 = ‘
F=100 =50 T os0n U0 T 0201

— > | 10y = = <1

Thus the graph has the characteristics shown in Figure 1(3.43¢z). The graph is shown
in Figure 10.43(b).

- y=1

Y A TERsIDE ——e
I i

1 ¥ i

| a

13
£ gl

Figure 10.43 () (by

When we wish to leamn about a function f(x) or skewch its graph, it is imporiant to
understand what information we obtain from f(x), from f'(x}, and from j"(x). The follow-
ing summary may be helpful.

Summary
Source information Provided
ix) y-coordinates; horizental asymptotes, verticat asymptotes; domain restrictions
 {x) increasing [77 (x) = O], decreasing [F'{x} < Of, exitical points [f"{x}) = Oor £ (x) undefined];
sign-diagram tests for maxima and minima
7 {x} Concave up [F7(x) > 0} cencave down [f"{x) < O], possible points of inflection

[F7(x) = 0 or f*{x) undefined]; sign-diagram tests for points of inflection; secand-denvative

test for maxima and minima
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& Checkpolit

o x+ 10 ‘ X _ .
1, Let flx) = ———— and decide whether the following are true or false.

(a} f(x) has a vertical asymptote at x = 1.
(b) F(x) has y = 2 as ifs horizontal asymptote.
SIRS 20 + 16 2 — 32

; 16 . I e
fet flxy = “L—;_—W 4+ 1: then f{x) = ~—75 """ and (0 = =5 Use these 1
A X X~

t

determine whether the fellowing are true of false.
{a) There are no asympiotes,

(b} f{x) =0 whenx= —2

(¢} A partial sign diagram for f(x) is

F B T i i

; — Y

[ o
fawl

*peans f{0} is undefined.

(d) There is a relative minimum at £ = -2,
{e) A partial sign diagram for Frx) is

Fmeans f (0] 15 undefined.

(f3 There are points of inflection at x = 0 and x = ¥ 16.

; Q fx.AMPnLE 3 ?roducfion Costs (Application PreviéiW)

Suppose that the total cost of preducing & shipment of a certain product 18

123,000

Clxy = 5000x + x>0

where v is the number of machines used in the production process,

{a) Graph this total cost function, and identify any asymptotes.
(b) How many machines <houtd be used to minimize the tota cost?

Solution
{a) Writing this function with all terms over a common denominator gives

125,000 5000x2 + 125,000
X X

Cixy = 5000x +

The domain of Cix} does not include 0, and € —» =% as x — 0%, so there is a verti-
cal asymptote at x = 0. Thus the cost increases without bound as the number of
machines used in the process approaches zero. The function decreases initially, but
eventually increases. and (because the numeralor has a higher degree than the denom-
inator) there is no horizontal asymptote (see Figure 10.44).

(b) Finding the derivative of C{x) sives

125,000 5000x% -~ 125,000

C'x) = 5000 ~ = -

X
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Setting C'(x) = (4 and solving for x gives the critical vakues of x

50000+ Sie = 5)

s . 250,000 o L )
Because C(x) = 250.000x~% = ———= is posilive for ail x > {0, uging 5 machines

3

minimizes the cost at C(3) = 50,000 {see Figure 13.44).
£3x)

s ‘
| coo= 5000y + 2220 |

F00,000

3

200,000 7

Relutive minlmum
(3, 30,000

1063000 -

1
T
Figure 10.44 z 4 ) 810
Colculator 1' If a graphing calculator is not available, the procedures previously outlined in this section
i . :
Note G52 are necessary to generate a complete and accurate graph. With a graphing calculator, the

éragh of a function is easily generated as long as the viewing window dimensions are appro-
priate. Although a graphung calcutator may reveal the existence of asymptotes, it cannot
always precisely locate them. Also, we sometimes need information provided by denvatives
to obtain a window that shows all features of a graph. @

@ EXAMPLE 4 Horizontal and Vertical Asymptotes

7162

Figure 10.45 shows the graph of flx) = m

(a} Determine whether the function has horizontal or vertical asymptotes, and estimate

where they occur
(b) Check your conclusions to part {a) analytically.
{¢) Discuss which method is more accurate,

15

Figire 10.45

Solution
(a) The graph appears to have a horizontal asymptote somewhere between y = —1 and
v = —2, perhaps near y = —1.5. Also, there are two vertical asymptotes located

approximately at x = 125 and x = -~ 1.25,
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{by The function

Tix? _ 7157
2803 — 2x%) 84 — 56x%

is a rational function with the degree of the numerator equal to that of the denomina.
tar and with the ratio of the leading coefficients equal to ~71/56. Thus the graph of
the fanction has a horizontal asymptote at v = —71/56.

Vertical asymptotes oceur at x-values where 28(3 — WM =0, or

il

o 2}:2

i

- 2x*

3

[
i

= 2

ty | s

3

+. = =x or x= =1.225
V2 7

{c) The analytic method is more acourate, of course, because asymptotes reveal extreme
behavior of the function either vertically or horizontally. An accurate graph shows all
features, but not necessarity the details of any feature. Despite this, our estimates
from the graph were not too bad.

Even with a graphing calculator, sometimes analytic methods are needed Lo determine
an appropriaie viewing window.

® EXAMPLE 5 Graphing with Technology

+ 10
The standard viewing window of the graph of f(x) = =00 appears blank (check
x*

and see). Find any asymptotes, maxima, and minima, and determine an appropriate viewing
window. Sketch the graph.

Solution
Because x2 + 300 = 0 has no real solution, there are no vestical asymptotes. The function
is rational with the degree of the numerator less than that of the denominator, so the hori-
zontal asympiote is y = 0, which 1s the X-axis.

We then find an appropriate viewing window by tocating the critical points.

_{,\"3 43001y — (x -+ 1020

fo= (2 + 3007
a7 4300 - 2¢% — 20x 300 — 20x ~ x?
(2 + 300)? (x> + 300)*

F'(x) = 0 when the numerator 1$ zero. Thus
00— Wx—x2=0
0= x* + 20x ~ 300
O=(x+ 3Nx — 10
x4+ 30=10 x—=10=20
r= 30 x = 10




Figure 10.46

L]
[
[

Figure 10.47
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The critical points are x = —30, y= —5 =
—0.01666667 and x = 10, v = 55 = 0.05. A sign dia- \ / \

gram for f(x) is shown at the right g - -

Without using the information above, a graphing utility may not give a useful graph. An
x-range that includes —30 and 10 is needed. Because y = ( 18 a horizontal asymptote, these
relative extrema are absolute, and the v-range must be quite small for the shape of the graph
to be seen clearly. Figure 10.46 shows the graph.

E
@ EXAMPLE 6 Profit
A profit function for a product is given by

) —xt 4+ l6y — 4 .
Pix) = ———— — forv =0
dxt + 16

where v is in thousands of units and Px) is in billions of dollars, Hecause of fixed coss,
profit is negative when fewer than 255 units are produced and sold. Will u loss oceur at any
other level of production and sales?

Solution

Looking at the graph of this function over the range G = 0= ) {see Figure 10.47(a)), i
is not clear whether the graph will eventually cross the x-axis, To see whether a loss ever
occurs and to see what profit is approached as the number of units produced and sold
becomes large, we consider the behavior of Pix) as x - @ {i.e.. whether P(x) has a hori-
zontal asymptote}.

Note that P{x) is a rational mmmm and from the highest-power terms in the nwmer-
ator and denominator we see that v = — is a horizontal asymptote. Thus a joss of §2 billion
is approached as the number of units increases without bound, Figure 10.47(b) shows that
the graph does cross the v-axis, where —% 4+ l6x — 4 = (. Using ZERO, SOLVER. the
Quadratic Formula. or a program gives P(x) ODatx = 0234 and x = 157459, Thus if
15,746 units or more are produced and sold, the profit is negative,

(a) {b)
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hickpoint Solutions . 1. (&)
o nonzero,

EJ

by True
(¢} True

{ey True

True, »r = 1 makes the denominator of fix) equal to zero, whereas the numerator i

(dy True. The rclative minimum point is (—2, f(=2) = (—2, 13).

(hy True, the function is rational with the degree of the numerator equal to that of the
denominator and with the ratio of the leading coefficients equal to 2.
(a) False. There are no horizontal asymptotes, but x = 0 is a vertical asymptole.

(f) False. There is a point of infection only at (\fTé 15, At x = 0 the vertical asymp-
tote occurs, so there is no point on the graph and hence no point of inflection.

(L) Exercises

In Problems 1—4, a function and its graph are given. Use
the graph to find each of the following, if they exist. Then
confirm your results analyticaily.

(a} vertical asymptotes

() lim f(x)

(c) horizontal asymptotes

() lim_f(x)

oy x— 4 2w 8
. == s Xy =
AR ="
y

- L .
I S o
C6ed o do2f4 6 810 50

I T
—6H 3 L
—& T
3 ) 3+ 28 ot + v £ 5)
3 fla) = e o
' (x? — 4y
.
s
—t e et s e Y
13 s 10 15 20

Ty

] : ; FR
T 3 T T T X

-1 -8 301 13

in Problems 5-10, find any horizental and vertical
asymptotes for each functions

. 2x : 3x -1
5 v+ 6 v = -—
; x— 3 ’ x+ 3
v+ 1 4x
Ty o= 8 v = -
x4 e
37 -6 tx3
9 v =0 10, y = =0
T YT

For each function in Problems 11-18, find any horizon-
tal and vertical asymptotes, and use information from
the first derivative to sketch the graph.

2x + 2 Sx = 13
Ei [y = 12 "‘ T me————
=3 fo=="73
x2+ 4 244
13. '::l 14. }’:x 5
X X
27x% x -+ 232
15, y = ‘A‘ " 16. y o= *
(x + 1% ’ x— 3
16x 452
| = 18 =
70 = flo) =

3

in
(a)

(b)

o]
h




[n Problems 19-24, a function and its first and second
derivatives are given. Use these to find any horizental
and vertical asymptotes, critical points, relative maxima,
relative minima, and points of inflection. Then sketch the
graph of each function.

X i (x — 17
= 20, y =
19 (x — 1) - x?
) x4+ 1 . A2 — D)
o e o yomE e
¥ (- 1P ’ e
R 2x + 4 . O dx
_ T Vo=
x— 1y ’ v
3 i~ 1
2Ly =X T == 22, vy =3V -
VE— 3 s
I =
frrad s — \p = ——
’ {x — H¥? X
4 .6 2xh
ST ST
I S
B =y
X2
§ 123 — )
X} = ;
£ =
AT = Ak )
fren = SEEE0
XHx )
24272
4, o=
fo = =
[ g
* A3 4+ 1Y
. 22— 8x — 1)
Frx) = o

343 (x + 1)

In Problems 2528, a function and its graph are given.

(a) Use the graph to estimate the locations of any hori-
zontal or vertical asymptotes.

(b} Use the function to determine precisely the locations
of any asymptotes.

X 3 - 13
23, flxy = . 26, flx) = 't—“wi

17 - dx

10.5 Rationa! Functions: More Curve Skeiching @ 751

o 20+ 08 . 15x2 — x
2 0= 55 g R o
i o
-10 -:‘5 s l Do s \

For each function in Problems 29-34, complete the foi-

lowing steps.

(a) Use a graphing utility to graph the function in the
standard viewing window.

(b} Analytically determine the location of any asymp-
totes and extrema.

(¢) Graph the function in a viewing window that shows
all features of the graph. State the ranges for x-values
and y-values for your viewing window.

20, fly = LD
S a0
300 fla = A;t"gi
AR
N O
L= g
32 flo = S
: K2+ 100
) 1000x — 4000
3B = S T 0r = 2000
o = MKLUQ
ST 30 — 1800
APPLICATIONS

35, Cost-benefii  The percent p of particulate poliution
that can be removed from the smokestacks of an indus-
trial plant by spending C dollars is given by

100C

(a) Find any C-values at which the rate of change of p
with respect to C does not exist, Make sure that
these make sense in the problem.

(b} Find C-values for which p is increasing.

{¢) If there is a horizontal asymptote, find it.

() Can 100% of the pollution be removed?
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. Cost-benefit  The percent p of impurities that can be
removed from the waste waler of a manufacturing
process at a cost of C dolfars is given by

LOGC
} mm
P= g0+ C
(a) Find any C-values at w hich the raie of change of p
with respect o ¢ does not exist, Make sure that
these make sease in the problem.
(b} Find C-values for which p 1$ increasing.
(¢) Find any horizontal asymptoftes.
td) Can 100% of the poliution be removed”
Revenue A recently released film has its weekly rev-

enue given by

5():‘
—_-— "6

R(Hy = o =0

where Ri(1) is in millions of dollars and 71s in weeks.

(ay Graph R(1.

(by When will revenue be maximized?

(¢} Suppose that if revenue decreases for 4 consecutive
weeks, the film will be remov ed from theaters and
will be released as a video 12 weeks later. When
will the videa come out?

Mintmizing average cost 1 the wotal daily cost, in
doliars. of producing plastic rafts for swimming pools
is given by

Cixy = 500 + & + 0.05x2

where x is the number of rafts produced per day. then
the average cost per raft produced is given by
Oy = Co/x forx = 0
(a) Graph this function.
{h) Discuss what happens to the average cost as the
number of rafts decreases, approaching 0.
Find the leve of production that minimizes average
cost
Wind chill 1f x is the wind. speed in miles per hour
and is greater than or equal 103 5, then the wind chill (in

degrees Fabrenheit) for an air iunpexatme of 0°F can
be approximated by the functien

4289.173 - 587.573?.\‘
x+ 1

wn

fixy =

(a) lgnoring the restriction x = 5, does fix) have a ver-

tical asymptote? If so. what is i’
(b Does f{x) have a vertical asymptote within s
domain?

. Profit

{¢) Dees f(x) have & horizontal asymptote? 5o, why
15 17
(d) In the context of wind chill, does lim f(x) have 4
X T

physical interpretation” If so. what is i, and is
meaningful?

An entrepreneur starts new companies and sellg
them when their growth is maximized, Suppose that the
annual profit for a new company 15 given by

1 15

Pixy =22 —
) 7

where I is in thousands of dollars and ¥ is the number
of vears alter the company s formed. If she wants
sell the company before profits begin to decline, alter

how many vears should she sell it?

Productivity The figure is a typical graph of worker
productivity per hour /7 as a function of tme 7 on the

job,
{2} What is the horizon- P
tad asymptoze? (t
(hy What is lim P{? 1
{01 What is the horizon- I L
. . Worker
tal  asvmptote  for ! By
. ’ produchivity
Py

2 Farm wor kors

() What 1s lim F'(0)?

Sgies velume The figure shows a typical curve that
gives the volume of sales S as a function of time 1 afier

an ad campalgn. ; 3
{a) What is the horizontal
asymptote”? Sales
€ B
(by What 1s }_ﬂ]}: S(ry volume

What is the horizontal
asymptote for 87407
What 1s lm"s 7

The percent of U.S. workers in farm

()LCllanOﬂb during certain years is shown in the table

Year Percent Year Percent : Year Percent
1820 718 1930 212 | 1980 27
1850 63.7 1540 74 | 1985 2.8
1870 53.0 1950 1.6 l 1990 2.4
1500 375 1960 5.1 | 1994 25
1920 270 1970 36 1 2002 25

Source Burequ of Lobor Statistics, 115 Depoartment aof Lobor




Assume that the percent of U.S. workers in farm occu-

pations can be modeled by the function
—7.4812t + 1560.2

Y FY = () » et -
SO = 1000 - e 122,181 + 21,483

where t is the number of years past 1800, Use this model

in Problems 43 and 44.
43, (a) Find flim i
e
(b} Interpret your answer Lo part (a}.
(c) Does f(z) have any vertical asymptotes within ifs

domain ¢ = 07
44. () Use a graphing wulity to graph fir) for 1= 01w
1= 220
(b) From the graph, identify f-values where the
model is inappropriate, and explain why it Is
inappropriate.
The figure shows a barograph

45, Baromelric pressure
readout of the barometric pressure as recorded by

Georgin Southern University’s meteorological equip-

ment. The figure shows a tremendous drop in baromet-

ric pressure on Saturday morning, March 13. 1993,

fa) If Bir) is barometric pressure expressed us a func
tion of time, us shown in the figure, does Bity have

Koy Terms and Formulus @ 753

a vertical asymptote sometime after 8 A.M. on Sat-
arday, March 13, 19932 Explain why or why not.

(b) Consult your library or some other resource to find
out what happened in Georgia (and in the eastern
United States) on March 13, 1993, to cause such &
dramatic drop in barometric pressure.
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Soprce: Stateshoro Herald, March 14,1893,

Concave down
Point of inflection
Sign diagram for f"(x)
Second-derivative test

Section Key Terms Formulas
10.1 Relagive maxima and minima
Increasing fixy =0
Decreasing fxy=<0
Critical points 70 = 0 or f'(x) undefined
Sign dingram for f'{x)
First-derivative test
Horizontal point of inflection
10.2 Concave up 0 =0
F <0
May occur where f7(x) = 0 or f7(x) undefined




754 @ Chaprer 10 Applicarions of Derivarives

Section Key Terms

Formulas

10.3 Absolute extrema
Average cost
Profit maximization
Compelitive market
Monopolistic market

Cix) = Clx)/x

Rix) = p - x where p = equilibrium price
R(x) = p - x where p = f(x) is the demand function

i

10.4 Inventory cost models

10.5 Asymptotes
Horizontal: y = &
Vertical: x = ¢
For rational function
y o= flo)/glx)

Fx) = basx —» 5 Or X~y =%

v unbounded near x = ¢

Vertical: x = ¢ if gley = 0 and flo) # 0

Horizontal: Key on highest-power terms of f(x) and glx;

Section 10.1

In Problems 1-4, find all critical points and determine
whether they are relative maxima, relative minima, or
horizontal points of inflection,

Ioy= —x*

2. p=¢g" —4g =35

3, fn =1 - 3= 3
3x

+ 1

4. foy =

In Problems 5-1¢:

(a) Find all critical values, including these at which f'(x)
is undefined.

(b) Find the relative maxima and minima, if any exist.

(¢) Find the horizontal points of inflection, if any exist,

(dy Sketch the graph.

5. vy=xt 4+t - x|

6. fx) = 4t - ¥

R I o3
ofg =t e e 18y + >
8.y = 57— 758 — 1

9 y=x¥F

10, v = 22530 — 4)°

Section 10.2

-

[1. Ts the graph of y = x* = 3x* + 2x — 1 concave up or
27

concave down at x =
12 Find intervals on which the graph of v = x* — 2x3 -
1242 + 6 is concave up and intervals on which 1t is
concave down. and find points of inflection.
13, Find the relative maxima, relative minima. and points
of inflection of the graph of ¥ = & — 3x* — 9x = 10,

In Problems 14 and 15, find any relative maxima, rela-
{ive minima, and points of inflection, and sketch each
graph.

14, v=x -1
15, v =2+ 3x% = 3%°

[

X

Section 10.3

16 Given R = 280x - x%, find the absolute maximum
and minimum for X when (&) 0=x=<200 and
by 0= x = 100 f

-3

17, Given v = 6400x — 18:2 — % find the absolute
maximum and miniroum for y when (2) 0 = x = 30 and
(0 =x= 100

Section 10.5

In Problems 18 and 19, use the graphs to find the fol-
lowing items.

(a) vertical asymptotes

(b} hoerizontal asymptotes

(©) lim f(x)
(d) Him fx)
18, :
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