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WHAT IS A FUNCTION?

EXERCISES

1-4 ® Express the rule in function notation. [For example, the

rule “square, then subtract 5” is expressed as the function
flo) = x* = 5]

1. Multiply by 3, then add 1

2. Subtract 5, then divide by 7

3. Add 2, then square

4. Square, add 1, then take the square root

5-8 ® Express the function (or rule) in words.

=5
5.f(x)=§—5 6-9(}f)=x3
7. h(x) =2x> -3 8. k(x) =y2x+ 1

9-10 ® Draw a machine diagram for the function.

9. fl) = & 10. o) = 2
11-12 = Complete the table.
1. flx) =2x2+1 12. g(x) = |2x - 3|
|
R x| gl
1| -2
0 0
1 1
2 | 3
3| 5

13-20 m Evaluate the function at the indicated values.
13, fx) =2+ 1;

A1), £(=2), £), fta). f(~a). fla + b)

(x) =x2+ 2

100 16 5=3). o). 2. (2)

a
l=x
1+x

9(2), 9(~2), 9(3), gta). gla — 1), g(-1)

15. g(x) =

17. flx) = 2x% + 3x — 4;

£0), £2), f=2), F2), flx + 1), f(=x)
18. flx) = x* — 4x%

70). #0). £=1) 5). 53). s

19. flx) = 2[x - 1];
1

£=2), £0), 5(3). £2), flx + 1), f® + 2)

_l
f() : 1

=2), f(=1), (0), £(5), $x?), _f(~)

X

21-24 = Evaluate the piecewise defined function at tt
indicated values.

® ifx<0
2 /0 =141 itx=o0

f(=2), fA(=1), £(0), £(1), £(2)

5 ifx<2
@ﬂ") Tlex-3 ifx>2
£(=3), £0), £2), £3), £(5)

x+2x ifxs-1
x ifx>=—1

—-4), f(=3), f(=1), £(0). £(1)

3x ifx<0
.f(x x+1 if0sx<2
(x—22 ifx>2

=5), (0), £1), £(2), £(5)

25-28 m Use the function to evaluate the indicated ex
and simplify.

25 f(x) =x*+1; (x+2),f(x)+f(2)

&) =35~ 1: £(28). 2613

27. flx) =x+ 4; f(X2) (=)
28. f(x) = 6x — 18; ( )ﬂx—

3

23. f(x) =

29-34 = Find fa), fla + A), and fla + h}t ~fla)

where 2 # 0.

DO ) ws Vi
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’ f =x2+1 53. The graph gives the weight of a certain person as a functior
of age. Describe in words how this person’s weight has
31. flx) varied over time. What do you think happened when this

person was 30 years old?

@ﬂ")=xi1

A
P - 2
33. f(x) =3 - 5x + 4x 500
34. flx) =
f Weight 1501
(pounds) 100+
35-52 ® Find the domain of the function.
35. flx) = 2x 50+
—— >
O 10 20 30 40 50 60 70 Aee

(years)

54. The graph gives a salesman’s distance from his home as a
function of time on a certain day. Describe in words what
the graph indicates about his travels on this day.

Distance
from home
(miles)

8am. 10 NooN 2 4 6pm, Time
(hours)

55. You put some ice cubes in a glass, fill the glass with cold
water, and then let the glass sit on a table. Sketch a rough

graph of the temperature of the water as a function of the
elapsed time.

56. A home owner mows the lawn every Wednesday afternoon.
Sketch a rough graph of the height of the grass as a func-
tion of time over the course of a four-week period begin-
ning on a Sunday.

57. When a football is kicked from a tee, its height depends on
the time elapsed since the kickoff. Sketch a rough graph of
the height of the football as a function of time.

58. Sketch a rough graph of the number of hours of daylight as
a function of the time of year in the Northern Hemisphere.

59. The number of Christmas cards sold by a greeting-card
store depends on the time of year. Sketch a rough eraph of
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——'—. EXERCISES
(3

i 1. The graph of a function 4 is given. 4. The graph of a function fis given.
(a) State the values of h(—2), h(0), A(2), and h(3). (a) Estimate £(0.5) to the nearest tenth.
(b) State the domain and range of h. (b) Estimate f(3) to the nearest tenth.
(c) Find all the numbers x in the domain of f so that
74 flx) = 1.

o
=
Y

@'he graph of a function g is given.

(a) State the values of g(—4), g(—2), g(0), g(2), and g(4).
(b) State the domain and range of g.

YA
r l.\ T =
Y 3 ?\ [ 5-6 ® Determine whether the curve is the graph of a function
\f of x.
i, 5. (a) ®
- 0 / 3 x Y Y
T
| ]
0 x 0 x
3. Graphs of the functions f and g are given.
(a) Which is larger, £(0) or g(0)?
(b) Which is larger, f(—3) or g(—3)?
(c) For which values of x is f(x) = g(x)?
YA
[ (0 (d)
B/ YA
§ g
2
lé_z 0 3 \ 7 0 x 0 x
BVEER
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Linear functions

The following table shows the graphs of some functions that you will see fre
quently in this book.

SOME FUNCTIONS |AND THEIR GRAPHS | |

fx) = |x|

fx)=mx+b i "
b ——
b
% i -
fx)=»5 flx)=mx +b
Power functions A yA yA N
flx)=x" [ I
X x
x X
flx) = x? = flo) = x* fla) =
Root functions
flx) = ,{/; YA YA YA YA
. [ -
x x x —_’) *
flx) =x oy =¥x flx) = 4x o) =¥x
Reciprocal functions y y
f(X) o lK J l L
\l : l x
fny =1 =
Absolute value function 5 B Greatest integer function

flx) = [x]
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GRAPHS OF FUNCTIONS

" (b) i

%Y
=

© YA (d) y ?

-
N o=

=)
=Y
=)

%Y

7-10 ® Determine whether the curve is the graph of a function
x. If it is, state the domain and range df the function.

N

11-18 ® A function fis given.
(a) Sketch the graph of f.
(b) Find the domain of f.

M fl=1-x @f(x) =4x+1)

=Y

@f(x) S 4y

@m="22

14, f(x) =x2—4x+4
15. f(x) =9 — x 16. flx) = 2x + 6
17. f(x) = V16 — ¥ @f(x) =-25-x*

i 19-40 = ?ketch the graph of the function.

19, f(x) = 3 @)1 = -s
21, fx) =2x+ 3 22. f(x) =6 — 3x
23, flx) = —x+4, —-1<xs<4

25. flx) = —x? 26. f(x) =x*—4

27. g(x) =x*-8 28. g(x) = 4x* — x*

29. glx) = J=x (30)gt) = V6 - 2x
1 2

3. Pl =< 32) FlY) =

33. H(x) = |24] H(x) =|x+1]

37. f(x) = |2x - 2| 38)) ) = ﬁ
39. g(x) = = 40. g(x) = %

41-52 ® Determine whether the equation defines y as a func
tion of x. (See Example 9.)

4. x2+2y=4 x+7y=21

43. x=y? 2+ (y-12=4
45 x+y*=9 4G.>x2+y=9

47. x>y +y=1 48 x+y=12
49. 2/x| +y=0 @zx+|y1=o
51. x =y* 52. x = y*

ﬁ 53-58 ® A family of functions is given. In parts (a) and (b)

graph all the given members of the family in the viewing rec-
tangle indicated. In part (c) state the conclusions you can mal
from your graphs.

53. flx) =x*+ ¢
(@) ¢=0,2,4,6; [—5,5]by[—-10,10]
(b) ¢ =0, =2, -4, —6; [—5,5]by[—10, 10]
(c) How does the value of ¢ affect the graph?
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54. f(x) = (x — c)*
(@ c¢=0,1,2,3; [-5,5]by[~-10,10]
(b) c=0,-1,-2,-3; [-5,5]by[~-10,10]
(c) How does the value of c affect the graph?

55. f(x) = (x — ¢’
(a) c=0,2,4,6; [—10,10]by[—10,10]
() ¢ =0,-2,—4,—6; [-10,10]by[~-10,10]
(c) How does the value of ¢ affect the graph?

56. f(x) = cx?

(@ c=1,%24; [-55]by[-10,10]

(b) c=1,—-1,-4,-2; [-5,5]by[-10,10]

(c) How does the value of ¢ affect the graph?
57. flx) = x°

@ec=%ie [-1.4]by[-13]

® =155 [-33]by[~2.2]

(c) How does the value of ¢ affect the graph?
58. f(x) = 1/x"

(@ n=1,3 [-3,3]by[-3,3]

() n=2,4; [-3,3]by[-3,3]

(c) How does the value of n affect the graph?

59-72 m Sketch the graph of the piecewise defined function.

9. 10 ={] £33

f(x)= ;lc+1 ﬁ;j}
o =[;_ 1 itrss
62. fx) = 1= fxr<=2

S ifx=-2

x ifx<0
x+1 ifx>0

_[2x+3 ifx<-1
f(")_ 3-x  ifx=-1

-1 ifx< -1
65. f) ={1 if-1<x<1
=1 fx>1
-1 ifx<-1
@f(x)= x if-l=x<l
1 ifx>1
67. f9) = 22 ifx<-—1

x* gx> -1

1-x% ifx<2
X ifx>2

)

0 iffx| <2
3 if[x]>2

p- 3
&
I

@s-I7 1!

72.

4 fx<—2
flx) = {x? if-2<x<2
—x+6 ifx>2
—x ifx<0
f)=19—-x% ifo<x<3
x—3 ifx>3

73-74 m Use a graphing device to draw the graph of the piec
wise defined function. (See the margin note on page 222.)

73.

74.

75.

76.

x+2 ifxs-1

f(‘):{xz ifx> -1
_f2x—x% ifx>2
f(")_[(x—l)’ ifx<2

A taxi company charges $2.00 for the first mile (or part o
amile) and 20 cents for each succeeding tenth of a mile (
part). Express the cost C (in dollars) of a ride as a functio
of the distance x traveled (in miles) for 0 < x < 2, and
sketch the graph of this function.

The domestic postage rate for first-class letters weighing
12 oz or less is 33 cents for a letter weighing 1 oz or less
and 22 cents for each additional ounce (or part of an
ounce). Express the postage P as a function of the weight
of a letter, with 0 < x < 12.

77-80 ® Find a function whose graph is the given curve.

77.
78.
79.
80.

The line segment joining the points (—2, 1) and (4, —6)
The line segment joining the points (—3, —2) and (6, 3)
The bottom half of the parabola x + (y — 1) = 0

The top half of the circle (x — 1)* + y? = 1

[@) piscovery - DIscussioN

81.

When Does a Graph Represent a Function? For eve
integer n, the graph of the equation y = x”" is the graph of
function, namely f(x) = x". Explain why the graph of

x = y?is not the graph of a function of x. Is the graph of
x = y* the graph of a function of x? If so, of what functic
of x is it the graph? Determine for what integers n the
oranph of ¥ = v” is the eranh of a function of »
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EXERCISES

1-12 ® Write an equation that expresses the statement. 23. Hooke’s law states that the force needed to keep a spring

stretched x units beyond its natural length is directly pro-

portional to x. Here the constant of proportionality is called

2. P is directly proportional to u. the spring constant.

(a) Write Hooke’s law as an equation.

(b) If a spring has a natural length of 10 cm and a force of
40 N is required to maintain the spring stretched to a

5. y is proportional to s and inversely proportional to 7. length of 15 cm, find the spring constant.

(c) What force is needed to keep the spring stretched to a
length of 14 cm?

1. R varies directly as 7.

3. vis inversely proportional to z.

4. wis jointly proportional to m and n.

P varies inversely as 7.

z is proportional to the square root of y.

0 N

A is proportional to the square of ¢ and inversely propor-
tional to the cube of x.

9. Vis jointly proportional to /, w, and h.
10. S is jointly proportional to the squares of r and 6.
11. R is proportional to i and inversely proportional to P and .

12. A is jointly proportional to the square roots of x and y.

13-22 m Express the statement as a formula. Use the given
information to find the constant of proportionality.

13. y is directly proportional to x. If x = 4, then y = 72. 24. The period of a pendulum (the time elapsed during one
z varies inversely as £, If + = 3, then z = 5. complete swing of the pendulum) varies directly with the
square root of the length of the pendulum.
15. M varies directly as x and inversely as y. If x = 2 and (a) Express this relationship by writing an equation.
y=6,then M = 5. (b) In order to double the period, how would we have to
9
S varies jointly as p and g. If p = 4 and ¢ = 5, then change:the length. 7
=S = 180.

17. Wis inversely proportional to the square of r. If r = 6, then
W =10.

tis jointly proportional to x and y and inversely propor-
tional to r. If x = 2,y = 3, and r = 12, then ¢ = 25.

19. Cis jointly proportional to , w, and h. If [ = w = h = 2,
then C = 128.

20. H is jointly proportional to the squares of / and w. If | = 2
and w = 3, then H = 36.

. . 25. Th inti ine is jointl rtional
21. s is inversely proportional to the square root of . If : e cost C of printing a magazine is jointly proportional i

5= 100, then 1 = 25. the nur_nber of pages p in the magazine and the number of
magazines printed m.
22. M is jointly proportional to a, b, and ¢, and inversely pro- (a) Write an equation that expresses this joint variation.
portional to d. If a and d have the same value, and if b and (b) Find the constant of proportionality if the printing cost

¢ are both 2, then M = 128. is $60,000 for 4000 copies of a 120-page magazine.
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(c) How much would the printing cost be for 5000 copies 29. The cost of a sheet of gold foil is proportional to its area. If

of a 92-page magazine?

a rectangular sheet measuring 15 cm by 20 cm costs $75,
how much would a 3 cm by 5 cm sheet cost?

The pressure P of a sample of gas is directly proportional . . . :
§ to the temperature T and inversely proportional to the n the short growing season of the Canadian arctic territory
volume V. of Nunavut, some gardeners find it possible to grow gigan-
(a) Wrile.an equation that expresses this variation tic cabbages in the midnight sun. Assume that the final size
(b) Find the constant of proportionality if 100 L of gas of a cabbage is proportional to the amount of nutrients it
exerts a pressure of 33.2 kPa at a temperature of 400 K receives, and inversely proportional to the number of other
(absolute temperature measured on the Kelvin scale). cabbages surrounding it. A cabbage that rece.ived 20 oz of
(c) If the temperature is increased to 500 K and the volume nutrients and had 12 other cabbages ?70\1“‘? it grew to
is decreased to 80 L, what is the pressure of the gas? 30 1b. What size would it grow to if it received 10 oz of

27. The resistance R of a wire varies directly as its length L and

inversely as the square of its diameter d.

(a) Write an equation that expresses this joint variation.

(b) Find the constant of proportionality if a wire 1.2 m
long and 0.005 m in diameter has a resistance of

140 ohms.

(c) Find the resistance of a wire made of the same material

nutrients and had only 5 cabbage “neighbors™?

31. The value of a building lot on Galiano Island is jointly pro-
portional to its area and the quantity of water produced by a
well on the property. A 200 ft by 300 ft lot has a well pro-
ducing 10 gallons of water per minute, and is valued at
$48,000. What is the value of a 400 ft by 400 ft lot if the
well on the lot produces 4 gallons of water per minute?

that is 3 m long and has a diameter of 0.008 m. 32. The heat experienced by a hiker at a campfire is propor-

tional to the amount of wood on the fire, and inversely pro-

Kepler’s Third Law of planetary motion states that the portional to the cube of his distance from the fire. If he is
square of the period 7 of a planet (the time it takes for the 20 ft from the fire, and someone doubles the amount of
planet to make a complete revolution about the sun) is wood burning, how far from the fire would he have to be
directly proportional to the cube of its average distance d so that he feels the same heat as before?

from the sun.

(a) Express Kepler’s Third Law as an equation.
(b) Find the constant of proportionality by using the fact

[A] Discovery - piscussion

that for our planet the period is about 365 days and the 33. Is Proportionality Everything? A great many laws of

average distance is about 93 million miles.

physics and chemistry are expressible as proportionalities.

(c) The planet Neptune is about 2.79 X 10° mi from the Give at least one example of a function that occurs in the

sun. Find the period of Neptune.

sciences that is not a proportionality.

AVERAGE RATE OF CHANGE: INCREASING
AND DECREASING FUNCTIONS

Functions are often used to model changing quantities. In this section we learn how
to determine the rate at which the values of a function change as the variable
changes.

AVERAGE RATE OF CHANGE

We are all familiar with the concept of speed: If you drive a distance of 120 miles
in 2 hours. then vour average speed. or rate of travel, is 122™ = 60 mi/h.

“~




