You will be able to analyze trigono-

metric functions and their inverses
algebraically, graphically, and

numerically and will be able to model

periodic behavior with sinusoids.

« Radian measure

. The six basic trigonometric

functions
« Periodicity

. Properties of trigonometric
functions (symmetry, period)
« Transformations of trigonometric

functions

« Sinusoids and their properties

(amplitude, period, frequency, shifts)
« Inverse trigonometric functions and

their graphs

Figure 1.36 The radian measure of angle
ACB is the length 0 of arc AB on the unit
circle centered at C. The value of @ can be
found from any other circle, however, as

the ratio /7.

y
Terminal ray
P(x, y)
o | s el
s, I Initial ray

Figure 1.37 Ap angle 6 in standard

Position,
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cIEunctions I

Radian Measure

The radian measure of the angle ACB at the center of the unit circle (Figure 1.36) equals
the length of the arc that ACB cuts from the unit circle.

EXAMPLE 1 Finding Arc Length

Find the length of an arc subtended on a circle of radius 3 by a central angle of mea-
sure 211 /3.

SOLUTION
According to Figure 1.36, if s is the length of the arc, then

s =10 =3(2mw/3) = 2m. Now Try Exercise 1.

When an angle of measure 6 is placed in standard position at the center of a circle of
radius r (Figure 1.37), the six basic trigonometric functions of @ are defined as follows:

"
sine: sin @ = % cosecant: csc 8 = ;

X r

cosine: cos f = — secant: sec 0 = —
r X

y X

tangent: tan 6 = = cotangent: cot § = ;

Graphs of Trigonometric Functions

When we graph trigonometric functions in the coordinate plane, we usually denote the
independent variable (radians) by x instead of 6. Figure 1.38 on the next page shows
sketches of the six trigonometric functions. It is a good exercise for you to compare these
with what you see in a grapher viewing window. (Some graphers have a “trig viewing
window.”)

T R T, A A e
— ExpLORATION 1 fUnwrapping Jrigonometric Functions SR

Set your grapher in radian mode, parametric mode, and simultaneous mode (all
three). Enter the parametric equations

x =cost, yy=sint and x; =1t y, =sint.

1. Graph for 0 < t < 27 in the window [—1.5, 27 ] by [—2.5, 2.5]. Describe the

two curves. (You may wish to make the viewing window square.)

Use TRACE to compare the y values of the two curves.

3. Repeat part 2 in the window [—1.5, 4o ] by [—5, 5], using the parameter inter-
val 0 =< ¢ =< 47.

4. Let y, = cost. Use TRACE to compare the x values of curve 1 (the unit circle)
with the y values of curve 2 using the parameter intervals [0, 27 ] and [0, 47 ].

5. Sety, = tant, csct, sec t, and cot t. Graph each in the window [—1.5, 27 ] by
[—2.5,2.5] using the interval 0 =< t =< 27, How is a y value of curve 2 related
to the corresponding point on curve 1? (Use TRACE to explore the curves.)

g
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Angle Convention: Use Radians

D ———
From now on in this book it is y=cosx y =sinx
assumed that all angles are measured i
in radians unless degrees or some |
other unit is stated explicitly. When 1 Z'W e
we talk about the angle /3, we | p) T
mean 77/3 radians (which is 60°), not | l 3
1r /3 degrees. When you do calculus, - . Domain; x # =T, +2T
keep your calculator in radian mode. ~ Domain: —o0 < x <o Domain: —® < x <« o 2< T 2

Range: —1 =y =] Range: ~1=y=1 Range: y

Period: 27 Period: 2o Period: 7

@ ®) ©
Yy y y
y=secx 4 y=cscx 1 Y = cotx
I \«Jl I lul I 1
x l x x
_m—T 0 T 3 = —& _m\0| T\ % 37
- m -z 0 g Iv ﬁ"”\ 2 2\ 2

Domain: x # t%, t-:izﬂ, Domain: x # 0, £, 2, ... Domain: x # 0, £, 27, ...

Range:y< —landy=>1 Range:y<—landy =1 Ral?ge:—w<y<°°

Period: 27 Period: 27 Period: 7

@ C) ®

Figure 1.38 Graphs of the (a) cosine, (b) sine, (c) tangent, (d) secant, (e) cosecant, and (f) cotangent
functions using radian measure.

Periods of Trigonometric Functions
[Ce e -

Period 7r: tan (x + ) = tan x
cot (x + 1) = cot x

Period 277 sin (x + 2791) = sin x
cos (x + 29) = cos x

sec (x + 27) = sec x

csc (x + 2m) =csc x

Periodicity

When an angle of measure 6 and an angle of measure 8 + 27 are in standard position,

their terminal rays coincide. The two angles therefore have the same trigonometric func-
tion values:

cos(6 + 2m) = cos@ sin(@ + 27) = sin @ tan(0 + 27) = tan @

1)
sec(6 + 2m) = sec@® csc(f + 27) = csc cot(0 + 2m) (

cot 6
Similarly, cos (8 — 27) = cos 8, sin (6 — 27) = sin @, and so on.
We see the values of the trigonometric functions repeat at regular intervals. We
describe this behavior by saying that the six basic trigonometric functions are periodic.

DEFINITION Periodic Function, Period

A function f(x) is periodic if there is a positive number psuchthat f(x + p) = f(x)
for every value of x. The smallest such value of p is the period of f.

As we can see in Figure 1.38, the functions

: . C0S X, sin x, sec x, and csc x are periodic
with period 27r. The functions tan x and cot x ’ ?

are periodic with period 7r.

Even and Odd Trigonometric Functiong

The graphs in Figure 1.38 suggest that co

S x and sec x are ey,
graphs are symmetric about the y-axis. The

en functions because theif
other four basic trigo

nometric functions are 0dd:



P(x,y)

Pr(xo —)’)

Figure 1.39 Angles of opposite sign.
(Example 2)

>
>

4,-3)

Figure 1.40 The angle @ in standard
position. (Example 3)
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EXAMPLE 2 Confirming Even and Odd
Show that cosine is an even function and sine is odd.
SOLUTION
From Figure 1.39 it follows that

cos (—0) = ; =cosf, sin(—6) = ——ry = —sin 0,

$O cosine is an even function and sine is odd. Now Try Exercise 5.

EXAMPLE 3 Finding Trigonometric Values
Find all the trigonometric values of @ if sin 6 = —3/5and tan § < 0.
SOLUTION

The angle 6 is in the fourth quadrant, as shown in Figure 1.40, because its sine and
tangent are negative. From this figure we can read that cos = 4/5,tan @ = —3/4,
cscf = —5/3,secd = 5/4, and cot = —4/3. Now Try Exercise 9.

Transformations of Trigonometric Graphs

The rules for shifting, stretching, shrinking, and reflecting the graph of a function apply
to the trigonometric functions. The following diagram will remind you of the controlling
parameters.

Vertical stretch or shrink;
reflection about x-axis \ /

y=af(b(x+c)) +d
Horizontal stretch or shrink; / \
reflection about y-axis Horizontal shift

The general sine function, or sinusoid, can be written in the form
f(x) =Asin [B(x - C)] + D,

where |A| is the amplitude, |27 /B)| is the period, C is the horizontal shift, and D is the
vertical shift.

Vertical shift

EXAMPLE 4 Graphing a Trigonometric Function
Determine the (a) period, (b) domain, (c) range, and (d) draw the graph of the function
y=3cos(2x —m) + 1.

SOLUTION
We can rewrite the function in the form

sl 1

, where B = 2. The period is 7.

(a) The period is given by |27 /B
(b) The domain is (—o0, c0).

(c¢) The graph is a basic cosine curve with amplitude 3 that has been shifted up 1 unit.

Thus, the range is [—2, 4].
continued

Y, |
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y=3cos (2x-m+1,y=cosx

[-2a, 27] by [-4, 6]

Figure 1.41 The graph of
y=3cos(x — ) + 1 (blue) and the
graph of y = cos x (red). (Example 4)

x=t,y=sint,—%

A
IN
[STE]

[_3v 3] by [""21 2]
(@ .

x:sint.y.—.t,—gsts"zl

[-3,3]by [-2,2]
(®)

Figure 1.42 (a) A restricted sine function
and (b) its inverse. (Example 6)

nits. The graph is shown in

Notice that four periods of
Now Try Exercise 13,

(d) The graph has been shifted to the right /2 u

Figure 1.41 together with the graph of y = cos x.
y = 3cos (2x — ar) + 1 are drawn in this window.

n the air. The wave behavior can be
the loudness and the period affects
f the period, called the frequency,
ycles per second, or hertz

Musical notes are produced by pressure waves i
modeled by sinusoids in which the amplitude affects
the tone we hear. In this context, it is the reciprocal O
that is used to describe the tone. We measure frequency inc T s
(1 Hz = 1 cycle per second), so in this context we would measure period in seconds per

cycle.

EXAMPLE 5 Finding the Frequency of a Musical Note

A computer analyzes the pressure displacement versus time for the wav
by a tuning fork and gives its equation as y = 0.6 sin (2488.6x — 2.832
Estimate the frequency of the note produced by the tuning fork.

e produced
) + 0.266.

SOLUTION
2 2488.6 . . . ;
iod i is ———, which is about 396 Hz. (Notice that
The period is 488.6° so the frequency 1s o which 1s

the amplitude, horizontal shift, and vertical shift are not important for determining the
frequency of the note.)

A tuning fork vibrating at a frequency of 396 Hz produces the note G above middle C
on the “pure tone” scale. It is a few cycles per second different from the frequency of

the G we hear on a piano’s “tempered” scale, which is 392 Hz.
Now Try Exercise 23.

Inverse Trigonometric Functions

None of the six basic trigonometric functions graphed in Figure 1.38 is one-to-one. These
functions do not have inverses. However, in each case the domain can be restricted to |
produce a new function that does have an inverse, as illustrated in Example 6. |

EXAMPLE 6 Restricting the Domain of the Sine Function
Show that the function y = sinx,—7/2 < x =< 7 /2, is one-to-one, and graph its
inverse.

SOLUTION

Figure 1.42a shows the graph of this restricted sine function using the parametric
equations

; T
X =1t Yy =smnt, ——stsf._
2 8

This restricted sine function is one-to-one because it does not repeat any output val-
ues, It therefore has an inverse, which we graph in Figure 1.42b by interchanging the
ordered pairs using the parametric equations

X, = sint, »n=t -

SE

=t =

S

Now Try Exercise 25.

T.he inverse of the I:estricted sine function of Example 6 is called the inverse sine function
The inverse sine of x is the angle whose sine is x. It is denoted by sin™!

o X : x or arcsin x. Either
notation is read “arcsine of x” or “the inverse sine of x.”
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The flomains of the other basic trigonometric functions can also be restricted to produce
a function with an inverse. The domains and ranges of the resulting inverse functions
become parts of their definitions.

DEFINITIONS Inverse Trigonometric Functions

Function Domain Range
y =coslx “-l=x=x<1 O=sy=snw
y =sin"!x -l=x=1 —Es}:sf
2 2
y =tanlx —o0 < x < 00 "E<y<z
2 2
1 7r
y =sec "x |x| =1 OS.yS'n',y#—i
y=cscTlx x| =1 T ey=Ty=o0
2 2
y = cotlx -0 <x<oo o<y<um

The graphs of the six inverse trigonometric functions are shown in Figure 1.43.

Domain: —1 =x=1 Domain: -1 =x=1 Domain: —o < x <
Range: O=y=ax Range: —"2-’5y5"2-' Range: —1-2!<y<1§r
X x y
Tlowe e o0 o o o edsesis st s s
B 2 ™
y =sinlx 2
y = cos~lx y = tanlx
] | | ] ] |
T >
3 =1 1 % . T . A
a7
N 7 SRR & L NG 0 T 7 X I
i = .
) (b) (©)
Domain: x< —lorx=1 Domain: x = —lorx=1 Domain; —» <x<®
’ 4 T : <
Range: OSySw,yaﬁg Range: -5 <y= 3y #0 Range: O<y<w
y ¥ y
T

..... y y=csclx
= 1
J y = seclx \ y = cotlx
s
L] 1 | | l ~ T
-------------- = L e

(e) ®

y=sinlx @y =tan'x, @)y =sec”'x, () y = csc” x,and () y = cot”! x.

[STE]

@
Figure 143 Graphs of (2) y = cos™ % (b)

1
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EXAMPLE 7 Finding Angles in Degrees and Radians
Find the measure of cos~! (—0.5) in degrees and radians.

OLUTION

SP‘ut the calculator in degree mode and enter cos™! (—~0.5'). The calculator rctumEllZE),O )
which means 120 degrees. Now put the calculator in radian mode and efnter cos '(f ).
The calculator returns 2.094395102, which is the measure of the angle in radians. You can
check that 27r/3 =~ 2.094395102. Now Try Exercise 27.

EXAMPLE 8 Using the Inverse Trigonometric Functions
Solve for x.
(@) sinx =07in0 < x <27
(b) tanx = —2in—00 < x < 00

SOLUTION

(a) Notice that x = sin™! (0.7) =~ 0.775 is in the first quadrant, so 9.775 is one solution
of this equation. The angle 7= — x is in the second quadrant and has sine equal to 0.7.
Thus two solutions in this interval are

sin”! (0.7) = 0775 and 7 — sin™! (0.7) = 2.366.

(b) The angle x = tan~! (—2) ~ —1.107 is in the fourth quadrant and is the only
solution to this equation in the interval —7/2 < x < 7 /2 where tan x is one-to-one.
Since tan x is periodic with period 7, the solutions to this equation are of the form

tan~! (=2) + km =~ —1.107 + kmr

where k is any integer. Now Try Exercise 31.

Quick Review 1.6 W(For help]go to Sections 1.2 and 1.6.)

Exercise nurnber:s with a gray background indicate problems that the Tk =i e goue 3w
authors have designed to be solved without a calculator. 1 2 2
In Exercises 1-4, convert from radians to degrees or degrees to radians. @Show that f(x) = 2x2 — 3 is an even function. Explain why
7,. /3 3_2'5 3_400 45° its graph is symmetric about the y-axis.
In Exercises 5-7, solve the equation graphically in the given interval.  (a@#Show that f(x) = x* — 3x is an 0dd function. Explain why
B.sinx=06, 0<x=<2r B.cosx=-04, 0=x=<2r its graph is symmetric about the origin.

10. Give one way to restrict the domain of the function
f(x) = x* — 2 to make the resulting function one-to-one.

Section 1.6 Exercises

In Exercises 1-4, the angle lies at the center of a circle and subtends

; ; In Exercises 5— ine } T
an arc of the circle. Find the missing angle measure, circle radius, or e iRl ool e o0
arc length. 5. secant 6. tangent
Angle Radius Arc Length 7. cosecant 8. cotangent
1.57/8 2 9 In Exercises 9 and 10, find all the tri i
] e tr, 3
given conditions, gonometric values of # with the
2.175° 9 10 1
. 5
Fcosf = —— g
3.7 14 o QQ 17’ sing > 0

4.7 6 3m/2 @taﬂ9=—l, sinf < 0



In Exercises 11-14, determine (a) the per; ;
period, (b) the d
(c) the range, and (d) draw the graph of the functj 0:_ IR

M.y=3csc(3x+7) -2 12.y = 2sin (4x + 7) + 3

14.y=25in(?.x+1;-)

In Exercises 15 and 16, choose an appropriate viewing window

to display two complete periods of each trigonometric function in
radian mode.

15. (@) y = secx
16.(a) y = sinx

(b) y = cscx
(b) y = cosx

(©)y = cotx
(c)y=tanx
In Exercises 17-22, specify (a) the period, (b) the amplitude, and

(c) identify the viewing window that is shown. [Caution: Do not
assume that the tick marks on both axes are at integer values.]

@Dy = 15sin2x @8y = 2cos3x
AAN N /D L/
\/ N

VWY \/

ey X
208y =35 sini

VYV ;

@Dy = -4sin 2x @2y = cosmx

FAWWAY
; /\V vV V

@y = -3 cos 2x

23. The frequencies for the seven “white key” notes produced on fhe
tempered scale of a piano (starting with middle C) are shown In
Table 1.4, A computer analyzes the pressure displacement versus
time for the wave produced by a tuning fork and gives its equa-
tion as y = 1,23 sin (2073.55x — 0.49) + 044

(a) Estimate the frequency of the note produced by the tuning

fork.
(b) Identify the note produced by the tuning fork.
{:h ancies of Musical Notes . s
C_p g ¢ G A B
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24. Temperature Data Table 1.5 gives the average monthly
temperatures for St. Louis for a 12-month period starting with
January. Model the monthly temperature with an equation of
the form

y=asin [b(t — k)] + &,
with y in degrees Fahrenheit, ¢ in months, as follows:

“TABLE1E T
Temperature Data for St. Louis
Time (months) Temperature (°F)
1 34
2 30
3 39
4 44
5 58
6 67
7 78
8 80
9 72
10 63
11 51
12 40

(a) Find the value of b, assuming that the period is 12 months.
(b) How is the amplitude a related to the difference 80° — 30°?
(¢) Use the information in (b) to find k.

(d) Find A, and write an equation for y.

() Superimpose a graph of y on a scatter plot of the data.

In Exercises 25-26, show that the function is one-to-one, and graph
its inverse.

m™ ™
25.y=cosx, 0=x=m 26.y=tanx, —§‘<x<-—-

2

In Exercises 27-30, give the measure of the angle in radians and
degrees. Give exact answers whenever possible.

28. sin“(— —\{—2 )

30. cos™1(0.7)

27. sin™ (0.5)
29, tan"'(—5)

In Exercises 31-36, solve the equation in the specified interval.
3. tanx =25 0=<x=2m

32.cosx =07, 2rsx<d4w

33.cscx=2, 0<x<2m 34secx=-3 —mT=x<T
35, sinx = =05, —o00 <x<

36.cotx =—1, —oo<x< 00

V.
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In Exercises 3740, use the given information to find the values of
the six trigonometric functions at the angle 0. Give exact answers.

: 8 P __5_
o - sm_l(l_'i) @o = wn l( 12)
@) The point P(—3, 4) is on the terminal side of 6.

nThe point P(—2, 2) is on the terminal side of 6.
In Exercises 41 and 42, evaluate the expression.

@:o (o (7))
@ (s(3))

@ Chattanooga Temperatures The average monthly tem-
peratures in Chattanooga, TN, range from a low of 40.5°F in
January to a high of 80.0°F in July. Setting January as month 0
and December as month 11, the temperature cycle can be nicely
modeled by a sinusoid with equation y = A cos (Bx) + C, as
shown in the graph below. Find the values of A, B, and C.
[Source: www.weatherbase.com]

Average Monthly

Temperature (°F)
o88883388

O W o M ALY 44 i LA 00
1 2345678091011

Month (0 = January)

44, Rocky Mountain Highs The average monthly high tempera-
tures in Steamboat Springs, CO, are shown in Table 1.6 below.
Setting January as month 0 and December as month 11, con-
struct a sinusoid with equation y = A cos (Bx) + C that mod-
els the temperature cycle in Steamboat Springs. Support your
answer with a graph and a scatter plot on your calculator.
[Source: www.weatherbase.com]

A e 457 By e g G e e RS R 9 U7 TN PMBY

! ABLE 1.6

L..Average Monthly Highs in Steamboat Springs.,
JAN FEB MAR APR MAY JUN
28.9 33.8 42,0 53.6 65.4 75.5
JUL AUG SEP OoCT NOV DEC
82.6 80.3 72.5 60.4 43,3 30.7

TS R A S T A PP ﬂugri

3

45. Even-Odd
(a) Show that cot x is an odd function of x.

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

48. Even-Odd
(a) Show that csc x is 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
period of tan x is 7.

49. Is the Product of Sinusoids a Sinusoid? Make a con-
jecture, and then use your graphing calculator to support your
answers to the following questions.

(a) Is the product y = (sin x)(sin 2x) a sinusoid? What is the
period of the function?

(b) Is the product y = (sin x)(cos x) a sinusoid? What is the
period of the function?

(c) One of the functions in (a) or (b) above can be written in the

form y = A sin (Bx). Identify the function and find A and B,

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
answer.

51. True or False The amplitude of y = %cos x is 1. Justify your
answer.

In Exercises 52-54, f(x) = 2cos (4x + #7) — 1.
52. Multiple Choice Which of the following is the domain of f?

A) [-m, 7] B) [-3,1] © [-1,4]
(D) (—o0, c0) Ex#0

53. Multiple Choice Which of the following is the range of f?
A)(-3,1) ®) [-3,1] (€) (-1,4)
@) [-1,4] (E) (=00, 00)

54. Multiple Choice Which of the following is the period of f?
(A) 4 (B) 3=« ©O) 27w O)x (E) m/2

55. Multiple Choice Which of the following is the measure of
tan™! (— \/5) in degrees?

(A)-60° (B)-30° (C)30° (D)60° (E)120°

Exploration
56. Trigonometric Identities Let f(x) = sinx + cos x.
(a) Graph y = f(x). Describe the graph.

(b) Use the graph to identify the amplitude, period, horizontal
shift, and vertical shift.

(c) Use the formula

sin & cos B + cos & sin B = sin (a + B)

for the sine of the sum of two angles to confirm your answers.

E——



Extending the Ideas
57. Exploration Let y = sin (ax) + cos (ax).

Use the symbolic manipulator of a com,
(CAS) to help you with the following:

(a) Express y as a sinusoid for a = 2, 3, 4, and 5,
(b) Conjecture another formula for y for ¢ equal to any positive

puter algebra system

Chapter 1 Key Terms 53

(b) Conjecture another formula for y for any pair of positive
integers. Try other values if necessary.

(c) 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.

sin @ cos B * cos asin B = sin (a * B)

integer n.
(¢) 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,

58. Exploration Lety = asinx + b cos x.

Use the symbolic manipulator of a computer algebra system
(CAS) to help you with the following;

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

cosacos B £ sinasinB = cos (a ¥ B)

In Exercises 59 and 60, show that the function is periodic and find
its period.
59.y = sin’x 60.y = |tanx|

In Exercises 61 and 62, graph one period of the function.

61. f(x) = sin (60x) 62. f(x) = cos (60mx)

\Quick Quiz for AP* Preparation: Sections1.4-16 = =

@Multiple Choice Which of the following is the domain of
f(x) = —logy(x + 3)?
(A) (—o0, 0) (B) (—o0, 3)
D) [-3,00) (E) (-0, 3]
@ Multiple Choice Which of the following is the range of
f(x) = 5cos(x + w) + 3?7

Free Response Let f(x) = 5x — 3.
(a) Find the inverse g of f.
(b) Compute ( f° g)(x). Show your work.
(¢) Compute (g f)(x). Show your work.

(©) (—3,00)

A) (-0,00)  (B)[2,4] (O)[-8,2]
D) [-2,8] ®) [— % g]

@Multiple Choice Which of the following gives the solution of

3w
timx=~linqr<x<7‘?

(A)—f (B)Z— (@% o= |

{CHAPTER 1

Ramman - ES—

composing (p. 19)

composite function (p. 19)
compounded continuously (p. 26)
cosecant function (p. 45)

cosine function (p. 45)

cotangent function (p. 45)
dependent variable (p. 13)

asolute value function (p. 18)

base @ logarithm function (p. 39)
boundary of an interval (p. 14)
boundary points (p. 14)

change of page formula (p. 41)
tlosed interya) (p. 14)

Commop, logarithm function (p. 40)

domain (p. 13)

even function (p. 16)

exponential decay (p. 25)

exponential function with base a (p. 23)
exponential growth (p. 25)

function (p. 13)

function notation (p. 13)

b o
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general linear equation (p. 6)

graph of a function (p. 13)

graph of a relation (p. 29)

grapher failure (p. 15)

half-life (p. 24)

half-open interval (p. 14)

identity function (p. 37)

implied domain (p. 14)

increments (p. 3)

independent variable (p. 13)

initial point of parametrized curve (p.- 29)
interior of an interval (p. 14)

interior points of an interval (p. 14)
inverse cosecant function (p. 49)

inverse cosine function (p. 49)

inverse cotangent function (p. 49)
inverse function (p. 37)
inverse properties for a* and log, x (p. 40)
inverse secant function (p. 49)

inverse sine function (p. 49)

i ATV I

inverse tangent function (p. 49)
linear function (p. 4)

natural logarithm function (p. 40)
odd function (p. 16)

one-to-one function (p. 36)

open interval (p. 14)

parallel lines (p. 6)

parameter (p. 29)

parameter interval (p. 29)
parametric curve (p. 29)
parametric equations (p. 29)
parametrization of a curve (p. 29)
parametrize (p. 29)

period of a function (p. 46)
periodic function (p. 46)
perpendicular lines (p. 6)
piecewise-defined function (p. 17)
point-slope equation (p. 5)
power function (p. 15)

power rule for logarithms (p. 40)

product rule for logarithms (p. 40)
quotient rule for logarithms (p. 40)
radian measure (p. 45)

range (p. 13)

relation (p. 29)

relevant domain (p. 14)

rules for exponents (p. 24)

secant function (p. 45)

sine function (p. 45)

sinusoid (p. 47)

slope (p. 4)

slope-intercept equation (p. 6)
symmetry about the origin (p. 16)
symmetry about the y-axis (p. 16)
tangent function (p. 45)

terminal point of parametrized curve (p. 29)
witch of Agnesi (p. 32)
x-intercept (p. 6)

y-intercept (p. 6)

Review Exercises

CHAPTER 1
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Exercise numbers with a gray background indicate problems that the
authors have designed to be solved without a calculator.

The collection of exercises marked in red could be used as a chapter
test.
In Exercises 1-14, write an equation for the specified line.
€ through (1,—6) with slope 3
€2 through (-1, 2) with slope —1/2
€ 3) the vertical line through (0, —3)
{ @ through (-3,6) and (1,-2)
5} the horizontal line through (0, 2)
{8 through (3,3) and (-2, 5)
€ 7 with slope —3 and y-intercept 3
{8 through (3, 1) and parallel to 2x — y = =2
wthrough (4,—12) and parallel to 4x + 3y = 12

@ﬂu’ougb (=2, —3) and perpendicular to 3x — S5y = |
@through (-1, 2) and perpendicular to %x + %y =1
€12 with x-intercept 3 and y-intercept ~5
mthe line y = f(x), where f has the following values:
I B e SR
Py [ 2000

ﬁ:@ through (4, —2) with x-intercept —3

In Exercises 15-18, determine whether the graph of the function is

symmetric about the y-axis, the origin, or neither.
15. y = x!/3 16. y = x%/5
17.y=x>-2x — 1 18.y = ¢~

In Exercises 19-26, determine whether the function is even, odd, or

neither.
@By =5 -2 -2

@By=x2+1
@22y = secxtanx

cny=1—cosx
‘ A +11
)’::3__2" @y=l—sinx
28y =

y=x+cosx
In Exercises 27-38, find the (a) domain and (b) range, and (¢) graph

x4 -1

the function.

27.y = |x| -2 28.y=-2+V1-x
29.y = V16 - x? 30.y =32 + |
31.y=2e>-3 32,y = tan (2x — 7)
33.y=2sin(3x+7) - 1 34.y = x¥5
36.y=In(x—3)+1 36.y=-1+V2—x

3.y = {\/-—x, -4=x<0

\/;. 0<x=4

—-x—-2, -2=sx=-1
38.y =4 x -l<x=1
—-x + 2, I1<x=2



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

38
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In Exercises 41 and 42, find
(8) (ng)(-—l) (b) (g°f)(2) (c) (fof)(x) (d) (g°g)(x)

#. f(x) =J1;, g(x) = \/:Tz

a2.f(x) =2 —x g(x)=Vx+1

In Exercises 43 and 44, (a) write a formula for f o g and g © f and
find the (b) domain and (¢) range of each.

8. f(x)=2-2% g(x)=Vx+2

a4, f(x) = \/;, glx)=V1-x

In Exercises 4548, a parametrization is given for a curve.

(a) Graph the curve. Identify the initial and terminal points, if
any. Indicate the direction in which the curve is traced.

2,5)

(b) Find a Cartesian equation for a curve that contains the
parametrized curve. What portion of the graph of the
Cartesian equation is traced by the parametrized curve?

45.x=5cost, y=2sint, 0=t=2w
46.x=4cost, y=4sint, m/2=1t<3m/2
4.x=2-t y=11-2t, -2=1=4

Br=14+t y=V4-21 t=2

In Exercises 49-52, give a parametrization for the curve.

49, the line segment with endpoints (—2, 5) and (4, 3)

80. the line through (—3,—2) and (4,—1)

51. the ray with initial point (2, 5) that passes through (-1,0)

.y=x(x-4), x=2

Group Activity In Exercises 53 and 54, do the following.
(a) Find f~! and show that (fo f~')(x) = (f 1o f)(x) = x.
(b) Graph £ and £~! in the same viewing window.

88.f(x) =2 - 3x B4, f(x) = (x +2)% x =2

In Exercises 55 and 56, find the measure of the angle in radians and

degrees,

55. sin"(0.6) 56. tan~1(~2.3)
Find the six trigonometric function values of 6 = cos™}(3/7).
Give exact answers.

58, Solve the equation sin x = —0.2 in the following intervals.

@0=<x< 27 (b) —co < x <0

Chapter 1 Review Exercises 1

&9 Solve for x: e 0% = 4

60. The graph of f is shown. Draw T

61.

62.

65.

the graph of each function.
@y = f(=x)
®) y = —f(x)

©y=-2f(x+1)+1
dy=3f(x—-2)-2 1=
[ (e

A portion of the graph of a y
function defined on [—3, 3]
is shown. Complete the graph 2
assuming that the function is

(3,2)

(a) even. 1+
(b) odd. A S R

-1

| ,-1)

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.

(a) Write an expression that gives the value y after x years.
(b) When is the value of the truck $55,000?

. Drug Absorption A drug is administered intravenously for

pain. The function

f(t)=90—-52In(1+1¢), 0=t=4
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 If Joenita invests $1500 in a retirement account

that earns 8% compounded annually, how long will it take this
single payment to grow to $5000?

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 #.
(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.
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66. The Rule of 70 A well-known rule in the world of finance
is that an .annual interest rate of R% will double an investment
in approximately 70/R years. Assume that the money is com-
pounded continuously so that you can use the Pe" formula.
(a) Solve the equation Pe™ = 2P to find ¢ as a function of r.
() If » = R%, write ¢ as a function of R.

(c) If the money is not compounded continuously, the dou-
bling time will be a little longer than the answer in (b).
Approximate the typical doubling time by increasing the
numerator by 1. This should explain the Rule of 70!

67. Writing to Learn Many people refer to the Rule of 70 (see
Exercise 66) as the Rule of 72. Since this is usually less accu-
rate, why do you suppose some people prefer it?
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| 68. Consider the point P(—2, 1) and the line L: x + y = %
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| 70. Let f(x) = 1 — 3 cos (2¢).
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se a graphing calculator to solve the following problems, _l

(a) Find the slope of L. _.
(b) Write an equation for the line through P and parallel to L,

(c) Write an equation for the line through P and perpendicular
to L. {

(d) What is the x-intercept of L? :
69.Let f(x) =1—1In(x— 2).

(a) What is the domain of f7

(b) What is the range of 7

(c) What are the x-intercepts of the graph of f?

(d) Find 1.

(e) Confirm your answer algebraically in part (d).

- LM a0 e Lo

(a) What is the domain of f?

(b) What is the range of f?

(¢) What is the period of f?

(@) Is £ an even function, odd function, or neither?
(e) Find all the zeros of f in w2 <x=m.
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