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Trigonometric Ratios oY
DEFINITION SYMBOLS DIAGRAM
The sine of an angle is the ratio | . e opposite leg
of the length of the leg opposite sind = hypotenuse
the angle to the length of the . opposite leg
[ Writing Math SNl I ™"~ Fypotenuse
hypotenuse
B
In trigonometry, the The cosine of an angle is . adjacent leg
letter of the vertex the ratio of the length of the ~ "hypotenuse ¢ a
of the angle is often leg adjacent to the angle to the adjacent leg
used to represent length of the hypotenuse. COSB = —vo—— b c
the measure of that EVESTEnES
angle. For example,
the sine of ZA is The tangent of an angle is the tanA = opposite leg _ a
written as sin A. ratio of the length of the leg ~ adjacentleg b
o?f;])sl}e thz_angle':o tt:e Ienglth ton = oppositeleg
of the leg adjacent to the angle. e TIEo R
J

EXAMPLE Finding Trigonometric Ratios
Write each trigonometric ratio as a fraction and as

R
a decimal rounded to the nearest hundredth. ﬁ 5
A sinR S T I

sinR=412 092  Thesine ofan £ is M_
13 hyp

" start
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In trigonometry, the
letter of the vertex
of the angle is often
used to represent
the measure of that
angle. For example,
the sine of ZA'is
written as sin A.

EXAMPLE

C & ot an angle & Tatio
of the length of the leg opposite

the angle to the length of the
hypotenuse.

The cosine of an angle is

the ratio of the length of the
leg adjacent to the angle to the
length of the hypotenuse.

The tangent of an angle is the
ratio of the length of the leg
opposite the angle to the length
of the leg adjacent to the angle.

hypotenuse

opposite leg _

hypotenuse

adjacent leg
‘hypotenuse
adjacent leg
“hypotenuse

opposite leg _
adjacent leg

_ opposite leg _

adjacentleg

Finding Trigonometric Ratios

Write each trigonometric ratio as a fraction and as
a decimal rounded to the nearest hundredth.

. sinR

sinR = % ~0.92 The sine of an £ is

opp. leg
hyp.

8-2 Trigonometric Ratios
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B Write each trigonometric ratio as a fraction and as R
a decimal rounded to the nearest hundredth. 131 5
cosR S T
. 5 . . adj. leg 12
cosR=--=038  The cosine of an £ is s
13 hyp.
. tan$S !
5. s OPP- leg
tanS = 12~ 0.42 The tangent of an £ is ad Teg”

m Write each trigonometric ratio as a c 24 A
fraction and as a decimal rounded to 7 7
the nearest hundredth. 25
la. cosA 1b. tanB Ic. sinB

EXAMPLE Finding Trigonometric Ratios in Special Right Triangles

Use a special right triangle to write sin 60° as a fraction.
Draw and label a 30°-60°-90° A.

opp. leg

The sine of an £ is
hyp.

V3
2

>





image10.png
e Edt View Document Took Window Help

H & @

trr @ @[ |- ] [ -

B

IE3

EXAMPLE Calculating Trigonometric Ratios

Use your calculator to find each trigonometric ratio. Round to the nearest
hundredth.

. c0s76° . sin8° . tan82°

cos(76) sin(8)

Be sure your
calculator is in
degree mode, not
radian mode.

tm(s;)
+ 2419218956 + 139173101 - 115365722

€os76° = 0.24 sin8° =~ 0.14 tan82° = 7.12
m Use your calculator to find each trigonometric ratio.
Round to the nearest hundredth.
3a. tanll® 3b. sin62° 3c. €os30°

The hypotenuse is always the longest side of a right triangle. So the denominator
of a sine or cosine ratio is always greater than the numerator. Therefore the sine
and cosine of an acute angle are always positive numbers less than 1. Since the
tangent of an acute angle is the ratio of the lengths of the legs, it can have any
value greater than 0.

Chapter 8 Right Triangles and Trigonometry L
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EXAMPLE

Do not round until
the final step of
your answer. Use
the values of the

trigonometric ratios
provided by your
calculator.

IE3

Using Trigonometric Ratios to Find Lengths

Find each length. Round to the nearest hundredth.

|A] 1B c

ABis adjacent to the given angle, ZA.
You are given BC, which is opposite ZA. 6.1in.
Since the adjacent and opposite legs

are involved, use a tangent ratio. A Op
opp. le; F
tanA = M = B¢ Write a trigonometric ratio.
adj.leg ~ AB

Substitute the given values.

Multiply both sides by AB and divide by tan41°.

AB=7.02in. Simplify the expression. L
MP
MP is opposite the given angle, ZN. N M
You are given NP, which is the hypotenuse. 20°
Since the opposite side and hypotenuse 8.7cm
are involved, use a sine ratio. P
) opp-leg _ MP . . B
sinN=——"= "= Write a trigonometric ratio.
hyp. NP g
sin20° = gﬂ; Substitute the given values.
8.7(sin20°) = MP Multiply both sides by 8.7.
MP = 2.98 cm Simplify the expression.

YZ X, 126cm 7 A
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‘MuTtiply both sides by 8.7.
Simplify the expression.

87(sin20°) = MP
MP = 2.98 cm

12.6 cm
YZ X z

YZ is the hypotenuse. You are given XZ,
which is adjacent to the given angle, ZZ.
Since the adjacent side and hypotenuse

are involved, use a cosine ratio. Y
adj. le X7
cosZ= L8 _XZ Write a trigonometric ratio.
hyp. YZ
o_ 12.6 p .
c0s38° = Yz Substitute the given values.
=126 Multiply both sides by YZ and divide by cos 38°.
c0s38°

YZ =~ 15.99 cm Simplify the expression.

m Find each length. Round to the nearest hundredth.
4a. DF ab. ST s
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EXAMPLE

Reading Hath ST

The expression sin~'x
is read “the inverse
orES @

m Use the given trigonometric ratio to
determine which angle of the triangle

Identifying Angles from Trigonometric Ratios

Use the trigonometric ratio cos A = 0.6 to determine
which angle of the triangle is ZA.

CcosA = M Cosine is the ratio of the adjacent
hyp. leg to the hypotenuse. 3.6cm

.6

cosZl = =0.6 The leg adjacent to Z1 is 3.6. The hypotenuse is 6.

8

cos/2=—==08 The leg adjacent to £2 is 4.8. The hypotenuse is 6.

Since cosA = cos Z1, £1 is ZA.

¢ 14.4m
is ZA.

la. sind = % 1b. tanA = 1.875

In Lesson 8-2, you learned that sin30° = 0.5. Conversely, if you know that the
sine of an acute angle is 0.5, you can conclude that the angle measures 30°.
This is written as sin='(0.5) = 30°.

If you know the sine, cosine, or tangent of an acute angle measure, you can use
the inverse trigonometric functions to find the measure of the angle.
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cos/2 = % =038 The leg adjacent to £2 is 4.8. The hypotenuse is 6.

IE3

Since cosA = cos Z1, £1 is ZA.

m Use the given trigonometric ratio to

Fletermme which angle of the triangle ~ ,, , 306m
is ZA.
la. sind=2 1b. tanA= 1875 27m

In Lesson 8-2, you learned that sin30° = 0.5. Conversely, if you know that the
sine of an acute angle is 0.5, you can conclude that the angle measures 30°.
This is written as sin='(0.5) = 30°.

. [ 2o
R!lqu Math 5 ;;il If you know the sine, cosine, or tangent of an acute angle measure, you can use

the inverse trigonometric functions to find the measure of the angle.
The expression sin~'x

s read t,r,‘e inverse nverse Trigonometric Functions

sine of x.” It does

not mean ﬁ You If sinA = x, then sin~"x = mZA.

can think of sin~"x

as “the angle whose
sine is x.” If tanA = x, then tan~"x = mZA.

If cosA = x, then cos~'x = mZA.

Chapter 8 Right Triangles and Trigonometry
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EXAMPLE

[ Helpful Hint =8

When using your
calculator to find

the value of an
inverse trigonometric
expression, you may
need to press the
[arc], [inv], or

[2nd] key.

EXAMPLE

Calculating Angle Measures from Trigonometric Ratios

Use your calculator to find each angle measure to the nearest degree.

A cos'(0.5) B sin—'(0.45) € tan~'(3.2)

sin1( 45) L.:.-!(;i

68 - 4368395 ?24597536

cos™!(0.5) = 60° sin~!(0.45) = 27° tan~!(3.2) = 73°

m Use your calculator to find each angle measure to the
nearest degree.

2a. tan~!(0.75) 2b. cos~1(0.05) 2c¢. sin~!(0.67)

Using given measures to find the unknown angle measures or side lengths of
a triangle is known as solving a triangle. To solve a right triangle, you need to
know two side lengths or one side length and an acute angle measure.

Solving Right Triangles

Find the unknown measures. Round lengths to the nearest
hundredth and angle measures to the nearest degree.
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@

a triangle 1s known as solving a triangle. To solve a right triangle, you need to
know two side lengths or one side length and an acute angle measure.

Solving Right Triangles

Find the unknown measures. Round lengths to the nearest
hundredth and angle measures to the nearest degree.

A
Method 1:

By the Pythagorean Theorem,
AC? = AB? + BC2.

=(7.5)* +5%=81.25
So AC=V/81.25 = 9.0L.

~1f 5
LA =t B ~ 34°
m. an (7‘5)

Method 2:

/A= tanY (2 ) ~ 340
m. an (7‘5
Since the acute angles of a right
triangle are complementary,
ms£C =~ 90° — 34° =~ 56°.

5
sinA’

inAd=_2 _
smAfAC, so AC =

Since the acute angles of a right

triangle are complementary,
ms£C = 90° — 34° =~ 56°.

AC~— 5

~9.01
sin [tan"( 5

75,
3. Find the unknown measures. Round

lengths to the nearest hundredth and
angle measures to the nearest degree.

Student to Student Solving Right Triangles
] )\

T gioes- T ©
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EXAMPLE

Solving a Right Triangle in the Coordinate Plane

The coordinates of the vertices of AJKL are ](—l, Z), K(—l, —3), and
L(3,—3). Find the side lengths to the nearest hundredth and the angle
measures to the nearest degree.

Step 1 Find the side lengths.
Plot points J, K, and L.
JK=5 KL=4
By the Distance Formula,

JL=\[3- (=D +(-3-2)"

V42 + (=5)?
= /16 + 25 = V41 = 6.40

Step 2 Find the angle measures.
mzK = 90° JK and KL are 1.

14 o T = .
mZJ = tan ‘(g) =~ 39 KL is opp. £J, and JK is adj. to ZJ.
msL =~ 90° —39° =~ 51° The acute & of a rt. A are comp.

4. The coordinates of the vertices of ARST are R(—S, 5),

5(4, 5), and 7(4, —2). Find the side lengths to the nearest
hundredth and the angle measures to the nearest degree.
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Y& justify triangle similarity relationships, such as right triangle ratios ...

Objectives Why learn this?
Use geometric mean to You can use similarity relationships in right

find segment lengths in triangles to find the height of Big Tex.
right triangles.

Apply similarity
relationships in right
triangles to solve
problems.

Big Tex debuted as the official symbol of the
State Fair of Texas in 1952. This 6000-pound
cowboy wears size 70 boots and a 75-gallon hat.
In this lesson, you will learn how to use right

Vocabulary triangle relationships to find Big Tex’s height.

geometric mean In a right triangle, an altitude drawn from the

vertex of the right angle to the hypotenuse

Also G5B, G5D,G8A,  forms two right triangles.
G.8.C,G.11.A,G.11.B

Theorem 8-1-1

The altitude to the hypotenuse of a right triangle forms

D
two triangles that are similar to each other and to the
original triangle.
A

AABC ~ AACD ~ ACBD

PROOF Theorem 8-1-1 B D
Given: AABC is a right triangle with altitude CD. m
Prove: AABC ~ AACD ~ ACBD c A
. . . o

n AAB

[00 he rig
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PROOF Theorem 8-1-1 B D
Given: AABC is a right triangle with altitude CD. B
Prove: AABC ~ AACD ~ ACBD c A

Proof: The right angles in AABC, AACD, and ACBD are all congruent. By the
Reflexive Property of Congruence, ZA = ZA. Therefore AABC ~ AACD by
the AA Similarity Theorem. Similarly, ZB = ZB, so AABC ~ ACBD. By the
Transitive Property of Similarity, AABC ~ AACD ~ ACBD.

EXAMPLE Identifying Similar Right Triangles
Write a similarity statement comparing the three triangles. 3 R
Sketch the three right triangles with the angles of
the triangles in corresponding positions. T

R N

By Theorem 8-1-1, ARST ~ ASPT ~ ARPS.

m 1. Write a similarity statement J
comparing the three triangles. i i
K L





image3.png
e Edt View Document Took Window Help

Find

H@-@ &S] @@L i @

B

EXAMPLE

IE3

Consider the proportion 4 = £. In this case, the means of the proportion are
the same number, and that number is the geometric mean of the extremes.
The geometric mean of two positive numbers is the positive square root of
their product. So the geometric mean of @ and b is the positive number x such
that x = Vab, or x2 = ab.

Finding Geometric Means

Find the geometric mean of each pair of numbers. If necessary, give the
answer in simplest radical form.

. 4and9
Let x be the geometric mean.
x*=(4)(9) =36 Def. of geometric mean =
x=6 Find the positive square root.
B 6and15
Let x be the geometric mean.
x? = (6)(15) = 90 Def. of geometric mean
x=v90 = 3V10 Find the positive square root.

m Find the geometric mean of each pair of numbers. If necessary,
give the answer in simplest radical form.

You can use Theorem 8

2a. 2and 8 2b. 10 and 30 2c. 8and 9

-1-1 to write proportions comparing the side lengths v
B ocumentz pr nt 5
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You can use Theorem 8-1-1 to write proportions comparing the side lengths
of the triangles formed by the altitude to the hypotenuse of a right triangle.
All the relationships in red involve geometric means.

- L 2
Y A D h C
c_b_a c_b_a
a“pox b~V h
Ll Geometr N
COROLLARY EXAMPLE DIAGRAM

8-1-2 The length of the altitude
to the hypotenuse of a right
triangle is the geometric
mean of the lengths of
the two segments of the
hypotenuse.

8-1-3 The length of a leg of a right
triangle is the geometric b
mean of the lengths of the a?=xc
hypotenuse and the segment b?=yc
of the hypotenuse adjacent
to that leg. H
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EXAMPLE

[ Helpful Hint 22

Once you've found
the unknown side
lengths, you can use
the Pythagorean
Theorem to check
your answers.

EXAMPLE

Finding Side Lengths in Right Triangles
Find x, y, and z.
x2=(2)(10) = 20 x is the geometric mean of 2 and 10.
x=V20=2V5 Find the positive square root.
2= (12)(10) = 120 y is the geometric mean of 12 and 10.
y= V120 = 2¢/30 Find the positive square root.
22=(12)(2) =24 z is the geometric mean of 12 and 2.
z=V24=2V6 Find the positive square root.

Measurement Application

To estimate the height of Big Tex at the State Fair
of Texas, Michael steps away from the statue
until his line of sight to the top of the statue and
his line of sight to the bottom of the statue form
a90° angle. His eyes are 5 ft above the ground,
and he is standing 15 ft 3 in. from Big Tex. How

y
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& TEKS G.11.C Similarity and the geometry of shape: develop, apply, and justify
triangle sil y relationships, such as ... trigonometric ratios ...

Objectives Who uses this?

Find the sine, cosine, Contractors use trigonometric ratios
andltangen( of an acute to build ramps that meet legal
angle. requirements.

Use trigonometric ratios
to find side lengths

in right triangles and

to solve real-world

According to the Americans with
Disabilities Act (ADA), the maximum

problems. slope allowed for a wheelchair ramp
is %, which is an angle of about 4.8°.
Vocabulary Properties of right triangles help builders
trigonometric ratio construct ramps that meet this requirement.
Zl(;‘s?ne By the AA Similarity Postulate, a right triangle F
tangent with a given acute angle is similar to every ‘
other right triangle with that same acute Zz

Also G5B, 65D, G8.c, ratios. A trigonometric ratio is a ratio of
G.11.B two sides of a right triangle.

angle measure. So AABC ~ ADEF ~AXYZ, C
and % = % = % These are trigonometric vyl X ‘
O

Trigonometric Ratios

DEFINITION SYMBOLS DIAGRAM

oppositeleg 3

The sine of an angle is the ratio
of the length of the leg opposite
T | =

s start





