i -

® write functions as compositions.

mposition, [ © g, using
(x) — yPower

ose the form of function h is
= (algebraic expression)
tion /i can be expressed as a

8 (x} = algebraic expression.
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Decomposing Functions

When you form a composite function, you “compose” tWo functions to form a new
function. It is also possible to reverse this process. That is, you can “decompose” a
press it as a composition of two functions. Although there is

given function and ex
more than one way to do this, there is often a “natural” selection that comes to mind

first. For example, consider the function h defined by
h(x) = (3x% — 4x + 1)’.

— 4y + 1and raises it to the power 5. A natural way to write

The function h takes 3x*
(x) = 3x2—4x + 1to

h as a composition of two functions is to raise the function g
the power 5. Thus, if we let

f(x) = x*and g(x) = 3x* — 4x + 1, then
5

(f  g)(x) = f(g(x)) = 3> —4x +1) = 3x* —4x + 1)

Writing a Function as a Composition

Express 4(x) as a composition of two functions:

h(x) = V2 + 1.

Solution The function A takes x> + 1 and takes its cube root. A natural way to
write h as a composition of two functions is to take the cube root of the function

g(x) = x> + 1. Thus, we let
f(x) = Vxand g(x) = x> + 1.

We can check this composition by finding (f ° g)(x). This should give the

- original function, namely A(x) = /x4 1.
- (f ° g)(x) = f(g(x)) = f(x* + 1) = V& + 1 = h(x) @
ﬁ-: ¢ Check Point 6 Express A(x) as a composition of two functions:
R =V.x* +5,
3 . A
ercise Set 2.6
ictice Exercises
e i 1L g(x) = 3 P }
— cises 1-30, find the domain of each function. o ;" Ly -1
R i(x) = 1
>mail i(x) = 3(x - 4) 2 f(x) =2(x +5) - o Rl ey o
b () - -
;e - we) = -5 13. h(x) = 3 shn)
i) = - 20— 15 6. f(x) =x*+x - 12 e =iyl
R R— ol BRI e-21 S i
4 i T 8. g(x) = R 15. f(x) = 2 . 16. f(x) = 7
s 1 3 S =3
x)_r+';'+ 10. f(x) = - s : A Eiis
T 4 B9 x+8 x-10 17 f(x)=Vx-3 18. f(x) = Vx + 2
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1 1 = S
19. g(x) = )= ——— 59. f(x) \/i' g(x) =x—1
X0 Vx +2 60._f{\)=\/\'g{\}-\+2
21. g(x) = V5x + 35 22. g(x) = VIx - 170 A3
23. f(x) = V24 - 2« 24. f(x) = V84 — 6x 61, fi(e) = 2x =3, 8(x) =" 5
25 h(x) = Vx -2+ Vx+3 D Al SErad
2. h(x) = Vx -3+ Vx+4 - flx) =6r=3,8(x) = ¢
Vx -2 : Vx -3 _ 1 1
27. glx)i= g 33 28..glx) = Te =TT 6. f(x)= —"g{l) o
; 2x + 7 %2 s
2P = 553 4y w00 64, f(x) = I-g(-‘) =0
Tx42 S TR
R e T In Exercises 65-72, find
e S a. (feg)x) b. the domainof f ° g.
In Exercises 31-48, find f + g.f — & f&: and : Determine the 65. f(x) = =2 g(x) = ¥
domain for each function. 4 +3°° X
3L f(x) =2x +3,8(x) = x ~ 1 66. f(x) = ;' g(x) = 1
32, f(x) =3x —4,g(x) =x +2 s X
c 2 X -
3. filx) = %= 5.8(x) = 3% 67. f(x) =~ ) =
34, f(x) = x — 6,8(x) = 5% e ‘6
%
35 f(x) =2x*—x—3,g(x)=x +1 68. f(x) =—= g(x) =
. f(x)=6x2—-x—1, )= x—"1 e 4
36. f(x) = 6x “1 1 3(11) X 69, f(x) = V& e
i) =3 - xglx) =% T 75 G 2. f

+ 4x — 12

(x) 2
x) = Vx, =x-3
38 f(x)=5—-x,8(x)=x flx) = glx) =x
(x)
(x)

39. f(x) = Vx,g(x) =x — 4 7. f(x) =x* +4, g{\) L
#. f(x) = V5.8(x) = x =3 7 f(x) = 2+ Lgle) = V2 x

1 1
41 f(x) =2+ 7.8 f2) == In Exercises 73-80, express the given function h as a composi iol
A ' of two functions f and g so that h(x) = (f ° 2)(x). ;
. f(x) =6~ —g(x) = 73. h(x) = 3x - 1)} 74. h(x) = (2x = 5)°
5x + 1 4x — 2 75, h(x) =\/x* -9 . hix) = /52 +3
8. f(x) = ‘—E (x) = = 5. h(x) \/\ 76. h(x) = V5x° +3
3 e 77. h(x) = |2x — 5| 78. h(x) = 13x — 4|
kil X
4aifix)=a= 558 = 255 79. h(x) = 3 = 80. h(x) = e
i Tt 2i=:3 4x + 5
45. f(x) = Vx +4,g(x) = V-1
46. f(x) = Vx + ,g(x) = Vx -3 Practice PI
4. f(x) = Va - 2,8(x) = V2 —x e e
48. f(x) = Vx D8 sln) = N/ 5% Use the graphs of f and g to solve Exercises 81-88.
In Exercises 49-64, find
a. (f°8)x) b. (g° f)(x): e (f°8)2)
49. f(x) =2x,g(x)=x+7
50. f(x) =3x,g(x)=x—35 5
5L f(x)=x+4,g(x)=2x +1
52. f(x)=5x +2,g(x)=3x—-4
53, f(x) = 4x — 3,g(x) = 5x — 2
S4. f(x) = 7x + 1,g(x) = 25" =9 81. Find (f + g)(-3). 82. Find (g - f)(-2)- 8
55, f(x) =x2+2,8(x)=x"—2 v
83. Fi :
56. f(x) = 2 gty g ind (fg)(2) 84. Find (f)(_?)
57. f(x) =4 — x,8(x) = 2*'1 +x+5 85. Find the domainof f + g.  86. Find the domain 0125

58. f(x) = 5x —2,g(x) = —x* +4x — 1 87. Graphf + g. 88. Graph f — g.
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=4 ercises 89-92. use the graphs of f and g to evaluate each

90. (f = g)(1)

8- 1)) 92. (g * f)(~1)

. Bvercises 93-94, find all values of x satisfying the given conditions.
—ox —5,g(x)=x*-3x+8 and (fog)x)=7
=1-2xg(x) = 3¢+ x —1,and (f ° g)(x) = —35.

pened the section with functions that model the numbers of
yand deaths in the United States from 2000 through 2005:
B 042 — 15x + 4046 D(x) = —3.5x* + 20x + 2405.

Number of deaths, D[x), in
thousands, X years after 2000

bt of births, Bx), in
years after 2000

ese functions to solve Exercises 95-96.
Write a function that models the change in U.S. popula-
tion for each year from 2000 through 2005.
Use the function from part (a) to find the change in U.S.
population in 2003.
Does the result in part (b) overestimate or under-
estimate the actual population change in 2003 obtained
from the data in Figure 2.49 on page 2707 By how much?
8. Write a function that models the total number of births
¢ and deaths in the United States for each year from 2000
& through 2005.
Use the function from part (a) to find the total number
of births and deaths in the United States in 2005.
Does the result in part (b) overestimate or under-
_ estimate the actual number of total births and deaths in
B 2005 obtained from the data in Figure 2.49 on page 2707
& By how much?
company that sells radios has yearly fixed costs of
00,000. It costs the company $45 to produce each radio.
Each radio will sell for $65. The company’s costs and revenue
are modeled by the following functions, where x represents
fhe number of radios produced and sold:
2C(x) = 600,000 + 45x This function models the

f company's costs.
{ X) = 65x. This function models the
2 company’s revenue.
Bind and interpret (R — C)(20,000), (R — €)(30,000), and
f = C)(40,000).

98. A department store has two locations 1n a City. rFrom 2uuv4
through 2008, the profits for each of the store’s two branches
are modeled by the functions f(x) = —0.44x + 13.62 and
g(x) = 0.51x + 11.14. In each model, x represents the
number of vears after 2004, and f and g represent the
profit, in millions of dollars.

a. What is the slope of f? Describe what this means.

b. What is the slope of g? Describe what this means.

¢. Find f + g. What is the slope of this function? What
does this mean?

99, The regular price of a computer is x dollars. Let
f(x) = x — 400 and g(x) = 0.75x.
a. Describe what the functions f and g model in terms of
the price of the computer.
b. Find (f ¢ g)(x) and describe what this models in terms
of the price of the computer.
c. Repeat part (b) for (g ° Fx).
d. Which composite function models the greater discount
on the computer, f ¢ g or g ° f? Explain.
100. The regular price of a pair of jeans is x dollars. Let
f(x) = x — 5and g(x) = 0.6x.
a. Describe what functions f and g model in terms of the
price of the jeans.
b. Find (f ° g)(x) and describe what this models in terms

of the price of the jeans.
¢. Repeat part (b) for (g © f)(x).

d. Which composite function models the greater discount
on the jeans, f ¢ gorg ° f? Explain.

Writing in Mathematics

101. If a function is defined by an equation, explain how to find
its domain.

If equations for f and g are given, explain how to find f — g.
If equations for two functions are given, explain how to
obtain the quotient function and its domain.

. Describe a procedure for finding (f ° g)(x). What is the
name of this function?

Describe the values of x that must be excluded from the
domain of (f ¢ g)(x).

102.
103.

105.

Technology Exercises

106. Graph y; = x* — 2x, > = x,and y; = y + ), in the same
[-10,10,1] by [—10,10, 1] viewing rectangle. Then use the
TRA(’,l;' feature to trace along y;. What happens at
x = 07 Explain why this occurs.

Graph y; = V2 -x,5=Vx,and y; = NP ¥, in the
same [—4, 4, 1] by [0,2.1] viewing rectangle. If y, represents
f and y, represents g, use the graph of y; to find the domain
of f ° g.Then verify your observation algebraically.

107.

Critical Thinking Exercises

Make Sense? In Exercises 108-111, determine whether each

statement makes sense or does not make sense, and explain your

reasoning.

108. I used a function to model data from 1980 through 2005.The
independent variable in my model represented the number
of years after 1980, so the function’s domain was



