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Sheet 931: Polynomial Function Questions
FMC 2nd Ch 9.2-9.3, pp. 388, 394, 395.
9.2:

7. Estimate the zeros of f(z) = z* — 32* —z + 2.

8. Estimate the minimum value of g(z) = z* — 32 — 8.

Describe in words the long-run behavior as ¢ — oo of the

functions in Exercises 9—12. What power function does each

resemble?

9, y = 162® — 40232% — 2

10. y = 4z* —22% +3

11 y=32® + 222 /27" — 72° + 2

12. y =52%/2%/? 4+ 2

15. Find the equation of the line through the y-intercept of
y = z*—32° — 1+ 2 and the z-intercept of y = 2z —4.

9.3:
4. Factor f(z) = 82% — 4z® — 60z completely, and deter-
mine the zeros of f.

In Exercises 5-8, find the zeros of the functions.

5. y=T(z+3)(z—-2)(z+7)
6. y = a(z + 2)(z — b), where a, b are nonzero constants
7. y=w3+7m2+12:c
8. y= (2% + 2z — 7)(z® + 42® — 21z)
11. Without using a calculator, decide which of the equations
A-E best describes the polynomial in Figure 9.26.
Ay=(z+2)(z+1)(z—2)(z—3)
B y=z(z+2)(z+1)(z—2)(z—3)
—1z+2)(z+1)(z —2)(z — 3)
Lz +2)(e+1)(z —2)(z — 3)

Cy
Dy
Ey=—(z+2)(z+1)(z—2)(z—3)

I

Figure 9.26
2@~ 1)@+ 72— = (@) g2 e — o)+ ), =1
L1 —2)(1+2)7g = (2)f TT (g ) g+ a)a—=A
(€~ 00 @+0l-=@0 g (@ 2)(z + 2)ag =
(e )6+ )T~ = (@f 08 (& - 0)(z+a)(p+0)F- =1
- D@ G ni-—neL (-nNE-DEFNF =

(¢ + .zt)z,r = g8l

‘€b1°0— "6€ ‘ou "LE -ou 'S€

P+HA+0C+Ne+0) = Sz (1-%) q+x)NT+X) =)y bz
0 I E-Y-‘0'L *L-TE- "G €6 YD

‘1-xg0=4 ‘St X TN LX ‘6 "20L'T‘QIL'0 'L 26 ‘YD

yA

9l

Gl

142

€l

(e+x)(1+x)p="Af7TL

R1

Give a possible formula for the polynomials in Questions 12-25.
12, 13.

For Problems 34-39, find the real zeros (if any) of the poly-

nomials.
4. y=2"+5c+6 35 y=2"+62" 49
36.y=4z2—1 37.y=4x2+1

38 y=2¢"—3z-3 39. y=3z"+ Tz +1
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Name:

Sheet 951: Find Possible Formulas of Polynomial and Rational Functions from their Graphs

€ —X

=(x)3

(€-9-(T+%)

AT =%

(1-9-(1+9-¢

1

=(x)s 1 +E

C+0)-(p =01 —0)-5T0 =y

(1-%)-(T+%)-x-60~

=(x)&

=(xu N+m_|RHQQw

(€+x0)-(1—x)-T=(x)f

|

10

|

-10

R4



Name

Sheet 955: PULYNOMAL AND RATiow AL FuwcTrovs

Make sure to know how to do multiple choice questions without choices given.

Graphing calculator not allowed

1. Find the simplest polynomial function with integer coefficients whose graph crosses the z-axis only at
(=5,0), {5,0), (—2,0), and (2,0).

2. Write asymptotes and intercepts. Sketch.

Write asymptotes and intercepts.

3. glw)=—
4 hiz)= Swm— 2
6. z+2

= e

7. Write slant asymptote. g(z)

Graphing calculator required

_5:L'2+3x—2

T —2

x4 2
3—«z
° 01
J ‘6
008¢ ‘swer g .
x5=f 0058 I 8
Learwo ETHIG=FR
Ozfi‘L—:m‘Z:.’L‘ 9
Ozfi‘g:;r; 'Q
¢=f'o=z
o=fiy=x ¢
I-=fi‘¢=zx
00T + 5762 — ;@ = (T)6 T

ISIT Iomsuy

8. The total daily profit P, in dollars on the production of z items is P(z) = —2x% 4+ 64z — 12. How many
items must be produced each day to maximize profit? What is the maximum profit?

9.  Which of the following is an approximate zero of y = 103 — 9z + 47

a) —1.4597 b) —1.2201

¢) —1.1211

e) 1.3265

1
10. Given f(z) = «? —1 and g(z) = =, find the z-value of the point of intersection of the two functions.
z

a) 0.358 b) 0.754

c) 0.897

RS

e) 1.325



Sheet 991: Rational Expressions Practice
FMC 2nd Ch 9 Tools, p. 433434

For Exercises 1-35, perform the operations. Express answers

in reduced form.

11.

13 14
13. :c—1+2m-2

15. 4z 3_“1
zy

2y

32

8y
17. —+y_4

y—4

(v —#)/((v+ R)8)
(b/iz:z:)/(:cm,g - zgﬁ.v)
(1—2)/oz

£Z/8T

L/et

&/ (ze — )

zh/(Ag — 1)2—
z9/(zy — ¢)

ae/1¥

6
L

1 2
T x2 ‘ 20. 9 12
Y m—1 m2+5z+6+m+3
$5
8 9
T_2 21. -
2 10 15 322 —z—4 x+1
4 ot »” 5 18
Wy " @-2@+l) (@-2)
6. =22, 4 2. 15 N 7
Y Y (z—3)2%(z+5) (z—3)(z+ 5)2
6 7 2
8.—+—3 3 2 Zr 1
. — 25. -
vou 24 r—4 z+4 r—1 1—=z
5/6
10. 2L 1 3
' . 27. _—
15 26 2r+3+4r2+6r u+a+u+a
3/z 1 1 11
12. 1 1 29, L 1
6/1:2 28. \/5 (\/:_1:_)3 = + "
1 .a+b'8w+2 M §M2
M.x%1+2$i2 N e ot
32
10 3 2ol L 33, Y _ 32
16, —— 4+ —— e T2 T3 y—4 y—4
y—2 2-y . . 2
a . T
18 8y n 32 3¢cﬂ—9+a~3 x'z—4/ﬂ~ax—8
Ty—4 44—y

In Exercises 36—49, simplify, if possible.

36. Yz+y) 37. (w+2)/2
T4y w42
1
(z+h)2 =22 a2 4bp2
38 — . —
8 5 39 P
(2922)/1 6¢
z/1 L
(z+ =)z c¢
8 €€

(ww)/(gNe +82°0) 1€
mza/(ma + I) 6C

@+n)/ (n+(0+n) 1z
(1-2)/(1+ 42 st

§ (yla+2)4(e — 2))/ (22 +2IT)T €2

€
!

(7 —=ze)(1+2)/(Fp +2L—) 1T

R6
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a’® — b*
40, —— .
" T e 4
b—l(b—b—l) 1—a~2
. 43.
2 b+1 3 14+a-1
-1 -2
T+ q
44, B
1—z2 4. p P N q
q p
3 5 1 )
Ty oy — (32%) — (n2)(62)
46, —Y __TY 47. Z
6z -7z —5
zhy?
48 237(3’3 + 1)2 — -'132(2)(:123 + 1)(3:1:2)
’ [(z3 + 1)2]?
40, 32— D72(2) - (20— 1)/2(20)
’ (22)?
2/T+T 19
(1+78)/c+1 65
(#—Db)/e+1 LS
z/sa/.[ + 5/91/1 89
AT+ D)/d+ (T + ,4) /L €S
-/ .1:]0139J‘QIUL *L9 E/"/I'i'g/'[ IS
o (1= e) /(1 + 3T+ me—) 6
aniL ‘99
asfed 's9 (g”%‘) /(@uig —1) Ly
SSTed “¥9 (b + @)/ d sp
oML €9 (®/1)—1 ¢
asred ‘79 y—zg— Ip

In Exercises 50-55, split into a sum or difference of reduced

fractions.
26 + 1 VZ+3
. 51.
50 223 3T
61 + 31 —4 T+p
52, 53, ———
34 3 p?+ 11
1,1 —1/2 | 41/2
54, 3¥ "2 55. L
2z 12

In Exercises 56-61, rewrite in the form 1 + (A/B).

Tz —2 qg—1
56. : 57, ——
6 z+5 q—4

R+1 3+ 2u
58, ——— 59.

R ? 2u+1
60. cosz + sinz 61. 1+e

coS T et

Are the statements in Exercises 62-67 true or false?

62. ¢ _ 14, 63. S8 g
2_
64. 4L 14 Y 65. 2L~ _ o
y+z z u? —w
2
Tyz 2
66. 2c%y 2

2
5/3 2/3 _ ¢~ — 3z
67. = — 3z = _(I;IT

R7



LESSON

NAME : Date
| 93 | Practice with Examples

For use with pages 547-553

Graph general rational functions

Graphing a Rational Function (m < n)

Graphy = Z_a

SOLUTION

Begin by finding the x-intercepts of the graph, which are Y
the real zeros of the numerator. The numerator has 0 as its
only zero, so the graph has one x-intercept at (0, 0). Then 1 \
find the vertical asymptotes of the graph, which are the N
real zeros of the denominator. The denominator contains a |1 N
difference of two squares that can be factored as \
(x — 2)(x + 2), so the denominator has zeros 2 and —2, }‘
and the graph has vertical asymptotes x = 2 and x = —2.
Finally, determine if the graph has a horizontal asymptote. Because the
degree of the numerator (1) is less than the degree of the denominator
(2), the line y = 0 is a horizontal asymptote. Construct a table of values
consisting of x-values between and beyond the vertical asymptotes.

et

—1] 0] 1
0] —

4

1
3

x| —4| -
i
2 I

Plot the points and use the asymptotes to draw the graph.

W L2
(SSSE
0 i
friwl U

.....................................................................................................................................

Copyright ©® McDougal Littell Inc. Algebra 2
All rights reserved. Practice Workbook with Examples
R8




LESSON
NAME , DatEe

93 Practice with Examples

CONTINUED

9.3B
GIYIIE) Graphing a Rational Function (m = n)

For use with pages 547-553

SOLUTION

The numerator has no zeros, so there are no x-intercepts. The
denominator can be factored as (x — 3)(x + 2), so the denominator
has zeros 3 and —2 and the graph has vertical asymptotes x = 3 and

x = —2. Because the degree of the numerator (2) equals the degree of
the denominator (2), the line
a 1 . .
y= —bﬁ =717 1 is a horizontal asymptote.
Construct a table of values consisting of x-values - f 5
between and beyond the vertical asymptotes. )/
x|—4|-3| —1 0 1 41 5 = 1
y|13118]|-075{—-03]~-05]3]19 e 3
Plot the points and use the asymptotes to draw the I/ \\
graph. | \

Exercises for Example 2

cssurerescerescorssorseresassandren svrrssssaces satesescreeces esereesrtnsnscene etesscanne seerseseanes errererasssacnsy terersse

Graph the function.

x+ 1 ; 2x + 3
5. y= (6\y = ==
YT X3 \\3 YTy ¥ 2
N 3x2 ’-\ 2x2
1/y = [8)y=
/y x2 4+ 9 y ¥ -1
Algebra 2 Copyright © McDougal Littell Inc.
Practice Workbook with Examples Alf rights reserved.
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LESSON

NAME Date
93 Practice with Examples

CONTINVUED

1.3C
GIYIP Graphing a Rational Function (m > n)

For use with pages 547-553

3

X
Graph y = 2

SOLUTION

The numerator has O as its only zero, so the x-intercept of y N
the graph is (0, 0). The denominator can be factored as
(x + 2)(x — 2), so the graph has vertical asymptotes

x = 2 and x = —2. The degree of the numerator (3) is \

greater than the degree of the denominator (2), so there is \ 1

no horizontal asymptote. But, the end behavior of the 1'% -

graph is the same as the end behavior of the graph of k AL A
y = x*72 = x. So, the graph falls to the left and rises \\

to the right. Construct a table of values consisting of
x-values beyond the vertical asymptote.

x| —4 -3 | -1 1 31 4
y|—-53|-54{03|-03|54]53

i

Plot the points, use the asymptotes, and consider the end behavior to
draw the graph.

Exercises for Example 3

sessveresesrsresrsrsosrssesssevasratat sesrasseesrancvsstanses sesasesesssserenasaneons sesrvaae B I O T T T T T Y P R P .

Graph the function.

— !

et = 2 —
(11\',, X2+ 3x — 18

i

x LN

2]
g .
3
L
©

Copyright © McDougal Litteli Inc. Algebra 2

All rights reserved. Practice Workbook with Examples
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Chapter 9 continued

9, domain: all real numbers except —3
range: all real numbers except 1

f y
IR

=

10. domain: all real numbers except%
range: all real numbers except%

¥

11. about $32

Lesson 9.3 @‘/ W‘ :

1. 2.
} ¥y y
\
N LI
M ——
| x [ —t— X
\
\
\
3 4,
v f y
3
/
= 1
e
{
Copyright © McDougal Littell Inc. _11

Alf rights reserved.
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400 Chapter Nine POLYNOMIAL AND RATIONAL FUNCTIONS

1
r(z) = 213

The denominator is always greater than 3; it is never 0. We see from Figure 9.31 that r does not
have a vertical asymptote.

]

3 | 3

Figure 9.31: The rational function 7(z) = 1/(z” + 3) has no vertical asymptote

Exercises and Problems for Section 9.4

Exercises

Are the functions in Exercises 1-6 rational functions? If so,
write them in the form p(z)/q(z), the ratio of polynomials.

2

2 z 5
z 1 vz +1 5. f(z) = _
1. ==4 = 2. = ’ — —
f(=z) 2 T2 f(z) 11 z—3 z-3
3
4% +3 z? +4 _ 9z—1 5z
3 @)=y 4 f@) =" 6 1@ = a7t -1
Problems
7. Compare and discuss the long-run behaviors of the fol- Assume f(0) = 1 is the normal level of oxygen.
lowing functions:
Owing tanchions (a) Graph this function.
o) = z®+1 (@) = ® +1 (@) = z+1 (b) Describe the shape of the graph. What is the signifi-
T 2245’ 9\ =2 T o245 cance of the minimum for the pond?
8. Give examples of rational functions with even symmetry, (c) What eYenmally happens to the oxygen level?
odd symmetry, and neither. How does the symmetry of (d) Approximately how many weeks must pass before
#(z) = p(x)/q(z) depend on the symmetry of p(z) and the oxygen level returns to 75% of its normal level?

q(z)?
Find the horizontal asymptote, if it exists, of the functions in
Problems 9-11.

13. Find a formula for £~ () given that

4 — 3z
9, f(z) = —T
1+ P
(1 — 2)(2 + 32) 14. Bronze is an alloy, or mixture, of copper and tin, The al-
10. g(z) = Tl loy initially contains 3 kg copper and 9 kg tin. You add z
1 a: kg of copper to this 12 kg of alloy. The concentration of
11. =3—-- i i i :
h(z) =3 . + 21 copper in the alloy is a function of x
12. Let t be the time in weeks. At time ¢ = 0, organic waste Total amount of copper
is dumped into a pond. The oxygen level in the pond at f(z) = Concentration of copper = PPoT
. L Total amount of alloy
time ¢ is given by
2 = P —t+1 (a) Find a formula for f in terms of z, the amount of
ft) = ei1 copper added.

R12



15

.

16.

17

(b) Evaluate the following expressions and explain their
significance for the alloy:
M £(3) @ £(0)
™ 3 ™ 70

(¢) Graph f(z) for =5 < z < 5,—-0.25 <y < 0.5.
Interpret the intercepts in the context of the alloy.

(d) Graph f(z) for —3 < z < 100,0 < y < 1.
Describe the appearance of your graph for large z-
values. Does the appearance agree with what you ex-

pect to happen when large amounts of copper are
added to the alloy?

(i) f(-1)

A chemist is studying the properties of a bronze alloy
(mixture) of copper and tin. She begins with 2 kg of an
alloy that is one-half tin. Keeping the amount of copper
constant, she adds small amounts of tin to the alloy. Let-
ting x be the total amount of tin added, define

Total amount of tin

C(z) = Concentration of tin =

(a) Find a formula for C(z).

(b) Evaluate C(0.5) and C(—0.5). Explain the physical
significance of these quantities.

(¢) Graph y = C(z), labeling all interesting features.
Describe the physical significance of the features
you have labeled.

The total cost C(n) for a producer to manufacture 1 units
of a good is given by

C(n) = 5000 + 50n.
The average cost of producing m units is a(n) =
C(n)/n.

(a) Evaluate and interpret the economic significance of:

G c) (i) C(100)
(i) C(1000) (iv) C(10000)

(b) Evaluate and interpret the economic significance of:

G a(1) (i) a(100)
(i) a(1000) @) a(10000)

(c) Based on part (b), what trend do you notice in the
values of a(n) as n gets large? Explain this trend in
economic terms.

Figure 9.32 shows the cost function, C'(n), from Prob-
lem 16, together with a line, [, that passes through the
origin.

(a) What is the slope of line {?

(b) How does line [ relate to a(ng), the average cost of
producing no units (as defined in Problem 16)?

R13

18.

Total amount of alloy

19.

9.4 RATIONAL FUN
l (
|
5000 I
|
|
|
n
ng
Figure 9.32

Typically, the average cost of production (as defined in
Problem 16) decreases as the level of production in-
creases. Is this always the case for the goods whose total
cost funetion is graphed in Figure 9.33? Use the result of
Problem 17 and explain your reasoning.

/

Total cost

123
151

Figure 9.33

It costs a company $30,000 to begin production of a
good, plus $3 for every unit of the good produced. Let
z be the number of units produced by the company.

(a) Find a formula for C(z), the total cost for the pro-
duction of z units of the good.

(b) Find a formula for the company’s average cost per
unit, a(z).

(¢) Graphy = a(z) for 0 < z < 50,000,0 <y < 10.
Label the horizontal asymptote.

(d) Explain in economic terms why the graph of a has
the long-run behavior that it does.

(e) Explain in economic terms why the graph of a has
the vertical asymptote that it does.

(f) Find a formula for a~*(y). Give an economic inter-
pretation of @™ (y).

(g) The company makes a profit if the average cost of
its good is less than $5 per unit. Find the minimum
number of units the company can produce and make
a profit.



406 Chapter Nine POLYNOMIAL AND RATIONAL FUNCTIONS

When Numerator and Denominator Have the Same Zeros: Holes
2
-2

The rational function h(z) = H—xl— is undefined at z = 1 because the denominator equals

o —
zero at 2 = 1. However, the graph of h does not have a vertical asymptote at z = 1 because the
numerator of h also equals zeroatz = 1. Atz = 1,

_?4z—-2 1241-2 0

A1) z—1  1-1 0

and this ratio is undefined. What does the graph of h look like? Factoring the numerator of h gives

(z-—1)(z+2) =z-1

h(m): r—1 Z:v——l(

z + 2).
For any = # 1, we can cancel (z — 1) top and bottom and rewrite the formula for A as
hz) =z +2, provided z # 1.
Thus, the graph of h is the line y = x + 2 except at z = 1, where A is undefined. The line y = z -+ 2

contains the point (1, 3), but that the graph of A does not. Therefore, we say that the graph of h has
a hole in it at the point (1, 3). See Figure 9.39.

Yy
5+ Y= h(w)
4___
3+ ~<—— Hole

2
/~
: : 1t
—;/—'2 1] 1 2 3
_1 1

Figure 9.39: The graph of y = h(z) is the line y = z + 2, except at the point (1, 3), where it has a hole

Exercises and Problems for Section 9.5

Exercises
In Exercises 1-4, what are the z-intercepts, y-intercepts, and 5, Y= z+3 6. U= m_—{-_?%
horizontal and vertical asymptotes (if any)? . z+5 (z +5)
—4 z? —4
z—2 z? -9 7,y:————m . Y=
L f@)=—"— 2~g($)=m z2 -9 z—9
2 _ -
3. h(z) = o4 4. k(z) = _z(d—a)
z3 + 4z2 2 —6z+5 L . o
Graph the functions in Exercises 9-10 without a calculator.
For the rational functions in Exercises 5-8, find all zeros and 9. y=24 1 10, o — 272 — 10z + 12
vertical asymptotes and describe the long-run behavior. Then = x CYE x2 — 16

graph the function without a calculator.

R14




z—3

(a) Complete Table 9.8 for z-values close to 3. What
happens to the values of f(x) as x approaches 3
from the left? From the right?

11. Let f(z) =

Table 9.8

x| 2129299]3 301
f(=) i

3114

(b) Complete Tables 9.9 and 9.10. What happens to the
values of f(z) as z takes very large positive values?
As x takes very large negative values?

Table 9.9
T 5110 | 100 | 1000
f(=)
Table 9.10
T —5 | —10 | —100 | —1000
f(=)

(¢) Without a calculator, graph y = f(x). Give equa-
tions for the horizontal and vertical asymptotes.

1

(z+2)%

(a) Complete Table 9.11 for z-values close to —2. ‘What
happens to the values of g(z) as @ approaches —2
from the left? From the right?

12, Letg(z) =

9.5 THE SHORT-RUN BEHAVIOR OF RATIONAL FUNCTIONS 407
. 2
" —1
13. Let F(z) = o

(a) Complete Table 9.14 for z-values close to 0. What
happens to the values of F(z) as x approaches 0
from the left? From the right?

Table 9.14

¢ | —-1]-01]-0.01 0
F(z) 3

001011

(b) Complete Tables 9.15 and 9.16. What happens to
the values of F'(z) as « takes very large positive val-
ues? As z takes very large negative values?

Table 9.15
@ | 510100 | 1000
F(z)
Table 9.16
¢ | —5[-10| —100 | —1000
F(z)

(¢) Without a calculator, graph y = F(z). Give equa-
tion for the horizontal and vertical asymptotes.
2z
44
(a) Complete Table 9.17 for z-values close to —4. What

happens to the values of G(z) as = approaches —4
from the left? From the right?

14. Let G(z) =

Table 9.11 Table 9.17
¢ | -3 —21]-201 -2 -199 —-19 -1 @ | -5 —41|—401 —4|-399 -39 -3
9(z) G(z)

(b) Complete Tables 9.12 and 9.13. What happens to the
values of g(x) as z takes very large positive values?
As g takes very large negative values?

Table 9.12
z | 510|100 | 1000
9(z)
Table 9.13
T -5 | —10 | —100 | —1000
g9(z)

(¢) Without a calculator, graph y = g(z). Give equa-
tions for the horizontal and vertical asymptotes.

R15

(b) Complete Tables 9.18 and 9.19. What happens to
the values of G(z) as z takes very large positive val-
ues? As z takes very large negative values?

Table 9.18
e | 510100 1000
G(z)
Table 9.19
z | —5|—10 —100  —1000
G(z)

(¢) Without a calculator, graph y = G(z). Give equa-
tions for the horizontal and vertical asymptotes.
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Problems
15. Let f(a:) = £L‘2 4 5z -+ 6 and g(m) = $2 +1. (c) If f(n) = (), then }_(}TT) is ...
(a) What are the zeros of f and g? . . 1.
(b) Letr(z) = f(z)/g(z). Graphr. Does r have zeros? (@) If £(n) is positive, then Fn) 15...
Vertical asymptotes? What is its long-run behavior . . 1,
as & — +Loo? (e) If f(n) is negative, then o) is...

(¢) Let s(z) = g(z)/f(z). If you graph s in the win-

dow —10 < z < 10, —10 < y < 10, it appears to 18. (a) Use the results of Problem 17 to graph y = 1/f(z)
o ear Nees given the graph of y = f(z) in Figure 9.40.
(b) Find a possible formula for the function in Fig-

ure 9.40. Use this formula to check your graph for
16. Without a calculator, match the functions (a)-(f) with part (a).

their graphs in (i)—(vi) by finding the zeros, asymptotes,
and end behavior for each function.

have a zero near the origin. Does it? Does s have a
vertical asymptote? What is its long-run behavior?

-1 z—2 Y
=—-=-1 (b e
R () o @)
_ 2z+ _ |
© v= z—1 @ y_w+1+m—3 1 9 ¥
1—a? 1—4z
© y=—— O v=9013

Figure 9.40

* 19. Use the graph of f in Figure 9.41 to graph

1
(@ y=~—f(-=z)+2 (b) y=m

Figure 9.41

‘EEach of the functions in Problems 20-22 is a transformation
of y = 1/a®. For each function, determine p, describe the
transformation in words, and graph the function and label any
intercepts and asymptotes.

17. Suppose that n is a constant and that f(z) is a function 20, f(z) = o +4

defined when z = n. Complete the following sentences. z—3
1
(@) If f(n) is large, then ?(1—75 ks Aog@) =g 3
1 1 .
- s 2. hiz) = ——
(b) If f(n) is small, then ) is . h(z) pri B g



Problems 23-25 show a translation of y = 1/z.
(a) Find a possible formula for the graph.
(b) Write the formula from part (a) as the ratio of two linear

polynomials.

(¢) Find the coordinates of the intercepts of the graph.

9.5 THE SHORT-RUN BEHAVIOR OF RATIONAL FUNCTIONS

28.

409

Problems 29-32 give values of translations of either y = 1/x

(a) Determine if the values are from a translation of y = 1/

30.

32.

‘{'6 T 1 I T
23. Y 24. B 4
4 —61
4" 6
S ——F = =t T
—6 —4 —2 2 4 6
Zo
o 4 -4
-—6
ory = 1/z”. In each case
25. y ory = 1/z2. Explain your reasoning.
6 | (b) Find a possible formula for the function.
ot
______ A
TN 29 —————————
—t— et ’ T y
6420 : 2406 2.7 12.1
| 29 101
—40
| 2.95 401
-6 : 3 | Undefined
3.05 401
3.1 101
33 12.1
Problems 26-28 show a translation of y = 1/z>.
(a) Find a formula for the graph.
(b) Write the formula from part (a) as the ratio of two poly- z Y
nomials. —1000 | 1.000001
(¢) Find the coordinates of any intercepts of the graph. —100 | 1.00001
—10 1.01
26. y 27. y 10 101
P 6L I 100 | 1.0001
: { 1000 | 1.000001
+ ! + c—
Lo L
—6 | 6 —6 | 6
A = A P+ =
| A
T | T
| I
+ | 4o
| |
. ot |

R17

;_n.z.__.._y__
—1000 | 0.499
—100 | 0.490
—10 | 0.400
10 0.600
100 | 0.510
1000 | 0.501
z Yy
15 -15
1.9 —9.5
1.95 —19.5
2 | Undefined
2.05 20.5
2.1 10.5
2.5 2.5

33. Cut four equal squares from the corners of a 8.5" x 11"
piece of paper. Fold up the sides to create an open box.
Find the dimensions of the box with the maximum vol-
ume per surface area.
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Find possible formulas for the functions in Problems 34—41.  41.

@

In Problems 42-44, find a possible formula for the rational
functions.

34, Y 3s. Y
x (0,0.5) / |
\ |
| -1 |
| .5
\ .// . i v=-1
—3% ~_"9 I
\ \
—2,-1 |
( ) oo
36. 37.

40.

Y
i i 46.
! I
e |
o2+ !
e D S R R
| ' | z 47
-2 =1 1 2 3
| |
! |
I |
| [

. The graph of y = f(=) has one vertical asymptote, at

z = —1, and a horizontal asymptote at y = 1. The graph
of f crosses the y-axis at y = 3 and crosses the z-axis
once, at x = —3.

. The graph of y = g(x) has two vertical asymptotes: one

at z = —2 and one at z = 3. It has a horizontal asymp-
tote of y = 0. The graph of g crosses the z-axis once, at
z =5.

. The graph of y = h(z) has two vertical asymptotes: one

at x = —2 and one at ¢ = 3. It has a horizontal asymp-
tote of y = 1. The graph of h touches the z-axis once, at
T = 5.

18 — 11z + z?

. The graph of f(z) = — is a line with a

z—
hole in it. What is the equation of the line? What are the
coordinates of the hole?

3 2
The graph of g(z) = £—+—5§—_|:——|g—x—l:—5— is a parabola
with a hole in it. What is the equation of the parabola?

‘What are the coordinates of the hole?

. Write a formula for a function, h(z), whose graph is

identical to the graph of y = z®, except that the graph
of h has a hole at (2, 8). Express the formula as a ratio of
two polynomials

9.6 COMPARING POWER, EXPONENTIAL, AND LOG FUNCTIONS

In preceding chapters, we encountered exponential, power, and logarithmic functions. In this sec-
tion, we compare the long and short-run behaviors of these functions.

Comparing Power Functions

For power functions y = kx? for large x, the higher the power of z, the faster the function climbs.
See Figure 9.42. Not only are the higher powers larger, but they are much larger. This is because if
x = 100, for example, 1005 is one hundred times as big as 100%, which is one hundred times as big
as 1003, As x gets larger (written as & — c0), any positive power of = grows much faster than all
lower powers of z. We say that, as z — oo, higher powers of = dominate lower powers.

R18




Section 9.4
1 Rational; (23 + 2)/(2z)
3 Not rational
5 Rational; (z2 — 5)/(z — 3)
7 Asz — oo, f(z) — 1,g9(z) — «, and

h(z) — 0
9 y=1
1 y=4

13 f~Yz) = (4z + 4)/(5z + 3)
15() C(z)=(1+z)/(2+z)
(b) C(0.5) = 60%;
C(—0.5) = 33.333%
© Y

-1

17 @) C(no)/no

(b) Slope is average cost for ng units
19 (@) C(z) = 30000 + 3z

() a(z) = 3+ 30000/z

© Y
y = a(z)
3 b= y =3
e T
50000

® a"(y) = 30000/ (y — 3)
(g) 15,000

21 (@) h(z) = (22° + 2)/(322)

Section 9.5

1 z-inttz =2
y-int: y = 1/2
Horizasy: y = 1
Vertasy: ¢ = 4

3 gz-intz = £2
y-int: None
Horiz asy: y = 0
Vertasy:z = 0,2 = —4

5 Zero:w = —3;
Asymptote: z = —5;
y—lasz — oo

+3 v
—_
v=1%
0,3/
Q‘w y=1
e T
/[3
T =—b
7 Zeros:z = 4;

Asymptote: z = £3;
y—0asz — too

Y
y=-3, y=3
|
|
| 1
(0,4/9) t>9— z
| |
Y= ;2:49 i (‘1
|
|
| l

11 (c) Horizontal: y = 0
Vertical: ¢ = 3

13 (c) Horizontal: y = 1
Vertical: z = 0

15 (a) —2, —3; None
(b) —2,—3;No;r(z) — lasz — too
(¢) NojYesatz = —2andz = 3;
s(z) & lasz — *oo
17 (a) Small
(b) Large
(c) Undefined
(d) Positive
(e) Negative

19 (a)

555

L4
!
| |
| |
i |
d—t—
— —
¥y=3
, (0, —13/4)

2@ y=(1/z)—-3
) y=(=3z+1)/z
(© (1/3,0)

25() y=1/(z—1)+2
®) y=(2z-1)/(z~1)
(c) (1/2,0)and (0,1)

27@ y=1/(z —2)* —1
b y=

(—2% + 42 — 3)/(2® — 4z + 4)

(©) (0,—-38/4),(1,0)and (3,0)
29 (a) 1/2?
® y= gz 1
31 (a) 1/2?
1

®) y= Py +1
33 7.123 by 4.623 by 1.939 inches
35 y=—(z+1)/(z—2)
37 y=a/((z+2)(z - 3))
39 y=—(z-3)(z+2)/((z+1)(z—2))
4y =(2-2)/((c+ Do -1)
43 g(z) = (2 -5)/((z+2)(z - 3))
45 y=z—9;(2,—7)
47 h(z) = (z* — 22°%)/(z — 2)

Section 9.6

1(a)
(b)
©
(Y]

Neither

n(z) =687
p(z) = 257
Neither

(& r(z)=2(
® s(z) = ¢z

9 37 % approaches zero faster
11 (@) f(z) = 720z — 702

®) f(z) =2(9)"
© f(=)=18z*
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