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INTRODUCTION

The word trigonometry comes from Greek words meaning measurement
of triangles. Solving triangles is one of many aspects of trigonometry
that you study today. To develop methods to solve triangles, trigonomet-
ric functions are constructed. The study of the properties of these func-
tions and related applications form the subject matter of trigonometry.
Trigonometry has applications in navigation, surveying, construction, and
many other branches of science, including mathematics and physics.

Why You Need This Book

Can you answer yes to any of these questions?
B Do you need to review the fundamentals of trigonometry fast?
B Do you need a course supplement to trigonometry?

B Do you need a concise, comprehensive reference for trigonometry?

If so, then CliffsQuickReview Trigonometry is for you!

How to Use This Book

You're in charge here. You get to decide how to use this book. You can
either read the book from cover to cover or just look for the information
you need right now. However, here are a few recommended ways to search
for topics:

W Flip through the book looking for your topics in the running heads.
B Look in the Glossary for all the important terms and definitions.

B Look for your topic in the Table of Contents in the front of the book.
B Look at the Chapter Check-In list at the beginning of each chapter.
B Look at the Chapter Check-Out questions at the end of each
chapter.

B Test your knowledge with the CQR Review at the end of the book.



2  CliffsQuickReview Trigonometry

Visit Our Web Site

A great resource, www. cliffsnotes.com, features review materials, valu-
able Internet links, quizzes, and more to enhance your learning. The site
also features timely articles and tips, plus downloadable versions of many

CliffsNotes books.

When you stop by our site, don't hesitate to share your thoughts about this
book or any Hungry Minds product. Just click the Talk to Us button. We

welcome your feedback!



Chapter 1
TRIGONOMETRIC FUNCTIONS

Chapter Checkin

Understanding angles and angle measurements
Finding out about trigonometric functions of acute angles

Defining trigonometric functions of general angles

0O U 0 O

Using inverse notation and linear interpolation

H istorically, trigonometry was developed to help find the measurements
in triangles as an aid in navigation and surveying. Recently, trigonom-
etry is used in numerous sciences to help explain natural phenomena. In
this chapter, I define angle measure and basic trigonometric relationships
and introduce the use of inverse trigonometric functions.
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Angles

An angle is a measure of rotation. Angles are measured in degrees. One
complete rotation is measured as 360°. Angle measure can be positive or
negative, depending on the direction of rotation. The angle measure is the
amount of rotation between the two rays forming the angle. Rotation is
measured from the initial side to the terminal side of the angle. Positive
angles (Figure 1-1a) result from counterclockwise rotation, and negative
angles (Figure 1-1b) result from clockwise rotation. An angle with its ini-
tial side on the x-axis is said to be in standard position.

Figure 1-1 (a) A positive angle and (b) a negative angle.

150° 2450

() (b)

Angles that are in standard position are said to be quadrantal if their ter-
minal side coincides with a coordinate axis. Angles in standard position
that are not quadrantal fall in one of the four quadrants, as shown in
Figure 1-2.
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Figure 1-2 Types of angles.

II y I II y I
210°
/\ i} .
—ZGOKJ
111 vV 111 I\%
Third quadrant angle Second quadrant angle
(a) (b)
II y I II y I
40° <
-50°
111 vV 111 I\%
First quadrant angle Fourth quadrant angle
(©) (d)
II y I II y I
270°
/\ . .
- -180°
I1I vV 111 vV
Quadrant angle Quadrant angle
(e) (f)
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Example 1: The following angles (standard position) terminate in the
listed quadrant.

94° 2nd quadrant
500° 2nd quadrant
-100° 3rd quadrant
180° quadrantal
-300° 1st quadrant

Two angles in standard position that share a common terminal side are
said to be coterminal. The angles in Figure 1-3 are all coterminal with an
angle that measures 30°.

All angles that are coterminal with &° can be written as
o o
d +n-360
where 7 is an integer (positive, negative, or zero).

Example 2: Is an angle measuring 200° coterminal with an angle mea-
suring 940°?

If an angle measuring 940° and an angle measuring 200° were cotermi-

nal, then
940°=200°+ - 360°
740°=1n-360°

Because 740 is not a multiple of 360, these angles are not coterminal.



Figure 1-3 Angles coterminal with —70°.
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y
ﬁ 1110°
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Example 3: Name 4 angles that are coterminal with —70°.
~70°+ (1) 360° = 290°
~70°+(2)360°= 650°
-70°+(3)360°=1110°

~70°+ (—1)360°=— 430°
~70°+ (=2)360°=—790°

Angle measurements are not always whole numbers. Fractional degree mea-
sure can be expressed either as a decimal part of a degree, such as 34.25°,
or by using standard divisions of a degree called minutes and seconds. The
following relationships exist between degrees, minutes, and seconds:

1 degree = 60 minutes

1 minute = 60 seconds

or
1°=60'
1'= 60"

Example 4: Write 34°15" using decimal degrees.

o ’_ o 150
34°15'=34"+ )

=34°+.25°

=34.25°
Example 5: Write 12°18'44" using decimal degrees.

o qipr oo, 18° | 44°

12°1844"=12°+ 50 +3600
~ 12°+.3°+.012°
~ 12.312°

Example 6: Write 81.293° using degrees, minutes, and seconds.

81.293°=81°+(.293 X 60)’
=81°+17.58’
=81°+ 17+ (.58 X 60)"
~ 81°+17'+35"
~ 81°17'35"
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Functions of Acute Angles

The characteristics of similar triangles, originally formulated by Euclid,
are the building blocks of trigonometry. Euclid’s theorems state if two
angles of one triangle have the same measure as two angles of another tri-
angle, then the two triangles are similar. Also, in similar triangles, angle
measure and ratios of corresponding sides are preserved. Because all right
triangles contain a 90° angle, all right triangles that contain another angle
of equal measure must be similar. Therefore, the ratio of the correspond-
ing sides of these triangles must be equal in value. These relationships lead
to the trigonometric ratios. Lowercase Greek letters are usually used to
name angle measures. It doesn’t matter which letter is used, but two that
are used quite often are alpha (o) and theta (8).

Angles can be measured in one of two units: degrees or radians. The rela-
tionship between these two measures may be expressed as follows:

180° = 7T radians
1°= % radians

. _180°
1 radian= i

The following ratios are defined using a circle with the equation x*+ y*=r*
and refer to Figure 1-4.

Figure 1-4 Reference triangles.

side adjacent

side opposite

(a) (b)
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) _ length of side oppositet
" length of hypotenuse

sineof O =sin0 =

. length of side adjacentto
cosineof QL = cosQl = x f J

* length of hypotenuse

B _J length of side opposite &t
tangentof 0= anQ =5 = length of side adjacent

Remember, if the angles of a triangle remain the same, but the sides
increase or decrease in length proportionally, these ratios remain the same.
Therefore, trigonometric ratios in right triangles are dependent only on
the size of the angles, not on the lengths of the sides.

The cotangent, secant, and cosecant are trigonometric functions that
are the reciprocals of the sine, cosine, and tangent, respectively.

r length of hypotenuse
) " length of side opposite &t

cosecant of 0L = csc O =

length of hypotenuse
_ _r_
secant of O = sec 0 = X length of side adjacent to 0t

length of side adjacent to
_ _x_
cotangentof O = cot O = Y length of sideoppositeto

If trigonometric functions of an angle 0 are combined in an equation and
the equation is valid for all values of 6, then the equation is known as a
trigonometric identity. Using the trigonometric ratios shown in the pre-
ceding equation, the following trigonometric identities can be constructed.

-

r_J _ cosf _
%= = tan6 "

x sin@

\\Q|\|x

r

Symbolically, (sin o)*and sin® ot can be used interchangeably. From Fig-

ure 1-4 (a) and the Pythagorean theorem, x*+ y*=r".
7\’ oyt Xy,
Sin29+cos29=<—> +<£> =S+ 5+ =0

r r r r r r

These three trigonometric identities are extremely important:

sin@ _
0s0 - tan@
2. o

sin’ @ +cos’ 0 =1
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Example 7: Find sin 0 and tan 0 if 0 is an acute angle <O° <6< 90°) and
cos O = 1/4.

sin"@+cos’0=1 tan@ = sin®
) e cos6
sin 9+<—> =1 -
* /15
sin’@ = 1—% tanGZ—i
4
= o
sinZQZ% tan9=[\'i5 <%)=v’/15

/15
4

15
sxne—vﬁ G-

Example 8: Find sin 0 and tan 0 if 6 is an acute angle <0°< 0 < 90°> and
tan O = 6.

If the tangent of an angle is 6, then the ratio of the side opposite the angle
and the side adjacent to the angle is 6. Because all right triangles with this
ratio are similar, the hypotenuse can be found by choosing 1 and 6 as the

values of the two legs of the right triangle and then applying the
Pythagorean theorem.

7’2=xz+)/2
r’=6"+1°
r’=36+1
ri=37
rZV”"?7

. length of side opposite O 6
sin® = hypotenuse
/4 V37

length of side adjacentto © |
hypotenuse - /37

COSG =
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Trigonometric functions come in three pairs that are referred to as cofunc-
tions. The sine and cosine are cofunctions. The tangent and cotangent are
cofunctions. The secant and cosecant are cofunctions. From right triangle

XYZ, the following identities can be derived:

sinX—%ZcosY SlnYZ%ZCOSX
tanX= % =cotY tanY'= % =cotX
secX= % =cscV secY= % =cscX

Using Figure 1-5, observe that ZX and /Y are complementary.

Figure 1-5 Reference triangles.

X
o
z
y
z- x Y
Thus, in general:

sina=cos<900—0{) cosa=sin<90°—a)
tanO(Zcot(90°—O() cotO(Ztan(9OQ—O{)
secO(=csc(90°—O() cscO(=sec<90°—O()

Example 9: What are the values of the six trigonometric functions for
angles that measure 30°, 45°, and 60° (see Figure 1-6 and Table 1-1).
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Figure 1-6 Drawings for Example 9.

45°
60°

45° = 30°
1 \V 3
(@) (b)

Table 1-1 Trigonometric Ratios for 30°, 45°, and 60° Angles

0 sin 0 csc 0 cos 0 sec 0 tan 0 cot 0
30° % 2 ; 2 ‘35 % /3
40° % /2 % /2 1 1

Functions of General Angles

Acute angles in standard position are all in the first quadrant, and all of
their trigonometric functions exist and are positive in value. This is not
necessarily true of angles in general. Some of the six trigonometric func-
tions of quadrantal angles are undefined, and some of the six trigonomet-
ric functions have negative values, depending on the size of the angle.
Angles in standard position have their terminal side in or between one of
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the four quadrants. Figure 1-7 shows a point A (x, y) located on the ter-
minal side of angle 0 with  as the distance AO. Note that  is always pos-
itive. Based on the figures,

sin9=%
csch = %;y# 0
cose=%
secO = %;x# 0
tanO = %;x#O
cotf = %;y# 0

Figure 1-7 Positive angles in various quadrants.

y y
. Alxy) S 0
0« N
O @)
(a) (b)
y y

\CD
_/
N
/

r Alx,y)
Ax,y)

(©) (d)
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If angle 6 is a quadrantal angle, then either x or y will be 0, yielding the
undefined values if the denominator is zero. The sign, positive or negative,
of the trigonometric functions depends on which quadrant this point A
(x, y) is located in. Table 1-2 summarizes this information.

Table 1-2 Signs of Trig Functions in Various Quadrants

Function Quadrant

n n v
sin 6, csc 0 + + - -
cos 0, sec 6 + - - +
tan 6, cot 6 + - + -

One way to remember which functions are positive and which are nega-
tive in the various quadrants is to remember a simple four-letter acronym,
ASTC. This acronym can remind you that All are positive in quadrant I,
the Sine is positive in quadrant II, the Tangent is positive in quadrant III,
and the Cosine is positive in quadrant IV. This acronym could stand for
Arizona State Teacher’s College, All Students Take Classes, or some other
four-word expression that will help you remember the relationships.

Table 1-3 summarizes the values of the trigonometric functions of quad-
rantal angles. Note that undefined values result from division by 0.

Table 1-3 Values of Trig Functions for Various
Quadrantal Angles

sin® cos® tan® cot 9 sec 0 csc
0° 0 1 0 undefined 1 undefined
90° 1 0 undefined 0 undefined 1
180° 0 -1 0 undefined -1 undefined
270° -1 0 undefined 0 undefined -1

The six trigonometric functions of angles that are not acute can be con-
verted back to functions of acute angles. These acute angles are called the
reference angles (sce Table 1-4). The value of the function depends on
the quadrant of the angle. If angle 0 is in the second, third, or fourth quad-
rant, then the six trigonometric functions of 8 can be converted to equiv-
alent functions of an acute angle. Geometrically, if the angle is in quadrant
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11, reflect about the y-axis. If the angle is in quadrant IV, reflect about the
x-axis. If the angle is in quadrant III, rotate 180°. Keep in mind the sign
of the functions during these conversions to the reference angle.

Table 1-4 Reference Angle Values in Various Quadrants

Function Quadrant
| i v

sin 0 sin (180° — 0) —sin (6 — 180 °) —sin (360° — 0)
cos 0 —cos (180° - 0) —cos (0 — 180°) cos (360° —0)
tan 6 —tan (180° — 0) tan (6 — 180°) —tan (360° — 0)
cot © —cot (180° —0) cot (0 — 180°) —cot (360° — 0)
sec 0 —sec (180° - 0) —sec (0 — 180°) sec (360° —0)
csc 6 csc (180° —0) —csc (0 — 180°) —csc (360° — 6)

Example 10: Find the six trigonometric functions of an angle o that is
in standard position and whose terminal side passes through the point

(=5, 12).

From the Pythagorean theorem, the hypotenuse can be found. Then, the
six trigonometric functions follow from the definitions (Figure 1-8).

Figure 1-8 Drawing for Example 10.
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Lo 12
31110(—13
2= 2+ 2 cosO!Z—i
r =X )/ 13
2_(_c\2 2
4 _( 5) +12 tanO(Z—%
ri=25+ 144 5
722169 cota=—ﬁ
72/@213 SCC(X:—%
_13
cscO(—12

Example 11: If sin 8 = 1/3, what is the value of the other five trigono-
metric functions if cos 0 is negative?

Figure 1-9 Drawing for Example 11.

Because sin 0 is positive and cos 0 is negative, © must be in the second
quadrant. From the Pythagorean theorem,

X+ 1'=3%x"+1=9x"=8 x= \/g = 2\/3
and then it follows that

_2/2
cosf = 3
1 \/E
tan@=— ——=-1~
2/2 4
cotf=—2 \/E
3 _ 3/2

cscf=3
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Example 12: What is the exact sine, cosine, and tangent of 330°?

Because 330° is in the fourth quadrant, sin 330° and tan 330° are nega-
tive and cos 330° is positive. The reference angle is 30°. Using the 30° —
60° — 90° triangle relationship, the ratios of the three sides are 1, 2, x/g.
Therefore,

sin30°= 2 sin330°=— 3
/3 /2
cos30°= % and  c0s330°= %
/3 /3
tan30°:€ tan33o°:_éz_g
/3

Tables of Trigonometric Functions

Calculators and tables are used to determine values of trigonometric func-
tions. Most scientific calculators have function buttons to find the sine,
cosine, and tangent of angles. The size of the angle is entered in degree or
radian measure, depending on the setting of the calculator. Degree mea-
sure will be used here unless specifically stated otherwise. When solving
problems using trigonometric functions, either the angle is known and the
value of the trigonometric function must be found, or the value of the
trigonometric function is known and the angle must be found. These two
processes are inverses of each other. Inverse notations are used to express
the angle in terms of the value of the trigonometric function. The expres-
sion sin® = 0.4295 can be written as 6 = Sin™ ' 0.4295 or 6 = Arcsin0.4295
and these two equations are both read as “theta equals Arcsin 0.4295.”
Sometimes the expression “inverse sine of 0.4295” is used. Some calcula-
tors have a button marked “arc,” which is pressed prior to the function key
to express “arc” functions. Arc functions are used to find the measure of
the angle if the value of the trigonometric function is known. If tables are
used instead of a calculator, the same table is used for either process. Note:
The use of calculators or tables gives only approximate answers. Even so,
an equal (=) sign is sometimes used instead of an approximate (= or =)
sign.

Example 13: What is the sine of 48°?
sin48° =~ 0.7431448255 =~ 0.7431
Example 14: What angle has a cosine of 0.3912?
Cos™'0.3912 = 66.97081247° ~ 66.97°
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Although a calculator can find trigonometric functions of fractional angle
measure with ease, this may not be true if you must use a table to look up
the values. Tables cannot list #// angles. Therefore, approximation must be
used to find values between those listed in the table. This method is known
as linear interpolation. The assumption is made that differences in func-
tion values are directly proportional to the differences of the measures of
the angles over small intervals. This is not really true, but yields a better
answer than just using the closest value in the table. This method is illus-
trated in the following examples.

Example 15: Using linear interpolation, find tan 28.43° given that tan
28.40° = 0.5407 and tan 28.50° = 0.5430.
tan28.40° = 0.5407
0.03 x
0.10 tan28.43° ~ ? 0.0023 (x = the di ermce)
tan28.50° = 0.5430

Set up a proportion using the variable x.

003 x
0.10 ~ 0.0023

(0.03)(0.0023) = 0.10x
0.000069 = 0.10x
x = 0.0007
Because x is the difference between tan 28.40° and tan 28.43°,
tan28.43 =~ 0.5407 + 0.0007 = 0.5414

Example 16: Find the first quadrant angle o where cos o = 0.2622, given
that cos 74°~ 0.2756 and cos 75° =~ 0.2588.

x{cos 74.0°~ 0.2756} 013

1.0 cos = 0.2622 0.0168 (x = the difference)
cos 75.0° =~ 0.5588

Set up a proportion using the variable x.

_0.0134

1.0 O 0.0168

0.0168x =~ 0.0134
x=0.8

Therefore, & =~ 74.0°+ 0.8° = 74.8°.
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An interesting approximation technique exists for finding the sine and tan-
gent of angles that are less than 0.4 radians (approximately 23°). The sine
and tangent of angles less than 0.4 radians are approximately equal to the
angle measure. For example, using radian measure, sin0.15 = 0.149 and
tan 0.15 = 0.151.

Example 17: Find 0 in Figure 1-10 without using trigonometry tables or
a calculator to find the value of any trigonometric functions.

Figure 1-10 Drawing for Example 17.

23

Because sin 0 = 5/23 = 0.21739, the size of the angle can be approximated
as 0.217 radians, which is approximately 12.46°. In reality, the answer is
closer to 0.219 radians, or 12.56°—quite close for an approximation. If
the Pythagorean theorem is used to find the third side of the triangle, the
process could also be used on the tangent.

5%+ x’=23" 5

25 =+ x2 = 529 tan9 = 745 =~ 0223
=504

e Thus, 6 = 0.223 radians.

x= /504 = 22.45 Also, a close approximation.

Example 18: Find the measure of an acute angle 0t accurate to the near-
est minute if tan o/ = 0.8884.

o =Tan™'0.8884
o = 41.6179°
Using a calculator a = 41°+(0.6179) (60)’
a=41°+37
o = 41°37
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Chapter Checkout

Q&A

1

7. _ -
Answers: 1. T 2. 34°36'10.8" 3. cosezé 4. sin O = 4/5 5. —ﬁ

. True or false: An angle of size —20° is coterminal with an angle of

size 700°.

. Write 34.603 using degrees, minutes, and seconds.

.1f0°<6<90° and sin O =%, find cos ©.

. 1f0°<0<90°and tan © =%, find sin 0.

. What is the exact cosine of 210°?

. Find the measure of an angle to the nearest minute if its cosine is

0.678.
What angle has a tangent of 3.4?

2

6.47°19'7.73.61°.



Chapter 2
TRIGONOMETRY OF TRIANGLES

Chapter Checkin

Q Figuring out trigonometric ratios to find missing parts of right
triangles

QO  Using the law of cosines to solve triangles

O

Applying the law of sines to solve triangles

QO  Finding the area of triangles by using trigonometric functions

Triangles are made up of three line segments. They meet to form three
angles. The sizes of the angles and the lengths of the sides are related
to one another. If you know the size (length) of three out of the six parts
of the triangle (at least one side must be included), you can find the sizes
of the remaining sides and angles. If the triangle is a right triangle, you can
use simple trigonometric ratios to find the missing parts. In a general tri-
angle (acute or obtuse), you need to use other techniques, including the
law of cosines and the law of sines. You can also find the area of triangles
by using trigonometric ratios.

Solving Right Triangles

All triangles are made up of three sides and three angles. If the three angles
of the triangle are labeled Z4,/B, and ZC, then the three sides of the tri-
angle should be labeled as 4, 4, and c. Figure 2-1 illustrates how lowercase
letters are used to name the sides of the triangle that are opposite the angles
named with corresponding uppercase letters. If any three of these six mea-
surements are known (other than knowing the measures of the three
angles), then you can calculate the values of the other three measurements.
The process of finding the missing measurements is known as solving the
triangle. If the triangle is a right triangle, then one of the angles is 90°.



Chapter 2: Trigonometry of Triangles 23
Therefore, you can solve the right triangle if you are given the measures of

two of the three sides or if you are given the measure of one side and one
of the other two angles.

Figure 2-1 Drawing for Example 1.

B A
c a b ¢
A b cC C a B
(a) (b)

Example 1: Solve the right triangle shown in Figure 2-1(b) if ZB=22° and
b=16.

Because the three angles of a triangle must add up to 180°,

ZA=90°— £B. Thus, LA =68°.

sinB="2 anB="2
sin22°= % tan22°= %
o= 16 4= 16
sin22° tan22°
. 16 4= 16
3746 4040
c=4271 a=39.60

The following is an alternate way to solve for sides # and ¢:

cscBZ% cotB:%
csc22°= % cot22°= %
c= 16(csc22°) a= 16(cot22°)
¢=16(2.669) a=16(2.475)
c=42.71 a=39.60

This alternate solution may be easier because no division is involved.

Example 2: Solve the right triangle shown in Figure 2-1(b) if 4 = 8 and
a=13.
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You can use the Pythagorean theorem to find the missing side, but trigono-
metric relationships are used instead. The two missing angle measurements
will be found first and then the missing side.

tanB= 38 tanAd = % sinB= %
- o 1 : °o_ O
=13 :?3 sin31.67=
=0.6154 =1.625 C:L
. in31.6°
/B=316 /A =58.4° e
€7 05239
c=15.27

In many applications, certain angles are referred to by special names. Two
of these special names are angle of elevation and angle of depression.
The examples shown in Figure 2-2 make use of these terms.

Figure 2-2 a) Angle of elevation and b) angle of depression.

horizontal

angle of depression

angle of elevation

horizontal

(@) (b)

Example 3: A large airplane (plane A) flying at 26,000 feet sights a smaller
plane (plane B) traveling at an altitude of 24,000 feet. The angle of depres-
sion is 40°. What is the line of sight distance (x) between the two planes?

Figure 2-3 illustrates the conditions of this problem.

Figure 2-3 Drawing for Example 3.
A

40° L]

2000’
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From Figure 2-3, you can find the solution by using the sine of 40°:
sin40°= —20390
_ 2000’

X §in40°

= 2000’
.6428

x=3111.4"

Example 4: A ladder must reach the top of a building. The base of the lad-
der will be 25" from the base of the building. The angle of elevation from
the base of the ladder to the top of the building is 64°. Find the height of
the building (%) and the length of the ladder ().

Figure 2-4 illustrates the conditions of this problem.

Figure 2-4 Drawing for Example 4.

h m
64°
25'
tan64°= 2/95, c0564o: 275,
2.05= 2/;, 4384=2
, _ 25

/J=<25)(2.05) Wl—m
h=51.25 m=157.02'

Example 5: A woodcutter wants to determine the height of a tall tree. He
stands at some distance from the tree and determines that the angle of ele-
vation to the top of the tree is 40°. He moves 30’ closer to the tree, and
now the angle of elevation is 50°. If the woodcutter’s eyes are 5' above the
ground, how tall is the tree?
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Figure 2-5 can help you visualize the problem.

Figure 2-5 Drawing for Example 5.

X
40° 50° =
50 300 | y 5'

From the small right triangle and from the large right triangle, the fol-
lowing relationships are evident:

o_ X
COtSOO: % tan40° = }/+ 30/
- =—*
8391 = < 8391 ITE
y=0.8381x x=0.8391(y+30')

Substituting the first equation in the second yields:
x=0.8391(0.8391x+ 30")
x=0.7041x+25.17'

2959x=25.17"
x=85.06'

Note that 5" must be added to the value of x to get the height of the tree,
or 90.06" tall.

Example 6: Using Figure 2-6, find the length of sides x and y and the area
of the large triangle.
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Figure 2-6 Drawing for Example 6.

Because this is an isosceles triangle, and equal sides are opposite equal
angles, the values of x and y are the same. If the triangle is divided into two
right triangles, the base of each will be 6. Therefore,

tan70°=%

700_ 6 2747 = %
T % h=(6)(2.747)

0342=2
x h=16.48

-6 bh

¥ 0.342 area= -
x=17.54 (12)(16.48)

2
= 98.88 sq units

Law of Cosines

The previous section covered the solving of righr triangles. In this section,
and the next, you see formulas that can solve any triangle. If o, 3, and 7y
are the angles of any (right, acute, or obtuse) triangle, and 4, 4, and ¢ are
the lengths of the three sides opposite 0,3, and 7, respectively, then

a’=b*+ = 2bccosa
b’=a’+ ¢’ = 2accosf3
c’=a’+ b’ = 2abcosy

These three formulas are called the Law of Cosines. Each follows from
the distance formula and is illustrated in Figure 2-7.
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Figure 2-7 Reference triangle for Law of Cosines.

y

Ax,y)

From the figure,
siny = %ﬂnd cosy = %
Thus the coordinates of A are
x=bcosYand y= bsiny

Remember, all three forms of the Law of Cosines are true even if 7y is acute.
Using the distance formula,

¢’= (y— 0>2+ (x—a)?

¢’= <bsiny - 0) ‘¥ (bcos)/ - ﬂ)z

c’=b*sin’ Y + b’ cos’ Y — 2abcosy + a4’

c’=b’ (sinz}’ + coszy> —2abcosy +a’

c’=a’+ b’ 2abcosy
In the preceding formula, if ¥ is 90°, then the cos 90° = 0, yielding the
Pythagorean theorem for right triangles. If the orientation of the triangle

is changed to have A or B at the origin, then the other two versions of the
Law of Cosines can be obtained.

Two specific cases are of particular importance. First, use the Law of
Cosines to solve a triangle if the length of the three sides is known.

Example 7: If o, B, and 7 are the angles of a triangle, and 4, 4, and c are
the lengths of the three sides opposite a., 3, and v, respectively, and 2 = 12,
b=7,and ¢ = 6, then find the measure of B.
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Use the form of the Law of Cosines that uses the angle in question.
b*=a’+ ¢’ = 2accosB

Rewrite solving for cos 3.

2 2 2
+ —_
Cosﬁ:u

2ac

+6
cosB= 557707
cosf3 = % = 0.9097

Because cos > 0and 8 < 180°,83<90°. Thus,
B =~ 24.54°
~ 24°32
The measure of ¢ can be found in a similar way.
a’=b*+ = 2bccosat

Rewrite solving for cos o.

b+l -4
cosot—izbc
cosa=472+62_ 12°

(2)(7)(6)

=59 __
cost = 8 = 0.7024

Because cos o0 < 0 and o0 < 180°, ¢ > 90°. Thus,

o=~ 134.62°
134°37

Q

Because the three angles of the triangle must add up to 180°,

y=180°-0a - B
Y ~ 180°— 134.62° — 24.54°
¥ ~ 20.84°

~ 20750’
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Next, solve a triangle knowing the lengths of two sides and the measure
of the included angle. First, find the length of the third side by using the
Law of Cosines. Then proceed as in Example 7 to find the other two
angles.

Example 8: Using Figure 2-8, find the length of side &.

Figure 2-8 Drawing for Example 8.

(@) (b)

b’=a’+ ¢’ = 2accosf
6°=11°"+10"—(2)(11)(10) cos71°
b*~ 1214100 — (220)(0.3256)

b>~ 149.37
b~ /149.37
b=~12.22

Example 9: Find the area of the triangle in Example 8.

First reposition the triangle as shown in Figure 2-9 so that the known angle
is in standard position.



Chapter 2: Trigonometry of Triangles 31

Figure 2-9 Drawing for Example 9.

y
10/
Vb
71°

M X
11

The base of the triangle is 11. You can find the height of the triangle by
using the fact that

|~

sin71°= i
0.9455 ~ 10
b= (10)(0.9455)

h = 9.455

o

Therefore,

base X height
area= —————

~(11)(9.455)
di’ed—f

area= 52 sq units

Law of Sines

You can use the Law of Cosines discussed in the last section to solve gen-
eral triangles, but only under certain conditions. The formulas that will
be developed in this section provide more flexibility in solving these gen-
eral triangles.

The following discussion centers around Figure 2-10.
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Figure 2-10 Reference triangles for Law of Sines.

Line segment CD is the altitude in each figure. Therefore AACD and ABCD
are right triangles. Thus,

sinQ = % = h=bsinx

In Figure 2-10(b), ZCBD has the same measure as the reference angle for
B. Thus,

sinf3 = é = h=asinf3
It follows that
bsina = /= asinf3

bsinag _ asinf3

ab ab
sinQ®f _ sinﬁ
a =

Similarly, if an altitude is drawn from 4,

csinQ@ = h = asiny
csing _ Osiny

ac Cac
sinQl _ sin’y
a c

Combining the preceding two results yields what is known as the Law of
Sines.
sino _ sinﬂ _ siny a _ b

__c
a b ¢ sina ~ sinf3  siny

In other words, in any given triangle, the ratio of the length of a side and
the sine of the angle opposite that side is a constant. The Law of Sines is
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valid for obtuse triangles as well as acute and right triangles, because the
value of the sine is positive in both the first and second quadrant—that is,
for angles less than 180°. You can use this relationship to solve triangles
given the length of a side and the measure of two angles, or given the
lengths of two sides and one opposite angle. (Remember that the Law of
Cosines is used to solve triangles given other configurations of known sides
and angles.)

First, consider using the Law of Sines to solve a triangle given two angles
and one side.

Example 10: Solve the triangle in Figure 2-11 given 6 = 32°, ¢=77°, and
d=12.

Figure 2-11 Drawing for Example 10.

It follows from the fact that there are 180° in any triangle that

8=180°—-4—0
85=180"-77°-32°
5=71°

From the Law of Sines, the following relationships are obtained:

d __e __f
sin@ sind  sing
2 __e __f

sin32°  sin71°  sin77°

Solving as two independent proportions,



34 _ cliffsQuickReview Trigonometry

12 e
sin32° ~ sin71°
12 e
0.5299 ~ 0.9455
(12)(0.9455)
¢~ 7705299
e~ 21.41
2 __f
sin32°  sin77°
12 f

0.5299 ~ 0.9744
(12)(0.9744)
* 05299
fx 22.07

Example 11: Solve the triangle in Figure 2-12 given o = 125° 8 =35°, and
b, = 42.

Figure 2-12 Drawing for Example 11.

From the fact that there are 180° in any triangle, then
y=180°-a-p
Y =180°—125°—35°

Y =20°
Again, using the Law of Sines,
42 __ ¢
sin35°  sin20°
42 c

0.5736 ~ 0.3420
(42)(0.3420)

€% 7705736

c =~ 25.04
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42 a
sin35°  sin125°
42 a
0.5736 ~ 0.8192
_(42)(0.8192)
4% 7705736
a=59.98

35

The second use of the Law of Sines is for solving a triangle given the lengths
of two sides and the measure of the angle opposite one of them. In this
case, it is possible that more than one solution will exist, depending on the
values of the given parts of the triangle. The next example illustrates just

such a case.

Example 12: Solve the triangle(s) given 2 = 13, & = 20, and o = 35°.

Figure 2-13 shows two possible positions for side . This will occur if

a> h. To determine if @ is greater than 4, the value of / is found.

Figure 2-13 Drawing for Example 12.

sinQ = Z
. o_ b
sin35" = 20
h = (20)(0.5736)
h=11.47

Therefore, 2 > 4 and the diagram shows two solutions for the triangle. From

the Law of Sines,
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sin®f _ Siﬂﬂ
a = b
sin35° _ sinf3
13~ 20
o~ (20)(0.5736)
smﬂ 13
sinf3 = 0.8825
B =~ Sin '0.8825
B~ 61.95°

Because sin B is positive in both quadrant I and quadrant II, § can have
two values and therefore two different solutions for the triangle.

B ~ 61.95°

B~ 180°—61.95°~ 118.05"

Solution 1: The sum of the angles of a triangle is 180°. Thus,
Y=180"-o—-f3
Y =~ 180°=35°—=61.95°
¥ ~ 83.05°

Using the Law of Sines,

sinor _ siny
a c
_asin?y
~ sinO
(13)(5in83.05°)
sin35°
_(13)(0.9927)
€~ 7705736
¢ = 22.50

C=

Solution 2: The sum of the angles of a triangle is 180°. Thus,
Y=180°—a - f'
Y'=180°~ 35"~ 118.05°
Y'=26.95°
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Using the Law of Sines,
sinQ _ sinY’
a -
. asinY'
sinQ
o (13) (sin26.95°>

€= sin35°
, (13)(0.4532)
€= 7705736
'~ 10.27

Solving General Triangles

The process of solving triangles can be categorized into several distinct
groups. The following is a listing of these categories along with a proce-
dure to follow to solve for the missing parts of the triangle. The assump-
tion is made that all three missing parts are to be found. If only some of
the unknown values are to be determined, a modified approach may be in
order.

W SSS: If the three sides of a triangle are known, first use the Law of
Cosines to find one of the angles. It is usually best to find the largest
angle first, the one opposite the longest side. Then, set up a propor-
tion using the Law of Sines to find the second angle. Finally, subtract
these angle measures from 180° to find the third angle.

The reason that the Law of Cosines should be used to find the largest
angle in the triangle is that if the cosine is positive, the angle is acute.
If the cosine is negative, the angle is obtuse. If the cosine is zero, the
angle is a right angle. Once the largest angle of the triangle is known,
the other two angles must be acute.

If the largest angle is not found by using the Law of Cosines but by
using the Law of Sines instead, the determination whether the angle
is acute or obtuse must be done using the Pythagorean theorem or
other means because the sine is positive for both acute (first quad-
rant) and obtuse (second quadrant) angles. This adds an extra step to
the solution of the problem.

If the size of only one of the angles is needed, use the Law of Cosines.
The Law of Cosines may be used to find all the missing angles,
although a solution using the Law of Cosines is usually more com-
plex than one using the Law of Sines.
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B SAS: If two sides and the included angle of a triangle are known, first
use the Law of Cosines to solve for the third side. Next, use the Law
of Sines to find the smaller of the two remaining angles. This is the
angle opposite the shortest or shorter side, not the longest side. Finally,
subtract these angle measures from 180° to find the third angle.
Again, you can use the Law of Cosines to find the two missing angles,
although a solution using the Law of Cosines is usually more com-
plex than one using the Law of Sines.

B ASA: If two angles and the included side of a triangle are known, first
subtract these angle measures from 180° to find the third angle. Next,
use the Law of Sines to set up proportions to find the lengths of the
two missing sides. You can use the Law of Cosines to find the length
of the third side, but why bother if you can use the Law of Sines
instead?

W AAS: If two angles and a nonincluded side of a triangle are known,
first subtract these angle measures from 180° to find the third angle.
Next, use the Law of Sines to set up proportions to find the lengths
of the two missing sides. The given side is opposite one of the two
given angles. If all that is needed is the length of the side opposite the
second given angle, then use the Law of Sines to calculate its value.

W SSA: This is known as the ambiguous case. If two sides and a nonin-
cluded angle of a triangle are known, there are six possible configura-
tions, two if the given angle is obtuse or right and four if the given
angle is acute. These six possibilities are shown in Figures 2-14, 2-15,
and 2-16. In Figures 2-14 and 2-15, / is an altitude where 4 = 2 sin B
and [ is an acute angle.

In Figure 2-14(a), if & < A, then & cannot reach the other side of the tri-
angle, and no solution is possible. This occurs when & <  sin B.

In Figure 2-14(b), if & = b = a sin B, then exactly one right triangle is
formed.
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Figure 2-14 Two cases for SSA.

(b)

In Figure 2-15(a), if < b < a—that is, @ sin B < b < a—then two differ-
ent solutions exist.

In Figure 2-15(b), if & > 4, then only one solution exists, and if & = 4, then
the solution is an isosceles triangle.

Figure 2-15 Ambiguous cases for SSA.

(b)

If B is an obtuse or right angle, the following two possibilities exist.
In Figure 2-16(a), if & > 4, then one solution is possible.

In Figure 2-16(b), if # < 4, then no solutions are possible.
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Figure 2-16 Two cases for SSA.

(a) (b)

Example 13: (SSS) Find the difference between the largest and smallest
angles of a triangle if the lengths of the sides are 10, 19, and 23, as shown
in Figure 2-17.

Figure 2-17 Drawing for Example 13.

First, use the Law of Cosines to find the size of the largest angle (3) which
is opposite the longest side (23).

23°=10"+19"-(2)(10)(19) cosB

2 2 2
cosf = 107+ 19°=23

(2)(10)(19)
cos,BZgTGég
cosfB=—0.1789

B = Cos'=0.1789
B~ 100.3°

Next, use the Law of Sines to find the size of the smallest angle (o), which
is opposite the shortest side (10).
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sind _ sin100.3°

0~ 23
10)(0.98
singr ~ 10 (0:9839) )(239 )

sin0 ~ 0.4278
o = Sin ' —0.4278
o = 25.33°

Thus, the difference between the largest and smallest angle is

100.3°—25.33°=74.97°

Example 14: (SAS) The legs of an isosceles triangle have a length of 28
and form a 17° angle (Figure 2-18). What is the length of the third side
of the triangle?

This is a direct application of the Law of Cosines.
¢?=28"+28"—(2)(28)(28)cos17°
¢’= 784 — 784 - (1568)(0.9563)
'~ 68.52

c=~,/68.52

c=~ 8.278

Figure 2-18 Drawing for Example 14.
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Example 15: (ASA) Find the value of 4 in Figure 2-19.

Figure 2-19 Drawing for Example 15.

First, calculate the sizes of angles o and 3. Then find the value of  using
the Law of Sines. Finally, use the definition of the sine to find the value

of d.

0=180"-65"=115°

B=180"-115"-31°=34"
a__ __120
sin115°  sin34°
(120)(sin115°)
B sin34°
_(120)(0.9063)
4% 7705592
a=194.5

Finally,

_d_
194.5
d~ (194.5)(0.5150)

d=~100.2

sin31° =
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Example 16: (AAS) Find the value of x in Figure 2-20.

Figure 2-20 Drawing for Example 16.

110°
22°

First, calculate the size of angle o.. Then use the Law of Sines to calculate
the value of x.

o =180°—110"—22°=48°
x ___ 41

sin48° sin22°
(41)(sin48")

sin22°
(41)(0.7431)

0.3746

x =~ 81.33

Example 17: (SSA) One side of a triangle, of length 20, forms a 42° angle

with a second side of the triangle (Figure 2-21). The length of the third
side of the triangle is 14. Find the length of the second side.

X =

Figure 2-21 Drawing for Example 17.

I
I b I
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The length of the altitude (%) is calculated first so that the number of solu-
tions (0, 1, or 2) can be determined.

h= (2o)<sin42°) ~ (20)(0.6691) ~ 13.38
Because 13.38 < 14 < 20, there are two distinct solutions.

Solution 1: Use of the Law of Sines to calculate o

sin0 _ sin42°

20~ 14

~ (20)(sin42°)
smazi( )(1466 )
_(20)(0.6691
smOC—T

sina = 0.9559
o = Sin~'0.9559
o=7292°

Use the fact that there are 180° in a triangle to calculate [3.
B=180°-42°-a
B=180°—42°—72.92°
B=7292°

Use the Law of Sines to find the value of 4.
b 14

sinf3 sin42°
b (I4)(sinﬁ)

sin42°
b~ (14)(0.9069)
o 0.6691
b~ 18.98

Solution 2: Use o to find o', and o' to find '

a'=180°—a ~ 180°—72.92°~ 107.08"
B'=180°—42°— o'~ 180°— 42°— 107.08° =~ 30.92°
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Next, use the Law of Sines to find 4'.

__14
sinf3’  sin42°

(14 (smﬁ )

sin42°
i (14)(0.5138)
0.6691
b'~ 10.75

Areas of Triangles

The most common formula for finding the area of a triangle is K = bb
where Kis the area of the triangle, & is the base of the triangle, and 4 is the
height. (The letter K'is used for the area of the triangle to avoid confusion
when using the letter A to name an angle of a triangle.) Three additional
categories of area formulas are useful.

Two sides and the included angle (SAS): Given 2AABC (Figure 2-22), the
height is given by 4 = c sinA. Therefore,

Kzlb/aZLbc sinA
=1 bb— 5 ac sinB

Kz%bhzjabsinC

Two angles and a side (AAS) or (ASA): Using the Law of Sines and substi-
tuting in the preceding three formulas leads to the following formulas:

c___a
sinC  sin A
_asinC
sin A
K=lﬂcsinB

2
1.2 sin B sinC
2 sin A

K:
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Figure 2-22 Reference triangles for area formulas.

y B
c/ a
'
H x
A b C
(a)
B Y
5 a
c
: X
A b C
(b)
Similarly,
_1,2sinA4sinC
K= 2 b sin B
_1 2sinAsinB
k= 2¢ sinC

Three sides (8SS): A famous Greek philosopher and mathematician, Heron
(or Hero), developed a formula that calculates the area of triangles given
only the lengths of the three sides. This is known as Heron’s formula. If
a, b, and c¢ are the lengths of the three sides of a triangle, and s is the
semiperimeter, then

s=%(¢z+b+c)

and

K=/s(s—a)(s=b)(s—¢)
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One of many proofs of Heron’s formula starts out with the Law of Cosines:
a’+b*=2abcosC=¢"

a’+b*—c*=2abcosC

2

16K°=4a" b~ (a’+ 6*= ")’
16[(2:[2¢b+(42+ bz—cz>][24b— (a*+ bz—cz)]
16K°=[(a+6)"+=c*|[c* = (a=b)’]
16K*=[(a+b)+c|[(a+b) = c|[c+ (a=b)][c= (a=b)]
16K = (a+b+c)|(a+b+c) - 2]
x[(a+b+c)=2b][(a+b+c) - 24]
16K = (a+ b+ c)[2s—2¢][ 25— 26][ 25 - 24]
16K = (25)[2(s = o)|[2(s = &)][2 (s - )]
16K7=165 (s— c)(s— 6) (s a)
K*=s5(s=¢)(s=b)(s—a)
K=/s(s=a)(s=b)(s=c)

Example 18: (SAS) As shown in Figure 2-23, two sides of a triangle have
measures of 25 and 12. The measure of the included angle is 51°. Find the
area of the triangle.
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Figure 2-23 Drawing for Example 18.

A
b=12 ¢
51°
c a=25 B
Use the SAS formula:
K=XabsinC
K=%(25)(12) sin51°

K=~ 3(25)(12)(0.7771)
K= 116.57 sq units

Example 19: (AAS and ASA) Find the area of the triangle shown in
Figure 2-24.

Figure 2-24 Drawing for Example 19.

117°
28°

22

First find the measure of the third angle of the triangle since all three angles
are used in the area formula.
ZC=180" - 117" —28° = 35°

_1 2sindsinB
K=7c sinC
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_1 2sinl117° sin28°
K=7022)" "5

1, (0.8910)(0.4695)
K=7(22) 0.5736

K=176.5 sq units

Example 20: (AAS 0rASA) Find the area of an equilateral triangle with a
perimeter of 78.

If the perimeter of an equilateral triangle is 78, then the measure of
each side is 26. The nontrigonometric solution of this problem yields an

answer of

P /3 26°/3 6763
T4 0 40T 4
The trigonometric solution yields the same answer.

~ 292.7 sq units

2sind sinB
¢ sinC

-1 25in60° sin60°
K=7(26) sin60°

1, (0.8660)(0.8660)
K= 7(26) 0.8660

K= 292.7 sq units

K=

N[ —

N

Example 21: (55S) Find the area of a triangle if its sides measure 31, 44,
and 60.

Use Heron’s formula:

K= /[s(s—a)(s=b)(s—c)

_1
)

s= 2 (31 +44+60) = 67.5
K= /(67.5)(67.5-31)(67.5 - 44) 67.5 — 60
K= /(67.5)(36.5)(23.5)(7.5)

K=/434,235.9375
K= 659 sq units

(a+b+c)

Heron’s formula does not use trigonometric functions directly, but trigono-
metric functions were used in the development and proof of the formula.
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Chapter Checkout

Q&A

1.

In a right triangle, the two legs have lengths of 8 inches and 10 inches.
Find the size of the angle opposite the 10-inch side.

- In a right triangle, the side opposite the 38° angle is 6.4 inches long.

Find the length of the hypotenuse.

. You are standing 400 feet from the base of a building. The angle

elevation to the top of the building is 28°. Find the height of the
building.

. Find the size of the smallest angle in a triang]e if the three sides mea-

sure 7 inches, 8 inches, and 10 inches.

. Two sides of a triangle measure 12 feet and 18 feet, and the angle

between them measures 16°. Find the length of the third side.

. True or False: In some cases, the law of sines will not provide you

with a unique answer.

. Find the area of a triangle if its sides measure 10 feet, 14 feet, and

20 feet.

. Find the area of a triangle if two of its sides measure 8 inches and

14 inches, and the angle between them measures 72°.

Answers: 1. 51.34° 2. 10.395 inches 3. 213 feet 4. 44.05° 5. 7.26 feet
6. True 7. 64.99 square feet 8. 53.26 square inches



Chapter 3

GRAPHS OF TRIGONOMETRIC
FUNCTIONS

Chapter Checkin

Defining angles in terms of the radius of a circle
Understanding the relationship between radian and degree measure
Defining trig functions in terms of a unit circle

Figuring out the period and symmetry of trig functions

0O 000 o

Creating the graphs of trig functions

You can measure angle sizes by using more than one scale. The degree
scale is probably the most well-known scale, although the radian scale
is equally as popular and useful. Although most applications deal only in
one of these two scales, it is important to understand their differences and
how to convert from one to the other.

You can define trig functions by using a unit circle, a circle with a radius
of 1. As a point revolves around the circle, its distance from the x-axis is
defined as the sine, and its distance from the y-axis is defined as the cosine.
These definitions match the previous definitions in terms of a right trian-
gle. The graphs of trigonometric functions are used to visually represent
their behavior.

A central angle of a circle has an angle measure of 1° if it subtends an arc
that is o of the circumference of the circle. This form of angle measure is
quite common. Another form of angle measure that is in use is radian
measure. If a central angle subtends an arc that is equal to the radius of
the circle (Figure 3-1a), then the central angle has a measure of one radian.
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Figure 3-1 Radian measure and subtended arcs.

(@) (b)

If a central angle 0 of a circle with radius 7 subtends an arc of length ¢
(Figure 3-1b), then its radian measure is defined as

0= %mdz’am
Because both g and 7 are in the same units, when ¢ is divided by 7 in the
preceding formula, the units cancel. Therefore, radian measure is unitless.

Example 1: What is the radian measure of a central angle in a circle with
radius 6 m if it subtends an arc of 24 m?

6=1- 264—;1” = 4radians= 4rad=4

-
(Note that if no units are listed for an angle measure, it is assumed to be
in radians.)

If 6 is one complete revolution, then the subtended arc is the circumfer-
ence of the circle. In this case,

q=27tr
_ 27y
Q—T
0=271

Because one complete revolution is 360°,

360°=27
180°=7
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The fact that 180° is the same as T radians is extremely important. From
this relationship, the following proportion can be used to convert between
radian measure and degree measure:

0° _ Orad
180°  7trad
Example 2: What is the degree measure of 2.4 rad?
0 _24

180° 7

o (180)(24) _430°
/A /A

0 =~ 137.5°

Example 3: What is the radian measure of 63°?

63 _6
180 7
_(m)(63) 7x
9— 180 —Wmd
0 =~ 1.1rad

The radian measures of many special angles follow directly from the radian-
degree relationships. Some of these are summarized in Table 3-1.

Table 3-1 Degree/Radian Equivalencies

degrees 0° 30° 45° 60° 90° 120° 135° 150° 180°

T & & & 2T 3T 5%
6 4 3 2 3 4 6

radians 0 T

The areas of sectors of a circle are directly proportional to the measures of
their central angles and directly proportional to the arcs subtended by the
central angles (Figure 3-2).

area of a sectorof a circle _ sizeof central angle of sector

area of the circle " sizeof central angle of circle
A _ 6
k2.
e (77*)(6)
27
4= r’0
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Figure 3-2 Sector area.

Example 4: Find 7 given that A = 141 and 0 = 7/2.

A4 _6
nrt 2
Y/
147 _ 2
nrt 27
- 04m)m)
7
=56
r=/56
r=2\/"’a
Example 5: Find 0 if A = 6 and 7 = 4.
A _ 6
nr’ 27
6 __ 6
7[(4)2 27T
o (6)21)
3 167
OZZ

Example 6: What is the angle measure, in radians, of the acute angle
formed by the minute and hour hands of a clock at 7:15?

The hour hand moves %12 of a complete revolution each hour. Therefore,
every 15 minutes (one quarter of an hour), the hour hand moves Vis of a
complete revolution. Therefore, at 7:15, the hour and minute hands are

s of a revolution apart.
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4,1 _16 1
1274848 " 48

% of one complete revolution is
% X 27T = 1272 radians= 127.5°

Example 7: Find the area of the shaded portion of the sector of the circle
shown in Figure 3-3.

Figure 3-3 Drawing for Example 7.

First, use the Pythagorean theorem to find the value of .
32 + le — }”2
3’ +a4’=6"
i=6—3°
a’=27
2=3/3

The area of the triangular (unshaded) portion of the sector can be calcu-
lated using the area formula of a triangle.

(6/3)(3)

area of unshaded portion = 5= = ~——=——=9 /3 sq units
3_

sinQ = G- 0.5

o=3Sin"'0.5
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o =30°
T
o= radians
It follows that

6=120°

0= 277[ radians

total area of sector _ measure of central angle of sector

area of circle — measure of central angle of circle
2
total area of secror _\ 3
7(6)* T n

_(27@ 1
total area of sector= <?> (ﬁ) (367)

total area of sector= 1277
Therefore,
area of shaded portion
= area of total sector — area of unshaded portion
area of shaded portion =127 -9,/3=3 (47[ -3/ g)
area of shaded portion =~ 22.11

Circular Functions

The graph of the equation x° + y*= 1 is a circle in the rectangular coordi-
nate system. This graph is called the unit circle and has its center at the
origin and has a radius of 1 unit. Trigonometric functions are defined so
that their domains are sets of angles and their ranges are sets of real num-
bers. Circular functions are defined such that their domains are sets of
numbers that correspond to the measures (in radian units) of the angles of
analogous trigonometric functions. The ranges of these circular functions,
like their analogous trigopnometric functions, are sets of real numbers. These
functions are called circular functions because radian measures of angles
are determined by the lengths of arcs of circles. In particular, trigonomet-
ric functions defined using the unit circle lead directly to these circular
functions.
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Begin with the unit circle x* + y° = 1 shown in Figure 3-4. Point A (1,0) is
located at the intersection of the unit circle and the x-axis. Let ¢ be any
real number. Start at point A and measure |g| units along the unit circle in
a counterclockwise direction if ¢ > 0 and in a clockwise direction if ¢ < 0,
ending up at point P(x,y). Define the sine and cosine of g as the coordi-
nates of point . The other circular functions (the tangent, cotangent,
secant, and cosecant) can be defined in terms of the sine and cosine.

sing =y
cosqg=x

tang = %; cosqg# 0

cotg = co ,smq#O

mq
secq = w; cosq #0

cscqg =

——;sing #0

smq

Figure 3-4 Unit circle reference.

Px,y)

A(1,0)

Sin ¢ and cos g exist for each real number ¢ because (cos ¢, sin g) are the
coordinates of point P located on the unit circle, that corresponds to an
arc length of |g |. Because this arc length can be positive (counterclock-
wise) or negative (clockwise), the domain of each of these circular func-
tions is the set of real numbers. The 7ange is more restricted. The cosine
and sine are the abscissa and ordinate of a point that moves around the
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unit circle, and they vary between — 1 and 1. Therefore, the range of each

of these functions is a set of real

Figure 3-5).

numbers z such that =1 < z<1 (see

Figure 3-5 Range of values of trig functions.

y

(’1)0)

(0,1)
P(cos g, sin q)
q
(1,0)
(0"1)

Example 8: What value(s) x in the domain of the sine function between
—21 and 27 have a range value of 1 (Figure 3-6)?

Figure 3-6 Drawing for Example 8.

y

(1,0
X
-3m/ ZKJ

The range value of sin x is 1 when

point P (/8 /3, - 1/3) has coordinates

of (0, 1). This occurs when x = /2 and x = —37/2.
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Example 9: What value(s) x in the domain of the cosine function between
—27 and 27 have a range value of — 1 (Figure 3-7)?

Figure 3-7 Drawing for Example 9.

y

P(cos ¢, sin ¢q)
(“150)

The range value of cos x is —1 when point P(cosx, sinx) has coordinates of
(=1, 0). This occurs when x = T and x = —T.

Example 10: The point P(,/8/3,~1/3) is on the unit circle. The length of
the arc from point A(1,0) to point P is 4 units. What are the values of the
six circular functions of ¢?

The values of the sine and cosine follow from the definitions and are the
coordinates of point 2 The other four functions are derived using the sine
and cosine.

sinq=—%
/8
COSq—T
1 -
ang=S04 731 __J2
cosgq FS /g 4
V8
3
/8
cotg = 059 :i__\ 8= 2\/5
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S

1 _1_3 3
Secq_cosq_\/g_\/g_ 4
3
-1 _ 1 __
Cscq_sinq__l_ 3

3

The sign of each of the six circular functions (see Table 3-2) is dependent
upon the length of the arc 4. Note that the four intervals for ¢ correspond
directly to the four quadrants for trigonometric functions.

Table 3-2 Signs of Trig Functions in Various Quadrants

Function 0<q<% %<q<7l ﬂ<q<37ﬂ 3Tﬂ<q<2
sin g, csc g + - -
Cos g, Sec q + - - +
tan g, cot q + - + -

Periodic and Symmetric Trigonometric
Functions

The unit circle has a circumference of C = 277 = 21(1) = 2x. Therefore,
if a point P travels around the unit circle for a distance of 2, it ends up
where it started. In other words, for any given value ¢, if 27 is added or
subtracted, the coordinates of point P remain unchanged (Figure 3-8).

Figure 3-8 Periodic coterminal angles.

y

P(x, y)

G
gy

BN




Chapter 3: Graphs of Trigonometric Functions ' 61

It follows that
sin (g + 2T) = sin g
sin (g — 2m) =sin g
cos (g + 2T) = cos ¢
cos (g — 2m) = cos ¢
If % is an integer,
sin (g — 2km) = sin ¢
cos (g +2 kT) =cos q

Functions that have this property are called periodic functions. A func-
tion fis periodic if there is a positive real number ¢ such that f(x+ g) = f(x)
for all x in the domain of £ The smallest possible value for g for which this
is true is called the period of /-

Example 11: If sin y = y=(3/5) /10, then what is the value of each of the
following: sin( y+ 87Z), sin( y— 67 ),sin(y+2107)?

All three have the same value of ( 3 ﬁ) /10 because the sine function is peri-
odic and has a period of 2.

The study of the periodic properties of circular functions leads to solutions
of many real-world problems. These problems include planetary motion,
sound waves, electric current generation, earthquake waves, and tide
movements.

Example 12: The graph in Figure 3-9 represents a function fthat has a
period of 4. What would the graph look like for the interval =10 <x < 10?

Figure 3-9 Drawing for Example 12.

This graph covers an interval of 4 units. Because the period is given as 4,
this graph represents one complete cycle of the function. Therefore, sim-
ply replicate the graph segment to the left and to the right (Figure 3-10).
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Figure 3-10 Drawing for Example 12.

The appearance of the graph of a function and the properties of that func-
tion are very closely related. It can be seen from Figure 3-11 that

cos (—g) = cosq
sin (—g) = —sing

Figure 3-11 Even and odd trig functions.

y y
() (%) g
9
A(1,0) A(1,0)
4
K
() )
(@ (b)

The cosine is known as an even function, and the sine is known as an odd
function. Generally speaking,

g is an even function if g(—x) = g(x)
g is an odd function if g(—x) = —g(x)

for every value of x in the domain of g. Some functions are odd, some are
even, and some are neither odd nor even.

If a function is even, then the graph of the function will be symmetric with
the y-axis. Alternatively, for every point (x, y) on the graph, the point
(=, —y) will also be on the graph.
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If a function is odd, then the graph of the function will be symmetric with

the origin. Alternatively, for every point (x, y) on the graph, the point
(—x, —y) will also be on the graph.

Example 13: Graph several functions and give their periods (Figure 3-12).

Figure 3-12 Drawings for Example 13.

-5-4-3-2-1 12345

Period = 27
(a) (b)

Period = 1

5-4-3-2-1 12345
Period =1

Period = 4
(0) (d)

Example 14: Graph several odd functions and give their periods (Fig-
ure 3-13).

Figure 3-13 Drawings for Example 14.

Ilmlllm

I I I I I 1
2T T T 2%

Period = 21 Period = 4
(a)

AL
X A

Period = 6 Period = 2
© (d)
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Example 15: Is the function f(x) = 2x’ + x even, odd, or neither?
fl=x)=2(=x)"+(-x)
=—2x"—x
== (2x3+x)

==f(x)

Because f(—x) = —f(x), the function is odd.
Example 16: Is the function f{(x) = sinx — cos x even, odd, or neither?
f(=x)=sin(=x)— cos(—x)
=—sinx — cosx

=— (sinx) + cosx

Because - (sinx + cosx) #— (sinx — cosx)

and — (sinx + cosx ) # sinx — cosx

the function is neither even nor odd. Note: The sum of an odd function and
an even function is neither even nor od(d.

Example 17: Is the function f{x) = x sin x cos x even, odd, or neither?
f(=x)=(=x)sin(=x)cos(—x)
= (—x)(—sinx) cosx
= xsinxcosx
=f(x)

Because f(—x) = f(x), the function is even.

Graphs of the Sine and Cosine

To see how the sine and cosine functions are graphed, use a calculator, a
computer, or a set of trigonometry tables to determine the values of the
sine and cosine functions for a number of different degree (or radian) mea-

sures (see Table 3-3).
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Table 3-3 Values of the Sine and Cosine at Various Angles
degrees 0° 30° 45° 60° 90° 120°

i Y/ Y/ n Y/ P4
radians 0 3 4 3 5 3
sin x 0 0.500 0.707 0.866 1 0.866
CoS X 1 0.866 0.707 0.500 0 —-0.500
degrees 135° 150° 180° 210° 225° 240°

i 37 bY/4 r bY/4 /2
radians 4 3 /A 5 4 3
sin x 0707  0.500 0 0500 -0.707 —0.866
cos x -0.707 -0.866 -1  —0.866 -0.707 —0.500
degrees 270° 300° 315° 330° 360°

i 3 pY/4 n 18Y/3
radians > 3 % 3 27
sin x -1 —0.866 -0.707 -0.500 0
Cos x 0 0.500 0.707 0.866 1

Next, plot these values and obtain the basic graphs of the sine and cosine
function (Figure 3-14).

Figure 3-14 One period of the a) sine function and b) cosine function.

-21

-21

y

-t 14

1+

- 1-—qi 21 3m <
E

y=sinx

The sine function and the cosine function have periods of 27; therefore,
the patterns illustrated in Figure 3-14 are repeated to the left and right
continuously (Figure 3-15).
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Figure 3-15 Multiple periods of the a) sine function and b) cosine
function.

Several additional terms and factors can be added to the sine and cosine
functions, which modify their shapes.

The additional term A in the function y = A + sin x allows for a vertical
shift in the graph of the sine functions. This also holds for the cosine func-
tion (Figure 3-10).

Figure 3-16 Examples of several vertical shifts of the sine function.

y=3+sinx
y=2+sinx
y=1+sinx
y=sinx

™~ N i .
w N N X y=-l+sinx
x 2x

The additional factor B in the function y = B sin x allows for amplitude
variation of the sine function. The amplitude, |B |, is the maximum devi-
ation from the x-axis—that is, one half the difference between the maxi-
mum and minimum values of the graph. This also holds for the cosine
function (Figure 3-17).

Figure 3-17 Examples of several amplitudes of the sine function.

y=3sinx
y=2sinx
y=sinx

X y=1/2sinx
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Combining these figures yields the functions y = A + B sin x and also

= A + B cos x. These two functions have minimum and maximum
values as defined by the following formulas. The maximum value of the
function is M= A+ | B|. This maximum value occurs whenever sin x = 1 or
cos x = 1. The minimum value of the function is m = A —|B|. This mini-
mum occurs whenever sin x = —1 or cosx = —1.

Example 18: Graph the function y = 1 + 2 sin x. What are the maximum
and minimum values of the function?

The maximum value is 1 + 2 = 3. The minimum value is 1 =2 = —1 (Fig-
ure 3-18).

Figure 3-18 Drawing for Example 18.

y=14+2sinx

[SSRTEN

T
27

'
4
\
—
_|_|_
a3+

Example 19: Graph the function y = 4 + 3 sin x. What are the maximum
and minimum values of the function?

The maximum value is 4 + 3 = 7. The minimum value is 4 — 3 = 1 (Fig-

ure 3-19).

Figure 3-19 Drawing for Example 19.
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The additional factor C in the function y = sin Cx allows for period
variation (length of cycle) of the sine function. (This also holds for the
cosine function.) The period of the function y = sin Cx is 272/ |C|. Thus,
the function y = sin 5x has a period of 27/5. Figure 3-20 illustrates addi-
tional examples.

Figure 3-20 Examples of several frequencies of the a) sine function and
b) cosine function.

y y=sinx y=sin2x y=sin3x

Y| y=cosx y=cos2x J =cos 3x

The additional term D in the function y = sin (x + D) allows for a phase
shift (moving the graph to the left or right) in the graph of the sine func-
tions. (This also holds for the cosine function.) The phase shift is | D |.
This is a positive number. It does not matter whether the shift is to the left
(if D is positive) or to the right (if D is negative). The sine function is odd,
and the cosine function is even. The cosine function looks exactly like the
sine function, except that it is shifted 7/2 units to the left (Figure 3-21).
In other words,

P /4 o /4
SInx = cos| x = 5 | or cosx = sin x+7

Figure 3-21 Examples of several phase shifts of the sine function.
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Example 20: What is the amplitude, period, phase shift, maximum, and
minimum values of

1. y=3+2sin(3x—2)
2 =—2+lsin lx+2
=) 2 3

3. y=4 cos2mx

Table 3-4 Attributes of the General Sine Function

Function Ampli- Phase Max- Min-
tude Period  Shift imum imum
. 27T .
y=3+2sin(3x—2) 2 35 Z(rlght) 5 1
_ 1 . /(1 1 . 3 5
y——2+7sm<§x+2> > 67 Z(I‘Ight) -5 )
Y= 4cos27x 4 1 0 4 —4

Example 21: Sketch the graph of y = cosmx.
Because cos x has a period of 27, cos Ttx has a period of 2 (Figure 3-22).
Figure 3-22 Drawing for Example 21.

AT
ARVARUVERN

Example 22: Sketch the graph of y = 3 cos (2x + 1/2).

Because cos x has a period of 27, cos 2x has a period of 7 (Figure 3-23).
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Figure 3-23 Drawing for Example 22.

y
=3 cos 2x + m/2)

NEANYAY
[NV VAN

The graph of the function y = —f(x) is found by reflecting the graph of the
function y = f(x) about the x-axis. Thus, Figure 3-23 can also represent the
graph of y = =3 sin 2x. Specifically,

—sin x = sin (x + T)
—cos x = cos (x + T)
—sin x = cos (x + T/2)
—cos x = sin (x — T/2)

It is important to understand the relationships between the sine and cosine
functions and how phase shifts can alter their graphs.

Graphs of Other Trigonometric Functions

The tangent is an odd function because

N sin(—x) _ —sinx _
tan(—x) = cos(—x)  cosx " tanx
The tangent has a period of 7 because
_ Sln(x"'ﬂ) _ —Sinx _
tan(x+77) = cos(x ¥ ) _ —cosx = tanx

The tangent is undefined whenever cos x = 0. This occurs when x = g7/2,
where g is an odd integer. At these points, the value of the tangent
approaches infinity and is undefined. When graphing the tangent, a dashed
line is used to show where the value of the tangent is undefined. These
lines are called asymptotes. The values of the tangent for various angle
sizes are shown in Table 3-5.
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Table 3-5 Values of the Tangent Function at Various Angles
degrees 0° 30° 45° 60°  75° 80° 85° 87° 90°

, n n w5 4m UUm 297 T
radians 0 Z T 3 13 9 35 60 2
tan x 0 0577 1 1.73 3.73 567 11.43 19.08 *
* undefined

The graph of the tangent function over the interval from 0 to 7/2 is as
shown in Figure 3-24.

Figure 3-24 A portion of the tangent function.

Jy=tanx

'n/z

The tangent is an odd function and is symmetric about the origin. The
graph of the tangent over several periods is shown in Figure 3-25. Note
that the asymptotes are shown as dashed lines, and the value of the tan-
gent is undefined at these points.

Figure 3-25 Several periods of the tangent function.

y:tanx

y
4
34—

2
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The cotangent is the reciprocal of the tangent, and its graph is shown in
Figure 3-26. Note the difference between the graph of the tangent and the
cotangent in the interval from 0 to /2.

Figure 3-26 A portion of the cotangent function.

y=cotx

As shown in Figure 3-27, in the graph of the cotangent, the asymptotes
are located at multiples of 7.

Figure 3-27 Several periods of the cotangent function.

y=cotx

-T 27

Because the graphs of both the tangent and cotangent extend without
bound both above and below the x-axis, the amplitude for the tangent and
cotangent is not defined.

The general forms of the tangent and cotangent functions are
y=A+Btan (Cx + D)and y = A + B cot (Cx + D)
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The variables C and D determine the period and phase shift of the func-
tion as they did in the sine and cosine functions. The period is 77/C and
the phase shift is| D/C|. The shift is to the right if |D/C | < 0, and to the
left if | D/C| > 0. The variable B does not represent an amplitude because
the tangent and cotangent are unbounded, but it does represent how much
the graph is “stretched” in a vertical direction. The variable A represents
the vertical shift.

Example 23: Determine the period, phase shift, and the location of the
asymptotes for the function

y:tan<%x+ %)

and graph at least two complete periods of the function.

The asymptotes can be found by solving Cx+ D= 71/2 and Cx+ D =~ 7/2
for x.

T L, A_T
ERM I
T _T
3%773
x=1
T T__ T
3T 6772
T __2n
37773
x==2
The period of the function is
E:—ﬂ =
C E) 3
3
The phase shift of the function is
%)
D_\6)_1
C <£ 2
)

Because the phase shift is positive, it is to the left (Figure 3-28).
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Figure 3-28 Phase shift of the tangent function.
y = tan(mx/3 + T/6)
y

The amplitude is not defined for the secant or cosecant. The secant and
cosecant are graphed as the reciprocals of the cosine and sine, respectively,
and have the same period (2m). Therefore, the phase shift and period of
these functions is found by solving the equations Cx + D = 0 and Cx + D
= 27 for x.

Example 24: Determine the period, phase shift, and the location of the
asymptotes for the function

| —

y= 2XT7

csc ( 74 x+ E)
and graph at least two periods of the function.

The asymptotes can be found by solving Cx + D =0, Cx+ D = w, and Cx
+ D =27 for x.

%x+%=0
. __ 7
2%=772
2x=—2

x=—1
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Zx+Z-z
n_ _T
2%772
x_1
272

x=1

%x+%=2ﬂ'
.3
2 2
x_3
2 2
x=3

The period of the function is
2T _ 2m
C (n =4
2

Because the phase shift is positive, it is to the left.

The graph of the reciprocal function
y= 2sin<%x+ %)

is shown in Figure 3-29. Graphing the sine (or cosine) can make it easier
to graph the cosecant (or secant).
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Figure 3-29 Several periods of the cosecant function and the sine
function.

y=1/2 csc(mx/2 + 1/2)

3|

>

Graphs of Special Trigonometric Functions

A pure tone, such as one produced by a tuning fork, is a wave form that
looks like a sine curve. Sounds in general are more than just simple sine
waves. They are combinations of sine waves and other functions. A vibrat-
ing string on a violin or fiddle is made up of a combination of several sine
waves. The resulting wave form can be found by adding the ordinates of
the respective sine waves. This can easily be seen if all the component wave
forms are graphed on the same set of axes. Figures 3-30, 3-31, and 3-32
show the resulting wave form when two component wave forms are added
together.

Example 25: Graph the functions y = x and y = 4 sin x on the same coor-
dinates and graph their sum.
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Figure 3-30 Drawing for Example 25.

y
12—
10—+ y=x
T\
6__
4__
2 I)/:4sinx,c+x
X
44— \
N y=4sinx

Example 26: Graph the functions y = x/2 and y = 4 sin x on the same coor-
dinates and graph their sum.

Figure 3-31 Drawing for Example 26.

M
12—
10—+ y=4sinx+x/2
8_—
6 y=x2
4__
X 27y | <
2 Uﬂ
4 \
e y=4sinx

Example 27: Graph the functions y = 10 sin x and y = 4 sin 3x on the same
coordinates and graph their sum.
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Figure 3-32 Drawing for Example 27.

0 y=10sin x
12—
10—
8__
6__
4_
2— 2n

y=10sin x + 4 sin 3x

iy
4
61—
8+ y=4sin3x
_10—
12

Chapter Checkout

Q&A

1

8.

. What is the radian measure of 83°?
. What is the degree measure of 3.9 radians?

. In radian measure, what is the size of the angle equal to one complete

revolution around the unit circle?

. What is the period of the sine function in degrees?

. True or False: The sine and the tangent are negative in the fourth

quadrant.

. True or False: The sine and the tangent functions are odd functions.

True or False: The graph of the sine function and the graph of the
cosine function are the same except for a shift to the left or right.

What is the period of the tangent function in radians?

Answers: 1. 1.45 radians 2. 223.45° 3. 2®w 4. 360° 5. F 6. T 7. T
8. T radians.



Chapter 4
TRIGONOMETRIC IDENTITIES

Chapter Checkin

QO  Defining several fundamental trigonometric identities

Q0  Using sum and difference formulas to extend the fundamental
identities

0  Using double and half angle identities

O

Understanding the tangent identities

QO  Using the product-to-sum and sum-to-product identities

Some equations are only true for one value of the unknown. Some equa-
tions are true for all values of the unknown. This second type of equa-
tion is called an identity because it is true for all values of the unknown
variables. The knowledge of these identities is useful in solving more com-
plex equations. As you explore new properties of trigonometric functions,
new identities are established and then those can be used to establish still
more identities, and so on.

Fundamental Identities

If an equation contains one or more variables and is valid for all replace-
ment values of the variables for which both sides of the equation are
defined, then the equation is known as an identity. The equation x* + 2x
= x(x + 2), for example, is an identity because it is valid for all replacement
values of x.

If an equation is valid only for certain replacement values of the variable,
then it is called a conditional equation. The equation 3x + 4 = 25, for
example, is a conditional equation because it is not valid for all replace-
ment values of x. An equation that is said to be an identity without
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stating any restrictions is, in reality, an identity only for those replacement
values for which both sides of the identity are defined. For example, the
identity

sinQ
cos¢

=tan

is valid only for those values of o for which both sides of the equation are
defined.

The fundamental (basic) trigonometric identities can be divided into sev-
eral groups. First are the reciprocal identities. These include

__1 _
cotX = ando secq =

‘cosQ ~ sinO(
Next are the quotient identities. These include

sinQ o= cosQ
cos@ Ot¢ = Gho

Then there are the cofunction identities. These include

tand =

sin o = cos (90° — o) cot 0. = tan (90° — o)
cos o = sin (90° — o) sec O = csc (90° — o)
tan O = cot (90° — o) csc o = sec (90° — o)

Next there are the identities for negatives. These include

sin (— Q) = —sin 0!

cos (— Q) = cos O

tan (— O) = —tan O
Finally there are the Pythagorean identities. These include

sin® ot + cos’ 0L = 1

tan’ o + 1 =sec’ O

cot’ 0+ 1 =csc” o
The second identity is obtained by dividing the first by cos® o, and the
third identity is obtained by dividing the first by sin® .. The process of
showing the validity of one identity based on previously known facts is
called proving the identity. The validity of the foregoing identities fol-

lows directly from the definitions of the basic trigopnometric functions and
can be used to verify other identities.

No standard method for solving identities exists, but there are some gen-
eral rules or strategies that can be followed to help guide the process:

1. Try to simplify the more complicated side of the identity undil it is
identical to the second side of the identity.
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2. Try to transform both sides of an identity into an identical third
expression.

3. Try to express both sides of the identity in terms of only sines and
cosines; then try to make both sides identical.
4. Try to apply the Pythagorean identities as much as possible.

5. Try to use factoring and combining of terms, multiplying one side
of the identity by an expression that is equal to 1, squaring both
sides of the identity, and other algebraic techniques to manipulate
equations.

Example 1: Use the basic trigonometric identities to determine the other
five values of the trigonometric functions given that

sinO(Z% and cos O <0

.2 2, :
sin“Q+cos =1 tana:%
2
(%) +cos’or=1 (%
tanl = ———~
21 (7 2 /1—5
cos =1 (8) _‘8]
2149
cosa=1-%4 fan@ =— ——
/15
cosZO(:—
64 g 215
cosQ = T_S ¢ 15
Vv 64
__J15
cosOC——T
a 1 o =— 1 a=— 1
cot ano secl == oo e ==
_ 1 1 1
cot =— — secO{ =— csc =— =
[7{515] ~ /E] 2
8
csc = =
cot =— L sectl =— L ’
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Example 2: Verify the identity cos o + sin ¢ tan 0. = sec OL.

cos + sinQ tanQ = sec identity to be verified
(cosar) + ( ggzg ) + (sina) ( iﬁg ) = secOt quotient identity
cos” @ +sin’ &
= =seca  algebraic manipulation
osq = sec@  Pythagorean identity
secat =seca  reciprocal identity

Example 3: Verify the identity

tan® _ sec+1
secal — 1 tan(
tan® _ sec + 1
sec — 1 tanQ

identity to be verified

(tanot)(seca+1)  (seca+1)
(seca—1)(secor+1) tand

algebraic manipulation

(tana)(secot+1)  secor+ 1

factoring rule

sec’a—1 tanQ
(tanar) (seca + 1) gecar + 1 ) )
P =S Pythagorean identity
sec+1 _ seca+1 . . .
AN = and algebraic manipulation
Example 4: Verify the identity
sin“a +2cosa—1 _ 1

sin0 +3cosa —3 1 —secd

sin2a+2cosO{—1: 1
sin o +3cosax—3 1—sec

identity to be verified

(l—cosza>+2cosa—l_ 1

<1 —cosza)+3cosOC—3 1= secar

Pythagorean identity

—(cosza—2c05a> 1

—(COSZO{— 3COSO(+2) T T=secar

combining term

(cosat)(cost—2)
(cosa —1)(cosa—2) 1 —secx

factoring
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cocscéjci 1°1- :ecO{ algebraic manipulation
( cos )
costX ' . .
cosa—1\ 1- iecoc algebralc mampulanon
(W)
B lgebraic manipulati
1 ~1-sec algebraic manipulation
1 - s
1 1

[ secq = T —secar reciprocal identity

Addition Identities

The fundamental (basic) identities discussed in the previous section
involved only one variable. The following identities, involving two vari-
ables, are called trigonometric addition identities.

sin(O( + ﬁ) =sinQ cos B + cos sin B

sin(O( - ﬁ) =sinQ cosB — cos sin B

cos(O( +ﬁ) = cosq cos 3 — sin sin B

cos(O( - ﬁ) = cosC cos 3 + sin sin B
These four identities are sometimes called the sum identity for sine, the
difference identity for sine, the sum identity for cosine, and the dif-
ference identity for cosine, respectively. The verification of these four
identities follows from the basic identities and the distance formula

between points in the rectangular coordinate system. Explanations for each
step of the proof will be given only for the first few examples that follow.

Example 5: Change sin 80° cos 130° + cos 80° sin 130° into a trigono-
metric function in one variable (Figure 4-1).

sin80° cos130° + cos80°sin130°
=sin (80 °+ 1300) sum identity for sine
=sin(210°)
=—sin (210O - 1800) sine is negativein third quadrant
—sin30°

N[ —
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Figure 4-1 Drawing for Example 5.

210°

30° X

Additional identities can be derived from the sum and difference identi-
ties for cosine and sine.

Example 6: Verify that cos(180° - x) =— cosx
cos(180 —x)=cos180° cosx+ sin180° sinx
cos(180 —x 1) cosx+ (0) sinx

cos(lSO —x)=—cosx

Example 7: Verify that cos(180° + x) =— cosx

cos<180 +x )cosx — (0) sinx
cos(180 +x
Example 8: Verify that cos(360° - x) = cosx

(

)

)=(-

g

cos(180° +x>=coslSO cosx — sin180° sinx
J=(-

)=

(

cos(360° = x ) = c0s360° cosx + sin360° sinx
cos(360°~x) = (1) cosx+ (0) sinx
cos(360° - x ) = cosx

The preceding three examples verify three formulas known as the reduc-
tion formulas for cosine. These reduction formulas are useful in rewrit-
ing cosines of angles that are larger than 90° as functions of acute angles.
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Example 9: Verify that sin(1800 - x) = sinx
sm(lSO - x) =5in180° cosx — cos 180° sinx
sin (180 - x) ) cosx — (—1) sinx
sin (180 —x | =sinx

Example 10: Verify that sin (180 + x) =—sinx
sin(180O + x) =5in180° cosx + cos180° sinx

sin<180°+x =(0)cosx+ (—1)sinx

)
)

Example 11: Verify that sin <360° - x) =—sinx

sin<180°+x =—sinx
sin (3600 - x) =5in360° cosx — cos360° sinx
sin<360O - x) =(0)cosx— (1) sinx

sin(360O - x) =—sinx

85

The preceding three examples verify three formulas known as the reduc-
tion formulas for sine. These reduction formulas are useful in rewriting

sines of angles that are larger than 90° as functions of acute angles.

To recap, the following are the reduction formulas (identities) for sine and

cosine. They are valid for both degree and radian measure.

cos<180°—x)=—cosx cos (7T — x) =— cosx
cos<180 +x)=—cosx cos (7T + x) =— cosx
cos<360O x) cosx cos (277 — x) = cosx
sm<180O x)=smx sin (77 — x) = sinx

sm<180°+x)=—smx sin (77 + x) == sinx
sm(360°—x) —sinx sin (277 — x) =— sinx
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Example 12: Verify that sin 2x = 2 sin x cos x.
sin2x = sin (x + x)
sin2x = sinxcosx + cosx sinx

sin2x = 2 sinx cosx

Example 13: Write cosfBcos(o.— B) —sinfsin (0o~ B) as a function of
one variable.

cosﬂcos(oc —ﬁ) - sinﬂsin((x —ﬂ)
= C05[,3+ (Ot—ﬂ)]
= cos
Example 14: Write cos 303° in the form sinf3, where 0 < 8 < 90°.
cos303°= cos<360°— 3030>
=cos57°
=sin(90° - 57°)
=sin33°
Example 15: Write sin 234° in the form cos 0 < < 90°.
sin234° =~ sin (360° - 234°)

=—sin126°

= sin<180°— 126“)
=—sin54°

=— cos<900— 54°>
=—c0s36°

Example 16: Find sin (o + B) if sin(ax + B)if sinot =— %,cosﬁ = %, and
o and B are fourth quadrant angles.

First find cos o and sin . The sine is negative and the cosine is positive
in the fourth quadrant.
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sin” @+ cos’ 0t = 1 sin” B+cos” B=1
2

(%) +cos’o=1 sin ﬁ+<15> 1

cos’ =1 —% sin” 8= %gg

cos O(—% sin’ 226—849

cosOCZ% sinﬁZ—%

sﬂ + cosO(smﬁ

I%Q
\_/0
/\
\_/
A
\_/
/\

)
85)

N

/I\ A
B v
~—
+
,/\
Ik

SR

Double-Angle and Half-Angle Identities

Special cases of the sum and difference formulas for sine and cosine yields
what are known as the double-angle identities and the half-angle iden-
tities. First, using the sum identity for the sine,

sin 20t = sin (00 + O)

sin 20} = sin O cos O + cos O, sin O

sin 200 = 2 sin O cos O

Similarly for the cosine,
cos20 = cos(Q + 1)
cos20 = cos cosO — sinC sinQ,
cos20( = cos” O — sin” &

Using the Pythagorean identity, sin’ ¢ + cos’ & = 1, two additional cosine
identities can be derived.

cos20 = cos” O — sin” &

cos20 = (— 1sin® O() —sin*

cos20t=1-2sin’ &

and
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cos20 = cos” O — sin”’ O
cos20( = cos” O — <1 - COSza)

cos20 =2 cos O — 1

The half-angle identities for the sine and cosine are derived from two of
the cosine identities described earlier.

cos20{ =2 cos 0 — 1
cos2(§) = 2COSZ(§) -1

cosfB = 2cosz(ﬁ) -1

2
2c052(§> =1+ cosf3

cos20t=1-2sin" &

ol )13

Cosﬁ:;—Zsinz<§>
2sin2(7>:1_cosﬁ
cosz<ﬁ)—ﬂ sinz(ﬁ):ﬂ

27 2 2 2

2 2]~ 2

The sign of the two preceding functions depends on the quadrant in which
the resulting angle is located.

Example 17: Find the exact value for sin 105° using the half-angle
identity.

In the following verification, remember that 105° is in the second quad-
rant, and sine functions in the second quadrant are positive. Also, 210° is
in the third quadrant, and cosine functions in the third quadrant are neg-
ative. From Figure 4-2, the reference triangle of 210° in the third quad-
rant is a 30°-60°-90° triangle. Therefore, cos 210° = — cos 30°.
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Figure 4-2 Drawing for Example 17.

y
105°
210°
V3 X
1 30°
) 2
Using the half-angle identity for sine,
. o_ . 210°
sin105" = sin 5
sin105°= \;’f 1- 005210 cozs210
,r"“l - (—cosSOo)
sin105°= V” —
)
sinlOSOZV — 3
. 243
sin105 = 4
sinlosc‘:—‘"z;/3

Example 18: Find the exact value for cos 165° using the half-angle
identity.

In the following verification, remember that 165° is in the second quad-
rant, and cosine functions in the second quadrant are negative. Also, 330°
is in the fourth quadrant, and cosine functions in the fourth quadrant are
positive. From Figure 4-3, the reference triangle of 330° in the fourth quad-
rant is a 30°-60°-90° triangle. Therefore, cos 330° = cos 30°.
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Figure 4-3 Drawing for Example 18.

y
165°
V3] x
30° 7
2
330°

Using the half-angle identity for the cosine,
330°

cos165° = cos )

/1 + cos330°

COSIGSO:Vr p)
. 1+(cos300)
c05165u=v — s
(/3]
c03165u=—v — s
c05165°=—\/‘2-|-4‘/3
coslGSoz—#

Example 19: Use the double-angle identity to find the exact value for

cos 2x given that sinx = sinx = /5 /5.

Because sin x is positive, angle x must be in the first or second quadrant.
The sign of cos 2x will depend on the size of angle x. If 0° < x < 45° or
135° < x < 180°, then 2x will be in the first or fourth quadrant and cos
2x will be positive. On the other hand, if 45° <x < 90° or 90° <x < 135°,
then 2x will be in the second or third quadrant and cos 2x will be
negative.
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cos2x == (l - 25in2x)

_ 5
I 2_5)]
(2
‘i<1 5)
.3

_is

Example 20: Verify the identity 1 — cos 2x = tanx sin 2x.
1 — cos2x = tanxsin2x

1 —cos2x= < (5210115356 ) (2sinxcosx)

1 —cos2x=2sin’ x
1—(1 —25in2x>=2sin2x

. 2 .2
2sin” x=2sin" x

Tangent Ildentities

Formulas for the tangent function can be derived from similar formulas
involving the sine and cosine. The sum identity for tangent is derived as
follows:

sin(a+ﬁ)
cos(O( +ﬁ)

_sin@ + cos B + cosasin B
~ cos® cosf3 — sin@sin B

tan(a+ﬂ) =

tan(O{+ﬂ)

sintcosfB . cossinf3
cosQ cosﬁ cosQ cosﬁ
cosCcosf3  sinQsinf3
cosQ cosﬁ cosQ cosﬁ

tan(O(+ﬁ) =

_ tan@ +tanf
- l-tandwanf

tan(O(+ﬂ)
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To determine the difference identity for tangent, use the fact that

tan (— ) = — tanf.
tan(&—ﬁ)=tan[a+<—ﬂ)]
tan(ot—ﬁ)— tana+tan(—ﬁ)

1- tanatan(—ﬂ)

_ tan0 — tanﬂ
tan(a—ﬁ) ~ l+tandanf

Example 21: Find the exact value of tan 75°.
Because 75° = 45°+ 30"
tan75°= tan<450 + 30°>

o_ tan45°+tan30°
@n75"= 1 — tan45°tan30°
1
1+-L
tan75° = ‘/3
1
ol
=)
/3
tan75°= i
\,/ 3 - 1 /—
—1(/3
[ \’/3 ]<\ )
tan75° = 3+l
J3-1
/31 /341
tan75°=| +—=——||?
342341

tan750_ 3-1

tan75°=2+ \/g
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Example 22: Verify that tan (180° — x) = —tan x.

tan(lSOo—x):M

1+ tan180° tanx
o_,)=_O—-tanx
tan<180 x)_ 1+(0)tanx

tan(lSOo—x) =—tanx
Example 23: Verify that tan (180° + x) = tanx.

tan(180°+x) _ _tan180°+ tanx
1 —tan180° tanx

° 0+ tanx
+x|=—anx
tan(180 x) 1-(0) tanx

tan(180°+ x) = tanx
Example 24: Verify that tan (360° — x) = — tan .
tan(360°— x) _ _tan360 + tanx_

1 + tan360° tanx

o_\Y__0—rtanx
tan(360 x)_1+(0)tanx

tan(360°—x) =—tanx

The preceding three examples verify three formulas known as the reduc-
tion identities for tangent. These reduction formulas are useful in rewrit-
ing tangents of angles that are larger than 90° as functions of acute angles.

The double-angle identity for tangent is obtained by using the sum iden-
tity for tangent.

tan (20¢) = tan (0 + )

tan + tan((
tan(ZOt) 1 —tan tanQ
2tanQ
tan(200) = ————
( ) l-tan’

The half-angle identity for tangent can be written in three different
forms.

ng -+ /1 — cos
2 1+ cosQ
tang sinQ
2 1+ cost
tan & o _1—cosx
2~ sinX
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In the first form, the sign is determined by the quadrant in which the angle
0./2 is located.

Example 25: Verify the identity

an® =+ /1 —cosC
2 TV 1+coso

Example 26: Verify the identity tan (01/2) = (1 — cos o)/sin O..

sing
_ 2
tanj g
cos 5
smg 2smg
tan 5 = 2 2
2 o2 | Py
cos 5 cos5
25in2%
@7 251ng = cosg
2 2
1 — cos
o 2( 2 )
tan—5 =
2 3
sin2 p)
can & = 1 — cos
2 sinQ

Example 27: Verify the identity tan (01/2) = sin 0/(1 + cos o).
Begin with the identity in Example 26.
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an & = 1 —cos

2 sinQ
an& = 1 —cos \(1+ coscx

2 sinQ 1+ cosCt
an & = 1 —cos’

2 (sinO()(l-f-cosO()
anZ = sin’ o

2 (sina)(1+cosxr)
anZ = sinQ

2 1+ cosx

Example 28: Use a half-angle identity for the tangent to find the exact
value for tan 15°.

What follows are two alternative solutions.

Solution A

o_ 30°
tan15" = tan 3

tan15°= M
sin30

(3]

tan15°=

Solution A

@an15°= [_2 i3 J <%>

tanl5°=2- /3

Solution B

o_ 30°
tan15" = tan )

sin30°
1+ cos30°
2)
R 2
tanl5"= ———=

/3
1+T

tan15°=

Solution B

DN —

tan1502<

> [ 2 +2‘/§ ]

1

2+ /3

1

2+ /3

tan15°=2-/3

tan15°=

tan15°=

2-/3
2-/3

Product-Sum and Sum-Product Ildentities

The process of converting sums into products or products into sums can
make a difference between an easy solution to a problem and no solution
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at all. Two sets of identities can be derived from the sum and difference
identities that help in this conversion. The following set of identities is
known as the product-sum identities.

sin® cos 3 = 2[51n O(+ )+sm(0(—ﬁ)
cosO sinf3 = 2[sm o+ ) sm(a_ﬂ)]
B)- s(a+ﬁ)]

cosQ cosf3 = z[cos(a +ﬁ) + COS(Of _ﬁ)]

These identities are valid for degree or radian measure whenever both sides

of the identity are defined.

sino smﬁ [cos(

Example 29: Verify that sin o cos 3 =

sin@ cosf3 = % [sin(O( +B) +sin (00 - ,B)]

Start by adding the sum and difference identities for the sine.
sin(a + B)=sina cosf + cosat sinf3
sin(a — B)=sina cosf3 — cosat sinf3

sin(a+ﬁ) +sin(a—ﬁ) =2sind cosf3

sin¢ cosf3 = [Sln<a+ﬁ)+5m(a ﬁ)]

The other three product-sum identities can be verified by adding or sub-
tracting other sum and difference identities.

Example 30: Write cos 3x cos 2x as a sum.
cos® cosf3 = [cos(a+ﬁ)+cos(a ,B)]
cos3x cos2x =5 [cos(3x+ 2x) + cos(3x — Zx)]

cos3x cos2x = % (cos5x + cosx)

cos3x cos2x = % + %

Alternate forms of the product-sum identities are the sum-product
identities.
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+ -
sin¢ + sin B = 2sin atp cos#

2
o+ a
sin@ —sinf3 = 2 cos B sin B
2 2
a+ o-—
cos0 + cosf3 = 2 cos 2[3 cos zﬁ
o+ . oa-p

cos — cosB =— 2sin

b} sin b}

These identities are valid for degree or radian measure whenever both sides
of the identity are defined.

. . . . + -
Example 31: Verify that sin x + sin y = 2 sin xzy cos xzy‘

sin@ cosf = %[sin(O( +ﬁ) + sin(O( —ﬂ)]
Solve for o by adding the following two equations and then dividing by 2.
Solve for B by subtracting the two equations and then dividing by 2.
Ifx=a+Bandy=0-

xty

Then o = —5 andﬁZ%

+ —
sin xzy cosxzy = %(sinx*— siny)

+ —
xz'yCOS¥

Example 32: Write the difference cos 80t — cos 2 o as a product.

o+ . oa-p

cosQ — cosB =— 2sin 5 sin 5

sinx + siny = 2sin

cos8Q — cos20 =— 2sin 5 sin 3¢
Example 33: Find the exact value of sin 75° + sin 15°.
xT-i—)/ cos > ;}/
sin75°+sin15°= 25in45° cos30°

sin75°+sin15°=z[ﬁ][é]

sinx + siny = 2 sin

(S8

sin75°+sin15°=

<

.
NS

sin75°+sin15°=

™
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Chapter Checkout

Q&A
1. Use the fundamental trig identities to find the remaining five trig
functions if cos o0 = 2/3 and tan o < 0.

2. Establish this identity: sec 0 — cos 0 = tan 0 sin 0.

3. True or False: The sum and difference formulas can be used to find
the exact value of the cosine of 75°.

4. True or False: When establishing an identity, you may only work on
one side of the identity at a time. /5

5. Establish this identity: cscO =

Answers: 1. sin0 =— % tan@ =— % coth=— 2‘5 5,

3

secO = %, cscO=— 3\5

2. secO — cosO = tanBOsinO
1 _cos’O_
cos@  cosO

1—cos’0 _
cos6

tanOsin6 =

3.T4.T
5 cosB + sinO

sin@
cosO | sin@ _
sin@ = sin®
cotf+1=

1+ cot@

=1+ cotf




Chapter 5
VECTORS

Chapter Checkin

Understanding vectors and their components
Applying the tip tail rule for combining vectors

Using vectors to solve problems

0O U 0 O

Defining vector operations involving addition and the dot product
rule

In the physical world, some quantities, such as mass, length, age, and
value, can be represented by only magnitude. Other quantities, such as
speed and force, also involve direction. You can use vectors to represent
those quantities that involve both magnitude and direction. One common
use of vectors involves finding the actual speed and direction of an aircraft
given its air speed and direction and the speed and direction of a tailwind.
Another common use of vectors involves finding the resulting force on an
object being acted upon by several separate forces.

Vector Operations

Any quantity that has both size and direction is called a vector quantity.
If A and Bare two points that are located in a plane, the directed line seg-
ment from point 4 to point B is denoted by AB. Point A is the initial
point, and point B is the terminal point.

A geometric vector is a quantity that can be represented by a directional
line segment. From this point on, a vector will be denoted by a boldface
letter, such as v or u. The magnitude of a vector is the length of the
directed line segment. The magnitude is sometimes called the norm. Two
vectors have the same direction if they are parallel and point in the same
direction. Two vectors have opposite directions if they are parallel and point
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in opposite directions. A vector that has no magnitude and points in any
direction is called the zero vector. Two vectors are said to be equivalent
vectors if they have the same magnitude and same direction.

Figure 5-1 demonstrates vector addition using the tail-tip rule. To add
vectors v and u, translate vector u so that the initial point of u is at the ter-
minal point of v. The resulting vector from the initial point of v to the ter-
minal point of u is the vector v + w and is called the resultant. The vectors
v and u are called the components of the vector v + u. If the two vectors
to be added are not parallel, then the parallelogram rule can also be used.
In this case, the initial points of the vectors are the same, and the resultant
is the diagonal of the parallelogram formed by using the two vectors as
adjacent sides of the parallelogram.

Figure 5-1 Example of vector addition.

In order to multiply a vector u by a real number g, multiply the length of
u by |g | and reverse the direction of u if g < 0. This is called scalar mul-
tiplication. If a vector u is multiplied by —1, the resulting vector is
designated as —u. It has the same magnitude as u but opposite direction.
Figure 5-2 demonstrates the use of scalars.
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Figure 5-2 Examples of vectors.

Example 1: A plane is traveling due west with an air speed of 400 miles
per hour. There is a tailwind blowing in a southwest direction at 50 miles
per hour. Draw a diagram that represents the plane’s ground speed and
direction (Figure 5-3).

Figure 5-3 Drawing for Example 1— vector representation.

400

%

The vector represented in the preceding example is known as a velocity
vector. The bearing of a vector v is the angle measured clockwise from
due north to v. In the example, the bearing of the plane is 270° and the
bearing of the wind is 225°. Redrawing the figure as a triangle using the
tail-tip rule, the length (ground speed of the plane) and bearing of the
resultant can be calculated (Figure 5-4).
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Figure 5-4 Drawing for Example 1— angle representation.

270°

First, use the law of cosines to find the magnitude of the resultant.
c’=a’+ b= 2abcosC
¢*=(400)"+ (50)>—2(400)(50) cos135°
¢’ 160,000 + 2,500 — (40,000 ) (—.7071)
c’% 162,500 — 28,284
'~ 190,784
¢ = 436.8

Then, use the law of sines to find the bearing.

sinC _ sinB

¢ b
sin135° _ sinB

4368 50
_(0.7071)(50)
sinBx 378

sinB = 0.0809

B 4.64°
The bearing, B, is therefore 270° — 4.64°, or approximately 265.4°.

Example 2: A plane flies at 300 miles per hour. There is a wind blowing
out of the southeast at 86 miles per hour with a bearing of 320°. At what
bearing must the plane head in order to have a true bearing (relative to the

ground) of 14°? What will be the plane’s groundspeed (Figure 5-5)?
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Figure 5-5 Drawing for Example 2.

) )320°

300

1 14°

Use the law of sines to calculate the bearing and the groundspeed. Because
these alternate interior angles are congruent, the 54° angle is the sum of
the 14° angle and the 40° angle.

sin54°  sin(180 —54—13.4)°

sin0 _ sin54° 300 - .
86 300 | o
_(86)(0.809) - (300)(sin112.6°)

sing = 300 ~ nd

sind ~ 0.232 (300)(0.923)

XN —e
o~ 13.4° 0.809
x =~ 342.3

Therefore, the bearing of the plane should be 14° + 13.4° = 27.4°. The
groundspeed of the plane is 342.3 miles per hour.

Any vector can be broken down into two component vectors, a horizon-
tal component and a vertical component. These component vectors are

called projections (Figure 5-6).
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Figure 5-6 Example of projections.

o lxl o]
cos71 = 26 sin71 = 26
x|=26cos71° | y|=265sin71°

y

x|~ 846  |y|=24.6

Example 3: A force of 11 pounds and a force of 6 pounds act on an object
at an angle of 41° with respect to one another. What is the magnitude of
the resultant force, and what angle does the resultant force form with the
11-pound force (Figure 5-7)?

Figure 5-7 Drawing for Example 3.

First, use the Law of Cosines to find the magnitude of the resultant force.
’=a’+b* = 2abcosC
lv]*=6"+11"- (2)(6)(11)(c051390)
|v]*~ 36 + 121 - (132)(-0.755)
|v|* =~ 256.7
|1/| ~ 16.02



Next, use the Law of Sines.
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sin4 _ sinB
a ~ b
sin _ sin139”
6 16.02
. (6)0.656
SIN® = 0

sin0 =~ 0.246
o =~ 14.24°

Thus the resultant force is 16.02 pounds, and this force makes an angle of
14.24° with the 11-pound force.

Vectors in the Rectangular Coordinate

System

The following discussion is limited to vectors in a two-dimensional coor-
dinate plane, although the concepts can be extended to higher dimensions.

—
If vector AB is shifted so that its initial point is at the origin of the rectan-
gular coordinate plane, it is said to be in standard position. If vector OP
is equal to vector AB and has its initial point at the origin, it is said to be

the standard vector for AB.

Other names for the standard vector include

radius vector and position vector (Figure 5-8).

Figure 5-8 Vectors drawn on a plane.

y

rold

—
Vector OP is the standard vectqr for all vectors in the plane with the same
direction and magnitude as OP. In order to find the standard vector for a
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geometric vector in the coordinate plane, only the coordinates of point P
must be found because point 0 is at the origin. If the coordinates of point
A are (x,, y,) and the coordinates of point B are (x,, y,), then the coordi-
nates of point P are (x, — x,, yu— 7.)-

Example 4: If the endpoints of a vector AB have coordinates of A (=2,

—7) and B (3, 2), then what are the coordinates of point P such that OD s
a standard vector and OP = AB (see Figure 5-9)?

Figure 5-9 Drawing for Example 4.

A(-2-7)

If the coordinates of point P are (x, y),
x=x/,—xﬂ=3—( ) 5

An algebraic vector is an ordered pair of real numlﬁgs. An algebraic vec-
tor that corresponds to standard geometric vector OP is denoted as (4, b)
if terminal point P has coordinates of (2, 4). The numbers # and 4 are called
the components of vector (4, b) (see Figure 5-10).

Figure 5-10 Components of a vector.
P(a,b)

u=<a,b>

0(0,0)
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If 2, b, ¢, and 4 are all real numbers such that 2 = c and 4 = 4, then vector
v = (a,b) and vector u = (¢, d ) are said to be equal. That is, algebraic vec-
tors with equal corresponding components are equal. If both components
of a vector are equal to zero, the vector is said to be the zero vector. The
magnitude of a vector v = <4,b> is|v|= /4’ + 4.

Example 5: What is the magnitude of vector u = (3, = 5)?

ol = /a4 b
|u| =37+ (=5)"
|u|=/9+25
ul= /34

Vector addition is defined as adding corresponding components of
vectors—that is, if v = (2,6) and u = (¢,d), then v + uw = (a+b,c+d)
(Figure 5-11).

Figure 5-11 Vector addition.

(%”2)

Scalar multiplication is defined as multiplying each component by a con-
stant—that is, if v = (2, 4) and g is a constant, then ¢gv = ¢ <a, b= qa, qb).

Example 6: If v = (8, -~ 2) and w = (3,7) then find 5v —2w.
S5v—2w=5(8,-2)—2(3,7)
S5v—2w = 5(40, - 10) — (6, 14)
Sy — 2w = (34, - 24)
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A unit vector is a vector whose magnitude is 1. A unit vector v with the
same direction as a nonzero vector u can be found as follows:

_ 1
v=E7ou
|

Example 7: Find a unit vector v with the same direction as the vector u
given thatu =(7,-1).

|u| =y
lu|=/49+1
|u|= /50
ul=5/2

1
V=171U

|

1
v=——(7,-1

5«’2< )

Two special unit vectors, i = (1,0) and j =(0,1), can be used to express
any vector v = (, b).
v={(ab)
V= <a,0> + <O,b>
v=udi+bj
Example 8: Write u = (5,3) in terms of the i and j unit vectors (Fig-
ure 5-12).
u=(53)
u=5(1,0) +3(0,1)
u=>5i+3j
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Figure 5-12 Drawing for Example 8.

y
3j
u =51+ 3j
) X
1 51

Vectors exhibit algebraic properties similar to those of real numbers

(Table 5-1).

Table 5-1 Properties of Vectors

Associative property u+v+w=u+v)+w a(bv) = (ab)v

Commutative property ut+v=v-+u

Distributive property a(u+v)=au+av (@a+blv=av + bv
Identity v+0=0+v=v lv=v
Inverse v+ (v)=0

Example 9: Find 4u + 5vifu=7i—3jand v =-2i + 5j.

4u + 5v = 4(7i — 3j) + 5(=2i + 5j)
4u + 5v = 28i — 12 — 10i + 25j
4u + 5v= (28— 10)i + (12 + 25)j
4u + 5v =18i + 13j
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Given two vectors, w=(a,6) = ai + bjand v =(c,d ) = d + dj, the dot prod-
uct, written as u-v, is the scalar quantity u - v = ac + bd. If u, v, and w are
vectors and ¢ is a real number, then dot products exhibit the following
properties:
u'v=v-u
u(viw)=u-v+tuw

(utv) w=uwt+v-w

g(u-v)=(qu)-v=u-(qv)
u0=0
v-v=|v|’
u~v=u|v|cosO(
The last property, u -v = |u] |v| cos 0., can be used to find the angle between
the two nonzero vectors u and v. If two vectors are perpendicular to each

other and form a 90° angle, they are said to be orthogonal. Because cos
90°= 0, the dot product of any two orthogonal vectors is 0.

Example 10: Given that u = (5, - 3) and v = (6, 10), show that u and v are
orthogonal by demonstrating that the dot product of u and v is equal to
zero.

( 3)-(6,10)

=30 + (-30)
u-v=_0
Example 11: What is the angle between u = (5, - 2)and v = (6,11)?
cosQl = ¥
|ullv]
(5,-2)-(6,11)
cosQ =
/5 (-2)2 /6 +11°
8
cosQq = —————
/29157
cost = 0.119
o = 83.2°

An object is said to be in a state of static equilibrium if all the force vec-
tors acting on the object add up to zero.
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Example 12: A tightrope walker weighing 150 pounds is standing closer
to one end of the rope than the other. The shorter length of rope deflects
5° from the horizontal. The longer length of rope deflects 3°. What is the

tension on each part of the rope?

Draw a force diagram with all three force vectors in standard position (Fig-
ure 5-13).

Figure 5-13 Drawing for Example 12.

y

w=-150

u= (—|u|c055°>i+ (|u|sz'n50)j
v= <|V|cos30)i+ (|v|:z'n3°>j
w= 150
The sum of the force vectors must be zero for each component.

For the i component: — |u|cos5°+ |v|cos3°=0

For the j component: |u|sin5°+|v|cos3°— 150 =0

Solve these two equations for |u| and |v|:
—|u]cos5”+|v|cos3°=0
|u|sin5°+|v|cos3°— 150 =0

Substituting the values for the sines and cosines:

—0.9962|u|+0.9986|v|=0
0.0872|u|+0.0523|v|-150=0
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Multiply the first equation by 0.0872 and the second by 0.9962:

—0.0869|u|+0.0871|v|=0
0.0869|u|+0.0521|v|=149.43

Add the two equations and solve for |v[:

0.13929|v| = 149.43
|v|=10731bs

Substitute and solve for |u]:

|u|=10761bs

Chapter Checkout

Q&A

1.

5.

An airplane is traveling with airspeed of 225 mph at a bearing of
205°. A 60 mph wind is blowing with a bearing of 100°. What is the
resultant ground speed and direction of the plane?

. A force of 22 pounds and a force of 35 pounds act on an object at an

angle of 32° with respect to one another. What is the resultant force
on the object?

. If the endpoints of a vector AB have coordinates of A(-4, 6),,and

B(10,4), then what are the cordinates of a point P such that OP is a
standard vector and OP = AB?

. True or False: The dot product of two orthogonal vectors is always

Z€ro.

What is the angle between vector u = <5, 7> and v = <-6, 6> ?

Answers: 1. 217 mph, bearing 189.53° 2. 54.91 pounds 3. (14,-2)
4. True 5. 80.54°.



Chapter 6

POLAR COORDINATES AND
COMPLEX NUMBERS

Chapter Checkin

Defining polar coordinates in terms of rectangular coordinates
Converting between polar and rectangular coordinates
Recognizing the graphs of some important polar curves
Defining complex numbers in terms of polar coordinates

Converting between complex numbers and polar coordinates

0O 0O 000U 0O

Defining and using De Moivre’s Theorem

Many systems and styles of measure are in common use today. When
graphing on a flat surface, the rectangular coordinate system and the
polar coordinate system are the two most popular methods for drawing
the graphs of relations. Polar coordinates are best used when periodic func-
tions are considered. Although either system can usually be used, polar
coordinates are especially useful under certain conditions.

Polar Coordinates

The rectangular coordinate system is the most widely used coordinate sys-
tem. Second in importance is the polar coordinate system. It consists of
a fixed point 0 called the pole, or origin. Extending from this point is a
ray called the polar axis. This ray usually is situated horizontally and to
the right of the pole. Any point, £ in the plane can be located by specify-
ing an angle and a distance. The angle, 6, is measured from the polar axis
to a line that passes through the point and the pole. If the angle is mea-
sured in a counterclockwise direction, the angle is positive. If the angle is
measured in a clockwise direction, the angle is negative. The directed
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distance, 7, is measured from the pole to point 2 If point P is on the ter-
minal side of angle 6, then the value of r is positive. If point P is on the
opposite side of the pole, then the value of 7 is negative. The polar coor-
dinates of a point can be written as an ordered pair (7 6). The location of
a point can be named using many different pairs of polar coordinates. Fig-
ure 6-1 illustrates three different sets of polar coordinates for the point 2

(4,50°).

Figure 6-1 Polar forms of coterminal angles.
y y

P (4, 50°) P (-4, 230°)
el

/ﬁ AP/ .
o &

() (b)

P (-4, -130°)

Conversion between polar coordinates and rectangular coordinates is illus-
trated as follows and in Figure 6-2.

2 2

=X +y

=cosO = x=rcosO

RIS I

=sin6 = y=rsinf
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Figure 6-2 Polar to rectangular conversion.

P (x, )
y P(r,0)

J

Examplel: Convert P (4,9) to polar coordinates.
7‘2 — xZ +)/2
72: 42+ 92
r’=97
r=,97

=X
cosO = -

4
/97
cosO =~ 0.406
0 = 66°
The polar coordinates for P (4, 9) are P (/E , 66°).

Example 2: Convert P (5,20°) to rectangular coordinates.

C089 =

x = rcos6
x=5co0s20°
x=(5)(0.94)
x =47
y=rsinf
y=5sin20°
y= (5)(0.34)
y=1.7

The rectangular coordinates for P (5,20°) are P (4.7, 1.7).

115
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Example 3: Transform the equation x*+ y* + 5x = 0 to polar coordinate
form.

x4y +5x=0
r’+5x=0
7’ +5(rcos0) =0
r’+ 5rcos@ =0
r(r+5cos0)=0
The equation 7 = 0 is the pole. Thus, keep only the other equation.
r+5cos0=0

Graphs of trigonometric functions in polar coordinates are very distinctive.
In Figure 6-3, several standard polar curves are illustrated. The variable 2
in the equations of these curves determines the size (scale) of the curve.

Figure 6-3 Graphs of some common figures in polar form.

Circle: 7 = a Circle: 7 = a cos g

Yk

() (b)

Circle: 7 = a sinf Line: 6 = 4

(P a

(©) (d)
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Horizontal line: » = 2 /sin@ Vertical line: 7 = a /cos@
a
a
(e) (f)
Cardioid: 7= a4 + a cos @ Cardioid: 7= a2 + asin @
2a
a
2a 2|
_/
® (h)

Archimedes' spiral: 7= 26  Three-leaved rose: = 2 cos 36

120° g9po  60°

b

117

OO

N

(©) ()
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Three-leaved rose: » = & sin 36

90°

150° } 30°
S _
00
a
(k)
Lemniscate: 72 = 42 cos 26 Lemniscate: 72 = 42 sin 26
90°
4 o
90° . >
a a Oo OO
1) (m)
Four-leaved rose: = 2 cos 26 Four-leaved rose: 7 = 2 sin 26
90°
1350 90 4/50

OO

(0)

(n)
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Geometry of Complex Numbers

Complex numbers can be represented in both rectangular and polar coor-
dinates. All complex numbers can be written in the form a + 67, where a
and b are real numbers and #* =—1. Each complex number corresponds to
a point in the complex plane when a point with coordinates (4, 4) is asso-
ciated with a complex number 2 + 4. In the complex plane, the x-axis is
named the real axis and the y-axis is named the imaginary axis.

Example 4: Plot 4— 2/ -3 + 24, and =5 — 37 in the complex plane (see Fig-
ure 6-4).

Figure 6-4 Complex numbers plotted in the complex plane.

Y

Complex numbers can be converted to polar coordinates by using the rela-
tionships x = 7 cos © and y = sin 0. Thus, if z is a complex number:

Z=x+1y=rcos O + irsin O
z=x+jy=r(cos O +7sin )

Sometimes the expression cos 0 + sin 0 is written as cis 0. The absolute
value, or modulus, of z is|z| = /x*+ y°. The angle formed between the
positive x-axis and a line drawn from the origin to z is called the argument
or amplitude of z. If z = x + iy is a complex number, then the conjugate
of z is written as 2= x — iy
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Example 5: Convert the complex number 5 — 37 to polar coordinates (see

Figure 6-5).

cosO = 0.857

Reference angle 6 ~ 31°.
Since 6 is in the fourth quadrant,

0=360"-31"=329°

Figure 6-5 Drawing for Example 5.
y

4R :
N

(5,-3i)

Therefore,
5—3i= /34 (cos329°+isin329°)

To find the product of two complex numbers, multiply their absolute val-
ues and add their amplitudes.

If  z=a(cos +isinC)
and w= b(cosﬂ + isinﬂ)
then zw= tzb[cos(a +[3> + isin(a+ﬂ)]
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To find the quotient of two complex numbers, divide their absolute val-
ues and subtract their amplitudes.

If  z=a(cos +isinQ)

and w= b(coslB + z'sin,B)

then % = %I:COS((X —ﬁ) + isin(O( —ﬂ)]

Example 6: If z = a(costt + 7 sin0) and w = b(cosp} +7 sinf), then find their
product zw.

w=|a (cosoc+z‘sind)][!y(cosﬁﬂsinﬁ)]
zw= abcosQ cos + icosasinB + isin@ cosff + (= 1) sinotsin B
zw= ﬂb[cosacosﬂ—smO(smﬁ-f—z(smO(cosﬁ+cosO(smﬁ)]
zw=ab[cos(a+,6)+isin(a+,8)]

Example 7: If z = a(coso + 7 sinct) and w = &(cosP +7 sinf), then find their
quotient z/w.
z _ a(cosa+isin

)
b (cosﬁ + isinﬁ)
_a (cost + isincx) (cosﬁ - isinﬁ)
(

z
woy cosﬁ+isinﬁ)(cosﬁ—isinﬁ)
£:£[cosO(cos,B—zcosO(smﬁ+zs1nO{cosﬁ ( )smO{smﬁ]
w [cos B—(=1)sin ﬁ]

s a [(cosacosﬁ + sinasin,B) +z'(sin0( cos 3 — cosO{sinﬁ)]
vl M

% :%[cos(a—ﬁ) + isin(a_ﬁ)]

Example 8: If z = 4(cos 65° + 7 sin 65°) and w = 7(cos 105° + i sin 105°),
then find zw and z/w.

Zw= (4)(7)[cos(65°+ 1050) + isin<65°+ 1050)]
aw= 28(cosl7o°+ isin170°)

= ;[COS(GSG— 1050) + isin(65°— 1050)]
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cos<—40°>+isin(—400)]

Z
w

cos(320°) + isin<3200>]

De Moivre’s Theorem

The process of mathematical induction can be used to prove a very
important theorem in mathematics known as De Moivre’s theorem. If
the complex number z = 7(cos O + 7 sin O), then

zz[r(cosO{ + z'sinO()][r(cosO{ + z'sinO()]
[cos (o+o)+ zsm(O(+O()]

7* (cos20t + isin20t)

r* (cos20t + isin2at) |  (cosot + isina )|
[ (20 + @) +isin (20 + @) |

7’ (cos30 + isin3Q)

[ cos3a + isin3) | 7 (cosa + isina) |
=" cos

(cos3or+a) + isin(30(+0()]

z'=7r"(cos4a + isindar)

The preceding pattern can be extended, using mathematical induction, to
De Moivre’s theorem.

If z = #(cos O + 7 sin &), and 7 is a natural number, then
z"=7r"(cosnQ + isinnct)
e S AT .
Example 9: Write <\ 3+ z) in the form s + bi.

First determine the radius:

r=|/§+z"

r=/3+1
r=2
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Since cos & = /3 /2 and sin o = 1/2, o must be in the first quadrant and
o = 30°. Therefore,

(ﬁ+z’)7 [ (cosBO +zsm30>

7

7
z

(/3+ cos(7-300)+ism(7»3o°)]
(V/3+
( 7

) _
i>7: 128(c05210°+ isin210°)
) =

J3+i 128[—‘/—5+_Tli]

2

(/3+ i)7:— 64,3 — G4i
Example 10: Write ( J2- zﬁ) “in the form 4 + bi.

First determine the radius:

r= ‘\/E - z‘E|
r= m

v
r=y2+2

r=2

Since cosoL=la =/ 2/2and sin o = — J 2 /2, o. must be in the fourth quad-
rant and o = 315°. Therefore,

J2-i/2) =[ <c05315 +isin315 )]4
[cos (4 315 +isin<4-3150>]

=16/( cos1260°+ 7sin1260° )

! 16<c05180 +7sin180 )
(

J2-i/2) =16(=1+0i)
J2-i/2) " ==16+0i
J2-i/2)'==16
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Problems involving powers of complex numbers can be solved using bino-
mial expansion, but applying De Moivre’s theorem is usually more direct.

De Moivre’s theorem can be extended to roots of complex numbers yield-
ing the nth root theorem. Given a complex number z = 7(cos O + 7 sincr),
all of the nth roots of z are given by

r]/rx
n

Cos<m) + Zsin

a+/e~3600H
n

where £#=0,1,2,...,(n—=1)

If £ = 0, this formula reduces to

o . (o
cos<7> + zsm(;)

This root is known as the principal nth root of z. If 0. = 0° and 7 = 1, then
z = 1 and the nth roots of unity are given by

Cos[le-360°
n

1/n
7

1/; -
r + isin

k‘360c]
n

where £=0,1,2,...,(n—1)
Example 11: What are cach of the five fifth-roots of z= /3 + i expressed

in trigonometric form?

r=

x/§+z"
Ve
r=J/3+1
r=2

Since cos@ = /3 /2 and sina = 1/2, 0L is in the first quadrant and o = 30°.
Therefore, since the sine and cosine are periodic,

z=r(cos + isinQ)

2=2 [cos(30“+ k- 360°) + isin<30° + b 360°>]
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and applying the nth root theorem, the five fifth-roots of z are given by

515 COS(300+ /e-360)+l.sin(30°+ /e-360)
5 5

where £=0,1, 2, 3,and 4

Thus the five fifth-roots are
z1=2" (cosGc + z'sin6°>
z,=2" (cos78° + z'sin78°)
2=2""(cos150°+ isin150°)
24=2"((05222° + isin222° )
25=2""(c0s294° + s5in294°

Observe the even spacing of the five roots around the circle in Figure 6-6.

Figure 6-6 Drawing for Example 11.
y (imaginary)

zl

x (real)
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Chapter Checkout

Q&A
1. Convert P(2, 5) from rectangular coordinates to polar coordinates.
2. Convert P(8, 26°) from polar coordinates to rectangular coordinates.
3. True or False: The Rose: r = o sin 2 0 has two “petals.”
4. Convert the complex number 4 + 27 to polar coordinates.
5. If z = 2(cos70° + 7 sin 70°) and w=6(cos80° + 7 sin 80°), then find zw.

Answers: 1. 7= /29;6=68.2°2. P(7.2,3.5) 3. F
4. ./20(c0s26.6° + 7 5sin26.6°) 5. 12(cos 150° + 7 sin 150°).



Chapter 7

INVERSE FUNCTIONS
AND EQUATIONS

Chapter Checkin

QO Defining inverse trig functions

0 Demonstrating how to restrict the basic trig functions to certain
quadrants

QO Showing that the restricted trig functions are one to one and have
inverses

QO  Solving problems using inverse trig functions

O

Identifying trig equations with primary solutions

Q  Solving trig equations

The standard trig functions are periodic, meaning that they repeat them-
selves. Therefore, the same output value appears for multiple input val-
ues of the function. This makes inverse functions impossible to construct.
In order to solve equations involving trig functions, it is imperative for
inverse functions to exist. Thus, mathematicians have to restrict the trig
function in order create these inverses.

Inverse Cosine and Inverse Sine

To define an inverse function, the original function must be one-to-one.
For a one-to-one correspondence to exist, (1) each value in the domain
must correspond to exactly one value in the range, and (2) each value in
the range must correspond to exactly one value in the domain. The first
restriction is shared by all functions; the second is not. The sine function,
for example, does not satisfy the second restriction, since the same value
in the range corresponds to many values in the domain (see Figure 7-1).
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Figure 7-1 Sine function is not one to one.

y

To define the inverse functions for sine and cosine, the domains of these
functions are restricted. The restriction that is placed on the domain val-
ues of the cosine function is 0 < x <t (see Figure 7-2). This restricted
function is called Cosine. Note the capital “C” in Cosine.

Figure 7-2 Graph of restricted cosine function.

Y
T y = Cos x
1— (0,1)
1 s
I
1 i
1 (T-1)

Domain: 0<x<m

Range: -1<y<1

The inverse cosine function is defined as the inverse of the restricted
Cosine function Cos ' (cosx) =x 0 < x < 7. Therefore,

y=Cos'x, where 0 S y<mand -1 <x< 1
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Figure 7-3 Graph of inverse cosine function.

y
('lan) B Tr
y= Cos™! x
} (L) x
-1 1
Domain: -1<x<1

Range: 0<y<m

Identities for the cosine and inverse cosine:
cos (Cos 'x) = x -1<x<1
Cos™' (cosx) = x 0<x<Tm
The inverse sine function’s development is similar to that of the cosine.
The restriction that is placed on the domain values of the sine function is
T T
2-%=2
This restricted function is called Sine (see Figure 7-4). Note the capital “S”
in Sine.

Figure 7-4 Graph of restricted sine function.

y
y=Sinx
1L @21
—Tc/Z : X
/2
(m2-1) 1

Domain: -mt/2<x<m/2

Range: -1<y<1
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The inverse sine function (see Figure 7-5) is defined as the inverse of the
restricted Sine function y = Sin x,

<x=<

1]
ST}

Therefore,

—% <x< % and y=Sin"'x, where—

Nla

S)/S% and—1<x<1

Figure 7-5 Graph of inverse sine function.

y
y= Sin! x
T2 (2,0
1 i X
; 1
(n2-1) 1 L2

Domain: -1<x<1

Range: -m/2<y<m/2

Identities for the sine and inverse sine:
sin(Sin_1x> =x —1<x<1

sin”!(Sinx)=x —F <x< %
The graphs of the functions y = Cos x and y = Cos™' x are reflections of
each other about the line y = x. The graphs of the functions y = Sinxand y =
Sin™'x are also reflections of each other about the line y = x (see Figure 7-6).
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Figure 7-6 Symmetry of inverse sine and cosine.

Y y
1 m
= Sin}
y=Cos™ x T2 )/_S}n *
. I y=sinx
T e N e
I r * 2oz 171/2
1t =7 L1
—-T/2
(a) (b)

Example 1: Using Figure 7-7, find the exact value of Cos™' (—/E /2).

If yZCosl[#J,then cos y= _\2/3 where 0 S y<m

Thus, y = 57/6 or y = 150°.

Figure 7-7 Drawing for Example 1.

1 150°

X

Example 2: Using Figure 7-8, find the exact value of Sin™' (/ 2 /2)

If yZSinl[%] then sin },:‘/72 where — 5 < x <

oo
oo
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Figure 7-8 Drawing for Example 2.

Thus, y =7t/4 ory = 45°.

Example 3: Find the exact value of cos (Cos’10.62 >
Use the cosine-inverse cosine identity:

cos(Cos*1 0.62) =0.62

Other Inverse Trigonometric Functions

To define the inverse tangent, the domain of the tangent must be
restricted to

b1 1
- 7 <X < 7

This restricted function is called Tangent (see Figure 7-9). Note the capi-

tal “T” in Tangent.

Figure 7-9 Graph of restricted tangent function.

y

y=Tanx

-T/2 /2
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The inverse tangent function (see Figure 7-10) is defined as the inverse
of the restricted Tangent function y = Tan x,
T T
- 7 <x< 7
Therefore,

y=Tan_1x,where —%<y<% and —oco<x< o0

Figure 7-10 Graph of inverse tangent function.

Domain: All real numbers

T T
Range: 5 <x<7

Identities for the tangent and inverse tangent:
tan(Tan_1 x) =x —oo<x<o©
-1 _ T T
Tan™ (tanx)=x -5 <x<3

The inverse tangent, inverse secant, and inverse cosecant functions are
derived from the restricted Sine, Cosine, and Tangent functions. The
graphs of these functions are shown in Figure 7-11.
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Figure 7-11 Graphs of inverse cotangent, inverse secant, and inverse
cosecant functions.

y y
_______________ T T
—/ y = Sec Uy
\_n/z .............. w2
y= Cot'! x \ /—
X | e
1 *t
0 1%
Domain: All real numbers Domain: x<-lorx>1
Range: O<y<m Range: 0<y<m, y#mn/2
(a) (b)
y
y= Csc! x

/2-4-
1| N
I 0 I X

ﬁ !
- -m/2

Domain: x<-1lorx2>1
Range: -m/2<y<m/2,y#0

(c)

Trigonometric identities involving inverse cotangent, inverse secant, and
inverse cosecant:

-1 -1
Cot™ x=Tan where x>0

2=

where x< 0

R[|—=

Cot 'x=m+ Tan™'

-1

Sec”'x= Cos where x> 1or x<-1

1
x
Csc71x=Sin71% where x> 1or x<-—1
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Example 4: Determine the exact value of sin [Sec”' (—4)] without using a
calculator or tables of trigonometric functions.

Ifo= Sec_l(—4), then
Secot=—4,where 0 < a0 <, oL # /2

In this range, the cosine and the secant are negative in the second quad-

rant. From this reference triangle, calculate the third side and find the sine
(see Figure 7-12).

a’+(-1)°=4"
ﬂ2=42—(—1)2
a=/16-1
a=\/1k5
Figure 7-12 Drawing for Example 4.
1)7
y (1,7)
c
7
o
T *

Therefore,

sin(Sec_1 (—4)) =sino
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Example 5: Determine the exact value of cos (Tan™ 7) without using a
calculator or tables of trigonometric functions.
If o= Tan"'7, then

_ _n n
Tan o0 =7, where 5 <0<

In this range, the tangent and the cotangent are positive in the first quad-

rant. From this reference triangle, calculate the third side and find the
cosine (see Figure 7-13).

’=1"+7°
c’=50
c=/50

c=5 \5

Figure 7-13 Drawing for Example 5.

y
(’1) ﬂ)

4

Therefore,

cos( Tan™'7) = coso.
(Tan™'7)

N
St

=

—
(=)
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Trigonometric Equations

Trigonometric identities are true for all replacement values for the variables
for which both sides of the equation are defined. Conditional trigonometric
equations are true for only some replacement values. Solutions in a specific
interval, such as 0 < x < 2, are usually called primary solutions. A general
solution is a formula that names all possible solutions.

The process of solving general trigonometric equations is not a clear-cut
one. No rules exist that will always lead to a solution. The procedure usu-
ally involves the use of identities, algebraic manipulation, and trial and
error. The following guidelines can help lead to a solution.

If the equation contains more than one trigonometric function, use identi-
ties and algebraic manipulation (such as factoring) to rewrite the equation
in terms of only one trigonometric function. Look for expressions that are
in quadratic form and solve by factoring. Not all equations have solutions,
but those that do usually can be solved using appropriate identities and alge-
braic manipulation. Look for patterns. There is no substitute for experience.

Example 6: Find the exact solution:
cos’ 0L =—cos0l +sin” o, 0°< o, < 360°
First, transform the equation by using the identity sin” ot + cos20c = 1.
cos’ 0L =— cosO, + (1 - cos’ OL)
2cos’ O+ cosat—1=0
(2cosot—1)(cosat+1)=0

Therefore,
2cosa—1=0 cosou+1=0
2coso =1 coso = —1
cos0t=1/2 o=180°
o=60°,300°
Thus,

o =60°,180°,300°
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Example 7: Solve cos 2x = 3(sin x — 1) for all real values of x.

cos2x = 3 (sinx — 1) given
1 —2sin’x=3sinx— 3 double angle formula
2sin’ x+ 3sinx— 4 =0 quadratic equation
sinx = — ks 9(; )((42))(2) (=4) use quadratic formula
sinx = Z3xval 1_4‘@

sinx=—2.3510r0.8508

The first answer, —2.351, is not a solution, since the sine function must
range between — 1 and 1. The second answer, 0.8508, is a valid value.
Thus, if # is an integer,

x=Sin"'0.8508 + 24w x=m— Sin ' 0.8508 + 241
In radian form,
x=1.0175+2kn x=2.124+2kn
In degree form,
x=58.3°+<360°)(/e) x= 12177+ (360°) (k)
Example 8: Find the exact solution:
0526 = cos0,0° < 0 < 180°

First, transform the equation by using the double angle identity cos 20 =
2 cos’® — 1.

c0s20 = cosO

2cos’@—1=cosO
2¢c0s°0—cosO—1=0
(2cosO+1)(cosO-1)=0
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Therefore,
2cos0+1=0 cosO@—-1=0
2cosO = -1 cosf =1
cosO =— 5 6=0°
6=120°
Thus,
6=0°,120°

Chapter Checkout

0&A
. Solve sin O = 2 cos® O — 1 where 0° < 0 < 360°.
. Find the exact value of cos(sin™' (- 2)).

. Find the exact value of tan(sin™' ).

B WO N =

. True or False: The inverse sine and inverse cosine are defined in the
same quadrants.

5. Find the exact value of sin(sin™"' 2).
6. Solve sin’2 0 = 1.

Answers: 1. 30°, 150°, 270° 2.

2,/10
7

2/5
5

3.

4.F5. % 6. 45°, 225°.



Chapter 8
ADDITIONAL TOPICS

Chapter Checkin

Defining an alternate form for the equation y = A sin (Bt + C)
Converting between y = A sin (Bt + C) and y = M sin Bt + N cos Bt
Finding period, frequency, and phase shift

Defining uniform circular motion

Using uniform circular motion to solve problems about linear velocity

Defining simple harmonic motion in terms of uniform circular motion

0O 0000000

Solving problems using simple harmonic motion

H ave you ever noticed that the motions of some objects seem to be very
rhythmic and repetitive? Motions like train wheels and linkages, a
child’s swing, the pistons in a car engine, throwing a ball, and bouncing a
ball are all related to harmonic motion and the sine curve. Understanding
simple harmonic motion and uniform circular motion can help explain
how most of these very common movements are related.

The Expression M sin Bt + N cos Bt

The equation y = M sin Bt + N cos Brand the equation y = A sin (Bt + C)
are equivalent where the relationships of 4, B, C, M, and N are as follows.
The proof is direct and follows from the sum identity for sine. The fol-
lowing is a summary of the properties of this relationship.

M sin Bt +NcosBt =/ M*+ N* sin (Bt + C) given that C is an angle with
a point P(M, N) on its terminal side (see Figure 8-1).
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N
JM*+ N’
cosC=—M

JM*+ N’

amplitude= / M+ N*

iod= 2T
period=

sinC=

frequency= %
= &
phase shift=—

Figure 8-1 Reference graph for y= M sin Bt + N cos Bt.

y
P(M,N)

\ C
N \ i}

M

Example 1: Convert the equation y = /5 sin 3¢ + 2 cos 3¢ to the form y =
Asin (Bt + C). Find the period, frequency, amplitude, and phase shift (see
Figure 8-2).

M=/5
N=2
B=3
R=/M’+N’=3
sinC=%ﬁ
e
cosC—T
C=~0.7297

y=3sin(3¢+0.7297)
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amplitude= /M*+N*=3

2N _ 21 5 094

period = 75 = 3
frequency = % = % =~ 0.477
C 07297 2432

phase shift =— B3

Figure 8-2 Drawing for Example 1.
y

e

Example 2: Convert the equation y = —sin Ttz + cos Tz to the form y = 4
sin (Bt + C). Find the period, frequency, amplitude, and phase shift (see

Figure 8-3).
M=-1
N=1
B=m
R=/M*+N>=/2
2

SlnC—T/7

=2

cosC—sT
_Jn
€=+

y= \/E sin<nt+ STTC)

amplitude= /M>+ N> = /2

period = %t = ZTR ~2
f _m _1
requency= - =5
3n
4 3
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Figure 8-3 Drawing for Example 2.
y

V2
A x

Uniform Circular Motion

If o is the measure of a central angle of a circle, measured in radians, then
the length of the intercepted arc (5) can be found by multiplying the radius
of the circle (7) by the size of the central angle (00); s = 7 0. Remember, o
must be measured in radians.

Example 3: Find the length (5) of the arc intercepted by a central angle of

size 3 radians if the radius of the circle is 5 centimeters (see Figure 8-4).

s=ra
s=(5)(3)
s=15

Figure 8-4 Drawing for Example 3.

Thus, the length of the intercepted arc is 15 centimeters.

Example 4: Using Figure 8-5, find the length (5) of the arc intercepted by
a central angle of size — 100° if the radius of the circle is 7 centimeters.
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Round the answer to two decimal places. (In this problem, the negative
value of the angle and the arc length refer to a negative direction.)

First, convert — 100° to radian measure.

T s=ar
a= (—)(—100)
180 5=(1.75)(7)
a=175 s=-1225
Figure 8-5 Drawing for Example 4.
y
X
J—IOO"
7]

Thus, the length of the intercepted arc is —=12.25 centimeters.

The linear velocity (v) of a point traveling at a constant speed along an arc
of a circle is given as:

p)= —m——— =

_ length of the arc ;¢
- time ¢

Example 5: If the earth has a radius of 4,050 miles and rotates one com-
plete revolution (27 radians) each 24 hours, what is the linear velocity of
an object located on the equator?

po I
t
~ (4050)(2m)
v= 24
_(4050)(6.28)
v= 24
v~ 1060

Thus, the linear velocity of the object is 1,060 miles per hour.
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The angular velocity () of a point traveling at a constant speed along an
arc of a circle is given as:

_ measure of angle of rotation ¢

time t

Angular and linear velocity are both positive if the movement is counter-
clockwise and negative if the movement is clockwise.

Example 6: Point P revolves counterclockwise around a point 0 making
7 complete revolutions in 5 seconds. If the radius of the circle shown in
Figure 8-6 is 8 centimeters, find the linear and angular velocities of point
P Approximate T to two decimal places.

]
_ <t8><75><zn>
v=70.34

Figure 8-6 Drawing for Example 6.

y
P

Thus, the linear velocity is approximately 70.34 centimeters per second.

0=§

o= <7>§zn>
_(7)(6.28)
- 5
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Thus, the angular velocity is approximately 8.79 radians per second

Simple Harmonic Motion
Circular functions representing periodic motion that satisfy the equations
d=AsinBt and d=AcosBt

where d is an amount of displacement, A and B are constants determined
by the specific motion, and 7 is a measurement of time are referred to as
simple harmonic motion.

Example 7: If the instantaneous voltage in a current is given by the equa-
tion £ = 204 sin 36807 where £ is expressed in volts and # is expressed in
seconds, find £if 7= 0.27 seconds. Use 3.1416 for .

E=2045in3680¢
E=204sin|(3680)(0.27)]
E=2045in993.6

Since sinx = sin (x — 2km) and (993.6 + 2m) = 158 with a remainder
of .8544,

E=2045in[993.6 - (158) (271)]
E=204sin[993.6 - (158)(6.2832)]
E=204s5in0.8544

E =~ (204)(0.7542)
E~ 153.86

Example 8: The horizontal displacement () of the end of a pendulum is
d = Ksin 2nt. FindK if 4 =12 centimeters and # =3.25 seconds.

d= Ksin2mt
12 ~ Ksin[(2)(3.1416) (3.25)]
12 =~ Ksin20.42

12
~ §in20.41

L 12
K=
K= 12




Chapter 8: Additional Topics 147

Chapter Checkout

Q&A

1. Given the equation y = 3sin 4t + 6 cos4t, find the amplitude and the
period of the function.

2. Find the length of an arc intercepted by a central angle of size 2.3
radians if the circle has a radius of 12 inches.

3. If a ball of radius 2 feet is spinning at 12 rpm, what is the linear veloc-
ity of a point on the equator of the ball?

4. If a point revolves around a circle of radius 12 at a constant rate of 4
revolutions every 2 minutes, find its angular velocity.

5. If the displacement of a spring (d) is given by 4 = A cosoit where A,

the initial displacement and d are expressed in inches, 7 in seconds,
and o = 8, find d when A is 10 inches and t = 27.

Answers: 1. Amplitude = 3/5 period = % 2. 27.6 inches 3. 48  feet/min

4.0=%= 40m) _ 41 5. 10 inches.

¢ 2




CQR REVIEW

Use this CQR Review to practice what you've learned in this book. After
you work through the review questions, you're well on your way to achiev-
ing your goal of understanding trigonometry.

Chapter 1
1. Convert 44.4714 to DM'S" form.
. Find the exact value of cos270°. Do not use a calculator.

. Find the exact value of cos60° cos 60 °. Do not use a calculator.

M) WO N

. Determine the sign of the following trigonometric functions: a) sin 255°
b) tan 240° c) cos (—110°).

<]

. Find sin 6 and cos 6 for the acute angle 6 if tan 6 = ﬁ
6. What is the reference angle for —649°?

a. 109°
b. 19°
c. 161°
d. 71°
Chapter 2

7. Solve this triangle: o0 = 51°, B = 49°, 6 = 70.
8. Solve this triangle: 2 = 10, 6= 11, o0 =27°.
9. Solve this triangle: 6 =7, ¢ = 4, ot = 94°.

10. Solve this triangle: 2 = 11, b= 17, ¢ = 14.

o = 84.78°%, B = 40.12°, 7 = 55.10°
o = 55.10°, B = 84.78°, y = 40.12°
o = 40.12°, B = 84.78°, 7 = 55.10°
o = 40.12°, B = 55.10°, = 84.78°

ST
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11. Find the area of a triangle with @ = 68°, 6 = 7 feet, and ¢ = 7 feet.

pE

d.

9.18 square feet

45.43 square feet
22.72 square feet
24.50 square feet

12. Find the area of a triangle with sides 4 meters, 5 meters, and 6 meters.

Chapter 3

13. For a circle of radius 3 feet, find the arc length s subtended by a
central angle of 6°.

14. Convert 171° to radian measure. Give the exact answer.

15. Find the exact value of sin% — tan % Do not use a calculator.

2/3-3

6
1
2
—v3

2

J2-2

2

16. If /' (x) = tan x and f (a) = 9, find the exact value of f (a) +
f(a+3m) + f(a—3m).

a.

b.

C.

d.

D= O~ O

27

17. Find the exact value of tan(—% Tc>.

18. Find the amplitude and period of f(x) = —8sin(2x).
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Chapter 4
19. Is this statement an identity?
% =secx + tanx
20. If sind=2,2 < A< 7 and cosB=-2,7 < B< 2L, find the exact

value of cos(4 + B).
21. Establish this identity: cos<9 + %) =—sin@

22. Find the exact value of sin20 if sin0 = %, % <0<

23. The expression csc26 + cot26 forms an identity with which of the fol-

lowing?
a. tan6
6
b. tan 7
c. cot6
0
d. cot >

24. Express sin2 6 cos7 0 as a sum containing only sines or cosines.

a. % (sin90 + sin50)

b. %(sin99 — 5in50)
90 56

C. SIHT - smT

d. sin 56 + sin20

Chapter 5

25. Find the position vector of the vector v =]_K) if J=05,-4)and K =

a. 1li+3j

b. —11i+ 3j
c. —1li—3j
d. —2i- 11



26.

27.
28.

29.

30.

31.

32.

CQR Review 151

If v=-3i+7jand w=5i + 10}, find v —w.
—8i + 3j
2i—17j
—8i + 3j
2i+ 17j

If v =3i+2jand w = 3i + 8j, find 5v — 3w and |50 - 3w||.

a
b.
c.
d

Find the unit vector having the same direction as v = —10i + 24j.

.12 .
a. _%H_E]
10 ., 24 .
b. -9+ 2%
VAT
.12 .
C. _%l+ﬁ]
d —i+j
Ifv="5i—9jand w=27i+ 15j, find v - w.
a. 270
b. —450
c. 360
d 0

Find the measure of the angle between the vectors v = i + 4j and

w = —3i + 4j.

73°
129°
51°
49°

Find the component form of v given ||| = 6 and the angle between
the direction of v and the positive x-axis is 0. = 150°.

a
b.
c.
d

Which of the following vectors is orthogonal to —10i + 652
71 + 4j

2i+2j

~12i — 20j

—-15i + 9j

T
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Chapter 6
33. Find the rectangular coordinates of (9, 30°).
9/3 9
a |17722
9\/5 9
b =372
9 9,3
¢ 12272
g (9309
' 22

34. Find the polar coordinates of (=12, —12) for >0, 0 <6 < 2m.

35. Determine the polar form of the complex number 2 — 4. Express the
angle 6 in degrees where 0 <6 < 360°, and round numerical entries
to two decimal places.

Chapter 7
36. Find the exact value of tan <cos_l <%>)

a /3
/3
v

b
1

C. 3
e
3

37. Solve the equation 2,/3 cosx — 3 = 0, where 0 < x < 27.

38. Solve the equation sin® @ + 2sin 6 + 1 = 0, where 0 <0 < 27.

39. Solve the equation —sin 6 + 1 = 2cos’6, where 0 <6 < 27.

a. 60=0,60=7
T g_3T
b. 6—2,9— )
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Chapter 8

40. A propeller, 2 meters from tip to tip, is rotating at a rate of 400 rev-
olutions per minute. Find the linear velocity of a tip of the propeller
in meters per second.

41. The horizontal displacement of a pendulum is described by the equa-
tion d = K'sin2z. Find K if = 20 and = ¢

42. The horizontal displacement of a pendulum is described by the equa-
tion 4 = Ksin2z. Find 4if r= 1.2 and K= 11.

Answers: 1. 44°28'17" 2. 0 3. % 4. negative, positive, negative

5.co0= 242 sin0=1.6.d7. 7= 80°, 4= 72.08, ¢ - 91.348. ¢, - 18.46,

B, = 29.96°, 1, = 123.04° and ¢, = 1.14, B, = 150.04° 9. 2 = 8.3, B =
57.3° 71 = 28.7° 10. ¢ 11. ¢ 12. 9.92 square meters 13. 0.31 feet

14. lg 7 15.d 16.d 17. /3 18. amplitude = 8 and period = T 19. Yes
20. 5—6(10/—*—3/—) 21. cos<9+—>—Cosecos%—smesm%—

(cos0)(0) — sinBO (1) =—sinO 22. — 23 c24.b 25.c26.a27.5v— 3w
= 6i — 14j, 50— 3w| =258 28 a29 d 30. c 31.-3,/3i+3j 32.

33. a 34. (12 /2, 5”) 35. 4.47(c0s296.57° + 7 sin296.57°) 36. a

37. <7Z 117[)38 0= 37[ 39. d 40. 8007 meters per minute 41. 03‘/—
42.10.45.
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CQR Resource Center offers the best resources available in print and online
to help you study and review the core concepts of trigonometry. You can
find additional resources, plus study tips and tools to help test your knowl-
edge, at www.cliffsnotes. com.

Books
This CliffsQuickReview book is one of many great books about trig-

onometry. If you want some additional resources, check out these other
publications:

Schaum’s Outline of Trigonometry, by Robert E. Moyer and Frank Ayres,
focuses on plane trigonometry and contains hundreds of problems.
McGraw-Hill Professional Book Group.

Trigonometry the Easy Way, by Douglas A. Downing, takes the form of
a fantasy novel where the King of Carmorra and his subjects solve
practical problems by applying principles of trigonometry. Barron’s
Educational Series, Inc.

Hungry Minds also has three Web sites that you can visit to read about all
the books we publish:

B www.cliffsnotes.com
B www.dummies.com

B www.hungryminds.com

Internet

The Internet is loaded with web sites related to trigonometry. Many offer
tutorials. Some link to many other useful sites about trigonometry and
other related subjects. Just spend some time exploring, and you will prob-
ably find what you need. In particular, visit the following Web sites for
more information about trigonometry:

Dave’s short course in trigonometry, alephO.clarku.edu/~djoyce/
java/trig/, introduces you to trigonometry and has a few exercises.



CQR Resource Center '155

An introduction to Trigonometry, www.ping.be/math/, provides a more
advanced tutorial on trigonometry.

Syvum Homepage: Online Education and Interactive Learning,
www.syvum.com/math/trigonometry.html, offers a variety of math prob-
lems, including some on trigonometry.

SOSMath Homepage, www.sosmath.com/trig/trig.html, is a valuable
resource that lists hundreds of sites covering all phases of mathematics.

Next time youre on the Internet, dont forget to drop by www.
cliffsnotes.com.



GLOSSARY

AAS reference to solving a triangle
given the measure of two angles and
the length of a non-included side.

absolute value of a complex number
square root of the sum of the squares
of its real and imaginary coefficients.

algebraic vector an ordered pair of
numbers representing the terminal
point of a standard vector.

amplitude of a complex number
same as the argument of a complex
number.

amplitude the vertical stretch of a
function.

angle a measure of rotation.

angle of depression an angle mea-
sured below the horizontal.

angle of elevation an angle measured
above the horizontal.

angular velocity defined in terms of
angle of rotation and time.

argument of a complex number
angle formed between the positive x-
axis and a line segment between the
origin and the number.

ASA reference to solving a triangle
given the measure of two angles and

the length of the included side.

ASTC an acronym representing which
trigonometric functions are positive
in the I, I, III, and IV quadrants
respectively.

asymptotes lines representing unde-
fined values for trigonometric
functions.

bearing an angle measured clockwise
from due north to a vector.

circular functions functions whose
domains are angles measured in radi-
ans and whose ranges are values that
correspond to analogous trigonometric
functions.

cofunction identities fundamental
identities that involve the basic trig
functions of complementary angles.

cofunctions pairs of trigonometric
functions of complimentary angles
whose trigonometric ratios are equal.

complex plane a coordinate system
for complex numbers.

component vectors the horizontal
and vertical component vectors of a
given vector.

components the individual vectors
that are combined to yield the resul-
tant vector.

components of an algebraic vector
the ordered pair of numbers represent-
ing the vector.

conditional equation an equation
that is valid for a limited number of
values of the variable.

conditional trigonometric equations
true for only a limited number of
replacement values.



conjugate of a complex number same
as original except for the sign of the
imaginary component.

cosecant the reciprocal of the sine
function.

cosine a trigonometric ratio equal to
the adjacent side divided by the

hypotenuse.

cotangent the reciprocal of the tangent
function.

coterminal two angles in standard
position that share a terminal side.

De Moivre’s theorem a theorem
involving powers of complex numbers.

degree a unit of angle measurement
equal to 1/360 of a revolution.

difference identities for tangent iden-
tities involving the tangents of differ-
ences of angles.

difference identity for cosine one of
the trigonometric addition identities.

difference identity for sine one of the
trigonometric addition identities.

directed line segment a line segment
of a given length and a given direction.

dot product a process of combining
two vectors yielding a single number.

double-angle identities useful in writ-
ing trig functions involving double
angles as trig functions of single angles.

double-angle identities for tangent
useful in writing trig functions involv-
ing double angles as functions of single
numbers.

equivalent vectors two vectors that
have the same magnitude and direction.

Glossary 157

even function a function is even if

f(-x) = f(x).

general solution solutions defined over
entire domain.

geometric vector a quantity that can
be represented by a directional line
segment.

half-angle identities useful in writing
trig functions involving half angles as
trig functions of single angles.

half-angle identities for tangent use-
ful in writing trig functions involving
half angles as functions of single angles.

Heron’s formula a formula for finding
the area of a triangle given the lengths
of the three sides.

identities for negatives fundamental
identities that involve the basic trig
functions of negative angles.

identity see trigonometric identity.

imaginary axis an axis in the complex
plane.

initial point the beginning point of a
vector.

initial side side of angle where angle
measurement begins.

inverse cosecant function defined
in terms of the restricted sine function.

inverse cosine function inverse of the
restricted cosine function.

inverse cotangent function defined
in terms of the restricted tangent
function.

inverse notation notation used to
express an angle in terms of the value of
trigonometric functions.
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inverse secant function defined in
terms of the restricted cosine function.

inverse sine function inverse of the
restricted sine function.

inverse tangent function inverse of the
restricted tangent function.

law of cosines a relationship between
the lengths of the three sides of a trian-
gle and the cosine of one of the angles.

law of sines a relationship between the
ratios of the sines of angles of a triangle
and the side opposite those angles.

linear interpolation a method of
approximating values in a table using
adjacent table values.

linear velocity defined in terms of arc
length and time.

magnitude of a vector the length of
the directional line segment.

mathematical induction a method of
mathematical proof.

maximum value largest value of a
function in a given interval.

minimum value smallest value of a
function in a given interval.

minute an angle measurement equal to
1/60 of a degree.

modulus of a complex number same
as absolute value of a complex number.

negative angle results from clockwise
rotation.

norm another name for the magnitude
of a vector.

nth root theorem an extension of De
Moivre’s theorem involving roots of
complex numbers.

odd function a function is odd if

f(-x) = -f(x).

odd-even identities see identities for
negatives.

one-to-one a characteristic of functions
where each element in the domain is
pairs with one and only one element in
the range and vice versa.

orthogonal perpendicular.

parallelogram rule a process used to
add together two nonparallel vectors.

period the smallest value of q such that
f(x) = f(x+q) where f(x) is a periodic
function.

periodic functions trigonometric func-
tions whose values repeat once each
period.

phase shift the horizontal displacement
of a function to the right or left of the
vertical axis.

polar axis a ray extending from the
pole in a polar coordinate system.

polar coordinate system a coordinate
system using distance and angle for
position.

polar coordinates an ordered pair con-
sisting of a radius and an angle.

pole the fixed center of the polar coor-
dinate system.

position vector another name for a
standard vector.

positive angle results from counter-
clockwise rotation.

primary solutions solutions defined
over a limited domain.

principal nth root the unary root of a
complex number.



product-sum identities useful in writ-
ing the product of trig functions as the
sum and difference of trig functions.

projections another name for compo-
nent vectors.

proving the identity showing the
validity of one identity by using previ-
ously known facts.

Pythagorean identities fundamental
identities that relate the sine and cosine
functions and the Pythagorean
Theorem.

quadrantal angle an angle in standard
position with its terminal side on a
coordinate axis.

quotient identities fundamental iden-
tities that involve the quotient of basic
trig functions.

radian the measure on an angle with
vertex at the center of a circle that sub-
tends an arc equal to the radius of the
circle.

radius vector another name for a stan-
dard vector.

real axis an axis in the complex plane.

reciprocal identities fundamental
identities that involve the reciprocals of
basic trig functions.

reduction formulas for cosine useful
in rewriting cosines of angles greater
than 90° as functions of acute angles.

reduction formulas for sine useful in
rewriting sines of angles greater than
90° as functions of acute angles.

reduction formulas for tangent useful
in rewriting tangents greater than 90°
as functions of acute angles.

Glossary 159

reference angle an acute angle whose
trigonometric ratios are the same
(except for sign) as the given angle.

resultant vector the result obtained
after vector manipulation.

SAS reference to solving a triangle
given the lengths of two sides and the
measure of the included angle.

scalar multiplication changing the
magnitude of a vector without chang-
ing its direction.

scalar multiplication of algebraic vec-
tors a process of multiplying vector
components.

scalar quantity the value of a dot prod-
uct of two vectors.

secant the reciprocal of the cosine
function.

second an angle measurement equal to
1/60 of a minute.

sector a portion of a circle enclosed by
a central angle and its subtended arc.

semiperimeter one-half the perimeter
of a triangle.

similar triangles two triangles whose
angle measurements are the same.

simple harmonic motion a compo-
nent of uniform circular motion.

sine a trigonometric ratio equal to the
opposite side divided by the
hypotenuse.

solving the triangle a process for find-
ing the values of sides and angles of a
triangle given the values of the remain-
ing sides and angles.
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SSA reference to solving a triangle
given the lengths of two sides and the
measure of a non-included angle.

SSS reference to solving a triangle given
the lengths of the three sides.

standard position (angle) an angle
with its initial side on the positive x-
axis and vertex at the origin.

standard position (vector) a vector
that has been translated so that its ini-
tial point is at the origin.

standard vector a vector in standard
position.

static equilibrium the sum of all the
force vectors add up to zero.

sum identities for tangent identities
involving the tangents of sums of
angles.

sum identity for cosine one of the
trigonometric addition identities.

sum identity for sine one of the
trigonometric addition identities.

sum-product identities useful in writ-
ing the sum and difference of trig func-
tions as the product of trig functions.

tangent a trigonometric ratio equal to
the opposite side divided by the adja-
cent side.

terminal point the ending point of a
vector.

terminal side side of angle where angle
measurement ends.

tip-tail rule a process for doing vector
addition.

trigonometric addition identities
identities involving the trig functions of
sums and differences of angles.

trigonometric identity an equation
made up of trigonometric functions of
an angle that is valid for all values of
the angle.

trigonometric ratios the ratios of the
length of two side of a right triangle.

uniform circular motion circular
motion about a point at a uniform lin-
ear and angular velocity.

unit circle a circle with a radius of one
unit.

vector addition process of combining
two vectors.

vector quantity a quantity that has
both size and direction.

velocity vector a vector representing
the speed and direction of a moving
object.

vertical shift the vertical displacement
of a function above or below the hori-
zontal axis.

zero algebraic vector an algebraic vec-
tor whose components are both zero.

zero vector a vector with a magnitude
of zero and any direction.



Index

A

AAS
definition, 156
examples, 43, 48-49
Law of Sines, 38
abscissa, circular functions, 57
absolute value of a complex number, 119, 156
acute angles
examples, 11-13
formulas, 10
reference triangles, 9
similar triangles, 9
algebraic vector, 106, 156
alpha, Greek letter, 9
ambiguous case, SSA, 38
amplitude, 66, 74, 156
amplitude of a complex number, 119, 156
amplitude, sine function, 66
An introduction to Trigonometry, Web site,
155
angle of depression, 24, 156
angle of elevation, 24, 156
angles
acute, functions of, 9-13
definition, 156
examples, 6-8
first quadrant angle, 5
fourth quadrant angle, 5
general, functions of, 13-18
negative, 4
positive, 4
rotation, 4
second quadrant angle, 5
third quadrant angle, 5
angular velocity, 156
arc functions, 18
Archimedes’ spiral, polar form graph, 117
Arcsin, 18
area of triangles
AAS area formula, 45-46
ASA area formula, 45-46

examples, 47-49

Heron’s formula, 46-47

reference, area formulas, 46

SAS area formula, 45

SSS area formula, 46-47

using to find area of circle sectors, 55
argument of a complex number, 119, 156
ASA

definition, 156

examples, 42, 4849

Law of Sines, 38
Associative property, vectors, 109
ASTC

definition, 156

general angles, 16
asymptotes, 70, 73, 156
axis

imaginary, 119, 157

real, 119, 159

bearing, 101, 156

C

calculators, 19
cardioid, polar form graph, 117
circle, polar form graph, 117
circular functions

abscissa, 57

definition, 56, 156

domain, 57

examples, 58-60

ordinate, 57

range, 57-58

signs of trig functions in various

quadrants, 60

unit circle, 56
cofunction identities, 80, 156
cofunctions, 12, 156
Commutative property, vectors, 109
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complex numbers
absolute value, 119, 156
amplitude, 119, 156
argument, 119, 156
De Moivre’s theorem, 122-125, 157
examples, 120122
imaginary axis, 119, 157
modulus, 119, 158
real axis, 119, 159
complex plane, 119, 156
component vectors, 103, 156
components, 100, 156
components of an algebraic vector, 100,
106, 156
conditional equation, 79, 156
conditional trigopnometric equations,
137, 156
conjugate of a complex number, 157
cosecant, 10, 12, 157
cosine
definition, 157
frequencies of, 68
period of, 65-66
values of at various angles, 64-65
cotangent, 10, 12, 72, 157
coterminal, 67, 157
coterminal angles, polar coordinates, 114

Dave’s short course on trigonometry,
Web site, 154

De Moivre’s theorem, 122-125, 157

degree, 4, 8-9, 53, 157

degree measure, 18

degree of scale, 51

depression, angle of, 24, 156

difference identities for tangent, 157

difference identity for cosine, 83, 157

difference identity for sine, 83, 157

different identity for cosine, 83

directed line segment, 99, 157

direction, vectors, 99

Distributive Property, vectors, 109

domain, circular functions, 57

dot product, 110, 157

double-angle identities, 87-91, 157

double-angle identities for tangent, 93, 157

elevation, angle of, 24, 156
equations, conditional, 79, 156
equivalent vectors, 100, 157
Euclid, 9
even function, 62-64, 157
exercises

acute angles, functions of, 21

angles, 21

areas of triangles, 50

circular functions, 78

complex numbers, 126

cosine graphs, 78

De Moivre’s Theorem, 126

general angles, functions of, 21

general triangles, 50

identities, 98

inverse cosecant, 139

inverse cosine, 139

inverse cotangent, 139

inverse secant, 139

inverse sine, 139

inverse tangent, 139

Law of Cosines, 50

Law of Sines, 50

M sin Bt + N cos Bt expression, 147

periodic trigonometric functions, 78

polar coordinates, 126

radians, 78

right triangles, 50

simple harmonic motion, 147

sine graphs, 78

symmetric trigonometric functions, 78

tangent graphs, 78

trigonometric equations, 137

uniform circular motion, 147

vectors, 112

wave forms, 78

first quadrant angle, 5

four-leaved rose graph, polar form, 118
fourth quadrant angle, 5

fractional angle measure, 19



general angles

ASTC, 16

examples, 16-18

formulas, 14

standard position, 13-14
general solution, 137, 157
geometric vector, 99, 157
Greek letters, lower case, 9

half-angle identities, 87-91, 157
half-angle identities for tangent, 93, 157
Heron’s formula, 46-49, 157
horizontal line graph, polar form, 117
hypotenuse

acute angles, 9

Pythagorean theorem, 16

identities for negatives, 80, 157
identity
cofunction, 80
conditional equation, 79
definition, 79, 157
difference identity for sine, 83
different identity for cosine, 83
double-angle, 87-91
examples, 81-87
half-angle, 87-91
negatives, 80
product-sum, 95-97
proving, 80
Pythagorean, 80
reciprocal, 80
sum identity for cosine, 83
sum identity for sine, 83
sum-product, 96-97
tangent, 91-95
trigonometric addition, 83
Identity property, vectors, 109
imaginary axis
complex numbers, 119
definition, 157
initial point, 99, 157
initial side, 4, 157
Internet Web sites, 154—155
intervals, 19

Index

inverse contangent function
definition, 157
graph, 134
trigonometric identity, 134
inverse cosecant function
definition, 157
graph, 134
trigonometric identity, 134
inverse cosine function
definition, 127, 157
examples, 131-132
formula, 128
graph, 129
one-to-one, 127-128
symmetry, 131
inverse notation, 157
Inverse property, vectors, 109
inverse secant function
definition, 158
graph, 134
trigonometric identity, 134
inverse sine function
definition, 158
examples, 131-132
formula, 130
graph, 130
symmetry, 131
inverse tangent function
definition, 158
graph, 132-133

L

Law of Cosines
definition, 158
examples, 28-31
formulas, 27
reference triangle, 28
Law of Sines
definition, 158
examples, 33-37
formulas, 32-33
reference triangles, 32
lemniscate, polar form graph, 118
line segment
definition, 22
directed, 99, 157
linear interpolation, 19, 158
linear velocity, 158
look up values, tables of, 19
lowercase letters, 22

163
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M sin Bt + N cos Bt expression, 140143
magnitude of a vector, 99, 107, 158
mathematical induction, 158

maximum value, 67, 158

minimum value, 67, 158

minute, 8, 158

modulus of a complex number, 119, 158

negative angle, 15, 158
norm, 99, 158
nth root theorem, 124, 158
numbers, complex
absolute value, 119, 156
amplitude, 119, 156
argument, 119, 156
De Moivre’s theorem, 122-125, 157
examples, 120122
imaginary axis, 119, 157
modulus, 119, 158
real axis, 119, 159

odd function, 62-64, 158

odd-even identities, 158

one-to-one, 127-128, 158

ordered pairs, polar coordinates, 114
origin, polar coordinate system, 113
orthogonal, 110, 158

parallelogram rule, 100, 158
period, 61, 68, 158
periodic coterminus angles, 60
periodic functions
definition, 60-61, 158
examples, 61-64
formulas, 61
phase shift, 68, 73, 158
plane, complex, 119, 156
polar axis, 113, 158
polar coordinate system
definition, 158
origin, 113
pole, 113

polar coordinates
coterminal angles, 114
definition, 113, 158
examples, 115-118
ordered pairs, 114
polar to rectangular conversion, 115
pole
definition, 158
polar coordinate system, 113
position vector, 158
positive angle, 14, 158
primary solutions, 137, 158
principal nth root, 124, 158
product-sum identities
definition, 95, 159
examples, 96-97
formulas, 96
projections
definition, 103, 159
examples, 104-105
proving the identity, 80, 159
Pythagorean identities, 80, 159
Pythagorean theorem
hypotenuse, 16
right triangles, 24
trigonometric identity, 10-11
using to find area of circle sector, 55

Q

quadrant angle, 5

quadrantal angle
definition, 4-5, 159
examples, 13, 15

quotient identities, 159

radian measure, 51
radians
definition, 9, 51, 159
degree equivalencies, 53
examples, 52-56
subtended arcs, 52
unitless quality, 52
radius vector, 159
range, circular functions, 57
real axis
complex numbers, 119

definition, 159



reciprocal identities, 79, 159
reduction formulas for cosine, 84, 159
reduction formulas for sine, 85, 159
reduction formulas for tangent, 159
reference angles

definition, 159

values in various quadrants, 16
reference triangles

acute angles, 9, 12

law of cosines, 28
resultant vector, 100, 159
review questions, 148-153
right triangles

examples, 23-27

Pythagorean theorem, 24

solving, 23
rotation

clockwise, 4

counterclockwise, 4

measuring, 4

SAS
definition, 159
examples, 41, 4748
Law of Cosines, 38
scalar multiplication, 100, 107, 159

scalar multiplication of algebraic vectors,

107, 159
scalar quantity, 159
scale, degree of, 51
Schaum’s Outline of Trigonometry, 154
secant, 10, 12, 159
second, 8, 159
second quadrant angle, 5
sector, 159
semiperimeter, 46, 159
similar triangles, 9, 159
simple harmonic motion
definition, 159
examples, 146
sine
amplitude, 66
attributes of, 69
definition, 159
examples, 67-70
frequencies of, 68
period of, 65-66
values of at various angles, 64-65
vertical shifts, 66

Index 165

solving the triangle, 22, 159
SOSMAth Homepage, Web site, 155
sound waves, 76-78
SSA

ambiguous case, 38

definition, 156

example, 4345
SSS

definition, 160

Law of Cosines, 37
standard position (angle), 4, 160
standard position (vector), 105, 160
standard vector, 160
static equilibrium, 110, 160
subtended arcs, radian measure, 52
sum identities for tangent, 160
sum identity for cosine, 83
sum identity for sine, 83, 160
sum-product identities, 96, 160
symmetric trigonometric functions, 60—64
Syvum Homepage, Web site, 155

T

tables, look up values, 19
tail-tip rule, 100, 160
Tangent, 132
tangent
asymptotes, 70
cotangents, 72
definition, 70, 160
examples, 73-76
identities, 91-95
values of at various angles, 71
terminal point, 99, 160
terminal side, 4, 13-14, 160
theta, Greek letter, 9
third quadrant angle, 5
three-leaved rose graph, polar form, 117-118
triangles. See also areas of triangles
AAS area formula, 4546
ASA area formula, 45-46
examples, 47-49
Heron’s formula, 46-47
Pythagorean theorem, 24
reference, area formulas, 46
right, 23-27
SAS area formula, 45
SSS area formula, 46-47
trigonometric addition identities, 83, 160
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trigonometric equations geometric, 99, 157
conditional, 137 Identity property, 109
examples, 137-139 initial point, 99
general solution, 137 Inverse property, 109
primary solutions, 137 magnitude, 99, 107, 158

trigonometric functions orthogonal, 110, 158
acute angles, 10 projections, 103, 159
examples, 18-20 resultant, 100, 159
signs of in various quadrants, 15 scalar multiplication of, 107, 159
values of for various quadrantal angles, 15 standard position, 105

trigonometric identity, 10, 160 static equilibrium, 110, 160

trigonometric ratios, 9, 13, 22, 160 tail-tip rule, 100, 160

Trigonometry the Easy Way, 154 terminal point, 99

unit, 108
u vector quantity, 99
velocity, 101, 160

uniform circular motion zero, 60, 100, 107
definition, 160 velocity vector, 101, 160
examples, 143146 vertical line graph, polar form, 117

unit circle, 51, 56, 160 vertical shift, 66, 160

unit vectors, 108
unitless quality, radians measure, 52 w

uppercase letters, 22

wave forms
v adding together, 76-77
examples, 77-78
vector addition, 100, 107, 160 Web sites, reccommended, 154-155

vector quantity, 99

vectors, 99 x

addition, 160

algebraic, 106, 156 x-axis, 16, 119
Associative Property, 109

bearing, 101, 156 v
Commutative property, 109

component, 103 y-axis, 16, 119
components of, 100, 106, 156

direction, 99

Distributive Property, 109 z

dot product, 110, 157
equivalent, 100, 157
examples, 101-105, 108-112

zero algebraic vector, 160
zero vector, 100, 107, 160
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