Lesson 1: Intro to Trigonometry

The word trigonometry means “triangle measurement’. Trigonometry allows us to find
the length of missing sides and the measure of missing angles in triangles. In this unit,
we will be dealing with right triangles.

Labelling Right Triangles O\D
The longest side in a right triangle is always opposite the right angle, and it is called the
. The two sides thatform the right angle are called the legs.

h}fpotenuse
leg

-

leg

The two legs ina right tr‘iangle may be labelled with different names dependj_ﬂg upon
which angle is being referred to.

e The leg that megts the hypotenuse to create the specified angle is called the
M side.

» The leg thatis across from the specified angle is called the o_q_e_c_‘im
side.

The specified angle can be identified with a symbol like & (called theta), x, or by a given
value.

g
h}?potenuse h}?potenuse
side opposite the side adjacent to
Specﬁga’a.n—gle the specified angle
0 6 u
side adjacent to side opposite the
the specified angle specified angle
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Examplel

Label the sides in these right triangles (hyp@nuse, adjacent and opposite) given the
specified angle, x. @ @

a b. ogoasvie.

qaj,mnj‘?
Nl ugarenus <

Capital letters are often used to label the vertices (i.e. where the line segments meet) of a
triangle. The same lowercase letter is used to label the side opposite a vertex.

Example 2
Label the sides of the triangle a, b, and c. Then, label the hypotenuse, adjacent, and
opposite sides in relation to £A and £B.

hyp= &
- = Dpp¢B=b opp LA =0
adj /B= O adjzA=b

C = B
Similar Triangles

Similar triangles are triangles that have the following properties

e Angles are congruent (5 qm\

e Sides are proportional
V L _\O -

2=0 =3
L‘

e AUVW ~ AXYZ
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Angle-Sum Property

o
Recall: The Angle-Sum Property states that all angles in a triangle add up to \RQ ;

Example 3
Determine the missing angle measurement in each triangle.
a. D b. X
31 91°
06 147
E E Y. Z
[ 71307 -407-3%1° (=190 —ar-14°
o
= 50 =75

Pythagorean Theorem Review

The Pythagorean Theorem states that in any right triangle, the sum of the squares of the
two legs is equal to the square of the hypotenuse. If you label the legs of the
hypotenuse with the letters z and b and the hypotenuse c, thenhz +b%=c2)

Example 4
Determine the length of the missing side of each triangle.
a. b.

6cm ¢ =10em a g

S Sem
E)cm a 4 o T2cm

0. o B o %72 =23 A7)

G *‘ﬁ: ta o> = %L.4% 5 W
WALASE | 210 o aa

loo=c* -+ C az 3

o = 6.5 cen

YOU MAY BE RIGHT, PYTHAGORAS,
BUT EVERYEODY'S GOING TO LAUGH
IF YOU CALL IT A "HYPOTENUSE”

Fl
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Lesson 2: The Tangent Ratio

In any right triangle there are three different ratios of side ].Eﬂgﬂ'lS. These ratios of side
lengths will always be the same no matter what the size of the triangles are, aslong as
the angles are the same measure (5 \ M\\O\{‘ _R‘f_ \ C\.\"\ 2> ). One suchratio

is the Jength of the side EZ@Q aSYY2_  anacute angle to the length of the side
\ to the same acute angle. This is called the tangent ratio.

For example, in the triangle below, the tangentof ZA (written astan A) is the ratio of
the side opposite angle A (a) to the side adjacent to /A (b). In other words,

opposite _ a
adjacent

tand=

Side adjacent to £ A

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

length of side opposite .4

tan 4 = , :
length of side adjacent to 24

Example 1: Finding the Tangent Ratio

Determine the ratios tan D and tan F.
sidesggosite © 3

tanD= Side 0dyagent Yo D7 L’t
o 7 H0vougme €
= o=

510e odjocass ye & ke
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When you are using trigonometry, you need to follow these three steps:

8 * Label the triangle fully. '\, %ge, Q&J
e Choose a trigonometric ratio based on the information you have about the
triangle
¢ 5olve for the unknown using a calculator.

If you are given the tangent ratio of an angle you can find the actual angle measure
using a calculator. To do this, you need to work backwards by using inverse tangent
(tan-1).

Example 2: Using Inverse Tangent

Find angle 6 if tan 6 = 4.356.

Uﬁ&"f:‘.&v{‘%nﬁn& e .
For (4350) = 72\

Example 3: Using the Tangent Ratio to Find Angle Measurements

Determine the measures of /G and /J to the nearest tenth of a degree.

N
tor\{_{_‘,:i"_(ﬂfﬁﬁ—t-—é I L-S,_,_ﬁi&r.ﬂqq L3
G = St-?lm&ﬁwé - sideady. L3
tont 5 Lo t3= 2
-~ W
;L G= Eon t’fi\

chgﬂl‘, L"'S:G‘

H

G
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Example 4: Using the Tangent Ratio to Determine an Angle of Elevation

South-facing solar panels on a roof work best when the angle of elevation of the roof is
approximately equal to the latitude of the house. The angle of elevation is the angle
formed by the horizontal (level of sight) and the line of sight to an object above the

horizontal.
solar panel
.-"ro e %
Line of Sight,a-" - L N
12 ft. > —
, | ==
- gle of Elevation L=
At >

The latitude of Fort Smith, NWT, is approximately 60°. Determine whether this design
for a solar panel is the best for Fort Smith. Justify your answer.

— OQQ. :‘__Q... -
ton® gé% 5 g o\ Ogg

_ A .

A (D
@ = %o\ﬂ\ (\@ .
@” 2( A" " No¥ c\ose Yo kO
OLSTON BoeaxtX Lol =
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Lesson 3: Using the Tangent Ratio to Calculate Lengths

In the previouslesson, you learned how to find a missing angle in a right triangle using
the tangent ratio. You can also use the tangentratio to find missing sides of a triangle.

Example 1: Determining Tangent Ratios tcm. |- ﬁg‘
J +

Determine the tangent of 60°, and explain what this means using a diagram.

tanCO =173 \ %= o¢@
| 09§
NYp
1%
/
Example 2: Determining the Length of a Side Opposite a Given Angle B
=" 19
Determine the length of AB to the nearest tenth of a centimetre. 1ecm GPE’ _
Step 1: |_cdee) W teion . 30°
ep ‘\ﬁl \ Y‘\qﬂ{ c . A
Step 2: Which information do you have? G\di .

Which information do you wantto find? _0o 1 E :

m@:ﬂf_e— Wean = 22
t o (oS m,(“?)

L[‘_’y-\'a.r\qﬁ)’ =G
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Example 3: Determining the Length of a Side Adjacent to a Given Angle

Determine the length of EF to the nearest tenth of a centimetre. E Oii\

=]

tﬂu’\@ = m o 35
& _ 5 h i
(e?‘)tnn%'\:?’.j-(e‘) D P
(£6) 3ot f_}f_& Cale. 3.5/ (Yan0)

EfF=alcm

Example 4: Using Tangent to Solve a Problem

What is the height of the building in the diagram below?

[
0%

[ ]

Fon O=200

- *
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Example 5: Using Tangent to Solve a Triangle

In a right triangle, the side opposite a 31° angleis 41 cm. Solve the triangle (find the
values for all 3 sides and all 3 angles). Includea diagram.
——

LG =\ ~ag”-3¢°

g =5%
b=41cm C’“‘ﬂ ‘tﬂu‘\irbzadb
o 31° ‘ﬁm'\"-"\ =-ﬂ-\-
N o
aan
03> o= Al
-]
Yo
La:: (Rrcm ’
G‘;T\d c q,
o ‘r\:n 2
() + “‘" =c Y oa V&
uf,el'l‘lf“"*“*”-“ W ;ﬁq 12
(33204=C BB
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Lesson 4: The Sine and Cosine Ratios

The sine of £A (written as 5;1;1__1‘1_} is the ratio of the side _Q@agﬂ'a__ angle A (side
O\ ) tothe k"ﬁﬁ’ AL AN (side_< ).

Whatdoyourthmk-theratiefor cosineds?—

The cosine of £A (written as cos A) is the ratio of the side Dés acent toangle A
(side Yo )tothe hwoakevwmse. (&)

In other words,
B
sinf = EEC_ =
WQ C c a

R

The three ratios - tangent, sine, and cosine, are referred to as the primary trigonometric
ratios. To remember these three ratios, we canuse the acronym “SOH-CAH-TOA”.

S - sinequals
O - opposite over
H - hypotenuse

C - cosequals
A - adjacent over
H - h}fpotenuse

T - tanequals

O - opposite over
A - adjacent
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Example 1: Determining the Sine and Cosine of an Angle

a. In ADEF, identify the side opposite 2D and the side adjacent to £D.

b. DeterminesinD and cosD. = Cind ThecaXie. E
=%0 |5 aﬁ%cm
SinD ‘;% & oke

D 12 cm F

#a&.’;lg__
P s T | R

e

Example 2: Using Inverse Sine and Cosine

Find the angle 8 for each of the following,.

a)sinf = 0.B976 b) cosf == S ¥arn®=)
Gz O=cod'(3 \ Ston ()
=3 SER LY O =45°

Example 3: Using Sine or Cosine to Determine the Measure of an Angle

Determine the measures of £G and ZF to the neagest tenth of a degee
coslG= ‘“—‘\Nf—- 1"1 ady mﬁ{
NI
G = cos (fa) GinN= -c{ o5 +’1“;TRD: 0
G=65 Bz ( \/

V=¥
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Example 4: Using the Sine or Cosine Ratio to Solve a Problem

A 10ft. ladder leans against the side of a building with its base 4 ft. from the wall. What
angle, to the nearest degree, does the ladder make with the ground?

CosX = 2%
\@ﬁ:h\ﬁ? = ;;—ﬁ?
ogRY cos¥ =5
% :Q,GGA(?E\
pY=y .
ody r el
e 1 0AREC ookes o U7 angleioninie g fourd

0o-1

t
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Lesson 5: Using Sine and Cosine Ratios to Calculate Lengths

You can use the sine ratio or the cosine ratio tocalculate the length of a leg in a right
triangle if you know the measure of one acute angle and the length of the hypotenuse.
Alternatively, you can use the sine ratio or the cosine ratio to calculate the length of the
hypotenuse if you know the measure of one acute angle and the length of either leg of
the triangle.

To find missing sides in right triangles using sine or cosine ratios, we can use the
following steps:

1. Setup atrigonometric equation.
2. Solve for the unknown side.

Example 1: Using the Sine or Cosine Ratio to Determine the Length of a Leg
a. Determine thelength of BC to the nearest tenth of a centimetre.

= 09) ;
cos O 56 oy /e
o _8c [5%4 ‘J 50°
({‘ﬁ cos B0 ﬁ}i ( - 5.2cm A

I g

b. Determine the length of AB to the nearest tenth of a centimetre.

St %:ﬁ

(53 SO 6('):2% (Vf)

=pf%
H O o @
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Example 2: Using the Sine or Cosine Ratio to Determine the Length of the
Hypotenuse
a. Determine the length of DE to the nearest tenth of a centimetre.

SinG = °kP E ' F
IXT
Sindn= LY 6.8 cm
N SE oE w o¢p

% S
DE = 5n55° = 35em

b. Determine the length of the hypotenuse. QA; D
_ ady
Cos Q=2 9.7 cm
WAl C B
css A= A2
™~ b x e

Vg F 2~ a?r = 2. 4cen
cas4\’

Example 3: Solving an Indirect Measurement Problem

A surveyor made the measurements shown in the diagram. How could the surveyor
determine the distance from the transit to the survey pole to the nearest hundredth of a

Cos &= ¥
cos (71P=q03b

metre?

¥

X= 54.05m

T AsSronce Feamn e Ararsit Yo Hra sucuay gole
s 54.09e
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Example 4: Using Sine and Cosine to Solve a Triangle
Given triangle XYZ with £7 = 90°, z = 26, £X =567, solve the triangle.
=
P LN= AW -2 -SL°
=24°

— Z =2 ' e_R¢
X =0 g SN96 T

: o= A (L
(AH5n20 "lla( )

2 oty=y X =06

cos 60 =23
g

() cos5 ;—}(W}
|'-{.6 =y
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Lesson 7: What Happens if You Have More Than One Right Triangle?

To solve problems that have more than one triangle, you use the same steps you used to
solve one right triangle. In general, when solving a problem thatinvolves more than
one right triangle, we will have to find a missing angle or side in one right triangle and
use it to find another missing angle or side in the other right triangle.

Example 1: Calculating a Side Length Using More than One Triangle

Calculate the length of CD to the nearest tenth of a centimetre.

~L
"5;\"\ %:' _._E.’_EJ
™R
ST = 4%
'Wb? A 4.2 cmi D
=43 =5l o<
sina T o5 ©2 ady
- Wy
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Example 2: Solving a Problem with Two Superimposed Triangles

A police airplane, flying at an altitude of 800 m, spots a speeding vehicle at an angle of
depression of 52°. If a road block is set up along the same highway at an angle of

depression of 237, find the distance the vehicleis from the road block (to the nearest
hundredth of a kilometre).

, Airplane

Eﬂg_m
Y
A -
R'cm::lt:-lc:rck X S pe@
= .':QQ
o202 ? -e_ma':%?
‘E’_G#" ';a.b-j ()
. 2 Wbl =2 @
(3 o33 3556( ﬂﬁ) ( 3,@6(
(A5 =% BRS™ =2
- -T
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Example 3: Solving a Problem with Triangles in the Same Plane

From the top of a 20 m high building, a surveyor measured the angle of elevation to the
top of another building and the angle of depression to the base of that building. The
surveyor sketched this plan of her measurements. Determine the height of the taller
building to the nearest tenth of a metre.

Horizontal
The angle of depression is the angle formed by thehorizontal g H::h‘jAﬂ_g_le;f _ Deose :; on
(level of sight) and the line of sight to an object below the horizontal.
Line of Sighlhlf‘x ..
*o

ton@=:.—£‘;’- 'tctn@'é}{g
fam577 22 (qud kocdF =0 [T
2 =2 (7

-

27 ko Yule <%

z71den : W\N_\%‘pk ok Yd\ bui\clifﬁ
. (5 4%\ ¥O =5 \m:
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