Trigonometry

What You'll Learn

e Determine the measure of an acute angle in a right triangle using the
lengths of two sides.

e Determine the length of a side in a right triangle using the length of another
side and the measure of an acute angle.

e Solve problems that involve one or more right triangles.

Why It’s Important

Trigonometric ratios are used by:
e surveyors, to determine the distance across a river or a very busy street
e pilots, to determine flight paths and measure crosswinds

e forestry technicians, to calculate the heights of trees

Key Words

tangent ratio cosine ratio

angle of inclination angle of elevation
indirect measurement angle of depression
sine ratio
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D 2.1 skill Builder

Similar Triangles

Similar triangles have:
e the measures of matching angles equal
e the ratios of matching sides equal

12cm P
Q S
% om A 5cm
cm
A 6cm \ T
R 2cm
40° These triangles are not similar because the
ratios of matching sides are different.
110° >
30 PQ_ 12
C B D —=—==24
. - ST 5
These triangles are similar because R )

, W6 3 Compare the longest sides,
matching angles are equal. U 2 compare the shortest sides,
JA = /D = 40° RP 8 then compare the third

N _ 9 2 . .
/B = /E = 30° T pair of sides.
/C=/F=110°
Check
1. Are the triangles in each pair similar?
a) B 10cm . b) Y
K
E 3cm F
3.0cm 4.cm 5cm
) 8cm
5.0 cm 3.5cm 10 em
4.0cm G
J 5 w
cm
D 2.0cm c X
Compare the ratios of matching sides. Compare the ratios of matching sides.

@ = = = =

C_D e = = =

BC

similar.

The triangles similar.
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D 2.1 The Tangent Ratio

{48 Use the tangent ratio to find an angle measure.

The Tangent Ratio

A

An acute angle is
less than 90°.

length of side opposite ZA
length of side adjacent to ZA

side adjacent
to LA

B side opposite ZA

If ZA is an acute angle in a right triangle, then tan A =

/Example 1 | Finding the Tangent Ratio

Find the tangent ratio for 2 G.
E 18 F
10
G
Solution
Draw an arc at £G. Opigsite
The side opposite 2 G is EF. E F
The side adjacent to 2 G is GE. 10
length of side opposite 2 G adjacent

tan G = , ,

length of side adjacent to £G b
tan G = % Substitute: EF = 18 and GE = 10

18 The side opposite the right angle
tan G = 0 is always the hypotenuse.
tan G = 1.8
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Check

1.a) Find tan P, b) Find tan Q. )
The side opposite 2P is . The side opposite
The side adjacent to ZP is ) /Qis . 8
length of side JP The side adjacent T
tan P = to £Q s R
length of side /P E—
tan Q =
tan P =
tan P = tan Q =
tan P = tan Q =
tan Q =

To find the measure of an angle, use the tan~" key on a scientific calculator.

/Example 2 | Using the Tangent Ratio to Find the Measure of an Angle

Find the measure of ZA to the nearest degree.

C 16 B
7
A
Solution

The side opposite ZA is BC.

The side adjacent to ZA is AB.
length of side opposite ZA

tan A = , .

length of side adjacent to ZA

If you are using a different

tan A = BC Substitute: BC = 16 and AB = 7 calculator, consult the user’s

AB manual.

16
tan A = —

7

To find £A using a TI-30XIIS calculator, enter:
) LY 1 3 A B iz S

LA = 66°
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1. Find the measure of each indicated angle to the nearest degree.

a) LF

H
The side opposite ZF is
The side adjacent to ZF is

_length of side /F

tan F = :
length of side /F
tan F =
tan F =
/F =tan™! Use a calculator.
/F =
b) /E The side opposite £E is
5 The side adjacent to ZE is
C D
tan E =
9
tan kE =
E tan E =
£E =tan]
LE=
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/Example 3 | Using the Tangent Ratio to Find an Angle of Inclination

A guy wire is fastened to a cell-phone tower 8.5 m
above the ground. The wire is anchored to the ground
14.0 m from the base of the tower. What angle, to the
nearest degree, does the wire make with the ground?

The angle the wire makes
with the ground is called the
angle of inclination.

Solution
A
Draw a diagram.
The angle the wire makes with the ground is ZB.
To find £B, use the tangent ratio. 8.5m
B 14.0 m c
tan B — _ength of side opposite /B The side opposite 2B is CA.
length of side adjacent to /B The side adjacent to 2B is BC.
tan B = % Substitute: CA = 8.5 and BC = 14.0
_ 85
tan B = 140 Use a calculator.
/B = 31°

The angle between the ground and the wire is about 31°.

Assume the tower is
perpendicular to the
ground.

1. A ladder leans against a house. The top of the ladder is 2.4 m above the ground.
Its base is 0.9 m from the wall. What angle, to the nearest degree, does the
ladder make with the ground?

Label the given triangle FGH.

Label G where the ladder meets the ground.

Label F where it meets the wall.

We want to find the measure of £G. N

The side opposite £G is
The side adjacent to £G is

tan G = tan G — opposite

adjacent

tan G =

4G =

The angle between the ground and the ladder is about
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1. Label the hypotenuse, opposite, and adjacent sides of each right triangle
in relation to the given angle.

a) /H b) 2P

2. Find the tangent ratio for each indicated angle. Leave the ratio in fraction form.

a) z b) v
7
16 15
X
3 U w
Y
The side opposite £Y is . The side opposite ZW is
The side adjacent to £Y is . The side adjacent to ZW is
length of side At
tanY = : tan W =
length of side LY
tanY = tan W =

tan Y = tan W =

3. Find the measure of ZA for each value of tan A. Give your answer to the nearest degree.

a) tan A=05 b) tanAzg
/A= tan"( ) Use a calculator.
LA =
/A=
/LA =
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4. Find the measure of £B to the nearest degree.
13

B qC The side opposite 2B is
The side adjacent to ZB is
length of side
12 tanB = J

N length of side

D tan B =

tan B =

/B =

5. A telephone pole is supported by a wire, as shown. M
What angle, to the nearest degree, does the wire make with the ground?

We want to find the measure of ~N.
Use the tangent ratio.
_ length of side

length of side N—7—F

tan

tan =

tan =
/ =

The angle between the ground and the wire is about

6. Victor is building a wheelchair ramp to an entranceway that is 3 m above the sidewalk.
The ramp will cover a horizontal distance of 50 m. What angle, to the nearest degree,
will the ramp make with the ground?

R
BmM
S 50 m Q

The angle between the ground and the ramp is about
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D 2.2 skill Builder

Solving Equations
Inverse operations “undo” each other’s results.
Multiplication and division are inverse operations.
We can use inverse operations to solve some equations.
> > Multiply each side by 5.
a
5X==5X14
5
a=20
To solve 6_o b X 36 b X9 Undg the d'V'S'9”'
b b Multiply each side by b.
36 =9b
36_9% Undo the multiplication.
9 9 Divide each side by 9.
4=0pb
Check
1. Solve each equation.
a C
==5 b) 9==
a3 ) 9=3%
Multiply each side by : Multiply each side by .
a
X < = X 5
S — 7 S ——
a= =C
156 15
13 =22 d 2-¢
9 r ) &
Multiply each side by :
156
X 13 = X —
E— E— f
- , =b
Divide each side by .
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D 2.2 Using the Tangent Ratio to
Calculate Lengths

m Use the tangent ratio to calculate lengths.

When we know the measure of an acute angle and the length of a leg of a
right triangle, we can use the tangent ratio to find the length of the other leg.

[Example 1 | Finding the Length of an Opposite Side

Find the length of BC to the nearest tenth of a centimetre.

23.0cm
C 58" A

B

Solution

We know the measure of ZA. adjacent to ZA
BC is the side opposite ZA. c 23.0 g A
CA is the side adjacent to ZA.

Use the tangent ratio to write an equation.

opposite LA

(og)

length of side opposite ZA
length of side adjacent to ZA

tan A = BC Substitute: LA = 28° and CA = 23

CA

BC

23

Solve the equation for BC.
Multiply each side by 23.

23 X tan 28° = 23 x BE

23
23 tan 28° = BC Use a calculator. Enter:

BC is about 12.2 cm long. Eeeaiees

tan A =

tan 28° =
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1. Find the length of each indicated side to the nearest tenth of a centimetre.

a) Side ED The given angle is ZF.
F is the side opposite £F.
£o° is the side adjacent to 2F.
8 om tan F = side
side
D E
tan F =
tan =
Solve the equation for DE.
Multiply each side by
X tan = X
X tan =
DE =
DE is about long.
b) Side HJ The given angle is
is the side opposite
is the side adjacent to
13 cm
H tan =
K
tan =
tan =

HJ is about long.
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/ Example 2 | Finding the Length of an Adjacent Side

Find the length of PQ to the nearest tenth of a centimetre.

Q
O

5.0cm
R

P

Use the tangent ratio to write an equation.
side opposite 2P

We know /P = 35°.

tan P = — ) QR is opposite /P,
side adjacent to £P PQ is adjacent /P
tan P = S—g Substitute: QR = 5 and 2P = 35°
5
tan 35° = =
an PO

Solve the equation for PQ.
Multiply each side by PQ.

5
PQ X tan 35° = PQ X —
Q X tan Q PO

PQ tan 35° = Divide each side by tan 35°.

PQ tan 35° _ 5
tan 35° tan 35°

_ 5
PQ = T Use a calculator.
PQ = 7.1407..

So, PQ is about 7.1 cm long.
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Check

1. Find the length of TU to the nearest tenth of a centimetre.
S
4.0cm
u- T

The given angle is £T.

is the side opposite 2 T.
is the side adjacent to 2 T.

tan T = side
side
tan T = Substitute: and
tan = Multiply each side by
X tan = X
X tan = Divide each side by
_tan B
TU = Use a calculator.
TU =
TU is about long.
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/Example 3 | Using the Tangent Ratio to Solve a Problem

A wire supports a flagpole. The angle between the wire and the level ground is 73°. The wire
is anchored to the ground 10 m from the base of the pole. How high up the pole does the
wire reach? Give the answer to the nearest tenth of a metre.

Solution

Sketch and label a diagram.
Assume the flagpole meets the ground at a right angle. B

The given angle is ZA. We want to find the length of BC.
side opposite ZA

tan A = — ,
side adjacent to ZA
BC is opposite / A.
CA is adjacent to L A.
73° oo
10.0 m
tan A = 2 Substitute: ZA = 73° and CA = 10
CA .
Solve the equation for BC.
tan 73° = % Multiply each side by 10.
10 tan 73° = BC Use a calculator.
BC = 32.7085...

The wire reaches the flagpole at a height of about 32.7 m.

Check

1. A ladder leans on a wall, as shown. How far up the wall does
the ladder reach? Give your answer to the nearest tenth
of a metre.

The given angle is ZF.
We want to find the length of

F15m I
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side

tan F =

side
tan F =
tan =
tan =
DE =

Substitute: and

Multiply each side by .

The ladder reaches the wall at a height of about

1. Find the length of the side opposite the given angle to the nearest tenth of a centimetre.

a) G

3 6 cm H

The given angle is £ZF.

b) Z
X

5 cm\

Y

The given angle is £

The side opposite £F is The side opposite £ is
The side adjacent to ZF is The side adjacent to £ is
tan F = side tan _ side
side side
tan F =
tan =
X tan =
tan =
is about long.
GH = -
GH is about long.
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2. Find the length of CD to the nearest tenth of a centimetre.
The given angle is £C.

The side opposite 2C is
The side adjacent to 2 C is

D
Y 16 cm

side

C tan C =

side

tan C =

tan =

Multiply each side by

Divide each side by

CD is about long.

3. Find the length of the indicated side to the nearest tenth of a centimetre.

a) Side PQ b) Side UV
P v
O
> Q 32 cm
U
18 cm T
R tan =
opposite
tanR = —— =
an adjacent tan
tan =
, UV is about long.
PQ is about long.
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4. This diagram shows an awning over the window H

of a house. Find the height of the awning, GH, 32
to the nearest tenth of a metre.
tan H =
G 1.6m J
window

The height of the awning is about

5. A rope supports a tent. The angle between the rope and the level ground is 59°. The rope is
attached to the ground 1.2 m from the base of the tent. At what height above the ground is
the rope attached to the tent? Give your answer to the nearest tenth of a metre.

B

PA N
1.2m

The rope is attached to the tent at a height of about
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D 2.3 Math Lab: Measuring an
Inaccessible Height

m Determine a height that cannot be measured directly.

When we find a length or an angle without using a measuring instrument, we are
using indirect measurement.

Try This

Work with a partner.

Follow the instructions in Part A on Student Text page 85 to make a clinometer.
The materials you need are listed on Student Text page 84.

Record all your measurements on the diagram below.

Choose a tall object; for example, a tree or a flagpole.
Object:

Mark a point on the ground.
Measure the distance to the base of the object.

One person stands at the point. He holds the clinometer, then looks at the top of the object
through the straw. The other person records the angle shown by the thread on the protractor.
Then that person measures the height of the eyes above the ground of the person holding
the clinometer.

Subtract the clinometer angle from 90°.
This is the angle of inclination of the straw.

B
2
Clinometer angle:
Height of object:
Angle of inclination: >
A e
Height of eyes:
1 ] )
— J

~—

Distance to object:
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Use the tangent ratio to calculate the length of BC:

BC
A=—
tan AC
BC
tan =
BC = X tan
BC =

Height of object = length of BC + height of eyes above the ground
Height of object = +
Height of object =

Change places with your partner.
Repeat the activity.

Does the height of your eyes affect the measurements? Explain.

Does the height of your eyes affect the final result? Explain.

1. Which angle of inclination does each clinometer measure?

o
Angle of inclination Angle of inclination
= 90° — angle on clinometer = 90° —

—90° — =
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2. Use the information in the diagram to find
the height of the flagpole to the nearest
tenth of a metre.

Angle on clinometer:
Angle of inclination: 90° — =
So, LE =

__opposite
adjacent

tan E

tan =

tan =

FG =
So, height of flagpole = + height of eyes above ground

= -

The height of the flagpole is about

3. Use the information in the diagram to find
the height of the tree to the nearest tenth

of a metre.
/Pis: 90° — =
= Q
tan P ® e
Pt R
tan = I ﬁ
1.7m |
10m
This diagram is not drawn to scale.
QR =

So, height of tree =

The height of the tree is about
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Can you...

e use the tangent ratio to find an angle measure?

e use the tangent ratio to calculate a length?

e use the tangent ratio to solve a problem?

EXB 1. Find the tangent ratio for each indicated angle. Leave the ratio in fraction form.

a) g 11 c b) E
22
7 15
D

A F
The side opposite ZA is

. . . tan D =
The side adjacent to ZA is an
tan A = S0 tan D =

side N

tan A = tan D =
tan A =

2. Find the measure of each indicated angle to the nearest degree.

a) G b) K

8 17 7

. J
H
. . . 22
The side opposite ZH is
The side adjacent to ZH is M
tan H = side o _
side

tan H = tan =
tan H = tan =

/H =tan"! = =tan™

/H = b=
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XA 3.rind the length of each indicated side to the nearest tenth of a centimetre.

a) Side ST b) Side PQ
T 24
- P em R
21 cm
U 68°
Q
S tan =
tan U = Sde
side
tanU =
tan =
ST =
ST is about long. PQ is about long.
4. Margy is building a support brace to reach the top of a wall, as shown. c

How far from the wall should the brace be anchored to the ground?
Give your answer to the nearest tenth of a metre.

We want to find the length of AB. 35m
The brace should be anchored to the ground about from the wall.
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D 2.4 skill Builder

Sum of the Angles in a Triangle

In any triangle, the sum of the
angle measures is 180°,

e start with 180°
e subtract the known measures

So, to find an unknown angle measure:

In any right triangle, the sum of the
measures of the acute angles is 90°.

e start with 90°
e subtract the known acute angle

So, to find the measure of an acute angle:

A D
E
71°
64°>p
O
c F
/C =180° — 71° — 64° /E =90° — 40°
/C = 45° /E =50°
Check
1. Find the measure of the third angle.
a) H b) M
0<59°
G L46°
30° J 769
N
/H =180° — - /M =
/H= /M =
2. Find the measure of the third angle.
a) T b)
R
s u
P
/U = 90° — /P =
/U = /P =
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' 2.4 The Sine and Cosine Ratios

{0ldILH Use the sine and cosine ratios to determine angle measures.

C
The Sine and Cosine Ratios
In a right triangle, if Z A is an acute angle, then
) length of side opposite ZA

Sin A = side opposite ZA hypotenuse

length of hypotenuse

length of side adjacent to ZA

cos A — ength of side adjacent to

length of hypotenuse B , A
side adjacent to ZA

/Example 1 | Finding the Sine and Cosine of an Angle

Find sin B and cos B to the nearest hundredth.

A
26 cm
B The nearest hundredth
24 cm means two decimal places.
10 cm
C
Solution
AC is the side opposite /B. A hypotenuse
AB is the hypotenuse. 26 cm
i i 24 cm
0B = length of side opposite /B side opposite /B
length of hypotenuse \ _
side adjacent to Z/B

sinB = % Substitute: AC = 24 and AB = 26 c

, 24
sinB ==—

26

sin B = 0.9230...
sinB = 0.92

BC is the side adjacent to ZB.
AB is the hypotenuse.

_ length of side adjacent to /B
length of hypotenuse

cos B = B Substitute: BC = 10 and AB = 26
10
B — -
cos 26
cos B = 0.3846...
cos B =0.38
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Check

1. Find sin D and cos D to the nearest hundredth.

: side opposite 2D i i
sin D = —9€ OPpPOSI s D — side adjacent to 2D 7.5cm
hypotenuse hypotenuse
F

sinD = cos D = 4.0cm

E
sinD = cosD =
sinD = cosD =
sinD = cos D =

8.5cm

To find the measure of an angle, use the sin~" or cos™! key on a scientific calculator.

Using the Sine or Cosine Ratio to

/Example 2
Find the Measure of an Angle

Find the measures of B and 2D C

to the nearest degree. 4.6 om

- B T
Solution 8.7 cm

Find the measure of £B first.

BC is adjacent to ~B. BD is the hypotenuse.
We could use the sine ratio

h ine rati wri n jon. ;
So, use the cosine ratio to write an equatio to find the measure of ¢ D

side adjacent to /B

cos B =
hypotenuse
os B = g—g Substitute: BC = 4.6 and BD = 8.7
46
B = ==
cos 37

To find 2B using a TI-30XIIS calculator, enter:

(2nd) (Cos) (4] 1] (6] (=] (8] (] (@ O (E"ER)
/B = 58°

cos"l[4.E~8. 7]

58.075853361

Since the sum of the acute angles in a right triangle is 90°,
/D =90° - /B

So, /D = 90° — 58°
/D = 32°

Since the measure of /B
is an estimate, so is the
measure of /D.
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1. Find the measure of each acute angle to the nearest degree.

a) U 5cm Vv Find the measure of ~U first.
UV is the ZU.
UW is the )
9cm So, use the cosine ratio to write an equation.
cos U =
w
cos U =
cos U =
/U = cos™!
/U =
So, W = 90° — 2U
LW = 90° —
LW =
b) T Find the measure of ~U first.
10.8 cm ST is th
is the
S SU is the .
So, use the ratio to write an equation.
18.0 cm
U
U =
U =
U=
/U =sin”!
/U =
So, £S = 90° —
/S =90° —
/S =

92 978-0-321-61066-9 Copyright © 2011 Pearson Canada Inc.



/Example 3 | Using Sine or Cosine to Solve a Problem

A storm caused a 15.3-m hydro pole to lean over. The top of the pole is now 12.0 m
above the ground. What angle does the pole make with the ground? Give the answer to
the nearest degree.

Solution

Draw a diagram. AC represents the pole. C

The pole meets the ground at A.

BC is the side opposite ZA. AC is the hypotenuse. 15.3 m 12.0 m
So, use the sine ratio to find £ZA.
Gin A — side opposite ZA A B
hypotenuse
sin A = 5C Substitute: BC = 12.0 and AC = 15.3 Assume the ground is
AC horizontal.
. ~12.0
sin A = 153 Use a calculator.
LA = 52°

So, the hydro pole makes an angle of about 52° with the ground.

1. A ladder leans on a wall as shown.
What angle does the ladder make with the ground?
Give your answer to the nearest degree.
We want to find the measure of £D.
DF is
DE is .
So, use the ratio to find £D.

\‘\[

Assume the ground is
horizontal.
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D = Substitute: and
D p—
/D= So, the ladder makes an angle of about

with the ground.

2. The string of a kite is 160 m long. The string is anchored to the
ground. The kite is 148 m high. What angle does the string make o U
with the ground? Give your answer to the nearest degree. B

148 m 160 m
We want to find the measure of 2V.

TU is the
UV is the .
So, use the ratio to write an equation.

The angle the string makes with the ground is about

1. Fill in the blanks.

a) C b) G 5.0
Q ;
. . D 4.8 4
F
The side opposite 2B is : The side opposite 2B is
The side adjacent to ZB is . The side adjacent to /B is
The hypotenuse is . The hypotenuse is
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2. For each triangle in question 1, find sin B and cos B as decimals.

side

/B

a) sinB =

sin B =

sin B =

sin B =

b) sinB =

hypotenuse

sin B =

side____ /B
hypotenuse

cos B =

cos B =

cos B =

cos B =

cos B =

cos B =

3. Find the measure of each indicated angle to the nearest degree.

a) A

55cm

AC is the

6.9 cm

AB is the

So, use the

ratio.

X
9.9cm

W 11.7 cm

XY is the

WY is the

So, use the ratio.
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4. A firefighter rests a 15.6-m ladder against a building, as shown. H “ G
What angle does the ladder make with the ground? = “ \
Give your answer to the nearest degree.

5 [0
We want to find the measure of /H. = \\
FH is the . B “
GH is the . ]
So, use the ratio. _LLF
H =
H =
H =
LH =

The angle the ladder makes with the ground is about

5. A loading ramp is 4.5 m long. The top of the ramp has height 1.6 m.
What angle does the ramp make with the ground?
Give your answer to the nearest degree.

4.5m
1.6m

The angle the ramp makes with the ground is about
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D 2.5 Using the Sine and Cosine Ratios
to Calculate Lengths

m Use the sine and cosine ratios to determine lengths.

To use the sine or cosine ratio to find the length of a leg, we need to know:
e the measure of an acute angle, and
e the length of the hypotenuse

/Example 1 | Using the Sine or Cosine Ratio to Find the Length of a Leg

Find the length of RS to the nearest tenth of a metre.

R TS S
9.6 m
Q
Solution
The measure of £S5 is known. R adjacent to ZS
RS is the side adjacent to £S. 28
QS is the hypot.enuse.. Som
So, use the cosine ratio. hypotenuse
Q
side adjacent to £S
cos S =
hypotenuse
_RS TR _ 9qo _
cos S = as Substitute: £S = 28°and QS = 9.6
o _ RS . :
Cos 28° = 96 Multiply both sides by 9.6.
RS
9.6 X 28° = 9.6 X —
cos oE
9.6 cos 28° = RS Use a calculator.
RS = 8.4762...

RS is about 8.5 m long.
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Eﬂbewj(

1. Find the length of each indicated side to the nearest tenth of a centimetre.

a) AC The measure of £B is known.
B AC is the
40° BC is the
So, use the ratio.
15.6 cm )
g — Side
hypotenuse
A C B=—
- BC
AC =
AC is about long.
b) DE The measure of £ is known.
E DE is the
: DF is the
F So, use the ratio.
19.5cm
D
DE is about long.
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To use the sine or cosine ratio to find the length of the hypotenuse, we need to know:
e the measure of an acute angle, and
e the length of one leg

/ Example 2 | Using the Sine or Cosine Ratio to Find the Length of the
Hypotenuse

Find the length of the hypotenuse to the nearest tenth of a centimetre.

N

The hypotenuse is the side
opposite the right angle.

9.5cm

The measure of ZM is known. N
NP is the side opposite 2 M.
MN is the hypotenuse. .

So, use the sine ratio to write an equation. hypotenuse S%pgﬁlte <M

: id ite ZM
sin \  Side opposite

hypotenuse P47 S I

sin M = % Substitute: ~M = 52° and NP = 9.5

sin 52° = % Multiply both sides by MN.

MN sin 52° = 9.5 Divide both sides by sin 52°.

MN sin 52° 9.5
sin 52° sin 52°

_ 95
N = G55 Use a calculator.
MN = 12.0556...

MN is about 12.1 cm long.
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1. Find the length of each hypotenuse to the nearest tenth of a centimetre.

a K . i
) sin J = side
17.4 cm
S M sin) =
J sin =
The measure of 2] is known. sin _

The side opposite 2 is:
The hypotenuse is:
Use the sine ratio.

JK is about long.

11.9cm

O

Q

The measure of £ is known.
QS is the side
RS is the

So, use the ratio.

RS =
RS is about long.
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/Example 3 | Using Sine or Cosine to Solve a Problem

A surveyor makes the measurements shown in the diagram to find the distance between two

observation towers on opposite sides of a river. How far apart are the towers? Give the
answer to the nearest metre.

e

Tower 1
63 m

73°

Tower 2

The distance between the towers is the hypotenuse, AC.

A B
Tower 1
63 m
73°
C
Tower 2

The measure of 2 C is known.

BC is the side adjacent to 2 C.

AC is the hypotenuse.

So, use the cosine ratio.

side adjacent to 2C

cos C =

hypotenuse
cos C = % Substitute: £.C = 73° and BC = 63
o _ 63 . .
cos 73° = AC Multiply both sides by AC.
AC X cos 73° = 63 Divide both sides by cos 73°.
_ 63
= o 73 Use a calculator.
AC = 215.4791...

The distance between the towers is about 215 m.
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Check

1. Sam and Sofia are building a wooden ramp for skateboarding. The height of the ramp
is 0.75 m. The ramp makes an angle of 8° with the ground. What length of plywood do
Sam and Sofia need for the top of the ramp? Give your answer to the nearest tenth

of a metre.
E
/‘//rlws m
D - )
80 F Sin D = M
hypotenuse
We want to find the length of DE.
The measure of 2D is known.
The side opposite /D is:
The hypotenuse is:
So, use the sine ratio.
sinD = Substitute:
sin — Multiply both sides by
sin = Divide both sides by .
DE =
Sam and Sofia need about of plywood.

1. Which ratio would you use to find each length?

a) XY b) ST
X T
O
U
29° 15.

z 17.6 cm Y S 5.9 cm
The measure of £ is known. The measure of £ is known.
YZ is the side ) ST is the side
XY is the ) SU is the
So, use the ratio. So, use the ratio.
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2. Find the length of each indicated side to the nearest tenth of a centimetre.

a) VW
\%
O

u 48°

15.0 cm

b) QR

R

10.5cm
Q

The measure of £ is known.
The side opposite £ is
The hypotenuse is
So, use the ratio.
oin _ side
E— hypotenuse
sin =
sin =
sin =
VW =
VW is about long.
The measure of £ is known.
QR is the
RS is the
So, use the ratio.
QR is about long.
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3. Find the length of side PM to the nearest tenth of a metre.

P M The measure of £ is known.
19° PM is the side
16.0 m .
N MN is the
So, usethe  ratio.
PMisabout  long.

4. Find the length of each hypotenuse to the nearest tenth of a centimetre.

a) E b) X
29° W
21.6cm dy
The measure of £ is known.
WY is the side
G e F WX is the .
4 e So, use the ratio.
The measure of £ is known.
The side opposite £ is:

The hypotenuse is:
So, use the sine ratio.

. opposite
sin = —
— hypotenuse
sin =
WX =
. WX is about long.
sin =
sin =
EF =
EF =
EF is about long.
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5. A straight slide in a playground makes an angle of 28° with R
the ground. The slide covers a horizontal distance of 4.5 m.
How long is the slide? Give your answer to the nearest
tenth of a metre. 28°

The measure of ~2Q is known.
The side adjacent to 2Q is:
The hypotenuse is:

So, use the ratio.

QR =

The slide is about long.

6. A 15-m support cable joins the top of a telephone pole C
to a point on the ground. The cable makes an angle of 32° with
the ground. Find the height of the pole to the nearest tenth 15.0m

of a metre.
32°

The height of the pole is about

978-0-321-61066-9 Copyright © 2011 Pearson Canada Inc. 105



Can you...

e use the sine or cosine ratio to find an angle measure?

e use the sine or cosine ratio to calculate a length?

e use the sine or cosine ratio to solve a problem?

XA 1.Find sin A and cos A to the nearest hundredth.

B
13.0 16.0

A

20.6 C
sin A = cos A =
sin A = cos A =
sin A = cos A =
sin A = cos A =
sin A = cos A =

2. Find the measure of each indicated angle to the nearest degree.

a)p 17cm b) & 13.4 cm
59cm
23 cm
J
E GJ is the
FD is the ) GH is the
DE is the . So, use the ratio.
So, use the ratio.
H =
D =
H =
D=
H J—
D= /H=
/D =
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XA 3. Find the length of each indicated side to the nearest tenth of a centimetre.

a) PR b) ST
Q T
2
40° S \
3.7cm 22.8 cm U
The measure of £ is known.
p/—1LR ST is the side
The measure of £ is known. SU is the
The side opposite £ is So,usethe _ ratio.
The hypotenuse is
So, use the ratio.
ST is about long.
PR is about long.
4. Find the length of the hypotenuse X
to the nearest tenth of a centimetre. g4 .cm
Y

The measure of 2~ W is known.

The side opposite ZW is:

The hypotenuse is: W
Use the sine ratio.

sin W =
sin _ Multiply both sides by .
sin = Divide both sides by .
WY is about long.
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D 2.6 Applying the Trigonometric Ratios

{48 Use trigonometric ratios to solve a right triangle.

When we solve a triangle, we find the measures of all the angles and the lengths
of all the sides.
To do this we use any of the sine, cosine, and tangent ratios.

A hypotenuse B
We can use the acronym
side adjacent to £A side opposite ZA SOH-CAH-TOA
to help us remember
these ratios.
C

. opposite adjacent opposite
smAzL cosAzJ— tan Zp.p—
hypotenuse hypotenuse adjacent

/Example 1 | Finding the Measures of All Angles

Find all unknown angle measures to the nearest degree.

Solution

Find the measure of 2D.

EF is the side opposite 2D.
DE is the side adjacent to 2D.
So, use the tangent ratio.

We could have used the
tangent ratio to find ~F.

an D - opposne
adjacent
tan D = % Substitute: EF = 9 and DE = 5
9
tanD ==
5
/D = 61°

The acute angles in a right triangle have a sum of 90°.
So, £F=90° - 2D

/F=90° - 61°

/F = 29°
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Fheck

1. Find all unknown angle measures to the nearest degree.

a)

b)

H

10.5 cm 6.4 cm

G

Find the measure of 2G.
HJ is the side

G:

GH is the side

So, use the ratio.

We could use the tangent
ratio to check the measure
of £J.

7.2cm

M 7.8cm

K

Find the measure of K.

MN is the side /K.

NK is the

So, use the ratio.

We could use the cosine
ratio to check the measure
of LN.

/G =
The acute angles have a sum of 90°.
So, £) =90° —
/) =90° —
/)=

K:
LK =

The acute angles have a sum of 90°.

So, ZN = 90° —
LN = 90° —
LN =
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/Example 2 | Finding the Lengths of All Sides

Find all unknown side lengths to the nearest tenth of a metre.

Q

P
’J76° 24.3m
R

Solution

Find the length of PR. side opposite ZR

P
PR is the side adjacent to ZR. side adjacentr
QR is the hypotenuse. to /R 76

So, use the cosine ratio.
adjacent
cos R =

~ hypotenuse

cos R = % Substitute: 2R = 76° and QR = 24.3
R
243
24.3 cos 76° = PR
PR — 5.8787...

PR is about 5.9 m long.

243 m

R hypotenuse

cos 76° = Multiply both sides by 24.3.

Find the length of PQ.

PQ is the side opposite ZR.

QR is the hypotenuse.

So, use the sine ratio.
opposite

hypotenuse

sinR = PQ Substitute: ZR = 76° and QR = 24.3

OR
sin 76° = 22 Multiply both sides by 24.3
e ply y243.

24.3 sin 76° = PQ
PQ = 23.5781...

PQ is about 23.6 m long.

sinR =

We could use the
Pythagorean Theorem to
check the side lengths.
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Check

1. Find all unknown side lengths to the nearest tenth of a metre.

T

18.4 m

S

Find the length of ST.

TU is the side /S.

ST is the
So, use the ratio.

ST =

ST is about long.

Find the length of SU.

TU is the side /S.
SU is the side /S.

So, use the ratio.

SU =
SU is about long.
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[ Example 3 | Solving a Triangle

Solve this triangle. B
Give angle measures to the nearest degree.
Give side lengths to the nearest tenth of a centimetre. 12.2 cm
19.2 cm
A
Solution C

Find the measure of £B.

AB is the side adjacent to ZB.
BC is the hypotenuse.

So, use the cosine ratio.

We know the lengths
of two sides.

adjacent
co0sB = ——
hypotenuse
cos B = % Substitute: AB = 12.2 and BC = 19.2

12.2
B=-—==
TV
/B =51°

The acute angles in a right triangle have a sum of 90°.
So, £C =90° — «B

/C =190° - 51°

£C = 39°

Find the length of AC.

Use the Pythagorean Theorem to find AC.
AC? = BCZ — AB?

ACZ = 19.22 — 12.22

We could have used the
sine ratio and the exact
measure of 4B to find AC.

AC2 =219.8
AC = [219.8
AC = 14.8256...

AC is about 14.8 cm long.
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Check

1. Solve this triangle. Give side lengths to the nearest tenth of a centimetre.

Dp
17.3 cm

F

The acute angles have a sum of
So, ZE = —

LE = -

/E =

Find the length of DF.

DF is the side ZF.
EF is the .
So, use the ratio.
F =
F=
DF is about long.

We know the length of
one side and the measure
of one acute angle.

Find the length of DE.

DE is the side ZF
EF is the )
So, use the ratio.
F =
F=
DE is about long.

1. Which ratio would you use to find the measure of each angle?

a) «p b) /E
D
. Remember the
4.8 cm
acronym
E SOH-CAH-TOA.
18.6 cm
C 7.3cm
P 34cem R
QR is the side DE is the
PR is the side CE is the
So, use the ratio. So, use the ratio.
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2. Which ratio would you use to find the length of each indicated side?

a) GH
H 2.5¢cm _F
G
HF is the
GH is the
So, use the ratio.

b) MN

N
/ON\
' P
M 21°
MN is the

NP is the
So, use the ratio.

3. Find all unknown angle measures to the nearest degree.

a) V%

4.2 cm

5.5cm W

Find the measure of 2U.

/U =

The acute angles have a sum of 90°.

So, LW = 90° —
LW = 90° —
LW =

b) Q

17.6 cm
13.1 cm

S

Find the measure of 2Q.

Q=

/Q =

The acute angles have a sum of 90°.
So, LR =
LR =
/R =
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4. Find all unknown side lengths to the nearest tenth of a centimetre.

R
QO
8.7 cm
48° s
Q
Find the length of QS. Find the length of RS.
S = S —
S = S =
QS is about long. RS is about long.
5. Solve this triangle. Give angle measures to D.13.8cm .
the nearest degree. Give side lengths to the
nearest tenth of a centimetre.
21.5cm
C
Find the measure of ZE. Find the length of CD.
Use the Pythagorean Theorem.
E =
E =
E =
JE = CD is about long.
The acute angles have a sum of 90°.
So, £C = 90° —
£C =90° —
/1C=
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6. The base of a ladder is on level ground 1.9 m from a wall. The ladder leans against the wall.
The angle between the ladder and the ground is 65°.
a) How far up the wall does the ladder reach?
b) How long is the ladder?
Give your answers to the nearest tenth of a metre.

The ladder reaches the wall at a height of about

b)

The ladder is about long.
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D 2.7 Solving Problems Involving
More than One Right Triangle

m Use trigonometric ratios to solve problems that involve more than
one right triangle.

When a problem involves more than one right triangle, we can use information from one triangle
to solve the other triangle.

Example 1 | Solving a Problem with Two Triangles

Find the length of BC to the nearest tenth of a centimetre.

B
22.9 cm To solve a right triangle we must know:
e the lengths of two sides, or
56° 49 e the length of one side and the
A D c measure of one acute angle
Solution

First use AABD to find the length of BD.

Gin A — opposite B
hypotenuse 229 em Side BD is common
’ to both triangles.
sin A = BD .
AB A=—26
BD P
in 26° = ——
sin oYX
22.9sin 26° = BD
BD = 10.0386... Do not clear the calculator screen.

In ABCD, find the length of BC.

. it B
i C = o e
yp 10.0386 cm
sin € = 22 b a9\ .
. 10.0386...
49° = ——==——:
sin 49 BC
BC sin 49° = 10.0386...
10.0386...
BC = —————=
sin 49°
BC = 13.3014...

BC is about 13.3 cm long.
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1. Find the measure of ZF to the nearest degree.

E
Pz ’
14.4 cm
L ———F
G 9.6cm
Use ADEG to find the length of EG. D
Use the sine ratio Side EG is common to
' both triangles.
14.4 cm
sinD =
G
sinD =
sin = E
EG =
: - G 96om =
In AEFG, use the ratio to find ZF. ‘
The measure of ~F is about
The angle of elevation is the angle between object
the horizontal and a person’s line of sight
to an object above.
% angle of elevation
" horizontal
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/Example 2 | Solving a Problem Involving Angle of Elevation

Jason is lying on the ground midway between two trees, 100 m apart.
The angles of elevation of the tops of the trees are 13° and 18°. How much taller is one tree
than the other? Give the answer to the nearest tenth of a metre.

P
100 m
Solution
Jason is midway between the trees.
So, the distance from Jason to the base of each tree is: 103 M _50m

Use AJKM to find the length of JK.

Trse 1KD 13° We know /M = 13,
J M JK is opposite £ M.
50m JM is adjacent to / M.
' Use the tangent ratio.
tan M = opPOS|te
adjacent
tan M = JJ_I\K/I Substitute: ZM = 13° and JM = 50
JK
tan 13° = —
50
50 tan 13° = JK
JK =11.5434...
Use AMNP to find the length of NP,
N
Am Tree 2 We know /M = 18°.
M 50 P NP is opposite /M.
m MP is adjacent to /M.
i Use the tangent ratio.
tan M = opposne
adjacent
tan M = % Substitute: ZM = 18° and MP = 50
NP
tan 18° = —
50
50 tan 18° = NP
NP = 16.2459...

To find how much taller one tree is than the other, subtract:
16.2459.. m — 11.5434.. m = 4.7025... m
One tree is about 4.7 m taller than the other.
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1. The angle of elevation of the top of a tree, T, is 27°. H
From the same point on the ground, the angle of
elevation of a hawk, H, flying directly above the T
tree is 43°. The tree is 12.7 m tall. How high is ]12-7 0
the hawk above the ground? Give your answer 43
to the nearest tenth of a metre. @ 27 G

We want to find the length of HG. T
Use AQTG to find the length of QG. 12.7m
Use the tangent ratio. Q=5 G

tan Q =

tan Q = Substitute: and

tan =

QG

In AQHG, use the tangent ratio to find HG. H

The angle of depression is the angle between
the horizontal and a person’s line of sight oo 2R -
to an object below.

angle of depression

object
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[ Example 3 | Solving a Problem Involving Angle of Depression

From a small plane, V, the angle of depression of a sailboat is 21°.

The angle of depression of a ferry on the other side of the plane is 52°.
The plane is flying at an altitude of 1650 m.

How far apart are the boats, to the nearest metre?

________________________ V_ P
21 52
1650 m
u X w
sailboat ferry

We want to find the length of UW.
The angle of depression of the sailboat is 21°.
So, in AUVX, £V = 90° — 21°, or 69°.

Use AUVX to find the length of UX. We know 2V — 69°

opposite UX is opposite / V.
tanV = adjacent VX is adjacent to 2 V.
U X So, use the tangent ratio.
tanV = \lj—;: Substitute: £V = 69° and VX = 1650
UX
tan 69° = ——
1650

1650 tan 69° = UX
UX = 4298.3969...

The angle of depression of the ferry is 52°.
So, £V in AVWX is: 90° — 52°, or 38°.

i bty 2 _VF_5_2_0___ We know LV = 38°.
Use AVWHX to find the length of WX. 38 WX is opposite £ V.
. 1650 m VX is adjacent to /. V.
tan V = M So, use the tangent ratio.
adjacent X w
WX ferry
tanV = VX Substitute: £V = 38° and VX = 1650
WX
tan 38° = ———
an 1650

1650 tan 38° = WX
WX = 1289.1212...

To find the distance between the boats, add:
4298.3969... m + 1289.1212... m = 5587.5182... m
The boats are about 5588 m apart.
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1. This diagram shows a falcon, F, on a tree, with a squirrel, S, and a chipmunk, C,
on the ground. From the falcon, the angles of depression of the animals are 36° and 47°.
How far apart are the animals on the ground to the nearest tenth of a metre?

=

G C S
We want to find the length of CS.
CS = GS — GC JS
The angle of depression of the squirrel is
So, ZFin AFSG is: 90° — ,or . 15m
Use AFSG to find the length of GS. !
G
tan =
tan =
tan =
GS =

The angle of depression of the chipmunk is
So, £Fin AFCG is: 90° — ,or

Use AFCG to find the length of GC.

GC =

To find the distance between the animals, subtract:

The animals on the ground are about apart.
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1. Find the measure of ZC to the nearest degree.

Y

Use AABD to find the length of BD.

B 3r° d
A 126cm D

22.5¢cm

[
A 126cm D

Use the tangent ratio.

tan A =
tan A =
tan =
BD =
In ABCD, use the ratio to find £C.
B c
22.5cm

D

The measure of £ C is about
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2. Two guy wires support a flagpole, FH. The first wire is 11.2 m long and has an angle of
inclination of 39°. The second wire has an angle of inclination of 47°. How tall is the
flagpole to the nearest tenth of a metre?

F

Recall that the angle the wire
makes with the ground is called
the angle of inclination.

H

We want to find the length of FH. G
Use AEGH to find the length of EH.

Side EH is common to

Use the cosine ratio. n2m both triangles.
coskE = .
g£L39 H
cosE =
cos =
EH =
In AEFH, use the ratio to find the length of FH. F
47°
E oy
FH =
The flagpole is about tall.
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3. A mountain climber is on top of a mountain that is 680 m high. The angles of depression of
two points on opposite sides of the mountain are 48° and 32°. How long would a tunnel be
that runs between the two points? Give your answer to the nearest metre.

We want to find the length of QN.
The angle of depression of point Q is
So, ZM in APQM is: 90° — ,or

Use APQM to find the length of PQ.
Use the ratio.

PQ =

The angle of depression of point N is
So, ZM in APMN is: 90° — , or

Use APMN to find the length of PN.
Use the ratio.

NP =

The length of the tunnel is: = +

QN =

The tunnel would be about long.
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Chapter 2 Puzzle

Angle Mania!

A. Find the angles of inclination of the diagonals shown.
Assume the squares have side length 1 unit.

A E
A1 unit
D
P 1 unit K /
// C
B
F
A F G H J
1 unit e
//
2 units =
P K M

B. How many squares would be needed on the vertical rectangle for a diagonal to have an angle of
inclination greater than:

e 80°7 e 88°7
e 85°7 e 39°7

C. How many squares would be needed on the horizontal rectangle
. o . 1 unit
for a diagonal to have an angle of inclination less than:

1
e 10°7

10° adjacent

e 5°7
° 2°7

e 1°7
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Chapter 2 Study Guide

Skill Description Example
Find a trigonometric | In AABC, B
ratio. hypotenuse
A B 10 6
side adjacent toM opposite ZA
C A 3 C
sin A = L Gin A — _OPpOSite_
hypotenuse hypotenuse
s A = adjacent i A= BC
hypotenuse AB
opposite 6
tan A = —— =2
adjacent sin A 0 or 0.6

Find the measure of
an angle.

To find the measure of an acute angle

in a right triangle:

1. Use the given lengths to write a
trigonometric ratio.

2. Use the inverse function on a
scientific calculator to find the
measure of the angle.

To find the measure of 2B
in AABC above:

tan B — opposne
adjacent
AC
tan B = ==
an Te
8
tanB ==
6
_1( 8
/B =1 1(—)
an~{ ¢
/B =53°

Find the length of
a side.

To find the length of a side in a right

triangle:

1. Use the measure of an angle and
the length of a related side to write
an equation using a trigonometric
ratio.

2. Solve the equation.

To find the length of EF in
ADEF:

E
64°
3.0cm
D F
adjacent
COSE=7T7"T—"7"
hypotenuse
DE
Cos E = EF
o_ 3.0
cos 64° = EF
EF cos 64° = 3.0
__30
cos 64°
EF = 6.8435...
EF =6.8cm
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Chapter 2 Review

EXN 1.Frind the measure of £P to the nearest degree.

Q
tan P =
14 cm
tan P =
R tan P =
p 10 cm
/P =

XA 2. Find the length of TU to the nearest tenth of a centimetre.

Th U
tan S =
7.2cm
tan S =
58°
S
tan =
TU =
TU is about long.
3. A flagpole casts a shadow that is 25 m long when the Zs

angle between the sun’s rays and the ground is 40°.
What is the height of the flagpole to the nearest metre?

is the side opposite 2.
is the side adjacent to 2.

40°
25m

tanyY =

tanyY =

X =
The flagpole is about high.
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[ 2.3 S

Use the information in the diagram to find the height of the tower of a wind turbine
observed with a drinking-straw clinometer. Give the answer to the nearest tenth of a metre.

ZA =90° — _or
Side opposite ZA:
Side adjacent to ZA:

tan A =

tan =

BC =

I
+

So, height of tower

The height of the tower is about

15m
This diagram is not drawn to scale.

. Find the measure of each indicated angle to the nearest degree.

a) D b) F
6.7 cm
13.6 cm
8.5cm H
13.9cm G
ch E _
HF is the
D is th GH is the
_IS € So, use the ratio.
DE is the
So, use the ratio.
/H =
LE =
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6. A 2.8-m ladder is leaning against a barn, as shown.
What angle does the ladder make with the barn?
Give your answer to the nearest degree.

We want to find the measure of £ .
KM is the
JK is the
So, use the ratio.
Assume the ground is
horizontal.
/)=

The angle the ladder makes with the barn is about

XA 7.Find the length of each indicated side to the nearest tenth of a centimetre.

a) RS b) NQ
T P

8.8 cm
17.2 cm

N 24° Q

The measure of ZN is known.
R Use the ratio.

The measure of £T is known.
Use the ratio.

RS is about long. NQ is about long.
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8. An escalator is 14.5 m long. The escalator makes an angle of 27° with the ground.
What is the height of the escalator? Give your answer to the nearest tenth of a metre.

14.5m

27 c

A
To find the length of BC, use the ratio.

BC =
The escalator is about high.

XA 9. Solve this triangle. Give side lengths to the nearest tenth of a centimetre.

F
O

8.5cm

Find the length of EG.

Find the length of FG.
Use the ratio.

Use the ratio.

FG is about long.

The acute angles have a sum of . EG is about long.

So, £G = 90° —
4G =90° —
4G =
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XA 10. Two buildings are 25 m apart. From the top of the shorter building, the angles of elevation
and depression of the top and bottom of the taller building are 31° and 48° respectively.
What is the height of the taller building? Give your answer to the nearest metre.

G
F 4:1 _______ aH
Taller
building
Shorter
building
K 25m J

We want to find the length of GJ.
Gl = +

The angle of depression of point J is
Use AFHJ to find the length of HJ.
Use the ratio.

H =

The angle of elevation of point G is .
Use AFGH to find the length of GH.
Use the ratio.

GH =

To find the height of the taller building, add:
+ —

The taller building is about tall.
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