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Section 1.1 Exercises

Exercise numbers with a gray background indicate problems that the
authaors have desianed 1 be solved withow g caleularor.

In Excroises 1-4, find the coordinate increments from A to 8.
1. A{L,2). B{—1,—1) 2, A(-3 2 B(-1L-2)
3. A5 0) BB 4. A(0, 4), B0, -1
In Exercises 58, let L be the ling determined by points A and B,
{a) Plot A and 8. (b} Find the slope of L.
() Dwaw the graph of L,
5.A(1.-2), B(L1) 6. A[—2 -1). B(l.-I)
RA(23), B(-1.3) 8. AL2), B, -3
In Exercise 912, wrile an equation for (a) the vertical line and (b} the
horzontal line through the point £
9. F(3,2) 10. P{—1.4/3)
" 2o, —+T) 12, P(—m.0)
In Exercises |3-16, write the paint-slope equation for the line through
the point P with slope i,

13, 201, 1), 14, P11,
15. Fi0, 3), 16, P{—4,0),

In Exercises 17-20, write the slope-intercepd equation for the line with
slope s and y-intercepl b

Zm=3 bk 2 18. m I, b=12

18.om = —1/2, bh=-3 200 e = 1/3. b= -1

In Exercises 21-24, write a general linear equation for the line through
the 1w points,

21. (0. 0). {2, 3)
23. (-2.0). (-1 -1

m =1 m = —1

m =2 m= -2

22 (1.1),
24, (-2.1),

(2, 1)

(2,-2)

In Exercises 25 and 26, the line contains the origin and the point in
the upper fight comer of the grapher screen, Wrile an equation For
the line,

25, 26.

[-10; 1] by [-23, 23] [-5. 51 by [-2,2

In Exercises 27-3), find the {ap slope and (b) v-intercept, and
() graph the line.

2730 + 4y = 12 28 1 +y=2
i ¥

-+ == =2y o+
29.5+5-1 30, y= 2+ 4

In Exercises 31-34, write an equaticn for the line through & that is
(@) paralbel 1o L, and (b) perpendicalar o £

AL PO} Ly =-—a 2 32. P22, Lili+w=4
33.P(-2.4), Lia=35 M P(-1.1/2), L:y=13

Iin Exercizes 35 and 36, a table of values is given for the linear function
Six) = mx + b Determine moand B,

B 36.

X fid X fl)
1 3 2 -1
3 g 4 —4
5 16 o 7
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In Exercizes 37 and 38, find the valwe of x or ¥ for which the line
through A and B has the given slope v,

37 A(-2.3), B4y, m=-23

3B A-B, -2), B 2), m=12

39. Revisiting Example 4 Show that you get the same equation
in Example 4 il you use the point (2, 4) o write the cquation.

40, Writing to Learn x- and y-intercepts

{a) Explain why ¢ and o are the x-intercept and y-intercept,
respectively, of the line

L} ¥
—+==10L
i o
(b} How are the s-intercept and y-intercept related o o and o in
the linc
Liiom
v d

41. Parallel and Perpendicular Lines For what value of &
are the two lines 2y + &y = Jamd x + v = | {a) parallcl?
(b} perpendicular?

Group Activity In Excrcises 4244, work in groups of two or three
o solve the problem.
42, Insulation By measuring slopes in the lgure bebow, find the eme-
perature change in degrees per nch for the following mstenals.
(a) gypsum wallboard
(b} fihcralass insulation
(e} woosd sheathing

{d) Writing to Learn Which of the matenals in (aj—(<) is the
hest insulator? the poorest? Explain.

=

T
et el

i
[
B
5
[
£ il
&

| ¥ i 4 k] 2] 7
Distance throagh wall jieches)

43. Pressure Under Water The pressure pexperienced hy a diver
under water is related o the diver™s depth o by an equation of the
fowmy fp = Ed + Lk aconstant), When & = 0 melers, the pressure
iz | atmosphere. The pressure at 10 meters is 10,94 atmesphernes.
Find the pressure at S0 meters,

44, Modeling Distance Traveled A car starts from point P ol ime

o= Dand travels at 45 mph,
(a) Wrile an expression df ¢] for the distance the car travels from P
(b} Graph y = {1}
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{c) What is the slope of the graph in (b What does it have w
div with the car?
{dy Writing to Learn Creatc o scenario in which ¢ could have
negative vilues.
{e) Writing to Learn Create a scenario in which the y-intercep
of v = dir) could he 30,
In Excrcises 45 and 46, vse lincar regression analysis.
45. Table 1.2 shows the mean anial compensation of constiection
wiorkers.

TABLE 1.2 Construction Workers' Average

Annual Compensation

Annual Todal Compensation

Year (didlars)
(Relele 42,598
HHH 44,764
2001 47,822
HHp2 43,064

Fedvee: L5 Buresu of the Centus, Statstcs) AbsiracT of the United States,
AN,

{a) Find the lnear regression equation for the data.

{h) Find the slope of the regression line. What docs the shpe
represcnt?

(e} Supenmpose the graph of the linear regression equation on o
seatler plod of the data,

{d) Use the regression equation to predict the construction workers”
average annual compensation in the vear 208,

46, Table 1.3 lists the ages and weights of nine girls

TABLE 1.3 Girle" Ages and Weights

Age (munths) Weight (pounds)

19 22
21 23
24 25
7 28
) il
il 28
34 32
38 4
42 39

{ah Find the linear regression eguation for the data.

{b) Find the slope of the regression line. What does the shope
represent?

() Superimpase the graph of the linear regression equation con a
scatler ot of the data,

{d) Use the regression cquation Lo predict the approximite
weight of a M-month-old girl,
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Standardized Test Questions 54, Fahrenheit Versus Celsivs We found o relationship between

; . . Fahrenheit temperature and Celsivs temperature in Example 3,
47 True or False The slope of a vertical line is zero, Justify your - L = e I

ANEWET ta) Is there a temperature al which a Fahrenheit thermometer
and a Celsius thermometer give the same reading? If so,
what is it?

by Writing to Learn Graph v = {9/3)x + 32w
(5793 x = 32), mnd v = x in the same viewing window,
Explain how this figure 15 related o the question in part {x)

48. True or False The slope of a line perpendicular to the line
v = mx + bis e Justify your answer.

49, Multiple Choice Which of the following is an eguation of the
line through (=3, 4) with slope 127

I |
(A v =4 =~y +3) By v+ 3= —(x—4) §5. Parallelogram Three different parallelograms have verlices at
T . (=1, 10, {2,070, and (2, 3). Draw the three and give the coordi-
Cry—4=-2x+3) ) y—4=2x+3) nates of the missing vertices.
(E) v+ 3=2x—4) 56. Parallelogram Show that il the midpoints of consccutive sides

50. Multiple Choice Which of the following is an equation of the of any quadrilateral are connected, the result is a paralelogram.

vertical line through | —2, 4)7 57 Tangent Line Consider the circle of radius 5 centered at (0, 0).
(&) y = 4 By v =2 (C)y = —4 :_limi].m cquation of the line tangent to the circle at the point
(1] = E| = =2 . . . . ,
) x =0 ) ) { j_ ' o ) 58. Group Activity Distance from a Point te a Line This
51. Multiple Choice Which of the following is the v-intercept of activity investigates how o find the distance from a point Pla, b)
the ling y = 2x — 57 o line Lo Ax + By = O
A) v = —5 By v =35 (Crx=0 (a) Wrilz an equation for the line A throngh P perpendicular to L
i x = 52 (E} v = —5/2 by Find the coordinates of the point £ in which M and L inkersect,
52. Multiple Choice Which of the following is an equation of the ich Find the distance from P to (0.
line thraugh (=2, —1) parallel 1o the line ¥ = —3x + 17

1 1
{A) p= —3u +3 By y=-3x=7 (€Cry=5v—3
oy =—3x+1 (E} v = —3x — 4

Extending the ldeas

53. The median price of existing single-family homes has increased
consistently during the past few years. However, the data in
Table 1.4 show that there have been differences in vanious parls
of the country.

TABLE 1.4 Median Price of Single-Family Homes

Year South (dollars) West (dillars)

159 145,500k 173,700

2000 148,000 1 965,400

20010 155,40k 213,600

2002 163, Hp 238,500

2003 168, 10k 260,500
Eourea:lLS, Bureau of she Census, Statisticel Abstract of the United Siates,
Z004-2005

ia) Find the lincar regression equation for home cost in the South.

() What does the slope of the regression line represem®

i) Find the linear regression equation for bome cost in the West.

(d) Where is the medion price increasing more rapidly, in the
South or the West?
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Section 1.2 Exercises

Exercise numbers with a gray background indicate problems that the
authors have designed to be solved withowt a calculator.

In Exercises 1-4, {a) write a formula for the function and (b) use the
formula to find the indicated value of the funcrion.
1. the area A of a circle as a function of 1ts diameter J; the area of a
circle of diameter 4 in.
2. the height h of an equilateral triangle as a function of its side
length s; the height of an equilateral triangle of side length 3 m
3. the surface area § of a cube as a function of the length of the
cube’s edge ¢; the surface area of a cube of edge length 5 ft
4. the volume V of a sphere as a function of the sphere’s radius r;
the volume of a sphere of radius 3 cm
In Exercises 5-12, (a) identify the domain and range and (b) sketch
the graph of the function.

B,y =4 — i’ 6. v=2x"—19
T yv=24+ vy —1 8. v=-"WVv-ux
I JR—
9 v= 10. v = Wx
x—2
1 1
Moy=1+- 12,y = 1+
xX S

In Exercises 13-20, use a grapher to (a) identify the domain and
range and (b) draw the graph of the function.

13. v = Vi 14, v =2V — 1
15, v = VW1 — & 16. v = Vo — x°
17 = x'l,"s 18. y = xJ)‘Z
1
19. y = Vx -3 20 y = —
V4 — x2

In Exercises 21-30, determine whether the function is even, odd, or
neither. Try to answer without writing anything (except the answer).

21,y = x* 22, y = x + x°
23. y=x+2 24, v =23
25 v = Vil + 2 26. vy = x + x°

3
27 v = X 28. v = V2 —

Y=o, ]

1 1

29. v = 30. vy =
x—1 -

In Exercises 31-34, graph the piecewise-defined functions.

) I—x x=1 ) 1, =10
31, flx) = {h L 32. f(x) = {"\G, =0
4= ¥ x=1
33 flx) = (320 + 32, 1=x=3
X+ 3, ¥ =3
.rz, r =10
34, flx) =4 2% 0=x=|

2r—1, x=1

35. Wrriting to Learn The vertical line rest to determine whether
a curve is the graph of a function states: If every vertical line in
the xy-plane intersects a given curve in at most one point, then
the curve is the graph of a function. Explain why this is true.

36. Writing to Learn For a curve to be symmetric about the
x-eixis, the point (v, v) must lie on the curve if and only if the
point {xr, —y) lies on the curve. Explain why a curve that is sym-
metric about the v-axis is not the graph of a function, unless the
function is y = (0.

In Exercises 37—40, use the verncal line test (see Exercise 35) wo

determine whether the curve is the graph of a function.

37 y 38. y
el I N
~_ | 7
39 ¥ 40. ¥
O—s
il
X X

il

In Exercises 41—48, write a piecewise formula for the function.
41 42,

43, ¥ 44. ¥
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45, ¥ 46. ¥ {c) Use the quadratic regression to predict the amount of
in 2012,
.y lan . revenue in 20
1 - (d) Now find the linear regression for the data and use it to
i predict the amount of revenue in 2012,
3 * 1 X Sy 1 o 5

| 55. The Gom:'.- Problem Begin with a circular piece of paper with

-2.-1} L—1) (3. -1} a 4-in. radius as shown in {a). Cut out a sector with an arc length

of x. Join the two edges of the remaining portion to form a cone
with radius r and height £, as shown in (b).

T
2
4in.
In Exercises 49 and 50, (a) draw the graph of the function. Then find "
its (b) domain and (c) range.
49. f(x)= -3 — x| +2 50. f{x) =2|x+4| -3 .
[}
In Exercises 51 and 52, find
fa) flglx)) ib) gl fix)) (e) fig(0})) {a) Explain why the circumference of the base of the cone is
@ g(f(0))  © glg(-2) ® F(f(x)) b =

B f(x) = x + 5 glx)=x2-3 {b) Express the radius r as a function of x.

B2. f(x)=x+ 1, g{x)=x—1
853. Copv and complete the following table.

{e) Express the height / as a function of x.
{d) Express the volume V of the cone as a function of x.

56. Industrial Costs Duayon Power and Light, Inc., has a power

gix) f{x) (=g} plant on the Miami River where the river is 800 ft wide. To lay a
(a) 9 vy — 5 Vit — 5 new cable from the plant to a location in the city 2 mi down-
by 2 1+ 1ix X stream on the opposite side costs $180 per foot across the river
(e) 1/x 2 v and $100 per foot along the land.
W AV 5 lxl.x =0 (a) Suppose thar the cable goes from the plant to a point @ on

the opposite side that is x fi from the point P directly oppo-
site the plant. Write a function C(x) that gives the cost of
laying the cable in terms of the distance .

54, Broadway Season Statistics Table 1.5 shows the gross rev-
enue for the Broadway season in millions of dollars for several
Vears. (b} Generate a table of values to determine if the least expensive

location for point  is less than 2000 {t or greater than 2000 it

TABLE 1.5 Broadway Season Revenue from point £

Year Amount ($ millions) -
| Zmi |
1994 406 F ox Q Dayton
1999 603 T
5
2004 769 800 ft
2005 862
2006 939
5 Power plant
2007 938 (Mot toy seale)

Source: Tha League of Amarican Theatres and Producers, Inc.,
New York, NY, as reported in The World Almanac and Book of
Facts, 2008

{a) Find the quadratic regression for the data in Table 1.5, Let
x = 1990 represent 1990, x = 1991 represent 1991, and so
forth.

(b} Superimpose the graph of the quadratic regression equation
on a scatter plot of the data.
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Standardized Test Questions

57 True or False The function f{x) = x* + &% 4
function. Justify your answer.

X is an even

58. True or False The function f(x} = r ° is an odd function.
Justify your answer.

59. Multiple Choice Which of the following gives the domain of
X
Hx) = =2
WO -
(A) x # =3 iB) (—3,3)

(D) (=20, =3) U (3. 00)  (E) (3, 0)
60. Multiple Choice Which of the following gives the range of

Sy =1+ —

(©) [-3,3]

Ly
X '
(A) (oo 1) U (1, o) By x #1
D) (—oo,0) U {0,00)  (E) x#0
61. Multiple Choice If f(x) = 2y — | and g{x) = x + 3, which
of the following gives {f o g){2)?
(A) 2 (B) 6 )7 Dy 9 {E) 10
62. Multiple Choice The length L of a rectangle is twice as long as
its width W Which of the following gives the area A of the rectan-
gle as a function of its width?

| 2
(A) A(W) = 3w (B) A(W] = W7 {C) A(W) = 2W°
(D) A(W) = W2+ 2W (E) A(W) = W? — 2w

(C) all real numbers

Explorations

In Exercises 63-66, (a) graph f o g and g © f and make a conjecture
about the domain and range of each function. (h) Then confirm your
conjectures by finding formulas for f o gand g o f.

63. f(x)=x— 7, glx)=Vx

64. f(x) =1 — x% pglx) = Vx

65. f(x) = 2 =3, glx)=xt2
o

2x — |

66. f(x] = 13 glx) 2
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Group Activity In Exercises 67-70, a portion of the graph of a
function defined on [ —2, 2] is shown. Complete each graph assum-
ing that the graph is (a) even, (h) odd.

68. ¥
| s
N W N
_n' 1 7
| — o &>
69 ¥ 70 ¥

Extending the ldeas
71. Enter vy = Vo, = V1 — xand y; = v + ¥ on your grapher.

(a) Graph yyin [=3,3] by [—1,3].

(b) Compare the domain of the graph of v with the domains of
the graphs of v and ¥,

(e) Replace vs by

Mo Xy Mt wfye and o afy,
in turn, and repeat the comparison of part (b).

{d) Based on your observations in {b) and {¢), what would you
conjecture about the domains of sums, differences, products,
and quotients of functions?

72. Even and Odd Functions

(a) Must the product of two even functions always be even?
Give reasons for your answer.

(b) Can anything be said about the product of two odd func-
tions? Give reasons for your answer.



Textbook chapter 1.notebook August 26, 2015

Section 1.3 Exercises

Exercise numbers with a gray background indicate problems that the 19. Population of Nevada Table 1.9 gives the population of
authors have designed Lo be solved without a calculator. Nevada for several years.
In Exercises =4, graph the function. State its domain and range. .
e R 2 = TABLE 1.9 Population of Nevada
=1 G, Ly =€ 3
3. yo=3egt 2 4 y= k= ] Year Population (thousands)
= i i 2 21
In Exercises 5-8, rewrite the exponential expression to have the indi- 200 =
St Bats, 2003 2238
B. 9%, base 3 6. 16, base 2 it S
7. (1/8)%", base 2 B. (1/27)", base3 2005 2409
In Exercises 912, use a graph to find the zeros of the function. 2006 2492
9.f(x) =2" -5 10. f(x) = e — 4 200 2363
1. f(x} Ly 12. “-1] =i A Sovrea: Stavistical Abstrace of the United States, 2005,
In Exercises |13=18, match the function with its graph. Try to do it (a) CU“_‘P“? the ra[i-.:»:; of the population in one year by the pop-
without using your grapher, ulation in the previous year,
3y = 2¢ 14. y =37 15 p = =374 {b) Based on part (a), create an exponential model for the popu-

161y = —05 iy =27%—2 18y =15 —2 lation of Nevada.
{e) Use your model in part (b} 1o predict the population of

/ \ Nevada in 2015.

20. Popuiation of Virginia Tuable 1.10 gives the population of

N Virginiz for several years.
~‘h‘-"‘"——.-
TABLE 1.10 Population of Virginia
{a) b
Near Popudaton (thousands )
2002 7282
2003 7371
2004 Tab4
\ 2005 T558
© iy 2006 T640
2007 T2
/ Source: Statistical Abstract of the United States, 2009,
{a) Compute the ratios of the population in one vear by the pop-
ulation in the previous yoar
L lation in the previous y
{b) Based on part (a), create an exponential model for the popu-
(e} ifi lation of Virginia.

{e) Use your model in part (b} to predict the population of
Virginia in 2012,
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In Exercises 21-32, use an exponential model to solve the problem.
21. Population Growth The population of Knoxville is 500,000

24,

26.

217

28.

30.

3.

32.

and is increasing at the rate of 3.75% each year. Approximately
when will the population reach 1 million?

. Population Growth The population of Silver Run in the vear
1890 was 6250. Assume the population increased at a rate of
2.75% per year.

{a) Estimate the population in 1915 and 1940,
{b) Approximately when did the population reach 50 ({})7?

. Radioactive Decay The half-life of phosphorus-32 is about

14 days. There are 6.6 grams present initially.

{a) Express the amount of phosphorus-32 remaining as a func-

tion of time r.

{b) When will there be | gram remaining?

Finding Time If John invests $2300 in a savings account with

a 6% interest rate compounded annually, how long will it take

until John's acconnt has a balance of $4 1507

. Doubling Your Money Determine how much time is required
for an investment o double in value il interest is earned at the
rate of 6.25% compounded annually.

Doubling Your Money Determine how much time is required
for an imvestment o double in value 1F interest 15 carned at the
rate of 6.25% compounded monthly.

Doubling Your Money Determine how much time is required
for an imvestment o double in value if interest is earned at the
rate of 6.25% compounded continuously.

Tripling Your Money Determine how much time is required
for an investment to triple in value if interest 15 eamed at the rate

of 5.75% compounded annually. 36.

. Tripling Your Money Determine how much time is required

for an investment to triple in value if interest is eamed at the rate
of 5.75% compounded daily.

Tripling Your Meoney Determine how much time is required
for an investment to triple in value if interest is eamed at the rate
of 5.75% compounded continuously.

Cholera Bacteria Suppose that a colony of bacteria starts with
I bacterium and doubles in number every hall hour. How many

bacteria will the colony contain at the end of 24 h7

. e . . , 37
Eliminating a Disease Suppose that in any given year, the

number of cases of a disease is reduced by 209 If there are
10,000 cases today, how many vears will it take

(a) to reduce the number of cases to 10007 38

(b) o eliminate the disease: that is, to reduce the number of
cases to less than 17

Group Activity In Exercises 33-36, copy and complete the table
for the function.
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3B.y=2x— 3
v ¥ Change (Ay)
1 ¥
1
2 ?
1
3 ¥
2
4 7 '
4. v=-3r+4
v ¥ Change { Av)
I ?
?
2 ?
?
3 7
o
4 2 '
35.v = v
x v Change { Av)
1 ?
?
2 ?
?
3 ?
?
4 ?
y =3
v ¥ Ratio (3/3-1)
1 7
¥
2 ? ’
¥
3 ? '
&
4 ? ’

Writing to Learn Explain how the change Ay is related to the
slopes of the lines in Exercises 33 and 34, If the changes in x are
constant for a linear function, what would you conclude about
the correspending changes in ¥7
Bacteria Growth The number of bacteria in a petri dish cul-
ture after  hours is
B = 100”55

{a) What was the initial number of bacteria present”
(b) How many bacteria are present alter & hours?
e} Approximately when will the number of bacteria be 2007

Estimate the doubling time of the bacteria.
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39. Population of Texas Tuble 1.11 gives the population of Texas
for several years.

TABLE 1.11 Population of Texas

Year Population (thousands)

1980 14,229

1990 16,980

1995 18,959

1998 20,158

1999 20,558

2000 20,852
Source: Statistical Ahstract of the United States,
20042005,

(a) Let x = 0 represent 1980, x = | represent 1981, and so forth.

Find an exponential regression for the data, and superimpose
its graph on a scatter plot of the data.

(h) Use the exponential regression equation to estimate the pop-
ulation of Texas in 2003, How close is the estimale Lo the
actual population of 22,119,000 in 20037

(c) Use the exponential regression equation to estimate the annual
rate of growth of the population of Texas.

40. Population of California Table 1.12 gives the population of
California for several years.

TABLE 1.12 Population of California

Year Population (thousands)
1980 23,608
1990 20,811
1995 31,697
1998 32,988
19949 33,499
2000 33,872

Source: Statistical Abhstract of the United States, 2004-2005.

{a) Let x = 0 represent 1980, x = | represent 1981, and so forth.
Find an exponential regression for the data, and superimpose
its graph on a scatter plot of the data.

{b) Use the exponential regression equation to estimate the pop-
ulation of California in 2003, How close is the estimate to
the actual population of 35,484,000 in 20037

{e) Use the exponential regression equation o estimate the annual
rate of growth of the population of California.
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Standardized Test Questions

You may use a graphing calculator w solve the following problems.
41. True or False The number 377 is negative. Justify your answer.
42. True or False If 4° = 27 then g = 6. Justify your answer.

43. Multiple Choice John invests $200 at 4.3% compounded
annually. About how long will it take for John's investment to
double in value?

(A 6yr  (B) 9yr (C) 12y (D) loyr (E) 20 yr

44. Multiple Choice Which of the following gives the domain of
y=2g" = 37
(A) (—oo,00) (B) [~3,00) (C)[~-1,00) (D) (—00,3]
(E) x# 0

45. Multiple Czhn'lce Which of the following gives the range of
y =4 — 2%

(A) (—oo, 00 (B) (—00,4)
(D) (—oo, 4] (E) all reals

46. Multiple Choice Which of the following gives the best
approximation for the zero of f{x) = 4 — ™
(A) x = —1.386 (B) x =0386 (C) x = 1.386
Dy x =3 (E) There are no zeros.

(C) [—4, 00}

Exploration
47 let v = xand y = 2.
fa) Graph vy and ¥ in [ 5, 5] by [ ~2, 10]. How many times do
vou think the two graphs cross?
{b) Compare the corresponding changes in vy and v, as x
changes from 1 to 2, 2 1o 3, and so on. How large must x be
for the changes in ¥ to overtake the changes in v

{e) Solve for v x° = 2%,

id) Solve for x: 17 < 27,

Extending the Ideas

In Exercises 48 and 49, assume that the graph of the exponential
function f{x) = k-a* passes through the two points, Find the val-
ues of ¢ and k.

48. (1.45), (—1.0.5)

49, (1,1.5),(—1.6)
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Section 1.5 Exercises .

In Exercises 1-6, determine whether the function is one-to-one.
1. ¥ 2. ¥

y = 2]«

=

¢ = int X
}‘Z—ll"‘ ; ]

In Exercises 7-12, determine whether the function has an inverse function.

Ty= I B.v=x+5¢ Gy=x—4r+6

-2

10.y = 2+ x 1My =Ins?

In Exercises 13-24, find £~ and verify that
(fof™x) = (fef)x) =

14, flx) =5 — 4x

16. f(x)=x'+1, x=0
18. f{x) =2 x=0

12,y =27

13, flx) = 2x + 3

15. j(x) = 2 — 1

17 () =24 x=0

19. f(x) = —(x —2)%, x=2
20.f(x) =2+ 2+ 1, x=-I

In Exercises 33-36, solve the equation algebraically. Support your
solution graphically.
33. (L045)" =

s P+ =3

34, H05 = 3
362"+ 2% =5

In Exercises 37 and 38, solve for v

3T Iny=2r+4 3. In(y—1)-InZ=x+Inx

In Exercises 3942, draw the graph and determine the domain and
range af the function.

3.y =ZIn(3—x)— 4 40. v = —3log(x +2) + 1
41,y = logz (x + 1) 42; v = logz (x — 4)

In Exercises 43 and 44, find a formula for £~ and verify that
(For™x) = (f7' o) x) = x.

100 S0
43, f(x) = 44, f(x) = ﬁ

45, Self-inverse Prove that the function f'is its own inverse.
) flx)=VI—2% x=0 (b)flx)=1/x

L2

46. Radioactive Decay The hall-life of a certain radivactive sub-
stance is 12 hours. There are § grams present initially.
{a) Express the amount of substance remaining as a function of
time 1.
(b) When will there be 1 gram remaining?
47. Doubling Your Money Detzrmine how much time is required

for a $500 investment to double in value if interest is earned at
the rate of 4.75% compounded annually.

48. Population Grewth The population of Glenbrook is 375,000
and is increasing at the rate of 2.25% per year. Predict when the
population will be 1 million.

In Exercises 49 and 50, let x = 0 represent 1990, x = 1 represent

1991, and so forth.

49. Natural Gas Production
(a) Find a natural logarithm regression equation for the data in

Table 1.16 and superimpose its graph on a scatter plot of the
data. Let x = 0 represent 2000.

TABLE 1.16
Iran’s Natural Gas Production

21 j(x) = ]—2, r =0 22, f(x) = L‘
EY X
oy 2t ooy _ XT3
2 (x) =~ 24 f(x) =+
In Exercises 25-32, use parametric graphing to graph f, /7', and v = x.
25, flx) = &* 26. f{x) =3" 27 flx) =277
28. f{x) =37 29. fix)=Inx 30. flx) =logx

3 f(x) =sin 'y

32, f{x) =tn'x

Yoar Cubic Feel {trillions)
2002 2.65
2003 2.86
2004 2.96
2005 356
2006 3.84

Source: Statistical Abstract of the United States, 2010,
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{b) Estimate the number of cubic feet of natural gas produced by
Iran in 2008,

() Using the model in part (b}, predict when Iran’s natural gas
production reaches 4.2 willion cubic feet.

50. Natural Gas Production

{a) Find 2 natural logarithm regression equation for the data in
Table 1.17 and superimpose its graph on a scatter plot of the
data. Let x = 0 represent 2000.

TABLE 1.17
China’'s Natural Gas Production

Year Cubic Feet (trillions})
2002 1.15
2003 1.21
2004 144
2005 1.76
2006 207

Sourca: Statistical Abstract of the United States, 2000,

{b) Estimate the number of cubic feet of natural gas produced
by China in 2008,

{¢) Using the model in part (b), predict when China’s natural gas
production reaches 2.25 willion cubic feet.

51. Group Activity Inverse Functions lety = f{x) = mx + b,

m # (.

{a) Writing to Learn Give a convincing argument that f is a
one-to-one function,

{b) Find a formula for the mverse of 1 How are the slopes of f
and 7! related?

(e) If the graphs of two functions are parallel lines with a nonze-
ro slope, what can you say about the graphs of the inverses
of the functions?

{d) If the graphs of two functions are perpendicular lines with a
nonzero slope, what can you say about the graphs of the invers-
es of the functions?

Standardized Test Questions

52. True or False The function displayed in the graph below is
one-to-ong. Justify vour answer.

¥
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53. True or False If (f=g){x) = x, then g is the inverse function
of f. Justify your answer.

In Exercises 34 and 35, use the function f{x) = 3 — In{x + 2).

54. Multiple Choice Which of the following is the domain of 7
(A) r# -2 B) (—0o,00)  (C) (—2,50)
(D) [—19, 00) (E) {0, 20)

55. Multiple Choice Which of the following is the range of 7

{A) (—oo, o0) (B) (—oo0,0) (C) (—2,00)
D) (0, 00) (E) (0,5.3)

56. Multiple Choice Which of the following is the inverse of
Slx) = 3x — 27
W) g(x) =3—5 B) glr) =x (O glx)=3x -2
D) g(x) = %2 (E) g(x) = = ; z

57 Multiple Choice Which of the following is a solution of the
equation 2 — 37 = —17
A)xr=-2 Bx=-1 (C)x=20
m x =1 {E) There are no solutions,

Exploration
58. Supporting the Quotient Rule Let v, = In (x/a), v = In
Ly = 0w -y, and vy = e
(a) Graph y; and v; fora = 2, 3, 4, and 5. How are the graphs
of v and v, related?
{b) Graph v fora = 2, 3,4, and 5. Describe the graphs.

(¢) Graph vy fora = 2, 3, 4, and 5. Compare the graphs to the
graph of v = a.

(d) Use e™ = ™" = g 1o solve for y.

Extending the ldeas

59. One-to-One Functions 1f {is a one-to-one function, prove
that g{x) = —f(x) is also one-to-one.

60. One-to-One Functions If fis a one-to-one function and f{x)
is never zero, prove that g{x) = 1/ f(x) is also one-lo-one.

61. Domain and Range Suppose thata # 0,5 # |, and b = 0.
Determine the domain and range of the function.
(a)y v=alb ") +d  (b) y=alogy(x ¢} +d

62. Group Activity Inverse Functions

x b
Let f{x) = 2 . c#0, ad — be# 0.
cx +od
(a) Writing to Learn Give a convincing argument that fis
one-to-one.

(b) Find a formula for the inverse of £
() Find the horizontal and vertical asymptotes of £

(d) Find the horizontal and vertical asymptotes of 7', How are
they related 1o those of /7
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In Exercises |-4, the angle lies at the center of a circle and subtends 8oy = —3cos 2x 20,1 = 5 sin X
an arc of the circle. Find the missing angle measure, circle radius, or : ) 2
-/I\Im AT T O O T .

T -
I UV |

Angle Radivs Arc Length

2. 175° T I
3.9 14 7

2. v = —4 sinir 22, v = cos X
4.7 6 3m/2 5 3 :

In Exercises 53-8, determine if the function is even or odd,
5. secant 6. tangent

- \WAWIWAW/
iy

7. cosecant 8. cotangent

In Exercises 9 and 10, find all the trigonometric values of & with the =
given conditions,

15
Q.cosf = ——, sinf >0 " ; ; )
: 17 23. Group Activity A musical note like that produced with a tun-
10.tanf = —1, siné <10 ing fork or pitch meter is a pressure wave, Table |. 19 gives fre-
In Exercises 11-14. determine (a) the period, (b) the domain, {¢) the quencies {in Hz) of musical notes on the tempered scale. The

pressure versus time tuning fork data in Table 1.20 were collected

range. and (d) draw the graph of the function, ;
using a CBL™ and a microphone.

My=3cse(3x+7w)—2 12 y=2sin{dx+7) +3

13.v = —3tan (3x + @) + 2 TABLE 1.19
) ( ,.r) Frequencies of Notes
2 gin

4.y = 2y + —
! YT Note Frequency (Hz)
In Exercises 15 and 16, choose an appropriate viewing window to C 262
display two complete periods of each trigonometric function in radian C¥ar DY 277
mode. D 294
15. (a) v = sec x (b) v = cscx {e) v = cotx " or E° 311
16. (a) v = sinx ib) v = cosx (e) v =tanx E 330
In Exercises 17-22, specily (a) the period, (b) the amplitude, and 5 399
(¢) identify the viewing window that is shown. -
_ F* or G 370
12 v = 1.5sin 2x 18, v = 2 cos 3y
G 392
G" or A" 415

NN N DL A w
U \/5\/ AorB 406

B 494
C {next octave) 524

Sowrce: CBL™ Sysrem Experimental Workbook, Texas
Instrumants, Ing., 1994,

N
V
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TABLE 1.20 (a) Find the value of b assuming that the period is 12 months,
Tuning Fork Data (b) How is the amplitude « related to the difference 80° — 30°7

Time (s) Pressure Time (s) Pressure (¢) Use the information in (b) to find &

0.0002368 1.29021 0.0049024 1.06632 id) Find h, and write an equation for y.

00003664 1.50851 0.0051520 0.09235 (&) Superimpose a graph of v on a scatter plot of the data.

0.0008256 1.51971 00054112 1. 44694 In Exercises 25-26, show that the function is one-to-one, and graph

0.0010752 1.51411 0.0056608 1.51411 115 IVerse. - -

0.0013344 1.47493 0.0059200 1.51971 25.y=cosx, 0=x=7 2By=tany, -, <x<y

0.0015840 0.45619 0.0061646 1.51411 In Exercises 27-30, give the measure of the angle in radians and

0.0018432 —0.89280 000642588 1.43015 degrees. Give exact answers whenever possible.

0.0020928 —1.51412 0.0066734 0.19871 27, si (0.5 28 .-|( \.-*E)

0.0023520  —1.15588 0.0069408  —1.06072 - sin” (0.5) ST

0.0026016 —0.04758 0.0071904 —1.51412 29, tan! (—5) 30. cos”! (0.7)

0.0028640 136858 0.0074496 0.97116 In Exercises 31-36, solve the equation in the specified interval.

0.0031136 1.50851 0.0076992 0.23229 I any =25 0=yx=27

0.0033728 1.51971 00079584 1.46933 32 cost = —0.7. 2w = x < dm

0.0036224 1.51411 0.0082080 1.51411 33.cscr =2 0<y<2r 34 secx = —3 —7w=1<q

0.0038816 145813 0.0084672 151971 35 sinx = —0.5. 00 <y < o

0.0041312 0.32185 00087168 1.50851 36.cotr = —1, —00 < x < 00

0.0043904 —0.97676 0.0089792 1.36298 In Exercises 37-40, use the given information to find the values of

0.0046400 —1.51971 the six trigonometric functions at the angle #. Give exact answers.
5 5

(a) Find a sinusoidal regression equation for the data in Table 1.20 37 # = sin”! (ﬁ) 38. 9 = tan™! (— E)

and surerimpose its graph on a scatter plot of the dara.

{b} Determine the frequency of and identify the musical note pro- @89 The point P(—3, 4) is on the terminal side of ¢

duced by the tuning fork. ) 40. The point P{—2, 2} is on the terminal side of 8,
24, Temperature Data Table 1.21 gives the average monthly In Exercises 41 and 42, evaluate the expression.
temperatures for St. Lowis for a 12-month period starting with . 7
January. Model the monthly temperature with an equation of 41. sin | cos m
the form 9
. . e
v o= asin[b{t — h}] + &, 42, an (sln (|3))

v in degrees Fahrenheit, ¢ in months, as follows:
: € 43. Temperatures in Fairbanks, Alaska Find the {a) amplitude,

TABLE 1.21 {b) period, (e) horizontal shift, and (d) vertical shift of the model
Temperature Data for St. Louis used in the figure below. (e) Then write the equation for the model.

Time (months) Temperature (°F)
1 I e
1 34 N i
2 30 T oan '
3 39 ] | A S S A U N 9 A I ) A
z 2 7 e
4 44 £ A ! £
§ AN
3 38 B0 .
6 67 St
T T8 0 'y 2 S . 3 o
W o Y S S
8 B0
Y 72 Normal mean air temperature for Fairbanks, Alaska, plotted as data
10 63 points (red). The approximarting sine function f{x) is drawn in blue,
1 31 Source: “is the Curve of Temperature Variation 8 Sine Curve?” by B. M., Lando and

C. A, Lando, The Mathematics Teacher, 76, Fig. 2, p. 536 (Sapt, 19771,

a

40
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44. Temperatures in Fairbanks, Alaska Use the equation of
Exercise 43 to approximate the answers to the following guestions
about the temperatures in Fairbanks, Alaska, shown in the figure
in Exercise 43. Assume that the vear has 365 days.

(a) What are the highest and lowest mean daily temperatures?
(h) What is the average of the highest and lowest mean daily tem-
peratures? Why is this average the vertical shift of the function?
45, Even-Odd
(a) Show that cot ¢ is an odd function of

(b} Show that the quotient of an even function and an odd func-
tion 15 an odd function.

46. Even-Odd
(a) Show that csc x 18 an odd function of x
(b} Show that the reciprocal of an odd function is odd.

47. Even-Odd Show that the product of an even function and an
odd function is an odd function.

48. Finding the Period Give a convincing argument that the peri-
od of tan ¥ is .

August 26, 2015

53. Multiple Choice Which of the following is the range of f7
(A) (=3, 1) (B) [—3.1] (C)y (—1.4)
(D) [~1.4] (E) {00, 00)

54. Multiple Choice Which of the following is the period of f7
(A) 4 (B) 3 )2« D)7 (E) /2
55. Multiple Choice Which of the following is the measure of

—1 Fan ;
tan” ' { —V'3) in degrees?

(A) —60°  (B) —30°  (C) 30° (D) 60°F  (E) 120°

Exploration
56. Trigenometric Identities Let f{x) = sinx + cos x.
{a) Graph v = [{x). Describe the graph.
{b) Use the graph to identify the amplitude, period, horizontal
shift, and vertical shift.
{€) Use the formula
sineecos B+ cosasin B = sin (o + 3)

for the sine of the sum of two angles to confirm your answers.
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49. Sinusoidal Regression Table 1,22 gives the values of the
function

Flx) =asin{bx +¢c) +d

accurate o two decimals.

TABLE 1.22
Values of a Function

X Fix)
1 3.42
2 0.73
3 0,12
4 216
5 497
[ 5.97

(a) Find a sinusoidal regression equation for the data.

(b} Rewrite the equation with «, b, ¢, and d rounded o the near-
est integer.

Standardized Test Questions

You may use a graphing calculator to solve the following problems.

50. True or False The period of y = sin (x/2) is 7. Justify your
dAnsWer.

51. True or False The amplitude of y = %c:us xois L Justfy your
ANSWer.

In Exercises 52-34, f(x) = 2cos (4x + 7) — L

August 26, 2015

Extending the Ideas

57

58.

Exploration Let v = sin {ax) + cos {ax).

Use the symbolic manipulator of a computer algebra system
(CAS) 1o help you with the following:

(a) Express v as a sinusoid for g = 2,3, 4, and 5.

(b) Conjecture another formula for v for o equal to any positive
integer n.

(e) Check your conjecture with a CAS.

(d) Use the formula for the sine of the sum of two angles (see
Exercise 56¢) to confirm your conjecture.

Exploration Lety = asinx + bcos.x,

Use the symbuolic manipulator of a computer algebra system

(CAS) 1o help you with the following:

(a) Express v as a sinusoid for the following pairs of values:
a=2b=1 a=1b=2 a=5b=12;
a=2b=5 a=3b=4

(b) Conjecture another formula for v for any pair of positive inte-
gers. Try other values if necessuary.

(¢) Check your conjecture with a CAS.

(d) Use the following formulas for the sine or cosine of a sum
or difference of two angles to confirm your conjecture.

sinacos 3 F cosasin B = sin (o * 3)

cos e cos B+ sinasin B = cos (e ¥ 3)

In Exercises 39 and 60, show that the function is periodic and find its
period.
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52. Multiple Choice Which of the following is the domain of 7 59. v = sin’ x 60. v = [1an x|
(A) [—m, 7] (B) [—3,1] (C) [—1.4] In Exercises 61 and 62, graph one period of the function.
(D) {(—oo, o) (E)y x =0 61. f{x) = sin (60x) 62. f{x) = cos (60w7x)
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Chapter 1 Review Exercises

Exercise numbers with a gray background indicate problems that the

authors have designed 1o be solved without a caleulator.

The collection of exercises marked in red could be used as a chapler

[ESE,

In Exercises 1-14, write an equation for the specified line.

1. through (1. —6) with slope 3

2. through {—1.2) with slope —1,2

3. the vertical line through (0, —3)

4. through {—3.6) and (1. —2)

5. the horizonial line through (0, 2)

6. through (3, 3) and (-2, 5)

7. with slope —3 and y-intercept 3

8. through (3, 1) and parallel to 2x — v = —2

9, through (4, —12) and parallel to 4x + 3y = 12

10. through (=2, —3) and perpendicular to 3x — 5y = |

1 1
1. through {1, 2) and perpendicular o -« 3_\- = |
12, with x-intercept 3 and y-intercept —5

13. the line v = f{x), where j has the following values:

x| -2 2 4
| 4 2

In Exercises 39 and 40, write a piecewise formula for the function.
40. v

39. :
LK\ TA
0] i S

0| 4

X

In Exercises 41 and 42, find
(a) (fog)(—1) (b) (gof)}(2) (e} (fof)ix) (d) (gog)lx)

; 1 !
N fix)=— glx)=—F7——
X Vit 2
42. fix) =2 —x, glx)=WVr+1
In Exercises 43 and 44, {a) write a formula
for fog and go f and find the (b) domain and (¢) range of each,
43. flx)=2— ¥ glx)=Vx+2
a4, flx) =V, gla)= V1 -2
In Exercises 45—48, a parametrization is given for a curve.
{a) Graph the curve. Identifly the initial and terminal points, if
any. Indicate the direction in which the curve is traced.
(b} Find a Cartesian equation for a curve that contains the param-
etrized curve. What portion of the graph of the Cartesian
equation is traced by the parametrized curve?
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14. through (4, —2) with x-intercept —3 45, x = Scost, y=12sing, 0=r=1lr
In Exercises 15-18, determine whether the graph of the function is sym- 46, x = dcost, v = dsing, #/2 =1 < 37/2
metric about the y-axis, the origin, or neither. 47 x =2 y=11—-2 -1=r=4
15,y = /3 16,y = 5% 48.x=1+1 y=VIi“E 1=2
U S p= . . _
17 v =2 Zx — 1 18.y = In Exercises 49-52, give a parametrization for the curve.
In Exercises 19-26, determine whether the function is even, odd, or nei- 49 1he Jine segment with endpoints ( ~2, 5} and (4, 3)
ther. - o
5 5 3 50. the line through [ —3, —2) and {4, —1)
19. v = x° + 1 20 v =07 a7 . ]
51. the ray with initial point {2, §) that passes through {—1,0)
2.y =1 —cosx 22, y = sec xtan x
52, v=x(x—4), x=12
el

23. v = 24, v =1 — sinx Group Activity In Exercises 53 and 54, do the following,

3
X - 2x - -1 o f et = (el o=
—_— (a) Find f and show that {fo X o fi{x X

25. v = x + cosx 26. v = Vit — 1 o _. (reof )() .(f Nx)

) ) {b)y Graph fand /7 in the same viewing window.
In Exercises 27-38, find the (a) domain and (b) range, and {¢) graph the 2 _
function. 53. f(x) =2 - 3x 54, flx)=(x+2), x=-1
27 v = |x| -2 28, v = —2 + V- In Exercises 55 and 56, find the measure of the angle in radians and

degrees.
29.y = V16 — * 30. y =37 41 55. sin”! (0.6) 56. un” (~2.3)
31y=2"-3 32, y= lan_( Zx — @) 57. Find the six trigonometric values of 8 = cos™' (3/7). Give exact
33.v=2sin(3x + 7)1 34 y=yx2F answers.
3B.y=In(x— 3} +1 36. v = —1 + V21 58. Solve the equation sin x = —0.2 in the following intervals.
=~ (a) 0 = x < 27 {b) —o0 = x =< 00

J 2, 2=y
V-x, —4=x=0 '
37 vy = { ' o 38.y = X, I = x
\/:-' - x4+ 2,

[
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§9. Solve for v ¢ ™ = 4

60. The graph of fis shown. Draw the
graph of each funcrion.
(@) v = f{—x)
by vy = —f(x})
(©) y=-2f({x+1)+1
(d) v =3f(x —2) -2

61. A portion of the graph ol a function
defined on [ —3, 3] is shown. Complete
the graph assuming that the function is

{a) even.

{h) odd.

62. Depreciation Smith Hauling purchased an 18-wheel truck for
$100,000. The truck depreciates at the constant rate of $10,000

per year for 10 years,

August 26, 2015

(a) Find a linear regression equation for the data and superimpose
its graph on a scatter plot of the data.

{b) Use the regression equation in part {a) to predict the number
of doctoral degrees earned by Hispanic Americans in 2009,

{e) Writing to Learn Find the slope of the regression line.
What does the slope represent?
67. Population of New York Tuble 1.24 shows the population of
New York State for several years. Let x = 0 represent 2000,
x = 1 represent 2001, and so forth.

TABLE 1.24
Population of New York State

L 3.2

= Year Population (thousands)

1+ 2003 19,231

I I I X 2004 19,301

AV 2005 19.336

(L.-1n 2006 19,367

2007 19,429

2008 15,490

{a) Write an expression that gives the value y after © years.

{b) When is the value of the truck $55,0007
63. Drug Absorption A drug is administered intravenously for

pain, The function
F(t)y =90 —521n{l + 1),

=

4

Source: Statistical Abstract of the United States, 2010,

{a) Find the exponential regression equation for the data and
superimpose its graph on a scatter plot of the data.

{b) Use the regression equation to predict the population in 2009,

{e) Use the exponential regression equation o estimate the
annual rate of growth of the population of New York State.
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64.

65.

66.

gives the number of units of the drug in the body after + hours.

{a) What was the initial number of units of the drug administered?

(b} How much is present after 2 hours?

{c) Draw the graph of f.

Finding Time 1f Joenita invests 31500 in a retirement account

that earns 8% compounded annually, how long will it take this

single payment to grow to 350007

Guppy Population The number of guppies in Susan’s aquari-

um doubles every day. There are four guppies initially.

{a) Write the number of guppies as a function of time r.

(b} How many guppies were present after 4 days? after 1 week?

(c) When will there be 2000 guppies?

(d) Writing to Learn Give reasons why this might not be a
good model for the growth of Susan’s guppy population.

Doctaral Degrees Table 1.23 shows the number of doctoral
degrees earned by Hispanic students for several years. Let x = ()
represent 1990, x = 1 represent 1991, and so forth.

TABLE 1.23
Doctorates Earned by Hispanic Americans

Year Number of Degrees
1990 780
2000 1305
2005 1824
2006 1882

2007 2035

August 26, 2015

AP* Examination Preparation
You may use a graphing calculator to solve the following problems.
68, Consider the point P{—2, 1) and the line L: x + v = 2.

(a) Find the slope of L.

{b) Write an eguation for the line through P and parallel 1o L

{e) Write an equation for the line through P and perpendicular
o L

{d) What is the v-intercept of L7
69. Let fi{x) =1 —In(x — 2).
(a) What is the domain of /7 {(b) What is the range of f*7
(¢) What are the x-intercepts of the graph of 17
(d) Find f I (&) Confirm your answer algebraically in part (d).
70.Let f{x) =1 — 3cos(2x).
(a) Whart is the domain of 7 (b} What is the range of ['7
(€} What is the period of f7
(d) Is fan even function, odd function, or neither?

(e) Find all the zeros of fin7/2 = v = 7.
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