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Foreword

These Lesson Plans and the accompanying Pupils’ Handbooks are essential
educational resources for the promotion of quality education in senior
secondary schools in Sierra Leone. As Minister of Basic and Senior Secondary
Education, | am pleased with the professional competencies demonstrated by
the writers of these educational materials in English Language and
Mathematics.

The Lesson Plans give teachers the support they need to cover each element
of the national curriculum, as well as prepare pupils for the West African
Examinations Council’'s (WAEC) examinations. The practice activities in the
Pupils’ Handbooks are designed to support self-study by pupils, and to give
them additional opportunities to learn independently. In total, we have produced
516 lesson plans and 516 practice activities — one for each lesson, in each term,
in each year, for each class. The production of these materials in a matter of
months is a remarkable achievement.

These plans have been written by experienced Sierra Leoneans together with
international educators. They have been reviewed by officials of my Ministry to
ensure that they meet the specific needs of the Sierra Leonean population. They
provide step-by-step guidance for each learning outcome, using a range of
recognized techniques to deliver the best teaching.

| call on all teachers and heads of schools across the country to make the best
use of these materials. We are supporting our teachers through a detailed
training programme designed specifically for these new lesson plans. It is really
important that the Lesson Plans and Pupils’ Handbooks are used, together with
any other materials they may have.

This is just the start of educational transformation in Sierra Leone as
pronounced by His Excellency, the President of the Republic of Sierra Leone,
Brigadier Rtd Julius Maada Bio. | am committed to continue to strive for the
changes that will make our country stronger and better.

| do thank our partners for their continued support. Finally, | also thank the
teachers of our country for their hard work in securing our future.

A

W(V\lo o>

Mr. Alpha Osman Timbo

Minister of Basic and Senior Secondary Education



The policy of the Ministry of Basic and Senior Secondary Education,

Sierra Leone, on textbooks stipulates that every printed book should
have a lifespan of three years.

To achieve thus, DO NOT WRITE IN THE BOOKS.
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Introduction
to the Pupils’ Handbook

These practice activities are aligned to the Lesson Plans, and are based on the
National Curriculum and the West Africa Examination Council syllabus guidelines.
They meet the requirements established by the Ministry of Basic and Senior
Secondary Education.

The practice activities will not take the whole term,
SO use any extra time to revise material or re-do
activities where you made mistakes.

Use other textbooks or resources to help you learn
2 better and practise what you have learned in the
lessons.

Read the questions carefully before answering
them. After completing the practice activities, check
your answers using the answer key at the end of
the book.

Make sure you understand the learning outcomes Learning
for the practice activities and check to see that you Outcomes
have achieved them. Each lesson plan shows

these using the symbol to the right.

Organise yourself so that you have enough time to
complete all of the practice activities. If there is
time, quickly revise what you learned in the lesson
before starting the practice activities. If it is taking
you too long to complete the activities, you may
need more practice on that particular topic.

Seek help from your teacher or your peers if you
are having trouble completing the practice activities
independently.

Make sure you write the answers in your exercise
book in a clear and systematic way so that your
teacher can check your work and you can refer
back to it when you prepare for examinations.

Congratulate yourself when you get questions right!
8 Do not worry if you do not get the right answer —
ask for help and continue practising!



KEY TAKEAWAYS FROM SIERRA LEONE’S PERFORMANCE IN WEST
AFRICAN SENIOR SCHOOL CERTIFICATE EXAMINATION — GENERAL
MATHEMATICS?

This section, seeks to outline key takeaways from assessing Sierra Leonean pupils’
responses on the West African Senior School Certificate Examination. The common
errors pupils make are highlighted below with the intention of giving teachers an
insight into areas to focus on, to improve pupil performance on the examination.
Suggestions are provided for addressing these issues.

Common errors

o ab

. Errors in applying principles of BODMAS
. Mistakes in simplifying fractions
. Errors in application of Maths learned in class to real-life situations, and vis-a-

versa.
Errors in solving geometric constructions.

Mistakes in solving problems on circle theorems.

Proofs are often left out from solutions, derivations are often missing from
gquadratic equations.

Suggested solutions

1. Practice answering questions to the detail requested

2. Practice re-reading questions to make sure all the components are answered.
3.

4. Check that depth and level of the lesson taught is appropriate for the grade

If possible, procure as many geometry sets to practice geometry construction.

level.

! This information is derived from an evaluation of WAEC Examiner Reports, as well as
input from WAEC examiners and Sierra Leonean teachers.

2



Lesson Title: Review of sine, cosine Theme: Trigonometry
and tangent

Practice Activity: PHM2-L097 Class: SSS 2

@ Learning Outcome
By the end of the lesson, you will be able to identify the trigopnometric ratios
(SOHCAHTOA).

Overview

Trigonometric ratios can be applied to the angle and sides of right-angled triangles.
We use 3 types of sides (adjacent, opposite and hypotenuse) in trigonometric ratios.
The sides “adjacent” and “opposite” are determined by their relationship to the angle
In question.

See examples:
‘ hypotenuse . hypotenuse
adjacent opposite

Y

opposite adjacent

The 3 trigonometric ratios in this lesson are:

ing = opposite 0
SInu = hypotenuse H
6 = adjacent A
cosu = hypotenuse H
__ opposite _ 0

tan0 = adjacent T A

Sin, cos, and tan are the abbreviations that we use for sine, cosine, and tangent.
Trigonometric functions are functions of angles. The theta symbol (8) is shown here,
and it is often used to represent angles.

We use the term SOHCAHTOA as a way of remembering the ratios:

a. SOH stands for “sine equals opposite over hypotenuse”.
b. CAH stands for “cosine equals adjacent over hypotenuse”.
c. TOA stands for “tangent equals opposite over adjacent”.

Solved Examples

1. Apply the trigopnometric ratios to 9:



3cm
]
4 cm
Solution:

sin@ —9_3
H 5
cosf _A_*2
H 5
tan@ —9_3
A 4

2. Apply the trigonometric ratios to angle 6 on the triangle below:

P
C
4cm %
0
6cm
Solution:
sin@ _9_4%
H 7
cos _A_¢6
H 7
tan 9 _24_2
A 6 3
3. Apply the trigonometric ratios to 6:
7
8cm '?'3‘0,
L]
10cm
Solution:
sinf -9 _10_5
H 12 &6
cosh _A_8 _2
H 12 3
tan 0 o_1_5_41
A 8 4 4

LE 11

4. Identify and label the sides as “opposite”, “adjacent” or “hypotenuse” based on
their relative position to 6.

a. b. 0
(S)




Solutions:

opposite

jusoelpe
jusoelpe

opposite

5. For the triangle below, apply the trigonometric ratios to both angles x and y.

X 7

&

10cm <

y

14cm

Solution:
sinx 9 _1_7 siny =9 _10_5
H™ 18 9 H 18 9
cosx —A_10_5 cosy —A_1_7
H™ 18 9 H 18 9
tanx 9_M_7_42 tany =9 _100_5
A 10 s 5 A 14 7
Practice

1. For the triangle below, apply each of the trigonometric ratios to angles 6.

6,
Ej[\\
(&)
o
{ 0

\
| I 5Cm |

2. Apply the trigonometric ratios to angle 8, for the triangle below:

7
g
Lo

8cm

3. For the triangle below, apply the trigonometric ratios to both angles a and b.

Simplify your answer.
a
B
b -

12cm

wiog




Lesson Title: Application of sine, cosine | Theme: Trigonometry
and tangent

Practice Activity: PHM2-L098 Class: SSS 2

@ Learning Outcome

By the end of the lesson, you will be able to apply the trigonometric ratios of
tangent, sine and cosine to solve right-angled triangles, using trigonometric tables if
available.

Overview

This lesson uses trigonometric ratios introduced in the previous lesson to solve for
missing sides in a triangle. Trigonometric tables should be used to find the
trigonometric function of the given angles to 4 decimal places. If you do not have
access to trigonometric tables, a calculator may be used.

Solved Examples

1. Find the measure of missing side x:

Solution:
Substitute the known angle and side into the formula sin 6 = %. Use sin 40° =
0.6428 (from the sine table or a calculator).

sin 40° = g

9 X sin40° = x

9 x0.6428 = x
x = 5.7852

x=58cmtold.p.

2. Find the lengths of sides k and [ in the diagram below. Give your answers to the
nearest whole number.

65°




Solution:
Apply the sine ratio to find k:

opposite

sin 65°
hypotenuse

k

12
~ k= 12 X sin 65° Find sin 65° in the sine table

k= 12 x0.9063
k= 1088 =11
Apply the cosine ratio to find (:

sin 65°

adjacent

c0S65° = ——
hypotenuse

cos 65° = L
12

l = 12 X cos 65°

= 12x%x0.4226

l=50712=5

3. Find the length of the side marked y in the diagram below, correct to 1 decimal
place.

41°

Solution:
Apply the cosine ratio:

o _ _adjacent
cos41° = hypotenuse
cos41° = >

y
0.7547xy =15
_ 5
Y = 07547
y= 6.6

4. Find the length of d in the diagram below, correct to the nearest whole number.



6cm

d
61°
Solution:
Apply the tangent ratio:
__ opposite
tan 61° = adjacent
-0
tan 61° = "
dtan61° = 6
dx1804=6
I
T 1.804
d= 4.435
d= 4cm

Practice

1. Find the measures of the missing sides x and y:

L1 AN
¥y
2. Find the measure of the lettered sides in the lettered sides in the diagrams below.
Give your answers to 1 decimal place.

a. b.
t
48°
14cm
C. d 40°
v
\‘30&
y C
e. o f. s
P d
90 X (&)
N Z




Lesson Title: Special angles (30°, 45°, | Theme: Trigonometry
60°)

Practice Activity: PHM2-L099 Class: SSS 2

@ Learning Outcomes
By the end of the lesson, you will be able to:
1. Derive and identify the trigopnometric ratios of special angles 30°, 45° and
60°.
2. ldentify that tan 6 = Z:Z

Overview

The trigonometric ratios of special angles 30°, 45°, and 60° can be found from
equilateral and isosceles triangles.

To find the trigonometric ratios of special angles 30° and 60°:

e Draw an equilateral triangle with sides of length 2 units.

e Bisect one angle so that you have a right-angled triangle with 30° and 60°
angles, as shown:

e The angle bisector also bisects the opposite side, so that each segment has
length 1.

e The height of the triangle can be found by applying Pythagoras’ theorem.

e Use one of the right-angled triangles, and apply the 3 trigonometric ratios to
both the 30° angle and the 60° angle.

To find the trigonometric ratios of special angle 45°:

e Draw an isosceles triangle where the 2 sides that form a right angle have
length 1.



e The hypotenuse of the triangle can be found by applying Pythagoras’
theorem.
e Choose either 45° angle, and apply the 3 trigopnometric ratios.

Using the ratios for special angles 30°, 45° and 60°, you can observe that tan 8 =

sin @

cos 6

This relationship is true for any angle 6.

Solved Examples

1.

Use the equilateral triangle shown in the Overview to find the trigonometric ratios
of 30°.

Solution:
sin30° = 02_1
H 2
cos30° = A _ V3
H 2
tan30° = 92_1
A 3

Use the equilateral triangle shown in the Overview to find the trigonometric ratios
of 60°.

Solution:
sin60° = QZE
H 2
cos60° = A_1
H
tan60° = 0 _ V3 _
A1 =V3

Use the isosceles triangle shown in the Overview to find the trigopnometric ratios
of 45°.

Solution:
sin45° = 90 _1
H 2
cos45° = A_ 1
H 2
tan45° = 2_1_4
A1

Using the isosceles triangle below, find the trigopnometric ratios of 45°.

10



45°

Solution:
Step 1. Find the length of the hypotenuse:
22422 = (? Substitute 1 and 1 into the formula
4+4 = c? Simplify
8 = ¢?
V8 = /2 Take the square root of both sides
2V2 = ¢
Step 2. Find the trigonometric ratios of 45 using the lengths of this triangle:
sin45° = °2__2 _ 1
H 22 2
cos45° = A__2 _ 1
H 2V2 2
tan45° = 2_2_4
A

Note that these are the same as the ratios found using the triangle in problem 3.
We will find the same result for any similar triangle. That is, any isosceles triangle
with 45-degree angles.

5. Use the formula tan 6 = % to find tan 30° using the ratios for sin 30° and cos 30°.
Solution:

sin 30°

cos 30°

tan 30° =

|G
I
N |-
X
Gl

N
|
Sl

N|$I|NIH

Practice

1. Using the equilateral triangle shown below, find the trigonometric ratios of 30°
and 60°.

4 /31 \4

60° [ 60°
2 2

2. Use the formula tan 6 = % to find tan 45° using the ratios for sin 45° and cos 45°.

3. Ifsinf = g and cos 8 = —g, what is tan 6?
4. If sin0° = 0 and cos 0° = 1, find tan 0°.

11



Lesson Title: Applying special angles Theme: Trigonometry

Practice Activity: PHM2-L100 Class: SSS 2

@ Learning Outcome
By the end of the lesson, you will be able to use the special angles 30°, 45°,
and 60° to solve problems.

Overview
The trigonometric ratios of special angles 30°, 45°, and 60° can be used to find the
measures of the sides of a right-angled triangle.

To solve, use the ratio for the special angles that were found in the previous lesson.
Set them equal to ratios you observe in the triangle given in the problem, and solve
for the unknown side. Remember that the ratio problem should only have 1 unknown
side. You must use the known side, and choose the correct trigopnometric ratio.

Solved Examples

1. Find the lengths of sides BC and AC:
A

45°

6 cm

Solution:

To find |BC]:

Set tan45° equal to the ratio from the triangle in the problem, and the ratio
tan45° = 1 we found in the previous lesson:

tan45° = B¢l = 1
6

Multiply both sides by 6 to solve for |BC]:
|IBC| = 6
To find |AC]:
Set cos 45° equal to the ratio from the triangle in the problem, and the ratio of
cos 45° we found in the previous lesson:

cos45° = 6 = 1
lAC| V2

Cross-multiply to solve for |AC]:
|ACl = 6v2
2. Find the measures of DE and DF:

12



Solution:
Find |DE|:
tan60° = [DEI =
3
|IDE| =
Find |DF|:
cos60° = 3 =
|[DF|
|IDF| =
|IDF| =
3. Find the measures of FH and GH:
G
Solution:
Find |FH|:
cos30° = IFH| =
10
2|FH| =
|FH| =
|FH| =
Find |GH|:
sin 30° = [GH| =
10
|GH| =
|GH| =

60°
E " 3cm F

AN W NIR

30°
10 cm

13




Practice

1. Find [XY| and |YZ|

X
45°
/cm
y =
2. Find |KM| and |LM|
M
o
30 L
acm
3. Find the length of the missing sides of the following triangles.
a. b. C.
A
S E
(J
45°
S BT
b 60° F
D 10cm

H ¢

B 25cm R

4. Find the lengths of the unknown sides.

a. b.
A
X
7cm 60°
45°
g C Y 5cm Z

14



Lesson Title: Inverse trigonometry Theme: Trigonometry

Practice Activity: PHM2-L101 Class: SSS 2

@ Learning Outcomes
By the end of the lesson, you will be able to:
1. Identify that inverse trigopnometric functions “undo” the corresponding

trigonometric functions.
2. Apply inverse trigonometric functions to find unknown angles.

Overview

The inverse of a function is its opposite. It's another function that can undo the given
function. Inverse functions are shown with a power of -1. For example, inverse sine is
sin~! x. Inverse sine “undoes” sine: sin"(sin ) = 0.

The other inverse trigonometric functions are cos™' x and tan™! x. The inverse

LT

functions are also sometimes called “arcsine”, “arccosine”, and “arctangent”.

You can use inverse trigonometric functions to find the degree measure of an angle.
You can use the trigonometric tables (“log books”) or calculators. Using trigonometric
tables, you will work backwards. Find the decimal number in the chart, and identify
the angle that it corresponds to.

At times, you can solve inverse trigonometry problems without a trigonometry table or
calculator. This is generally only true for special angles. For example, if you see x =

sin_l(%), you may identify that % is the sine ratio of the special angle 30°. Therefore,
the answer would be x = 30°.

Solved Examples

1. Find the measure of angle B:

3cm

A 4 cm B

Solution:
Step 1. Identify which function to use. The opposite and adjacent sides are
known, so we will use tan™?.
Step 2. Find the tangent ratio. This is the ratio that you will “undo” with tan™! to

find the angle:
tanB =2 = 0.75
Step 3. Find tan™! of both sides to find the angle measure:

15



tanB = 0.75
tan"!(tanB) = tan"1(0.75)
B = tan"1(0.75)

Calculate tan~1(0.75) using either a calculator or trigonometry table.
To calculate tan~1(0.75) using the tangent table: Look for 0.75 in the table.
It is not there, but 0.7481 is there. If we add 0.0018 to 0.7481, it will give us
0.75. Find 18 in the “add differences” table, and it corresponds to 7. Therefore,
the angle is 36.87.
Answer: B = 36.87°

2. Find the following using trigopnometry tables (“log books”):
a. sin~!(0.5015)
b. cos™! (0.7891)
Solutions:
a. Solution using a sine table:
e Find 0.5015 in the trigonometric table for sine.
e Itisinrow 31, under the first column (.0). This means that the angle has
measure 31.0°.
b. Solution using a cosine table:
e Look for 0.7891 in the cosine table. It is in row 37, under the column for
9.
e This gives us the angle 37.9°.

3. Find x if x = sin™ (),
Solution:
Since the inverse sine is the opposite of sine, we can take the sine of both sides
to eliminate it.

sinx = sin(sin_l(g))
sinx = V3
2
We know from the lesson on special angles that sin 60° = ? Therefore, the

answer is x = 60°.

4. Use the diagram below to calculate the value of 6.

S 3cm

0

Solution:
Apply the sine ratio, then take the inverse sine of both sides.

16



sinf = 2=32=1 Sine ratio
H 6 2
sin"1(sind) = sin~1(0.5)
6 = 30°

We know from the lesson on special angles that sin 30° = % Therefore, the

. . 1.
inverse sine of 3 Is 30°.

5. Find x if x = cos™! (%)

Solution:
Since the inverse cosine is the opposite of cosine, we can take the cosine of both
sides to eliminate it.

COSX = COS (cos‘1 (%))

cosx = L

V2
=L

We know from the lesson on special angles that cos 45° = ok Therefore, the

answer is x = 45°.

Practice

1. Use trigonometry tables to find the angles whose tangents are:

a. 0.4452 b. 3.2709 c. 0.0768 d. 0.3977
2. Use trigonometry tables to find the angles whose sines are:

a. 0.3420 b. 0.8746 c. 0.9344 d. 0.6250
3. Use trigonometry tables to find the angles whose cosines are:

a. 0.3582 b. 0.9265 c.0.0163

4. Calculate the sizes of the angles marked «,  and y to the nearest degree.

a.

b. 16cm c. Z,
e
10cm 3

40mm

24mm

5. Find:
a. xifx =sin™?! G)
b. xifx =tan™?! (?)

c. xifx=cos™! (\/2—5)

17



Lesson Title: Trigonometry and Theme: Trigonometry
Pythagoras’ Theorem

Practice Activity: PHM2-L.102 Class: SSS 2

@ Learning Outcome
By the end of the lesson, you will be able to solve right-angled triangles using
trigonometric ratios and Pythagoras’ Theorem.

Overview

To “solve” a triangle means to find any missing side or angle measures. You are
familiar with several methods for solving triangles, including: trigonometric and
inverse trigonometric functions, Pythagoras’ theorem, and finding angle measures by
subtracting from 180°.

When you have a triangle with missing sides and angles, you need to decide how to
solve for them. In some cases, you could solve a problem using different methods.
For example, in some cases the side of a right-angled triangle could be solved with
Pythagoras’ theorem or trigonometry. Choose the method you prefer, or the one that
is best for the given problem.

Solved Examples

1. Find the missing sides and angles:

(o}
9cm
A 30 B
Solution:
Calculate |AB|:
cos 300 = 481 Apply the cosine ratio
8
8 X cos 30° = |AB| Multiply throughout by 8
8 x V3 _ |AB| Use the special angle ratio
|AB| = 4+/3 cm
Calculate |BC]:
sin 300 = B4 Apply the sine ratio
8
8 X sin 30° = |BC(]| Multiply throughout by 8
gxi= |BC]| Use the special angle ratio
2

18




|[BC| = 4cm
Calculate 2C: 180° — 90° — 30° = 60°

2. Find the missing sides and angles:

X
15¢cm
36.87°
Y 20cm Z
Solutions:
Calculate |XZ|:
152+ 20 = |XZ|? Substitute the sides into the formula
2254+ 400 = |XZ|? Simplify
625 = |XZ|?
V625 = [|XZ|? Take the square root of both sides
25cm = |[XZ]

Calculate 2X: 180° — 90° — 36.87° = 53.13°

3. Calculate the missing sides and angle. Give your answers to 1 decimal place.

A
)
/80° M
B
C
Solutions:
Calculate |AB|
tan80° = % Apply the tangent ratio
|AB] = _24 Change the subject
tan 80°
— 24
5.671
= 4.2
Calculate |BC|
IBC|> = |AB|? + |AC|?
IBC|2 = (4.2)% + (24)?
IBC|? = 17.64+ 576
IBC|2 = 593.64
JIBC|2 = +/593.64
IBC| = 24.4cm

Calculate 2C: 180° — 90° — 80° = 10°
19



4. Find the missing side and both angles of the triangle. Give your answers to 1

decimal place.

Solution:
First find angle X:

sin X

sin~1(sin x)

z
,\ué(\ 10cm
X Y
= 2=0.7143
14
= sin71(0.7143) Use the sine table
= 45.6°

Calculate 2 Z: 180° — 90° — 45.6° = 44.4°

X
Calculate |XY|
|XY|? + 102
|XY|? + 100
IXY|?
XY
Practice

142

= 196

= 196 — 100
V96 = 9.8 cm

1. Find the unknown sides in the triangles below. Give your answers to 1 decimal

place.

a. Z b. A B C.
6cm 72() 7°
M\ \WQ;] =)
Y X C

K

o

L 12cm M

2. Find the missing sides and angles of the following triangles. Give your answers to

1 decimal place.

(g > ,\c§° 5cm
e}

B- o =
F G I § 8 cm

20



Lesson Title: Angles of elevation Theme: Trigonometry

Practice Activity: PHM2-L103 Class: SSS 2

@ Learning Outcomes
By the end of the lesson, you will be able to:
1. Calculate angles of elevation.
2. Calculate height and distance associated with an angle of elevation.

Overview

Elevation is related to height. Problems on angles of elevation handle the angle that
is associated with the height of an object. An angle of elevation is measured a certain
distance away from an object.

Angle of elevation problems generally deal with 3 measures: the angle, the distance
from the object, and the height of the object. You may be asked to solve for any of
these measures. These can be solved for using trigopnometry to find distances, and
inverse trigonometry to find angles.

Solved Examples

1. Ata point 10 metres away from a flag pole, the angle of elevation of the top of the
pole is 45°. What is the height of the pole?
Solution:
First, draw a diagram:

Angle of
Elevation

Solve using the tangent ratio, because we are concerned with the sides
opposite and adjacent to the angle.

tan45° = N Set up the equation
10
1 = n Substitute tan 45° = 1
10
10m = h

2. From a point 5 m away from a tree, the angle of elevation of the top of the tree
was 62°. How tall was the tree? Give your answer to 1 decimal place.
Solution:

21



tan62° = Apply the tangent rule
5
5tan62° = h Multiply throughout by 5
5(1.881) = h
9405 = h
h = 94m

3. A ladder 9m long rests against a vertical wall. If the ladder makes an angle of 60°
with the ground, find the distance between the foot of the ladder and the wall.
Solution: B
First, draw a diagram:

%
%
?
?
nZ
C

A
cos60° = AC_ AC Apply the cosine rule
AB 9m
9cos60° = AC Multiply throughout by 90
9x05 = AC
45m = AC

The foot of the ladder is 4.5 metres from the wall.

4. A ladder learning on the roof of a house vertically built forms an angle of 36° with
the ground. If the foot of the ladder is 20 m from the wall, what is the height of the
house? Give your answer to 2 decimal places.

Solution:
First, draw a picture:

141}

_\
36° |—| =
f=—20m —=
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tan36° = Set up the equation
an 20m pineeq
0.7265 = x
20m
20 X 0.7265 = x
1453 = «x

The house is 14.53 metres tall.

5. There is a giant dog with a height of 7 metres. What is the angle of elevation from
a point 12.5 metres away from a dog, to the top of his head? Give your answer to
the nearest degree.

Solution:
0
——12.5m——=
tan = __
12.5
tand = 0.56
0 = tan"1(0.56)
6 = 29.25
6 = 29°to the nearest degree
Practice

Give your answers to 1 decimal place.

1.

A communication pole is 6 m tall. At a distance F metres away from the pole, the
angle of elevation is 63°. Find F.

A ladder learning against a vertical wall makes an angle of 24° with the wall. The
foot of the ladder is 5 m from the wall. Find the length of the ladder.

A vertical stick is 8 m high, and the length of its shadow is 6 m. What is the angle
of elevation of the sun.

The shadow of a vertical pole 15 m high is 20 m long. What is the angle of
elevation of the sun?

A ladder leaning against a vertical wall makes an angle of 21° with the wall. The
foot of the ladder is 5 m from the wall. How high up the wall does the ladder
reach?

What is the angle of elevation of the top of a spire 240 m high from a point on the
ground 200 m from the foot of it?
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Lesson Title: Angles of depression

Theme: Trigonometry

Practice Activity: PHM2-L104

Class: SSS 2

@ Learning Outcomes
By the end of the lesson, you will be able to:
1. Calculate angles of depression.
2. Calculate depth and distance associated with an angle of depression.

Overview

“‘Depression” is the opposite of elevation. “Depressed” means downward. So if there
is an angle of depression, it is an angle in the downward direction.

The angle of depression is the angle made with the horizontal line. See the diagram
in Solved Example 1. The horizontal line is at the height of the cliff.

Angle of depression problems generally deal with 3 measures: the angle, the
horizontal distance, and the depth of the object. Depth is the opposite of height. It is
the distance downward. You may be asked to solve for any of these 3 measures.

Solved Examples

1. A cliff is 100 metres tall. At a distance of 40 metres from the base of the cliff, there
is a cat sitting on the ground. What is the angle of depression of the cat from the

cliff?
Solution:
First, draw a diagram:

Cliff|». @
Angle of
Depression

100 m

<40 m—|

Solve using the tangent ratio, because we are concerned with the sides opposite

and adjacent to the angle.
tanf =

tan"!(tanf) =
9 —

10 _ »5  Setup the equation
40

tan~1(2.5) Take the inverse tangent
68.2 Use the tangent tables

2. From the top of a building with height 25 m, the angle of depression of a taxi is
42°. Find the distance between the car and the top of the building.
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Solution:
First, draw a diagram:

A
LI a2°
25m
4200 2
B C
The distance required is AC.
sin42° = 2% Apply the sine ratio
AC
AC sin42° = 25 Multiply throughout by AC
AC = 2 Divide throughout by sin 42°
sin 42°
25
A0 = 0.6691
AC = 374 m

3. A water tank is 7 metres high. A certain point is w metres away from the tank, at
an angle of depression of 35° from the top of the tank. Find w to the nearest
whole number.

Solution:

tan35° = Z Set up the equation
X
0.7002 = 7 Substitute tan 35° = 0.7002
X
x = — Change subject
0.7002
X = 10 m

4. A catis sitting 10 metres from the base of a pillar wall. The angle of depression of
the cat from the top of the pillar wall is 45°. What is the height of the pillar wall?
Solution:

u I
~10m —~

tan45° = M
10
1 = h Substitute tan 45° = 1
10
10 = h Multiply throughout by 10

The height of the pillar wall is 10 metres.
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5. Amara is standing on the top of a cliff. He has to lower his eyes through an angle
of 20° in order to look at a fishing boat. His eyes are 1.5 metres from the ground.
If the boat is 80 metres from the cliff, find the height of the cliff.
Solution:
First, draw a diagram:

e e
/%
2 -

Find the height of Amara’s eyes from the fishing boat using the tangent ratio:

tan20° = 1
80
03640 = N Substitute tan 20° = 0.3639
80
03640%x80 = h Multiply throughout by 80
2912 = h
h = 291m

Subtract Amara’s height from the total height to find the height of the cliff:
Cliff height = 29.1 — 1.5 = 27.6 metres

Practice

1. A boy is standing on top of a cliff. His eyes are 21 metres above the sea. He sees
a boat out to sea. The boat is at sea level and the angle of depression of the boat
from the boy’s eye is 4°. How far is the boat from the bottom of the cliff? Give your
answer to the nearest metre.

2. The angle of the depression from the top of a building of height 30 m of a
stationary vehicle is 41°. Find the distance between the car and the top of the
building, correct to 1 decimal place.

3. A man is standing on the top of a cliff. His eye is 100 metres above the water, and
he observes that the angle of depression of a boat at sea is 18°. How far is the
boat from the cliff? Give your answer to the nearest metre.

4. A point k is on the same horizontal level as the base of a flagpole. If the distance
from k to the pole is 16 metres and the height of the pole is 27 metres, calculate
the angle of depression of k from the top of the pole. Give your answer to the
nearest degree.

5. Boima throws a stone off the top of a tower, from a height of 6 metres. The stone
landed on the ground. The angle of depression of the stone from the top of the
tower is 26.10°. How far is the stone from the tower? Give your answer to the
nearest metre.
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Lesson Title: Applications of angles of | Theme: Trigonometry
elevation and depression — Part 1

Practice Activity: PHM2-L105 Class: SSS 2

@ Learning Outcome
By the end of the lesson, you will be able to solve practical problems related to
angles of elevation and depression.

Overview

This lesson is on practical problems related to angles of elevation and depression.
You already have all of the information you need to solve these problems. However,
they may have extra steps.

Solved Examples

1. A woman standing 50 metres from a flag pole observes that the angle of
elevation of the top of the pole is 25°. Assuming her eye is 1.5 metres above the
ground, calculate the height of the pole to the nearest metre.

Solution:
BT
h
AL 25° cl
N 1.5m
~L
50 m ) P

First, draw a diagram:
EI“ -

To find the height of the flag pole, we must find the length of BC, then add it to
the height of the woman’s eye (CD or AE), which is 1.5 metres.
Step 1. Find |BC|:

tan25° = B¢ Set up the equation
50

0.4663 = B¢ Substitute tan 25° = 0.4663 (from table)
50

50 X 0.4663 = BC Multiply throughout by 50
BC = 23.315 metres

Step 2. Add: h = BC + CD = 23.315 + 1.5 = 24.815
Rounded to the nearest metre, the height of the pole is 25 m.

2. George wants to measure the height of his school building. He is standing about 9
metres from the building and observes that the angle of elevation of the top of the
building is 54°. Assuming his eye is 1.57 metres above the ground, calculate the
height of the building.

Solution:

First, draw a diagram:
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4.

school

Step 1. Find |AB]:

tan54° = AB Set up the equation
OA
tan54° = AB
9m
1376 = 2B Substitute tan 54° = 1.376 (from table)
9
9x 1376 = AB Multiply throughout by 9

AB = 12.4 metres

Step 2. Add the height of his eye:
h =DB = DA + AB
=DB=157+124
= 13.97 metres
Therefore, George concluded that the school building was about 14 m high.

A man walks 12m directly away from a tree and from this position, the angle of
elevation of the top of the tree is 24°. If the measurement is taken from a point 1.5
metres above ground level, find the height of the tree. Give your answer correct to
3 significant figures.

Solution:

First, draw a diagram:

c
A
12m
Step 1. Find |BC|. From the figure,
tan24° = BC Set up the equation
12
04452 = B5C Substitute tan 24° = 0.4452 (from table)
12
12 x 0.4452 = BC Multiply throughout by 12
BC = 534m (to 3 s.f)

Step 2. Add: h = 5.34m + 1.5m
= 6.84 m (to 3 s.)

A military post guard is standing 8 metres from a cliff, which has a pole mounted
on top. He is looking at the country’s national flag on top of the cliff. He observed
that the angle of elevation of the top and bottom of the pole are 40° and 65°
respectively. Find the height of the flag pole.
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Solution:
First, draw a diagram:

—
—1
Flagpole
s X

s /RO
e
O
3%
A\ e%e%

[-8m —
Step 1. Find the height of the portion with an angle of elevation of 65°. Call it x

tan 65° = ’é Set up the equation
2145 = ’é Substitute tan 65° = 2.145 (from table)
2145%x8 = X Multiply throughout by 8
x = 17.16m

Step 2. Find the height of the portion with an angle of elevation of 40°, call it y.

tan40° = % Set up the equation
0.8391 = % Substitute tan 40° = 0.8391 (from table)
0.8391x8 = V¥ Multiply throughout by 8
y = 671m

Step 3. Subtract: h =x —y =17.16 — 6.71 = 10.45m
Answer: The flagpole is 10.5 metres tall.

Practice

1. A man stands at a distance of 16.6 metres away from the base of a tower. He
discovers that the angle of elevation of the top of the tower is 64°. If his eyes are
2.81 metres from the ground, calculate the height of the tower. Give your answer
correct to 3 significant figures.

2. A girl looks through a window of a building and sees an orange fruit on the ground
50 metres away from the foot of the building. If the window is 9 metres from the
ground, calculate, correct to the nearest degree, the angle of depression of the
orange from the window.

3. Aflagpole is flying on the corner of a roof of a tall building. Tomagbandi is
standing on the same level as the bottom of the building, 10 metres away.
Tomagbandi measures the angle of elevation of the top of the building, and finds
that it is 69°. He then measures the angle of elevation of the top of the flagpole
and finds that it is 73°. Calculate the height of the flagpole.

4. A hawk on top of a tree, 20 metres high, views a chick on the ground at an angle
of depression of 39°. Find correct to two significant figures the distance of the
chick from the bottom of the tree.
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Lesson Title: Applications of angles of | Theme: Trigonometry
elevation and depression — Part 2

Practice Activity: PHM2-L106 Class: SSS 2

@ Learning Outcome
By the end of the lesson, you will be able to solve practical problems related to
angles of elevation and depression.

Overview

This lesson is on practical problems related to angles of elevation and depression.
You already have all of the information you need to solve these problems. However,
they may have extra steps.

Solved Examples

1. From the top of a light-tower 30 metres above sea level, a boat is observed at an
angle of depression of 10°. Calculate the distance of the boat from the foot of the
light-tower, correct to 2 significant figures.

Solution:
I 10°
30m
_L Nk g~ 4 v 7 4

First, draw a diagram:
“oYoYoYoYoYoYoYoYoYoZ 0o

tan10° = 30 Set up the equation
d
30 Substitute tan 10° = 0.1763
0.1763 =
¢ (from table)
0.1763xd = 30 Multiply throughout by d
d = 20

0.1763
d = 170 metres

2. The angle of elevation of the top of a tower from a point of the horizontal ground,
30 metres away from the foot of the tower is 40°. Calculate the height of the tower
to 2 significant figures.

Solution:

First, draw a diagram:
C

pd

30m B
tan40° = BC
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tan 40°
0.8391

0.8391 x 30
BC

30

BC Set up the equation

m

- BC Substitute tan 40° = 0.8391
30m

= BC Multiply throughout by 30

= 25m Simplify

3. A point Q is on the same horizontal level as the foot of tower. If the distance of Q
from the foot of the tower is 70 m and the height of the tower is 50 m, find the
angle of depression of Q from the top of the tower. Give your answer to the

nearest degree.
Solution:

tan 6

tan @

tan 6

S
50
h

— OP _ 50 Set up the equation

PQ 70

50
70

= 0.

= ta

7143
n~1(0.7143) Read from the tangent table

= 36°

4. Philip looked out from the window of a building at a height of 50 metres, and
observed that the angle of depression of the top of a flagpole was 43°. If the foot
of the pole is 35 m from the foot of the building and on the same horizontal
ground, find, correct to the nearest whole number, the:

a. Angle of depression of the foot of the pole from Philip.
b. The height of the flag pole.

Solutions:

First, draw a diagram:

P

50m
w

43°

4

[5)

Z|a— 35m —

X

Y

a. In A PZY of the diagram, 6 is equal to the angle of depression of the foot
of the pole from Philip.

tan @

tan @
0

— 50
35

= ta

= 1.4286

n~1(1.4286)
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g = 55°

Hence, the angle of depression of the foot of the pole from Philip is 55°.
b. Find the height associated with the angle of 43°. Subtract this from the
height of Philip (50 m) to find the height of the flag pole.

tan43° = PW Set up the equation
WX
tan43° = Pw
35
09325 = W Substitute tan 43° = 0.9325
35
35%0.9325 = PW Multiply throughout by 35
PW = 32.64m
= 50—-PW
= 50-—32.64
= 17.36m

Practice

1. The angle of depression of a boat from the mid-point of a vertical cliff is 35°. If the
boat is 120 m from the foot of the cliff, calculate the height of the cliff to the
nearest metre.

2. From the top of a cliff, the angle of depression of a boat on the sea is 32°. If the
height of the cliff above sea level is 30 metres, calculate correct to 2 significant
figures the horizontal distance of the boat from the bottom of the cliff.

3. Joe wants to calculate the angle of elevation of the top of his father’s house. He is
standing about 28 metres from the building and the building is 12 metres tall.
Assuming that his eye is 1.5 metres above the ground, calculate the angle of
elevation of the top of the building from his eye. Give your answer to the nearest
degree.

4. A point v is 45 metres away from the foot of a building on the same horizontal
ground. From the point v, the angle of elevation to point R on the side of the
building is 38°. Find the height of R from the ground. Give your answer to two
decimal places.

5. Mariam looked out from the window of a building at a height of 45 metres, and
observed that the angle of the depression of the top of a flag pole was 39°. If the
foot of the pole is 20 metres from the foot of the building and on the same
horizontal ground, find correct to the nearest whole number, the:

a. Angle of depression of the foot of the pole from Mariam, correct to the
nearest degree.
b. The height of the flag pole, correct to 1 decimal place.
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Lesson Title: The general angle — Part 1 | Theme: Trigonometry

Practice Activity: PHM2-L107 Class: SSS 2

@ Learning Outcome
By the end of the lesson, you will be able to extend sine, cosine, and tangent
ratios of acute angles to obtuse and reflex angles.

Overview

This lesson is on finding the trigonometric ratios of obtuse and reflex angles.
Previous lessons only handled acute angles. Notice that right triangles cannot have
obtuse or reflex angles. However, we can still find trigopnometric ratios for them.

90°
AN
2nd 1st
quadrant qguadrant
Sine Al
180° > 0)360°
X
3rd 4th
quadrant quadrant
Tangent Cosine
2700

Angles are centred at the origin of this chart, which is the point where the x- and y-
axes cross. Positive angles open in the counter-clockwise direction.

There are 4 quadrants that an angle could lie in. An angle in the first quadrant is
acute, and an angle in the second quadrant is obtuse. An angle in the third or fourth
guadrant is a reflex angle. The quadrant that an angle lies in tells you whether the
result of the trigonometric ratio will be positive or negative.

In the diagram above, the words “All, Cosine, Tangent, and Sine” tell you which ratios
are positive in the given quadrants. We use the word “ACTS” to remember which
ratios are positive. The word ACTS starts in the first quadrant and goes in a
clockwise direction.

Remember that A stands for “all’, which means that all of the trigopnometric ratios are
positive in the first quadrant. The letters C, T, and S in other quadrants stand for
trigonometric ratios, and tell us that they will be positive. All other ratios will be
negative. For example, the second quadrant has an S. This means that sine will be
positive, while cosine and tangent will be negative.

Each obtuse or reflex angle has an associated acute angle. This is the acute angle
that it forms with the x-axis when it is laid on the 4 quadrants in the diagram above.
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To find the ratio of an obtuse or reflex angle, find the ratio of the associated acute
angle. Then, apply the correct sign for that quadrant.

For example, consider the angle 100°:

90:1
}!
2nd 1st
quadrant quadrant
Sine Al
100°
180° > 0} 360°
X
3rd 4th
quadrant quadrant
Tangent Cosine
270°

It forms an 80° angle with the x-axis in the 2" quadrant. Therefore, to find a
trigonometric ratio of 100°, you would find the ratio of 80° and apply the appropriate
sign (positive or negative).

Solved Examples

1. Find sin100°
Solution:
Step 1. Find the sine of the associated acute angle: sin 80° = 0.9848
Step 2. Keep the positive sign, because sine is positive in the 2" quadrant:
sin 100° = 0.9848

2. Find cos 165°
Solution:
Step 1. Find the cosine of the associated acute angle: cos 15° = 0.9659
Step 2. Change the sign to negative, because cosine is negative in the 2"
guadrant: cos 165° = —0.9659

3. Find tan 230°
Solution:
Step 1. Find the tangent of the associated acute angle: tan 50° = 1.192
Step 2. Keep the positive sign, because tangent is positive in the 3™ quadrant:
tan 50° = 1.192

4. Without using tables, find the values of the following in simplified form, using
surds where necessary.
a. tan330° b. cos300° c.sin315°
a. Find tan330°
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Solution:
330° is in the 4™ quadrant, therefore its tangent ratio is negative. The
associated acute angle with the x-axis is 30°

tan330° = — tan 30 = %5

b. Find cos300°
Solution:
300° is in the 4™ quadrant, there its cosine ratio is positive. The associated
acute angle with the x-axis is 60°.

c0s 300° = (+) cos 60° = %
c. Find sin315°
Solution:
315° is in the 4™ quadrant, there its ratio is negative. The associated acute

angle with the x-axis is 45°.

sin 315° = —sin 45° = _Tﬁ

Practice

1. Find the following to 4 decimal places using tables:
a. tan201° b.cos112° c.sin130° d.cos334°
2. Find the following without using tables. Write them in their simplified form, using
surds where necessary:
a.sin330° b.sin135° c.tan120° d.cos210°
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Lesson Title: The general angle — Part | Theme: Trigonometry
2

Practice Activity: PHM2-L.108 Class: SSS 2

@ Learning Outcome

By the end of the lesson, you will be able to express a positive or negative
angle of any size in terms of an equivalent positive angle between 0° and 360°, and
find the trigonometric ratios.

Overview
This lesson is a continuation of the previous lesson. It covers negative angles, and

angles larger than 360°.

Consider the diagram below:

90°

positive
angle

J negative ¥
angle

180° 0% 360

2700 B

Angles that open in the counter-clockwise direction have positive values. These
are the angles we have worked with so far. The angle formed by A is positive. Angles
that open in the clockwise direction have negative values. The angle formed by B is
negative.

For each negative angle, there is a corresponding positive angle. The positive angle
is the remainder of the full revolution (360°) that is not covered by the negative angle.
The corresponding positive angle is found by subtracting the absolute value of the
negative angle from 360°.

For example, consider —100°. The corresponding positive angle is 360° — 100° =
260°. This is shown below:
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90

260”(\
180° 0 360°
NV

100°

270°

The trigonometric ratio of a negative angle is equal to the same trigonometric ratio of
the corresponding positive angle. For example, sin(—100°) = sin 260°.

Consider an angle larger than 360°. For example, 400°. It is more than 1 full rotation.
This is shown below:

400°

180° / > 03 360°

To find a trigonometric ratio of an angle that is more than 360°, divide by 360° and
find the remainder. The remainder will be a number less than 360°. Find the
trigonometric ratio of the remainder. For example, to calculate cos 400° you would
calculate cos 40° because 400° +~ 360 = 1 remainder 40°.

Solved Examples

1. Find sin(—100°)

Solution:

Step 1. Find the associated positive angle: 360° — 100° = 260°

Step 2. Find sin 260° following the steps from the previous lesson:
e The corresponding acute angle is 80°.
e sin80° = 0.9848
e Because the angle (260° or —100°) lies in the third quadrant, the

sine ratio is negative.
e sin260° = —0.9848
The answer is —0.9848, because sin(—100°) = sin 260°.

2. Find cos 400°
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Solution:

Step 1. Divide by 360 and find the remainder: 400° + 360° = 1 remainder 40°
Step 2. Find the cosine of the remainder: cos 40° = 0.7660

The answer is 0.7660, because cos 400° = cos 40°.

. Find sin(600°)
Solution:
Step 1. Divide by 360° and find the remainder:
600° = 360° = 1 remainder 240°
Step 2. Find the sine of the remainder, sin 240°.
This requires finding the corresponding acute angle that 240° forms with the x-
axis (from the previous lesson)

Corresponding acute angle: 240° — 180° = 60°
Note that sine is negative in the third quadrant, where 240° lies.

Therefore, sin(600°) = sin(240°) = —sin(60°) = —? or —0.8660

. Find cos(—390°)
Solution:
This is a negative number greater than 360°, which requires additional steps.

Step 1. Divide by 360° and find the remainder:
—390° =+ 360° = —1 remainder(—30°)
Step 2. Find the cosine of the remainder, cos(—30°).
The positive angle that corresponds to —30° is 330°. Also note that the angle
formed by 330° and the x-axis is 30°, and cosine is positive in the 4" quadrant.
Therefore, we have:
cos(—390°) = cos(—30°) = cos(330°) = cos(30°)

IS

3

Using the tables or special angle 30°, we have cos(—390°) = 0.8660 = >

. Find cos(—300°)

Solution:

Step 1. Find the associated positive angle: 360° — 300° = 60°
Step 2. Find cos(60°) using either the tables or special angle 60°:

cos(—300°) = cos(60°) = %
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Practice

1. Find the values of the following using tables. Give each answer to 4 decimal
places:
a. cos(—241°)
b. tan(—315°)
c. cos(—380°)
d. sin(403°)
2. Find the values of the following using their relationships to special angles. Write
them in their simplified form, using surds where necessary:
a. sin(480)
b. cos(—390)
c. cos(—210)
d. sin(—120)
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Lesson Title: The unit circle

Theme: Trigonometry

Practice Activity: PHM2-L109

Class: SSS 2

@ Learning Outcome
By the end of the lesson, you will be able to define sin 8 and cos 8 as ratios

within a unit circle.

Overview

This lesson is on identifying the sine and cosine ratios of angles between 0° and 360°

using the unit circle, which is shown below.

Unit Circle2

The unit circle is drawn on the Cartesian plane so that the length of its radius is 1
unit. Any point P on the circle forms an angle where each side of the angle is a radius
of the circle. Each point P on the circle has coordinates that are an ordered pair. The

2 Licensed under a Creative Commons Attribution 4.0 International License. OpenStax
College, Precalculus. OpenStax CNX. http://cnx.org/contents/fd53eael-fa23-47c7-bblb-

972349835c3c@.
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x-value of the ordered pair is the cosine of the angle formed by P, and the y-value of
the ordered pair is the sine of the angle formed by P.

That is, x = cos@ and y = sin 6.
The angles in quadrant 1 of the unit circle are special angles. The angles in other
guadrants correspond to the special angles. For example, look at angle 150°. Its

corresponding acute angle (the acute angle it forms with the x-axis) is 30°, which is a
special angle.

Remember ACTS, the rule for deciding whether of trigopnometric ratios are positive or
negative. You can also observe that this rule is true for all of the angles shown in the
unit circle.

Solved Examples

1. Find: sin 60°

Solution:
Identify 60° on the unit circle. Identify the y-coordinate of the point, ?
sin 60° = ?

2. Find: cos 240°
Solution:

Identify 240° on the unit circle. Identify the x-coordinate of the point, _?1

cos 240° = _—1.
2

3. Find the value of tan 240° using the unit circle.
Solution:
Since only cosine and sine ratios are in the unit circle, use the relationship tan 6 =

sin @

cos @

Substitute and simplify:

tan 240° = sin 240°
cos 240°
= (-9
2/ 2
= A2
2 1
= \/§
1+cos 240

4. Evaluate:
1—cos 240°

Solution:
Substitute values from the unit circle and simplify:
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Practice

1. Find the following using the unit circle:
a. cos225°
b. sin330°
c. tan300°
2. Evaluate the following using the unit circle:
a. 2sin30°cos120°

tan 240°
b. ——
cos 210°

c. cos?225° +sin? 225°; note that this is the same as (cos 225°)? + (sin 225°)2.
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Lesson Title: Problem solving with Theme: Trigonometry
trigonometric ratios

Practice Activity: PHM2-L110 Class: SSS 2

@ Learning Outcome
By the end of the lesson, you will be able to solve various problems using the
sine, cosine, and tangent ratios of any angle between 0° and 360°.

Overview

This lesson is on problem solving using the trigonometric ratios. You will use
information that you have learned in previous lessons.

Solved Examples

1. Find the value of tan 315° without using a calculator.
Solution:
Use the fact that tan x = % and the values for sin 315° and cos 315° from the

unit circle.

sin315° -2
tan 315° = =—Z.. Y2
cos 315° 2 2

N
|
N
N

2. Giventhat 2sin(x + 4) — 1 = 0 where 0° < x < 90°, find the value of x.
Solution:
Step 1. Solve for the trigonometric function:
2sin(x+4)—-1 = 0
2sin(x +4) =
sin(x + 4)

NIR =

Step 2. Identify that sin 30° = % which is a special angle. Therefore:

sin(x+4) = 1
2
sin(x +4) = sin30°
x+4 = 30°
x = 30°—4
x = 26°

3. Given that sinx = 0.6 and 0° < x < 90°, evaluate 4 cos x + sin x. Give your answer
in the form % where m and n are integers.
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Solution:

Draw the triangle where sinx = 0.6 = 1‘40 > 6 10
Use Pythagoras’ theorem to find the unknown side:
6% +b? = 10?
36 + b2 = 100
b? = 100-36
b? = 64
Vb2 = 6i
b = 8

. A 8
Find cosx: cosx === —
H 10

8 6 32,6 _ 38 19

Therefore, 4 cos x + sinx = 4(5) TR T T IR A

If sin(x — 20)° = cos45° and 0° < x < 90°, find the value of x.
Solution:
We know that cos 45° = sin45° = ? because these are special angles.
Therefore:
sin(x —20)° = cos45°
x—20 = 45°
x = 65°

Practice

Evaluate the following without tables.

abk w0 N

sin 60°

cos 60°
sin 300°+tan 300°

cos 300°
cos 60°sin 60°

tan 30°
If cos(x — 30°) = sin 60° and 0° < x < 90°, find the value of x.

cos? 330°
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Lesson Title: Graph of sin 8

Theme: Trigonometry

Practice Activity: PHM2-L111

Class: SSS 2

@ Learning Outcome
By the end of the lesson, you will be able to use the unit circle to draw the

graphs of sin 6 for 0 < 8 < 360° and solve related trigonometric problems.

Overview

This lesson is on graphing the sine function. The process is similar to graphing other
types of functions. Use a table of values, with degrees as the x-values, and the

results of the sine function as the y-values. To graph trigopnometric functions, we

usually use intervals such as 30° or 45° between x-values. Often, we are asked to
graph a trigonometric function over the interval 0° < x < 360° or 0° < x < 180°.

You may find the values for your table of values using any method, unless a specific
method is given in the problem. You may find the values in the unit circle and leave

them in surd form. Alternatively, you may use a calculator or sine table, and give

decimals in the table instead of surds.

Solved Examples

1. Draw the graph of y = sin x for values of x from 0° to 360°, using intervals of 45°.
a. Use the graph to solve sin x = 0.

b. Find the truth set of the equation sin x

Solutions:
First, make a table of values. The x-values in our table of values will be
degrees between 0° and 360°. We want intervals of 45°, so add 45° to each x-

value to get the next value for the table. Find the sine of each value in the

table using the unit circle.

x 0° 45° 90° | 135° | 180° | 225° | 270° | 315° | 360°
sin x 0 V2 1 V2 0 V2 -1 V2 0
2 2 2 2
Alternatively, you may give sin x as decimal numbrs:
X 0° 45° 90° 135° | 180° 225° 270° 315° 360°
sin x 0 |0.7071 1 0.7071 —0.7071 -1 | —=0.7071 0

Each column is an ordered pair, which can be plotted on the Cartesian plane.
For example: (0°,0), (45°, ‘/2—7), (90°,1)

Plot each of the points and connect them in a curve:
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y=lsinx

45 90 135 188 225 270 315

a. We want to find the places on the graph of sine where y = 0 on the interval
of concern, 0° < x < 360°. This is similar to solving a quadratic equation.
We have graphed the function, and we want to find where it crosses the x-
axis.

Answers: x = 0°,180° 360°
b. To find the truth set, we find all points in the given interval where this

equation is true. This equation tells us that y = % Draw a horizontal like at

y = % and find all the points at which the line intersects the curve of y =

sin x.

+5

1
/‘\ Vv =sinx A

o5
X
45 90 135 18y 225 270 315
5

=1
-15

-2

Identify the approximate x-values (within 0° < x < 360°) at which the line
and curve intersect.
Answers: 30°, 150°

2. Complete the following for the function y = 3 sin 2x:

a. Draw the graph of y = 3 sin 2x for values of x from —180° to 180°. Use
intervals of 45°.

b. State the period of the graph. The period is the distance in the x-direction
that it takes the sine curve to complete one cycle. The cycles repeat.

c. State the maximum and minimum value of 3 sin 2x and the values of x at
which these occur on the interval —180° < x < 180°.
Solution:
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a. Complete a table of values to find y = 3 sin 2x for each x-value:

Graph:

b. From the drawing we can see that the graph repeats itself every 180°; so

X 2x sin 2x 3sin 2x
—180° —360° 0 0
—135° —-270° 1 3
—-90° —180° 0 0
—45° —-90° -1 -3

0° 0° 0 0

45° 90° 1 3
90° 180° 0 0
135° 270° -1 -3
180° 360° 0 0

¥=3sin 2x

the period of the graph is 180.

c. The maximum value of 3 sin 2x is 3. This occurs when x = —135° and x =

45°
The minimum value of 3 sin 2x is —3. This occurs when x = —45° and x =
135°.

Practice

1. Create a table of values and draw the graph of y = — sin x from 0° to 360° using

intervals of 45°.

4
3
2
4

a. Use the graph to solve —sinx = 1.

b. Find the truth set of the equation —sinx = —%.

2. Draw the graph of y = —2sin x for values of x from 0° to 180°. Using intervals of

30°.

a. From the graph, find y when x = 170°.
b. Find the truth set of the equation —2sinx + 1 = 0.




Lesson Title: Graph of cos 8 Theme: Trigonometry

Practice Activity: PHM2-L112 Class: SSS 2

@ Learning Outcome
By the end of the lesson, you will be able to use the unit circle to draw the
graphs of cos 8 for 0 < 6 < 360° and solve related trigonometric problems.

Overview

This lesson is on graphing the cosine function. The process is similar to graphing the
sine function. Use a table of values, with degrees as the x-values, and the results of
the cosine function as the y-values. As with sine, we usually use intervals such as
30° or 45° between x-values. Often, we are asked to graph a trigonometric function
over the interval 0° < x < 360° or 0° < x < 180°.

Notice that the sine and cosine curve have the same shape. They both go on forever
in both x-directions, and remain between y = —1 and y = 1. However, they have
different starting points. y = sin x intersects the origin. y = cos x intersects the y-axis
aty = 1.

Solved Examples

1. Draw the graph of y = cos x for values of x from 0° to 360°, using intervals of 45°.
a. Use the graph to solve cos x = 0.
b. Find the truth set of the equation cosx = 1.
Solutions:
First, make a table of values. The x-values in our table of values will be
degrees between 0° and 360°. We want intervals of 45°, so add 45° to each x-
value to get the next value for the table. Find 