Chapter 1 - Functions & Graphs Objective(s):

1. Students will be able to plot graphs
1.1 Graphs and Graphing Utilities

) _ ) 2. Find intercepts of equations using a
The Cartesian Coordinate System or Rectangular Coordinate

graph and algebra.

System is a system of graphing points on a plane using a set of

coordinates (x, y), called an Ordered Pair.

QuadIl ¥  Quadl The plane is broken up in to four areas called quadrants. The lines that divide the
o plane are called the x-axis and y-axis.
Origin (0,0)
< / > Each point in the plane is designated by a pair of numbers called an Ordered Pair.
Def: Given an ordered pair (x, y)
[
(a) The x-coordinate is called the abscissa
(b) The y-coordinate is called the ordinate.
Quad III Quad IV

The quadrants are numbered 1-4 starting in the top right quadrant in a counter clock-wise direction.

To plot a given point (a,b), simply move along x-axis starting at the origin (left negative, right positive) to a, and
then up and down (+ vs. —) b units.

Graphing Equations:
To graph a equation: (Point Plotting Method)
1. Solve the equation for one of the variables (prefer tobey =)
2. Substitute different values of x into the equation and get the y-value. This makes a point (x,y)
3. Plot the point
4. Repeat for other values of x

Ex. On graph paper, graph y = 4 — x? using selected values x from -3 to 3.

X 4 — x? y f
-3 4-9 -5

-2 4-4 0
—1 4-1 3

0 4-0 4

1 4-1 3

2 4-4 0

3 4-9 -5




Ex. Graph y = 5 — x for selected values of x from -3 to 3.

X 5—x y
-3 5-(=3) 8
-2 5-(=2) 7
-1 5-(-1 6
0 5-0 5
1 5-1 4
2 5-2 3
3 5-3 2
Ex. (a) Using values of x from =3 to 3, graph y = |x|

(b) On the same set of axes, graph y = |x + 1|

x v=1lx| y = lx+1]
-3 3 2
-2 2 1
-1 1 0
0 0 1
1 1 2
2 2 3
3 3 4 What transformation is this?
It’s a translation. We will
discuss transformations of
functions at a later date.
Intercepts:

Def: Anintercept is where a graph crosses an axis.
(a) The x-intercept is where the graph crosses the x-axis.
e Has coordinates (g, 0)
(b) The y-intercept is where the graph crosses the y-axis
e Has coordinates (0, b)

To find the x-intercept: Set the y value equal to 0 and solve for x.

To find the y-intercept: Set the x value equal to 0 and solve fory.

Ex. Find x and y intercepts for y = 4 — x?

x —int: (Let y=10) y —int: (Let x = 0)
0=4-—x? y =4—02
x% =4 y=4

x=42 (2,0 &(-20) (0,4)



Ex. Identify the x and y intercepts

x -int: -1 x—int: 3 x—int: 0
@  y—ine2 (b) y —int: none (c) y-int: 0
y ) y
A 1
3 3T 3
2 2+ 2
1 4+
——> X R — — - X ——+ f
123 ~o-d—kyt 1 2 et T o U 0 W
-2+ —2
34 -3
5
x-int: =3 X —int: none x—int: 0
(d) o (e) o (f) o
y—int:5 y—int: 4 y-int: 0
8/ y v
A A
5 S-L S5+
4 4+
3 3t 3t
2 2+ 21
1 L+ 11
: b ——> X ——— o i :
—443-2-141 12 3 =4=3=d=1gl. 1. 2.3 —4-3-2-14] 1
-2 -2+ -2+
i3 i34 i34

Graphs may also have no intercepts or several. Below are some examples:

¥ ¥ ¥ P

c. O <
g

One x-intercept No intercepts One x-intercept The same x-intercept
No y-intercept Three y-intercepts and y-intercept

/N

No x-intercept
One y-intercept

Homework: Pg. 143-146 #1-12 (on same graph paper), 13-270dd, 41-46, 57-60, 71-82



In Exercises 1-12, plot the given point in a rectangular

coordinate system.
1. (1,4)

4. (-1,4)
7. (4,-1)
10. (0, -3)
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b. Now let’s use the line graph that shows the percentage of marriages ending in
divorce when the wife is over 25 at the time of marriage. The graph is shown
again in Figure 1.12. To find the percentage of marriages ending in divorce after
10 years:
= Locate 10 on the horizontal axis and locate the point above 10.

* Read across to the corresponding percent on the vertical axis.

Probability of Divorce When

Wife Is over Age 25 at Marriage

r " This is the point
0%___ o 7 of interest.

Percentage of Marriages
Ending in Divorce

0 5 10 15
Years after Marrying

Locate 10 on the horizontal axis

Read across to the corresponding peroent
gt and locate the point above 10.

on the vertical axis. The percent falls

midway between 20% and 30%, at 25%. Figure 1.12

The actual data displayed by the graph indicate that 25% of these marriages
end in divorce after 10 years.

¢. The value obtained by evaluating the mathematical model, 24.5%, is close to,
but slightly less than, the actual percentage of divorces, 25.0%. The difference -
between these percents is 25.0% — 24.5%, or 0.5%. The value given by the
mathematical model, 24.5%, underestimates the actual percent, 25%, by only
0.5, providing a fairly accurate description of the data.

(@) Check Point 6

a. Use the appropriate formula from Example 6 to determine the pefcentage of
marriages ending in divorce after 15 years when the wife is under 18 at the
time of marriage. _

b. Use the appropriate line graph in Figure 1.11 to determine the percentage of
marriages ending in divorce after 15 years when the wife is under 18 at the
time of marriage.

¢. Does the value given by the mathematical model underestimate or

overestimate the actual percentage of marriages ending in divorce after
15 years as shown by the graph? By how much?

Graph each equation in Exercises 13-28. Let x = —3, -2, -1, 0,
1,2, and 3.

13 y=x>—-2 14 y=x*+2 15, y = x — 2
16. y = x+ 2 17. y=2x + 1 18. y=2x — 4

3. (-2,3) 1 :
19. p = —5x 20. y = —5x+2 21 y=2|x|
6. (=4, -2) 2. y= <2l 2oy=lx+1 24 y=lxl -1
9. (=4,0) 25, y=9—x* 26 y=—x* 27,y = x°
12. (-3,3) 28y =21
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In Exercises 29-32, match the viewing rectangle with the correct
figure. Then label the tick marks in the figure to illustrate this
viewing rectangle.

29. [-5,5,1]by[-5,5,1]

31. [—20, 80, 10] by [—30, 70, 10]

32. [—40, 40, 20] by [—1000, 1000, 100]
a. b.

30, [—10,10,2] by [—4,4,2]

The table of values was generated by a graphing utility with a
TABLE feature. Use the table to solve Exercises 33-40.

R Yz

- |l £

- Y Y

-1 1 K

il i =

i i 1

2 Y 1

K a 1
Pp——
I-'l— t

33. Which equation corresponds to Y; in the table?

a y,=x+8 b. y, =x-2

c. y=2-—x d y,=1-2
34. Which equation corresponds to Y in the table?

a. y = —3x b. y = x?

e y = —x? d yy=2-x

35. Does the graph of Y; pass through the origin?

36. Does the graph of Y, pass through the origin?

37. At which point does the graph of Y; cross the x-axis?
38. At which point does the graph of Y, cross the y-axis?
39. At which points do the graphs of Y| and Y, intersect?
40. For which values of xis Y| = Y,?

In Exercises 41-46, use the graph to a. determine the x-intercepts,
if any; b. determine the y-intercepts, if any. For each graph, tick
marks along the axes represent one unit each.

41. 42,

s

43- )1 44- )I

45. ¥ 46. §
_ . . . ,
4 T
3 /
G I \‘\ "j
e | i
e e T I
\’g," _h a

Practice Plus

In Exercises 47-50, write each English sentence as an equation in
two variables. Then graph the equation.

47. The y-value is four more than twice the x-value.

48. The y-value is the difference between four and twice the
x-value.

49. The y-value is three decreased by the square of the x-value.

50. The y-value is two more than the square of the x-value.
In Exercises 51-54, graph each equation.

51, y =5 (Letx = -3,-2,-1,0,1,2,and 3.)

52, y=—-1(Letx = —3,-2,-1,0,1,2,and 3.)

1 1 111
Ly =— x=-2,-1,—=, —=, =, =1, .
53,y X(Let\ —2,-1, > T333 1, and 2.}
1 1 111
. = —-— = - _17__7_—7_’_’ ) .
54, y x(Letx 2, > T332 1,and 2.)

Application Exercises

The graphs show the percentage of high school seniors who used
alcohol or marijuana during the 30 days prior to being surveyed
for the University of Michigan’s Monitoring the Future study.

Alcohol and Marijuana Use by
United States High School Seniors

80% -

70% = Alzohol
CITAR .
'E g (] ~~a : ‘
e s0%f
oA o i
&3 40 0 Marijuana
53 3%
(SIS
s 20% ]
o %

100/0 S . — :

I | !
1980 1985 1990 1995 2000 05’06
Year

Source: U.S. Department of Health and Human Services



The data can be described by the following mathematical models:

Percentage of seniors
using alcohol

A=-n+70
Number of years after 1980

Percentage of seniors
using marijuana

M = —04n + 28.

Use this information to solve Exercises 55-56.

55. a. Use the appropriate line graph to determine the percentage
of seniors who used marijuana in 2005.

b. Use the appropriate formula to determine the percentage
of seniors who used marijuana in 2005. Does the formula
underestimate or overestimate the actual percentage
displayed by the graph? By how much?

c. Use the appropriate line graph to estimate the percentage
of seniors who used alcohol in 2006.

d. Use the appropriate formula to determine the percentage
of seniors who used alcohol in 2006. How does this compare
with your estimate in part (c)?

e. For the period from 1980 through 2006, in which year was
marijuana use by seniors at a minimum? Estimate the
percentage of seniors who used marijuana in that year.

56. a. Use the appropriate line graph to determine the percentage

of seniors who used alcohol in 2000.

b. Use the appropriate formula to determine the percentage
of seniors who used alcohol in 2000. What do you observe?

¢. Use the appropriate line graph to estimate the percentage
of seniors who used marijuana in 2000.

d. Use the appropriate formula to determine the percentage
of seniors who used marijuana in 2000. How does this
compare with your estimate in part (c)?

e. For the period from 1980 through 2006, in which year
was alcohol use by seniors at a maximum? Estimate the
percentage of seniors who used alcohol in that year.

Contrary to popular belief, older people do not need less sleep
than younger adults. However, the line graphs show that they
awaken more often during the night. The numerous awakenings
are one reason why some elderly individuals report that sleep is
less restful than it had been in the past. Use the line graphs to solve
Exercises 57-60.

Average Number of Awakenings
During the Night, by Age and Gender

Number of Awakenings
During the Night
N W R NN 00O
T I

10 20 30 40 50 60 70 80
Age (5 through 75)

Source: Stephen Davis and Joseph Palladino, Psychiology, 5Sth Edition,
Prentice Hall, 2007
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57. At which age, estimated to the nearest year, do women have
the least number of awakenings during the night? What is the
average number of awakenings at that age?

58. At which age do men have the greatest number of awakenings
during the night? What is the average number of awakenings at
that age?

59. Estimate, to the nearest tenth, the difference between the
average number of awakenings during the night for 25-year-old
men and 25-year-old women.

60. Estimate, to the nearest tenth, the difference between the
average number of awakenings during the night for 18-year-old
men and 18-year-old women.

Writing in Mathematics
61. What is the rectangular coordinate system?

62. Explain how to plot a point in the rectangular coordinate
system. Give an example with your explanation.

63. Explain why (5,—-2) and (-2,5) do not represent the
same point.

64. Explain how to graph an equation in the rectangular
coordinate system.

65. What does a [—20,2,1] by [—4,5,0.5] viewing rectangle
mean? '

nnology f.xercise

66. Use a graphing utility to verify each of your hand-drawn
graphs in Exercises 13-28. Experiment with the size of the
viewing rectangle to make the graph displayed by the
graphing utility resemble your hand-drawn graph as much
as possible.

Critical Thinking Exercises

Make Sense? In Exercises 6770, determine whether each
statement makes sense or does not make sense, and explain
your reasoning.

67. The rectangular coordinate system provides a geometric
picture of what an equation in two variables looks like.

68. There is something wrong with my graphing utility because it
is not displaying numbers along the x- and y-axes.

69. I used the ordered pairs (—2,2), (0,0), and (2,2) to graph a
straight line. .

70. T used the ordered pairs
(time of day, calories that I burned)
to obtain a graph that is a horizontal line.

In Exercises 71-74, determine whether each statement is true or
false. If the statement is false, make the necessary change(s) to
produce a frue statement.

71. If the product of a point’s coordinates is positive, the point
must be in quadrant 1.

72. 1f a point is on the x-axis, it is neither up nor down, so x = 0.
73. If a point is on the y-axis, its x-coordinate must be 0.
74. The ordered pair (2, 5) satisfies 3y — 2x = —4.
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In Exercises 75-78, match the story with the correct figure. The

figures are labeled (a), (b), (c), and (d).

75. As the blizzard got worse, the snow fell harder and harder.

76. The snow fell more and more softly.

77. It snowed hard, but then it stopped. After a short time, the

snow started falling softly.

78. It snowed softly, and then it stopped. After a short time, the

snow started falling hard.

a.

In Exercises 79-82, select the graph that best illustrates each story.

Amount of
Snowfall

Snowfall

Amount of

b.
/f
//
Time )
d.

Time

Amount of

Amount of

Snowfall

Snowfall

Time

79. An airplane flew from Miami to San Francisco.

<.

Plane’s Height

Plane’s Height

b.

Seconds after
Takeoff

Seconds after
Takeoff

80. At noon, you begin to breathe in.

a.

Volume of
Air in Lungs

Volume of
Air in Lungs

b.
/ \'"\
NS
Time after
Noon
d.

|

R Y

Time after
Noon

Volume of
Air in Lungs

Volume of

Plane’s Height

Plane’s Height

Air in Lungs

/ \

Seconds after
Takeoff

—

IV S

Seconds after
Takeoff

)

Time after
Noon

-

Time after
Noon

81. Measurements are taken of a person’s height from birth to
age 100.

a. b.
) - ) /
i A
A I
Age Age
c. d.
) 5 /
O - \ 3] J
T / . T /
- o e
Age Age

82. You begin your bike ride by riding down a hill. Then you ride
up another hill. Finally, you ride along a level surface before
coming to a stop.

a. b.
k) k]
b ' b N
& y, \ & / \ \
4 L, B . W
Time Time
c d.
=) =
3 \ g \
& / \ n \ r
[ \ N
—‘I — —
Time Time

Preview Exercises
Exercises 83-85 will help you prepare for the material covered in
the next section.

83. Here are two sets of ordered pairs:

set1: {(1,5), (2,5)}

set2: {(5,1), (5,2)}.
In which set is each x-coordinate paired with only one
y-coordinate?

84, Graph y = 2x and y = 2x + 4 in the same rectangular
coordinate system. Select integers for x, starting with —2 and
ending with 2.

85. Use the following graph to solve this exercise.

‘\,\k 5__ "

I I T N | | I X
b T t 1 > )

54-32-131 12345

What is the y-coordinate when the x-coordinate is 2?
What are the x-coordinates when the y-coordinate is 4?
Describe the x-coordinates of all points on the graph.

& ¥

Describe the y-coordinates of all points on the graph.



1.2 Basics of Functions and Their Graphs

D
Def: Arelation is any set of order pairs. The set of all the first coordinates (x-coordinates) is called the domain

of the relation and the set of second coordinates (y-coordinates) is called the range of the relation.

D R ;S

1 7

In the diagram above, the domain is the set of pé,'rﬁts in D and the range is the set of points in R. The
arrows represent the mapping of points from J?,'onto R.

Def: A function is a relation such that each elem'ént in the domain corresponds to exactly ONE element in the

4
range. /

In the diagram above, the left figure de/picts a function while the right one does not. (Basically means that

”

no one point on the left can have two arrows coming out of it — the right side can).

***  To determine if a relation is a function: if you can find matching x-coordinates and not matching
y-coordinates, then it is not a function. Examples: (2, 4) and (2, 5) on the same graph — not a function

Functions as Equations:

When an equation is written in the form like: y = x?> — 6x + 6 , where the equation is solved for y, then

we have y “in terms of x”. x is called the independent variable because it can be assigned any value

from its domain. y is called the dependent variable because its value is dependent on what the value of

XIS. You can make x any value you want, and it will give you a y value based on it

Ex. Solve fory and determine if the equation defines y as a function of x
1. x2+y=4 2. x2+y2=4
yZ =4 — x2

y = +/4—x?

No, it is not a function (because of the t)

y=4-—x?

Yes, it is a function

Function Notation: When vy is a function of x, it is customary to use other letters (f, g, 4,..) to representitasa
FUNCTION. It would be written as follows:

y=x>-6x+6 4 f(x)=x"=-6x+6

f(x) is pronounced “f of x” and means “the value of function f at x”. The term "function” was introduced
by Gottfried Wilhelm Leibniz (1646-1716)

Function notation was created by Leonhard
Euler (pronounced “OILER”)



Evaluating a function: Given function y = f(x), then f(2) means the value of function when x = 2.

Ex. If f(x) = x? + 3x — 5, then evaluate each of the following:

1 f(2
f(2)=(2)*+3(2)-5
f(2)=4+6-5
f(2)=5

2. f(—=4)
f(=4) = (-4)*+3(-4) -5
f(-4)=16—-12-5
f=4) = -1

3. f(a)
f(a) =a*+3a-5

Ex. Using the function above, what would f(x + 3)?

fx+3)=(x+3)2+3x+3)-5
fx+3)=x>+6x+9+3x+9-5
flx+3)=x%2+9x+13

Graphs of functions:
e Agraphis a function if it passes the Vertical Line Test (VLT)
o The vertical line test means that if you draw vertical lines through the graph, that it would only

cross through the graph 1 time.
o Ifthe graph fails the VLT, then the relation is NOT a function.
If one line passes through more than one point > Not a function
Ex. Determine if each of the following graphs are graphs of functions:

A

L \ | /.

v

yes \/ yes
4

A no A

> .

no

v

—."
-

A N\

jE
-

Day 1: Pg. 159 — 161 #1-250dd, 27-63 (3’s), 65-76
Day 2: Pg. 161 — 163 #78-92even, 93, 94, 97, 98

Homework:



1.2b Basics of Functions & Their Graphs

Identifying Domain and Range Using a Function’s Graph: Suppose you have the graph on the right:

To find the domain — Look at the x-coordinates of the left most
and right most points.

To find the range - Look at the y-coordinates of the lowest and
highest points.

Range

Domain

** The endpoints are not always the extreme points for domain and range!! **

Examples: Find the domain and range from the graphs below
D:{x|-2<x<1} D:{x|-3<x <2}
R:{yl0 <y <3} R:{y|1<y<2}

) y

a. b.
g
4+ 44
y=flx] 37
2/ y=fi) _/,:,/"
/ f—t—t—t—t+ | —_—tt—t——T1——t+—t+t+ X
54-3-2-1;] 12345 54-3-2-13] 1.2.3 45
]
5 51
D:{x| x < 4} D:{x|1 < x <4}
o Rbly =0 &y €{1,2,3}
5+ 51 y=flx
41 44
= G T
2 )
t t + + 1| x X @ T +—t—+—+
5-4-3-2-17] 12345 54-3-2-131 12345
3
-4 44
25 -54
D:{x| —2<x<1} D:{x]-3 < x <0}
. — < . _ _ _
g R:{y| gfy<2} h  RYE{=3-2-1)
4 4
\2] y=flx 2
— :?‘”.,:J.J.:;rx C o — —f X
RE N B P NENY
-2 =0
@)
4. .
- -‘}:I’{{’r}

D:ifx|-2<x<1}
R:{y|1<y<5}

\ i
y=rl \3]

P
—_— —t—t ——
-54-3-2-1;1 1 2 345
44
54

D:if{x|-2<x<1}
R:{fiy] 0 <y <3}

y

11111

Homework:

Pg. 161-163 #78-93even, 93, 94, 97, 98

v
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(7)) Check Point 8 Use the graph of each function to identify its domain and its range.

|dentify intercepts from Identifying Intercepts from a Function’s Graph

a function's graph. Figure 1.26 illustrates how we can identify intercepts from a function’s graph. To find

the x-intercepts, look for the points at which the graph crosses the x-axis. There are
i iy O three such points: (-2, 0), (3, 0), and (5, 0). Thus, the x-intercepts are —2, 3, and 5.
Jaltitstaephile3; Si it We express this in function notation by writing f(—=2) = 0, f(3) = 0, and f(5) =
o We say that —2, 3, and S are the zeros of the function. The zeros of a function f are the
x-values for which f(x) = 0. Thus, the real zeros are the x-intercepts.
To find the y-intercept, look for the point at which the graph crosses the y-axis.
This occurs at (0, 3). Thus, the y-intercept is 3. We express this in function notation by
writing f(0) = 3.
By the definition of a function, for each value of x we can have at most one
‘ 41 _ g value for y. What does this mean in terms of intercepts? A function can have more
i, ;—% : Lo than one x-intercept but at most one y-intercept.

X-intercepts are —2, 3, and 5. -

Figure 1.26 Identifying intercepts

23. xy +2y =1 24, xy — 5y =1

In Exercises 1-10, determine whether each relation is a function. 25, sl —y=2 26. x| -y =5

Give the domain and range for each relation. . .
In Exercises 27-38, evaluate each function at the given values

1 {(1,2),(3,4), (5.5)} 2. {(4,5),(6,7),(8,8)} of the independent variable and simplify.

3. {(3,4),(3,5), (4, 4), (4,5)} 27. f(x) =4x +5

4 1(5.6). (5.7).(6,6). (6. 7)) a. f(6) b f(x +1) ¢ f(-x)
5. {(3,-2),(5,-2),(7,1),(4,9)} 28, f(x) =3¢ +7

6. {(10,4),(=2,4),(~1,1),(5,6)} a £(4) b f(x + 1) & fl-x)
7. {(3,73),(=2,=2), (=1, =1), (0, 0)} 29, g(xj =x2+2x+3

8. (=7, =7, (=5,=5), (=3, 73), (0,0)} a g(—1) b. g(x +5) e g(—x)
9- {(1,4),(1,5),(1,6)} 30. g(x) = x* - 10x — 3

10 {(4.1), 5. 1), (6.1} a. g(-1) b. g(x +2) ¢ g(—x)
In Exercises 11-26, determine whether each equation defines y as 3L h(x) =2t —a?+ 1

a function of x. a. h(2) b. A(-1)

11. x + y = 16 12. x + y =125 c. h(—x) d. h(3a)

13. x2+y=16 14. X2+ y =25 R hx)=x*-x+1

15, x2 + y> = 16 16. x* + y? =25 a. h.(3) b. A(-2)

17. x = y? 18. 4x = y? c. l( d. h(3a)

19. y = Vx + 4 20. y=—-Vx +4 33 f =\/)+ +3

21 x + y> =8 2. x + y* =27 a. f( 6) b. £(10) ¢ f(x—6)
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34, F(r) = /25 — r — 6 In Exercises 55-64, use the vertical tine test to identify graphs in
vhich v i uncti X.
a F(16) b, f(=24) ¢ f(25 - 2x) which y is a function of x
56.
4x% —
35, flay = 1
X
a. f(2) b. f(=2) ¢ f(=x)
Ay Ry
407 + 1
36. f(x) = ——
X
a. f(2) b. f(-2) ¢ f(=x)
37. f(x) ﬁ
g , 57. y 58. y
a f(6) b. /(~6) e« f() k
. () = 2 T
v+ 3 N v
a. f(5) b. f(-5) e f(=9-x)
In Exercises 39-50, graph the given functions, f and g, in the same
rectangular coordinate system. Select integers for x, starting with
=2 and ending with 2. Once you have obtained your graphs, 59, 60. y
describe how the graph of g is related to the graph of f.
39. f(x) =x,g(x)=x+3
40. f(x) = x,g(x)=x — 4 v v
41. f(x) = —2x,g(x) = —2x = 1
42, f(x) = —2x,8(x) = —2x + 3
43. (x)=, (\)=,\ +1
44. f(x) = x% g(x) =
45. f(x) = \\\ glx) = |\7\ -2
46. f(x) = |xl, g(x) = |x| + 1
47, f(x) = x* g(x) =x>+2
48. f(x) = g(x)=x>—1
49. f(x) =3,g(x) =
50. f(x) = -1,g(x) =4

In Exercises 51-54, graph the given square root functions, f
and g, in the same rectangular coordinate system. Use the
integer values of x given to the right of each function to obtain
ordered pairs. Because only nonnegative numbers have square
roots that are real numbers, be sure that each graph appears
only for values of x that cause the expression under the radical
sign to be greater than or equal to zero. Once you have obtained
your graphs, describe how the graph of g is related to the
graph of f.

51 f(x) = Vx (x=0,1,4,9) and

In Exercises 65-70, use the graph
of f to find each indicated function

gx) =Vx—-1 (x=0,1,4,9) value.
52. f(x) = Vx (x=0,1,4,9) and 65. f(—2)
glx) =Vx+2 (x=0149) 66. £(2)
53. f(x) = VX (v =0,1,4,9)and 67. £(4) 5
g(x) =Vx-1 (x=125,10) 68. f(—4)
54. f(x) = Vx (x=0,1,4,9) and 69. f(—3)
g(x) = Vx+2 (x=-2,-1,2,7) 70. f(-1)
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Use the graph of g to solve Exercises 71-76. 85. y 86.
. y - & 7
71. Find g(—4). : . \5\ | |
72. Find g(2). y=gl) 47 - -
73. Find g(—10). R g : , e
74. Find g(10). - S 1 .
. ————— x .
75. For what value of x is -5-4-3-2-141 :lf 23 __3'317
glx) =17 | N i, S : :21
76. For what value of x is ol s : v 3l
Coglx) = —12 |
fn) =2
In Exercises 77-92, use the graph to determine a. the function’s
domain, b. the function’s range; ¢. the x-intercepts, if any; d. the 87. y 88. y
y-intercept, if any; and e. the missing function values, indicated by : ; ' TR T
question mmarks, below each graph. ‘;[ i ; ‘3‘ r
77. 78 Y ool 2+ y = fix)
ettt
l43-2-1;]1 1234 -4-32-1,1 123 4
— i .
: X ' T y=s TR
-4-8-2-14] _ : foidd e .
j ; ! p |
el 1 o _ : . ,
LR | S f-4)=7 f#H=" f2)=7 () ="
44 :
D=7 f@)=" 9. v
79. . ) -
9 8. ) . | Bi / |
< 44 ’/' y :j(\) T / fos 40 a
\ 31 T
-t ] B, T T T |
! : 24 .
———+ ——t—> X ———+—1 f———- ¥ Graph approaches but 3
L4B-d=lyl 1 2.3.4 4-3-2-141 123 4, never touches the x-axis, —4+ -
_2-[ b 24 '
23] . . i Lo
oo L O @)=2
f)=2 f3)=" f4)=7 f(3)="
90. y
81. oy v 82. ) y _ =N
R 7, : R Graph approaches but never .41 i
a4t y=fn) - : i y=fi] 3 touches the dashed vertical line. 51 |
34 - = 2
- X
2t foes 1 e
St S — A ) i
_1,74_,_,_,'\. 6-5-43-2-1;] 1 2 _
P2~ 442 3.4 5 - 2 On both sides, graph  _4
i Lol 1 ; ‘ ~ never touches the x-axis.
.—3-( ~4 f(2)=2
f3)=7 f(=5)="
83. y 84. ¥y 91. y 92, ¥y
277 y=fw e = ° . 2# e 2
1 K o ,r’f 1 1
f————++————> ¥ #—0—#—1—0—%»\' — > X
=3=2-1,1.1.23 45 S o e 14 O NV R S0 o ek Pt B I RS -4-3-2-1,1 12 3 4
L2 - =24 i =21 - . ° 24 o .
=3 s o - =3 : Lol
,4 44 —4 _" & Y= f(\)

fd=7? J@)=7? f5)+f(3)=1 f(5)+f4) =2
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Practice Plus
In Exercises 93-94, let f(x) = x* — x + 4 and g(x) = 3x — 5.
93. Find g(1) and f(g(1)). 94. Find g(-1) and f(g(—1)).

In Exercises 95-96, let f and g be defined by the following rable:

x| @ | e
[ =2 6 | o
-1 3 4
0 =1 1
T | - -3
2| o | -6 |

95. Find \/f(-1) — £(0) — [(2)] + f(~2) + g(2)-g(~1).
96. Find [£(1) — f(0)] = [g(1)T* + 8(1) + F(=1)-g(2).

In Exercises 97-98, find f(—x) — f(x) for the given function f.
Then simplify the expression.

97. f(x)=x+x—5 98. f(x) =x—-3x+7

Application Exercises

The Corruption Perceptions Index uses perceptions of the general
public, business people, and risk analysts to rate countries by how
likely they are to accept bribes. The ratings are on a scale from 0 to
10, where higher scores represent less corruption. The graph shows
the corruption ratings for the world’s least corrupt and most
corrupt countries. (The rating for the United States is 7.6.) Use the
graph to solve Exercises 99-100.

Top Four Least Corrupt and Most Corrupt Countries

10r 97 96.96 95
9r- - Least corrupt
8 countries
50 -
2 7+
sl
Eo6F - Most corrupt
E 5t - i e GOURETIBS
: al
3+
S 2 17 17 18 18
i 8 |
2% 2 ¥ £ % £ 8§
« [0} <
T e 3 8§ T 5 £ §
= & g 8 e B
Y A £ s
5] 23]
Z.
Country

Soutrce: Transparency International, Corruption Perceptions Index
99. Use the four least corrupt countries to solve this exercise.

a. Write a set of four ordered pairs in which countries
correspond to corruption ratings. Each ordered pair should
be in the form

(country, corruption rating).

b. Isthe relation in part (a) a function? Explain your answer.

¢. Write a set of four ordered pairs in which corruption
ratings correspond to countries. Each ordered pair should
be in the form

(corruption rating, country).
d. Is the relation in part (c) a function? Explain your answer.

100. Repeat parts (a) through (d) in Exercise 99 using the four
most corrupt countries.

The bar graph shows your chances of surviving to various ages
once you reach 60.

Chances of 60-Year-Olds Surviving
to Various Ages

90%
_ 5%
<
2 60
g 60%
=
[%2]
5 45%
8
£ 30% 24
=
© 5% -
23
80 90 100

Age

Source: National Center for Health Statistics

The functions

flx) = —29x + 286
and g(x) = 0.01x* — 4.9x + 370

model the chance, as a percent, that a 60-year-old will survive to
age x. Use this information to solve Exercises 101-102.

101. a. Find and interpret f(70).  b. Find and interpret g(70).

¢. Which function serves as a better model for the chance
of surviving to age 70?7

102. a. Find and interpret £(90).  b. Find and interpret g(90).

¢. Which function serves as a better model for the chance
of surviving to age 90?

To go, please. The graphs show that more Americans are
ordering their food to go, instead of dining inside restaurants.
A quadratic function models the average number of meals per
person that Americans ordered for takeout and a linear
function models the average number of meals ordered for
eating in restaurants. In each model, x represents the number of
years after 1984. Use the graphs and the displayed equations to
solve Exercises 103-104.

Models for Average Number of
Meals per Person Americans Oxdered

¥y from 1984 through 2005
Takeout
W01 g = —o.a2sx? 4 5.25x 472 »
120 b e e s ',jf»év—’ -
100f

In restaurants
Rx) =-0.6x + 94

[+
<
T

Average Number of
Meals per Person

BN
(o]
T

A

iiiii;iiLi||i|ii|i||ii x
0 2 4 6 8 10 12 14 16 18 20 22
Number of Years after 1984

Source: NPD Group



(In Exercises 103-104, refer to the graphs and their equations at
the bottom of the previous page.)

103. a. Use the equation for function 7 to find and interpret
T(20). How is this shown on the graph of 7?7

b. Use the equation for function R to find and interpret
R(0). How is this shown on the graph of R?

¢. According to the graphs, in which year did the average
number of takeout orders approximately equal the
average number of in-restaurant orders? Use the
equations for 7 and R to find the average number of
meals per person for each kind of order in that year.

104. a. Use the equation for function T to find and interpret
T(18). How is this shown on the graph of T'?

b. Use the equation for function R to find and interpret
R(20). How is this shown on the graph of R?

In Exercises 105-108, you will be developing functions that model
given conditions.

105. A company that manufactures bicycles has a fixed cost of
$100,000. It costs $100 to produce each bicycle. The total
cost for the company is the sum of its fixed cost and variable
costs. Write the total cost, C, as a function of the number of
bicycles produced, x. Then find and interpret C(90).

106. A car was purchased for $22,500. The value of the car
decreased by $3200 per year for the first six years. Write a
function that describes the value of the car, V, after x years,
where 0 = x = 6. Then find and interpret V (3).

107. You commute to work a distance of 40 miles and return on
the same route at the end of the day. Your average rate on
the return trip is 30 miles per hour faster than your average
rate on the outgoing trip. Write the total time, T, in hours,
devoted to your outgoing and return trips as a function of
your rate on the outgoing trip, x. Then find and interpret
T(30). Hint:

Distance traveled

Rate of travel

108. A chemist working on a flu vaccine needs to mix a 10%
sodium-iodine solution with a 60% sodium-iodine solution
to obtain a 50-milliliter mixture. Write the amount of sodium
iodine in the mixture, S, in milliliters, as a function of the
number of milliliters of the 10% solution used, x. Then find
and interpret S(30).

Time traveled =

Writing in Mathematics

109. What is a relation? Describe what is meant by its domain
and its range.

110. Explain how to determine whether a relation is a function.
What is a function?

111. How do you determine if an equation in x and y defines y
as a function of x?

112. Does f(x) mean f times x when referring to a function f?
If not, what does f(x) mean? Provide an example with your
explanation.

113. What is the graph of a function?

114. Explain how the vertical line test is used to determine
whether a graph represents a function.

115. Explain how to identify the domain and range of a function
from its graph.

116. For people filing a single return, federal income tax is a
function of adjusted gross income because for each value of
adjusted gross income there is a specific tax to be paid. By
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contrast, the price of a house is not a function of the lot size

on which the house sits because houses on same-sized lots

can sell for many different prices.

a. Describe an everyday situation between variables that
is a function.

b. Describe an everyday situation between variables that
is not a function.

Technology Exercise

117. Use a graphing utility to verify any five pairs of graphs that
you drew by hand in Exercises 39-54.

Critical Thinking Exercises

Make Sense? In Exercises 118-121, determine whether each
statement makes sense or does not make sense, and explain your
reasoning.

118. My body temperature is a function of the time of day.

119. Using f(x) = 3x + 2, I found f(50) by applying the
distributive property to (3x + 2)50.

120. T graphed a function showing how paid vacation days
depend on the number of years a person works for a
company. The domain was the number of paid vacation
days.

121. 1 graphed a function showing how the average number of
annual physician visits depends on a person’s age. The
domain was the average number of annual physician visits.

Use the graph of f to determine whether each stateinent in Exercises
122-125is true or false.

SN
- Graph of f

T
122. The domain of fis [—4, —1) U (-1,4].
123. The range of f is [-2,2].
124. f(-1) — f(4) =2
125. £(0) = 2.1
126. 1¢ f(x) = 3x + 7, find WLZI_M

127. Give an example of a relation with the following
characteristics: The relation is a function containing two
ordered pairs. Reversing the components in each ordered
pair results in a relation that is not a function.

128. If f(x + y) = f(x) + f(y) and f(1) = 3, find f(2), f(3),
and f(4).Is f(x + y) = f(x) + f(y) for all functions?

Preview Exercises

Exercises 129-131 will help you prepare for the material covered

in the next section.

129. The function C(¢) = 20 + 0.40 (+ — 60) describes the
monthly cost, C(t), in dollars, for a cellular phone plan for
t calling minutes, where ¢ > 60. Find and interpret C(100).

130. Use point plotting to graph f(x) = x + 2ifx = 1.

131 Simplify: 2(x + )’ + 3(x + h) + 5 — (262 + 3x + 5).



1.3 More on Functions & Their Graphs
Def: A function is

1. increasing on an open interval J, if f(x;) < f(x,) whenever x; < x, for any x; and x, in the interval.

A

Jtxz)
S

v

As you move along the x—axis from left to
the right, the function goes in an upward
direction

2. decreasing on an open interval /, if f(x;) > f(x;) whenever x; < x, for any x; and x, in the interval.

\
Jtx)

X1
Jx2) 1

As you move along the x—axis from left to
the right, the function goes in a
downward direction

3. constant on an open interval /, if f(x;) = f(x;) whenever x; < x, for any x; and x, in the interval.

y
A

Stxy) and f{x2)

X2

v

As you move along the x—axis from left to
the right, the function does not rise or fall
(it is horizontal)

Ex. Using the graph, state the intervals in which the function is increasing, decreasing or constant

1.

Inc: 0<x<2

Dec: x <Qorx>2
Constant: never

One interval gets the equality, the other does not

2.

O

Inc: x>0

Dec: never
Constant: x < 0



Relative Extrema: (Relative Maximums and Minimums) Relative Max
1. A function has a relative maximum at x=c if the function ‘ /
changes from an increasing function to a decreasing

function at x = c.

e Forallxaroundc, f(x) < f{c)

2. A function has a relative minimum at x=c if the function \

changes from a decreasing function to an increasing
functionat x =c. 3

e Forallxaroundc, f{x) > f{c) /r

Relative Min

Def: Afunctiony = f(x) is
1. aneven function if f(—x) = f(x) for all x in the domain of f.
e This means if you plug in - x in for x and simplify, you get the original function f(x)
e Even functions are symmetric about the y-axis (y-axis divides the function into mirror images)

\;\

e

T

2. an odd function if f(—x) = —f(x) for all x in the domain of f.

e This mean if you plug in — x in for x and simplify, you get the original function f(x) with all the
signs changed.

e 0Odd functions are symmetric about the origin (it looks the same upside down as right side up)

The arrow is a reference to ]
show there the original top of / N\ / N\
; / [ \ /
the graph is. \ f / / \ :II \ /l
[ ] / ‘
/ / \
/ \ /. / !I \ II \ /
\/ \/
Ex. Determine whether each of the following functions is even, odd, or neither.
1. f(x)=x-6x 2. f(x)=3x"+2x" 3. f(x)=x>-1
f(=x) = (=x)* — 6(—x) f(=x) = 3(=x)* + 2(—x)? B
F(-2) = —x° + 6x F(=2) = 3x* 4 262 = £ () =00 1
f(=x) = —(x3 = 6x) = —f(x) fex)=x*=1=f(x)
ODD EVEN
4. f(x)=x’+3x"° 5. f(x)=-x" EVEN
(=) = (=0)® +3(=0)? Not even f(=x) = =(—x)?
f(=x)=—=x*=3x* #f(X) Notodd f(=x) = —x* = f(x)
f(=x) = =(x* +3x%) #—f(x)
NEITHER EVEN

Homework: Pg. 172-174 #1-330dd, 34-36




I refer to these numbers as PIVOTS (A personal term)
It’s where the function pivots to the next one

1.3b More on Functions & Their Graphs
Def: A function that is defined by two or mdre equations over a specified domain is called a piecewise function.

Ex. For x < 1, you use the first expression, for
{xz -1, x <1 / all other values of x, use the 2" expression
y =

2x-2,  x>1 (2x-2)

What is the value of y when x=0, 1, and 2?

f(0)=(0)2—1= —1 Use the top piece because 0 < 1
f(1)=2(1)—2=2-2=0 Use the bottom piece because 1 = 1
f(2)=22)—-2=4-2=2 Againuse the bottom piece because 2 > 1

Ex. Your cellular phone plan has a cost function shown below.
200<t<60
c® = {20 +(0.40(t — 60)), £ > 60
(a) Explain the meaning of the function above.
(b) Find and interpret each of the following:
1. C(30)
2. C(100)

(a) For the first 60 units (maybe hours), the cost is a flat rate of $20. For each unit over 60 (from the ¢ — 60), the cost is
the flat 20 plus 40 cents per unit

(b) (1)C(30) =20
(2) €(100) = 20 + 0.4(100 — 60) = 20 + 0.4(40) = 20 + 16 = 36

4k
Graphing a Piecewise :
Ex. On the set of axes to the right, graph the function below
x+2, x<1
fx) =
5—x, x>1
y=x—-2 y=5—-x
Line Line
Slope: m = 1 Slope: m = -1
yint: b =2 y-int: b=5
X x+2 y X 5 _x y
-3 —3+2 -1 1 5-1 4
-2 —2+2 0 2 5-2 3
-1 —1+2 ! 3 S-3 2 Make a table for each “piece” of the function.
0 0+2 2 4 5-4 1 .
Be sure you use solid or open dots correctly.
1 1+2 3 5 5-5 0




Ex. Graph the piecewise function on the axes to the right. 1

@) 3, x<-1
xX)=
x=2, x>-1
y=3 y=x—2 < @

Horizontal Line X x—2 Y >
-1 —1-2 -3
0 0-2 -2
1 1-2 —1
2 2-2 0
3 3-2 |

Def: The Difference Quotient of a function is defined by

f(x+h2—f(x) , provided h 20

Ex. For each of the following, find the difference quotient.

L f(x)=2x"-x+3 2. f(x)=-2x>+4x+5
+h) - -
pg - LN =/ g -LEEN /)
DQ_2(x+h)2—(x+h)+3—(2x2—x+3) DQ_—2(x+h)2+4(x+h)+5—(—2x2+4x+5)
B h N h
2x%+4xh+2h? —x—h+3—-2x*+x-3 —2x% —4xh —2h? + 4x +4h + 5+ 2x* —4x — 5
DQ = DQ =
h h
_ 4xh + 2h?> — h —4xh — 2h? + 4h
- h e = h
h(4x +2h —1 h(—4x —2h + 4
=¥=4x+2h—1 pg =X xh ) 4x—2n+4

Homework: Pg. 172-176 #18-28even, 37, 41, 42, 47,51, 53, 57, 64, 83-890dd
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Solution
a. We find f(x + h) by replacing x with x + & each time that x appears in the
equation.
flx) =2x* - X + 3
Replace v Replace x Replace x Copy the 3. There is
with x + /1. with x + /1. with.v + A, no X in this term.

flx + h)y=2(x+ h)*— (x+ h) + 3
=2(x*+2xh+h)—x—h + 3
=2’ +dxh +2R* —x—h + 3

b. Using our result from part (a), we obtain the following:

This is f{x -+ /)
from part {a).

This is flx) from
the given squation.

Flx+h) = flx) (28 +4xh+ 20 — x —h +3] = (24 — x +3)
h B h

_2x2+4,\:h+2172—x—/7.+3 -2x*+x -3

h each term in the parentheses.

(2 =2x) + (—x +x)+ (3—3) +4xh + 21> — h
h

Group like terms,

Simplify.

dxh + 2h* — 1h
= h - We wrote —/1 as —1/ to avoid possible
errors in the nexi factoring step,

h(4x + 2h — 1)
h

=d4x +2h — 1

numerator and denominator.

(D) Check Point 5 1f f(x) = —2x? + x + 5, find and simplify each expression:

fe+h) = fx)

Factor h from the numerator.

Divide out identical factors of h in the

Remove parentheses and change the sign of

a. f(x + h) h # 0.
h
1S€
In Exercises 1-12, use the graph to detérmine
a. intervals on which the function is increasing, if any.
b. intervals on which the function is decreasing, if any. ~
c. intervals on which the function is constant, if any.
1, ¥ 2, ¥y 3- )’ ) — 4. ¥
Sh g ' 4 ; 41
3t 31 31
2t 24 5 _ ke
1 1JK — - :
——— X X ——t————t—t—t—>X SRS 4 t ——
___/!,_2 3 4 3-2-14] 12345 3-2-131 12345
7 ol 2]
3F -3+ -3+
4 -4 ]
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S y 6 14. y
Q\\S-- ; e
Y T
3t 31
o4 \ - ! > S
L ForitN > X o d :
T N, 4-i4 s::e/:‘:}éz.r
32-14]1 123 c\ S-43-7-1;1 123,45
157,91 I - . =,
Ligd =l
44
54
7 y 8. y
4
44 j 0 / .
3’[ o ; ' 13. (f(x) =2l + 3% -1+ l;
1 1 \ ]
bt > X et T s |
432-1;] 1234 4-32-1;] 1234 £ |
el ’ =2 ! " !
~ _i _i . !ll k H-"l
s IIl R
9 ¥ 10. y !
St [-4,4,1] by [-15, 25, 5]
5l .
16. fix) =2x3 - 1527 + 24x + 19 |
——+— > X . 1/ J
~4-3-2:1 3 4 . — ]
s
Y I
J 1
T j ", Il,l
+ l|| .'l""'-.h .e"..I
I .
1L 5 12 y I,'
41 T | i -2,6,1] by [-15,35,5
T o [-2,6,1] by [ ]
24 / — . 2
/ o . .
17 J/ \.} (i In Exercises 17-28, determine whether each function is even, odd,
— A ———+> X ———t—+ ——+> ¥ o
3-2-1) 12345 —5—4—3—2,—1_1__\\23 or neither.
;] 2 s 17. f(x) = x>+ x 18. f(x) =x% — x
34 I =34
a4l L | C ol 19, g(x) = x* + x 20, g(x) = x% — x
21 h(x) = x* — x* 22, h(x) = 2x% + x*
In Exerci;es 13-16, the graph Qfa function f is given. Use the 23. f(x) = ¥ =+ 24, f(x) =222 + 3t + 1
graph to find each of the following:
N _ 1.6 2 N = 9,3 5
a. The numbers, if any, at which f has a relative maximum. 25. f(x) =527 — 3x 26. f(x) = 2x" = 6x
What are these relative maxima? 27. f(x) = xV1 - 22 28, f(x) = ’\.2\/1 _ 2
b. The numbers, if any, at which f has a relative minimum. ’
What are these relative minima? In Exercises 29-32, use possible symmetry to determine whether
13. ¥ each graph is the graph of an even function, an odd function, or a
function that is neither even nor odd.
29. Y
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30. e

T T
4t \i.) o
3 N 5

T e .
ol \.w(f,l)

‘.;2».'
5.

33. Use the graph of f to determine each of the following. Where

applicable, use interval notation.

i ;.5_‘
: v3~ .
E :'2" [’
1t
S W x
—S5-4-3-9-1. | 1\2 345 6/7
21\ .j .
31 \ / .
w41 Nyl
sl 0

the domain of f

o

the range of f

the x-intercepts

& o

the y-intercept
intervals on which f is increasing
intervals on which f is decreasing

intervals on which f is constant

. om0

the number at which f has a relative minimum

the relative minimum of f

f(=3)

the values of x for which f(x) = =2

o

1. Is f even, odd, or neither?

34. Use the graph of f to determine each of the following. Where

35.

applicable, use interval notation.

the domain of f

T o

the range of f

the x-intercepts

the y-intercept

intervals on which f is increasing
intervals on which f is decreasing

values of x for which f(x) = 0

5o om o & 6

the relative maxima of f

£(-2)

the values of x for which f(x) = 0
. Is f even, odd, or neither?

Foe

Use the graph of f to determine each of the following. Where

applicable, use interval notation.

the numbers at which f has a relative maximum

the domain of f
the range of f
the zeros of f
£(0)

intervals on which f is increasing

-0 20 T

. . v .
intervals on which f is decreasing
values of x for which f(x) =0

= o

b

occur
i. the value of x for which f(x) = 4
jo Is f(—1) positive or negative?

\

any relative maxima and the numbers at which they/



36. Use the graph of f to determine each of the following. Where
applicable, use interval notation.

-2-: =i |

i L/xw'qmmT:\\; =
44321111 2.3 5

the domain of f

the range of f

the zeros of f

£(0)

intervals on which f is increasing

intervals on which f is decreasing -

®” - e TR

intervals on which f is constant
h., values of x for which f(x) > 0
i. values of x for which f(x) = -2
Is f(4) positive or negative?

Is f even, odd, or neither?

- F

Is f(2) a relative maximum?

In Exercises 37-42, evaluate each piecewise function at the given
values of the independent variable.

3x+5 if x<0
37‘f(/\)_{4x+7 if x=0

a f(-2) b f(0) e f(3)

6x -1 if x<O0.
38‘f(x)_{7x+3 it x=0

a £(-3) b £(0) “ I
x+3 it x=-3
39. g(x?,; {M(x +3) if x< -3
a. g(0) b. g(—6) ¢ g(=3)
x+5 it x=-5
40. g(x) = {—(x +5) if x<-5
a g(0) R g(—6) ¢ g(—5)
¥ - .
41 A(x) = ¢ x — 3 LA
6 if x=3
a. h(s) b. h(0) e. h(3)
x> =25
2. hx) = - if x#5

a. h(7) b. h(0) ¢ h(5)
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In Exercises 43-54, the domain of each piecewise function is
(-0, ).

a. Graph each function.

b. Use your graph to determine the function’s range.

43. f(x) = {ki i: t :8
4. f(x) =
45. f(x) =
46. f(x) =

47. f(x) =

48. f(x) =

._.
=4
=
A
|
—

A~
SN
-
A
I
—

50. f(x) =

51 f(x) =

52. f(x) =
53. f(x) =
54. f(x) =< —x if —é

In Exercises 55-76, find and simplify the difference quotient
flx + h) — f(x)

—————h#0
for the given function.

55. f(x) = 4x 56. f(x) = 7x

57. f(x) =3x +7 58. f(x) =6x+1

59. f(x) = x? 60. f(x) = 2x?

6L f(x)=x*—4x+3 62. f(x)=x>—5x+8
63 f(x)=2x"+x -1 64. f(x)=3x>+x+5
65. f(x) = —x*+2x+4 66. f(x)=-x>—-3x+1
67. f(x) = —2x>+5x+7 68. f(x)=-3x>+2x—1
69. f(x) = —2x*~x+3 70, f(x)=-3x*+x—1
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71. f(x) =6 72. f(x)=7
73. f(x) :% 74, f(x) = %
75. f(x) = Vax 76. f(x) = V-1

Practice Plus
In Exercises 77-78, let f be defined by the following graph:
..:.5__

4 4“

o igd

e R

:.. . .‘.,‘,_ .1_... .

-5-43-2-1;{ 1 2 3.4 2
s c.-:-"w i
.-_BJ- L —)
44 i)

51

77. Find
\/F(=15) + £(=09) = [f(m)P + F(=3) + F(1)- f(~m).

78. Find
F(=25) = f(1.9) = [f(—m) P + f(=3) = f(1) - f(m).

A cellular phone company offers the following plans. Also given
are the piecewise functions that model these plans. Use this
information to solve Exercises 79-80.

Plan A
» $30 per month buys 120 minutes.
* Additional time costs $0.30 per minute,

Cle) = 30 if 0=¢=120
|30 + 030(¢ — 120) if > 120
Plan B
» $40 per month buys 200 minutes.
* Additional time costs $0.30 per minute.
(1) = 40 it 0=1r=200
40 + 0.30(r — 200) if ¢ > 200

79. Simplify the algebraic expression in the second line of the
piecewise function for plan A. Then use point-plotting to
graph the function.

80. Simplify the algebraic expression in the second line of the
piecewise function for plan B. Then use point-plotting to
graph the function.

In Exercises 81-82, write a piecewise function that models each

cellular phone billing plan. Then graph the function.

81. $50 per month buys 400 minutes. Additional time costs
$0.30 per minute.

82. $60 per month buys 450 minutes. Additional time costs
$0.35 per minute.

Application Exercises

With aging, body fat increases and muscle mass declines. The
line graphs show the percent body fat in adult women and
men as they age from 25 to 75 years. Use the graphs to solve
Exercises 83-90.

Percent Body Fat in Adults

40
36 Lrmtee
] L
[Sw
S~ 32_ o
g -
=}
e 28+ e
=] — . o) T o
§ 24 e - ¥ °
r_‘{-_(’ Lo . Men
20
:Av | 1 1 | ‘4|. |
25 35 45 55 65 75

Age

Source: Thompson et al., The Science of
Nutrition, Benjamin Cummings, 2008

83. State the intervals on which the graph giving the percent
body fat in women is increasing and decreasing.

84. State the intervals on which the graph giving the percent
body fat in men is increasing and decreasing.

85. For what age does the percent body fat in women reach a
maximum? What is the percent body fat for that age?

86. At what age does the percent body fat in men reach a
maximum? What is the percent body fat for that age?

87. Use interval notation to give the domain and the range for
the graph of the function for women.

88. Use interval notation to give the domain and the range for
the graph of the function for men.

89. The function p(x) = —0.002x2 + 0.15x + 22.86 models
percent body fat, p(x), where x is the number of years a
person’s age exceeds 25, Use the graphs to determine whether
this model describes percent body fat in women or in men.

90. The function p(x) = —0.004x> + 0.25x + 33.64 models
percent body fat, p(x), where x is the number of years a
person’s age exceeds 25. Use the graphs to determine
whether this model describes percent body fat in women or
in men.

Here is the 2007 Federal Tax Rate Schedule X that specifies the tax
owed by a single taxpayer.

If Your

Taxable But The Tax Of the
Income Not You Amount
Is Over Over Owe Is Over

$ 0% 785 10% | $ 0
$ 7825 ‘ $ 31850 | $ 78250 + 15% | § 7825
$ 31,850 | $ 77,100 | § 438625 +25% | $ 31,850
$ 77,100 | $160,850 | $ 15,698.75 + 28% | $ 77,100

$160,850 | $349,700
$349,700 -

$ 39,148.75 + 33% | $160,850
$101,469.25 + 35% | $349,700




The tax table on the previous page can be modeled by a piecewise
function, where x represents the taxable income of a single
taxpayer and T (x) is the tax owed:

0.10x if
782.50 + 0.15(x — 7825)  if
4386.25 + 0.25(x — 31,850) if

0<x=7825
7825 < x = 31,850
31,850 < x = 77,100

T} =9 1560875 + 028(x — 77,100) if 77,100 < x = 160,850
I it 160,850 < x = 349,700
? it x > 349,700,

Use this information to solve Exercises 91-94.
91. Find and interpret 7(20,000).
92. Find and interpret 7°(50,000).

In Exercises 93-94, refer to the tax table on the previous page.

93. Find the algebraic expression for the missing piece of T'(x)
that models tax owed for the domain (160,850, 349,700].

94. Find the algebraic expression for the missing piece of T(x)
that models tax owed for the domain (349,700, c0).

The figure shows the cost of mailing a first-class letter, f(x), as a
function of its weight, x, in ounces, for weights not exceeding
3.5 ounces. Use the graph to solve Exercises 95-98.

)7

0.93 1 5
076 - . o
0.59 | -

0.42¢————0

Cost (dollars)

Weight (ounces)
Source: Lynn E. Baring, Postmaster, Inverness, CA
95. Find f(3). What does this mean in terms of the variables in
this situation?

96. Find f(3.5). What does this mean in terms of the variables
in this situation?

97. What is the cost of mailing a letter that weighs 1.5 ounces?
98. What is the cost of mailing a letter that weighs 1.8 ounces?

99, If 3.5 < x = 4, the cost of mailing a first-class letter jumps
to $1.34, The cost then increases by $0.17 per ounce for
weights not exceeding 13 ounces:

Weight Not Exceeding | Cost
$1.51
1 $1.68

5 ounces

6 ounces

etc.

Use this information to extend the graph shown above so
that the function’s domain is (0, 13].

Writing in Mathematics

100. What does it mean if a function f is increasing on an
interval?

101. Suppose that a function f whose graph contains no breaks
or gaps on (a,c¢) is increasing on (a, b), decreasing on
(b, c), and defined at b. Describe what occurs at x = b.
What does the function value f(b) represent?
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102. If you are given a function’s equation, how do you
determine if the function is even, odd, or neither?

103. If you are given a function’s graph, how do you determine if
the function is even, odd, or neither?

104. What is a piecewise function?

105. Explain how to find the difference quotient of a function f,
flx+h) = fx)

7 , if an equation for f is given.

"E“:ﬂt‘u"ﬁﬁtcﬁ‘:i(:‘gj;f‘ Exercises
106. The function
F(x) = —0.00002x> + 0.008x% — 0.3x + 6.95

models the number of annual physician visits, f(x), by
a person of age x. Graph the function in a [0, 100, 5] by
[0, 40, 2] viewing rectangle. What does the shape of the
graph indicate about the relationship between one’s
age and the number of annual physician visits? Use the
TABLE| or minimum function capability to find the
coordinates of the minimum point on the graph of
the function. What does this mean?

In Exercises 107-112, use a graphing utility to graph each function.
Use a [—5,5,1] by [—5,5,1] viewing rectangle. Then find the
intervals on which the function Is increasing, decreasing, or constant.

108, f(x) = x> — 6x2 4+ 9x + 1
108. g(x) = |4 — x?|

109. A(x) = |x — 2| + [x + 2|
1

110. f(x) = x*(x — 4)

111 g(x) = x

112, h(x) =2 — x5

113. a. Graph the functions f(x} = x"forn = 2,4, and 6 in a

[—2,2,1] by [—1, 3, 1] viewing rectangle.

b. Graph the functions f(x) = x"forn = 1,3,and 5in a
[—2,2,1] by [—2,2, 1] viewing rectangle.

c¢. If n is positive and even, where is the graph of
f(x) = x"increasing and where is it decreasing?

d. If n is positive and odd, what can you conclude about
the graph of f(x) = x" in terms of increasing or
decreasing behavior?

e. Graph all six functions in a [—1,3,1] by [-1,3,1]
viewing rectangle. What do you observe about the
graphs in terms of how flat or how steep they are?

Critical Thinking Exercises
g

Make Sense? In Exercises 114-117, determine whether each

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

reasoning.

114. My graph is decreasing on (—00,a) and increasing on
(a, ), so f(a) must be a relative maximum.



178 Chapter 1 Functions and Graphs

115. This work by artist Scott Kim (1955- ) has the same kind of
symmetry as an even function.

9

“DYSLEXIA,” 1981

116. I graphed

2 if x#4
f(x)_{s it x=4
and one piece of my graph is a single point.

117. 1 noticed that the difference quotient is always zero if
f(x) = ¢, where ¢ is any constant.

118. Sketch the graph of f using the following properties. (More
than one correct graph is possible.) f is a piecewise function
that is decreasing on (—00,2), f(2) = 0, f is increasing on
(2, ©0), and the range of f is [0, ©0).

119. Define a piecewise function on the intervals (—00, 2], (2,5),
and [5,00) that does not “jump” at 2 or 5 such that one

piece is a constant function, another piece is an increasing
function, and the third piece is a decreasing function.

x
120. Suppose that h(x) = % The function f can be even,

odd, or neither. The same is true for the function g.
a. Under what conditions is # definitely an even function?
b. Under what conditions is & definitely an odd function?

Calculate a line’s slope.

Write the point-slope form
of the equation of a line.
Write and graph the slope-
intercept form of the equation
of a line,

. Graph horizontal or vertical lines.

Recognize and use the general
form of a line’s equation.

Use intercepts to graph the
general form of a line’s
equation,

Model data with linear functions
and make predictions.

Group Exercise

121. (For assistance with this exercise, refer to the discussion of
piecewise functions beginning on page 169, as well as to Exer-
cises 79~-80.) Group members who have cellular phone
plans should describe the total monthly cost of the plan as

follows:
$ per month buys minutes. Additional
time costs $ per minute.

(For simplicity, ignore other charges.) The group should
seleet any three plans, from “basic” to “premier.” For each
plan selected, write a piecewise function that describes
the plan and graph the function. Graph the three
functions in the same rectangular coordinate system. Now
examine the graphs. For any given number of calling
minutes, the best plan is the one whose graph is lowest at
that point. Compare the three calling plans. Is one plan
always a better deal than the other two? If not, determine
the interval of calling minutes for which each plan is the
best deal. (You can check out cellular phone plans by
visiting www.point.com.)

Preview Exercises

Exercises 122-124 will help you prepare for the material covered
in the next section.

Linear Functions and Slope

122. Tf (x1, 1) = (=3, 1) and (x5, y5) = (2, 4), find %
27X
123. Find the ordered pairs ( ,0) and (0, ) satisfying
4x — 3y —6=0.
124. Solve for y:3x + 2y — 4 = Q.
s there a relationship

between literacy and child
mortality? As the percentage
of adult females who are
literate increases, does the
mortality of children under
five decrease? Figure 1.35 on
the next page indicates
that this is, indeed, the

case. Each point in
\ the figure represents

one country.

N
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Def: The slope of a line through distinct points (x,,y,) and (x,,y,) is
Ay  changein - " rise "
2 & - Y _Y27h this is also referred to as — ¢
Ax changeinx x,—x,

provided that x, # x, If the x coordinates are the same, the line has NO SLOPE and is vertical

ex. Find the slope of the line passing through each of the given points.
1. (-3,-1)and(-2,4) 2. (-3,4)and (2, -2)
y2—y1 _ 4—-(-1) 5 Y=y —2-4 —6_ 6

m = = —_—5 = = = =
-1 —2-(-3) 1 M= —x 2-(=3) 5 5

3. (-3,4) and (-4, -2) 4. (4,-2)and (-1,5)
mzyz_y1: —2-4 =_—6=6 m_)’z‘)’l_S_(_z)_l__z
x,—x, —4—(=3) -1 - -5 5

xz_xl_ _1_4 _5

Equations of Lines: There are several different forms of equations for lines.
1. Point-Slope Form: For a non-vertical line, whose slope is m and passes through a point (x,, y,)

Note the signs of the point are opposite in the eq.

y=y,=m(x-x))
Ex. Write an equation of the line, in Point-Slope Form,
1. with slope 4 and passes through (-1,3) 2. with slope -2 and passes through (4,-1)

y—3=4(x+1) y+1=-2(x—-4)

3. passing through points (3,2) and (-1, 10) Plug the slope and one of the points
Find the slope: . oy
yy—y: 10—3 7 - (and it does not ma7tter which pt.)
m = = = —_— ——
X, —x; 1-3 =2 2 y—2=—§(x—3)

7
y—lOz—E(x+1)

**% ALWAYS USE THIS FORM IF YOU HAVE THE SLOPE AND A POINT ***

2. Slope-Intercept Form: For a non-vertical line with slope m and y-intercept b

y=mx+b
Ex. Write the equation of the line, in Slope-Intercept form,
1. slope 6 and y-intercept 3 2. slope -3 and y-intercept -1

Does not matter

y=-3x-1 which point you

y=6x+3

3. slope -2 and passes through (1,4) 4. Passes through (1,1) and (4, -2}

y—4=-2(x-1) m—g y—1F-1(x-1)
y—4=-2x+2 © Ax y—1=—x+1
— -2-1 3 —
y=-2x+6 m = __2 y=—-x+2
4-1 3



To graph a line using the Slope and y-intercept:

1. Plot the y-intercept on the y-axis.

2. Using the slope, in fraction form, move right the bottom number of places, and up/down the top
number of places (up — positive, down — negative). Plot this point

3. Using a straight edge, draw the line through both these points.

Ex. On the set of axes graph the line whose equation is

L y=3x-1 2. y=—3x+2
4 4
m=2=7
b=-1
|_| >
3
mE=Ty
b=2
r
\//
3. y=3x 4. y=-2x+5
4
3
_2 2
m_z rn:—Z:—I

Homework: Pg. 188-189 #1-170,25-470, 59, 60



1.4b Linear Functions & Slope
First two.: Point-Slope and Slope-Intercept
Equations of Lines: There are several different forms of equations for lines. (con’t from yesterday)
3. Equation of a Horizontal Line: All horizontal line are of the form y = k, where k is any real number
Ex. y=4 y=-2 y=0 < thisis the x-axis

No x in the equation

4. Equation of a Vertical Line: All vertical line are of the form x = k, where k is any real number
Ex. x=8 x=-5 x=0 <€ thisisthe y-axis
No y in the equation
5. General Form of a Line: Every line has an equation that can be written in the general form:
Ax+By+C=0

A, B, and C are integers (NOT FRACTIONS)

Ex. 3x+2y—-6=0 —2x+5y—-1=0 2x+0y—-8=0

Ex. Consider the line whose General Equationis 3x — 2y — 6 = 0.
(a) Find the slope
(b) Find the y-intercept
(c) Graph on the set of axes to the right.
3x—2y—6=0

2y=3x—6
y=5%"
(a) Slope m = ;
(b) y-int: b=-3

e Another way to graph a line is to use the Interceptsto Ax + By + C =0

A sneaky way is to
e Graph the x-intercept: Sety =0, solve for x and plot on the x-axis  simply remove the

e Graph the y-intercept: Set x =0, solve for y and plot on the y-axis opposite term of the

e Draw a line through the two intercepts using a straight edge. "1le'ﬂ€ep[y0Ll are
looking for and solve

4

Ex. Using intercepts, graph the line whose equation is
3x—-2y—12=0

3x—-2y—12=0

x—int: 3x—12=0 x =4
y—int: —2y—-12=0 y=-6

\ 4




Ex On the set of axes, graph using intercepts.

1.4x—-3y—-6=0 2.3x+2y+6=0
4x—-3y—-6=0 3x+2y+6=0

; 4 6=0 _6_3 x—int: 3x+6=0 x = =2
x—int: 4x—6 = =272 y—int:2y+6=0 y=-3

y—int: —3y—6=0 y=-2

\ 4

Homework: Pg. 188-189 #61-72, 79, 80, 83
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The slope, approximately 0.02, indicates that for each increase of one part
per million in carbon dioxide concentration, the average global temperature
is increasing by approximately 0.02°F.

Now we write the line’s equation in slope-intercept form.

y—y = m.(x — xl) Begin with the point-slope form.
y - 57.06 = 0.0Z(X - 326) Either ordered palr, (326, 57.06 ) or
(377,58.11), can be (%, y;).
Let (X, v) (328, 57.06).
From above, m = 0.02.

y — 57.06 = 0.02x — 6.52

Apply the dis tributive property:
0.02 (326)

6.52.

y = 0.02x + 50.54

Add 57.06 to both sides and solve for y.

You can use a graphing utility to
obtain a model for a scatter plot in

A linear function that models average global temperature, f(x), for an
atmospheric carbon dioxide concentration of x parts per million is

which the data points fall on or near

a straight line. After entering the
in Figure 1.45(a) on
previous page, a graphing utility b.
displays a scatter plot of the data and

the regression line, that is, the line

that best fits the data.

data

f(x) = 0.02x + 50.54.
the
If carbon dioxide concentration doubles from its preindustrial level of 280 parts

per million, which many experts deem very likely, the concentration will reach
280 X 2, or 560 parts per million. We use the linear function to predict average
global temperature at this concentration.

f(\) = 0.02x + 50.54 Use the function from part (a).
___.,-':'. f(.‘_\(\l}) = 0.02(560) + 50.54 Substitute 560 for x,
w o = 11.2 + 50.54 = 61.74

Our model projects an average global temperature of 61.74°F for a carbon
dioxide concentration of 560 parts per million. Compared to the average global

Also displayed is the regression line’s

[310, 380, 10] by [56.8, 58.4,0.2]

temperature of 58.11° for 2005 shown in Figure 1.45¢a) on the previous page,
this is an increase of

61.74°F — 58.11°F = 3.63°F.

equation.

LinReg This is consistent with a rise between 2°F and 5°F as predicted by the
9=ax+h Intergovernmental Panel on Climate Change. @
3=, 5166525722

=51.699534877

() Check Point 9 Use the data points (317,57.04) and (354, 57.64), shown, but not
labeled, in Figure 1.45(b) on the previous page to obtain a linear function that
models average global temperature, f(x), for an atmospheric carbon dioxide

concentration of x parts per million. Round m to three decimal places and b to

one decimal place. Then use the function to project average global temperature at
a concentration of 600 parts per million.

In Exercises 11-38, use the given conditions to write an equation
for each line in point-slope form and slope-intercept form.

In Exercises 1-10, find the slope of the line passing through each

pair of points or state that the slope is undefined. Then indicale
whether

vertical.

11. Slope = 2, passing through (3, 5)
12. Slope = 4, passing through (1, 3)
13. Slope = 6, passing through (-2, 5)

the line through the points rises, falls, is horizontal, or is

1. (4,7) and (8,10)

N=BEES N7 | B

2. (2,1) and (3,4)

14.

Slope = 8, passing through (4, —1)

. (=2,1) and (2,2) 4. (—1,3) and (2,4) 15. Slope = —3, passing through (-2, —3)
. (4,—2) and (3, —2) 6. (4,—1)and (3,-1) 16. Slope = —5, passing through (—4, —2)
. (—2,4)and (-1, 1) 8. (6,—4) and (4, -2) 17. Slope = —4, passing through (—4, 0)
. (5,3) and (5, -2) 10. (3, —4) and (3,5) 18. Slope = —2, passing through (0, —3)



19. Slope

= —1, passing through (—%, —2)

20. Slope = —1, passing through (—4, —41)

21. Slope = 3,
22. Slope =}
23. Slope =
24. Slope =

passing through the origin
, passing through the origin
~%, passing through (6, —2)
—%, passing through (10, —4)

25, Passing through (1,2) and (5, 10)
26. Passing through (3,5) and (8, 15)

27. Passing through
28. Passing through
29. Passing through
30. Passing through
31. Passing through
32,
33. Passing through

Passing through

34. Passing through (-2

(-
(-
(-
(-~
(-
(-
(-

—3,0) and (0,3)
—-2,0) and (0,2)
3,—1) and (2,4)
2,—4)and (1, -1)
3,-2) and (3, 6)
3,6) and (3, —2)
3,—~1) and (4, -1)
~5) and (6, =5)

35, Passing through (2,4) with x-intercept = —

36. Passing through (1, —3) with x-intercept = —1

37. x-intercept =

~% and y-intercept = 4

38. x-intercept = 4 and y-intercept = —2

In Exercises 39-48, give the slope and y-intercept of each line
whose equation is given. Then graph the linear function.

3. y=2x +1
1. f(x) = 2x+1

43. f(x) = %x -2

45.y:—%x+7

47. g(x) = —%x

40. y =3x + 2

42, f(x) = -3x+2
44. f(x) = —
46. y = —%x + 6
48. g(x) = —zx

In Exercises 49-58, graph each equation in a rectangular coordinate

system.

49. y = =2

51. x = =3

53, y=0

55. f(x) =1
57.3x — 18 =10
In Exercises 59-60,

50. y =4
52. x =5
54. x =0
56. f(x) =3

58. 3x +12=0

a. Rewrite the given equation in slope-intercept form.

b. Give the slope and y-intercept.

c. Usethe slope and y-intercept to graph the linear function.
60. 4x +y—-6=0

59.3x+y—-5=0

Application Exercises
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61. 2x + 3y — 18 =0
63. 8x —4y — 12 =0
65. 3y —9=0

62. 4x + 6y + 12 =10
64. 6x — Sy — 20 =0
66. 4y + 28 = 0

In Exercises 67-72, use intercepts to\graph each equation.
67. 6x —2y — 12 =0 68. 6x -9y — 18 =0
69. 2x + 3y +6=0 70. 3x + 5y +15=10
71. 8x — 2y +12 =10 72. 6x -3y +15=0

Practice Plus

In Exercises 73-76, find the slope of the line passing through
each pair of points or state that the slope is undefined. Assume
that all variables represent positive real numbers. Then indicate
whether the line through the points rises, falls, is horizontal, or is
vertical.

73. (0, a) and (b, 0)
75. (a,b)and (a,b + ¢)

74. (—a,0) and (0, —b)

76. (a ~ b,¢) and (a,a + ¢)
In Exercises 77-78, give the slope and y-intercept of each line
whose equation is given. Assume that B # 0.

77. Ax + By =C 78. Ax =By - C

In Exercises 79-80, find the value of y if the line through the two
given points is to have the indicated slope.

79. (3,y)and (1,4),m = -3

80. (—2,y) and (4, —4), m = %

In Exercises 81-82, graph each linear function.

81. 3x —4f(x) —6=0 82, 6x — S5f(x) — 20 =

83. If one pointon a line is (3, —1) and the line’s slope is ~2, find

the y-intercept.

84. If one point on a line is (2, —6) and the line’s slope is —3,
find the y-intercept.

Use the figure to make the lists in Exercises 85-86.

y

,y=nmx+b
4

74» y=nx+b;

ra X

- y=m3x+b;

- y=nyux+by

85. List the slopes m,, my, m3, and my in order of decreasing
size.

86. List the y-intercepts by, by, b3, and by in order of decreasing
size.

Americans are getting married later in life, or not getting married at all. In 2006, nearly half of Americans ages 25 through 29 were
unmarried. The bar graph at the top of the next page shows the percentage of never-married men and women in this age group. The
data are displayed on the next page as two sets of four points each, one scatter plot for the percentage of never-married American men
and one for the percentage of never-married American women. Also shown for each scatter plot is a line that passes through or near
the four points. Use these lines to solve Exercises 87-88.



1.5 More on Slope

There are 4 Kinds of Sloped Lines:
1. Positive Slope —as you move from left to right, the line goes up

/

Negative Slope — as you move from left to right, the line goes down \

2
3. ZeroSlope — horizontal line < >
4. No Slope — vertical line I

Property: 2 Lines are parallel if they have the same slope.
m, =m,

Property: 2 lines are perpendicular if their slopes are negative reciprocals.

|
m =-—
m,
ex.
y=5x-6 m=5
1 1 Since they are negative reciprocals, they are perpendicular
y==——=x-3 m=—-—

Ex. Write the equation of the line
1. that passes through (4, 3) and is parallel to y = -2x -2

2. that passes through (1,2) and is parallel to 4x — 5y —3 =0

4 3

4x—-5y—-3=0 - 4x-3=5y - y=§x—§
4 4
m=g > m =3

2= o1
y =glx )

3. that passes through (-3, 5) and is perpendicular to y=§x—3

m=2 5 m o= _3
T3 17 2

3
y—5=—§(x+3)

4. that passes through (3, 1) and is perpendicularto 2x —y+1 =9
A 2 5 1
= —— > = —— = - = — —
m 7 m — m, >

1
y-1= -5 (x-3)

SHORTCUT
The slope of
Ax+By+C=0
is

4
m="%3

ALWAYS!

SHORTCUT
The slope of the L to
Ax+By+C=0
is

B
A
ALWAYS!

m =



Slope as a Rate of Change

Def: The Average Rate of Change of a Function
Let (x,, f(x,))and (x,, f(x,)) be two distinct points on the graph of y = f(x). The average

rate of change of f from x; to x,, denoted by 2: (“delta y over delta x” = “change in y over the

change in x”) is

A xX,)— f(x
2 M € variation of the slope formula
Ax X, — X,

2
Ex. Find the average rate of change of f(x) =X on theinterval

(a) [_314] (b) [11 2] (C) [_210]
42 —(-3)> 16-9 22-1% 4-1 02— (=2)> 0-4
4—(-3) 7 2-1 1 0—(=2) 2
7 3 5 —4
- =1 1 - 7 = —2

7

3
Ex. Find the average rate of change of f(X) =X —2x+1 on the interval

(a) [31 6] (b) [_11 2] (C) [_211]
6*-206)+1)-(3*-2Q)+1) 22 -2+ 1) - ((-D3-2(-1D+1) 13 -2)+1) - ((-2)3-2(-2)+1)
6-3 2-(-1 1-(-2)

205 —22 (8-4+1)—(-1+2+1) 5-2 (1-2+1)—(-8+4+1)
1833 3 o3 o3 (-3) 3
— =61 3 _ —(73) o
3 3=1 3 T3 1

Def: Suppose an object’s position is expressed by the function s(t), where t is time. The average
velocity of the object from time t; to t; is
As _ s(t,)—s(t)
At t, -t

Ex. Consider the position of a ball rolling down a ramp is given by s(t) = 5t?, find the ball’s average

velocity from

(a) t=2tot=3 (b)t=21t02.5 (c)t=2tot=2.01
s(3)—s(2) 45— 20 s(2.5) —s(2) 31.25-20 $(2.01) —s(2) _ 20.2005 — 20
3_2  3_2 25-2 05 201-2 0.01
25 1125 . 02005
05 7 0.01

Homework: pg. 200 — 201 #1-250
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b. The ball’s average velocity between 2 and 2.5 seconds is

5(2.5) — s(2 5(2.5)2 =52 3125ft — 20 ft
As _ (2:5) @) = (23) = = 22.5 ft/sec.
At 25sec — 2sec 0.5 sec 0.5 sec
¢. The ball’s average velocity between 2 and 2.01 seconds is
As  s(201) —s(2) _5(2.01)* = 5-2® 202005 ft — 20 ft
At 2.0lsec — 2sec 0.01 sec 0.01 sec

= 20.05 ft/sec. @@

In Example 6, observe that each calculation begins at 2 seconds and involves
shorter and shorter time intervals. In calculus, this procedure leads to the concept of
instantaneous, as opposed to average, velocity. Instantaneous velocity is discussed in
the introduction to calculus in Chapter 11.

() Check Point © The distance, s(¢), in feet, traveled by a ball rolling down a ramp
is given by the function

s(t) = 42,
where ¢ is the time, in seconds, after the ball is released. Find the ball’s average
velocity from

a. 1 = lsecondtot, = 2 seconds.
1.5 seconds.

b. t; = 1secondtot,
a. f, = 1second tor, = 1.01 seconds.

6. Passing through (-2, —7) and parallel to the line whose
’ equationisy = —5x + 4

In Exercises 1-4, write an equation for line L in point-slope form
and slope-intercept form.

1. ‘ y )1=2,¥ L 2. o

7. Passing through (2, —3) and perpendicular to the line whose
equationis y = tx + 6
8. Passing through (—4,2) and perpendicular to the line whose

equationis y = 3x + 7

In Exercises 9-12, use the given conditions to write an equation for
each line in point-slope form and general form.

9. Passing through (-2, 2) and parallel to the line whose equation
is2x =3y —-7=0

10. Passing through (—1,3) and parallel to the line whose
equationis3x — 2y — 5 =10 ‘

L is parallel to y = 2x.

11. Passing through (4, —7) and perpendicular to the line whose

3. , y oy=2 4. equationisx — 2y —3 =10

2 imu

/-4: :

12. Passing through (5, —9) and perpendicular to the line whose
equationis x + 7y — 12 =0

In Exercises 13-18, find the average rate of change of the function
from xy to x;.
13. f(x) =3xfromx, =0tox, =5

y

. C7 ' . o 14. f(x) = 6xfromx; = 0tox, = 4
L is perpendicular to y = 2x. L is perpendicular to y = -2x.
15. f(x) = x* + 2xfromx; =3tox, = 5
In Exercises 5-8, use the given conditions to write an equation for 16. f(x) = X2~ 2xfromx, =3tox, = 6
each line in point-slope form and slope-intercept form. '
5. Passing through (-8, —10) and parallel to the line whose 17. f(x) = Vxfromx; = dtox, =9
equationis y = —4x + 3 18. f(x) = Vxfromx, = 9tox, = 16



In Exercises 19-20, suppose that a ball is rolling down a ramp. The
distance traveled by the ball is given by the function in each
exercise, where t is the time, in seconds, after the ball is released,
and s(t) is measured in feet. For each given function, find the ball’s
average velocity from

a. [ = 3t0f2 = 4,

c I = 3t0[2 = 3.01.
19. s(r) = 10

b. = 3to ’2 = 3.5,
d. H = 3to thy = 3.001.
20. s(r) = 12¢°

Practice Plus

In Exercises 21-26, write an equation in slope-intercept form of a

linear function f whose graph satisfies the given conditions.

21. The graph of f passes through (~1, 5) and is perpendicular
to the line whose equation is x = 6.

22, The graph of f passes through (-2, 6) and is perpendicular
to the line whose equation is x = —4.

23. The graph of f passes through (=6, 4) and is perpendicular to
the line that has an x-intercept of 2 and a y-intercept of —4.

24. The graph of f passes through (=5, 6) and is perpendicular to
the line that has an x-intercept of 3 and a y-intercept of —9.

25. The graph of f is perpendicular to the line whose equation is
3x — 2y — 4 = 0 and has the same y-intercept as this line.

26. The graph of f is perpendicular to the line whose equation is
4x — y — 6 = 0 and has the same y-intercept as this line.

Application Exercises

The bar graph shows that as online news has grown, traditional
news media have slipped.

Percentage of Americans Who
Regularly Use Various News Media

70% - - : :
2000 M 2006
60% - 56% 54% :

47%

50%

40% e
0y

23%

20%

Percentage of Americans

10%

Local TV Network Online Newspaper
News Evening News
News

News Media

Source: Pew Research Center

In Exercises 27-28, find a linear function in slope-intercept form
that models the given description. Each function should model the
percentage of Americans, P(x), who regularly used the news outlet
x years after 2000.

27. In 2000, 47% of Americans regularly used newspapers for

getting news and this percentage has decreased at an average
rate of approximately 1.2 per year since then.

28. In 2000, 23% of Americans regularly used online news for
getting news and this percentage has increased at an average
rate of approximately 1.3 per year since then.

Section 1.5 More on Slope 201

The stated intent of the 1994 “don’t ask, don’t tell” policy was to
reduce the number of discharges of gay men and lesbians from the
military. Nearly 12,000 active-duty gay servicemembers have been
dismissed under the policy. The line graph shows the number of
discharges under “don’t ask, don’t tell” from 1994 through 2006.
Use the data displayed by the graph to solve Exercises 29-30.

Number of Active-Duty Gay Servicemembers
Discharged from the Military for Homosexuality

{2001, 1273)

- (1998, 1163)

e}

[

o
T

~]
(]
o

(11994, 617)

(o)

[

(=
)

. {2006, 612)

R R R R D R
94’95 96 97 98 99 00 01 ‘02 03 04 05 06

Number of Discharged Active-
Duty Servicemembers
\O
o
<
T

Y
v

Year

Source: General Accountability Office

29. Find the average rate of change, rounded to the nearest whole
number, from 1994 through 1998. Describe what this means.

30. Find the average rate of change, rounded to the nearest whole
number, from 2001 through 2006. Describe what this means.

The function f(x) = 1.1x> — 35x2 + 264x + 557 models the
number of discharges, f(x), under “don’t ask, don’t tell” x years
after 1994. Use this model and its graph, shown on the domain
[0, 12] to solve Exercises 31-32.

Graph of a Model for Discharges

X under “Don’t Ask, Don’t Tell”
12007 (4, f14))
1100 = A
51000 -
=
S 900
e x) = Lix? - 35x2 + 264x
5700 flx) H\: ?\ + 264x + 557
E 600 ' .
Z (12, f(12))
{0, flo)} - - - : .
i ! ! | I L i I | i | i I
0o 1 2 3 4 5 6 7 8 9 10 11 12 13
Years after 1994
31. a. Find the slope of the secant line, rounded to the nearest
whole number, from x; = 0 to x, = 4.

b. Does the slope from part (a) underestimate or
overestimate the average yearly increase that you
determined in Exercise 29? By how much?

32. a. Find the slope of the secant line, rounded to the nearest

whole number, from x; = 7 to x, = 12.

b. Does the slope from part (b) underestimate or
overestimate the average yearly decrease that you
determined in Exercise 30? By how much?
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Writing in Mathematics
33. If two lines are parallel, describe the relationship between
their slopes.

34, If two lines are perpendicular, describe the relationship
between their slopes.

35, If you know a point on a line and you know the equation of a
line perpendicular to this line, explain how to write the line’s
equation.

36. A formulain the form y = mx + b models the average retail
price, y, of a new car x years after 2000. Would you expect m
to be positive, negative, or zero? Explain your answer.

37. What is a secant line?

38. What is the average rate of change of a function?

Technology Exercise
39. a. Why are the lines whose equations are y = %x + 1 and
y = —3x — 2 perpendicular?
b. Use a graphing utility to graph the equations in a
[—10,10,1] by [—10,10,1] viewing rectangle. Do the
lines appear to be perpendicular?

¢. Now use the zoom square feature of your utility. Describe
what happens to the graphs. Explain why this is so.

Critical Thinking Exercises

Make Sense? In Exercises 40-43, determine whether each
Statement makes sense or does not make sense, and explain your
reasoning.

40. Some of the steel girders in this photo of the Eiffel Tower
appear to have slopes that are negative reciprocals of each
other.

41. 1 have linear functions that model changes for men and
women over the same time period. The functions have the
same slope, so their graphs are parallel lines, indicating that
the rate of change for men is the same as the rate of change
for women.

42. The graph of my function is not a straight line, so I cannot use
slope to analyze its rates of change.

43, According to the essay on page 199, calculus studies change
by analyzing slopes of secant lines over successively shorter
intervals.

44. What is the slope of a line that is perpendicular to the
line whose equation is Ax + By + C =0,4 # 0 and
B # 07

45. Determine the value of A so that the line whose equation is
Ax + y — 2 = 0is perpendicular to the line containing the
points (1, —3) and (-2, 4).

Preview Exercises
Exercises 46—48 will help you prepare for the material covered in

the next section. In each exercise, graph the functions in parts (a)
and (b) in the same rectangular coordinate system.

46. a. Graph f(x) = |x| using the ordered pairs (=3, f(—3)),
(=2, f(=2)), (=1, F(=1)), (0, £(0)), (1, (1)), (2, £(2)),
and (3, f(3)).

b. Subtract 4 from each y-coordinate of the ordered pairs in
part (a). Then graph the ordered pairs and connect them
with two linear pieces.

¢. Describe the relationship between the graph in part (b)

and the graph in part (a).

Graph f(x) = x? using the ordered pairs (=3, f(—3)),
(=2,£(=2)), (=1, f(=1)), (0, £(0)), (L, F(1)), (2, f(2)),
and (3, f(3)).

b. Add 2 to each x-coordinate of the ordered pairs in

part (a). Then graph the ordered pairs and connect them
with a smooth curve.

47. a.

¢. Describe the relationship between the graph in part (b)

and the graph in part (a).

Graph f(x) = x* using the ordered pairs (-2, f(—2)),

(_1’ f(_l))’ (07 f(O)), (17 f(l))’ and (27 f(?’))

b. Replace each x-coordinate of the ordered pairs in part
(a) with its opposite, or additive inverse. Then graph
the ordered pairs and connect them with a smooth
curve.

48, a.

¢. Describe the relationship between the graph in part (b)
and the graph in part (a).
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What You Know: We learned that a function is a relation in which no two ordered pairs have the same first component and
different second components. We represented functions as equations and used function notation. We graphed functions and
applied the vertical line test to identify graphs of functions. We determined the domain and range of a function from its graph,
using inputs on the x-axis for the domain and outputs on the y-axis for the range. We used graphs to identify intervals on which
functions increase, decrease, or are constant, as well as to locate relative maxima or minima. We identified even functions
[f(=x) = f(x): y-axis symmetry| and odd functions [f(—x) = —f(x): origin symmetry]. Finally, we studied linear functions
and slope, using slope (change in y divided by change in x) to develop various forms for equations of lines:

[@iilowni] [Sloyg—inlercapf formj lL Horizonfa_l ‘linEJ [_Vertic.al lin ' [-Ger;rmm_]
\ \ v y ]
y—y=mx —x) y=f(x)=mx+b y=f(x)=0> x=a Ax + By + C = 0.

We saw that parallel lines have the same slope and that perpendicular lines have slopes that are negative reciprocals, For
linear functions, slope was interpreted as the rate of change of the dependent variable per unit change in the independent
variable. For nonlinear functions, the slope of the secant line between (xq, f(x1)) and (x,, f(x;)) described the average

fxa) = f(x1)

rate of change of f from x; to xy:

X273
In Exercises 1-6, determine whether each relation is a function. 9. Explain why f represents the graph of a function.
Give the domain and range for each relation. 10. Find the domain of f.
1 {(2,6),(1,4), (2, —6)} 2. {(0,1),(2,1),(3,4)} 11. Find the range of f.
3 y 4 12. Find the x-intercept(s).
13. Find the y-intercept.
o 4:_ 14. Find the interval(s) on which f is increasing.
\{;K £ 15, Find the interval(s) on which f is decreasing.
- = _ff‘”é 9 G 16. At what number does f have a relative maximum?
—Z:t 17. What is the relative maximum of f?
45 18. Find f(—4).
19. For what value or values of x is f(x) = —27?
5 y 6 20. For what value or values of x is f(x) = 0?
t 21. For what values of x is f(x) > 07
AT 3 22. Is f(100) positive or negative?
213 23. Is f even, odd, or neither?
= ‘_2= Ll 2 4 I 24, Find the average rate of change of f from x; = —4tox, = 4.
o0
_al In Exercises 25-36, graph each equation in a rectangular coordinate
il system.
25, y = ~2x 26 y = —2
In Ex.ercises 7-8, determine whether each equation defines y as a 2. x+y=-2 28. y = % -2
function of x.
) 5 29, x =35 30. 4x — 2y = 8
7.x*+y=5 8. x+y° =5
5 f(x)=x=4 2. fx)=x—4
Use the graph of f to solve Exercises 9-24. Where applicable, use —lx -4 34, 5y =
interval notation. 33, flx) = |l = POy = 3k
’ 35. 5y =20
(T=fok T -1 if x=0
Ly=fy o gl . —
CatiiVESS ‘L_.\ : 36. f(x) {Zx +1 if x>0
; 27\
AT TN, 37. Let f(x) = —2x% + x — 5.
e e
/ﬁ Y ] ? a. Find f(—x). Is f even, odd, or neither?
‘ al flx+ h) — f(x
pi T b. Find —— ——— S,
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30 i
30 + 0.40(s — 200) if
a. Find C(150).  b. Find C(250).

0=1t=200

38. Let C(x) = { = 200

In Exercises 39-42, write a linear function in slope-intercept form

whose graph satisfies the given conditions.

39. Slope = —2, passing through (-4, 3)

40. Passing through (=1, —5) and (2,1)

41. Passing through (3, —4) and parallel to the line whose
equationis3x — y —5=10

42. Passing through (—4, —3) and perpendicular to the line
whose equationis2x — 5y — 10 = 0

43, Determine whether the line through (2, —4) and (7, 0) is
parallel to a second line through (—4, 2) and (1, 6).

44, Exercise is useful not only in preventing depression, but also
as a treatment. The graphs in the next column show the per-
centage of patients with depression in remission when exer-
cise (brisk walking) was used as a treatment. (The control
group that engaged in no exercise had 11% of the patients in
remission.)

a. Find the slope of the line passing through the two points
shown by the voice balloons. Express the slope as a decimal.

r

Recognize graphs of common
functions.

Use vertical shifts to graph
functions.

| 0 Use horizontal shifts to graph
functions.

Use reflections to graph
functions.

Use vertical stretching and

shrinking to graph functions.
Use horizontal stretching and
shrinking to graph functions.

Graph functions involving a
sequence of transformations.

Exercise and Percentage of Patients
with Depression in Remission

60% 60% - —
o i o (1130, 42))
2 50% = 2 50% [ =
52 <-4 \
5 5 40% - 1= B 5) 40% |- A
(3] (3]
FE 0% 26 S5 30%} /
= | =]
82 20%% 52 20% N
& £ (130, 26])
g 10% ! g 10%F
A v 5 a
80 180 60 100 140 180

Amount of Brisk
Walking {(minutes)

Amount of Brisk
Walking (minutes)

Source: Newsweek, March 26,2007

b. Use your answer from part (a) to complete this
statement:
For each minute of brisk walking, the percentage of
patients with depression in remission increased by
%. The rate of change is % per

45, Find the average rate of change of f(x) = 3x? — x from
xp=-1ltox, =2

Transformations of Functions

ave you seen Terminator 2, The
Mask, or The Matrix? These were
among the first films to use spectacular
effects in which a character or object
having one shape was transformed in a
fluid fashion into a quite different
shape. The name for such a transforma-
tion is morphing. The effect allows a
real actor to be seamlessly transformed
into a computer-generated animation.
The animation can be made to perform
impossible feats before it is morphed back
to the conventionally filmed image.
Like transformed movie
images, the graph of one
function can be turned
into the graph of a
different function. To
do this, we need to
rely on a function’s

equation. Knowing that a graph is a transformation of a familiar graph makes

graphing easier.

Recognize graphs of common
functions.

Graphs of Common Functions

Table 1.3 on the next page gives names to seven frequently encountered func-
tions in algebra. The table shows each function’s graph and lists characteristics of
the function. Study the shape of each graph and take a few minutes to verify the
function’s characteristics from its graph. Knowing these graphs is essential for
analyzing their transformations into more complicated graphs.



1.6 Transformations of Functions

There are functions whose graphs you should know when you see it:

5 y
y = x2 y=x>
I —
] -
x L X | %
0 1 0 1
Domain: —oe< x < o Domain: - < x < %
Range: O=sy<w Range: - <y<w®
y = mx for selected values of m @
Domain: —o% < x < o 0
Range: -x<y<o® t @
i; ][1 y y
y =vx
I y = Vx

| X | X
0 I o] 1

Domain: x # 0

Domain: 0 < x < » Domain: —o < x <\w
Range: y #0

Range: 0 =y<w® Range: -» <y<%
y y
.\A
3/2
y =x°
23
Y= xS
1+ 1
X | X | 0
0 1 0 1
Domain: x # 0 Domain: 0 < x < Domain: —o% < x < %
Range: y >0

Range: 0=y <w Range: I=sy<w

These are “standard” graphs. Many other graphs are simply transformations of these standard graph:s.

Vertical Shift

e Avertical shift occurs to a standard graph, when the graph “shifts” up or down.

Def: A function f(x) will have a vertical shift into a new function g(x) if for any real number k:
gx) =fx) +k

The curve will have the exact same shape, it will just be higher or lower than its original
form.

e The shift will be upward if k>0
e The shift will be downward if k<0



Ex. y=x2+2
\\ /] As shown in the diagram, the darker curve is the graph of y = x2, the
\ / lighter curve is y = x2 raised up two units.

\ / This results in the curve y = x2 + 2

\ . / A shift downward occurs when the k value is negative

Ex y =|x|—3 y = |x|

As shown in the diagram, the lighter curve is the graph of y = |x|, the
darker curve is 3 units lower than the lighter curve.

So a vertical shift occurs when a real number k is added to/subtracted
from the base function.

Horizontal Shift
e A horizontal shift to a standard graph when the graph “shifts” left or right.

Def: A function f(x) will have a horizontal shift into a new function g(x) if for any real number k:
g(x) = f(x + k)
e The curve will have the exact same shape, it will just be left or right than its original

form.
e The shift will be to the right k units if k<0 This is opposite of what you
e The shift will be to the left k units if k>0 might think!

So, this is a horizontal shift

— 2
Ex. y = (x —2)° of 2 places to the RIGHT! This is referred to as the base function

\ \ / | As you see in the graph, the lighter curve is y = x2.
Observe what the table of values would be for both curves:
X y = x? y = (x —2)?
-2 4 (-4)>=16
NN £ (379
-/ 0 0 (-2)>=4
y — xz 1 1 (-1)2=1
2 4 02=0
- : - 3 9 1%=1
\ 4 16 22=4
y = (x : 2)2 The y-coordinates of y = (x — 2)? are the same as y = x?2, but

occur two x-units later.



Ex. On the set of axes, use a shift to graph y = (x + 1)3. The base curve is shown on the axes as a
guide.

The +1 inside the . /
parentheses means /
shifting the base / /
function horizontally 1
unit to the LEFT

\\_

|
|

You can also combine both vertical and horizontal shifts at the same time.
Ex. Using the base graph of y = x2, graphy = (x — 1)2 -3

The —1 inside the \ [ /
parentheses means ) /
shifting the base \ /
function horizontally 1

unit to the RIGHT. \\ / /

The -3 outside the /
parentheses indicates a LA S \ /
vertical shift DOWN 3. \

Homework: Pg. 216 #17-22, 35, 36, 46, 53-56



1.6b Transformations of Functions (Day 2)
Reflections of Graphs
Def: The graph of y = —f(x) is the graph of the y = f(x) reflected over the x-axis.

e Basically: The y-coordinate changes sign: (x, y) = (x, -y)

Ex. Graph the function f(x) = —Vx. Use the base graph of f(x) = /x as a guide.

Points of Reference:
-1,-1) > (-1,0)

00 > (00 ] \

71\

1,1 -> (1,-1)

Def: The graph of y = f(—x) is the graph of the reflection of y = f(x) over the y-axis.
e Basically: The x-coordinate changes sign: (x, y) = (-x, y)
e Ex. Graph the function f(x) = v/—x. Use the base graph of f(x) = +/x as a guide.

Points of Reference:
(0,00 - (0,0)

1,1 -> (-1,1)

42 > (42

Dilations: Stretching and Shrinking
Def: Vertical Stretching and Shrinking
Let f be a function and c be a positive real number.
1. Ife>1,thegraphof y = cf(x) is the graph of y = f(x) vertically stretched by
multiplying each of the y-coordinates by c.
2. If0<c<1,the graphof y = cf(x) is the graph of y = f(x) vertically shrunk by
multiplying each of the y-coordinates by c.

Stretching: c>1 y=fx) \Shrinking: O0<c<1

T~

y =cf(x) \ \\*
‘&3 .

You can tell it is a vertical stretch/shrink because the x-intercepts are the same



Note the c is multiplying

Ex. On the set of axes to the right, use the graph of f(x) = |x| to gragh f(x) = 2|x|.
' N

\ 2 |
X |x] 2|x| \ //
) 2 4 \ 2
—1 1 2 \ /
0 0 0 N
1 1 2 \B ¥
2 2 4

The dashed line shows the graph of
f(x) = 2x|

Def: Horizontal Stretching and Shrinking
Let f be a function and c be a positive real number.
If ¢> 1, the graph of y = f(cx) is the graph of y = f(x) horizontally shrunk by

the x variable. dividing each of the x-coordinates by c.
2. If0<c<1,thegraphof y = f(cx) is the graph of y = f(x) horizontally stretched
f (2x) would by dividing each of the x-coordinates by c.
horizontally shrink the
graph Shrinking: c> 1 y=f(x) Str\etming:O<c<1
\\
y = f(ex) R
% N
X / \\
N
You can tell it is a horizontal stretch/shrink because the graphs have the same height
Ex. Use the axes to the right: Using the graph of f(x) = x2, graph f(2x) and fGx)
A
x f(x) = x?
-2 4
-1 1
0 0
1 1
2 4

v

Homework: Pg. 216-217 #23, 24, 27-30, 99, 101, 102

v



1.6c Transformations of Functions (Day 3)
Sequences of Transformations:

Recall: Transformations

To graph Draw the Graph of fand: Changes in the Equation of y = f(x)

Vertical Shift: Raise or lower the graph of f by c units | cis added to for cis subtracted from f
y=f(x)tc (raises if ¢ >0, lowers if c < 0)

Horizontal Shifts Shifts the graph of f left or right c units | Replace all occurrences of x in f with
y=f(xtc) (left if ¢ > 0 and right if c < 0) xtc

Reflections over:

X-axis Reflect graph of f over x-axis Change all the signs of f: ¥y = —f(x)

y-axis Reflect graph of f over y-axis Change all x to —x and simplify: y = f(—x)

Stretch or Shrink:

Vertical: y = ¢f(x) | Multiply y-coordinates by ¢ f(x) is multiplied by c: (stretch c>1, shrink 0<c<1)

Horiz.: y = f(cx) | Divide x-coordinates by ¢ All x are replaced by 2: (shrink ¢>1, stretch 0<c<1)

A function can be transformed with more than one transformation if you perform them in the following order:

1. Horizontal Shift

2. Stretching or shrinking
3. Reflection

4. Vertical Shift

Ex. Use the graph of y = f(x) to graph
y=-3f(x—-1)+3

N

y=-2f(x+2)-1

(. 3) HS IR V Shrink | Refl overx | V Shift Up 3
P arly | (%Y | ) (x.y+3)
(-4, 0) (=3,0) (=3,0) (=3,0) (=3,3)
(2,4 (-1,4) (-1,2) (-1,-2) =1, 1)
(0,0) (1,0) 1,0) (1,0) 1,3)
(1,-2) (2,-2) 2,-1) 2,1) 2,4)
4,0) (5,0) (5,0) (5,0) (5,3)

HS2L V Shrink | Refl over x V Shift down 1
V1 w2y | iy b b
(4.0) | (=6.0) (=6,0) (=6.0) (=6, -1)
(=24 | (44 (4.9 4.9 ()
0, 0) (-2,0) (=2,0) (=2,0) (-2,-1)
(1,-2) | (-1,-2) | (L= L3 L3
4,0) (2,0) 2,0) 2,0) 2,-1)




Ex. Use the graph of f(x) = x? to graph
gx) =—-2(x—2)2+2 xX)=2()+3)?2-1

\V%

\

) HS 2R V Stretch | Refl overx | V Shift Up 2 . 3) HS 3L V Stretch V Shift Down 1
’ 62y | (x2y) | (o) (x,y+2) Y a8y | (x2y) (x, y+3)
(=2,4) 0,4 0, 8) 0,-8) 0,-6) (=2,4) | (5,4 (=5,8) (=5, 11)
=11 (¢ 1,2 (1,-2) 1,0) -, | (41D (-4,2) (-4,5)
(0,0) (2,0) (2,0) (2,0) (2,2) (0, 0) (=3,0) (=3,0) (=3,3)
1,1 G, D (3,2) (3.2 (3,0) 1,1 (=2, 1) (=2,2) (=2,5)
2,4 4,4 4.8 4,-8) (4,-6) 2,4) (-1,4) (-1, 8) (=1,11)

Ex. Write the equation of the function given its base function, shifts, stretch/shrinks, and reflections

1. Base function: f(x) = x3, vertical stretch of 2, horizontal shift 2 to the right, vertical shift 3 down, reflected

over the y-axis.

Order:
1. Horiz. Shift

2. Stretch/Shrink X N . . . o
3. Reflect 3 Horiz Shift 3 Vertical blrclch32 Reflect over y 3 Vertical Shlll;p 3
4. Vertical Shift x> (x—2)° - 2(x—2)° - 2(—-(x—2))° » 2(—x+2)°+3

gx) = 2(—x+2)*+3

2. Base function: y = |x|, reflected over x-axis, horizontal shift of 4 units left, vertical shift 2 units up, with a
horizontal shrink factor of %.

Order: Horiz Shift Horiz Shrink V2 Reflect over x Vertical Shift up 2
1. Horiz. Shift x| - |x+4 - [2(x+4)] - —|2x+8 - —|2x+8|+2
2. Stretch/Shrink
3. Reflect
4.

Vertical Shift gx)=—]2x+ 8| +2

Homework: Pg. 216 —219 #31, 32, 52, 93, 94, 103-106, 123, 126, 145-148
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In Exercises 1-16, use the graph of y = f{(x) to graph each function g.

IS oy 1
i —id .
: (=2.2)4 (22) AL
EREEEARE SR
..... 34
_41_

1L g(x) = f(x) + 1 2. g(x) = f(x) =1
3.g(x) = flx + 1) 4. g(x) = f(x - 1)
S.g(x)=f(x—-1) -2 6. g(x)=f(x+1)+2
7. g{x) = f(=x) 8. g(x) = —f(x)
9. g(x) = —f(x) +3 10. g(x) = f(-x) +3
11. g(x) = 3f(x) 12. g(x) = 2f(x)
13, g(x) = f(3x) 14. g(x) = £(2x)
15. g(x) = —f(3x) + 1 16. g(x) = —f(2x) — 1

In Exercises 17-32, use the graph of y = f(x) to graph each
function g.

......... I b
a1 w0y
SAN2JMIN 2.3.4.5
® _z>:i§1:j\‘°; i
__4# i

17. g(x) = f(x) -1 18. g(x) = f(x) +1
19. g(x) = f(x — 1) 20. g{x) = f(x + 1)
21 g(x) =f(x — 1) +2 22. g(x) =f(x +1) -2
23 g(x) = ~f(x) 24. g(x) = f(—x)
25, g(x) = f(—x) +1 26. g(x) = —f(x) +1
27. g(x) = 2/(x) 28. g(x) = 3f(x)
29. g(x) = f(2x) 30. g(x) = f(3x)
3. og(x) =2f(x +2) + 1 32 g(x) =2f(x +2) -1

In Exercises 33-44, use the g
function g.

‘aph of y = f(x) to graph each

i _v: i i H iA
LI 3.4.5

y= 0 D) Gy
| Tal
33 g(x) = f(x) +2 34. g(x) = f(x) — 2
35. g(x) = f(x +2) 36. g(x) = f(x — 2)
37. g(x) = —f(x +2) 38. g(x) = —f(x = 2)
39. g(x) = ~3f(x +2) 40. g(x) = =3f(x = 2)
4 g(x) = —f(xr+2) =2 42 g(x) = ~Lf(x-2) +2
13, g(x) = Lf(2x) 44, g(x) = 2f(%x)

In Exercises 45-52, use the graph of y = f(x) to graph each

function g.

L it g 41 (0’23 ‘
o= @)
Ceioy o AT (4,0

- X

e Nt
—5 .—4.‘;5 =2 -144. 1.2 3.4.3

g i)
LA gl

45. g(x) = f(x - 1) -1
47, gx) = —f(x - 1) + 1
49. g(x) = 2f(5x)

51, g(x) = %f(\ +1)

In Exercises 53—66, begin by
function, f(x) = x% Then use
graph the given function.

M

46. g(x) = f(x+ 1)+ 1
48. g(x) = —f(x+1) -1
50. g(x) = 3/(2x)

52. g(x) =2f(x — 1)

graphing the standard quadratic
transformations of this graph to

53. g(x) =x*—2 54, g(x) =x2 -1

55, g(x) = (x — 2)° 56. g(x) = (x — 1)

57. h(x) = —(x = 2)° 8. h(x) = —(x — 1)

59, h(x) = (x —2)* + 1 60. h(x) = (x —1)° +2
61. g(x) = 2(x — 2)? 62. g(x) =1(x — 1)

63. h(x)=2(x —2)" -1 64. h(x) =5(x — 1) — 1
65. h(x) = —2(x + 1)" +1 66. h(x) = —2(x +2)" + 1




In Exercises 67-80, begin by graphing the square root function,
f(x) = Vx. Then use transformations of this graph to graph the
given function.

67. g(*¥) = Vx +2 68. g(x) = Vx + 1

69. g(x) = Vx +2 70. g(x) = Vx + 1

71 h(x) = —Vx +2 72. h(x) = -V + 1

73 h(x) = V-x +2 T4 h(x) = V—x + 1

75. g(x) =3Vx +2 76. g(x) = 2Vx + 1

77 h(x) = Vx +2 -2 78. h(x) = Vx+1-1

7. g(x) =2Vx +2 -2 80. g(x) =2Vx+1-1

In Exercises 81-94, begin by graphing the absolute value function,

f(x) = |x|. Then use transformations of this graph to graph the
given function.

81 g(x) = |x| +4 82. g(x) =|x| +3

83. g(x) = |x + 4| 84. g(x) = |x + 3|

85. h(x) =|x +4] -2 86. h(x)=|x+3| -2
87. h(x) = —|x + 4| 88. h(x) = —|x + 3|

89, g(x) = —|x+4] +1 90. g(x)=—|x+4/+2
91. h(x) = 2|x + 4| 92. h(x) = 2|x + 3|

93. g(x) = —2|x + 4| + 1 94, g(x) = —2lx + 3| +2

In Exercises 95-106, begin by graphing the standard cubic function,
f(x) = x>. Then use transformations of this graph to graph the
given function.

95. g(x) =x* -3 96. g(x) = x> -2

97. g(x) = (x - 3)° 98, g(x) = (x —2)°

99. h(x) = —x° 100. A(x) = —(x — 2)°
101. h(x) = 3x° 102. h(x) = 4x°

103, r(x) = (x — 3)° + 2 104, r(x) = (x —2)° + 1

105. A(x) =3(x =3 -2 106 A(x) =3(x - 2)> — 1

In Exercises 107-118, begin by graphing the cube root function,
flx) = /x. Then use transformations of this graph to graph the
given function.

107. g(x) = Vx + 2 108. g(x) = Vx — 2
109. g(x) = Vx +2 110, g(x) = Vx — 2
111, A(x) =iV +2 112 h(x) = 3Vx -2

r(x) =4Vx+2-2 114.
115. h(x) = —Vx + 2 116.
glx) = V—x -2

AY4 118.

rx) =3V -2+2
h(x)=-Vx-2
glx) = \ﬁ\+_2

113.

117.

Section 1.6 Transformations of Functions 217

Practice Plus
In Exercises 119-122, use transformations of the graph of the
greatest integer function, f(x) = int(x), to graph each function.
(The graph of f(x) = int(x) is shown in Figure 1.34 on
page 171.)

119. g(x) = 2int (x + 1)
121. A(x) = int (—x) + 1

120, g(x) = 3int (x — 1)
122. h(x) = int(-x) — 1

In Exercises 123-126, write a possible equation for the function
whose graph is shown. Each graph shows a transformation of a
commion function.

123, 124. 0y

1
i,
) —

- ey

[-3,3,1] by [-6, 6,1]

125, \ ﬁ 126.

N/ ~

L A
'\-\._\ -

[-5,3,1] by [-5,10,1] [-1,9,1] by [-1,5,1]

Application Exercises
127. The function f(x) =29Vx + 20.1 models the median
height, f(x), in inches, of boys who are x months of age. The

graph of f is shown.
y Boys’ Heights
-~ k ¢ flx) =2.9Vx + 20,1 : i
[ C ]
= 40 - i ! . e
£ F P () w. @
S - -~ " | I
530 e
O &Y
= e d
i 20 F . e
B 10F o
= |
Y | L I o M 1 e B 1 X
0 10 20 30 40 50 60

Age (months)

Source: Laura Walther Nathanson, The Portable Pediatrician
for Parents

a. Describe how the graph can be obtained using transfor-
mations of the square root function f(x) = Vx.

b. According to the model, what is the median height of
boys who are 48 months, or four years, old? Use a
calculator and round to the nearest tenth of an inch.
The actual median height for boys at 48 months is
40.8 inches. How well does the model describe the
actual height? <
(This exercise continues on the next page.)
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¢. Use the model to find the average rate of change, in
inches per month, between birth and 10 months. Round
to the nearest tenth.

d. Use the model to find the average rate of change, in
inches per month, between 50 and 60 months. Round
to the nearest tenth. How does this compare with your
answer in part (¢)? How is this difference shown by
the graph?

128. The function f{x) =3.1Vx + 19 models the median
height, f(x), in inches, of girls who are x months of age. The

graph of f is shown.
Girls’ Heights
50 | »
-~ E /m~a|\f\+w ;
£k m
[5} o
= 30F .S
= . 1 i
R
T 20~ N g l‘&, W
s F A k ﬁ
CRUERE B S Sl . B
(5] _ )
C_i o ot o S o, B e B e ¥ 8 ] e S
0 10 20 30 40 50 60

Age (months)

Source: Laura Walther Nathanson, The Portable Pediatrician for
Parents

a. Describe how the graph can be obtained using transfor-
mations of the square root function f(x) = V.

b. According to the model, what is the median height
of girls who are 48 months, or four years, old? Use a
calculator and round to the nearest tenth of an inch.
The actual median height for girls at 48 months is
40.2 inches. How well does the model describe the
actual height?

¢. Use the model to find the average rate of change, in
inches per month, between birth and 10 months. Round
to the nearest tenth.

d. Use the model to find the average rate of change, in
inches per month, between 50 and 60 months. Round
to the nearest tenth. How does this compare with your
answer in part (c)? How is this difference shown by the
graph?

Writing in Mathematics

129. What must be done to a function’s equation so that its
graph is shifted vertically upward?

130. What must be done to a function’s equation so that its
graph is shifted horizontally to the right?

131. What must be done to a function’s equation so that its graph
is reflected about the x-axis?

132. What must be done to a function’s equation so that ifs
graph is reflected about the y-axis?

133. What must be done to a function’s equation so that its graph
is stretched vertically?

134. What must be done to a function’s equation so that its
graph is shrunk horizontally?

Technology Exercises
135. a. Use a graphing utility to graph f(x) = x? + 1.
b. Graph f(x) = x* + 1,g(x) = f(2x), h(x) = f(3x),
and k(x) = f(4x) in the same viewing rectangle.
¢. Describe the relationship among the graphs of f, g, A,

and k, with emphasis on different values of x for points
on all four graphs that give the same y-coordinate.

d. Generalize by describing the relationship between the
graph of f and the graph of g, where g(x) = f(cx) for
c > 1.

e. Try out your generalization by sketching the graphs of
fex)forec =1,¢ =2,¢ =3, and ¢ = 4 for a function
of your choice.

136. a. Use a graphing utlhty to oraph f

(x) =
Graph f(x) = x? + 1, g(x) = (% ) and 11( (lx)
in the same viewing rectangle
¢. Describe the relationship among the graphs of f, g, and
h, with emphasis on different values of x for points on
all three graphs that give the same y-coordinate.

d. Generalize by describing the relationship between the
graph of f and the graph of g, where g(x) = f(cx) for
0<ec<1l.

e. Try out your generalization by sketching the graphs of
flex)forc=1,andc =3, andc = 1 for a function of
your choice.

Critical Thinking Exercises

Make Sense? During the winter, you program your home
thermostat so that at midnight, the temperature is 55° This
temperature is maintained until 6 A.m. Then the house begins to
warm up so that by 9 a.m. the temperature is 65°. At 6 PM. the
house begins to cool. By 9 pm., the temperature is again 55°. The
graph illustrates home temperature, f(t), as a function of hours
after midnight, t.

y Home Temperature
as a Function of Time
700 S
o 65°
£ 60°
g
Qé)' 550‘
=
[E*) 500 |

1 i 4 1 I | I {
0o 3 6 9 12 15 18 21 24
Hours after Midnight

In Exercises 137-140, determine whether each statement makes
sense or does not make sense, and explain your reasoning. If the
statement makes sense, graph the new function on the domain
[0, 24). If the statement does not make sense, correct the function
in the statement and graph the corrected function on the domain
[0, 24].

137. 1 decided to keep the house 5° warmer than before, so

I reprogrammed the thermostat to y = f(¢) + 5.




138. 1 decided to keep the house 5° cooler than before, so
I reprogrammed the thermostat to y = f(t) — S.

139. I decided to change the heating schedule to start one hour
earlier than before, so I reprogrammed the thermostat to
y=f(t-1)

140. I decided to change the heating schedule to start one hour
later than before, so I reprogrammed the thermostat to
y=f(t+1).

In Exercises 141-144, determine whether each statement is true or
false. If the statement is false, make the necessary change(s) to
produce a true statement.

141. If f(x) = [x| and g(x) = [x + 3| + 3, then the graph of g
is a translation of the graph of f three units to the right and
three units upward.

142. If f(x) = —Vx and g(x) = V—x, then f and g have
identical graphs.

143, If f(x) = x%and g(x) = 5(x? — 2), then the graph of g can
be obtained from the graph of f by stretching f five units
followed by a downward shift of two units.

144. If f(x) = x> and g(x) = —(x — 3)> — 4, then the graph of
g can be obtained from the graph of f by moving f three
units to the right, reflecting about the x-axis, and then
moving the resulting graph down four units.

In Exercises 145-148, functions f and g are graphed in the same
rectangular coordinate system. If g is obtained from f through a
sequence of transformations, find an equation for g.

WS e il

46. oy
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148.

For Exercises 149-152, assume that (a, b) is a point on the graph
of f. What is the corresponding point on the graph of each of the
following functions?
149. y = f(—x)
151. y = f(x — 3)

150. y = 2f(x)
152. y = f(x) =3

Preview Exercises

Exercises 153-155 will help you prepare for the material covered
in the next section.

In Exercises 153-154, perform the indicated operation or
operations.

153, (2x — 1)(x2+ x — 2)

154. (f(x))* — 2f(x) + 6, where f(x) = 3x — 4

3
= -1
X

155. Simplify:



1.7 Composite Functions
Finding Domain: If you do not have the graph of a function y = f(x)

o To find the domain of a function, you are answering the following question: What are all the
possible values of x?
=  Or better: What values CAN’T x be?
o How do you find domain?
1. Assume (unless stated) the domain is All Real values
2. If xisin the bottom of a fraction, then set the bottom # 0 and solve for x
3. Ifxisin aradical (even root), then set the inside of the radical > 0 and solve for x
4. If xisin aradical which is the bottom of a fraction, then set the inside of the radical >0 and

solve for x
Ex. Find the domain of each of the following:
1. f(x)=x%—-7x 2. g(x) = 23_x2+2_3 3. h(x) =+V3x —12
x x 3x—12>0
D: R x?—-2x—-3=0 » (x-3)(x+1)=0-> x=-1,x=3 3x > 12
x =4
D:x # —1,3
D: x =24
4. f(x) =x?>+3x—15 5. g(x) = x23_x3 6. h(x) =v9x + 15
D: R *-36=0 5> (x—6)(x+6)=0-> x=—6,x=6 et
15
X2 ——=
D:x +# +6 K
b - 15
tx 2 -

Algebra of Functions: Let fand g be two functions. The following functions are defined:
1. Sum of 2 functions: (f + g)(x) = f(x) + g(x)
2. Difference of 2 functions: (f — g)(x) = f(x) — g(x)
3. Product of 2 functions: (fg)(x) = f(x) - g(x)

4. Quotient of 2 functions: (5) (x) = ggg'

*** In all cases, the domains will be the set of real numbers common to the domains of fand g: D N D,
Ex. Let f(x) = 2x — 1 and g(x) = x? + x — 2. Find and state the domain of:

provided g(x) # 0

L (f+9)®) 2. (fg)(x) 3. (g) (x)
) +g9(x) fx)-g(x) f()
2x — 1+ (x> +x—2) 2x—1D(x*+x-2) (zi(i)l)
R RS G +x=2)
2x3 4+ x% —5x +2 s 91
D: All reals (R) D: All reals (R) ' '

Composite Functions: Let fand g be functions, then the composite of f with g, written ( f o g)(x) is denoted by:
(f o g)(x) = flg(x)] = f(g(x))
** The domain of the composite function is the set of all x such that

1. xisinthe domain of g The idea here is that wherever there is an x in f,
2. g(x)is in the domain of f. insert g(x) - USE PARENTHESES!!!




Ex. Given f(x) = 3x — 4 and (x) = x2 — 2x + 6, find each of the following: Find g(2) and insert

1. (fog)x) Note: 3. (fog)2) value into f
(fog)=3(x%2—2x+6)—4 ([°9)@2)=34)-06(2)+14 g2)=4—-4+6=6
(f o 9)(x) = 3x% — 6x + 14 (fep@=12-12+14=14 gy 3(6) — 4 = 14

2. (g°/)) 4 (fo )

(Gof)x)=Bx—4)?—-2Bx—4)+6

(gof)(x) =9x% —24x+ 16— 6x+8+6 (fof)x)=3(x—4)—4

o =3x—16
(g°f)(x) =9x2—30x + 30 (fef)
Note:
Ex. Given f(x)= 2 " and g(x) :é, find each of the following and state its domain. Dyix # 1
X = X
D,:x#0
1. (fog)(x) Multi 2. (go f)(x) , g
ultiply top (G0 ) = ——
(feg)x) = and bottom by x 2 i
x —
x) ' 3x—1) 3x-3
(Fog)=om feg)=—F—=—
fe9)= 3—x

Domain: x #+ 1
Domain: x #+ 0, 3

You must keep the domain of the inserted function as
well as the new!
Ex. Express each of the following as a composition of 2 functions fand g:

1. h(x) = Vx2 + 1 2. k(x) = (x2 — 4)3
What you want ta do is make f the outside V]d gb\ﬁj‘e function
[0 = Vx 9 =L ) = g =22 -4

h(x) = Vx2+1

h(x) = Vx

Homework: Pg. 229 — 231 #1-190dd, 33-48 (3’s), 65-710dd, 81, 84, 89-92



Write functions as compositions.

Study Tip
Suppose the form of function £ is
h(x) = (algebraic expression)"*"".
Function h can be expressed as a
composition, f ° g, using

f(x) —_ xpO\VEl'

g(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
given function and express it as a composition of two functions. Although there is
more than one way to do this, there is often a “natural” selection that comes to mind
first. For example, consider the function 4 defined by

h(x) = (3x% — 4x + 1)°.

The function % takes 3x> — 4x + 1 and raises it to the power 5. A natural way to write
h as a composition of two functions is to raise the function g(x) = 3x? — 4x + 1 to
the power 5. Thus, if we let

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

(f o g)(x) = f(g(x)) = fF(3x* — 4x + 1) = (3x* — 4x + 1)".

Writing a Function as a Composition

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

h(x) = V/x% + 1.

Solution The function / takes x* + 1 and takes its cube root. A natural way to
write A 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 o g)(x). This should give the

original function, namely h(x) = Vx% + 1.
A3/
(f o g)(x) = f(g(x)) = F(x* + 1) = Vx> + 1 = h(x) ®
() Check Point & Express h(x) as a composition of two functions:

h(x) = Vx*+5.

1 1
1. g(x):x2+l_ vt -1
In Exercises 1-30, find the domain of each function. 1 ’ 1
1 f(x) = 3(x — 4) 2. f(x) =2(x +5) 12.¢(%) = 77~ 2 _a
3 2 4 5
. = 4. = . h(x) = —— . =—
3. g(x) Pa— g(x) T+ 13. h(x) 3 1 14. h(x) T ;
5 f(x)=x*—2x—15 6. f(x)=x*+x—12 X x
1 1
‘ 3 2 15. f(x) = ——— 16. f(x) = ——
7. R T a— 8. ==
8= s S D) - S 13
R . 3 x—1 x—2
1
. flx) = + N = . = - . f(x) = Vx +
9. f(x) T+ r -9 10. f(x) x+8+x—10 17. f(x) = Vx =3 18. f(x) = Vx +2
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19. g(x) = v 20. g(x) =

21. g(x) = V5x + 35 22, g(x) =

23. f(x) = V24 — 2x 2. f(x) =

25, h(x) = Vx -2+ Vx +3

26. h(x) = Vx -3+ Vx+4

27. g(x) = xx_—SZ 28, g(x) =
2x + 7

29. f(x) = X - Sx;f — 4x + 20

30. f(x) = Tx +2

In Exercises 31-48, find f + g, f — g, fg, and g. Determine the

domain for each function.

. f(x) =2x+3,g(x)=x -1
3R, fx)=3x —4,g(x)=x+2
33, f(x) =x — 5, g(x) = 3x°
34, f(x) = x — 6,g(x) = 5x*

(x)

35 f(x)=2x*—x—3,g(x)=x+1
36, f(x) =6x> —x—1,g(x)=x-—1
37 f(x) =3 —x%g(x) =x*+2x — 15
38 f(x)=5—x%g(x) =x*+4x — 12
39, f(x) = Vx,g(x)=x -4
40. f(x) = Vx,g{x)=x -5

1 1
41. f(x) =2+ ;,g(x) =3

1 1
2. f(x) =6-1.8(x) =

5 1 4x — 2
8B () = g8 = 5y
3x + 1 2% — 4
44 f(x) = 58 =5
45. f(x) = Vx+4,g(x)=Vx—-1
46. f(x) = Vx +6,g(x) = Vx -3
47. f(x) = Vx —2,g(x) = V2 — x
48. f(x) = Vx —5,g(x) = V5—x
In Exercises 49-64, find
a. (feog)x); b (gef)x)

49, f(x) =2x,g(x) =x+7

50. f(x) =3x,8(x) =x -5

51 f(x)=x+4,g(x)=2x + 1
x

57. f(x) =4 — x,g(x) =2x*+ x + 5
58. f(x) =5x—2,g(x) = —x?+4x — 1

52, f(x) =5x+2,g(x)=3x -4
53, f(x) =4x — 3,g(x) =5x2 -2
54, f(x) =Tx +1,g(x) =2x* =9
55. f(x) =x*+2,g(x) =x*> -2
y=xt+1,g(x) =x*-3
)
)

(

(
56. f(x

(

(

¢ (f°g)2)

59. f(x) = Vx,g(x) =x—1
60. f(x) = Vx,g(x)=x+2

61. f(x) =2x —3,g(x) = * ; 3
62. f(x) = 6x — 3,g(x) = > ;“ 3
1 1
63. f(x) = 2. 8(x) = ¢
2 2
6. f(x) = 7,8(x) =7
In Exercises 65-72, find
a. (f o g)(x) b. the domain of f ° g.
2 1
65. f(x) = 5800 =
5
66. f(x) = —.8(x) =
4
67. f(x) = T80 = 5
6
68. f(x) = ——<.8(x) =
69. f(x) = Vx,g(x)=x—2
70. f(x) = Vx,g(x)=x—3
71 f(x) = x>+ 4,g(x) = V1 — x
72, f(x) = x>+ 1,g(x) = V2 —x

In Exercises 73-80, express the given function h as a composition
of two functions f and g so that h(x) = (f o g)(x).

73. h(x) = 3x — 1)*

75. h(x) =\/x* -9

77. h(x) = |2x - 5|
1
2x — 3

79. hx) =

74. h(x) = (2x — 5)°
76. h(x) = V552 + 3

78. h(x) = [3x — 4]
1
4x + 5

80. h(x) =

Practice Plus

Use the graphs of f and g to solve Exercises 81-88.

81. Find (f + g)(-3).

83. Find (fg)(2).

82. Find (g — f)(-2).
e
84. Find <f>(3).

86. Find the domain of g
88. Graph f — g.

85. Find the domain of f + g.
87. Graph f + g.
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In Exercises 89-92, use the graphs of f and g to evaluate each
composite function.

89. (f - &)(-1) 90. (f > g)(1)

91. (g ° f)(0) 92. (g f)(-1)

In Exercises 93-94, find all values of x satisfying the given conditions.
93, f(x)=2x—5,g(x)=x>—-3x+8, and (f ° g)(x)=7.
94, f(x)=1—2x,g(x) =3x+ x — 1,and (f o g)(x) = —5.

Application Exercises

We opened the section with functions that model the numbers of
births and deaths in the United States from 2000 through 2005

B(x) = 7.4x* — 15x + 4046 D(x) = —3.5x% + 20x + 2405.

Numbsr of births, B[x), in
thousands, x years after 2000

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

Use these functions to solve Exercises 95-96.

95, a. Write a function that models the change in U.S. popula-

tion for each year from 2000 through 2005.

b. 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 1.61 on page 2207 By how much?

96. a. Write a function that models the total number of births
and deaths in the United States for each year from 2000
through 2005.

b. 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
2005 obtained from the data in Figure 1.61 on page 2207
By how much?

97. A company that sells radios has yearly fixed costs of
$600,000. 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
the number of radios produced and sold:

C(x) = 600,000 + 45x  This function models the
company's costs,

R(x) = 65x. This function models the
company's revenue.

Find and interpret (R — C)(20,000), (R — €)(30,000), and
(R — C)(40,000).

98. A department store has two locations in a city. From 2004
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) = 051x + 11.14. In each model, x represents the
number of years after 2004, and f and g represent the
profit, in millions of dollars.

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

e. 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 o g)(x) and describe what this models in terms
of the price of the computer.

Repeat part (b) for (g ° f)(x).
d. Which composite function models the greater discount
on the computer, f o gor g o f? Explain.

100. The regular price of a pair of jeans is x dollars. Let
f(x) =x — Sand 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 o g or g ° f? Explain.

Writing in Mathematics

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

102. If equations for f and g are given, explain how to find f — g.

103. If equations for two functions are given, explain how to
obtain the quotient function and its domain.

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

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

Technology Exercises
106. Graph y, = x> — 2x,y, = x, and y; = y, + y, in the same
[=10,10, 1] by [—10, 10, 1] viewing rectangle. Then use the

feature to trace along y;. What happens at
= 07 Explain why this occurs.
107. Graph y; = V2 — x, 5 = Vx, and y; = V2 — y 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 o g. Then verify your observation algebraically.

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
{xlx =0,1,2,3,...,25}.
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109. I have two functions. Function f models total world 114. If f(7) = Sand g(4) = 7,then (f ° g)(4)

population x years after 2000 and function g models popu-
lation of the world’s more-developed regions x years after
2000. I can use f — g to determine the population of the
world’s less-developed regions for the years in both
function’s domains.

115. If f(x) =

110. I must have made a mistake in finding the composite  117. Define two functions f and g sothatf o g = g < f.

functions f o gand g ° f, because I notice that f o g is not
the same function as g ° f.

= 35.

Vxand g(x) = 2x — 1,then (f ° g)(5) =

g(2).

116. Prove that if f and g are even functions, then fg is also an
even function.

111. This diagram illustrates that f(g(x)) = x* + 4.

Preview Exercises

1st 2nd Exercises 118-120 will help you prepare for the material covered
1) Output 8x) Output in the next section.
5 2 . . '
f & x“+4 118. Consider the function defined by
1st > 2nd [
Input Lo S Input x4

X

In Exercises 112-115, determine whether each statement is true or
false. If the statement is false, make the necessary change(s) to

x2

produce a true statement.
112. If f(x) = x* — 4and g(x) =

(f = &)(x) = —x"and (f  g)(5)
113. There can never be two functions f and g, where f # g,
for which (f ° g)(x) =

(Section )i

Verify inverse functions.
Find the inverse of a function.

Use the horizontal line test to
determine if a function has an
inverse function.

Use the graph of a one-to-one
function to graph its inverse
function.

Find the inverse of a function
and graph both functions on
the same axes.

\/ x? — 4, then

= —25.

(g ° f)(x).

{(=2,4), (-1,1), (1,1), 2, 4)}.

Reverse the components of each ordered pair and write the
resulting relation, Is this relation a function?

119. Solvefory: x = % + 4.

120, Solvefory: x=y>— 1,y =0.

Inverse Functions

I n most societies, women say they prefer to marry men
who are older than themselves, whereas men say they
prefer women who are younger. Evolutionary
psychologists attribute these preferences to female
concern with a partner’s material resources and
| male concern with a partner’s fertility (Source: David
M. Buss, Psychological Inquiry, 6, 1-30). When the
man is considerably older
than the woman, people
rarely comment. How-
ever, when the woman is
older, as in the relation-
ship  between  actors
Ashton  Kutcher and
Demi Moore, people take
notice.

Figure 1.65 on the
next page shows the pre-
ferred age difference in a
mate in five selected

countries.




1.8 Inverse Functions
One to One Functions
Def: A function f(x) is a one-to-one function on the domain D if f(a) # f(b) Whenever a #b

For every x there exists one and only one y and for every y there exists one and only one x.
Passes both the vertical and horizontal line test

Ex. Are the following functions one-to-one
4 A A A

[

/[

N

v
v
\

v

T [ e —— *;

N

€
€---L1--1--L
=<
a
»
<«
<
P

| Not /i ii
e I

Not
1-1
1-1 Yes
- Fails Fails 1-1
Inverses: Horizontal Vertical

Def: A function defined by reversing a one-to-one function fis the inverse of f.
Notation /() y=f(x) -  x=fQ)”

e Graphically: The inverse of a function y = f(x) is the reflection over the line y = x

o Algebraically: The inverse satisfies (fof " )X)=(f" o f)(x)=x

If you composite the function and its inverse, you just get x Property:
To find an Inverse: Change f(x) to y Dy =R
1. Interchange x and y in the original equation R, = Df_1
2. Solve fory whichis f~ (x)
The domain of the

function is the same as

Ex. Find the inverse of y = —-2x + 4. Algebraically prove it is the inverse. :
the range of the inverse.

***** The range of the

x=-2y+4 - y=-2x+4 (wow quick!)
function is the domain of

kkkkkkk

Fl) =—2x+4 the inverse

Ex. Find the inverse of y = x*> with domain x 2 0. Algebraically prove it is the inverse. Show
graphically as well.

x=y2 -5 y=4+x
Since the domain of fis x = 0, then the range of the inverse would be the same with y: y > 0,

making it positive. So, the inverse is f~1(x) = Vx



Ex. Consider the function f(x) = 4 — x? with domain x > 0.
(a) On the set of axes, graph f(x) on the indicated domain.
b) According to the graph, what is the range of f(x)?
c¢) Write the equation for f~1(x) and state its domain and range
d) On the same set of axes, graph and label f~1(x)
e) On the same set of axes, graph and label the line y = x

(
(
(
(
(f) According to your graph, is f~1(x) the image of f(x) after a reflection over y = x?
(g) Show, using (f° f (%), that your f~1(x) is correct.

(b) Since the highest point of the curve is 4, the range
of the functionis y < 4

(©) x=4-y*
yZ =4 —-—x - y = i\/m < ~~~~~
Since Ds:x = 0, then Rf—lly >0 e
~N
Therefore, f~1(x) = V4 —x kT

———
——
-

Df—l: 4—x =20 - Df—1:xS4~
Rf—lsz: yZO

(d) Quick way: Switch (x, y) for main points
04)- (40 @13)-31) (20 -(0,2

(e) Green line

(f) Yes

(2 (f°f_1)(x)=4—(\/4—x)2=4—(4—x)=4—4+x:x «— winner

Homework: Pg. 240-242 #1-270, 29-39, 43, 47
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Find the inverse of a function
and graph both functions on the
same axes.

.5-.
- : 1 4..
3-,
)= Vx +1
E _# } _% _i _v):
: 5—4 32, /]4.
: §id -2
ey |
TR :
/:/... 4
s 1 5
¥ : i
Figure 1.72

In our final example, we will first find £~%. Then we will graph f and f~! in the
same rectangular coordinate system.

Finding the Inverse of a Domain-Restricted Function

Find the inverse of f(x) = x* — 1if x = 0. Graph f and f~" in the same rectangular
coordinate system.

Solution The graph of f(x) = x*> — 1 is the graph of the standard quadratic
function shifted vertically down 1 unit. Figure 1.71 shows the function’s graph. This

graph fails the horizontal line test, so the function f(x) = x*> — 1 does not have an
inverse function. By restricting the domain to x = 0, as given, we obtain a new func-
tion whose graph is shown in red in Figure 1.71. This red portion of the graph is
increasing on the interval (0, ©) and passes the horizontal line test. This tells us that

f(x) = x* — 1 has an inverse function if we restrict its domain to x = 0. We use our
four-step procedure to find this inverse function. Begin with f(x) = x> — 1, x = 0.
Step1 Replace f(x) with y: y x2—1,x=0.

Step 2 Interchange xandy: x = y> — 1,y = 0.
Step 3 Solve for y:
X = y2 — 1,y = 0 This is the equation from step 2.
x+ 1=y Add 1 to both sides.
Vy+ 1= y Apply the square root property.

Because y = 0, take only
the principal square root and
not the negative square roof.

Step 4 Replace y with f "'(x): f}(x) = Vx + 1.

Thus, the inverse of f(x) =x*—1,x =0, is f!(x) = Vx + 1. The graphs
of f and f~! are shown in Figure 1.72. We obtained the graph of f™'(x) = Vx + 1
by shifting the graph of the square root function, y = Vx, horizontally to the left

1 unit. Note that the green graph of f~! is the reflection of the red graph of f about
the line y = x. @

(@) Check Point 7 Find the inverse of f(x) = x? + 1if x = 0. Graph f and f ™" in

the same rectangular coordinate system.

X+
6. f(x) =3x —7andg(x) = ‘77_3

In Exercises 1-10, find f(g(x)) and g(f(x)) and determine

whether each pair of functions f and g are inverses of each other. 7. f(x) =-

1. f(x) = 4xand g(x) = =
2. f(x) = 6xand g(x) = g
3. f(x) =3¢ + 8and g(x) =
4. f(x) = 4x + 9and g(x) =

5. f(x) =5x — 9and g(x) =

X
4

? _andg(x) = + 4
x—4arl g('\)—x

8. f(x) = \‘Asandg(x)z%JrS

9. f(x) = —xand g(x) = —x
10. f(x) = Vx —4andg(x) = x* + 4
The functions in Exercises 11-28 are all one-to-one. For each
function,
a. Find an equation for f~\(x), the inverse function.

b. Verify that your equation is correct by showing that

FFYX)) = xand 7 (f(x)) = x.



11. f(x)=x+3 12. f(x)=x+S5

13, f(x) = 2x 14. f(x) = 4x

15. f(x) =2x +3 16. f(x) =3x -1

17. f(x) = x> +2 18. f(x) = -1

19. f(x) = (x +2)° 20 f(x) = (x — 1)°

21 f(x) 2% 22, f(x) =%

23, f(x) = Vx 24. f(x) = Vx

25, f(x) = % ~3 2. f(x) = % +9
2x + 1 2x — 3

27. f(x) = =3 28. f(x) = T 1

Which graphs in Exercises 29-34 represent functions that have
inverse functions?

29. y 30. y
1\,
- 3. y 32. y

33. y . 34. y

\

In Exercises 35-38, use the graph of f to draw the graph of its
inverse function.

35.

37.
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In Exercises 39-52,
Find an equation for f™\(x).
Graph f and £~V in the same rectangular coordinate system.

c. Use interval notation to give the domain and the range of

fand f7\.
3. f(x)=2x—1 40. f(x) =2x -3
41, f(x)=x*—4,x=0 42, f(x)=x>-1,x=0
3. f(x)=(x-1"x=1 44, fx) = (x - 1% x=1
45, f(x) =x>—1 46. f(x) = x> +1
47. f(x) = (x +2)° 48. f(x) = (x —2)°

(Hint for Exercises 49-52: To solve for a variable involving an nth
root, raise both sides of the equation to the nth power: (Vy)" = y.)

9. f(x)=Vx-1 50. f(x) = Vx+2
51 f(x) = Vx +1 52 f(x) = Vx -1

Practice Plus

In Exercises 53-58, f and g are defined by the following tables. Use
the tables to evaluate each composite function.

(x| S | [ g(x) 1
= 1 =g 0
0 4 1 1
5 4 2
zf =t | =

53. f(g(1)) 54. f(g(4))

56. (g ° £)(0) 57. f7'(g(10))

In Exercises 5964, let
flx)=2x -5
glx) =4x -1
h(x)=x*+ x+2

55. (g ° f)(—1)
58. f7'(g(1))

Evaiuate the indicated function without finding an equation for
the function.

59. (f ° £)(0)
62. g77)

61. f'(1)
64. f(g[n(1)])

60. (g > £)(0)
63. g(f[A(1)])

Application Exercises

The bar graph shows the average number of hours that Americans
sleep per day, by age group. Use this information to solve
Exercises 65-06.

Hours Slept per Day, by Age

0 Men Women
> [ e
5 92F =
o S8¢ T
o 84t 82 g 53
2 sol
2 ) |
17 22 30 40 50 60

Source: ATUS, Bureau of Labor Statistics
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(In Exercises 65~60, refer to the graph at the bottom of the
previous page.)

65. a, Consider a function, f, whose domain is the set of six
ages shown. Let the range be the average number of
hours that men sleep per day. Write the function f as a

set of ordered pairs.

b. Write the relation that is the inverse of f as a set of
ordered pairs. Based on these ordered pairs, is f a one-
to-one function? Explain your answer.

66. a. Consider a function, g, whose domain is the set of six

ages shown. Let the range be the average number of

hours that women sleep per day. Write the function g asa .

set of ordered pairs.

b. Write the relation that is the inverse of g as a set of
ordered pairs. Based on these ordered pairs, is g a one-
to-one function? Explain your answer.

67. The graph represents the probability of two people in the
same room sharing a birthday as a function of the number of

people in the room. Call the function f.
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a. Explain why f has an inverse that is a function.
b. Describe in practical terms the meaning of
£710.25), £71(0.5), and £7(0.7).

68. A study of 900 working women in Texas showed that their
feelings changed throughout the day. As the graph indicates,
the women felt better as time passed, except for a blip (that’s
slang for relative maximum) at lunchtime.

Average Level of Happiness
at Different Times of Day

E=N
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Now

T
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L
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9 10 11 12 13 14 15 16 17 18 19 20 21 22
Time of Day

Source: D. Kahneman et al., “A Survey Method for Characterizing Daily Life
Experience,” Science

a. Does the graph have an inverse that is a function?
Explain your answer.

b. Identify two or more times of day when the average
happiness level is 3. Express your answers as ordered pairs.

¢. Do the ordered pairs in part (b) indicate that the
graph represents a one-to-one function? Explain your
answer.

69. The formula

y=f(x)=§x+32

is used to convert from x degrees Celsius to y degrees
Fahrenheit. The formula

y = g0 = 2(x - 3)

is used to convert from x degrees Fahrenheit to y degrees
Celsius, Show that f and g are inverse functions.

Writing in Mathematics

70. Explain how to determine if two functions are inverses of
each other.

71. Describe how to find the inverse of a one-to-one function.

72, What is the horizontal line test and what does it indicate?

73. Describe how to use the graph of a one-to-one function to
draw the graph of its inverse function.

74. How can a graphing utility be used to viéually determine if
two functions are inverses of each other?

75. What explanations can you offer for the trends shown by the
graph in Exercise 68?7

In Exercises 76-83, use a graphing utility to graph the function.
Use the graph to determine whether the function has an inverse
that is a function (that is, whether the function is one-to-one).

76. f(x) =x*—1 77. f(x) = V2 — x

78. f(x) =%3 79. f(x) =%4
80. f(x) = int(x — 2) 81. f(x) = |x — 2

82, f(x) = (x — 1) 83, f(x) = —V16 — x*

In Exercises 84-86, use a graphing utility to graph f and g in the
same viewing rectangle. In addition, graph the line y = x and
visually determine if f and g are inverses.

84. f(x) = 4x +4,g(x) =025x — 1

85. f(x) :%+2,g(x) = T2

86. f(x) = Vx —2,g(x) = (x +2)°

Critical Thinking Exercises
Make Sense? In Exercises 87-90, determine whether each
statement makes sense or does not make sense, and explain your
reasoning.
87. 1 found the inverse of f(x) = 5x — 4 in my head: The
reverse of multiplying by 5 and subtracting 4 is adding 4 and
x+4
5

88. I'm working with the linear function f(x) = 3x + Sand I do
not need to find ' in order to determine the value of

(f = FHam.

dividing by 5,50 f7!(x) =




Exercises 89-90 are based on the following cartoon.

DID YOU KNOW IF YOU COUNT
THE CRICKET CHIRPS IN ONE
MINUTE, DIVIDE B8Y FOUR, THEN
APD FORTY IT GIVES YOU THE

| ouTsiDE TEMPERATURE? \_,—,———V—/

15 THERE SUCH A THING
FAHRENHEIT OR CELSIUS ¥ AS METRIC CRICKETS P

(77
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B.C. by permission of Johnny Hart and Creators Syndicate, Inc.

89. Assuming that there is no such thing as metric crickets, I
modeled the information in the first frame of the cartoon
with the function

T(n) = % + 40,

where T'(n) is the temperature, in degrees Fahrenheit, and n
is the number of cricket chirps per minute.

90. T used the function in Exercise 89 and found an equation for
T7! (n), which expresses the number of cricket chirps per

minute as a function of Fahrenheit temperature.

In Exercises 91-94, determine whether each statement is true or
false. If the statement is false, make the necessary change(s) to
produce a true statement.

91. The inverse of {(1,4), (2,7)}is {(2,7), (1,4)}.
92. The function f(x) = 5 is one-to-one.

If f(x) = 3x, then f!(x) = %

The domain of f is the same as the range of ..

93.

94,

95. If f(x)=3x and g(x)=x+5, find (f ° g)_l(x) and
(87" ().
96. Show that
-3

is its own inverse.

Find the distance between
two points.

Find the midpoint of a line
segment.

Write the standard form of a
circle’s equation.

Give the center and radius of
a circle whose equation is in
standard form.

Convert the general form of a
circle’s equation to standard
form.

97. Freedom 7 was the spacecraft that carried the first American
into space in 1961. Total flight time was 15 minutes and the
spacecraft reached a maximum height of 116 miles. Consider a
function, s, that expresses Freedom 7's height, s(¢), in miles,
after + minutes. Is s a one-to-one function? Explain your answer.
If f(2) =6, and f is one-to-one, find
8+ f i (x—1) =10

98. x satisfying

Group Exercise

99. In Tom Stoppard’s play Arcadia, the characters dream and
talk about mathematics, including ideas involving graphing,
composite functions, symmetry, and lack of symmetry in
things that are tangled, mysterious, and unpredictable. Group
members should read the play. Present a report on the ideas
discussed by the characters that are related to concepts that
we studied in this chapter. Bring in a copy of the play and
read appropriate excerpts.

Preview Exercises

Exercises 100-102 will help you prepare for the material covered
in the next section.

100. Let (x;,y) =(7,2) and (x,y») = (1,-1). Find
\/(,\‘2 - xl)2 + (» — yl)z. Express the answer in simplified
radical form.

101. Use a rectangular coordinate system to graph the circle
with center (1, —1) and radius 1.

102.

Solve by completing the square: y* — 6y — 4 = 0.

Distance and Midpoint Formulas; Circles

t’s a good idea to know your way around
a circle. Clocks, angles, maps, and com-
passes are based on circles. Circles
occur everywhere in nature: in ripples
on water, patterns on a moth’s wings,
and cross sections of trees. Some
consider the circle to be the most
pleasing of all shapes.
The rectangular coordinate
system gives us a unique way of
knowing a circle. It enables us to
translate a circle’s geometric definition
into an algebraic equation. To do this, we
must first develop a formula for the distance
between any two points in rectangular coordinates.



Name Worksheet: 1.1 thru 1.8
Precalculus — Period

Answer each of the following questions. USE YOUR OWN PAPER FOR THIS ASSIGNMENT
For exercises 1-6, determine whether the relation is a function. Give the domain and range.

1. {(2,6),(1,4), (2,-6)} 2. {(0,1),(2,2), (3,4)}
3. .
1 \‘ v =[x
y=fix) 31 iU
I‘ - _: Y L
54 Ll‘ 1 3345 : 1 +—+ || C '1 =1
8. ; )
4 i
5 6. 5
e _!i
iy, i ]
1/ y = f(x) o) ol
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Use the graph of f to solve exercises 7 — 22
7. Explain why f represents the graph of a function.
8. Find the domain of f
9. Find the range of f
10. What are the x-intercept(s)
11. What are the y-intercepts(s)
12. For what interval(s) is f increasing?

13. For what interval(s) is f decreasing?

14. At what number does f have a relative maximum?

15. What are the coordinates of the relative maximum?

16. What is the value of f(—4)?

17. For what value(s) of x is f(x) = =27

18. For what value(s) of x is f(x) = 0?

19. For what values of x is f(x) > 0?

20. For what values of x is f(x) < 0?

21. If f(x) even, odd, or neither? Why or why not?

22. What is the average rate of change for ffrom x =—4 to x = 4?

On graph paper, graph exercises 23 — 27
23.y = —2x 25. f(x) = |x| — 4
24. 4x — 2y =8 26. f(x) =x%—4



27, £(x) -1, x<0
. X)=
2x+1, x>0

28. Let f(x) = —2x%2 +x — 4
a. Find f(—x). Is feven, odd, or neither?

b. Find f("+)‘f("’,h £0

30, 0<¢<200 _
29. If C(x)= . (a) Find C(150)  (b) C(250)
30+0.25(t—200), ¢>200

For exercises 30-33, write the equation of the line, in slope-intercept form, that satisfies the following condition
30. Slope =5, passes through (2,-1).

31. Passes through (4,2) and (-1,12)

32. Passes through (5,1) and is parallelto 4x — 3y —1 =0

33. Passes through (4, —3) and is perpendicularto 2x —y+3 =0

34. Is the line that passes through (2,-4) and (3,2) parallel or perpendicular to the line passes through (—4,2) and
(_3'8)?
35. What is the domain of g(x) = v5x — 10?

36. What is the domain of f(x) = xz__4 ?

2"

X

37. Find the domain of h(x) = ;%1

38. Express h(x) = V2x2 +3x — 6as composite of two functions f and g.
39. Use the graph the graph of f(x) = x? tograph g(x) = —f(x+1) — 3
x%2-4
5
x2-3x+2"

40. What is the domain of f(x) =



Def: A circle is the set of all points (called a locus) that are A
equidistant from a fixed point, called the center. The fixed

distance from the circle’s center to any point on the circle is
called the radius.

On a set of axes, the distance of the radius would be:

r=y(x=h)* +(y—k)’

(x,¥)

If you square both sides, you get:
(x—h)’ +(y—k)* =1

This is the Standard Form for the Equation of a Circle.

Ex. Write the standard form equation of a circle whose
1. centeris(3,4) and radius is 4 2. centeris (5,4) and passes thru (-1, -4)

r2 = (5 - (=1))2 + (4 — (—4))% = 6% + 8% = 100

(x=3Y+@—-4)?*=47
(x—3)2+(@y—4)?%=16 (x —5)2 + (y — 4)% = 100

3. has a diameter whose endpoints are (-4, 3) and (4, 9)
d=+y(—x)?+ 0, —y1)? =J(@—(-9))2+(9-3)2=V64+36=10 » r=5 - r2=25

X1+x, ¥y, ty —44+4 349
12 2’ 12 2>=< 5 >=(0,6)

Equationis: (x —0)2+ (y —6)2 =25 - x2+ (y—6)? =25

Center is the midpoint: (

Def: The General Form of the Equation of a Circle is

X’ +y2 +Dx+Ey+F =0, where D, E, and F are real number.

Ex. Write the General Form equation of a circle whose

2 2
1. standard form is (X—3) +()/—2) =16 2. Center is (5,6) and radius V8
x2—6x+9+y>—4x+4=16 (x —5)2 + (y — 6)% = (V/8)?
x*+y*—6x—4y—-3=0 x2—10x +25+y% —12x +36 =8

x?2+y2—10x—12y +53=0

2, .2
Ex. What is the center and radius of a circle whose equationis X~ +)~ +4x—6y—23=0>

Convert to standard form: Using Completing the Square ~ Completing the square:
x24+4x+ _ +y*—6y+, —=23+__+__° 1. Take % of the linear term

X2 L4x +4+9y2 -6y +9=23+4+9 2.Square it and add to both sides
(x—2)>+(y—3)>*=36

Homework: Pg. 250 — 251 #3-18(3’s), 19-270, 31-390, 43, 47,51, 55, 57

Center is (2,3)
radius = V36 = 6

v



1.9 Distance and Midpoint Formulas: Circles

1 (x,,y,) Supposetwo pointsP and Q have coordinates (x,,y,)and

Q (x,,y,) respectively.

! Th: The distance, d, between points P and Q, is defined:
yzi_yl d=\/(x2—x1)2+(y2—y1)2

Y R Sl R Proof:
Px.0) (x2,¥1) R Using the Pythagorean Theorem on Right APRQ:

PQ? = PR* + QR?
PQ? = (x3 — x1)* + (2 — y1)?
PQ =d =/(x; —x1)? + (y2 — y1)?

\
Ex. Find the distance between the following points:
1. (4,2) and (8,5) 2. (-5,3)and (7,-2) 3. (-2,4)and (2, -4)
d =0 —x)? + (2 —y1)? d =0 —x)?+ (2 —y1)? d=(x; = x:)% + (y2 = y1)?
d=(8-4)2+(5-2)? d=+(7+5)2+(-2-3)2 d=J2+2)2+ (—4—4)?
d=v16+9= V25 d = V144 + 25 = V169 d =16 + 64 = V80
d=5 d=13 d =4V5

Th: Consider a line segment whose endpoints are (x,, y,)and (x,,y,) The coordinates of the segment’s

x1+x2 y‘+y2
2 72

Ex. Find the midpoint of the segment whose endpoints are

midpoint are:

1. (4,2) and (10,8) 2. (5,1) and (10, 5) 3. (3,-2)and (-9, 7)
X +x ity (m &) <x1 X, oyt yz)
( 2 2 ) 2 72 2 72
4+10 2+8 <5+10 1+5) <3—9—2+7>
( 2 ' 2 ) 2 2 2 2
5 5
(2 (3
2 3 3'2
Ex. If the midpoint of a segment is (5, 2) and one endpoint is (-3,7), find the other endpoint.
Xm =—F5— = 2Xp =X+ X 2 Xy =2Xxp — X Y2 =2Ym — 01

x, =2(5)—(=3) =10 +3 = 13

v, =2Q2)-7=4-7=-3 e

® o \ ®
(-3,7) (5,2) (x. »)
Endpoint is (13,—3) \A( Y

5+8, 2-5)=(13, -3)
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In Exercises 1-18, find the distance between each pair of points. If
necessary, round answers to iwo decimals places.

1. (2,3)and (14,8) 2. (5,1) and (8,5)

3. (4,-1) and (=6, 3) 4. (2,-3)and (—1,5)
5. (0,0) and (—3, 4) 6. (0,0) and (3, —4)
7. (=2, —6) and (3, —4) 8. (—4,—1) and (2, =3)

9. (0,-3) and (4,1)
11. (35,82) and (—0.5,6.2)
13. (0,-V/3) and (V/5,0)
14. (0,—V2)and (V/7,0)
15. (3V/3, V/5) and (- V/3,4V/5)
16. (2V/3, V6) and (- V/3,5V6)

71 16 1 1 36
17. (3 5) d(g,g) 18. <—Z,—‘7—) and (Z,7>

In Exercises 19-30, find the midpoint of each line segment with the
given endpoints.

19. (6,8) and (2,4)
21. (—2,—8) and (—6, —2)
23. (—3,—4) and (6, —8)

10. (0, —2) and (4,3)
12. (2.6,1.3) and (1.6, —=5.7)

20. (10,4) and (2,6)
22, (—4,-7) and (-1, —3)
24. (=2,—1) and (-8, 6)

25.

( 7
2
2 7 4
26. <_§’B) and (_%’_E)
27. (8,3V/5) and (—6,7V/5)
28. (7V/3, =6) and (3V/3, -2)
29. (V18,-4) and (V2,4)  30. (V/50, —6) and (V/2,6)

In Exercises 31-40, write the standard form of the equation of the
circle with the given center and radius.

31. Center (0,0),r =7 32, Center (0,0),r = 8
33. Center (3,2),r =5 34. Center (2,-1),r =4
35, Center (—1,4),r =2 36. Center (=3,5),r =3

37. Center (—3,-1),r = = \/3 38. Center (=5,-3),r = Vs
39, Center (~4, 0),r =10 40. Center (—2,0),r =6

In Exercises 41-52, give the center and radius of the circle
described by the equation and graph each equation. Use the graph
to identify the relation’s domain and range.

41. x> + y? =16 2. X+ y2 =49

43. (x -3+ (y - 1)> =36
44, (x -2+ (y -3 =16
45. (x + 3V + (y—2) =4
46. (x +1)° + (y —4)2 =25

47 (x + 27 + (y+2)Y =4

48. (x +4) + (y +5)7 =36

49. 2+ (y - 1) = 50 x2+ (y—2Y =4

5L (x +1)° + y* =25 52. (x +2)° + y* =16

In Exercises 53-64, complete the square and write the equation in
standard form. Then give the center and radius of each circle and
graph the equation.

53, s+ Y2+ 6x +2y +6=0 -
54. x>+ > + 8x + 4y +16 =0

55, x*+ 2 —10x — 6y —30=0

56, x+ y2 —4x — 12y -9 =0

57. X2+ y2 + 8¢ — 2y — 8 =0

58, s+ y?P 4+ 12x — 6y —4=0

59, x2—2x +y*—~15=0

60. x>+ y2—6y—7=0

6L x>+ P —x+2y+1=0
62.x2+y2+x+y—l=0

63. x? + y2 4+ 3x — 2y —
64, x* + y* + 3x + 5y +

O
Il

0
=0

Practice Plus
In Exercises 65-66, a line segment through the ceme; ‘of each circle
intersects the circle at the points shown.
Find the coordinates of the circle’s center.
b. Find the radius of the circle.

e. Use yowr answers from parts (a) and (b) to write the
standard form of the circle’s equation.

65. 6. v
1)
("' \,) (5, 6)
i )
(5, 4
—> X

In Exercises 67-70, graph both equations in the same rectangular
coordinate system and find all points of intersection. Then show
that these ordered pairs satisfy the equations.

67. X2+ y* =16 68. X2+ =9
x—y=4 x—y=3
69. (x =2+ (y+3)7 =4
y=x-3
70. (x ~ 3+ (y+ 1P =9
y=x—-1



Application Exercises

The cell phone screen shows
coordinates of six cities from a \
rectangular coordinate system
placed on North America
long-distance
companies. Each unit_in this
System represents V0.1 mile.

by

telephone

Source: Peter H, Dana

In Exercises 71-72, use this information to find the distance, to the
nearest mile, between each pair of cities.

71.
72.
73,

74.

Boston and San Francisco
New Orleans and Houston |

A rectangular coordinate system with coordinates in miles is
placed with the origin at the center of Los Angeles. The figure
indicates that the University of Southern California is located
2.4 miles west and 2.7 miles south of central Los Angeles.
A seismograph on the campus shows that a small earthquake
occurred. The quake’s epicenter is estimated to be
approximately 30 miles from the university. Write the
standard form of the equation for the set of points that could
be the epicenter of the quake.

Los Angeles
(0, 0)

Sbo,

use

[-2.4, -2.7) 30 miles

The Ferris wheel in
the figure has a radius
of 68 feet. The clear-
ance between the
wheel and the ground
is 14 feet. The rectan- v b
gular coordinate sys- - 68 fe{
tem shown has its FAg o \
origin on the ground |\ | s
directly below the
center of the wheel.
Use the coordinate 1
system to write the Ik
equation  of  the
circular wheel.

Clearance

14 feet
it X
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Writing in Mathematics

75.

76.

77.

78.

79.

80.

81.

82.

In your own words, describe how to find the distance
between two points in the rectangular coordinate system.

In your own words, describe how to find the midpoint of a
line segment if its endpoints are known.

What is a circle? Without using variables, describe how
the definition of a circle can be used to obtain a form of its
equation.

Give an example of a circle’s equation in standard form.
Describe how to find the center and radius for this circle.

How is the standard form of a circle’s equation obtained
from its general form?

Does (x — 3)2 + (y ~ 5)2 = 0 represent the equation of a

“circle? If not, describe the graph of this equation.

Does (x — 3)2 + (y — 5)2 = —25 represent the equation
of a circle? What sort of set is the graph of this equation?

Write and solve a problem about the flying time between a
pair of cities shown on the cell phone screen for Exercises
71-72. Do not use the pairs in Exercise 71 or Exercise 72.
Begin by determining a reasonable average speed, in miles
per hour, for a jet flying between the cities.

In Exercises 83-85, use a graphing utility to graph each circle
whose equation is given.

83.
84.
8s.

x2+ y2 =125
(y + 1) =36 — (x — 3)
x4+ 10x + y2 —4y —20=0

Critical Thinking Exercises
Make Sense? In Exercises 86-89, determine whether each

staterment makes sense or does not make sense, and explain your
reasoning.

86.

I've noticed that in mathematics, one topic often leads
logically to a new topic:

Pythagorean Distance Equations
Theorem Formula of Circles
leads leads
to to
87. To avoid sign errors when finding # and k, I place parenth-

88.

89.

eses around the numbers that follow the subtraction signs in
a circle’s equation.

I used the equation (x + 1)% + (y — 5) =
the circle’s center and radius.

My graph of (x — 2)> + (y + 1)> = 16 is my graph of
x% + y* = 16 translated two units right and one unit down.

—4 to identify

In Exercises 90-93, determine whether each statement is true or
false. If the statement is false, make the necessary change(s) to
produce a true statement.

90.

The equation of the circle whose center is at the origin with |
radius 16 is x% + y* = 16.
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91.

92.

93.

%9,

9s.

The graph of (x — 3)2 + (y + 5)2 = 36 is a circle with
radius 6 centered at (=3, 5).
The graph of (x — 4) + (y + 6) = 25is a circle with radius
5 centered at (4, —6).
The graph of (x — 3)2 + (y + 5)2 = —36 is a circle with
radius 6 centered at (3, —5).
Show that the points A(1,1 + d),B(3,3 +d), and
C(6,6 + d) are collinear (lie along a straight line) by
showing that the distance from A to B plus the distance
from B to C equals the distance from A to C.
Prove the midpoint formula by using the following procedure.
a. Show that the distance between (x[,y) and
X+ x +
(1—2—2,&2—”) is equal to the distance between

(xz,mand( 20

b. Use the procedure from Exercise 94 and the distances
from part (a) to show that the points (xq,y),

Xyt x »+ )’2)

96. Find the area of the donut-shaped region bounded by
the  graphs of  (x — 2)2 + (y + 3)2 =25 and
(x =2 + (y + 3)° = 36.

97. A tangent line to a circle is a line that intersects the circle at
exactly one point. The tangent line is perpendicular to the
radius of the circle at this point of contact. Write an equa-
tion in point-slope form for the line tangent to the circle
whose equation is x? + y° = 25 at the point (3, —4).

Preview Exercises
Exercises 98-100will help you prepare for the material covered in
the next section.

98. Write an algebraic expression for the fare increase if a
$200 plane ticket is increased to x dollars.

99. Find the perimeter and the area of each rectangle with the
given dimensions:

a. 40 yards by 30 yards b. 50 yards by 20 yards.

xptx nty
2 2

|

Construct functions from
verbal descriptions.

| ) Construct functions from
| formulas.

Study Tip

In calculus, you will solve problems
involving maximum or minimum
values of functions. Such problems
often require creating the function
that is to be maximized or
minimized. Quite often, the calculus
is fairly routine. It is the algebraic
setting up of the function that causes
difficulty. That is why the material in
this section is so important.

100. Solve for h: wr*h = 22. Then rewrite 277> + 2arrh in terms

, and (x,, y,) are collinear. of r.

Modeling with Functions

A can of Coca-Cola is sold
every six seconds throughout
the world.

In 2005, to curb con-
sumption of sugared
soda, the Center for
Science in the Public
Interest (CSPI) urged
the FDA to slap
cigarette-style warning
labels on these drinks,
calling them “liquid candy.” Despite the variety of its reputations throughout the
world, the soft drink industry has spent far more time reducing the amount of
aluminum in its cylindrical cans than addressing the problems of the nutritional
disaster floating within its packaging. In the 1960s, one pound of aluminum made
fewer than 20 cans; today, almost 30 cans come out of the same amount. The
thickness of the can wall is less than five-thousandths of an inch, about the same as
a magazine Cover,

Many real-world problems involve constructing mathematical models that are
functions. The problem of minimizing the amount of aluminum needed to
manufacture a 12-ounce soft-drink can first requires that we express the surface
area of all such cans as a function of their radius. In constructing such a function, we
must be able to translate a verbal description into a mathematical representation —
that is, a mathematical model.




Chapter 1: Functions and Graphs

Things to Know

Review Sheet

Def: A function is a relation such that each element in the domain

corresponds to exactly ONE element in the range.

f(x) is pronounced “f of x” and means “the value of function f at x”.

Evaluating a function:
Given function y = f(x), then f(2) means the value of function when

X=2.

A graph is a function if it passes the Vertical Line Test (VLT)

o The vertical line test means that if you draw vertical
lines through the graph, that it would only cross
through the graph 1 time.

o) If the graph fails the VLT, then the relation is NOT a
function.

Identifying Domain and Range Using a Function’s Graph:

Suppose you have the graph on the right:

Def: A function is

Relative Extrema: (Relative Maximums and Minimums)

1. increasing on an open interval /, if f(x;) < f(x;) whenever x; < x,
for any x; and x, in the interval.

2. decreasing on an open interval /, if f(x;) > f(x;) whenever x; < x,
for any x4 and x, in the interval.

3. constant on an open interval /, if f(x;) = f(x,) whenever x; < x,
for any x; and x, in the interval.

1. Afunction has a relative maximum at x=c if the function changes
from an increasing function to a decreasing function at x = c.
e Forallxaroundc, f(x) <f{c)
2. Afunction has a relative minimum at x=c if the function changes
from a decreasing function to an increasing function at x = c.
e Forallxaroundc, f(x) > f(c)

To find the domain — Look at the x-coordinates of the left
most and right most points.

To find the range - Look at the y-coordinates of the lowest
and highest points.

Intercepts:
Def: An intercept is where a graph crosses an axis.

(a) The x-intercept is where the graph crosses the x-axis.
. Has coordinates (a, 0)

(b) The y-intercept is where the graph crosses the y-axis
. Has coordinates (0, b)

Def: Afunctiony = f(x)is
1. aneven function if f(—x) = f(x) for all x in the domain of f.
. This means if you plug in - x in for x and simplify, you get
the original function f(x)
. Even functions are symmetric about the y-axis (y-axis
divides the function into mirror images)
2. anodd function if f(—x) = —f(x) for all x in the domain of f.
. This mean if you plug in - x in for x and simplify, you get
the original function f(x) with all the signs changed.
. 0dd functions are symmetric about the origin (it looks the
same upside down as right side up)

To find the x-intercept: Set the y value equal to 0 and solve for x.

To find the y-intercept: Set the x value equal to 0 and solve fory.

Def: A function that is defined by two or more equations over a
specified domain is called a piecewise function.

Ex. /
{xz -1, x<l1

For x < 1, you use the first
expression, for all other
values of x, use the 2nd

2x-2, x=xl expression (2x-2)

Def: The slope of a line through distinct points (xl s yl) and (xz ’yz) is

Ay changeiny y, -y,
Ax  changein x

P "o "
this is also referred to as _7'%5€

" "

Xy — X run

provided that X; # X,

There are 4 Kinds of Sloped Lines:
1. Positive Slope — as you move from left to right, the line goes up

2 Negative Slope — as you move from left to right, the line goes down
3. Zero Slope — horizontal line
4 No Slope — vertical line

Property: 2 Lines are parallel if they have the same slope.
m, =m,
Property: 2 lines are perpendicular if their slopes are negative reciprocals.
1

m =——
m,

Equations of Lines: There are several different forms of equations for lines.
1. Point-Slope Form: For a non-vertical line whose slope is m and passes
through a point . 7)
Y=y =m(x—x)
2.  Slope-Intercept Form: For a non-vertical line with slope m and y-intercept b
y=mx+b
3. Equation of a Horizontal Line: All horizontal line are of the form y =k,

where k is any real number
Ex. y=4 y=-2
4, Equation of a Vertical Line: All vertical line are of the form x = k, where k

y=0

is any real number
Ex. x=8 x=0
5. General Form of a Line: Every line has an equation that can be written in
the general form: Ax + By +C =0

Xx=-5




Def: The Average Rate of Change of a Function
Let (x;, f(x;))and (x,, f(x,)) be two distinct points on the graph of y = f(x).

The average rate of change of f from x; to x,, denoted by

A
f); (“delta y over delta x” = “change in y over the change in x”) is

Ax X, =X

Def: Suppose an object’s position is expressed by the function s(t), where t
is time. The average velocity of the object from time ¢t; to t, is

E _s(t)—s@)
Attt

TRANSFORMATIONS OF FUNCTIONS

Vertical Shift Horizontal Shift

. A vertical shift occurs to a standard graph, when the graph
“shifts” up or down.
Def: A function f(x) will have a vertical shift into a new function
g(x) if for any real number k: g(x) = f(x) +k
. The curve will have the exact same shape, it will
just be higher or lower than its original form.
. The shift will be upward if k>0
. The shift will be downward if k<0

. A horizontal shift to a standard graph when the graph “shifts”
left or right.
Def: A function f(x) will have a horizontal shift into a new function
g(x) if for any real number k: g(x) = f(x + k)
. The curve will have the exact same shape, it will just
be left or right than its original form.
. The shift will be to the right k units if k<0
. The shift will be to the left k units if k >0

Reflections of Graphs Dilations: Stretching and Shrinking

Def: The graph of y = —f(x) is the graph of the y = f(x) reflected over the | Def: Vertical Stretching and Shrinking
Let f be a function and c be a positive real number.

X-axis.

. Basically: The y-coordinate changes sign: (x, y) = (x, -y)

Def: The graph of y = f(—x) is the graph of the reflection of y = f(x) over

the y-axis. Def: Horizontal Stretching and Shrinking

. Basically: The x-coordinate changes sign: (x, y) = (-x, ¥)

A function can be transformed with more than one transformation if you
perform them in the following order:

Let f be a function and c be a positive real number.

1. If c>1, the graph of y = cf(x) is the graph of y = f(x) vertically
stretched by multiplying each of the y-coordinates by c.

2. If 0<c<1,the graph of y = cf(x) is the graph of y = f(x) vertically
shrunk by multiplying each of the y-coordinates by c.

1. If ¢ > 1, the graph of y = f(cx) is the graph of y = f(x) horizontally
shrunk by dividing each of the x-coordinates by c.

2. If0<c<1,the graph of y = f(cx)is the graph of y = f(x) horizontally
stretched by dividing each of the x-coordinates by c.

1.  Horizontal Shift

2 Stretching or shrinking
3. Reflection

4 Vertical Shift

Finding Domain: If you do not have the graph of a function y = f(x)
o  To find the domain of a function, you are answering the following
question: What are all the possible values of x?
. Or better: What values CAN'T x be?
o How do you find domain?
1. Assume (unless stated) the domain is All Real values

2. If xisin the bottom of a fraction, then set the bottom =
0 and solve for x
3. Ifxisinaradical (even root), then set the inside of the

radical 2 0 and solve for x
4, If x is in a radical which is the bottom of a fraction, then
set the inside of the radical > 0 and solve for x

Algebra of Functions: Let fand g be two functions. The following
functions are defined:
1. Sum of 2 functions: (f + g)(x) = f(x) + g(x)
2. Difference of 2 functions: (f — g)(x) = f(x) — g(x)
3. Product of 2 functions: (fg)(x) = f(x) - g(x)

4. Quotient of 2 functions: (é) (x) = %, provided g(x) # 0

*** In all cases, the domains will be the set of real numbers common to
the domains of fand g: Dy N Dy

Composite Functions:
Let fand g be functions, then the composite of fwith g, written (f'o g)(x) s

denoted by: (f o g)(x)= f[g(x)]=f(g(x))

** The domain of the composite function is the set of all x such that
1. xisinthe domain of g
2. g(x)isinthe domain of f.

Circles:

Standard Form for the Equation of a Circle: (x — h)2 + (y — k)2 =2
Center: (h, k) radius=r

General Form for a Circle: x* + y* + Dx+ Ey+F =0

Convert from General to Standard:

1. Group x’s and y’s and move constant to the other side (set up Completing the
square)

2. Complete the square for both x and y (add the constants to the other side as well)

3. Write the quadratics in factored form: i.e. (x — h)?

Distance Formula: Midpoint Formula:
d=(,—x) +(,—1) (ﬂ u]
2 72

Def: A function defined by reversing a one-to-one function fis the inverse of f.

-1
Notation f (.X)
. Graphically: The inverse of a function y = f(x) is the reflection over

the line y = x
. Algebraically: The inverse satisfies

(fof DX =(f"efH)x)=x Property:
To find an Inverse: Change f(x) to y ]_)/ = R/,,
1. Interchange x and y in the original equation
2. Solve for y which is f"l (x) R/ :D/"




Name Chapter 1 Sample Test

Precalculus — Period Form A

A. Answer each of the following questions. Place your answers in the space provided on the right. [2 points each]

1.  Givenf(x) = x? —x — 4, find f(—2). 1.
2 Is the function f(x) = x?% — 8 an even function, odd function, or neither? 2
3. What is the distance between the points whose coordinates are (5, 3) and (-3, 18)? 3.
4 What is the equation of the line perpendicular to 3x — 4y + 6 = 0 and passes through 4
(1,2)?
5. What is the domain of f(x) = %? 5.
6. Iff(x) =x%2—3xand g(x) =2x+ 1, thenfind (f°g)(2) 6.
7. Iff(x) =5+ x?and g(x) = x2 — 1, then what is the value of (f + g)(2)? 7.
8.  What s the slope of the line that passes through (2,1) and (-1,7)? 8.
9.  Whatis the domain of g(x) = V5x — 10? S.
10.  Whatis the inverse of f(x) = 3x — 2? 10.
11.  If f(x) = 4x? — 3x, the what is f (x + 1) in simplest form? 11.
12.  Express h(x) = Y2x2 + 3x — 6 as composite of two functions f and g. 12. f(x)=
g(x)=

B. Answer each of the following questions. Show all work for partial credit.
13. What is the y-intercept of the line perpendicular to 4x — 5y + 8 = 0 that passes through (1,1)?

14. On the set of axes, the graph of f(x) = x? is shown.
(a) Usethe graphtograph g(x) = —f(x+1)—3
(b) What is the equation of g(x)?




15.

16.

17.

Consider the graph of y = f(x). Answer each of the following questions
based on the graph.

(a) What is the range of f?
(b) On what interval is f increasing?
(c) Onwhatinterval is f decreasing?

(d) What are the coordinates of the relative maximum?
(e) What are the coordinates of the relative minimum?
(f) What are the x intercept(s)?
(g) What are the y intercept(s)?

Consider the functionf (x) = i—;z
(a) What is the domain? (c) What is the domain of f~1(x)?
(b) Find f~1(x) (d) What is the range of f?

Consider the circle whose general form equation is x? + y2 + 4x — 6y —3 =0
(a) Write the equation of the circle in Standard Form.

(b) What is the center of the circle?

(c) What is the radius of the circle?

(d) On the set of axes, draw, to the best of your ability, the circle.

(a)

(b)

()

v
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Use the graph of g to solve Exercises 71-76. 85. y 86.
. y - & 7
71. Find g(—4). : . \5\ | |
72. Find g(2). y=gl) 47 - -
73. Find g(—10). R g : , e
74. Find g(10). - S 1 .
. ————— x .
75. For what value of x is -5-4-3-2-141 :lf 23 __3'317
glx) =17 | N i, S : :21
76. For what value of x is ol s : v 3l
Coglx) = —12 |
fn) =2
In Exercises 77-92, use the graph to determine a. the function’s
domain, b. the function’s range; ¢. the x-intercepts, if any; d. the 87. y 88. y
y-intercept, if any; and e. the missing function values, indicated by : ; ' TR T
question mmarks, below each graph. ‘;[ i ; ‘3‘ r
77. 78 Y ool 2+ y = fix)
ettt
l43-2-1;]1 1234 -4-32-1,1 123 4
— i .
: X ' T y=s TR
-4-8-2-14] _ : foidd e .
j ; ! p |
el 1 o _ : . ,
LR | S f-4)=7 f#H=" f2)=7 () ="
44 :
D=7 f@)=" 9. v
79. . ) -
9 8. ) . | Bi / |
< 44 ’/' y :j(\) T / fos 40 a
\ 31 T
-t ] B, T T T |
! : 24 .
———+ ——t—> X ———+—1 f———- ¥ Graph approaches but 3
L4B-d=lyl 1 2.3.4 4-3-2-141 123 4, never touches the x-axis, —4+ -
_2-[ b 24 '
23] . . i Lo
oo L O @)=2
f)=2 f3)=" f4)=7 f(3)="
90. y
81. oy v 82. ) y _ =N
R 7, : R Graph approaches but never .41 i
a4t y=fn) - : i y=fi] 3 touches the dashed vertical line. 51 |
34 - = 2
- X
2t foes 1 e
St S — A ) i
_1,74_,_,_,'\. 6-5-43-2-1;] 1 2 _
P2~ 442 3.4 5 - 2 On both sides, graph  _4
i Lol 1 ; ‘ ~ never touches the x-axis.
.—3-( ~4 f(2)=2
f3)=7 f(=5)="
83. y 84. ¥y 91. y 92, ¥y
277 y=fw e = ° . 2# e 2
1 K o ,r’f 1 1
f————++————> ¥ #—0—#—1—0—%»\' — > X
=3=2-1,1.1.23 45 S o e 14 O NV R S0 o ek Pt B I RS -4-3-2-1,1 12 3 4
L2 - =24 i =21 - . ° 24 o .
=3 s o - =3 : Lol
,4 44 —4 _" & Y= f(\)

fd=7? J@)=7? f5)+f(3)=1 f(5)+f4) =2
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Practice Plus
In Exercises 93-94, let f(x) = x* — x + 4 and g(x) = 3x — 5.
93. Find g(1) and f(g(1)). 94. Find g(-1) and f(g(—1)).

In Exercises 95-96, let f and g be defined by the following rable:

x| @ | e
[ =2 6 | o
-1 3 4
0 =1 1
T | - -3
2| o | -6 |

95. Find \/f(-1) — £(0) — [(2)] + f(~2) + g(2)-g(~1).
96. Find [£(1) — f(0)] = [g(1)T* + 8(1) + F(=1)-g(2).

In Exercises 97-98, find f(—x) — f(x) for the given function f.
Then simplify the expression.

97. f(x)=x+x—5 98. f(x) =x—-3x+7

Application Exercises

The Corruption Perceptions Index uses perceptions of the general
public, business people, and risk analysts to rate countries by how
likely they are to accept bribes. The ratings are on a scale from 0 to
10, where higher scores represent less corruption. The graph shows
the corruption ratings for the world’s least corrupt and most
corrupt countries. (The rating for the United States is 7.6.) Use the
graph to solve Exercises 99-100.

Top Four Least Corrupt and Most Corrupt Countries

10r 97 96.96 95
9r- - Least corrupt
8 countries
50 -
2 7+
sl
Eo6F - Most corrupt
E 5t - i e GOURETIBS
: al
3+
S 2 17 17 18 18
i 8 |
2% 2 ¥ £ % £ 8§
« [0} <
T e 3 8§ T 5 £ §
= & g 8 e B
Y A £ s
5] 23]
Z.
Country

Soutrce: Transparency International, Corruption Perceptions Index
99. Use the four least corrupt countries to solve this exercise.

a. Write a set of four ordered pairs in which countries
correspond to corruption ratings. Each ordered pair should
be in the form

(country, corruption rating).

b. Isthe relation in part (a) a function? Explain your answer.

¢. Write a set of four ordered pairs in which corruption
ratings correspond to countries. Each ordered pair should
be in the form

(corruption rating, country).
d. Is the relation in part (c) a function? Explain your answer.

100. Repeat parts (a) through (d) in Exercise 99 using the four
most corrupt countries.

The bar graph shows your chances of surviving to various ages
once you reach 60.

Chances of 60-Year-Olds Surviving
to Various Ages

90%
_ 5%
<
2 60
g 60%
=
[%2]
5 45%
8
£ 30% 24
=
© 5% -
23
80 90 100

Age

Source: National Center for Health Statistics

The functions

flx) = —29x + 286
and g(x) = 0.01x* — 4.9x + 370

model the chance, as a percent, that a 60-year-old will survive to
age x. Use this information to solve Exercises 101-102.

101. a. Find and interpret f(70).  b. Find and interpret g(70).

¢. Which function serves as a better model for the chance
of surviving to age 70?7

102. a. Find and interpret £(90).  b. Find and interpret g(90).

¢. Which function serves as a better model for the chance
of surviving to age 90?

To go, please. The graphs show that more Americans are
ordering their food to go, instead of dining inside restaurants.
A quadratic function models the average number of meals per
person that Americans ordered for takeout and a linear
function models the average number of meals ordered for
eating in restaurants. In each model, x represents the number of
years after 1984. Use the graphs and the displayed equations to
solve Exercises 103-104.

Models for Average Number of
Meals per Person Americans Oxdered

¥y from 1984 through 2005
Takeout
W01 g = —o.a2sx? 4 5.25x 472 »
120 b e e s ',jf»év—’ -
100f

In restaurants
Rx) =-0.6x + 94

[+
<
T

Average Number of
Meals per Person

BN
(o]
T

A

iiiii;iiLi||i|ii|i||ii x
0 2 4 6 8 10 12 14 16 18 20 22
Number of Years after 1984

Source: NPD Group



(In Exercises 103-104, refer to the graphs and their equations at
the bottom of the previous page.)

103. a. Use the equation for function 7 to find and interpret
T(20). How is this shown on the graph of 7?7

b. Use the equation for function R to find and interpret
R(0). How is this shown on the graph of R?

¢. According to the graphs, in which year did the average
number of takeout orders approximately equal the
average number of in-restaurant orders? Use the
equations for 7 and R to find the average number of
meals per person for each kind of order in that year.

104. a. Use the equation for function T to find and interpret
T(18). How is this shown on the graph of T'?

b. Use the equation for function R to find and interpret
R(20). How is this shown on the graph of R?

In Exercises 105-108, you will be developing functions that model
given conditions.

105. A company that manufactures bicycles has a fixed cost of
$100,000. It costs $100 to produce each bicycle. The total
cost for the company is the sum of its fixed cost and variable
costs. Write the total cost, C, as a function of the number of
bicycles produced, x. Then find and interpret C(90).

106. A car was purchased for $22,500. The value of the car
decreased by $3200 per year for the first six years. Write a
function that describes the value of the car, V, after x years,
where 0 = x = 6. Then find and interpret V (3).

107. You commute to work a distance of 40 miles and return on
the same route at the end of the day. Your average rate on
the return trip is 30 miles per hour faster than your average
rate on the outgoing trip. Write the total time, T, in hours,
devoted to your outgoing and return trips as a function of
your rate on the outgoing trip, x. Then find and interpret
T(30). Hint:

Distance traveled

Rate of travel

108. A chemist working on a flu vaccine needs to mix a 10%
sodium-iodine solution with a 60% sodium-iodine solution
to obtain a 50-milliliter mixture. Write the amount of sodium
iodine in the mixture, S, in milliliters, as a function of the
number of milliliters of the 10% solution used, x. Then find
and interpret S(30).

Time traveled =

Writing in Mathematics

109. What is a relation? Describe what is meant by its domain
and its range.

110. Explain how to determine whether a relation is a function.
What is a function?

111. How do you determine if an equation in x and y defines y
as a function of x?

112. Does f(x) mean f times x when referring to a function f?
If not, what does f(x) mean? Provide an example with your
explanation.

113. What is the graph of a function?

114. Explain how the vertical line test is used to determine
whether a graph represents a function.

115. Explain how to identify the domain and range of a function
from its graph.

116. For people filing a single return, federal income tax is a
function of adjusted gross income because for each value of
adjusted gross income there is a specific tax to be paid. By
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contrast, the price of a house is not a function of the lot size

on which the house sits because houses on same-sized lots

can sell for many different prices.

a. Describe an everyday situation between variables that
is a function.

b. Describe an everyday situation between variables that
is not a function.

Technology Exercise

117. Use a graphing utility to verify any five pairs of graphs that
you drew by hand in Exercises 39-54.

Critical Thinking Exercises

Make Sense? In Exercises 118-121, determine whether each
statement makes sense or does not make sense, and explain your
reasoning.

118. My body temperature is a function of the time of day.

119. Using f(x) = 3x + 2, I found f(50) by applying the
distributive property to (3x + 2)50.

120. T graphed a function showing how paid vacation days
depend on the number of years a person works for a
company. The domain was the number of paid vacation
days.

121. 1 graphed a function showing how the average number of
annual physician visits depends on a person’s age. The
domain was the average number of annual physician visits.

Use the graph of f to determine whether each stateinent in Exercises
122-125is true or false.

SN
- Graph of f

T
122. The domain of fis [—4, —1) U (-1,4].
123. The range of f is [-2,2].
124. f(-1) — f(4) =2
125. £(0) = 2.1
126. 1¢ f(x) = 3x + 7, find WLZI_M

127. Give an example of a relation with the following
characteristics: The relation is a function containing two
ordered pairs. Reversing the components in each ordered
pair results in a relation that is not a function.

128. If f(x + y) = f(x) + f(y) and f(1) = 3, find f(2), f(3),
and f(4).Is f(x + y) = f(x) + f(y) for all functions?

Preview Exercises

Exercises 129-131 will help you prepare for the material covered

in the next section.

129. The function C(¢) = 20 + 0.40 (+ — 60) describes the
monthly cost, C(t), in dollars, for a cellular phone plan for
t calling minutes, where ¢ > 60. Find and interpret C(100).

130. Use point plotting to graph f(x) = x + 2ifx = 1.

131 Simplify: 2(x + )’ + 3(x + h) + 5 — (262 + 3x + 5).
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Solution
a. We find f(x + h) by replacing x with x + & each time that x appears in the
equation.
flx) =2x* - X + 3
Replace v Replace x Replace x Copy the 3. There is
with x + /1. with x + /1. with.v + A, no X in this term.

flx + h)y=2(x+ h)*— (x+ h) + 3
=2(x*+2xh+h)—x—h + 3
=2’ +dxh +2R* —x—h + 3

b. Using our result from part (a), we obtain the following:

This is f{x -+ /)
from part {a).

This is flx) from
the given squation.

Flx+h) = flx) (28 +4xh+ 20 — x —h +3] = (24 — x +3)
h B h

_2x2+4,\:h+2172—x—/7.+3 -2x*+x -3

h each term in the parentheses.

(2 =2x) + (—x +x)+ (3—3) +4xh + 21> — h
h

Group like terms,

Simplify.

dxh + 2h* — 1h
= h - We wrote —/1 as —1/ to avoid possible
errors in the nexi factoring step,

h(4x + 2h — 1)
h

=d4x +2h — 1

numerator and denominator.

(D) Check Point 5 1f f(x) = —2x? + x + 5, find and simplify each expression:

fe+h) = fx)

Factor h from the numerator.

Divide out identical factors of h in the

Remove parentheses and change the sign of

a. f(x + h) h # 0.
h
1S€
In Exercises 1-12, use the graph to detérmine
a. intervals on which the function is increasing, if any.
b. intervals on which the function is decreasing, if any. ~
c. intervals on which the function is constant, if any.
1, ¥ 2, ¥y 3- )’ ) — 4. ¥
Sh g ' 4 ; 41
3t 31 31
2t 24 5 _ ke
1 1JK — - :
——— X X ——t————t—t—t—>X SRS 4 t ——
___/!,_2 3 4 3-2-14] 12345 3-2-131 12345
7 ol 2]
3F -3+ -3+
4 -4 ]
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S y 6 14. y
Q\\S-- ; e
Y T
3t 31
o4 \ - ! > S
L ForitN > X o d :
T N, 4-i4 s::e/:‘:}éz.r
32-14]1 123 c\ S-43-7-1;1 123,45
157,91 I - . =,
Ligd =l
44
54
7 y 8. y
4
44 j 0 / .
3’[ o ; ' 13. (f(x) =2l + 3% -1+ l;
1 1 \ ]
bt > X et T s |
432-1;] 1234 4-32-1;] 1234 £ |
el ’ =2 ! " !
~ _i _i . !ll k H-"l
s IIl R
9 ¥ 10. y !
St [-4,4,1] by [-15, 25, 5]
5l .
16. fix) =2x3 - 1527 + 24x + 19 |
——+— > X . 1/ J
~4-3-2:1 3 4 . — ]
s
Y I
J 1
T j ", Il,l
+ l|| .'l""'-.h .e"..I
I .
1L 5 12 y I,'
41 T | i -2,6,1] by [-15,35,5
T o [-2,6,1] by [ ]
24 / — . 2
/ o . .
17 J/ \.} (i In Exercises 17-28, determine whether each function is even, odd,
— A ———+> X ———t—+ ——+> ¥ o
3-2-1) 12345 —5—4—3—2,—1_1__\\23 or neither.
;] 2 s 17. f(x) = x>+ x 18. f(x) =x% — x
34 I =34
a4l L | C ol 19, g(x) = x* + x 20, g(x) = x% — x
21 h(x) = x* — x* 22, h(x) = 2x% + x*
In Exerci;es 13-16, the graph Qfa function f is given. Use the 23. f(x) = ¥ =+ 24, f(x) =222 + 3t + 1
graph to find each of the following:
N _ 1.6 2 N = 9,3 5
a. The numbers, if any, at which f has a relative maximum. 25. f(x) =527 — 3x 26. f(x) = 2x" = 6x
What are these relative maxima? 27. f(x) = xV1 - 22 28, f(x) = ’\.2\/1 _ 2
b. The numbers, if any, at which f has a relative minimum. ’
What are these relative minima? In Exercises 29-32, use possible symmetry to determine whether
13. ¥ each graph is the graph of an even function, an odd function, or a
function that is neither even nor odd.
29. Y
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30. e

T T
4t \i.) o
3 N 5

T e .
ol \.w(f,l)

‘.;2».'
5.

33. Use the graph of f to determine each of the following. Where

applicable, use interval notation.

i ;.5_‘
: v3~ .
E :'2" [’
1t
S W x
—S5-4-3-9-1. | 1\2 345 6/7
21\ .j .
31 \ / .
w41 Nyl
sl 0

the domain of f

o

the range of f

the x-intercepts

& o

the y-intercept
intervals on which f is increasing
intervals on which f is decreasing

intervals on which f is constant

. om0

the number at which f has a relative minimum

the relative minimum of f

f(=3)

the values of x for which f(x) = =2

o

1. Is f even, odd, or neither?

34. Use the graph of f to determine each of the following. Where

35.

applicable, use interval notation.

the domain of f

T o

the range of f

the x-intercepts

the y-intercept

intervals on which f is increasing
intervals on which f is decreasing

values of x for which f(x) = 0

5o om o & 6

the relative maxima of f

£(-2)

the values of x for which f(x) = 0
. Is f even, odd, or neither?

Foe

Use the graph of f to determine each of the following. Where

applicable, use interval notation.

the numbers at which f has a relative maximum

the domain of f
the range of f
the zeros of f
£(0)

intervals on which f is increasing

-0 20 T

. . v .
intervals on which f is decreasing
values of x for which f(x) =0

= o

b

occur
i. the value of x for which f(x) = 4
jo Is f(—1) positive or negative?

\

any relative maxima and the numbers at which they/



36. Use the graph of f to determine each of the following. Where
applicable, use interval notation.

-2-: =i |

i L/xw'qmmT:\\; =
44321111 2.3 5

the domain of f

the range of f

the zeros of f

£(0)

intervals on which f is increasing

intervals on which f is decreasing -

®” - e TR

intervals on which f is constant
h., values of x for which f(x) > 0
i. values of x for which f(x) = -2
Is f(4) positive or negative?

Is f even, odd, or neither?

- F

Is f(2) a relative maximum?

In Exercises 37-42, evaluate each piecewise function at the given
values of the independent variable.

3x+5 if x<0
37‘f(/\)_{4x+7 if x=0

a f(-2) b f(0) e f(3)

6x -1 if x<O0.
38‘f(x)_{7x+3 it x=0

a £(-3) b £(0) “ I
x+3 it x=-3
39. g(x?,; {M(x +3) if x< -3
a. g(0) b. g(—6) ¢ g(=3)
x+5 it x=-5
40. g(x) = {—(x +5) if x<-5
a g(0) R g(—6) ¢ g(—5)
¥ - .
41 A(x) = ¢ x — 3 LA
6 if x=3
a. h(s) b. h(0) e. h(3)
x> =25
2. hx) = - if x#5

a. h(7) b. h(0) ¢ h(5)
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In Exercises 43-54, the domain of each piecewise function is
(-0, ).

a. Graph each function.

b. Use your graph to determine the function’s range.

43. f(x) = {ki i: t :8
4. f(x) =
45. f(x) =
46. f(x) =

47. f(x) =

48. f(x) =

._.
=4
=
A
|
—

A~
SN
-
A
I
—

50. f(x) =

51 f(x) =

52. f(x) =
53. f(x) =
54. f(x) =< —x if —é

In Exercises 55-76, find and simplify the difference quotient
flx + h) — f(x)

—————h#0
for the given function.

55. f(x) = 4x 56. f(x) = 7x

57. f(x) =3x +7 58. f(x) =6x+1

59. f(x) = x? 60. f(x) = 2x?

6L f(x)=x*—4x+3 62. f(x)=x>—5x+8
63 f(x)=2x"+x -1 64. f(x)=3x>+x+5
65. f(x) = —x*+2x+4 66. f(x)=-x>—-3x+1
67. f(x) = —2x>+5x+7 68. f(x)=-3x>+2x—1
69. f(x) = —2x*~x+3 70, f(x)=-3x*+x—1
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71. f(x) =6 72. f(x)=7
73. f(x) :% 74, f(x) = %
75. f(x) = Vax 76. f(x) = V-1

Practice Plus
In Exercises 77-78, let f be defined by the following graph:
..:.5__

4 4“

o igd

e R

:.. . .‘.,‘,_ .1_... .

-5-43-2-1;{ 1 2 3.4 2
s c.-:-"w i
.-_BJ- L —)
44 i)

51

77. Find
\/F(=15) + £(=09) = [f(m)P + F(=3) + F(1)- f(~m).

78. Find
F(=25) = f(1.9) = [f(—m) P + f(=3) = f(1) - f(m).

A cellular phone company offers the following plans. Also given
are the piecewise functions that model these plans. Use this
information to solve Exercises 79-80.

Plan A
» $30 per month buys 120 minutes.
* Additional time costs $0.30 per minute,

Cle) = 30 if 0=¢=120
|30 + 030(¢ — 120) if > 120
Plan B
» $40 per month buys 200 minutes.
* Additional time costs $0.30 per minute.
(1) = 40 it 0=1r=200
40 + 0.30(r — 200) if ¢ > 200

79. Simplify the algebraic expression in the second line of the
piecewise function for plan A. Then use point-plotting to
graph the function.

80. Simplify the algebraic expression in the second line of the
piecewise function for plan B. Then use point-plotting to
graph the function.

In Exercises 81-82, write a piecewise function that models each

cellular phone billing plan. Then graph the function.

81. $50 per month buys 400 minutes. Additional time costs
$0.30 per minute.

82. $60 per month buys 450 minutes. Additional time costs
$0.35 per minute.

Application Exercises

With aging, body fat increases and muscle mass declines. The
line graphs show the percent body fat in adult women and
men as they age from 25 to 75 years. Use the graphs to solve
Exercises 83-90.

Percent Body Fat in Adults

40
36 Lrmtee
] L
[Sw
S~ 32_ o
g -
=}
e 28+ e
=] — . o) T o
§ 24 e - ¥ °
r_‘{-_(’ Lo . Men
20
:Av | 1 1 | ‘4|. |
25 35 45 55 65 75

Age

Source: Thompson et al., The Science of
Nutrition, Benjamin Cummings, 2008

83. State the intervals on which the graph giving the percent
body fat in women is increasing and decreasing.

84. State the intervals on which the graph giving the percent
body fat in men is increasing and decreasing.

85. For what age does the percent body fat in women reach a
maximum? What is the percent body fat for that age?

86. At what age does the percent body fat in men reach a
maximum? What is the percent body fat for that age?

87. Use interval notation to give the domain and the range for
the graph of the function for women.

88. Use interval notation to give the domain and the range for
the graph of the function for men.

89. The function p(x) = —0.002x2 + 0.15x + 22.86 models
percent body fat, p(x), where x is the number of years a
person’s age exceeds 25, Use the graphs to determine whether
this model describes percent body fat in women or in men.

90. The function p(x) = —0.004x> + 0.25x + 33.64 models
percent body fat, p(x), where x is the number of years a
person’s age exceeds 25. Use the graphs to determine
whether this model describes percent body fat in women or
in men.

Here is the 2007 Federal Tax Rate Schedule X that specifies the tax
owed by a single taxpayer.

If Your

Taxable But The Tax Of the
Income Not You Amount
Is Over Over Owe Is Over

$ 0% 785 10% | $ 0
$ 7825 ‘ $ 31850 | $ 78250 + 15% | § 7825
$ 31,850 | $ 77,100 | § 438625 +25% | $ 31,850
$ 77,100 | $160,850 | $ 15,698.75 + 28% | $ 77,100

$160,850 | $349,700
$349,700 -

$ 39,148.75 + 33% | $160,850
$101,469.25 + 35% | $349,700




The tax table on the previous page can be modeled by a piecewise
function, where x represents the taxable income of a single
taxpayer and T (x) is the tax owed:

0.10x if
782.50 + 0.15(x — 7825)  if
4386.25 + 0.25(x — 31,850) if

0<x=7825
7825 < x = 31,850
31,850 < x = 77,100

T} =9 1560875 + 028(x — 77,100) if 77,100 < x = 160,850
I it 160,850 < x = 349,700
? it x > 349,700,

Use this information to solve Exercises 91-94.
91. Find and interpret 7(20,000).
92. Find and interpret 7°(50,000).

In Exercises 93-94, refer to the tax table on the previous page.

93. Find the algebraic expression for the missing piece of T'(x)
that models tax owed for the domain (160,850, 349,700].

94. Find the algebraic expression for the missing piece of T(x)
that models tax owed for the domain (349,700, c0).

The figure shows the cost of mailing a first-class letter, f(x), as a
function of its weight, x, in ounces, for weights not exceeding
3.5 ounces. Use the graph to solve Exercises 95-98.

)7

0.93 1 5
076 - . o
0.59 | -

0.42¢————0

Cost (dollars)

Weight (ounces)
Source: Lynn E. Baring, Postmaster, Inverness, CA
95. Find f(3). What does this mean in terms of the variables in
this situation?

96. Find f(3.5). What does this mean in terms of the variables
in this situation?

97. What is the cost of mailing a letter that weighs 1.5 ounces?
98. What is the cost of mailing a letter that weighs 1.8 ounces?

99, If 3.5 < x = 4, the cost of mailing a first-class letter jumps
to $1.34, The cost then increases by $0.17 per ounce for
weights not exceeding 13 ounces:

Weight Not Exceeding | Cost
$1.51
1 $1.68

5 ounces

6 ounces

etc.

Use this information to extend the graph shown above so
that the function’s domain is (0, 13].

Writing in Mathematics

100. What does it mean if a function f is increasing on an
interval?

101. Suppose that a function f whose graph contains no breaks
or gaps on (a,c¢) is increasing on (a, b), decreasing on
(b, c), and defined at b. Describe what occurs at x = b.
What does the function value f(b) represent?
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102. If you are given a function’s equation, how do you
determine if the function is even, odd, or neither?

103. If you are given a function’s graph, how do you determine if
the function is even, odd, or neither?

104. What is a piecewise function?

105. Explain how to find the difference quotient of a function f,
flx+h) = fx)

7 , if an equation for f is given.

"E“:ﬂt‘u"ﬁﬁtcﬁ‘:i(:‘gj;f‘ Exercises
106. The function
F(x) = —0.00002x> + 0.008x% — 0.3x + 6.95

models the number of annual physician visits, f(x), by
a person of age x. Graph the function in a [0, 100, 5] by
[0, 40, 2] viewing rectangle. What does the shape of the
graph indicate about the relationship between one’s
age and the number of annual physician visits? Use the
TABLE| or minimum function capability to find the
coordinates of the minimum point on the graph of
the function. What does this mean?

In Exercises 107-112, use a graphing utility to graph each function.
Use a [—5,5,1] by [—5,5,1] viewing rectangle. Then find the
intervals on which the function Is increasing, decreasing, or constant.

108, f(x) = x> — 6x2 4+ 9x + 1
108. g(x) = |4 — x?|

109. A(x) = |x — 2| + [x + 2|
1

110. f(x) = x*(x — 4)

111 g(x) = x

112, h(x) =2 — x5

113. a. Graph the functions f(x} = x"forn = 2,4, and 6 in a

[—2,2,1] by [—1, 3, 1] viewing rectangle.

b. Graph the functions f(x) = x"forn = 1,3,and 5in a
[—2,2,1] by [—2,2, 1] viewing rectangle.

c¢. If n is positive and even, where is the graph of
f(x) = x"increasing and where is it decreasing?

d. If n is positive and odd, what can you conclude about
the graph of f(x) = x" in terms of increasing or
decreasing behavior?

e. Graph all six functions in a [—1,3,1] by [-1,3,1]
viewing rectangle. What do you observe about the
graphs in terms of how flat or how steep they are?

Critical Thinking Exercises
g

Make Sense? In Exercises 114-117, determine whether each

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

reasoning.

114. My graph is decreasing on (—00,a) and increasing on
(a, ), so f(a) must be a relative maximum.
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115. This work by artist Scott Kim (1955- ) has the same kind of
symmetry as an even function.

9

“DYSLEXIA,” 1981

116. I graphed

2 if x#4
f(x)_{s it x=4
and one piece of my graph is a single point.

117. 1 noticed that the difference quotient is always zero if
f(x) = ¢, where ¢ is any constant.

118. Sketch the graph of f using the following properties. (More
than one correct graph is possible.) f is a piecewise function
that is decreasing on (—00,2), f(2) = 0, f is increasing on
(2, ©0), and the range of f is [0, ©0).

119. Define a piecewise function on the intervals (—00, 2], (2,5),
and [5,00) that does not “jump” at 2 or 5 such that one

piece is a constant function, another piece is an increasing
function, and the third piece is a decreasing function.

x
120. Suppose that h(x) = % The function f can be even,

odd, or neither. The same is true for the function g.
a. Under what conditions is # definitely an even function?
b. Under what conditions is & definitely an odd function?

Calculate a line’s slope.

Write the point-slope form
of the equation of a line.
Write and graph the slope-
intercept form of the equation
of a line,

. Graph horizontal or vertical lines.

Recognize and use the general
form of a line’s equation.

Use intercepts to graph the
general form of a line’s
equation,

Model data with linear functions
and make predictions.

Group Exercise

121. (For assistance with this exercise, refer to the discussion of
piecewise functions beginning on page 169, as well as to Exer-
cises 79~-80.) Group members who have cellular phone
plans should describe the total monthly cost of the plan as

follows:
$ per month buys minutes. Additional
time costs $ per minute.

(For simplicity, ignore other charges.) The group should
seleet any three plans, from “basic” to “premier.” For each
plan selected, write a piecewise function that describes
the plan and graph the function. Graph the three
functions in the same rectangular coordinate system. Now
examine the graphs. For any given number of calling
minutes, the best plan is the one whose graph is lowest at
that point. Compare the three calling plans. Is one plan
always a better deal than the other two? If not, determine
the interval of calling minutes for which each plan is the
best deal. (You can check out cellular phone plans by
visiting www.point.com.)

Preview Exercises

Exercises 122-124 will help you prepare for the material covered
in the next section.

Linear Functions and Slope

122. Tf (x1, 1) = (=3, 1) and (x5, y5) = (2, 4), find %
27X
123. Find the ordered pairs ( ,0) and (0, ) satisfying
4x — 3y —6=0.
124. Solve for y:3x + 2y — 4 = Q.
s there a relationship

between literacy and child
mortality? As the percentage
of adult females who are
literate increases, does the
mortality of children under
five decrease? Figure 1.35 on
the next page indicates
that this is, indeed, the

case. Each point in
\ the figure represents

one country.

N
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The slope, approximately 0.02, indicates that for each increase of one part
per million in carbon dioxide concentration, the average global temperature
is increasing by approximately 0.02°F.

Now we write the line’s equation in slope-intercept form.

y—y = m.(x — xl) Begin with the point-slope form.
y - 57.06 = 0.0Z(X - 326) Either ordered palr, (326, 57.06 ) or
(377,58.11), can be (%, y;).
Let (X, v) (328, 57.06).
From above, m = 0.02.

y — 57.06 = 0.02x — 6.52

Apply the dis tributive property:
0.02 (326)

6.52.

y = 0.02x + 50.54

Add 57.06 to both sides and solve for y.

You can use a graphing utility to
obtain a model for a scatter plot in

A linear function that models average global temperature, f(x), for an
atmospheric carbon dioxide concentration of x parts per million is

which the data points fall on or near

a straight line. After entering the
in Figure 1.45(a) on
previous page, a graphing utility b.
displays a scatter plot of the data and

the regression line, that is, the line

that best fits the data.

data

f(x) = 0.02x + 50.54.
the
If carbon dioxide concentration doubles from its preindustrial level of 280 parts

per million, which many experts deem very likely, the concentration will reach
280 X 2, or 560 parts per million. We use the linear function to predict average
global temperature at this concentration.

f(\) = 0.02x + 50.54 Use the function from part (a).
___.,-':'. f(.‘_\(\l}) = 0.02(560) + 50.54 Substitute 560 for x,
w o = 11.2 + 50.54 = 61.74

Our model projects an average global temperature of 61.74°F for a carbon
dioxide concentration of 560 parts per million. Compared to the average global

Also displayed is the regression line’s

[310, 380, 10] by [56.8, 58.4,0.2]

temperature of 58.11° for 2005 shown in Figure 1.45¢a) on the previous page,
this is an increase of

61.74°F — 58.11°F = 3.63°F.

equation.

LinReg This is consistent with a rise between 2°F and 5°F as predicted by the
9=ax+h Intergovernmental Panel on Climate Change. @
3=, 5166525722

=51.699534877

() Check Point 9 Use the data points (317,57.04) and (354, 57.64), shown, but not
labeled, in Figure 1.45(b) on the previous page to obtain a linear function that
models average global temperature, f(x), for an atmospheric carbon dioxide

concentration of x parts per million. Round m to three decimal places and b to

one decimal place. Then use the function to project average global temperature at
a concentration of 600 parts per million.

In Exercises 11-38, use the given conditions to write an equation
for each line in point-slope form and slope-intercept form.

In Exercises 1-10, find the slope of the line passing through each

pair of points or state that the slope is undefined. Then indicale
whether

vertical.

11. Slope = 2, passing through (3, 5)
12. Slope = 4, passing through (1, 3)
13. Slope = 6, passing through (-2, 5)

the line through the points rises, falls, is horizontal, or is

1. (4,7) and (8,10)

N=BEES N7 | B

2. (2,1) and (3,4)

14.

Slope = 8, passing through (4, —1)

. (=2,1) and (2,2) 4. (—1,3) and (2,4) 15. Slope = —3, passing through (-2, —3)
. (4,—2) and (3, —2) 6. (4,—1)and (3,-1) 16. Slope = —5, passing through (—4, —2)
. (—2,4)and (-1, 1) 8. (6,—4) and (4, -2) 17. Slope = —4, passing through (—4, 0)
. (5,3) and (5, -2) 10. (3, —4) and (3,5) 18. Slope = —2, passing through (0, —3)



19. Slope

= —1, passing through (—%, —2)

20. Slope = —1, passing through (—4, —41)

21. Slope = 3,
22. Slope =}
23. Slope =
24. Slope =

passing through the origin
, passing through the origin
~%, passing through (6, —2)
—%, passing through (10, —4)

25, Passing through (1,2) and (5, 10)
26. Passing through (3,5) and (8, 15)

27. Passing through
28. Passing through
29. Passing through
30. Passing through
31. Passing through
32,
33. Passing through

Passing through

34. Passing through (-2

(-
(-
(-
(-~
(-
(-
(-

—3,0) and (0,3)
—-2,0) and (0,2)
3,—1) and (2,4)
2,—4)and (1, -1)
3,-2) and (3, 6)
3,6) and (3, —2)
3,—~1) and (4, -1)
~5) and (6, =5)

35, Passing through (2,4) with x-intercept = —

36. Passing through (1, —3) with x-intercept = —1

37. x-intercept =

~% and y-intercept = 4

38. x-intercept = 4 and y-intercept = —2

In Exercises 39-48, give the slope and y-intercept of each line
whose equation is given. Then graph the linear function.

3. y=2x +1
1. f(x) = 2x+1

43. f(x) = %x -2

45.y:—%x+7

47. g(x) = —%x

40. y =3x + 2

42, f(x) = -3x+2
44. f(x) = —
46. y = —%x + 6
48. g(x) = —zx

In Exercises 49-58, graph each equation in a rectangular coordinate

system.

49. y = =2

51. x = =3

53, y=0

55. f(x) =1
57.3x — 18 =10
In Exercises 59-60,

50. y =4
52. x =5
54. x =0
56. f(x) =3

58. 3x +12=0

a. Rewrite the given equation in slope-intercept form.

b. Give the slope and y-intercept.

c. Usethe slope and y-intercept to graph the linear function.
60. 4x +y—-6=0

59.3x+y—-5=0

Application Exercises
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61. 2x + 3y — 18 =0
63. 8x —4y — 12 =0
65. 3y —9=0

62. 4x + 6y + 12 =10
64. 6x — Sy — 20 =0
66. 4y + 28 = 0

In Exercises 67-72, use intercepts to\graph each equation.
67. 6x —2y — 12 =0 68. 6x -9y — 18 =0
69. 2x + 3y +6=0 70. 3x + 5y +15=10
71. 8x — 2y +12 =10 72. 6x -3y +15=0

Practice Plus

In Exercises 73-76, find the slope of the line passing through
each pair of points or state that the slope is undefined. Assume
that all variables represent positive real numbers. Then indicate
whether the line through the points rises, falls, is horizontal, or is
vertical.

73. (0, a) and (b, 0)
75. (a,b)and (a,b + ¢)

74. (—a,0) and (0, —b)

76. (a ~ b,¢) and (a,a + ¢)
In Exercises 77-78, give the slope and y-intercept of each line
whose equation is given. Assume that B # 0.

77. Ax + By =C 78. Ax =By - C

In Exercises 79-80, find the value of y if the line through the two
given points is to have the indicated slope.

79. (3,y)and (1,4),m = -3

80. (—2,y) and (4, —4), m = %

In Exercises 81-82, graph each linear function.

81. 3x —4f(x) —6=0 82, 6x — S5f(x) — 20 =

83. If one pointon a line is (3, —1) and the line’s slope is ~2, find

the y-intercept.

84. If one point on a line is (2, —6) and the line’s slope is —3,
find the y-intercept.

Use the figure to make the lists in Exercises 85-86.

y

,y=nmx+b
4

74» y=nx+b;

ra X

- y=m3x+b;

- y=nyux+by

85. List the slopes m,, my, m3, and my in order of decreasing
size.

86. List the y-intercepts by, by, b3, and by in order of decreasing
size.

Americans are getting married later in life, or not getting married at all. In 2006, nearly half of Americans ages 25 through 29 were
unmarried. The bar graph at the top of the next page shows the percentage of never-married men and women in this age group. The
data are displayed on the next page as two sets of four points each, one scatter plot for the percentage of never-married American men
and one for the percentage of never-married American women. Also shown for each scatter plot is a line that passes through or near
the four points. Use these lines to solve Exercises 87-88.
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87.

88.

Percentage of United States Population Never Married, Ages 25-29
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Source: U.S. Census Bureau

In this exercise, you will use the blue line for the women
shown on the scatter plot to develop a model for the
percentage of never-married American females ages 25-29.

a. Use the two points whose coordinates are shown by the
voice balloons to find the point-slope form of the equation
of the line that models the percentage of never-married
American females ages 25-29, y, x years after 1980.

b. Write the equation from part (a) in slope-intercept form.
Use function notation.

¢. Use the linear function to predict the percentage of
never-married American females, ages 25-29, in 2020.

In this exercise, you will use the red line for the men shown
on the scatter plot to develop a model for the percentage of
never-married American males ages 25-29,

a. Use the two points whose coordinates are shown by the
voice balloons to find the point-slope form of the equation
of the line that models the percentage of never-married
American males ages 25-29, y, x years after 1980.

b. Write the equation from part (a) in slope-intercept form.
Use function notation.

¢. Use the linear function to predict the percentage of never-
married American males, ages 25-29, in 2015.

The bar graph gives the life expectancy for American men and
women born in six selected years. In Exercises 89-90, you will
use the data to obtain models for life expectancy and make
predictions about how long American men and women will live
in the future.

Life Expectancy in the United States,

by Year of Birth
[ Males Females
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Source: National Center for Health Statistics

Percentage Never Married

89.

90.

91.

Under-Five Mortality
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Use the data for males shown in the bar graph at the bottom

of the previous column to solve this exercise.

a. Let x represent the number of birth years after 1960 and
let y represent male life expectancy. Create a scatter plot
that displays the data as a set of six points in a rectangular
coordinate system.

b. Draw a line through the two points that show male life
expectancies for 1980 and 2000. Use the coordinates of these
points to write a linear function that models life expectancy,
E(x), for American men born x years after 1960.

¢. Use the function from part (b) to project the life
expectancy of American men born in 2020.

Use the data for females shown in the bar graph at the

bottom of the previous column to solve this exercise.

a. Let x represent the number of birth years after 1960 and
let y represent female life expectancy. Create a scatter
plot that displays the data as a set of six points in a
rectangular coordinate system.

b. Draw a line through the two points that show female life
expectancies for 1970 and 2000. Use the coordinates of
these points to write a linear function that models life
expectancy, E(x), for American women born x years
after 1960. Round the slope to two decimal places.

¢. Use the function from part (b) to project the life
expectancy of American women born in 2020.

Shown, again, is the scatter plot that indicates a relationship

between the percentage of adult females in a country who are

literate and the mortality of children under five. Also shown is

a line that passes through or near the points. Find a linear

function that models the data by finding the slope-intercept

form of the line’s equation. Use the function to make a

prediction about child mortality based on the percentage of

adult females in a country who are literate.

y Literacy and Child Mortality

(per thousand)

0 10 20 30
Percentage of Adult Females Who Are Literate

40 50 60 70 80 90 100

trce: United Nations



92. Just as money doesn’t buy happiness for individuals, the two
don’t necessarily go together for countries either. However,
the scatter plot does show a relationship between a country’s
annual per capita income and the percentage of people in
that country who call themselves “happy.”

, Per Capita Income and National Happiness
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Source: Richard Layard, Happiness: Lessons from a New Science, Penguin, 2005

Draw a line that fits the data so that the spread of the data
points around the line is as small as possible. Use the
coordinates of two points along your line to write the slope-
intercept form of its equation. Express the equation in
function notation and use the linear function to make a
prediction about national happiness based on per capita
income.

Writing in Mathematics
93. What is the slope of a line and how is it found?

94. Describe how to write the equation of a line if the
coordinates of two points along the line are known.

95. Explain how to derive the slope-intercept form of a line’s
equation, y = mx + b, from the point-slope form
y =y = m{x ~ x).

96. Explain how to graph the equation x = 2. Can this equation
be expressed in slope-intercept form? Explain.

97. Explain how to use the general form of a line’s equation to

find the line’s slope and y-intercept.

98. Explain how to use intercepts to graph the general form of a
line’s equation.

99. Take another look at the scatter plot in Exercise 91.
Although there is a relationship between literacy and child
mortality, we cannot conclude that increased literacy causes
child mortality to decrease. Offer two or more possible
explanations for the data in the scatter plot.

Technology Exercises
Use a graphing utility to graph each equation in Exercises 100-103.

Then use the [TRACE)| feature to trace along the line and find the
coordinates of two points. Use these points to compute the line’s slope.
Check your result by using the coefficient of x in the line’s equation.

100, y =2x + 4 101, y = -3x+ 6
102. y = =3x ~ 5 103 y=3x -2
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104. Is there a relationship between wine consumption
and deaths from heart disease? The table gives data from

19 developed countries.
F;nca-
(2]
G |

Country A B C D E F

Litexs of alcohol from
drinking wine, per 25 39 29 2429 0891
person per year (x) |
Deaths from heart

disease, per 100,000

211 167 131191 220 297! 71
people per year (y) ‘

[u.s.)
-
J KLMNGOTPROQRS

(x) 0807 79 1819 08 65 1.6/ 58 1312 27,

Commntry H I

o) 211 300 1071167/2661227 86 207 115 28511991172

Source: New York Tines

a. Use the statistical menu of your graphing utility to enter
the 19 ordered pairs of data items shown in the table.

b. Use the scatter plot capability to draw a scatter plot of
the data.

¢ Select the linear regression option. Use your utility to
obtain values for a and b for the equation of the
regression line, y = ax + b. You may also be given a
correlation coefficient, ». Values of r close to 1 indicate
that the points can be described by a linear relationship
and the regression line has a positive slope. Values of r
close to —1 indicate that the points can be described by
a linear relationship and the regression line has a
negative slope. Values of r close to 0 indicate no linear
relationship between the variables. In this case, a linear
model does not accurately describe the data.

d. Use the appropriate sequence (consult your manual) to
graph the regression equation on top of the points in
the scatter plot.

Critical Thinking Exercises

Make Sense? In Exercises 105-108, determine whether each
statement makes sense or does not make sense, and explain your
reasoning.

105. The graph of my linear function at first increased, reached a
maximum point, and then decreased,

106. A linear function that models tuition and fees at public four-
year colleges from 2000 through 2006 has negative slope.

107. Because the variable m does not appear in
Ax + By + C =0, equations in this form make it
impossible to determine the line’s slope.

108. The federal minimum wage was $5.15 per hour from 1997
through 2006, so f(x) = 5.15 models the minimum wage,
f(x), in dollars, for the domain {1997, 1998, 1999, ..., 2006}.



192 Chapter 1 Functions and Graphs

In Exercises 109-112, determine whether each statement is true
or false. If the statement is false, make the necessary change(s) to
produce a true statement.

109. The equation y = mx + b shows that no line can have a
y-intercept that is numerically equal to its slope.

110. Every line in the rectangular coordinate system has an
equation that can be expressed in slope-intercept form.

111. The graph of the linear function Sx + 6y — 30 = Ois a line
passing through the point (6, 0) with slope ~§.

112. The graph of x = 7 in the rectangular coordinate system is
the single point (7,0).

In Exercises 113-114, find the coefficients that must be placed in
each shaded area so that the function’s graph will be a line
satisfying the specified conditions.

113. x + y — 12 = 0; x-intercept = —2; y-intercept = 4
. 1
114. x + y — 12 = 0; y-intercept = —6; slope = 5
115. Prove that the equation of a line passing through (a, 0) and
(0,b)(a # 0,b # 0) can be written in the form% + % =1

Why is this called the intercept form of a line?

116. Excited about the success of celebrity stamps, post office
officials were rumored to have put forth a plan to
institute two new types of thermometers. On these
new scales, °E represents degrees Elvis and °M
represents degrees Madonna. If it is known that
40°FE = 25°M,280°E = 125°M, and degrees Elvis is
linearly related to degrees Madonna, write an equation
expressing £ in terms of M.

‘

» Find slopes and equations
of parallel and perpendicular

Number of People in the
United States Living Alone

Group Exercise

117. In Exercises 87-88, we used the data in a bar graph to develop
linear functions that modeled the percentage of never-
married American females and males, ages 25-29. For this
group exercise, you might find it helpful to pattern your
work after Exercises 87 and 88. Group members should
begin by consulting an almanac, newspaper, magazine, or
the Internet to find data that appear to lie approximately on
or near a line. Working by hand or using a graphing utility,
group members should construct scatter plots for the data
that were assembled. If working by hand, draw a line that
approximately fits the data in each scatter plot and then
write its equation as a function in slope-intercept form. If
using a graphing utility, obtain the equation of each
regression line. Then use each linear function’s equation to
make predictions about what might occur in the future. Are
there circumstances that might affect the accuracy of the
prediction? List some of these circumstances.

Preview Exercises
Exercises 118-120 will help you prepare for the material covered
in the next section.

118. Write the slope-intercept form of the equation of the line
passing through (=3, 1) whose slope is the same as the line
whose equationis y = 2x + 1.

119. Write an equation in general form of the line passing
through (3, —5) whose slope is the negative reciprocal (the

reciprocal with the opposite sign) of —}.

120. If f(x) = x2, find

»

Xp — Xy

where x; = 1 and x; = 4.

More on Slope

| ) 18, - S e
‘ lines. {1990, 14.0) : '
© S5k - - y -
A ' Interpret slope as rate £ L Women (200, 17.2)
of change. fm\ 12+ {1990, 9.0)
Find a function’s £8 Men (2005, 12.7)
& — =
. average a-ﬂ s E 6k
rate of change. 2 £
| E]
Z 3F
1 1 j
1990 1995 2000 2005
Year
Figure 1.46

Source: U.S. Census Bureau

best guess at the future of our nation indicates that the numbers of men

and women living alone will increase each year. Figure 1.46 shows that in
2005, 12.7 million men and 17.2 million women lived alone, an increase over the
numbers displayed in the graph for 1990.
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b. The ball’s average velocity between 2 and 2.5 seconds is

5(2.5) — s(2 5(2.5)2 =52 3125ft — 20 ft
As _ (2:5) @) = (23) = = 22.5 ft/sec.
At 25sec — 2sec 0.5 sec 0.5 sec
¢. The ball’s average velocity between 2 and 2.01 seconds is
As  s(201) —s(2) _5(2.01)* = 5-2® 202005 ft — 20 ft
At 2.0lsec — 2sec 0.01 sec 0.01 sec

= 20.05 ft/sec. @@

In Example 6, observe that each calculation begins at 2 seconds and involves
shorter and shorter time intervals. In calculus, this procedure leads to the concept of
instantaneous, as opposed to average, velocity. Instantaneous velocity is discussed in
the introduction to calculus in Chapter 11.

() Check Point © The distance, s(¢), in feet, traveled by a ball rolling down a ramp
is given by the function

s(t) = 42,
where ¢ is the time, in seconds, after the ball is released. Find the ball’s average
velocity from

a. 1 = lsecondtot, = 2 seconds.
1.5 seconds.

b. t; = 1secondtot,
a. f, = 1second tor, = 1.01 seconds.

6. Passing through (-2, —7) and parallel to the line whose
’ equationisy = —5x + 4

In Exercises 1-4, write an equation for line L in point-slope form
and slope-intercept form.

1. ‘ y )1=2,¥ L 2. o

7. Passing through (2, —3) and perpendicular to the line whose
equationis y = tx + 6
8. Passing through (—4,2) and perpendicular to the line whose

equationis y = 3x + 7

In Exercises 9-12, use the given conditions to write an equation for
each line in point-slope form and general form.

9. Passing through (-2, 2) and parallel to the line whose equation
is2x =3y —-7=0

10. Passing through (—1,3) and parallel to the line whose
equationis3x — 2y — 5 =10 ‘

L is parallel to y = 2x.

11. Passing through (4, —7) and perpendicular to the line whose

3. , y oy=2 4. equationisx — 2y —3 =10

2 imu

/-4: :

12. Passing through (5, —9) and perpendicular to the line whose
equationis x + 7y — 12 =0

In Exercises 13-18, find the average rate of change of the function
from xy to x;.
13. f(x) =3xfromx, =0tox, =5

y

. C7 ' . o 14. f(x) = 6xfromx; = 0tox, = 4
L is perpendicular to y = 2x. L is perpendicular to y = -2x.
15. f(x) = x* + 2xfromx; =3tox, = 5
In Exercises 5-8, use the given conditions to write an equation for 16. f(x) = X2~ 2xfromx, =3tox, = 6
each line in point-slope form and slope-intercept form. '
5. Passing through (-8, —10) and parallel to the line whose 17. f(x) = Vxfromx; = dtox, =9
equationis y = —4x + 3 18. f(x) = Vxfromx, = 9tox, = 16





