Summer Work for Students
Entering Precalculus

The work in this packet is designed to take about 45-60 minutes per week, it is suggested not to
leave it all for the last couple weeks of August, you won’t be happy if you do! (Do only the
circled problems)

Both the problems and the answers are here. You will turn this work in the first day you have class.
Please do the problems and check your answers (marking which are correct and looking for your
mistakes in the incorrect ones). Please use your textbooks both from Algebra 2 and for the coming year
as references for any trouble you find. In addition Miss Hedges will be checking email over the summer
so you can email questions that you have. All topics in this packet should be review!

Enjoy the summer but keep your mind and skills sharp with this work!



Lines

( Definition of the Slope of a Line
The slope m of the nonvértical line through (x,, y)and (x;, ¥,)is

Yo = ¥ - changeiny
X — % changeinx

m=

where x; # x,,
LS

[ The Slope of a Line
1. A line with positive slope (m > 0) rises from left to right,
2. A line with negative slope (m < 0) falls from left to right,

3. A line with zero slope (m = 0) is korizontal.

4, A line with undefined slope it vertical,

(“Point-Slope Form of the Eqisation of a Line

’The/polnt-slup,e form of the equation of the line that passes through the
point (%, ) and has a slope of m is

y =y = mx = x).

"Siope-Intercept Form: of the Bquation of a Ling
“The-graph of the:equation

»

y=mx+b
is'a line whose slope is m and whose y-intercept is (0, b).




Library of Functions: Linear Function
In the next section, you will be intradiiced to the precise meaning of the
term function. The simplest type of function is a linear function of the form

S&x) =mx + b,

As its name implies, the graph of a linear function is a line that has a slope
of m and a y-intercept at (0, b). The basic characteristics of a linear function
aré summarized below. (Note that some of the terms below will be defined
later in the text.)

Graph of f(x) = mx + b,m > 0 Graph of f(x) = mx + b,m < 0

Domain: (— 00, c0)
Range! (~00, o)
x-intercept: (—b/m, 0}
y-initercept: (0, b)

Domain: (— oo, 0)
Range: (—o0, c0)
x-intercept: (—b/m, 0)
y-intercept: (0, b)

Inereasing Decrensing
Y y
Jx)y=mx + b, 'j'(x)=mx+l;,
m>0 / \ m<0
©, &) ©.b) Q

X

b

("l

m'

(-2,0) ‘;)\

When m = 0, the function f(x) = b is called a constant function and its
_ kg'raph, is & horizontal line.

( Summary of Equations of Lines
Ax+ By+ C=0

xX=a

1. Gen¢ral form:
2. Vertical line:
3. Horizontal line: y==é

\ 4. Slope-intercept form: y = mx + b

$. Point-slope form:  y — y, = m(x ~ x,)

r'?arall'el Lines

Two distinct nonvertical lines are

1 parallel if and only if thei
Sl Tha = nly if their slopes are

mny = nmy.

| .

ﬁcrpendicular Lines

'{\m nonvertical lines are perpendicular if and on]
tive reciprocals of each other. That is,
1

ml = ——
"y

y if their slopes are nega-

-
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: Excreises

Vocabulery Check
1. Match each equation with its form,

() Ax+By+C=0 (i) vertical line

) x=a (ii) slope-intercept form
©y=b (iii) general form
@y=mx+b (iv) point-slope form
(&) y — y, = mlx — x,) (v) horizontal line

In Exercises 2-5, fill in the blanks.

2. For a line, the ratio of the change in y to the change in x is called the
3. Two lines are if and only if their slopes are equal.
4, Two lines are if and only if their slopes are negative reciprocals of each other.

5, The prediction method __ is the method used to estimate a point on a line that does not lie between the
given points.

of the line.

In Exercises 1 and 2, identify the line that has the In Exercises 5 and 6, estimate the slope of the line.
indicated slope. §

D@ m=% (b) misundefined. (c) m = -2
k]

2, @m=0 (b) m=—3 em=1
y ¥
B .
A\’{”h AN “
- X x

S, La In Excrcises 7-10, use a graphing utility to plot the

Ly L / \ points and use the draw feature to graph the line
segment connecting the two points. (Use a square

setting,) Then find the slope of the line passing
through the pair of points,

In Exercises 3 and 4, sketch the lines through the _ N _

point with the indicated slopes on the same set of 7. 0, ~10).(~4,0) 8. 2.4). ¢4, -4)
coordinate axes. 9. (=6,-1).(~6.4) 10. (-3,-2),(1,6)

Figure for 1 Flgure for 2

ey Blopes In Exercises 11-18, use the point on the line and the
@(2, 3) (8 O () 1 slope of the line to find three additional points
(©) 2 @ -3 through which the line passes. (There are many
4, (—4,1) @ 3 (b) —3 correct answers.)
© % (d) Undefined Point Slope
@ (2| 1) m= 0
12. (3, —‘2) m=90
(1,5) m is undefined.

14, (—4,1) m is undefined,
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Paint Slope
0, -9) me —2
. (—5,4) m=2
@(7. -2) m=1
18, (~1, —6) m= —%

In Exercises 19-24, (a) find the slope and y-intercept
(if possible) of the equation of the line algebraically,
(b) sketch the line by hand, and (c) use a graphing
utility to verity your answers to parts (a) and (b).

In Exercises 45-48, determine the slope and y-Intercept
of the lnear equation, Then describe its graph.

45, x — 2y =4 46. 3x + 4y =1
47, x= -6 48. y =12

In Exereclses 49 and 50, use a graphing utllity to graph
the equation nsing each of the suggested viewing win-
dows. Describe the difference between the two graphs.

49, y=05x—3

TRTS L S

5x~y+3=0

2L 5x-2=0
Iy+5=0

2. 2x+3y~9=0
22. 3%+ 7=0
24, ~11 -8 =0

In Exercises 25--32, find the general form of the equa-
tion of the line that passes through the given point and
has the indicated slope, Sketch the line by hand, Use a
graphing utility to verify your sketch, if possible,

Point Slope
0, -2) m=3
26. (=3,6) m= -2
27, {0,0) m=4
28, (=2, -5) m= 41
6. -1) m is undefined.
30. (-10,4) m is undefined,
GD(-43) m=0
32. (2.3, —8.9) m=90

Xmin =-§ Xmin =2
Xmax = 10 Xmax = 10
Xscl=1 Xscl =1
Ymin = -1 Ymin = -4
Ymax = 10 Ymax = |
Yscl =1 Yscl=1
50, y=~-8x+35

Xmin =-5 Xmin = -5
Xmax = § Xmax = 10
Xscl=1 Xsel =1
Ymin=-10 Ymin =-80
Ymax = 10 Y max = 80
Yscl=1 Yscl =20

In Exercises 51-54, determine whether the lines L,
and L, passing through the pairs of points are paral-
lel, perpendicular, or nefther.

In Exercises 33-42, find the slope-Intercept form of
the equation of the line that passes through the points.
Use a graphing utility to graph the line.

@) ~1),(=5,5) 3. (4,3), (~4,~4)

5. (—8,1),(-8,7) 36. (-1,4),(6,4)
@(2 1) ) 38. (1,1), (6, —)
39, (=% -9 (5 -3 a0. 3.3 (-4.3)

@, 06),(~2,-06) 42 (~8,06), (2. ~2.4)

Annual Salary A jeweler's salary was $28,500 in
2000 and $32,900 in 2002, The jeweler's salary fol-
lows a linear growth pattern, What will the jeweler's
salary be in 20067

44, Annual Salary A librarian’s salary was $25,000 in
2000 and $27,500 in 2002. The librarian’s salary
follows a linear growth pattern, What will the librar-
ian’s salary be in 20067

51. L,: (0, - 1), (5,9) 52, L: (-2, —-1),(1,5)
Ly:(0,3), 4, 1) Ly (1,3), (5, —5)

53, L;: (3,6),(—6,0) 54, L: (4,8), (—4,2)
Ly (0, - 1), (5.3) L 3, -5 (-1.4)

In Exerclses 55-60, write the slope-intercept forms of
the equatlons of the lines through the given point (a)
parallel to the given line and (b) perpendicular to the

given line,

‘ Point
e )
56, (—3,2)

57. (-3.9)
58, (-39, —14)

OLED)

60. (—4,1)

Line
4x — 2y =3
x+y=17
Ix+4y=17
6x+2y=9
x—=4=0
yt+2=0
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graph
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Graphical Analysis In Exercises 61-64, identify any
relationships that exist among the lines, and then use
a graphing utility to graph the three equations in the
same viewing window, Adjust the vilewing window
so that each slope appears visually correct. Use the
slopes of the lines to verify your results,

L@ y=2x (®y=-2 (y=»

R.@ry=% Oy=-% (©@r=%+2
6B.)y=-3x () y=~3+3 () y=2—4
M@)y=x—8 B)y=x+1 (o) y=-x+3

65. Sales The following are the slopes of lines repre-

senting annual sales y in terms of time x in years.

Use each slope to interpret any change in annual

sales for a one-year incfease in time,

(a) The line has a slope of m = 135.

{(b) The line has a slope of m = 0.

(c) The line has a slope of m = —40,

Revenue The following are the slopes of lines

representing daily revenues y in terms of time x in

days. Use each slope to interpret any change in daily

revenues for a one-day increase in time.

(8) The line has a slope of m = 400,

{(b) The line has a slope of m = 100,

(c) The line has a slope of m = 0.

67. Earnings per Share The graph shows the earnings
per share of stock for Circuit City for the years 1992
thirough 2002,  (Source: Circuit City Stores, Inc.)

66

8 9 10
Year (2 & 1992)
(a) Use the slopes to determine the year(s) in which
the earnings per share of stock showed the great-
est increase and decrease.

(b) Find the equation of the line between the years
1992 and 2002,

Section 1.1 Lines in the Plane 13

(c) Interpret the meaning of the slope of the equa-
tion from part (b) in the context of the problem.

(d) Use the equation from part (b) to estimate the
earnings per share of stock for the year 2006. Do
you think this is an accurate estimation?
Explain,

68. Earnings per Share The graph shows the earnings
per share of stock for Harley-Davidson, Inc, for the
years 1992 through 2002. (Source: Harley-
Pavidson, Inc.)

200+ -
180~ m

(12, 1.90) p

share (in dollars)
3

g 080 e (6,0.48) -\
@ 0601 (4 03d) -\
g 0402, 0,19) =

I 2 3456 7 8 91011 12
Year (2 & 1992)

(a) Use the slopes to determine the years in which
the earnings per share of stock showed the great-
est inctease and the smallest increase,

(b) Find the equation of the line between the years
1992 and 2002,

(c) Interpret the meaning of the slope of the equa-
tion from part (b) in the context of the problem.

(d) Use the equation from patt (b) to estimate the
earnings per share of stock for the year 2006, Do
you think this is an accurate estimation?

Explain,

. Height The “rise to 1un" ratio of the roof of a
house determines the steepness of the roof. The rise
to run ratio of a roof is 3 to 4, Determine the maxi-
mum height in the attic of the house if the house is
32 feet wide,




Functions

Deéfinition of a Function

i| Afonction [ from aset A to a set B is n relation that asgigns to each ele-

ment x in the sot A exactly one element y in the et B, The set A is the
domain (or set of inputs) of the function 7, and the set B contains the ramge
(or set of outputs).

[ Characteristlcs of a Function from Set A to Set B

1, Each element of A must be matched with an element of B,
2. Some elements of B may not be matched with any element of A,

3. Two or more elements of A may be matched with the same element
of B,

4. An element of A (the domain) cannot be matched with two different
eletnents of B, -

r‘Library of Functions; Data Defined Function
Many fungtions do not have simple mathematical formulas, but are defined

o model real-life applications, Functions can be represented in four ways.

the output variable

Example: The input value x is the election year from 1952 to 2004 and
the output value y is the elected president of the United States.

2

with output values

Example: In the set of ordered pairs {(2, 34), (4, 40), (6, 45), (8, 50),
(10, 54)), the input value is the age of a male child in years and the
output value is the height of the child in inches.

3

Ry

values are represented by the horizontal axis and the output values are
represented by the vertical axis

Example: See Figure 1.15,

4. Algebraicaily by an equation in two variables

Example: The formula for temperature, J* = -:-C ‘- 32, where F is the
temperature in degrees Fabrenheit and € is the temperature in degrees
Celsius, is an cquation that represents a function, You will see that it is
often convenient to approximate data using a mathematical model or
formula.

, SEER e e e Bt i s o S S ey & 13 77 w9 R R A (R e o bt e e s
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by real-life data. Such functions arise when you are using colleetions of data

1. Verbally by a sentence that describes how the input variable is related to

Numerically by a table or a list of ordered pairs that matches input values

Graphically by points on a graph in a-.coordinate plane in which the input




Library of Functions: Piecewise-Defined Function
A plecewise-defined fiunction is a function that is defined by two or more
equations over a specified domuin, The absolute value function given by

I f(x) = |x| can be written as a piecowise-defined function, The basic
characteristics of the absolute value function are summarized below.

. , x20 }
! Graph of f(x) = |x| = [_i x<0 T

Domain: (—o0, c0) " |f(x = x|

Range: [0, o)

p—1 f—|—+x
Intercept: (0, 0) -2 2[00 2
Decreasing on (- oo, 0) B i
Increasing on (0, co) -2+
.

( Library of Functions: Radical Function

Radlcal functions arise from the use of rational exponents, The most
common radical function is the square root function given by f(x) = /x.
The basic characteristics of the square oot function are suramarized below,

| Graphof f(x) = /x y
| | Domain: [0, o0) N
Range: [0, co) A T
! Intercept: (0, 0) .l M") ﬂ
' | Increasing on (0, co) o
i ] — ot
‘l_l__(O. M2 3 4

| Difference Quotients

| One of the basic definitions in calculus employs the ratio

flx -+ k) = f(x)

h h# 0,




( Summary of Function Terminology

Function; A function is a relationship between two variables such-that to

«each value of the independent variable there corresponds exactly ene value

of the dependent variable,

Function Notation: y = f(x)
£ is the name of the function,
y is the dependent variable, or output vahie.
x is the Independent varlable, or input value,
£(%) 1s the value of the function at x, -

Domain: The domain of a function is the set of all valunes (inp_uts) of the
Independent variable for which the function is defined, If » is in the domain
of f, f is snid to be defined at x. If x is not in the domain of f, f is said to be
undefined al x,

Rarige: The range of a function is the set of all values (outputs) assumed by
the dependent variable (that is, the set of all. function values),

Implied Domain: I f is defined by an algebrajcrexpression and the domain
is not specified, the implied domain consists of all real numbers for which

the expression is defined,
-
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WA Excreises

Vocabulary Check
Fill In the blanks.

1, A relation that assigns to each element x from a set of inputs, or

outputs, or , is called a

2, For an equation that represents y as a function of x, the
variable is the set of all y in the range.

2 _
3. The function f(x) = [;x " ?'i i 8

4, If the domain of the function f is not given, then the set of values of the independent varlable for which the expres-
sion is defined is called the

, exactly one element y in a set of

variable is the set of all x in the domain, and the

is an example of a function.

, given by w+—k)——‘r—'-h#0

5. In calculus, one of the basic definitions is that of a

In Exerclses 1-4, does the relationshlp describe a 6. Input Value 0 1121 OI
function? Explain your reasoning,
@Damain Range 2. Domain  Range Output Vaiue | —4 } ~2010/f12 f J
-2 ——5 —2——13 5 7. Input Value | 10 7|4 7110
’(') ""3 ‘(', ,,.f-—‘: OutputValue | 3 [6[ 9] 12] 15
/ //_.J;- L S— —f
i / 8 1 8, R i
9 2 InputValue |0 |3| 9|12 15
3. Domain Range 4. Domain Range Output Value |3 | 3|3| 3| 3
i Cubs (Year) (Number of
I;Idat onal <pi,-a[es North Atlantic In Exercises 9 and 10, which sets of ordered pairs
eague Dodgers tropical storms represent functions from A to B? Explain,
1994 and h“";c“““) A ={0,1,2,3} and B = {~2, ~1,0, 1,2}
A“’[a‘ri{;ﬂn .,Ol‘jﬂ’i:s 1995 12 (a) {(OI 1)1 (1’ _2)l (2| 0)! (3! 2)]
League <~ Yankees 1996 13 ®) {0, - 1), (2,2), (1, -2), (3,0, (1, 1)}
Twins {ggg i © {(0,0), (1,0), (2,0). (3,0)}
2000 10, A = {a,b,c}and B = (0, 1,2, 3}
2001 @ {(a, 1), (c, 2), (¢, 3), (b, 3)}

In Exercises 5-8, does the table describe a function? ®) {(a, 1), (4.2), (¢, 3)}
Explain your reasoning, @ {(1,a),(0,a), (2,¢), (3, b)}

(@ {(c, 0), (6, 0), (a 3)}

G nput Value | -2 [ 1[0 1] 2]
Output Value | =8 | -1 0|1 tﬂ
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Circulation of Newspapers In Dxercises 11 and 12,
pse the graph, which shows the circulation (in
millions) of daily newspapers in the United States.
(Source: Editor & Publisher Company)
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11. Is the circulation of morning newspapers a function
of the yeat? Is the circulation of evening newspapers
4 function of the year? Explain.

12. Let f(x) represent the circulation of evening news-
papers in year . Find f(2000).

In Exercises 13-24, determine whether the equation
represents y as a function of x.

a2 +y2=4 14, x = y?

15, x2+y=—1 16, y=/x+35
2¢+ 3y =4 18, x=—-y+5

19. y2=x2 -1 20. x+ 2 =3

@) y=14-x 2.y =4-x

23, x=-1 24, y=18

|
i

In Exercises 25 and 26, fill in the blanks using the
specified function and the glven values of the inde-
pendent variable, Simplify the result,

il
@f(x)=x+l
@>ﬂ®=t—+%;j

(b) f(0) = (

+ 1
w)ﬂm)=(—ir;1
i

(d) f(x+6)=z—-)+—1

Section 1.2 Functions 25

26. glx) = x* — 2x
(@) g(2) = (
®) g(-3) = (
(© glt+ 1) =
A gk + o) =

y -

y -2

)

In Exercises 27-38, evaluate the function at each spec-
iffed value of the independent variable and simplify.

27, f(x) =2x -3

(@ f(1) (b) f(-3)
28. g(y) =7-3
_ (@ 0 ®) &}
he) =12 — 2
(a) A(2) (b) h(1.5)
30. V(r) = 3mr?
@ V(3) ) v(3)
A fG)=3-Vy
(a) f(4) (b) £(0.25)
32, f)=Vx+8+2
(a) f(-8) (b) £(1)
@ glx) = -
() ¢(0) (b) ¢(3)
34, g(0) = 2:2; 3
(a) ¢(2) (b) ¢(0)
_H
35, flx) = )
(a) f(2) () £(-2)
36. f(x) = |x| + 4
() f(2) (b) f(-2)
; o]+l x<0
ﬂ"J'{zﬂz, x20
(8 f(-1) (b) £(0)
_ fx? 42, xs1
38'f(")'[2x2+2, x> 1
(a) f(-2) (b) £Q1)

© fek—-1)
© gls +2)
(€) h(x +2)
() v(2r)
(©) f(4x?)

() flx - 8)

(© qly + 3)

(©) g(-x)

© £

(©) f(x?)

©) £

(©) f(2)
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In Exercises 3942, complete the table.
(39, )0) = 3¢ + 3|

t | -5| -4 -3[-2]|-1
h(®
40.f(s)=Js__-gJ.
§—2
s |of1]3]3]4
f(s)
1
"'zx+4, x<0
41, f(X)"[(x_z)z' x>0
x -2|~1|0]1]|2
f(x)
9—-x2, x<3
= h(x)_{x-—S. x23

x [1]12(3]4]5
hix)

In Exercises 43-46, find all real values of x such that

fix) =0
43, fx) =15 — 3x

@is‘; () = Sx;- 4

In Exercises 47 and 48, find the value(s) of x for which
S&) = gk).

f)=x2 glx)=x+2
8. fx)=x2+2%+1, gl)=3x+13

44, flx) = 51+ 1

— y2
46, f(x) = 125 X

In Exercises 49-58, find the domain of the function.
49, f(x) =5x2+ 2~ 1 50, g(x) = 1 — 2x?2

4 3y
- = — 2_ ol 4] e ——
81, a() ; 52, s(y) i
83, flx) =3¥x-"4 54, f{x) = YxF ¥ 3
1 3 10
R = - — 6. X) =
55. 8(x) x x+2 5. W) x¥ - 2

+ 6
7. 80) = 5 8. £l = £

In Exerclses 59-62, use a graphing utllity to graph the
function. Find the domain and range of the function,

fl) = V4 -2 60, f(x) = VA + 1
61, glx) = |2x + 3] 62, g(x) =[x - 3

In Exerclses 63-66, assume that the domain of f is
the set A = {2, ~1,0,1,2}, Determine the set of
ordered pairs representing the function f.

63. f(x) = x? 64, flx) =x2-3
65. fx) = |« +2 66. fx) = |x + 1]

‘67, Geometry Write the area A of a circle as a function
of its circumference C.

68. Geometry Write the area A of an equilateral
triangle as & function of the length s of its sides.

69. Exploration The cost per unit to produce a radio
model is $60. The manufacturer charges $90 per unit
for orders of 100 or less, To encourage large orders,
the manufacturer reduces the charge by $0.15 per
radio for each unit ordered in excess of 100 (for
example, there would be a charge of $87 per radio
for an order size of 120),

(a) The table shows the profit P (in dollars) for
various numbers of units ordered, x. Use the
table to estimate the maximum profit,

| Units, x Profit, P
110 3135
120 3240
130 3315
140 3360
150 3375
160 3360
170 3315

(b) Plot the points (x, P) from the table in patt (a).
Does the relation defined by the ordered pairs
tepresent P as a function of x?

(¢) If P is a function of x, write the function and
determine its domain,
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70. Exploration An open box of maximum volume
is to be made from a square piece of material, 24
centimeters on a side, by cutting equal squares from
the corners and turning up the sides (see flgure).

(a) The table shows the volume V (in cubic
centimeters) of the box for varlous heights x
(in centimeters), Use the table to eslimate the
maximum volume,

Height, x— Volume, V
1 484
800
972
1024
980
864

A | | BN

(b) Plot the points {x, V) from the table in part (a).
Does the relation defined by the ordered pairs
represent V as e function of x?

(c) If V is a function of x, write the function and
determine its domain,

L}

|
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71, Geometry A right triangle is formed in the fiest'

quadrant by the x- and y-axes and a line through the
point (2, 1) (see figure), Write the area A of the
triangle as a function of x, and determine the domain
of the function.
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72. Geomelry A rectangle is bounded by the x-axis
and the semicircle y = /36 — % (see figure), Write
the area A of the rectangle as a function of x, and
determine the domain of the function.

@ Postal Regulations A rectangular package to be

sent by the U.S. Postal Service can have a maximum
combined length and girth (perimeter of a cross
section) of 108 inches (see figure).

. o8 o )
7 1
7 ’f
I i
! R}w//y

{a) Write the volume V of the package as a function
of x.

(b) What is the domain of the function?

(c) Use a graphing utility to graph the function, Be
sure to use the appropriate viewing window,

(d) What dimensions will maximize the volume of
the package? Explain,

74, Cost, Revenue, and Profit A company produces a
toy for which the variable cost is $12.30 per unit and
the fixed costs are $98,000. The toy sells for $17.98,
Let x be the number of units praduced and sold.

(@) The total cost for a business is the sum of the
variable cost and the fixed costs, Write the total
cost C as a function of the number of units
produced,

(b) Write the revenue R as a functien of the number
of units sold.

{c) Write the profit P as a function of the number of
units sold, (Note: P =R — C.)
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82. Data Analysis The graph shows the retail sales (in
billions of dollars) of presctiption drugs in the
United States from 1995 through 2001, Let f(x)
yepresent the retail sales in year x. (Source:
National Association of Chain Drug Stores)
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Retzil sales
(in billions of dollars)
8
.
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s 8

{'\z U t + | | t ==X

1995 1996 1997 1998 1699 2000 2001
Year

(a) Find £(1998).

. £(2001) — £(1995)

() Find =501 — 1995
and interpret the result in the context of the
problem,

(c) An approximate model for the function is

P() = —0.1556¢ + 4,657 — 28,75t + 115.7,
5<t<s 1

where P is the retail sgles (in billions of dollars)
and ¢ represents the year, with 1 = 5 correspon-
ding to 1995. Complete the table and compare
the results with the data.

r|s]e|7[8]o]w0]|n

rol [ 111

(d) Use a graphing wtility to graph the model and
data in the same viewing window. Comment on
the validity of the model.

Wi In Exercises 83-88, find the difference quotient and

simplify your answer.

f(x)=2x, [l f) G/

84, glo) = 3% — 1, ﬂ’f,ﬂ;f};),;&(_xl' P
f(x) =x—x+1, ﬁl:"irl)’_;&‘)‘ Bl

The symbol }ﬁ indicates an example or exercise that highlights algebraic techniques specifically used in calculus,

Sectlon 1.2 Functions 29

86, f) = 4, LEF ’f;‘“.f&'}‘ .

D=1, =8y,

8. Sl =~ f‘*l:g”. P

Synthesis

True or False? In Exercises 89 and 90, determine
whether the statement Is true or false. Justify your
answer,

89, The domain of the function f(x) =x*—1 is
(— 0, 00), and the range of f(x) is (0, o).

90. The set of ordered pairs {(~8, —2), (—6,0), (—4,0),
(-=2,2), (0, 4), (2, —2)) represents a function.

Exploration In Exerclses 91 and 92, match the data
with one of the functlons g(x) = cx? or r(x) = ¢/x
and determine the value of the constant ¢ such that
the function fits the data given in the table,

91.

x| -4 =1 o [ 1]4
y | =8| =32 | Undet. | 32 |8

2 [ 4| -1]o] 1] 4
y | -32]-2]0|-2]-22

93, Writing In your own words, explain the meanings
of domair and range,

94, Think About It Describe an advaatage of function
notation.

Review

In Exercises 95-98, perform the operations and
simplify.

4
95, 12~'T-2
3 n x
4 x—-20 x+4x-35
28+ 1t —6x  x+ 10
5x 22+ 5x—3
x4 7 x—17
20:—09) 2 —9)

96.

97,

98.




. '_Ar function value f{(a)-is called a relative maximum of f if there exists an

Graphs of Functions

[ Vertical Line Test for Functions

‘A set of points in a coordinate plane is the graph of y as a function of x if
and only if no vertical line intersects the graph at more than one point,
e

Sy

[ Increasing, Decreasing, and Constant Functions

A function f is Increasing on an interval if, for any x, and x, in the interval,
x, < x, implies f(x,) < f(x,),

A function f is decreasing on an interval if, for any x, and x, in the interval,
%y < x, implies £(x;) > f(x,).

A function £ is constant on an interval if, for any x, and x, in the interval,

fix) = flxy). J

ﬁeﬂnlilon of Relative Minimum ahd Relative Maxhmum

A function value f(a) is oalled a relative mininium of [ if there exists an
interval (x;, x,) that contains .« siich that

L. X% <x<x, implies f(a) < f(x).

interval (x,, ,) that contains @ such'that

; ¥ <x<x implies f(a) 2 f(x) )

(Library of Functions: Greatest Integer Function

The greatest integer function, denoted by [x] and defined as the greatest
integer less than or equal to x, has an infinite number of breaks or steps—
‘one at each integer value in its domain, The basic characteristics of the
groatest jnteger function are summarized below,

Graph Of f (X) = [[x]] y f(.!) = [IxI]
DPomain: (—oo, c0) al T\ e
‘Range: the set of integers 2.l
x-Intercepts: in the interval [0, 1) 1+ e—0
y-intercept: (0, 0) . G O W
Constant between each pair of -2 a4 123
congecutive integers ~—0

Jumps verticaily one unit at each =0 -3+

integer value

Could you describe the greatest integer function using a piecewise-defined
function? How does the graph of the greatest integer function differ from the
graph of a Jine vwith a slope of zero?

Ay S b s 0 8 g B 4 4t e (et e e e v 48




Test for Even and Odd Functions

A function f is even if, for each x in the domain of £, f(—x) = f(x).
A function £ is odd if, for each x in the domain of f, f(—x) = —f(x).
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?’ Vocabulary Check

[ i’ Fill in the blanks,
1. The graph of a function f is a collection of (x, y) such that x is in the domain of .
2, The __. is used to determine whether the graph of an equation is a function of y in terms of x.

3. A function f is on an interval if, for eny x, and x, in the interval, X, < x, implies f(x,) > f(x,).

4. A fonction value f(a) is a relative of f if there exists an interval (x,, x,) containing a such that x, < x < x,
| implies f(a) < f(x).
| ’ 5, The function f(x) = [+] is criled the function, and is an example of a step function.

6. A function f is if, for each x in the domain of f, f(—x) = f(x).

In Exerclses 1-4, use the graph of the function to find In Exercises 11-16, use the Vertical Line Test to deter-
the domain and range of f. Then find £(0), mine whether y Is a function of x. Describe how you
2 y can use a graphing utility to produce the given graph.

|}-::_,|I'-i,:) 5 = %12 12, y &= %x:‘
NAT 6 4
\ / -0 / 6
7] =t wx " -8 8 /
iy | -3 )
A ! -2 -4
13 il
i [ @x—y’= 14, x2 + y2 =25
1 a u
i 1 -1 ol 8 -9 /\ 9
A %| ! ! . o n:
i In Exercises 5-10, use a graphing utility to graph the 15, x% = 2xy - 1 16, x = |y + 2|
Ao functlon and estimate its domain and range, Then 4
4 find the domain and range algebraically, /
4 @ ) =2 + 3 g - A -3 : 8
x) = .

6 f¥) =~ — 1 ~) <

7./ =Vx=1 =4 =8

8. ne) =47

f&) = |x + 3]

10. () = ~4x - 5|

———— e

o e e =
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In Exerclses 17-20, determine the Intervals over
which the functlon is increasing, decreasing, or con-

stant.

17. f(x) = zx 18. f(x) = x2 — 4x

4 3

7 e

f(x) =@ -32+2 20 fl0) =/5F-1
4

!

> {{\J . he\-_/e

4 A

-8

In Exerclses 21-28, (a) use a graphing utility to graph
the functlon and (b) determine the open iutervals
on which the function is Increasing, decreasing, or
constant.

21 f() =3 22, f(x) = x
23, flx) = 2% 24, flx) = -2/
Sl) =22+ 3 26. flx) = V1 —x

B)S0) = |+ 1] + = 1),
38, f0) = ~[x+ 4] — |x + 1

In Exercises 29-34, use a graphing utllity to approxi-
mate (to two declmal places) any relative minimum or
maximum values of the function.

29, f(x) = x? — 6x 30, fx) =3x*=2x—-5
@By =202+ 32— 124 32 y=3x>— 622+ 15
@Dh(x) = (x ~ 1)V5 34 gx) = x/3 — x

In Exercises 35-40, (a) approximate the relative min-
imum or maximum values of the function by sketch-
ing its graph using the point-plotting method, (b) use
a graphing utility to approximate (to two decimal

places) any relative minimum or maxinm values,
and (c) compare your answers from parts (a) and (b).

35, fx) =2 —4x -5 36, f(x) =32~ 12
37, fx) = x> — 8x 38 fx) = -2+ Wx

39. f(x) = (x — 4)¥? 40. f(x) = V& + 1

Séction 1.3  Graphs of Functions 39

In Exercises 41-48, sketch the graph of the piecewise-
defined function by hand.

2+3, x<0
.f( [-—x x20

+6, x4
42 &) = {2;: 4y 553
¥y, x<0
@ =7 1o
'2. xs2
44, f(x) = { 9
,\50
O<xsg2
Zt—l, x> 2
45 x££ -3
46, g(x) = -2, -3 <x<
S5x—4, x21
2).+I, v < —1
FCH hE
I +x x<0
8, h(x)=[x2 +1, x20

In Exercises 49-56, algebraically determine whether
the function is even, odd, or neither, Verify your
answer using a graphing utllity,

(B =r+2u-3 50 f6x)=4- x2+3
51, glx) = x* — 5x 52, hix) = -
S = x/1 —x 54, flx) = x-l-S
58, g(s) = 4521 56, f(s) = 4.9:"/2

Think About It In Exerclses 57~62, find the coordi-
nates of a second point on the graph of a function f if
the given point is on the graph and the function is (a)
even and (b) odd.

(4.4 8. (4,1
(4,9 60. (5, - 1)
61. (x, —y) 62. (2a,2¢)

In Exercises 63-72, use a graphing utility to graph the
function and determine whether it is even, odd, or
nelther. Verify your answer algebraically.

63, fx) =5 64. f(x) = -9
fl)=3x-2 66, f(x) =5—3x
hx) =x* -4 68, flx)=-x2-8
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69, f(x)=Vv1~-x 70. g(t) = ¥t -1

s = 1 +2) 72 &) = ~Jx - 5|

In Exerclses 73-76, graph the function and determine
the interval(s) (if any) on the real axls for which
f(x) = 0. Use a graphing utility to verlfy your results.

73, fx) =4 —x T4 f(x) = 4x + 2
(Bse) =2 =9 76, fx) = 5 — 4x

In Exercises 77 and 78, use a graphing utility to graph
the function, State the domain and range of the func-
tion, Describe the pattern of the graph.

77. s(x) = 2(%x = I[;,l'x]]) 78, g(x) = 2(41x - ﬂ}x]l)z

79. Geometry The perimeter of a rectangle is 100
meters.

(a} Show that the area of the rectangle is given by
A = x(50 - x), where x is its length.

(b) Use a graphing utility to graph the area function.

(c) Use a graphing utility to approximate the maxi-
mum area of the rectangle and the dimensions
that yield the maximum area,

Coss, Revenue, and Profit The marketing depart-
ment of a company estimates that the demand for
a color scanner is p = 100 — 0.0001x, where p is
the price per scanner and x is the number of
scanners. The cost of producing x scanners is
C = 350,000 + 30x and the profit for producing and
selling x scanners is

P=R—-C=uxp—~C

80

Use a graphing utility to graph the profit function
and estimate the number of scanners that would
produce a maximum profit.

Communications The cost of using a telephone
calling card is $1.05 for the first minute and $0.38
for each additional minute or portion of a minute.

(a) A customer needs a model for the cost C of using

the calling card for a call lasting ¢ minutes. Which
of the following is the appropriate madel?

Cy() = 1.05 + 0.38[¢ - 1]
C,(n) = 1.05 — 0.38[-(t — 1)]

(b} Use a graphing utility to graph the appropriate
model. Use the value feature or the zoom and
trace features to estimate the cost of a call last-
ing 18 minutes and 45 seconds.

81

A B I LA A B L

82. Delivery Charges The cost of sending a

package from New York to Atlanta is !
package weighing up to but not includir
and $2,50 for each additional pound or |
pound, Use the greatest integer function
model for the cost C of overnight delivery
age weighing x pounds, where x > 0.

graph of the function,

1fi In Exercises 83 and 84, write the heigh
rectangle as a function of x.

83,

y 84,

b= ai1]

-—-|——|J:-——+v——v}v-w x
I x 3 4

_lﬂ In Excrclses 85 and 86, write the length
rectangle as a functlon of y,

8s.

87

Population During a seven-year period.
lation P (in thousands) of North Dakote
and then decreased according to the mode

-0.762 + 99 +618, 5<¢<1

whete ¢ represents the year, with t = 5

ding to 1995, (Source: U.S. Census Bure

(a) Usc a graphing utility to graph the r
the appropriate domain,

(b) Use the graph from part (a) to detern
which years the population was i
During which years was the |
decreasing?

(c) Use the zoom and trace features or the
feature of a graphing utility to appro
maximum population between 1995 a



Translations

3 I-{GE 2 [f(‘:—:-'jx
! a

-2

-3

-1

(a) Constant Function (b} Identity Function

T, A

+|a -3

-3

= 3

(¢} Absolute Value Function (d) Square Root Function

, = , =5

—

7

Y
3 - |3 /

-2

-

{¢) Quadratie Functlon (f) Cubic Function

| Figure 1.40

'( Vertical and Horizontal Shifts

!'| Let c be e positive real number. Vertical and horlzontal shifts in the graph
of y = f(x) are represented as follows.

| 1. Vertical shift ¢ units upward: . hx) = fx) + ¢

Ir' 2, Vertical shift ¢ units downward: Bx) = f(x) - ¢

I 3. Horizontal shift c units to the right,  h(x) = f(x — c)

;I | 4. Horizontal shift ¢ units to the left; h{x) = flx + ¢)

(Reflections in the Coordinate Axes
“Reflections in the coordinate axes of the graph of y = f(x) ate represented
*ag follows,

1. Reflection in the x-axis:  A(x) = —f(x)

e ———

2. Reflection in the y-axis:  h(x) = f(-x)
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Functions and Their Graphs

Vocabulary Check

In Exercises 1-5, fill in the blanks,

1, The graph of a
2. The graph of an

3. Horizontal shifts, vertical shifts, and reflections are called

is U-shaped.
is V-shaped.

4. A reflection in the x-axis of y = f(x) is represented by h(x) =

is represented by k(x) =
8, A nonrigid transformation of y = f(x) represented by ¢f(x) is a vertical stretch if

6. Match the rigid transformation of y = f(x} with the cottect representation, where ¢ > 0.
(i) horizontal shift ¢ units to the left

(ii) vertical shift ¢ units upward

(iii) hotizontal shift ¢ units to the right

(iv) vertical shift ¢ units downward

(8) h(x) = flx) + ¢
(b) h(x) = flx) = ¢
© hx) =fx—¢)
(d) h(x) =fx + ¢

, while a reflection in the y-axis of y = f(x)

and a vertical shrink if

In Exercises 1-12, sketch the graphs of the three
functions by hand on the same rectangular coordinate

system, Verify your result with a graphing utllity, »

1 flx) =x
gx) =x—4
h(x) = 3x
3 flx) = x2
glx) =x2 +2
h(x) = (x — 2)?
S5 )f(x) = —x?
glx) = —x2+ 1
hx) = —(x — 2)?
7. fx) = x?
g(x) = 3#
h(x) = (2x)?
NSO = |x|
glx) = |x] — 1
h(x) = |x — 3|
f(x) = Vx
g = Vx+1
)= Vx—2+1

2. fix) = %x

gln) = 3x + 2

h(x) = 3(x — 2)
4. f(x) = x?

glx) =2 — 4

Ax) =(x +2)2+ 1
6. flx) = (x - 2)?

glxy=(x-272+2
hx) = —(x - 2)2 + 4

8. flx) = »2
g = 3 +2
hx) = ~42
10. f(x) = |x|
gx) = [2x]
hx) = =2)x + 2| - 1
12, fx) = Vx
g =4Vx
Wx)=~1/x+4

14

www.mathgraphs.com.

se the graph of f to sketch each graph. To print an
enlarged copy of the graph, go to the websile

(@) y=fx) +2 Y

) y = —fx) i 4,2

@ y=flx=2) N o
@ y=flx+3) —t— —f
@y=2w KN
) y = f(~x) -3 (0, -1)

® y =rfl3x)

Use the graph of f to sketch each graph. To print an
enlarged copy of the graph, go to the website

www.mathgraphs.com.
(a) y=f&x) -1

by y=flx+1)

© y=fx—1)

@ y=-flx-2)
) y=f(-x)

-=2,4)

8 y=rf(2x)

.
| =3 -2-1 |
) y = 3f(x) -2l

4+t
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In Exerclses 15-26, identify the common function and
describe the transformation shown in the gvaph.
Write an equation for the graphed functlon.

plx) = (%x)a +2

In Exerclses 33-38, compare the graph of the
function with the graph of f(x) = |x|.

@y=|x+5| Moy=|x -3
35, y = —|4 36. y = |~x|
37. y = 4)x| 38, y = |34]

In Exercises 39-44, compare the graph of the functlon
with the graph of f(x) = »?,

9. gx)=4-x 40, g(x) = —{x — 1)

41, h() =3x + 2 42 ()= -2x-1P+3
44. plx) = [3(x — 2)P

In Exercises 45-48, use a graphing utility to graph the

three functions In the same viewing window. Describe
the graphs of g and & relative to the graph of f,

@ r=r -3¢ 46 fl)=r-32+2

8x) = flx + 2) glx) =flx—1)
h(x) = $f(x) h(x) = f(3x)
47, f(x) = »* — 3x? 48, f(x) =x*~3x2+2
et = =3f(x) glx) = —f(x)
h(x) = f(—x) h(x) = f(2x)

In Exercises 49 and 50, use the graph of
S(x) = x® — 3x2 (see Exerclse 45) to write a formula
for the function g shown in the graph,

49.

-2

1]

(ﬂ.l\

Ya

2,5)

1

-1

50.

~1

2

).!:\2, 1)

|

/(4' _?‘)

&

o7

15, 2 16. 5
. 4
i Lo // p
-2 ~3
17. i 18. 2
-6 . 9
B 8
-1 -10
190 2 20' a
]
N
-1 5
— 5 \\\ .
-2 -
21. 5 22, 1
\ ¥ -4 1
P .V 1 //\
] )
23, 2 24, 2
Invralpiwa !
- -2
25, a 26. 3
\\
-3 3 -2 4
\

o) 4

In Exercises 27-32, compare the graph of the func-
tion with the graph of f(x) = x.

@y=—ﬁ—l 28 y = J/x+2
2. y=/x=3 30.y= x4
3 y= V2 2. 9y=/-x+3

In Exerclses 51-64, g is velated to one of the six
common functlons on page 42, (a) Identify the
common function f, (b) Describe the sequence of
transformations from f to g. (c) Sketch the graph of g
by hand. (d) Use function notation to wrlte g in terms
of the commeon function f.

@l =2 - e+ 57
52. glx) = —(x +10)2 + 5
53. g(x) =3 + 2(x — 42
54, g(x) = —4(x + 22 -2
55. glx) = 3(x — 2)3 56, glx) = —%(x + 1)
gx) = (x — 1+ 2
58, glx) = —(x+3p—10
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59, g(x) =[x +4{ +8
60, g(x) = | +3| +9

gy = —2)x~ 1| —4

62. g(x) = 3x - 2| - 3
g(x)= L xF3-1
64, glx) = —Vx+1—6

65. Profit 'The profit P per week on a case of soda pop

66

67

is given by the mode!
P(x) =80 +20x — 0.5x%, 0sx<20

where x is (he amount spent on advertising. In this

model, x and P are both measured in hundreds of

dollars.

(a) Use a graphing utility to graph the profit function.

(b) The business estimates that taxes and operating
costs will incrense by an average of $2500 per
week during the next year. Rewrite the profit
function to reflect this expected decrease in
profits. Describe the transformation applied to
the graph of the function.

(c) Rewrite the profit function so that x measures
advertising expenditures in dollars.-{Find P(ﬁ]]
Describe the transformation applied to the graph
of the profit function.

Antomobile Aerodynamics The number of horse-

power H required to overcome wind drag on an
automobile is approximated by the model

H(x) = 0.002x* + 0.005x — 0.029, 10 x < 100

where x is the speed of the car in miles per hour.

(a) Use a graphing utility to graph the function.

(b) Rewrite the function so that x represents the
speed in kilometers per hour, [Rind H(x/1.6).]

Describe the transformation applied to the graph
of the function,

Fuel Use The amount of fuel F (in billions of

gallons) used by trucks from 1980 through 2000

can be approximated by the function F(f) =

0.03612 + 20.1, where (=0 represents 1980.

(Source: U.S. Federal Highway Administration)

(a) Describe the transformation of the common
function f(r) = 12 Then sketch the graph over
the interval 0 < ¢ < 20,

(b) Rewrite the function so that £ = 0 represents
1990. Explain how you got your answer.

68. Finance The amount M (in billions of «
mortgage debt outstanding in the United S
1990 through 2001 can be sapproximat
function M(f) = 29.9¢2 + 3892, where ¢ :
sents 1990. (Source: Board of Govern
Federal Regerve System)

(a) Describe the transformation of the
function f() = ¢2 Then sketch the §
the interval 0 < ¢ < 11,

(b) Rewrite the function so that =0
2000, Explain how you got your answ

Synthesis

True or False? In Exercises 69 and 70, (
whether the statement Is true or false. Ju:
answer.

69. The graphs of f(x) = |x| —~ Sand g(x) =
are identical.

70. Relative to the graph of f(x) = Jx the g
function A(x) = —/x + 9 — 13 is shiftec
the left and 13 units downward, then refle
x-axis.

71. Exploration Use a graphing utility to ¢
function. Describe any similarities and «
you observe among the graphs.

(@ y==x (b) y = x? (c)
@ y=s @y=x ()
72, Conjecture Use the results of Exercise 9

(a) Make a conjecture about the shapes of
of y = x7 and y = x%. Use a graphin
vetify your conjecture.

(b) Sketch the graphs of y = (x -
y = (x + 1) by hand. Use a graphin,
verify your graphs,

Review

In Exercises 73 and 74, determine whether t
and L, passing through the pairs of p
parallel, perpendicular, or neither.

73, Ly (-2,-2),2,10) 74 Ly (-1,
Lzl (_1, 3), (3, 9) LZ: (1,5).

In Exercises 75-78, find the domain of the |

75, flx) = g%x 76, f(x) = *—f
77, f(x) = /100 — ¥ 78, fx) = ¥



Combinations of Functions

' ("sum, Difference, Prodixct, ahd Quotiént of Furictions

Let f and g be two functions w:th ovarlappmg domams Then, fordll x
‘comrnon to both domains, the sum, difference; prodict, and quotient of
[f-and g are defined as follows.

" 1, Sum: (F + &) = flx) + g(x)
., 2 Difference: (f— 2)x) = f(x) — gl»
C 3, Product  (f)6) = £R)  g(¥)

4, Quotient: ( )(x —f—%t% 8(x) =l= 0

[ Definition of Compositiori of Two Fuinctions
The composltibn of- the functton f with rtle mnction gis

(fe8)x) = f(s(x))

‘The.domaih.of f = g.is the set of-allx in the domaln of g such that glx)is 1n
the domein of [ (See F&gure 1.59.)
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Vocabulary Check
Fill in the blanks.

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

to create new functions.
2. The

4. To decompose & composite function, look for an

,and

of the function f with g is (f = g)(x) = f(g(x)).
3, The domain of f - g is the set of all x in the domain of g such that

is in the domain of f.
and function.

In Exerclses 1-4, use the graphs of £ and g to graph
h(x) = (f + g)(x). To print an enlarged copy of the
graph, go to the webslte www.mathgraphs.com,

2

e

In Exercises §~12, find (a) (f + g)(x), (0) (f — g)(x),
(©) (fz)(x), and (d) (flg)(x). What is the domain of
flg?

5. fx) =x+3, gly=x—-3

6 flx)=2x—35, gx)=1—-x

fx) = x% glx)=1-x
8 fl)=2x~-5, glx)=4
9 f)=x2+5 g =+V1—-x

0. /) = VAT 4 gl =
1L 7l =2 8 =
12, fl) = ——, g®) =»°

x+1

In Exercises 13-26, evaluate the indicated function
for f(x) = x* + 1 and g(x) = x — 4 algebraically, If
possible, use a graphing utility to verify your answer,
(13)(/ + £)3) 1. (f-)(-2)

(15) (f = £)(0) 16. (f+ g)(1)

(i7) (fe)ia) 18, (f5)(~6)

Gls (i

2
21 (f = o)) 2. (F+ )t - 4)
23. (fg)(-51)

24. (fo)(34)
2. (’gf)(—:) 2. (ﬁ)(f +2)

In Exercises 27-30, use a graphing utility to graph the
functions f, g, and f + g in the same viewing window.
27, flx) = %x. glx) =x -1
28, flx) = %x. ex)=—x+4

fl) =x% glx) = -2
30, fix) =4 -x2% glx)=x

In Exerclses 31-34, use a graphing utility to graph
S, & and £+ g in the same viewing window. Which
function contributes most to the magnitude of the sum
when 0 € x < 2?2 Which function contributes most to
the magnitude of the sum when x > 6?

x3
3. f(x) =3x, glx) = =10

2 £ =2, gl) = V&

Bof=3x+2 g)=-Vx+35
M, fx)=x2-1 gl)=—-3x2-1
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In Exercises 35-38, find (a) f-g,(b) g <f, and, if ji In Exercises 55-62, find two functions f and g such

possible, (¢) (f + £)(0).

b5) 1) = 2, g) =x~1

36, f() =¥x -1, glx)=x+1
f)=3x+5 gk)=5-x

38, fx) =x3, gl) ==

In Exercises 39-44, (a) find feg, g-f, and the
domain of f-g. (b) Use a graphing utility to graph
fegand g of, Determine whether feg = g of.

3. fx) = Vx+4, gb)=x?

40, fR)=¥x+1, gxy=x—-1
) f() =3x—3, gly) =3x+1

42. fix) = Vx, ghx) = Jx

@ J&) = x5, g(x) = x8

. f(x) = x|, g)=x+6

In Exercises 45-50, (a) find (£ - g)(x) and (g  f)(x), (b)
determine algebraically whether (f »g)(x) = (g «f)(x),
and (c) verlfy your answer to part (b) by comparing a
table of valucs for each composition,

45, f(x) = 5x + 4, glx) =

46, fix) =3(x— 1), glx) =dx+1
@) =~ Vx¥86, gl)=a2-5
48, (x) =x-4, g)=¥x+10
49, f(x) =[x+ 3], glx) =2x—1

50. flx) = 3—"6_—5» glx) = —x

In Exercises 51-54, use the graphs of f and g to
evaluate the functions.

(b) (/eX2)
(b) (f2)(4)

(b) (g-)2)
(b) (gf)3)

GD @ (F + 8)3)
52, (@) (f~ &)1)
& (£-90@
54, () (f+g)(1)

that (f-g)(x) = k(x). (There are many correct
answers.)

55, hx) = (2x + 1)? 86, h(x) = (1 — X
G nix) = Y574 58, h() = /T =%
59. hix) = _ii 60, hlx) = (?1_2?

W) = (x + 4)2 + 2(x + 4)
62. h(x) = (x + 3)%2 + 4(x + 3)12

In Exercises 6372, determine the domains of (a) f,
(b) g, and (¢} fg. Use a graphing utllity to verify
your results,

f(x) =JVx+4, glx)=x
64. f(x) = \/x +3, glv) =

5
65, f(x) = x%+1, g(x) Vx
66, f(x) = x4, glx) =

@f(x =%, g =x+3

68 S0 =% o) =
69. fx) =|x—4|, gx) =3 -x

70, f(x) = T)zc_l gx)=x—-1

@f(x) =x+2, gl)= ;,—1_—4

72, fl) =5, g)=x+1

1

73. Stopping Distance The research and development
department of an automobile manufacturer has
determined that when required to stop quickly to
avoid an accident, the distance (in feet) a car travels
during the driver's reaction time is given by
R(x) = 2x, where x is the speed of the car in miles
per hour, The distance (in feet) traveled while the
driver is braking is given by B(x) = 15x2,

(a) Find the function that represents the total
stopping distance T.

(b) Use a graphing wiility to graph the functions R,
B, and T in the same viewing window for
0 £ x < 60.

(c) Which function contributes most to the
magnitude of the sum at higher speeds? Explain.




Ihverse Functions

f Definition of Inverse Function
- Let'f and g be two functions such that

fg(x)) =x  forevery x in the domain of g
rand

8(f(x)) =x  forevery x in the domain of f

Under these conditions, the function g is the Inverse function of the
function f. The function g is denoted by f~! (read “f-inverse™), So,

fUO) =x  and AR =

The domain of f must be equal to the range of f~7, and the range of f must
CEe equal to the domain of £~

)

The Graph of an Inverse Function

The graphs of a function f and its inverse function S~" are related to each other
in the following way. If the point (a, b) lies on the graph of £, then the point (b, 4)
must lie on the graph of f~!, and vice versu. This means that the graph of £~ is

! n reflection of the gruph of [ in the line Y = x, as shown in Figure ],68,
|

Figure 1.68

fD#ﬂnitlon of a One-to-One Punction

—

A 'function f is one-to-one if, for a and b in its domain, f(@) = £(b) implies

thata = b,
L S
(Bxistence of an Inverse Function )
A function f has an inverse function SV if and only if f is one-to-one.
N J




(‘Finding an nverse Rinetion

1, Use'the Hotizontal Line Tost to decide whether £ has an inverse

~ function. R ' :

2, In the equation for f(x), replace f(x) by y.

3. Interchange the roles of x and y, and solve for y,

4. Replace y by £~'(x) in the new equation.

5. Verify that £ and £~ are inverse functions of cach othier by showing
‘that the domain of £ is equal 1o the range of /=, the range of fis
equal to the domain,of /!, and f{/~'(x)) = x and £~/ (%)) = x. J
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Vocabulary Check
Flll in the blanks.

B T s

1. If the composite functions f(g(x)) = x and g(f(x)) = x, then the function g is the
denoted by

2. The domain of f is the of £~ and the of f~1is the range of f.

3. The graphs of f and f~! are reflections of each otherin the line

4, To have an inverse function, a function f must be ; that is, f(a) = f(b) irplies a = b,
5. A graphical test for the existence of an inverse function is called the Line Test,

function of f, and is

In Exercises 1-8, find the tnverse function of f nfor- 18 f) =9~-x% x20; glx)=9—=x
mally, Verify that f(f~'(x)) = x and f~1(f(x)) = x. f W=1-2 g0)=¥yT—x

L 1L flx) = 6x 2 fi) =4x o1 1-x
L 3 f) =+ T 4 fx) =x-3 20-f(x)—l+x.xzo, g(x)——x L 0<xs ]
?‘ @ fix) =2+ 1 6 fi) =2 ; 1 In Exercises 21-24, match the graph of the function
: with the graph of its inverse function, [The graphs of
7. f() = ¥x 8. flx) =»° the Inverse functions are labeled (a), (b), (c), and (d).]
In Exercises 9-14, (a) show that f and g are inverse (a) 7 (b) \?
| functions algebraically and (b) verify that f and g are ;
' : Inverse functions numerically by creating a table of y .
; ‘values for each function, ! _
| 6 -3 9 -3 o2
. 7 2x + = =
v, 9. fW) = —gx =3, gl =~ 1 '
! 5 () 4 @ 4
! = 2 - - =
¢ 10. flx) ==5— gl =dx+9 . m_J/ oL 3 B
} @f(x) =2 +5 gl)=¥Yx=75 7 e
f_ L f) = -?. 8lx) = ¥2x -4 ~4
i f(x) =-Vx—8 gW=8+x x50 2 f LT
1% 3 '
n3 0 MW =YETT, g = EEH0 s / 0
o / B e b
& In Exerclses 15-20, show that f and g are Inverse -4 -1
v functions algebraically. Use a graphing utility to 23 .
& graph f and g in the same viewing window. Descrlibe ) 24. 3
= . the relatlonship between the graphs. /
L =R = L T
1 _a - B i
; 1
{ 16, fx) = 5, glx) = = = -4
x x

- @f(x)=Vx—4; g)=x2+4,x20




R

. Y

@ hx) = x’x: 1

f(x)=3x;-4

f(x)=42x+3

70 Chapter 1 Functions and Their Graphs

In Exercises 25-28, show that f and g are inverse
functions (a) graphically and (b) numerically,

By =2 sw=3

26, f)=x—35, glx)=x+35

1) - s s 80 = -S;jll
2 f) =213, g = 2T

In Excrcises 29-40, use a graphing utility to graph
the function and use the Horizontal Line Test to deter-
mine whether the function s one-to-one and so has an
fnverse functlon.

29, f(x) =3 - &x

@h(x) = /16 — x?
35 flx) =10
glx) = (x + 50

34, flx) = —2x/16 — %2
36. f(x) = —0.65
38 f)=x-1

39, h(x) = |x + 4] = |[x - 4] =
-6
40, f(x) b —'{‘-':_l_—ﬁl'

In Exercises 41-52, determine algebraically whether
the function is one-to-one, If it is, find its inverse
function, Verify your answer graphically,

4. flx) =x* 42. g(x) = x? — x*

44, f(x) =3x+5

4. f(x) = ;‘15 46. hx) = f;

4, f)=@+3? x =-3

48, g{x) = (x— 52 x5

50. flx) = \/3_7—_%
Lf)=k-2|, x<2

o
52, f(x) = F5T

In Exercises 53-62, find the inverse function of f. Use
a graphing utility to graph both f and f~! in the same
viewing window. Describe the relatlonship between
the graphs.

53 f(x)=2x—-3 54, f(x) = 3

55, f(x) = x° 56. ) =x2+1

§7. f(x) = x5 58, f(x) =x% x 20

59, flx)=V4—a% 0<x<2

60, f(x) =16 -2, —-4<x<50
o4 =5

61, fl) =~ 62, f(x) = 7

Think About It 1n Exercises 63-66, delete part of the
graph of the function so that the part that remains ls
one-to-one, Find the inverse function of the remaining
part and glve the domain of the Inverse function,
(There are many correct answers.)

63. flx) = (x — 2)2 64. fOx)=1-x*

.

7 2
\ / -6 £ B
v
-1 "5
65. f(x) = |x + 2| 66, f(x) = |x — 2|
a/ \e
-8 \/ | 4 -4 o / o
=2 =

In Exercises 67 and 68, use the graph of the function
f to complete the table and sketch the graph of f~,

67, ,, x | S

i
e -2
2 4

68. x | @)
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Graphical Reasoning In Exercises 69-72, (a) use a
graphing uility to graph the function, (b) use the
draw inverse feature of the graphing utility to draw
the inverse of the function, and (c) determine whether
the graph of the inverse relation is an inverse fune-
tion, explaining your reasoning,

69. fly=x*+x+1 70, hix) = x/4 — x
4
e S0 = 7 TS

In Exercises 73-78, use the functlons f(x) = §x — 3
and g(x) = x3 to find the indicated value or function.

73 (fteg™)(1) 74, (g7 of")(-3)
78 (116 ©76 (gmheg)(~4)
7. (f-8)" 78, g7lef!

In Exercises 79-82, use the functions f(x) =x + 4
and g(x) = 2x — 5 to find the specified function.

79, g~o f1 80, flog!
81, (fog)! 82. (gof)!

83, Transportation The total value of new car sales
f (in billions of dollars) in the United States from
1995 through 2001 is shown in the table, The time
(in years) is given by ¢, with 1 = 5 cotresponding to
1995, (Source: National Automobile Dealers
Association)

x
7. g() = x2+1

%‘ Year, ¢ Sales, £(f)
5 456.2
6 490.0
7 507.5
8 546.3
9 606.5
10 650.3
11 690.4

(a) Does f~! exist?

(b) If £~ exists, what does it mean in the context of
the problem?

(©) If £~ exists, find £~'(650.3).

(d) If the table above were extended to 2002 and if

the total value of new car sales for that year were
$546.3 billion, would f~! exist? Bxplain.

Sectfon 1.6 Inverse Functlons 71

84. Hourly Wage Your wage is $8.00 per hour plus
$0.75 for each unit produced per hour. So, your
hourly wage y in terms of the number of units
produced is y = 8 + 0.75x.

(a) Find the inverse function. What does each
vatlable in the inverse function represent?

(b) Use a graphing utility to graph the function and
its inverse function.

(c) Use the trace feature of a graphing utility to find
the hourly wage when 10 units are produced per
hour.

(d) Use the trace feature of a graphing utility to find

the number of units produced when your hourly
wage is $22.25,

Synthesis

True or False? In Exerclses 85 and 86, determine
whether the statement s true or false. Justify your
answer.

85. If f is an even function, f~! exists,
86. If the inverse function of f exists, and the graph of f

has a y-intercept, the y-intercept of f is an x-inter-
cept of f~1,

87, Proof Prove that if f and g are one-to-one
functions, (fg)~'(x) = (g7 «f~1)(x).

88. Proof Prove that if f is a one-to-one odd function,
S~V is an odd function,

Review

In Exerclses 89-92, write the rational expression in
simplest form.

27x3 Sxty
L 3x2 9. xy + 5x

X =36 X+ 3x - 40
[l ————— ol S o SN .
. 6—x = P =-3x-=10

In Exercises 93-98, determine whether the equation
represents y as a function of x.

93, 4x -y =13 94, x=5
95, x2 +y*=9 96, X2+ y=38
9. y=Vx+2 98. x —y*=0
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