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Refrigerated foods can have two
types of bacteria: pathogenic
bacteria, which can cause
foodborne illness, and spoilage
bacteria, which give foods an
unpleasant look, smell, taste, or
texture,

Application

EXAMPLE 8 Bacteria Count

The number N of bacteria in a refrigerated food is given by
N(T) =20T? — 80T + 500, 2<T< 14

where T is the temperature of the food in degrees Celsius. When the food is removed
from refrigeration, the temperature of the food is given by

Tt)=4t+2, 0=<t=<3

where ¢ is the time in hours.

a. Find and interpret (N  T)(¢).

b. Find the time when the bacteria count reaches 2000.

Solution

a. (NoT)(t) = N(T())
= 20(4: + 2)* — 80(4¢ + 2) + 500
= 20(16£2 + 16t + 4) — 320t — 160 + 500
= 3202 + 320¢ + 80 — 320t — 160 + 500
= 32012 + 420

The composite function N o T represents the number of bacteria in the food as a
function of the amount of time the food has been out of refrigeration.

b. The bacteria count reaches 2000 when 32072 + 420 = 2000. By solving this
equation algebraically, you find that the count reaches 2000 when ¢ = 2.2 hours.
Note that the negative solution ¢ = —2.2 hours is rejected because it is not in the
domain of the composite function.

\/ Checkpoint &)
The number N of bacteria in a refrigerated food is given by
N(T)=8T?>—- 14T + 200, 2<T <12

where T is the temperature of the food in degrees Celsius. When the food is removed
from refrigeration, the temperature of the food is given by

TH)=2t+2, 0=<t=<5
where ¢ is the time in hours.
a. Find (N~ T)(2).
b. Find the time when the bacteria count reaches 1000. d

| .
Summarize (Section 1.8)

1. Explain how to add, subtract, multiply, and divide functions (page 76). For
examples of finding arithmetic combinations of functions, see Examples 1-4.

2, Explain how to find the composition of one function with another function
(page 78). For examples that use compositions of functions, see Examples 5-7.

3. Describe a real-life example that uses a composition of functions (page 80,
| Example 8).
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1.8 Exercises

see GCalcChat.com for tutorial help and worked-out solutions to odd-numbered exercises.

Vocabulary: Fill in the blanks.

1. Two functions f and g can be combined by the arithmetic operations of i .

and to create new functions.

2. The of the function f with the function g is (f° g)

Skills and Applications

(x) = f(gx)).

Graphing the Sum of Two Functions In Hv [-] Graphical Reasoning In Exercises

Exercises 3 and 4, use the graphs of f and g to graph
h(x) = (f + g)(x). To print an enlarged copy of the
graph, go to MathGraphs.com.

[E¥5|[® Finding Arithmetic Combinations of
},,'__‘ 2 Functions In Exercises 5-12, find
Ef @ (F + 2)®), ®) (f = 8)&), © (o)), and
(@) (f/g)(x). What is the domain of f/g?

5. f)=x+2, gh)y=x—-2

6. f)=2x—-5, gx)=2—x
7
8
9

f)=x2 gly)=4x—5
L) =3x+1, glxy)=x2-16
L f)=x2+6, gx)=V1—x
10. f(x) = /x2 — 4, gx) = x2x+ ;
1L f) = = &) =2
2. /) =2 &) =

EIJ%E' Evaluating an Arithmetic Combination
j of Functions In Exercises 13-24,

EH‘,'._ evaluate the function for f(x) = x + 3 and
glx) =x* — 2.

13. (f + 92) 14, (f+ )(-1)

15. (f - £)(0) 16. (f — g)(1)

17. (f - 2)(3) 18. (f+ )t — 2)

19. (£8)(6) 20. (fg)(—6)

21. (f/8)(5) 22. (f/2)(0)

23. (f/g)(—1) — 5(3)

24. ()5 + @)

25-28, use a graphing utility to graph f, g,
and f+ g in the same viewing window.
Which function contributes most to the
magnitude of the sum when 0 < x < 2?
Which function contributes most to the
magnitude of the sum when x > 6?

3

25. f(x) =3x, gx) = T

2. f6) =75 &) =+x

27. f) =3x+2, gx)=—-/x+5

28. fx) =x2 -3 gk)=-32~-1

[§] Finding Compositions of Functions In
4  Exercises 29-34, find (a) f g, (b) g °f, and
©g-g

29. fx) =x+8, gx)=x-3
30. f(x) = —4x, gx)=x+7
3. fx) =x%, gx)=x-1

32. f(x) = 3x, glx) ==x*

3. fr)=Y¥x—1, gkx)=x3+1

[#}E Finding Domains of Functions and

3= 1%g'% Composite Functions In Exercises

E]' . 35-42, find (a) f-g and (b) g o f. Find t.he
domain of each function and of each composite
function.

35. flx) = Vx + 4, glx) =x?
36. f) =¥x -5, gh)y=x+1
37. fix) =23, glx) = x*/3

38. f(x) =%, gx) = ¥x

39. fx) = |x|, gx)=x+6

40. flx) = |x— 4|, gk) =3 —x

41. flx) = )l—c, glx) =x+3

2. f0) = o ) =x+ 1
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Graphing Combinations of Functions In
Exercises 43 and 44, on the same set of coordinate axes,
(a) graph the functions fs g and f + g and (b) graph the
functions f, g, and feg.

43. f(x) =3x, g)=x—4
4. f(x) =x+3, glx) =x
E].'u,"z [€] Evaluating Combinations of Functions

FEE In Exercises 45-48, use the graphs of f and g
[=] )jj to evaluate the functions.

y

N W A

| 1 b T T X

45. (a) (f+ 2)(3)
46. (a) (f — g)(1)
47. (a) (f-g)(2)
48. (a) (fog)(1)

) (f78)(2)
(b) (f2)4)

(b) (g°/)2)
®) (g°)3)

ﬁ [=]: El Decomposing a Composite Function
E %ﬁ In Exercises 49-56, find two functions f and
[El5443 gsuchthat(f-g)(x) = h(x).(There are many

correct answers.)

49. h(x) = (2x + 1)? 50. A(x) = (1 — x)?
51, h(x) = ¥/x2 — 4 52. h(x) = /9 — x

1
53. hix) = 54. hix) = L
2 () (5x + 2)2
55. hix) = :1_—4_‘;
4 — x
2733 + 6x
56. hix) = ——
W) =10 — 2
57. Stopping Distance The research and development

department of an automobile manufacturer determines
that when a driver is required to stop quickly to avoid
an accident, the distance (in feet) the car travels during
the driver’s reaction time is given by R(x) = %r where
x is the speed of the car in miles per hour. The distance
(in feet) the car travels while the driver is braking is
given by B(x) = £5x2.

(a) Find the function that represents the total stopping

distance T.

(b) Graph the functions R, B, and T on the same set of
coordinate axes for 0 < x < 60.

(c) Which function contributes most to the magnitude
of the sum at higher speeds? Explain.
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58. Business The annual cost C (in thousands of dollars)
and revenue R (in thousands of dollars) for a company
each year from 2010 through 2016 can be approximated
by the models

C=254 -9+ 1.122 and R =341 + 3.2¢

where 1 is the year, with ¢ = 10 corresponding to 2010.

(a) Write a function P that represents the annual profit
of the company.

F{:r (b) Use a graphing utility to graph C, R, and P in the

same viewing window.

59. Yital Statistics Let b(r) be the number of births
in the United States in year £, and let d(¢) represent the
number of deaths in the United States in year t, where
t = 10 corresponds to 2010.

(a) If p(2) is the population of the United States in year t,
find the. function c(#) that represents the percent
change in the population of the United States.

(b) Interpret c(16).

.060.Pets-ooooootoooooooo-o-oooo

Let d(#) be the number of dogs in the United States in
year ¢, and let c(r) be the number of cats in the United
States in year ¢, where r = 10 corresponds to 2010.
(2) Find the function p(t) that represents the total
number of dogs and cats in the United States.
(b) Interpret p(16).
(¢) Let n(?) represent the population of
the United States
in year 1,
where t = 10
corresponds to
2010. Find and
interpret

h(e) = p()/n(s).
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61. Geometry A square concrete foundation is a base
for a cylindrical tank (see figure).

(a) Write the radius r of the tank as a function of the
length x of the sides of the square.

(b) Write the area A of the circular base of the tank as
a function of the radius 7.

(¢) Find and interpret (A o r)(x).

b 8
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62. Biology The number N of bacteria in a refrigerated
food is given by

N(T) = 10T? — 20T + 600, 2 =T <20

where T is the temperature of the food in degrees
Celsius. When the food is removed from refrigeration,
the temperature of the food is given by

T =3t+2, 0=<r<6

where ¢ is the time in hours.

(a) Find and interpret (N o T)(z).

(b) Find the bacteria count after 0.5 hour.

(c) Find the time when the bacteria count reaches 1500.
63. Salary You are a sales representative for a clothing

manufacturer. You are paid an annual salary, plus a

bonus of 3% of your sales over $500,000. Consider the

two functions f(x) = x — 500,000 and g(x) = 0.03x.

When x is greater than $500,000, which of the following
represents your bonus? Explain.

(a) flglx)
(b) g(f(x)

64. Consumer Awareness The suggested retail price
of a new hybrid car is p dollars. The dealership advertises

a factory rebate of $2000 and a 10% discount.
(a) Write a function R in terms of p giving the cost of the
hybrid car after receiving the rebate from the factory.

(b) Write a function § in terms of p giving the cost of the
hybrid car after receiving the dealership discount.

(¢) Find and interpret (R ° S)(p) and (S = R)(p).

(d) Find (R~ §)(25,795) and (S ° R)(25,795). Which
yields the lower cost for the hybrid car? Explain.

Exploration

True or False? In Exercises 65 and 66, determine
whether the statement is true or false. Justify your
answer,

65. If f(x) = x + 1 and g(x) = 6x, then
(fe@)x) = (g f)x).

66. When you are given two functions f and g and a
constant ¢, you can find (fe g)(c) if and only if g(c) is
in the domain of f.

Siblings In Exercises 67 and 68, three siblings are
three different ages. The oldest is twice the age of the
middle sibling, and the middle sibling is six years older
than one-half the age of the youngest.

67. (a) Write a composite function that gives the oldest
sibling’s age in terms of the youngest. Explain how
you arrived at your answer.

(b) If the oldest sibling is 16 years old, find the ages of
the other two siblings.
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68. (a) Write a composite function that gives the youngest
sibling’s age in terms of the oldest. Explain how
you arrived at your answer.

(b) If the youngest sibling is 2 years old, find the ages
of the other two siblings.

69. Proof Prove that the product of two odd functions
is an even function, and that the product of two even
functions is an even function.

70. Conjecture Use examples to hypothesize whether
the product of an odd function and an even function is
even or odd. Then prove your hypothesis.

71. Writing Functions Write two unique functions f
and g such that (fe g)(x) = (g °f)(x) and f and g are
(a) linear functions and (b) polynomial functions with
degrees greater than one.

p;zb HOW DO YOU SEE IT? The graphs labeled

L,, L,, L, and L, represent four different
pricing discounts, where p is the original
price (in dollars) and S is the sale price (in
dollars). Match each function with its graph.
Describe the situations in parts (c) and (d).

§
B 15+ L
3
S 10 >
3 L3
E‘ 54 /
L]
S
w
T T I p

5 10 1I5
Original price (in dollars)

(@) f(p): A 50% discount is applied.
(b) g(p): A $5 discount is applied.

(©) (g=p)
(d) (ro8)(p)

73. Proof
(a) Given a function f, prove that g is even and £ is odd,
where g(x) = 3[f(x) + f(—x)] and
1) = 307 () = f(=2))

(b) Use the result of part (a) to prove that any function
can be written as a sum of even and odd functions.
[Hint: Add the two equations in part (a).]

(c) Use the result of part (b) to write each function as a
sum of even and odd functions.

1
x+1

f=x2-2x+1, klx)=




