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Foreword

7KHVH /HVVRQ 30DQV DQG WKH DFFRPSDQ\LQJ 3XSLO\
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
([(DPLQDWLRQV &RXQFLOYV :$(& H[DPLQDWWK®@V3XKIHOYY
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

WKDW WKH /HVVRQ 30DQV DQG 3XSLeaheffwitlDaQyCoB*R NV D L
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.

I\

V(V\ b

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 thu s, DO NOT WRITE IN THE BOOKS.
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Introduction
tothe 3XSLOVY +DQGERRN

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.

H

©

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
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!
Do not worry if you do not get the right answer *
ask for help and continue practising!



KEY TAK ($:$<6 )520 6,(55% /(21(16 3@BMANCE IN WEST AFRICAN
SENIOR SCHOOL CERTIFICATE EXAMINATION +GENERAL MATHEMATICS 1

This section, VHHNV WR RXWOLQH NH\ WDNHDZD\V IURP DVVHVVLQ
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

1. Errors in applying principles of BODMAS

2. Mistakes in simplifying fractions

3. 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
guadratic equations.

oo bk

Suggested solutions

1. Practice answering questions to the detail requested

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

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

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

It is important that candidates understand what to expect on the day of the WASSCE
exam. Details of the exam and strategies for taking the exam are given below.

1 This information is derived from an evaluation of WAEC Examiner Reports, as well as
input from WAEC examiners and Sierra Leoneaerachers.

2



Content of the WASSCE Exam
The WASSCE Mathematics exam consists of 3 sections. These are described in detalil
below:

Paper 1 +Multiple Choice

x Paper 1is 1.5 hours, and consists of 50 multiple choice questions. It is worth
50 marks.

X This gives 1.8 minutes per problem, so time must be planned accordingly.

X The questions are drawn from all topics on the WASSCE syllabus.

Paper 2 tEssay Questions

x Paper 2 consists of 13 essay questions in 2 sections +2A and 2B.

x Paper 2 is worth 100 marks in total.

x Pupils will be required to answer 10 essay questions in all, across the 2 sections.

x This is an average of 15 minutes per question. However, keep in mind that
section 2B is more complicated, so plan your time accordingly.

Paper 2A £Compulsory Questions

x Paper 2A is worth 40 marks.

X There are 5 compulsory essay questions in paper 2A.

X &RPSXOVRU\ TXHVWLRQV RIWHQ KDYH PXOWLSOH SDUWYV
not be related to each other. Each part of the question should be completed.

X The questions in paper 2A are simpler than those in 2B, generally requiring fewer
steps.

X The questions in paper 2A are drawn from the common area of the WASSCE

syllabus (they are not on topics that are specific to certain countries).

Paper 2B +Advanced Questions

x

Paper 2B is worth 60 marks.

There are 8 essay questions in paper 2A, and candidates are expected to
answer 5 of them.

Questions in section 2B are of a greater length and difficulty than section 2A.
A maximum of 2 questions (from among the 8) may be drawn from parts of the
WASSCE syllabus that are not meant for Sierra Leone. These topics are not in
the Sierra Leone national curriculum for secondary schools. Candidates from
Sierra Leone may choose to answer such questions, but it is not required.
Choose 5 questions on topics that you are more comfortable with.

X

xX X

x

Exam Day



X

X

Candidates should bring a pencil, geometry set, and scientific calculator to the
WASSCE exam.

Candidates are allowed to use log books (logarithm and trigonometry tables),
which are provided in the exam room.

Exam -taking skills and strategies

X

xX X

x

Candidates should read and follow the instructions carefully. For example, it may
be stated that a trigopnometry table should be used. In this case, it is important
that a table is used and not a calculator.

Plan your time. Do not spend too much time on one problem.

For essay questions, show all of your working on the exam paper. Examiners can
give some credit for rough working. Do not cross out working.

If you complete the exam, take the time to check your solutions. If you notice an
incorrect answer, double check it before changing it.

For section 2B, it is a good idea to skim read the questions quickly before getting
started. If you see a topic that you are familiar and comfortable with, work on
those problems. Try not to spend a lot of time deciding which problems to solve,
or thinking about problems you will not solve.



Lesson Title: Measuring angles

Theme: Geometry

Practice Activity: PHMA4-L049

Class: SSS 4

ﬁ Learning Outcomes

By the end of the lesson, you will be able to:
1. Identify various types of angles (acute, obtuse, right, reflex, straight).
2. Measure angles using a protractor.

Overview

There are 4 main categories of angles that you should be familiar with. These are:

Right angle Acute angle
90 q less than 90 g

B —

Obtuse angle Reflex angle
greater than 90 gand greater than 180 gand
less than 180 g less than 360 g

Recall that a full rotation is 360 q The tool used to measure angles is called a protractor.
If you have a protractor, use it throughout this lesson. If you do not have a protractor,
make your own. You can trace the following diagram onto a piece of paper and cut it

out:

To measure an angle, the centre of the straight side of the protractor should be placed
at the vertex. The straight line of the protractor is along one side of the angle. The other
side of the angle gives its measure. For example:




$o
2
vl
- Y R
Acute angle Obtuse angle
a:1; Lvrt? ab14L su{?
Solved Examples
1. Measure each of the following angles with a protractor:
a. A b. X
Y<
V4
B C
) E ’ /<SJ T
R

Solution s:

a. a#$% srw?
b. a:;< L ux?

c. &4() Ltvz?
d a456L svz?

2. Determine whether each interior angle of the following shapes is acute, obtuse, right,
or reflex. Recall that interior angles are the angles inside the shapes.



v z

B C

Cc P Q d M
/ ! . L
S — R
N
P o

Solution s:

Measure each angle if needed. However, you can generally categorise angles by
looking at them.
a. A, B and C are acute.
b. Yis aright angle; X and Y are acute.
c. S andR are acute; P and Q are obtuse.
d. Pis aright angle; L is an obtuse angle; M and O are acute angles; N is a
reflex angle.

. Measure and label each interior angle of the pentagon below. What is the sum of the
angles?
B

E D
Solution :
Measure each angle to the nearest degree with a protractor, and label them as
follows:

Add the angles to find their sum: {r!EssrEstwE{wEstriL wv¥
Note that the sum of the angles of a pentagon is always wv¥

7



4. Draw an acute angle and an obtuse angle. Estimate the measure of each. Then
measure each angle with a protractor.

Solution:
The solution will depend on the angle you draw. Example solutions are:
C D P o
Estimation = 100
Angle measure = 110°
Estimation = 35°
\ Angle measure = 28°
A T 0 G
Practice

1. Measure the following angles with a protractor:

a. A b. R
5 \C\
T

C
2. Draw shapes with the following characteristics:
a. Atriangle with a y rtangle.
b. A quadrilateral with a {rangle.
c. A pentagon with exactly 2 acute angles.
3. Categorise the following angles as acute, obtuse, or reflex:

a. {st?
b. tsr?
c. {1

d uvw!?
e. srtt?
f. t{?

g. syrt?



Lesson Title: Solving for angles +Part 1 | Theme: Geometry

Practice Activity: PHMA4-L050 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to solve for angles given intersecting
lines, including parallel lines with a transversal.

Overview

This lesson is on solving for angles when there are intersecting lines. Recall the
following related definitions:

Supplementary angles: Complementary angles:
x/ a ib

Sum to 180 q Sumto 90 q

In the diagram, TEUL sz# In the diagram, =E >L {r?

These definitions can often be used to solve for missing angles in diagrams.

There are also rules that we can use related to the intersection of 2 lines. Consider the
diagram, which shows 2 intersecting lines:

/g

When 2 lines intersect, the opposite angles are equal. In the diagram above, @L Aand
BL C

Also note that there are supplementary angles in the diagram. From the diagram, we
have the following:

X BEALszr?
x AECL szr!?
X @ECLszrt?
X @EBLszr?t

There are also rules for parallel lines with a transversal. A transversal is a line that
intersects both parallel lines. Consider the following diagram:



]

\
[

W

The rules given above apply. For example, =and >are supplementary angles, and sum
to szr.l=and ?are opposite angles, and are equal. Also note that there is a
relationship between the angles of the 2 intersections.

x Alternate ang les are equal. These are angles on opposite sides of the
transversal, inside of the parallel lines. In the diagram, alternate angles are: @
and B ?and A

x Corresponding angles are equal. These are angles that are in the same
position in the 2 intersections. In the diagram, corresponding angles are: =and A
>and B ?and C @nd D

x Co-interior angles are supplementary . These are angle on the same side of
the transversal line, inside of the parallel lines. In the diagram, co-interior angles
are: ?and B @nd A

Solved Examples

1. Inthe diagram, find the measures of 5 >and ?
[ b

27° .

Solution :
Note that =and ty*form a right angle. In other words, they are complementary.
Subtract from {rto find the measure of = {rtFty!L xu.l

There are 2 ways to solve for >and ? Note that the diagonal line is a transversal of
two parallel sides of the rectangle. Thus, > L ty !hecause these are alternate

interior angles. Likewise, ?and =are alternate interior angles, and ?L =L xu.l

Alternatively, you may also use the right triangles on either side of the diagonal line
to solve for >and ? Recall that the angles in a triangle sumto szr.

2. Inthe diagram below, find the measures of: a. 4% 1$ b. 4$1& ©c. a#l1l&

10



3.

Solution s:

a. Note that a# 1 %nd 4% 1 $rm a straight line, and thus are supplementary
angles. Subtract from szrtofind 4% 1:$ 4% 13 szAFsuwk vw!?

b. Note that a# 1 %nd a$ 1 &are opposite angles, and are thus equal. a$1 &L
a#19% suw!?

c. Angle a# 1 &an be found in multiple ways. Use the opposite angle a% 1,%r
the supplementary angles a#1%r a$1&Wehave a#1&L 4% 13 vw?

In the diagram below, find the measures of 5 >and ?

c b

Solution :
Note that the following angles are supplementary: =and sutand >and s ut.‘Thus,
=L>LszAiFsutLVZ

There are 2 ways to find 2 One way is to subtract all of the known angles from uxr?
(one full rotation). Alternatively, subtract {r*and >from s zr.'These angles form a

straight line (szrtThus, ?L szr¥ {rtFvzil vt!?

Find the measure of each angle in the diagram, and label them:

s
A /AOO >—B
> D

o
T
Solution :
Note that the following angles are equal to the labeled angle, y rt the opposite

angle, and corresponding angles in the other intersection.

11



Find the angles that are supplementary to the labeled angle by subtracting from
szt szAFyrtL ssi Label the supplementary angles s s i Note that the

corresponding angles in the other intersection are also ssi
S

110‘%0“

A 70/ 1o
10/ 70°
C 707 10°

T

N
o

W
w)

In the diagram below, #$ % &nd '$ % (Find the measure of a$ %.&

Solution :

Note that $ %s a transversal for both sets of parallel lines. Thus, we can label the
alternate angles as equal. We have a#$% a$ % &nd 1t EBC= 1 BCF. This is
shown in the diagram:

Since we are given a$ % (L u s,’we also have a'$ %L us.’Add a#$'and a'$ %o

find &#$%a#$% 4#$ ' E&A"'$ WL suEuUusYL vv?
Therefore, 4$% & a#$% v\

Practice

1.

In the diagram below, find the measures of 5 > ?and @

12



. Find the measure of T

v T

A B




Lesson Title: Solving for angles +Part 2 | Theme: Geometry

Practice Activity: PHMA4-L051 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to solve for angles in triangles.

Overview

Recall the following types of triangles and their properties:

Right -angled Equilateral Isosceles Scalene
one right angle 3 equal sides 2 equal sides no equal sides or angles
3 equal angles, 60 g 2 equal angles

The angles of a triangle always add up to 180 degrees. To find unknown angles,
subtract the known angles from 180 q

You may also use the properties of triangles to solve them. For example, if you know
any 1 angle in an isosceles triangle you can solve for the other 2, using the fact that 2
angles are equal (see solved example 3).

Solved Examples

1. Find the measure of angle Tin the figure below:

Solution :
TETExr* L szf Sum of anglesis sz M
tTEx™M L sz
tT L szfMFxr" Transpose xr"
tT L str™
i: L 5_23 Divide throughout by 2
T L xm

14




You may also note that the triangle is an equilateral triangle. Equilateral triangles
have all of their angles equal to x r™

. Find the value of the angle in the diagram below.

x

35°

Solution :
ywWEUWET" L szf Sum of anglesis sz "
ssMPET L sz
T L szfMFssf Transpose srrt
T L yrm

. Find the measures of =and >

36°

a b
[ N
Solution:
Subtract the known angle from 180: szr¥ uxL svv!?
We know that =E >L svy and that =and >are equal.
Divide svvby 2 to find the measure of both =and > =L >L svv3t L yt!

. In the triangle below, # 5and $ 6are 2 altitudes of a# $%a% $& vuand a$# 5L

s w Find the measures of the following angles:
a. a#%5 b. a%#5 c. a#$%

B
43\, S
.
A L c
Solution:
a. Tofind a# % bdise ¢$ %.8wo angles are known, {rtand v u.t
{rtEVUEa#% L sz Sum of the angles is sz "

SUUE&#% L szf
a#% L szfMFsuu?! Transpose sulf
a#% L vy?

15



5.

b. Tofind a% # %ise ¢% # Jwo angles are known, {rland vy.!

{rtEvyEa%# L sz Sum of the angles is sz "
SsuyeEa%# L szf
a%# L szfMFsuy! Transpose su¥
a%# L vu?

c. Tofind a#$ %use ¢#$ 5Two angles are known, {rland sw?

{rrtEswE&#%$9% L sz Sum of the angles is sz "
ST wWEa#$% L szf
a#t$yY L szfMFsrw?! Transpose srwW
arsy L yw!?

In the diagram below, #$ %i& a straight line. a$#' L tw, &'() L v\ and
a& %)L stvik Find a$".
A B C D

Soluti on:

This problem can be solved by using various triangles in the diagram. Notice that
there are several triangles: ¢#$', ¢' (), ¢# %,) ¢$ %.(Also use what you know of
the supplementary angles.

Start to solve for angles in the diagram. As you solve for angles, label them (see
labeled diagram below).

Find &% %:(It is supplementary to a& %,)so subtract from sz &
a$% L szrFstwl wwt

Find 4% $:(Use ¢$ %,(in which there are 2 known angles; subtract from sz £
a%»$L szrFwwFvyl yzt

Find a#$" Itis supplementary to 4% $,(so subtract from sz i
a#$'LszrFyzilL srt?

Find &a#'$ Use ¢# 3, in which there are 2 known angles; subtract from sz i
a#'$LszrFtw¥ srtiL wu?

Find 4$'): Itis supplementary to a#'$, so subtract from sz ¢
a$') LszrFwul sty!?

16



Practice

1.

2.

3.

4.

Answer: a$') L sty?

Find the values of the variables in the diagrams below:

a. b. C.
500 t
a
65°
p 14
40°
60

Find the value of Tin each of the diagrams below:

a. 3x b. 3x
X 2x X X

In the diagram below, ¢# $ % a right-angled triangleand $& L % &L $ % Find
the measure of a$# %

A
D
B C
In the diagram below, #$ &', a$#% wyhnd 4% & 'L svwFind a# %.$
A i\ B
57 /
D > E
145°
C

17



Lesson Title: Solving for angles +Part 3 | Theme: Geometry

Practice Activity: PHMA4-L052 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to solve for angles in quadrilaterals
and other polygons.

Overview

The properties of the interior and exterior angles of polygons
can be used to solve problems. Interior angles are inside of a
polygon, and exterior angles are formed on the outside by
extending the sides of the polygon. Every polygon has the
same number of interior and exterior angles as it has sides.

This is the formula for finding the sum of the interior angles in a polygon:
(JFt; HszrWwhere Jis the number of sides.

The sum of interior angles up to a decagon are given in the table below. It is a good
idea to memorise these, as well as understand how to apply the above formula.

Sides Name Sum of Interior Angles
3 Triangle 180 q
4 | Quadrilateral | 360 g
5 Pentagon 540q
6 Hexagon 720 q
7 Heptagon 900q
8 Octagon 1,080 q
9 Nonagon 1,260 q
10 | Decagon 1,440 q

For regular polygons, all of the interior angles are equal. There is a formula for finding

:4?76;H5<41

the measure of interior angles of a regular polygon: where Jis the number of

sides.

For polygons that are not regular, missing angles can be found by subtracting known
angles from the sum of the angles for that type of polygon.

Exterior angles can be found if you know the corresponding interior angle. Each exterior
angle and the adjacent interior angle are supplementary, and sum to 180 q

Exterior angles can also be found if you are given known exterior angles. All of the
exterior angles of any polygon sum to 360 q The exterior angles of a regular polygon

18




are all equal. We can use the following formula to find the measure of each exterior
angle: 7—:e,;ll\/vhere Jis the number of sides.

Solved Examples

1. Find the measures of angles B, C, and D in the parallelogram:

A D

/48° /
C
Solution :

Note that %L # L svz?

B

#ESEWE& L uxr?
svzE$SEsvzE& L uxr?
SE&Et{x* L wuxrt?

$E& L uxrFt{x?

$E& L xvt
Since $ L & divide xv by 2 to find the measure of each:
$L&LXVYItLuUt?

. Quadrilateral 9 :; < has four angles which are in the ratio t &vavéaw Find the degree

measure of the smallest angle of quadrilateral 9:; <.
Solution:
Method 1. The smallest angle is the one given by 2 in the ratio. We know that the

sum of interior angles of a quadrilateral is u x r.®Multiply this total by ?69 the ratio of
the smallest angle:
Smallest angle L :tWH uxri vz?

Method 2. Let The a common factor of the 4 angles. Then the sum of the angles is
t TE vT E vT E WL Set this equal to u xr&nd solve for T

tTEVTEVTEWlI L wuxr?

sW L uxrt?
T L 14 1
=5 Ltv

t Trepresents the smallest angle. Multiply: tTL t:tv; L vz?

. The exterior angles of the quadrilateral below are T :TF sr;™ :TE xr;™and

:TE wr™Find the value of T

19



o
x-10)°
(x-+50)¢

G 60)°

Solution:
Set the sum of the angles equal to u x rand solve for T
TME:TIFsrIE:TEXrIE:TEwrl Luxrt?
VTEsrrl Luxr?
vT LuxrFsrrl
vT L txrl
8é

6:4
8 L 8

T Lxw

. Calculate the sum of the interior angles of a polygon with 15 sides.

Solution :
Substitute J L s win the formula and solve:

Sumofangles L :JFt;Hszr?
L swkt;Hszrl
L suHszr?
L tavr?

. The sum of the interior angles of a regular polygon is {rrqgHow many sides does it

have?
Solution:
Sumofangles L :JFt;Hszr?
{rrq L :JFt;Hszrt? Substitute the values
{rrq L szr3Fuxr? Clear bracket
{rrqEuxr- L szrd Transpose Fuxr?
stxr? L szr3 Divide throughout by szr?
556<- jl L ] Simplify
J L vy

The polygon has 7 sides. It is a heptagon.

. The interior angle of a regular polygon is sr z.1Find the number of sides of the

polygon.
Solution :

Apply the formula for interior angle, and solve for J

srz? L :a?6;H5<41
a

20



srz3 L :JFt;Hszrt?
srz3 L szr3Fuxr?
srz3Fszr3 L Fuxr?
Fytd L Fuxr?
?,6% L ?7:41
2:61 ?2:61
J L w

The polygon has 5 sides. It is a pentagon.

7. The interior angles are given in the pentagon
at right. Solve for T

Solution :

The angles are labeled in this pentagon but there is an unknown variable. Recall
that the angles of a pentagon add up to 540 g We can add the interior angles and
set them equal to 540 q Then, solve for T

wvr L SstwEtTEW!E:TE{W!E:UTEwW!E VT Addthe angles

L 'stwEwWE{wWEW!EtTETEUTEVT;* Combine like terms
L turEsrm
wvrFtur® L srTt
usr- L srTt Transpose tur?
us- L T Divide by srt?

8. A regular polygon has exterior angles measuring 40 g How many sides does the
polygon have?
Solution:
Exterior angle L 7:4°
a

vrt L 74 Substitute vr?
a
vrtHJ L uxr? Multiply throughout by J
J L 14 Divide throughout by v r?
841
J L {

The polygon has 9 sides. It is a nhonagon.

Practice

1. Find the value of Tin each of the diagrams below:
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b. .

11x

. The sum of the interior angles of a polygon is v& z iy How many sides does it have?
. Each interior angle of a regular polygon is s v r.2Find the number of sides of the

polygon.

. Aregular polygon has s veides. Find using the formulae:

a. The measure of each exterior angle.
b. The measure of each interior angle.
c. The sum of the interior angles.

. A heptagon has the following interior angles: TTATE v;'4TE z;'aTESVATE

tx;1@aTEuviand :TE wst Find the value of T
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Lesson Title: Solving for angles +Part 4 | Theme: Geometry

Practice Activity: PHMA4-L053 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to solve for angles in compound and
complex shapes.

Overview

This lesson applies the information on solving angles from the previous lessons. You
will encounter compound and complex shapes, and you will apply various rule and
theorems to solve them.

When you encounter a complex shape, break it down to its parts. For example, you may
find a triangle within a larger shape, and you may be able to solve for an angle of that
triangle. Look for a strategy for finding the angle the problem asks you to solve.

Solved Examples

1. Inthe given shape, ('&is anisosceles triangle. #$ & %
and $%#'. Find:

a. a#&(

b. a$#&

c. a$w &
Solution s:

a. Note that a# & (is supplementary to an angle in ¢& ' (. To find a# & (first
solve ¢&'(. Since ¢& ' (isisosceles, a& (' L a&'( L vzt
Therefore, a'&( L szr¥Ft:vziL zv?
Using the fact that 4# & (and &' & ( are supplementary, we have:

a#&(LszrFa'&(LszrFzvi {x?

b. Note that 4$# &and a# & (are alternate angles, which means they are equal.
Therefore, a$# &L a$# &L {x?

c. Note that the opposite angles in a parallelogram are equal. Therefore,
a$% & as#&L {x?

2. Inthe diagram, 3 5is a straightline, 34 L 46, 4436L vriand 44% L vw Find
4465
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3.

4.

40° 45°

Solution :
First, solve ¢3 4 6This will give information that can be used to solve ¢3 4 éand find
a465
Step 1. Solve ¢346
Because ¢34 @s isosceles, 443 6L 4a364L vr?
Calculate a34@a346L szr¥t:vrt L srrt?
Step 2. Solve ¢4586
Use the fact that a3 4 Gand a5 4 @re supplementary:
ab46L szrFa346L szr¥ srriL zrt?
Subtract to find 4465
ad465. szrFzritFvwi ww!
Answer: a465. ww!?

Note that this problem could also be solved by finding the measure of 43 6 ®f the
larger triangle, and subtracting the measure of 43 6 4There are often multiple ways

to solve angle problems. Use the method that works best for you.

In the diagram below, #$ % &Find the measures of Tand U

Solution :
Note that 4$ # %nd a# % &re co-interior angles, which means they are
supplementary. Solve for a# %:&
at% & szrF a$#% szrFssut xyt?
Subtract vwfrom a# % & find T
TLaA#% & vwiL xyFvwti tt?
Solve ¢$ % & find the measure of U
ULszrFst{'FTLszrFst{Ftt*L t{*

In the diagram below, # $ % &i$ a regular polygon. Find the measure of angles
as$#'and 4% %.'
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Solution :

Tofind 4$ # ', apply the formula for the interior angle of a regular polygon:

. .| 4?6;H5<41 :976;H5<4% T7H5<4:1
as#'L - L 5 L S Lsrzt?

Note that ¢% &is an isosceles triangle, and 4% & 'L s r z because it is an angle of
the regular pentagon. Also note that a$ % tan be solved for by finding a& % and
subtracting it from a$ %,&vhichis also srz.

Solve ¢% &to find a& %:'
Subtract a% &from szr:
SZr'Fa%&'LszeFsr2L ytt
Divide by 2 to find a& %:"
yttJtLuX

Subtract 4& % from a$ % & find 4% %:'
AP % 'L A3 % & A& % 'L srzF uxL yt?
Answer: a$#'L srzand a$%?!L yt?

Practice

1. In the diagram below, |AB|=|AD| and |AC|=|BC|. a# & % u w Find the size of:
a. a#$ & b.a# % $ C. A% # &

A

35
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2. In the diagram below, ABCD is a parallelogram. Its diagonals intersect at point O.
Find the measures of the following angles:
a. al% & A \ B
b. a#1$ w

~
©w
s

C

3. Inthe diagram below, # $'is an isosceles triangle. #$ L $', a$#' L vr!}
a$% & ysand #3$ % a straight line. Find the measure of:

a. a#'s
b. a#$'
c. 4&%$%
d a$&%
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Lesson Title: Angle problem solving Theme: Geometry

Practice Activity: PHMA4-L054 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to apply angle theorems and

properties to solve problems.

Overview

This lesson is practice on solving problems involving angles. You may encounter
various types of problems on the WASSCE exam that require you to solve for missing
angles. These may take the form of compound shapes, or they may just be a set of
lines. Apply the rules and theorems from the previous lessons, and your problem-
solving skills.

Solved Examples

1. Inthe diagram below, #$ % &ind the measure of angle T
A<zx > B
213

C S6'A p

A4

Solution :
Note that the line from D can be extended to become a transversal of the parallel
lines (see below). This makes a triangle with interior angle Tthat can be solved.

N 56°
C > D
The newly formed angle Uin the diagram is a co-interior angle with w x which

means they are supplementary. Therefore, UL szrFwxiL stv?

Note that the other interior angle of the triangle can be found by subtracting sz i
(the straight line) from ts ut(the given angle): tsutFszril uut?

Now that 2 interior angles of the triangle are known, subtract from sz to find T
TLszrFstviuul tu?
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2. Find the measure of angle Tin the diagram below:

E
"
<]
/

N
vl
o
a
4

Solution :
Note that srwhas a corresponding angle above it, which is also supplementary to
an interior angle of the triangle. Label it as s r W(see the labeled diagram below).

Solve for the interior angle of the triangle labeled a in the diagram below:
=LszAFsrwi yw!?

Solve for the other interior angle of the triangle, labeled b in the diagram below:
»LSZREFyYyriFywt uwt?

Solve for T, using the fact that it is supplementary to >
TLszAFuwk svw?

Labeled diagram:
70°
A a\105

/ rd
105°

3. Solve for T Uand Vin the diagram below.

=

N

60
X y

N

45>/

~

Solution :
As you solve the angles, label them in the diagram (see below).

Note that there is an angle which corresponds to v w &and is also supplementary to T
Thus, subtracttofind T TL szfFvwL suw!?

4. The small triangle that contains x rtcan now be solved, which will allow us to find U
The angle supplementary to Tis szEF suwL vw The other angle in the triangle
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can be found by subtracting: szf# F xriF vwL ywAngle Uis supplementary to

this angle, which gives UL szAFywL srw?
Note \corresponds to the y winterior angle of the small triangle. Thus, VL y v

Answer: TL suwUL srwVL yw

Labeled diagram:
60

135°=x /5° 754 Y=10§°

45° 7

75°= 7\

\ /

45>/
Practice

In the diagram below, #$ % &a#$&L srzand a# & $L vv.ra% # & a right

1.
angle. Find the measure of: i. a$# &ii. a# &% . a# % &

B

A N
4 108

44°
? D

C

In the diagram below, 3 4 5 6Find the measure of angle

2.
R

\
Q 4 35°

142°

S—»
= >and ?

3. In the diagram below, find angles 5
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Lesson Title: Conversion of units of Theme: Mensuration
measurement

Practice Activity: PHM4-L055 Class: SSS 4

i Learning Outcomes

By the end of the lesson, you will be able to:
1. Convert from large units to smaller units of measurement.
2. Convert from smaller units to larger units of measurement.

Overview

This lesson is on converting various common units of measurement. To convert from a
smaller unit to a larger unit, divide by the conversion factor. To convert from a larger
unit to a smaller unit, multiply by the conversion factor. Some common conversion
factors are listed below.

Length / Distance

10 decimetres L | 1 metre

100 centimetres L | 1 metre

1,000 millimetres L | 1 metre

1 kilometre L | 1,000 metres

Mass / Weight

1 gramme L | 1,000 milligrammes

1 kilogrammes L | 1,000 grammes

1 ton L | 1,000 kilogrammes
Volume / Capacity

1 litre L | 1,000 millilitres

1 litre L | 1,000 cm?

It is important to note that units of measurement must be the same for 2 quantities to be
added or subtracted from one another. For example, millilitres cannot be subtracted
from litres. They must first be converted to the same measurement before the operation
is applied.

You may apply more than 1 conversion factor to solve a problem. For example, to

convert kilometres to centimetres you may first convert kilometres to metres, then
convert metres to centimetres.
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You may be asked to convert square or cubic measurements. For example, consider
s « / which is a measurement of capacity. To convert this to ... ¢ you must apply the
conversion factor three times, which is the conversion factor to the 3™ power:

se’Lse Hse Hse L srr...Hsrr...sHsrr...oL sarrarr ... ¢

Solved Examples

1. Convert the following as indicated:
a. wkilometres to metres

b. t—Zhours to seconds

c. {a&vrmillilitres to litres

d. yarrarrcentimetres to kilometres
e. z&rrkilogrammes to tonnes

f. u—Ztonnes to grammes
Solutions:

a. To convert wkm to m, use the conversion factor sdrre L see Multiply to
convert a larger unit (km) to a smaller unit (m):
wee L WHsSdrre L warre

b. To convert t—zhours to seconds, use the conversion factor 1 hour = 60

minutes and the conversion factor 1 minute = 60 seconds. These can be
combined to give 1 hour = xr Hx rseconds = u x r iseconds.

5 x, 5 .
t—6 S"L t—6 H u& r rseconds
9 ,
L < H u& r rseconds
L {&rrseconds

c. To convert { & r millilitres to litres, use the conversion factor sarr+ZL sZ

Divide to convert a smaller unit (ml) to a larger unit (1).

. . =®44s
{aVI'I’ Z_m‘lz

L {&vZ

d. Toconvert yarrarrcentimetres to kilometres, use multiple conversion
factors. These can be combined (as in problem b.) or applied in 2 steps,
shown below.

Step 1. Change centimetres to metres using the conversion factor srr ... oL
S °
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4A&44
[ ]

Divide: ya&rrarr ... oL Saa Lyrarre
Step 2. Change metres to kilometres using the conversion factor sdrr e« L
Seoe
Vi - A ° ;4@.440 ° o0
Divide: yré&rr L5é144 Lyr

Answer: yarrarr ...osL yree

e. To convert z&rrkilogrammes to tonnes, use the conversion factor sarr ¢ %
s —Divide to convert a smaller unit (kg) to a larger unit (tonnes)

<a44

54 4 4

L z&—

Z& rre %ol

f. To convert u—Ztonnes to grammes, use 2 steps. Apply multiplication to convert

a larger unit (tonnes) to a smaller unit (g).
Step 1. Change tonnes to kilogrammes using the conversion factor
S&rre%L s-
U PL U2 HSATT « %o
L—; Hsa&rr %o
L udvrre %o

Step 2. Change kg to g using the conversion factor sarr %d s %

uavrre %t uwrHsarr %o
Luavrirr %o
5 L, "
Answer: U — cofbk UAVIIIT %o" foete

2. The speed of acaris stree SWhatisthe speedin « «12..
Solution:
To convert a rate, convert the units in both the numerator and denominator. In this
problem, we want to convert kilometres to metres and hours to seconds.

stree S L st rp—f
L st rp—Ua Hsérr Convert km to metres
L strar r%
L 5644% Convert hours to seconds
744 4
L uil OA? Simplify
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3. The population density of a town is vérr ' 1’ Z #« 8 Find the number of people if
the area of the town is wérr 6.
Solution:

The unit for Population density is ——— nlac d the unit for Area is * & so convert the

areato e+ & The conversion factor must be applied twice, because the unit is
squared.
Step 1. Convert  5to o &

7z 6 7
WAL rr e L wdrr 44H—5a]'4f\°

..6

L
644
Step 2. Multiply to find the number of people in the town:
i Z|:E| S ..e& Population density HArea
ee 6 " trr
L tr people

Number of people L véarr

4. Atank contains ytdrr .s “of fuel. If one litre cost 1 xdrrar, what is the total cost
of fuel in the tank?
Solution :
The cost of fuelis fxdarr Z«-ahtl the quantity of fuel isin .s. 7, so convert .s. "to
" Pse the fact that there are 1,000 .s. “in each litre.
Step 1. Calculate the litres in the tank.

ytarr .7 L %442 sarr.e. ' LsZ<="%
L ytZ Simplify

Step 2. Calculate the cost of 72 litres:

Cost L ytH fxarr Z
L Fvutrrar

Practice

1. Convert the following as indicated:

a. Wwdkilometres to metres
t hours s wninutes to seconds
{ & r millilitres to litres

5,. . )
v—6I|tres to cubic centimetres

XV rdrrcentimetres to kilometres
y Xav r kkilogrammes to tonnes

-0 o oC

g. t—;tonnes to grammes
2. The speed of a car is 120 m/sec, what is the speed in km/hr?
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3. Atank contains s xe ’of fuel. If one litre cost I x&r rér, what is the total cost of
fuel in the tank?

4. The speed of awave is uHsr~« 1. Find the distance it travels in metres in
t Hsr’ hours, leaving your answer in standard form.
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Lesson Title: Area and perimeter of Theme: Mensuration
triangles and quadrilaterals

Practice Activity: PHM4-L056 Class: SSS 4

i Learning Outcome
By the end of the lesson, you will be able to calculate the area and perimeter of
triangles and quadrilaterals.

Overview

This lesson is on perimeter and area of several types of quadrilaterals and triangles.
Perimeter is the distance around the outside of a shape, and area is the size of the
space inside the shape. Use the formulae in the table below to solve the problems.

Shape Diagram Perimeter Area
[
HEE
Square 2LHEHEHEHL | #L HH
q Lt + vH HL K
1 [
[
| ) L
2LHEHESE
Rectangle w 4 1 SLIMELS #L HHS
| 2
o a L=E=E>E
>
Parallelogram 3 SLt=Et> #L >HD
-
b
#L-:=E
Trapezium 2L=ZE>E?E@ 6
>'D
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5
Rhombus 2LHEHEHEHL | # L—6@H
vH @
. 2L =E=E>E >
Kite #Lﬁ@H
>SLt=Et> @
Triangle 2L =E>E? #L—2>HD

Solved Examples

1. The perimeter of a rectangle is twice that of a square with sides xcm. Find the area
of the rectangle, if its length is s vem.

Solution:

To find the area of the rectangle, you need to know its length and width. The length
of the rectangle is given, the width can be found from the relation given: perimeter of
rectangle L twice perimeter of square.

Set up an equation where Hand S are the dimensions of the rectangle, and a is the

side of the square.

Perimeter of rectangle
tHEtS
t:swEtS
tS
tS
S

Use the width to find the area:

Area of rectangle

r -

L

L
L
L

t Hperimeter of square

t Hv=

t Hv HX

vzFur
Sz
{cm

HH S
sWH {

suws. 6

36
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2. A kite with diagonals vmm and s rmm is cut from a piece of rectangular cardboard
of dimensions s wnm H t wmm. Find the area of the remaining part of the cardboard.

Solution:
To find the area of the remaining part of the cardboard, subtract the area of the kite

from the area of the cardboard.

Areaof cardboard L swHtw
L uywse?®

Area of kite L 2. :
6'@H@7

L 5. .

6.vHsr,

L trese6

Area of remaining part L Area of cardboard FArea of kite
L uywe®Ftree®

L uwwe?S
P cm
. . B
3. Find the area of the shaded portion of rectangle ABCD. A > B
Solution: -
Note that to find the area of the shaded portion, we need to £ o
subtract: Area of Rectangle FArea of Trapezium =1 =
Area of Rectangle L szHsvL twt.s® B ey T

Area of Trapezium L—z :=E > D
Note that DL sz...*F su...sL w...*

Area of Trapezium L—2 'SVE W, HWL—Z 's{; HwL
VAY: T Q

GArea of shaded part L twt.s.® Fvyiv.»® L trviy.s®

12 cm

4. Find the area of the figure PQRS.
Solution:
Note that Area of PQRS LArea of QS E/RQS

-

From the figure, the two triangles are right angled triangles.
JLUVW ILQG WKH VLGHYV _36_ DQG _45_ XVLQJ 3\WKDJRUDV
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Practice -

1. Atrapezium with parallel sides zcm and stcm and distance
between them xcm is cut from a rectangular piece of 5
cardboard which measures stcm by s zcm. Find the area of *
the remaining patrt. 3

From JPQS, 35° L 235 E 25° From (RS, 35° L 348 E 45°
sfLstE25° sf L 20 E 34°

25L ¥s P Fsto L w...e 34L ¥s P Fz6 L srdw...e

Area of PQS L—223H25 Area of (;QRSL—z 34 H 45
L—ZHstHw L—ZHsrasz
Lur.s?® Lvs.s?®

Area of PQRS LArea of JPQS EArea of QRS

Lur.e.®Evs.se8Lys.sb

In the diagram at right, PQRS are the mid-points of a
rectangular surface which measures xcm by zcm. Find C
the area of the shaded part. !
1
I
1

B D
The perimeter of a rectangle is three times that of a square 15 ., 15 em
with sides vcm. If the length of the rectangle is s vem, find |
. 1
its area. ¥

& 8cm E

Find the area of the figure ABCDE, shown at right:
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Lesson Title: Trigonometric ratios Theme: Trigonometry
Practice Activity: PHMA4-L057 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to identify trigonometric and inverse
trigonometric ratios and use them to solve for sides and angles of a triangle.

Overview

This lesson is on trigonometric and inverse trigonometric functions. Trigonometric
functions are used to find missing sides in a right-angled triangle, and inverse
trigonometric functions are used to find missing angles.

We use 3 types of sides (adjacent, opposite and hypotenuse) in trigonometric ratios.
S $GMDFHQW™ DQG 3 RSSRVLWH" DUH GHWHUPLQHG E\ WKHLU L

For example, consider angles Tand U and the side labels of each triangle:

i hypot
adjacent hypotenuse opposite ypotenuse
Y
opposite adjacent
The 3 trigonometric ratios are:
mnnmqg!

® < OE —qg L _S
fwnmrclsc ~ L
bh_aclt , E
CFEL———— L-
fwnmrclsc L
mnnmqgrc . S
-t L_bh_aclr L_E

Sine, cosine, and tangent are functions of angles. The theta symbol ( g is shown here,
and it is often used to represent angles.

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

X SOH stands for %ine equals opposite over hypotenuse .
x CAH stands for tosine equals adjacent over hypotenuse ",
x TOA stands for tangent equals opposite over adjacent

Trigonometric tables can be used to find the trigopnometric function of a given angle to 4
decimal places. If you do not have access to trigopnometric tables, a calculator may be
used.

Trigonometric ratios have the relationship - f & L— which may be used to solve

problems.
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7KHUH DUH VRPH 3VSHFLDO DQJOHV™ ZKLFK FRPPRQO\ RFFXU

problems. These angles are ur! vwxrland {r* The trigonometric function of each is
shown in the table:

E urt vw? xrt {rt
= 5 5, 9B Z4 S
6 B 6 6
T = il 5 9B 5 r
6 B 6 6
~-fE ENZ S 1 Not
a defined

7KH LQYHUVH RI D IXQFWLRQ LV LWV RSSRVLWH ,WJV DQRW
function. Inverse functions are shown with a power of -1. For example, inverse sine is

««tST ' QYHUVH VLQH 3XAGRHA\L avrhe&other inverse trigonometric
functions are ... ¢ Tand - f* T The inverse 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 ( fog books ) or calculators. You will work

backwards using trigonometric tables. 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 TL

o ks :—Z;, you may identify that —gis the sine ratio of the special angle 30 g Therefore, the
answer would be TL ur?

Solved Examples

1. Find the following using trigonometry tables ( fog books ):

a. e<fSiravswr
b. ..%:ryz{s

Solutions:

a. Solution using a sine table :
x Find 0.5150 in the trigonometric table for sine.
X ltisinrow 31, under the first column (.0). This means that the angle has

measure 31.0 g

b. Solution using a cosine table :
x Look for 0.7891 in the cosine table. It is in row 37, under the column for .9.
X This gives us the angle 37.9 g

2. Find Tif TL -<ES:1677;a
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Solution:
Since the inverse sine is the opposite of sine, we can take the sine of both sides to
eliminate it.

eceT L 97,

.(._.(Es:

ecoT L 7
6

We know from the lesson on special angles that ¢ < 1L3—/é7. Therefore, the answer
is TL xrt?

. Find the measures of (* and ) *:

30

10 cm
G H
Solution :
Find (*:
Llerl L AL owm
54 &5
t(* L sr3w
(* L 547
6
(* L wu
Find )*:
ecourt L AA L 5
54 6
* L 34
) 6
) * L w

. Find the measure of angle $and the length $ %:

C

3cm

A 4 cm B
Solution :

Step 1. Identify which function to use. The opposite and adjacent sides are known,
so we will use — .
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Step2. )LQG WKH WDQJHQW UDWLR 7KLV LV WIftolimW LR WKD
the angle:
—f$LiLryw
Step 3. Find — f of both sides to find the angle measure:
-f$ L ryw
- —f% L —frryw
$ L —-fraw

Calculate — f&°:r & wusing either a calculator or trigonometry table.
To calculate FU: Uz B 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
LQ WKH 3DGG GLIITHUHQFHV" WDEOH DQG LW FRUUHVSRQG'
Answer: $L uxy!?

8VH 3\WKDJRUDVY WKHRUHP WR ILQG
$% L H#BEHSS L BEVS L tw
$%L ¥AWL wW... e

5. The side of a square is wem. Find, correct to two decimal places, the length of a
diagonal and the angle between the diagonal and a side of the square.
Solution:
Step 1. Draw a diagram. A&
Step2. 8VH 3\WKDJRUDVY WKHRUHP WR B_9¢tm ¢ JRQDO
@LWEWLwr
@L ywrL ydaycm 5cm 5cm
Step 3. Use trigonometry to find the angle:
If the angle between the diagonal and a side is U then: AL D
<9 5cm
— f ®J L_g Ls
UL -f*sLvw?
Answer: The length of a diagonal is 7.07 cm, and the angle between a diagonal and
asideis vwa
Practice
1. Find the following using trigonometry tables:

a. e<dorytwrb. L %ir&u{yc —f*irkzty
2597

2. Find Tif:a. TL —,°’-’~‘33—/‘Z:7 b. TL «<?52 ¢ TL .22 d. TL «<?S:ravty

In right-angle triangle ABC, a%L {rt&# L yr’and |AB| = wcm. Find the other sides
and angle of the triangle.
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. The two legs of a right-angle triangle are zcm and xcm. Find the hypotenuse side

and the angles of the triangle.

. The dimensions of a rectangle are ycm and wcm. Find: a. The length of a diagonal;

b. The angle between the diagonal and the ycm side.
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Lesson Title: Solving right-angled Theme: Trigonometry
triangles
Practice Activity: PHM4-L058 Class: SSS 4

i Learning Outcome

By the end of the lesson, you will be able to apply the Pythagorean theorem
and trigonometric ratios to solve for sides and angles of right-angled triangles,
including word problems.

Overview

7 Rsdlve “a triangle means to find any missing side or angle measures. You are familiar

with several methods for solving triangles, including: trigonometric and inverse
WULJRQRPHWULF IXQFWLRQV fridvdndiRoesvesWWKHRUHP DQG
subtracting from 180 g

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
3\WKDJRUDVY WKHRUHP RU WULJRQRPHWU\ &KRRVH WKH PH
best for the given problem.

B
Solved Examples
1. Solve the triangle ABC in which &C L {r! =L ycmand >L ucm.
7em
Solution:
C

A
Note that to solve a triangle means finding all the unknown side(s) -
and angle(s).
8VH 3\WKDJRUDVYT WKHR UHdhcé/tRe ¢th€ Gvowides aké lkigbwn;

P L SBESS PythagRUDVY WKHR U
P L yEUW Substitute values for =and >
P L wz

? L 3wz

? L y&tcm

To find any of the missing angles, use any of the trigonometric ratios to find 1 angle.
Then, subtract the known angles from s z £to find the other.
—f# L il Apply the tangent ratio to #
7
—f# L tauuu Substitute values for =and >
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# L —f»tauu Take the inverse tangent of both sides
# L xxa?

2. If ...‘TL—_g,where rtOTO{r?find:

a T b—fT  co2a
Solution: B
Given one trigonometric ratio, draw a right-angled triangle.
Find the remaining side of the triangle and use it to find the C
other trigonometric ratios. 6
Step 1. Draw a diagram. A&
Step 2. Find the unknown side: ALX = =
$9%° L xXPFWwW
$%° L uxFtw
$% L 9ss
Step 3. Substitute and evaluate each trigonometric ratio in the problem.
aaa, ¥%b5
a. ec<e[ L A L :
aaa, ¥5
b. —f%L o
c. Substitute and evaluate:
5>qg1é | > /; P Substitute the values for < sTand
52r_I & 7 -
r_re 521 /1 p fT
L 2n Simplif
?__:_L imply
/26
L B 1/72__
.1
L B8ip69
7: H 58
L 559
948

3. A stick leans on a vertical wall of height wm. If the foot of the stick is t m from the
base of the wall, find the:

a. Length of the stick.

b. Angle between the stick and the wall. I
Solution s: _ & v
Step 1. Draw a diagram. A& l

a. From the diagram,aSSO\ 3\WKDJRUDVY WKHRLU a 5
length of the stick, which is AB. m
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4.

#$6 L t°EW $SSO\ 3\WKDJRUDV
Lt Simplify

#3 L 3i{
L

wal {m Length of stick

b. To find the angle between the wall and the stick, find @ using any of the
trigonometric ratios.

-f$ L _g Apply the tangent ratio
L ré&
$ L —fera Take the inverse tangent

L tsa&? Angle between wall and stick
In the figure PQRS, a2 L wrt4d234L ssrt 34 L z Q
cm and QS is perpendicular to PR. Find, correct to one
decimal place, the length of |PR| of the figure. 10° 80/};
Solution:
Note that |PR| = |PS| + |SR|. Find the lengths of PS and . 50° | R
SR using trigonometric ratios, then add them to find S
|PR].

Step 1. Find &QR, which with the side length 34 L zcm, can be used in a
trigonometric ratio to find 5 4.

aPQs L {rtFwr? aQPS + &PQS = {r(complementary angles)
L vrt
aSQR L ssr¥ a&Qs
L ssrvrt?
L ynrt
Step 2. Apply the sine ratio to ¢SQR, to find 5 4:

TE L <4534  Apply the sine ratio to 4SQR

54 L zecoyr?
L zHr§u{y
L yacm Length of SR
Step 3. To find |PS|, you need either of the sides PQ or SQ. You can find the side
SQ from (SQR.

1B L ..‘4534

<

53 L z..‘yr?
L zHravtr
L tdcm
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Since SQ is now known, use JPQS to find the length of PS.

—fa pply tangent ratio to & ;
L 8235 Appl ' a2 3 Bf PQS

e

25 L 53-—fwr?

t Hr&u{s Substitute values for |SQ|and — fwr?
taicm Length of PS

| —

Step 4. Add |PS| and |SR| to find |PR|.

IPR| L |PS|+|SR]|
L takyav
L {&cm Length of PR

Practice

1. Find the missing sides and angles in the figure:

2. Find the missing side and angles in the figure:

O
A

3. If —f7 L—g where aTis less than {r! find:

a e<sT b .. ‘F C. o<OTE.. 6T d >299'¢

" B>amg
4. A ladder xmetres long leans against a vertical wall. If the foot of the ladder is t
metres from the base of the wall, find:
a. The angle between the ladder and the wall;
b. The height of the wall.

Q 16cm R
5. Find the length |PS] in the figure at right:
18 cm
60°] 1 30!
; U T
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Lesson Title: Angles of elevation and Theme: Trigonometry
depression

Practice Activity: PHM4-L059 Class: SSS 4

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

Overview

(OHYDWLRQ" LV UHODWHG WR KHLJKW 3UREOHPV RQ DQJOH
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 trigonometry to find distances, and inverse
trigonometry to find angles.

3'HS UHVV LhR @ppokité dhelevation. 3'H S U H Viwddrs 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 2. 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. Ata point 10 metres away from a flag pole, the angle of elevation of the top of the
pole is 45 gWhat is the height of the pole?
Solution :
First, draw a diagram:

Angle of
Elevation

45
10m
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Solve using the tangent ratio, because we are concerned with the sides opposite
and adjacent to the angle.

—few L Y Set up the equation
54
s L U Substitute —fvwil s
54
srm L D

2. 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 [~ 0
J Angle of

Depression
100 m

40 m—3|

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

—fa L 224 4  Setup the equation
84

—f®.—fa;, L —f+:ta, Take the inverse tangent

a L xzi Use the tangent tables

. A woman standing 50 metres from a flag pole observes that the angle of elevation of

the top of the pole is 25 g Assuming her eye is 1.5 metres above the ground,
calculate the height of the pole to the nearest metre.
Solution:

First, draw a diagram:

B
h
A 25°
- o}
1.5m
N Sl
E} 50 m /i D

To find the height of the flag pole, we must find the length of $ %then add it to the

KHLJKW RI WKH Z% &DHQ)fwhith\isll.5 metres.
Step 1. Find $&

—few?! L 3% Set up the equation
94

raxxi. L 3% Substitute — f #w L r & x X (from table)
94
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wrHraxxt L $8%  Multiply throughout by 50
$% L 23.315 metres

Step 2. Add: DL $%E % & tud sVvE savL tvasw
Rounded to the nearest metre, the height of the pole is 25 m.

4. Two points A and B, 20 metres apart, are on the same horizontal line as the foot of a

building. The angles of elevation of the top of the building

from A and B are uwand w r,respectively. If point B is S
closer to the building than A, find:
a. The distance between point B and the building.
b. The height of the building.
Solution: pa 4 .
A20mB D

From the diagram, the height of the building is |CD|, let that
be D The distance of point B from the building is |BD|, let that be T The distance of
A from the building is tr E T We can set up 2 equations with Dand T and solve
them to find the answers.
Equation (1):
U L —fwrt Applying the tangent ratio to a$in BCD

i
D L T-fwrt?
EquationA(Z):

v L —feaw!? Applying the tangent ratio for a#in ¢ACD
64¢é

D L (trET,—fuw?
a. Set the 2 equations equal, and solve for T
T—fwr- L trET,—few?
T—fwr- L tr—fewET-feaw!?
T-fwrFT—fuw L tr—feuw
L
L

T—fwrF —feaw;? tr—feuw

T 64r 179

T_192r_179
L tzaym
The distance between point B and the building is 28.47 metres.
b. Use equation 1 to find the height of the building
D L T-fwr?

L tzay —fwr?

L :tzay:s&{t;

L uuwvm
The height of the building is 33.94 metres.
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5. From the top of a cliff, the angle of depression of a boat P on sea, which is s {rm
from the foot of the cliff B, is u z.2Q is another boat on the same horizontal line PB
such that |QB| is w m. Find, correct to one decimal place:

a. The height of the cliff.
b. The angle of depression of the boat Q from the top of the cliff.
Solution s:
Draw a diagram (see below). From the diagram, the height of the cliff is |RB|, let that
be DLet aRQB, which is the same as a* 4 3 the angle of .
depression, be U H 352
a. To find the height of the cliff, use the angle at P and the -
distance of P from the cliff.
5_04 L —feuz?
D L s{r—fumzt? p= Q5(xOrT:B
L s{rHrgzsu .
L svam Height of the cliff
b. Tofind U use the height of the cliff and the distance of Q from the base of the
cliff.
-fo L U
94
—fU L 588
94
—fU L t4xz
au L —f>tqxz
L ysuz? Angle of depression of boat Q from the top of the cliff.

Practice

1. There is a dog sitting 60 metres from the base of a cliff. If the angle of depression of
the dog from the top of the cliff is 45 ¢ how tall is the cliff?

2. Point A is on the ground 10 metres away from a tree. If the tree is 12 metres tall,
what is the angle of elevation at point A?

3. Aman s&m tall is standing s wn from a tree that is twm tall. Find, correctto s
decimal place, the angle of elevation of the top of the tree observed by the man.

4. Two points M and N, ute apart, are on the same horizontal line as the foot of a

building. The angles of elevation of the top of the building from M and N are tw &and
v z tespectively. If point N is closer to the building than M, find correct to u
significant figures:

a. The distance between point N and the foot of the building.

b. The height of the building.
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5. Boat A is on the sea, sw m from the foot of the cliff, F. The angle of depression from
the top of the cliff to boat A is v s.!Boat B is on the same horizontal line AF such that
|IBF| is v rm. Find correct to one decimal place:

a. The height of the cliff.
b. The angle of depression of boat B from the top of the cliff.
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Lesson Title: The unit circle and Theme: Trigonometry
trigonometric functions of larger angles
Practice Activity: PHM2-L060 Class: SSS 4

i Learning Outcome s
By the end of the lesson, you will be able to:
1. Define «<«aand ... 'a as ratios within a unit circle.
2. Solve problems involving trigonometric functions of obtuse and reflex angles.

Overview

This lesson is on finding the trigonometric ratios of obtuse and reflex angles. These can
be found using the trigonometric ratios of corresponding acute angles, and using the

chart below:

90°
)f

2nd 1st
quadrant quadrant

Sine Al

180° 0; 3608

3rd 4th
quadrant quadrant

Tangent Cosine

270°

Angles are centered at the origin of this chart, which is the point where the F and U
axes cross. Positive angles open in the counterclockwise direction. An angle in the first
quadrant is acute, and an angle in the second quadrant is obtuse. An angle in the third
or fourth quadrant is a reflex angle. The quadrant that an angle lies in tells you whether
the result of the trigopnometric ratio will be positive or negative.

,Q WKH GLDJUDP DERYH WKH ZRUGV 3300 &RVLQH 7DQJHQ\
are positive in the given quadrants. :H XVH WKH ZRUG 3$&76° WRatbslPHPEH!
are positive. The word ACTS starts in the first quadrant and goes in a clockwise

direction.

Each obtuse or reflex angle has an associated acute angle . This is the acute angle

that it forms with the TFaxis when it is laid on the 4 00’
quadrants in the diagram above. To find the ratio of an - ' .
obtuse or reflex angle, find the ratio of the associated quadrent auadrant
acute angle. Then, apply the correct sign for that Sine 1‘82)0
quadrant. 180° 0, 360
3rd 4th *
For example, consider the angle 100 aat right. auadrant e
Tangent Cosine

270°
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It forms an 80 gangle with the TFaxis in the 2" quadrant. Therefore, to find a
trigonometric ratio of 100 ¢ you would find the ratio of 80 gand apply the appropriate sign
(positive or negative).

The trigonometric ratios of certain angles between 0 gand 360 gcan be found using the
unit circle, which is shown below.

Unit Circle?

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 TFvalue
of the ordered pair is the cosine of the angle formed by P, and the Uvalue of the
ordered pair is the sine of the angle formed by P.

Thatis, TL ...‘@aand UL «<<a

The angles in quadrant 1 of the unit circle are special angles. The angles in other
guadrants correspond to the special angles. For example, consider angle 150 q Its

2 Licensed under a Creative Commons Attribution 4.0 International License. OpenStax College,
Precalculus. OpenStax CNX.
http://cnx.org/contents/fd53eael-fa23-47c7-bb1b-972349835¢c3c@.
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corresponding acute angle (the acute angle it forms with the TFaxis) is 30 qwhich is a
special angle.

Solved Examples

1.

Find ecesrr?

Solution :

Step 1. Find the sine of the associated acute angle: e<szr'L rdzvz

Step 2. Keep the positive sign, because sine is positive in the 2" quadrant:
e<esrriLrdzvz

Find ...'sxw!?

Solution:

Step 1. Find the cosine of the associated acute angle: ... ‘swi rgxw({

Step 2. Change the sign to negative, because cosine is negative in the 2" quadrant:
. SXWE Frgxw({

Find —ftur?

Solution :

Step 1. Find the tangent of the associated acute angle: —fwril s&{t

Step 2. Keep the positive sign, because tangent is positive in the 3" quadrant:
—fwril s&{t

Find ecexr?
Solution :

Identify 60 gon the unit circle. Identify the Ucoordinate of the point, 3—2:7.

Yl
ecox 1] ¥
<er6

Find ... ‘#vr?
Solution :

Identify 240 gon the unit circle. Identify the Fcoordinate of the point, 165
‘ 1 25
N AR 5
If eceal Fravxytand rt Qa Q uxr¥ind the possible values of a
Solution :
Sine is negative in the WwPand V'fquadrants. Using the corresponding acute angle
T the possible values of aarei) (szrET); i) (uxr¥F T,

From the sine table, *<TL ravxygives TL <> ravxutl uvdz?
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Therefore, the possible values are:
aL:szrEuvz: L tsvdz?
aL:uxrFuviz: Lutwyt?

. Without using calculators or tables, find the value of s<suurEt ... ‘wrrt

Solution :
uurisin the v®¥quadrant where sine is negative and urr is also in the vV
guadrant where cosine is positive.

e<csyurEt ...'wrrt L FeceurlEt ... »r Using the acute angles in
the v&Yquadrant

L ;:_Z E t H'z Using special angles ur?
and xrt?
L 5 Simplify

6

. Find the value of *<sstr1E — f ® u rwithout using tables or calculators, leaving your

answer in surd form.
Solution :
strisin the t®*quadrant, where sine is positive and u uris in the v90quadrant,
where tangent is negative.
ecestrlE—feur L e<rlF—fwur! Using acute angles

L %5 Using special angles
6 Y
L 3w Simplify

. Without using tables or calculators, find the value of ... ®surrF u— f ® urleaving

your answer in surd form.
Solution :
urrisinthe viYquadrant, where cosine is positive and u uris also in the V&Y
quadrant, where tangent is negative.
LS%urrtFu—feurt L (...'wrrt®Fu—feur?

L :...%r:®F uF—-fwmrt Usingthe acute angles
L @Aﬁ EuHs Using special angles
al urfand xrt?
L Sgt Simplify
8 v
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Practice

1.

Find the value of the following:

a. ..‘svx!? b. —fstz? C. e<cuur? d —fewr?
Find the value of 3 if

a. *<al Frawhere rtQaQuxrt?

b. w—falL Fstwhere rtQaQuxr?

C. SEtecsalLr,where rtQaQuxrt?
Without using tables or calculators, find the value of the following leaving your
answers in surd form:

a. ec<urriF ... ‘swr?

b. t—fswrEecestr?

C. ...%urrtFu—feurt?
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Lesson Title: Graphs of trigonometric Theme: Trigonometry
functions

Practice Activity: PHM2-L061 Class: SSS 4

i Learning Outcome
By the end of the lesson, you will be able to draw the graph of ¢<+«4 ... ‘@ and
functions of the form UL =s<a E >... 2

Overview

This lesson is on graphing the sine and cosine functions. The process is similar to
graphing other types of functions. Use a table of values, with degrees as the TFvalues,
and the results of the sine function as the Uvalues. To graph trigonometric functions,
we usually use intervals such as 30 gor 45 gbetween x-values. Often, we are asked to
graph a trigonometric function over the interval r1 QT Quxrér r1QTQszr.?

You will notice that the sine and cosine curve have the same shape. They both go on
forever in both Fdirections, and remain between UL Fsand UL s However, they have
different starting points. UL e« < eTintersects the origin. UL ... ‘Fintersects the Uaxis at
UL s

y=cosx

You will also be asked to graph functions that contain both sine and cosine, such as of
UL t e<sTE ... ‘¥ The process is similar to graphing the sine or cosine function alone
(see Solved Example 3). It is useful to have extra rows in the table to perform
calculations. For example, for the function above, you would have a row for calculating
t << and a row for calculating ... ‘¥ In the last row, you would add them together.
The last row are Uvalues that are used for plotting points. After graphing, the shape of
the curve will be similar to what we have seen before with UL ¢<eTand UL ..."'%¥

Solved Examples

1. Draw the graph of UL e« <Tfor values of Tfrom 0 gto 360 q using intervals of 45 q
a. Use the graph to solve e<<TL r.
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b. Find the truth set of the equation e < T L—Z.

Solution :

First, make a table of values. The TFvalues in our table of values will be degrees
between 0 gand 360 qWe want intervals of 45 qso add 45 gto each TFvalue to get
the next value for the table. Find the sine of each value in the table using the unit
circle.

T rt vwl {rt? suw| szr? ttw?ll tyr!| usw| uxr?
ocoT r b s b r 75 Fs g5 r
6 6 6 6

Each column is an ordered pair, which can be plotted on the Cartesian plane. For

. b . . .
example: :rla;avvi'/ag;a{rlas;

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

a. We want to find the places on the graph of sine where UL r on the interval of
concern, rt Q T Q u x r.TThis is similar to solving a quadratic equation. We
have graphed the function, and we want to find where it crosses the TFaxis.
Answers: TL risszr@xr?

y

2

b. To find the truth set, we find all points in the
given interval where this equation is true. This 1

5
. 5 . o /‘\\ v =|sin x ]
equation tells us that UL -, Draw a horizontal / \}lr like
6 45 90 135 188 225 270 315
at U L—Z, and find all the points at which the :’ line
1.5

1

intersects the curve of UL e «<-T .,

Identify the approximate TFvalues (within r1 Q TQ
u x r)tat which the line and curve intersect.

Answers : 30 ¢ 150 q

2. Draw the graph of UL ... ‘¥for values of Tfrom O gto 360 q using intervals of 45 q

a. Usethe graphtosolve ... ‘¥ L.
b. Find the truth set of the equation ... ‘¥ L s
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Solution :

First, make a table of values. The TFvalues in our table of values will be degrees
between 0 gand 360 gWe want intervals of 45 qso add 45 gto each TFvalue to get
the next value for the table. Find the cosine of each value in the table using the
unit circle.

T rt vw?l {r! | suw| szr? ttw?! tyr!| usw| uxr?
LT S ¥b r g% | Fs | g5 r ¥b S
6 6 6 6

Plot each of the points and connect them in a
curve: 15

c. We want to find the places on the graph of
cosine where UL ron the interval of ]
concern, rtQTQuxr? 4s
Answers : TL {rt&yr? 2

b. To find the truth set, we find all points in the
given interval where this equation is true. This
equation tells us that UL s Draw a horizontal
like at UL s and find all the points at which 05
the line intersects the curve of UL ... % 0
Answers: TL r@uximg 4

135 180 225 270 315 360

V=cosx

. Draw the graph of UL t «<<TE ... ‘¥for values of

Tfrom 0 qto 180 q using intervals of 30 q Use the graph to approximate the
solutionof e<sTEt... ‘¥ L.

Solution :

First, make a table of values. The TFvalues in our table of values will be degrees
between 0 gand 360 g We want intervals of 30 g so add 30 gto each Fvalue to get
the next value for the table.

Find the sine and cosine of each TFvalue using the trigonometric tables.
Remember to multiply each cosine value by 2. Add the sine and cosine rows to
find the values for the last row.
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T rt urt| xrt {rt | strt| swrj szr?

o coT r r &v rd S rd rav r
t...'¢ ta ST sd r Fsa | Fsy | Fta
«TEL...'¥| té& td s§ sé Fré | Fsd | Fta

v =/sin.x + 2cos X

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

Tosolve e<sTEt... "¥L r, we need to find the
places on the graph where UL ron the interval of

150 180

concern, r1 Q T Q s zr.®We can observe that the 05
curve intersects the TFaxis just before 120 g A good :Z
estimate for the solution is 115 q 28
2.5
Practice

1. Draw the graph of UL Ft < <Tfor values of Tfrom r*to szr.!Using intervals of ur?
a. From the graph, find Uwhen TL syr?
b. Find the truth set of the equation Ft e<sTEsL ra
2. Draw the graph of UL t ... ‘¥for values of Efrom rto u xrusing intervals of vw?
From your graph, find Uwhen TL trr?
3. Draw the graph of UL ... ®Efor values of Efrom rlto sz r,tusing intervals of ur?
From your graph:
a. Find Uwhen EL vw?
b. Find the truth setof ... %EL s
4. Draw the graph of UL ¢<<TE ... ‘¥for values of Tfrom r1to u x r,using intervals of
u rtUse your graph to find the approximate values of Tfor which e<sTE ... ‘¥ L
rg w
5. Draw the graph of UL ue<sTF t ... “#for rt QS Q s zrusing intervals of ur?
From the graph, find:
a. The truth set of UL t.
b. The solution of ue<sTFt ..."¥Lr.
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Lesson Title: Sine and cosine rules Theme: Trigonometry

Practice Activity: PHM2-L062 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to use the sine and cosine rules to
calculate lengths and angles in triangles.

Overview

The sine rule allows us to solve for missing side of any triangle, as long as we have

enough information. The sine rule is given by the ratios q;)P L q;)b L q;)V for a triangle:

For triangle ABC, the angles are usually labeled with capital letters, while the sides are
labeled with lower case letters. Using the sine rule , we can solve a triangle if we are
given any 2 angles and 1 side in the problem, or if we are given 2 sides and the
angle opposite 1 of them

In some cases, we do not have enough information to use the sine rule to solve a
problem. The cosine rule allows us to solve triangles where the sine rule cannot be
used. We can use the cosine rule if two sides and the angle between them are
given.

The cosine rule says that for the triangle given above, the following are true:

PLSBESFt=>... ‘%
S| BSEPFt=2...‘%
SLSEPFt>2...‘#

The formulae above are used to solve for sides. The subject of each formula can be
changed to solve for the angles:
0>020

600

‘AL
6>6726
600

L'$L
>0 720

‘ 0
- L —555
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Solved Examples

1. Find the length of missing side c:

39° 80°
B 10cm C

Solution :

We can use the sine rule, because we are given 2 angles and 1 side.
Use two fractions from the sine rule: — L —
_ agP " agts
Substitute known values (a and C) into the formula:
54 L O

qg? qgk4?
There are 2 unknowns. Find A by subtracting the known angles of the triangle from

180: # L szrF :u{'®Ezrt L xst?

Substitute # L x s Into the formula, and solve for ?

54 L O

qgls5t? qgk4?
Sr Hecezrl L ?Hecexst
?2 L 54Hqgk 41t
gqgls?
? L SiLi:M Substitute values from the sine table
&:8:
? L ssixcm Simplify

2. Solve ¢ABC, given in the diagram to the right.
Solution:
We can find angle C using the sine rule, because we are given
2 sides and the angle opposite one of them.

20 cm

We have enough info to find C with the formula: q—;)? L Hov'
Substitute the values and solve: B——7em —C
55 L _84 Substitute in the formula
qglr4? qgVa
SSHe<® L tr Heceurl  Cross multiply
scp L SMagr4r Solve for %
55
ecp L 6 4H4® Li4
55 55
<% L rdr{s
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% L
%

«<®5rgr{s
L xwvauz?

0 L 55
qok86 qglr4
SHeceyrtl SSHecozvEt?

Take the inverse sine of both sides
Use the sine table

Subtract Aand C from 180tofindB: $ L szr¥ :urlExvéauziL zvat?
Use the sine formula to find the side |AC| or >

Substitute in the formula

Cross-multiply

L
> | 5%qgk&e6! Solve for >
qgra:
> | 5Hax=97 5499
48 48
> L tsgdscm
3. Find the length of missing side c:
A
c 2cm
60°
B 3cm c

Solution :

There is not enough information to use the sine rule. However, we can use the
cosine rule because we have 2 sides and the angle between them.

Apply the formula P L PE>PFt=>...‘%

P L PESFt=>...'%

L WEtSFt:u;:t; ...%r?
WEtSFt:u;:t::réay
{EVvFst:ray
SUuF x
y
Yy L t&vemto 2 d.p.

| i I N

4. Find the length of Tin the triangle below:

3cm

100°

Formula
Substitute values from triangle
Substitute ... ‘xriL rav

Simplify

Take the square root of both sides
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Solution :
We can use the cosine rule because we have 2 sides and the angle between them.

T L CEWFt:u:w...'arr? Substitute values from triangle
L WEWFt:u;:w:Fr&yux  Substitute ...'arriL Fr&yux
L {EtwEwirz Simplify
T L ufdrz
T L ufarz Take the square root of both sides
T L 6.26 cmto2d.p.

5. Find the measures of angles A, B, and C using the cosine rule:

8cm
Solution:

Use each formula for finding the measure of each angle. Substitute the appropriate
values and simplify:

L ‘# L 9>?<  6982:8 54 .
5o L i L;4Lrasvt{
LR L ordavt{
# L ..Fravt{

# L zsztold.p.

¢ 1 ><?9 8=>:8769 << -

L 6:;;:<; L 556 LEGL ryzwy

‘$ L r&zwy

$ L ..Fryzwy

$ L uzltold.p.

¢ 9 >< ?:- 69:8?8=, 84 ..
S 6:9;:<; L—— L, Lra
L% L orav

% L .. réav

% L xr?

Check your work by adding the angles together:
#HESEWL zs#a'EuztExriLszr?
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Practice

Find the missing angles or sides in the following triangles. Draw each triangle, then
complete the calculations using the appropriate rule or rules.

1.
2.
3.

In ¢#S%f &S L uwd& L t&m,and >L wasm, find a#to 3 significant figures.

In ¢#%$%>L uam, a# L tw,land =L sam. Find a$and a%o one decimal place.
In ¢#$%f =L swyunm, 4$ L stsstand ?L tud wnm, find >to the nearest
millimeter.

In ¢#3$% =L va&L yand ?L wdind a#to the nearest degree.

Solve ¢# $ %iven =L {&tmm, >L v& ynm and a# L x u.'Give each resultto 3
significant figures.

Solve ¢2 3 4given L L waML zand NL st Give each result to 1 decimal place.
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Lesson Title: Three-figure bearings Theme: Bearings
Practice Activity: PHMA4-L063 Class: SSS 4

Learning Outcomes

By the end of the lesson, you will be able to:

Identify angles measured clockwise from the geographic north.
Represent bearings as angles in three digits.

Find the reverse bearing of a given bearing.

Solve simple problems involving three figure bearings.

%@N!“W

Overview

Three-figure bearings are bearings given in 3 digits. These 3 digits give the angle of the

bearing in the clockwise direction from the geographic north. The angles range from

000qo 360g 7KH\ PXVW DOzZD\V KDYH GLJLWV HYHQnZOOHQ WKH
degrees. N

Three-figure bearing diagrams have one arrow pointing in the north
direction (shown on the right) and another arrow showing the bearing.

KHQ ZH WDON D E ReawhgsUne bisthave 2 points. Consider
2 points A and B. We have the bearing from A to B, and we have the
bearing from B to A. These are different, because bearings are about direction. A to B is
a different direction than B to A. They are reverse. Reverse bearings are sometimes
called back bearings .

Consider the example:

>Z
>Z

B
245°

The bearing from A to B is 065 g and the bearing from B to A is 245 g For both bearings,
we use the line that joins them and the north direction. We find the bearing of the line
joining them from the north.

A

—

Depending on the size of the first bearing, you will add or subtract 180 qto find the
reverse bearing:

X Reverse bearing L aEszri aislessthan szr?

X Reverse bearing L aF szr# aismorethan szr?
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1RWH WKDW WKHUH DUH ZD\V WKDW EHDULQJYVY FDQ EH GHYV
7 ITURPLY WKH VDPH DV 3\WKH EHDULQJ IURP 6 WR 7~

Solved Examples

1. Draw diagrams to show the following bearings:
a. 009¢
b. 075q
c. 205¢

Solutions :
a. N b. N C. ¥

P /

Note that for bearings greater than 180, the vertical line can be extended down.
For part c., the vertical line is extended down and used to measure 25 gclockwise
from south (because trw¥ szriL twp

2. Find the three-point bearing of A:

Solutions :
We need to find the angle that the bearing A forms with the north. The 4 directions

are given, and we know east is 90 gfrom north. Subtract the given angle from 90 ¢
#L{rtFvriL wr?

The three-point bearing is 050 q
3. Find the three-point bearing of X:
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32

Solution :
We know that south is 180 gfrom north. Subtract the given angle from 180 qto find
the bearing of X from the north direction. : L szr¥ utlL svz!?

The three-point bearing is 148 q

. Find the three-point bearing of B:

<

Solution :
We know that a full revolution is 360 g Subtract the given angle from 360 qto find the
bearing of B fromnorth. $ L uxrFvwit usw?

The three-point bearing is 315 q

. If the bearing of T from S is 048 qfind the bearing of S from T.

Solution :
First draw a diagram to visualise the problem:
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Add 180 qto find the reverse bearing, since the bearing from S to T is less than 180
aLvzEszriL ttz?

6. Find the three-figure bearings of the points E, F, G, and H from point O:
N

45°
62°

70°

20°

Solution :

Point E: rxtq

PointF: szmgF trqlL sxm
PointG: szgEyrgL twmg
PointH: uxgF vwL uswg

7. If the bearing of Y from X is 281 qfind the bearing of X from Y.

Solution :
Calculate the reverse bearing: tzsgF szgL sr

8. The bearing from X to Y is 075 g and the bearing from X to Z is 153 qwhere X, Y,

and Z are 3 points on the plane. If X is equidistant from Y and Z, find the bearing
from Y to Z.

Solution :

First, draw a diagram:

Find the equal angles of the isosceles triangle:

Angle of triangle at : L swgF ywL y zq

Solve for other angles: szmgFyzqL srtqgA&srtqJt L ws?
Find the angle formed by line YZ and the south direction: yvgF w gL tvq
Bearing fromYto Z: szmgEtvqL srw
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Practice

1. Draw diagrams to show the following bearings:

2.
3.
4.

a. 027¢

b. 151 q

c. 265
If the bearing of X from Y is 200 q find the bearing of Y from X.
If the bearing from A to B is 012 qfind the bearing from B to A.
In the diagram, find:

a. The bearing of N from M
b. The bearing of M from N

L

62°
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Lesson Title: Distance-bearing form Theme: Bearings

Practice Activity: PHM2-L064 Class: SSS 4

ﬁ Learning Outcomes
By the end of the lesson, you will be able to:
1. Write the distance and bearing of one point from another as :N&a; a
2. Interpret a distance-bearing problem and draw a corresponding diagram.

Overview

This lesson is on distance-bearing form. This is another way to describe bearings that
use the distance between two points.

Consider the following example:

The bearing from X to Y can be written as : ;&L :w... & u w1 The distance and three-
point bearing are given in brackets.

In general, the position of a point Q from another point P can be represented by 2 &L
:N&a;, where Ns the distance between the 2 points, and ais the three-point bearing
from P to Q.

Solved Examples

1. A hunter starts at point A and travels through the bush 2 km in the direction 045 o
point B. Give the distance and bearing, and draw a diagram.
Solution:
Distance L t km N

Bearing: #$&L rvw!?

In distance-bearing form, thisis # &L :t e+ &vw;
Diagram A& 2 Km
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2. A boat leaves a port S and travels on the sea to another point T, 70 km in the

direction t z w Draw the diagram and give the bearing of the ship in distance-
bearing form.

Solution:
Diagram:
N
T 70
km |\s

BN

Distance L yree
Bearing: 58L tzw?
Distance-bearing form: 58L :yree &z w?

3. A vehicle leaves a point A to another point B, 500 km in the direction str!Draw the

diagram and give the distance and three-point bearing.
Solution:

Diagram:

Distance L wrree
Bearing: #&L str?
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4. Two boats leave a port A. One travels 80 km in the direction rvr %o a point P, the

other travels 78 km in the direction utr %o a point Q. Draw the diagram and give the
bearing for each in distance-bearing form.

Solution :
Diagram:
Q N P
@
<, Sy
% |
407

oo

Bearing of point P: # &L :zree &vrt
Bearing of point Q: # %L :yzee &itrt

Practice

1. A vehicle starts at point M and travels 180 km in the direction 060 ¢to point N. Draw
the diagram and give the bearing of the vehicle in distance-bearing form.

2. A Dboat leaves a port P on sea and travels to another point Q, 50 km in the direction
t sr!Draw the diagram, and give the bearing of the boat in distance-bearing form.

3. Two boats leave a port P. One travels 4 km in the direction utr %o a point Q, the
other travels 6 km in the direction tur %o a point R. Draw the diagram and give the
distance and bearing of each.

4. Give the bearing of the figure below in distance-bearing form.

»
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Lesson Title: Bearing problem solving * | Theme: Bearings
Part 1

Practice Activity: PHM2-L065 Class: SSS 4

i Learning Outcomes

By the end of the lesson, you will be able to:
1. Solve bearings problems with right triangles.
2. $SsSO\ 3\ WKDJRUDVY WKHRUHP DQG WULJRQRPHW

direction.

Overview

7KLV OHVVRQ LV RQ VROYLQJ EHDULQJ SUREOHPV <RX ZLOO
trigonometric ratios to solve for distance and direction.

Recall that when you encounter a bearings problem, the first step is to draw a diagram.
At times, this diagram forms aright- DQJOHG WULDQJOH <RX FDQ DSSO\ 3\V
and trigonometry to find missing sides and angles in such triangles.

Solved Examples

1. Hawa walked 4 km from point A to B in the north direction, then 3 km from point B to
C in the east direction.
a. How far is she from her original position?
b. What is the bearing from A to C?
Solution s:
First, draw a diagram:

wy ¢

A

Draw her movement in the north direction and the east direction. These two lengths
can be connected to form a triangle, as shown above.
a. 8VH 3\WKDJRUDVY WKHRUHP WR ILQG WKH GLVWDQFH |

#SE $% L #% $SSO\ 3\WKDJRUDVY WKHRUHF
VEW L #% Substitute known lengths
sxE{ L #% Simplify
tw L #9%
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yiw L ¥ #uf Take the square root of both sides

wkm L #%
She is 5 km from her original position.
b. Use trigonometry to find the angle of the bearing from A to C. We can choose
DQ\ WULIJRQRPHWULF IXQFWLRQ EHFDXVH ZH NQRZ WE
use the tangent:

—f# L _; Lryw Apply the tangent ratio
—fe.—fd#, L —fPryw Take the inverse tangent of both sides
# L —fPryw
# L uxay? From the tangent table

The bearing from Ato Cis # %L :wee &uy?

2. A farmer walks 7 km from his house, R, to a point S due west. He then walks 3 km
due south from that point to his farm, T.
a. How far is he from his house?
b. What is the baring from his house to his farm?
Solutions :
First, draw a diagram:

N
s Ek”g
3km R
L

a. Use the right-angled triangle RST to find the distance RT (which is the
distance from the house to the farm. 8VH 3\WKDJRUDVY WKHRUHP WR
46°% L 45%E 56°
L ySEUW
L wz
46 L 3pyz7
L 7.6km
7TKHUHIRUH WKH GLVWDQFH IURP WKH IDUPHU
b. The bearing is the angle szr¥E :{r F a;t The angle acan be found from the
triangle RST.
—-fa L 7
L 0.4286
a L —feratzx
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L tud?
Find the bearing from the house to the farm:

szrE{rFa*LszrE:{rFtud;*Ltvxa?

The bearing from his house to his farm is 4 &L :y& e« &vy?l

3. Suppose a car leaves a point #and moves northwards for 8 kilometres to point $
before turning right. It then moves eastward for 6 kilometres to point %Represent
WKH EHDULQJ RI WKH FDUYV GLVSODFHPHQW LQ GLVWDQFI

Solution:
N N
B| 6km ]C E
8km
Ny
Al
8VH 3\WKDJRUDVY WKHRUHPWYR ILQG WKH GLVWDQFH
#HSOE $% L #% $SSO\ 3\WKDJRUDVY WK}
Ex® L #% Substitute the known lengths
XVEux L #9% Simplify
srr L #%
Ysrr L ¥ pof Take the square root of both sides
srkm L #%
Use the tangent ratio to find a
-fa L - Apply the tangent ratio
<
-fa L rygw
—f—fd; L —firyw Take the inverse tangent of both sides
# L —-fryw
# L uxay?

The bearing from #to %s # %L :sree &uy?

4. Uis xrkm away from Ton a bearing of suwéand Mis zrkm away from Ton a
bearing of ttw.Find the:
a. Distance of irom U
b. Bearing of from U
Solutions:
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a. Note that the points X, Y and Z form a right-angled triangle, where X is a right
angle. Use PythagRUDV Y WKHRUHP

<;% L :<8E:;°® $SSO\ 3\WKDJRUDVY WKF
<:6 L zP®PExI® Substitute the known lengths
<:% L XxvrrEuxrr Simplify
<:8 L srarr
¥<:6 L ¥srarr Take the square root of both sides

<; L srrkm
b. From the bearing diagram, the bearing of Virom Uis ty r*F U First, find the
angle labeled 3 and use it to find Uand the bearing.
Use the tangent ratio to find a

—fa L 47 Apply the tangent ratio
<4 8
—-fa&a L rgw
aL —-fCryw Take the inverse tangent of both sides
a L uyt? From the tangent table

Find Uusing the rightangleat V. UL {r:FvwEuy4d zt!
Therefore, the bearing of Virom Uis: tyr*F UL tyriF z1L txt?

Practice

1. Abdul walked 3 km from his house to a point A in the north direction then 1 km to a
school building B in the east direction.
a. How far is Abdul from his house to the school?
b. What is his bearing from his house to the school?
2. lsatu walked from a point P, 2 km in the west direction to a point Q and then 5 km in
WKH QRUWK GLUHFWLRQ WR D SRLQW 0 )LQG ,VDWXTV GL\
position to the point M.
3. John walked 8 km in the west direction from a point O to a point M and then 5 km in
the south direction to a point E. What is the distance and bearing from point O to
point E?
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. A car leaves a point P and travels due south with a speed of 50 km/h to a point E in

1 hour and then travels due east with a speed of 20 km/h to a point M in a further 2
hours. Find the distance and bearing of the car from point P to point M.

. A ship leaves port 2and sails 15 km on a bearing of rv wtb port 3. It then sails 20

km on a bearing of s uwté port 4.
a. Represent the information in a diagram.
b. Calculate correct to the nearest whole number:
I.  The distance from 2to 4.
ii. The bearing of 4from 2

. Avillage 2is 10 km from a village 3, on a bearing r x w Another village 4is zkm

from 3on a bearing of sw wCalculate:
a. The distance of 4from 2to the nearest kilometre.
b. The bearing of 4from 2 to the nearest degree.
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Lesson Title: Bearing problem solving * | Theme: Bearings
Part 2

Practice Activity: PHM2-L066 Class: SSS 4

i Learning Outcomes
By the end of the lesson, you will be able to:
1. Solve bearings problems with acute and obtuse triangles.
2. Apply the sine and cosine rules to calculate distance and direction.

Overview

This lesson is on solving bearings problems. You will use the sine and cosine rules to
solve for distance and direction.

Recall that the sine and cosine rules can be used to find missing sides and angles in
acute and obtuse triangles. These may be applied to bearings problems that feature
such triangles in their diagrams. Recall the information that is needed to apply either the
sine rule or cosine rule:

x Sine Rule: Use if given any 2 angles and 1 side, or 2 sides and the angle
opposite 1 of them.
x Cosine Rule: Use if given two sides and the angle between them.

Solved Examples

1. A man walks 300 metres due north, then 500 metres at a bearing of 150 q
a. How far is he from his original location?
b. What is his bearing from his original position? A
Solution s: s D500
First, draw the diagram. A&

@)
2
3

>| 300m

a. Find the angle inside the triangle at B:
$LszAFswritur?
Apply the cosine rule to find his distance:

L #$°E $U%°Ft #$ $%...'$ Formula
L urfEwrPFt:urr:wrr ...'ur® Substitute values from the triangle
L {rarrEtwrrrFurr&rr ...'awr® Simplify
L
L

# o

UVIRrr Furrarrir&xxr Substitute ... ‘@wriL r& xxr

uviarr Ftwfrr
#9¢ L zrarr
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# %

L 3zrarr Ltzuwmto2d.p. Take the square root of both sides

b. To find the bearing of C from A, find angle BAC.
Note that the bearing of C from Ais szr ¥ :a#$ % a$ % #using the interior
angles of the triangle ABC.

Use the sine rule to find angle a$ %:#
oy, | 744

qgb qgVa
6<® L 744
qglr4 qgVa
e L TA4#agrar

6<®
ecp L 74 H4®

6<®
<% L ravt{y
a% L ut?

Bearingof Cfrom A: szr¥ :a#$% a$% #L szrF :urEut;'L ssz?

2. An airplane flies from Freetown (point F) on a bearing of 65 gqto Makeni (point M), a
distance of 120 km. It arrives in Makeni, but changes course and flies to Bo, a
distance of 100 km, on a bearing of 165 q

($°

a. What is the distance from Freetown to Bo?
b. What is the bearing of Bo from Freetown?
Solutions:

First, draw the diagram. A

a.

Note that we can use the cosine rule if we

find the measure of the triangle at angle M.

Step 1. Find the angle at M.

X Note that there are opposite interior
angles with point F, which has a known
angle of xw?

X The unknown angle outside of the
triangle atMis sz FxwL ssw

X Subtract the known angles at M from 360: uxr'F sswF sxwk zr?

Step 2. Apply the cosine rule:

L (/ S EI$SOFt(/ I$ ..'k Formula

L str®Esr®Ft:str;:srr; ...‘2r1 Substitute values from the triangle
L sv&rrEsrarr Ftvarr.. ‘ar?
L tv&rrFtvarr:r&yux Substitute ... ‘2rlL r&yux
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L tvarrF va x@a
($6 L trduuk
($ L 3frduw L svtivkmto 2d.p. Take the square root of both sides
The distance from Freetown to Bo is 142.24 kilometres.

b. Note that to find the bearing, we can use the sine rule to find the missing
angle of F inside the triangle. We will add this to 65 ¢the known angle at F.

o 244 | 58®8 Substitute in the formula
agk qgk4:r
eco L 5449k4r Solve for (
5868
eco L S4sds<sc
5868
o< L r&rtv
( L «<?5r&rtv  Take the inverse sine of both sides
( L uyv? Use the sine table

Add: Bearing L uy@vEXwL srtav?
The bearing from Freetown to Bois ($%L :Sv v e &rtl;

3. Village X is 10 km from the nearest hospital on a bearing of 70 q Village Y is 8 km
from the same hospital on a bearing of 145 g Calculate:
a. The distance of village Y from village X, to the nearest kilometre.
b. The bearing of Y from X, to the nearest degree.
Solution s:
First draw the diagram. A
a. Calculate distance:
Step 1. Find the angle of H in the triangle:
SvVWFEyriL yw?
Step 2. Use the cosine rule to find :; :

06 L xr BE - 6t x. x- % Formula
L sPPEZ8Ft:sr:z; ...'yw? Substitute values from triangle
L srrExvFsxr...'yw?
L sxVFsxrirdwzz Substitute ... ‘'ywli rdwzz
L sxwvs¥rz

6 L sttav{t

- L ¥sttav{tL sskm Take the square root

b. To find the bearing of Y from X, first find the other angles at X:
Find the angle inside the triangle at X using the sine rule:

< L _5° Substitute in the formula
agN qglot
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. The diagram shows the positions of three points : § and <

ece L =aglo" Solve for :
55
ece | <H4E:9=
55
ece. L ryrtw
L «<>r&rtw Take the inverse sine of both sides
L vwku? Use the sine table

Find the small angle at X that is part of the bearing. Subtract vv& ufrom yr}
which is an opposite interior angle of the yrfangleatH: yrt F vvku il

twé y.t

Add to find the full bearing: szAEtwaiyL trwiuy?

The bearing to the nearest degree is trw.t

Practice

; IS x rkm away from : on a bearing of suw Xis zre+e away from : on a bearing
of ttw.Find the:

a. Distance of <from ;

b. Bearing of <from ;

on a plane. The bearing of ; from : is ustand that of ;
from <is rttiIf :; L utkmand <; L wikm.
Calculate, correct to one decimal place:

a. :<
b. The bearing of <from :

. A ship travels ukm from a port 2on a bearing of r zr*and then vkm on a bearing

r v y.1Find its distance and bearing from 2

. A bus moves from Moyamba on a bearing of y wto Massiaka, a distance of s ukm.

It arrives in Massiaka, but changes course and moves to Kono, a distance of {rkm,
on a bearing of sxr.t
a. Find the distance from Moyamba to Kono, to the nearest kilometre.
b. Find the bearing of Kono from Moyamba, to the nearest degree.
-RKQTV KRXRAfrHrdowhis schoolonabearing zr! .DGLHTV KREKVH LV

from the same school on a bearing of swwCalculatetKH GLVWDQFH RI -RKQTV

froP .DGLHYV KRXVH WHmnwttH QHDUHVW N

. A'woman walks due east from point A to point B, a distance of 8 kilometres. She

then changes direction and walks 6 km to point C on a bearing of 048 q
a. What is the distance from A to C?
b. What is the bearing of C from A?
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Lesson Title: Circles

Theme: Geometry

Practice Activity: PHM2-L067 Class: SSS 4

i Learning Outcome s
By the end of the lesson, you will be able to:
1. Calculate the circumference and area of a circle.
2. Calculate the length of an arc and area of a sector of a circle.

Overview

This lesson is a review lesson on calculating the circumference and area of a circle.
From the circumference and area, we are also able to calculate the length of an arc and

area of a sector.

In order to perform calculations on circles, you must have an understanding of its parts.
The parts of a circle are shown in the diagram and table below. These will be used in
the following lessons.

: mfer
c,\'(."—f\-'—"--—--g{?ca

A
sector % il
diameter
B
o
T
Parts of circl e | Description
Circumference | The distance around a circle.
Radius The distance from the centre of the circle to any point on the
circumference. It is also half of the diameter.
Diameter A straight line passing through the centre of the circle, touching
both sides of the circumference. It is twice the length of the radius.
Chord A straight line joining two points on the circumference of a circle.
The diameter is a special kind of chord which passes through the
centre of the circle.
Arc A section of the circumference of a circle.
Sector A section of a circle bounded by two radii and an arc.
Segment A section of a circle bounded by a chord and an arc.
Tangent A straight line touching the circumference at a given point.
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Semi-circle Half of a circle.

Quadrant Quarter of a circle.

The circumference of a circle is given by the formula %L t e Nvhere Ns the radius of
the circle. The area of a circle is given by the formula # L @éNwhere Ns the radius of

. g , 66,
the circle. eis a constant, and we use estimated values of 3.14 or —for e

An arc is a part of the circumference of a circle.

The circle to the right shows an arc AB subtended by an
angle aat the centre, O, of a circle. We know that the angle
subtended by the circumference of a circle is u x r {a full
revolution). The lengths of any arcs of the circle are in
proportion to the angles they subtend. In the diagram, the
length of arc AB is proportional to & To find the length of the
arc, multiply the circumference by aas a fraction of uxr.t

S 0, _ =
Length ofarc L—— H%L—— HteN

Similarly, a sector is part of the area of a circle.

The area of a sector of a circle is proportional to the angle
of the sector. The circle to the right shows sector OAB
subtended by the angle aat the centre, O, of a circle. An
entire circle is a sector with an angle of uxrand area &N,
All other sectors have areas in proportion to the angle of the
sector.

Area of sector L—— H# L—— HeéN
Solved Examples

1. The radius of a circle is 7 cm. Using é Li? find:

a. The length of its diameter.

b. The length of its circumference.

c. The area of the circle.

Solution s:

a. Diameter is twice radius: @L tNL t:y; L svcm.

b. Circumference: %L te NL t HiGHy L7—,4<L VvV
cm

c. Area: #L eN L2°HYS L tt Hy L swum?
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2. In the diagram, triangle ABC is cut out from the circle with centre O. If #$ L sx?1
and #%L st ... dind the area of the remaining part of the circle. (Use é L u& Y
Solution :

To find the area of the remaining part, find the area of the triangle and subtract from
the area of the circle. ¢ABC is a right angled triangle since it is incribed in a semi-
circle.

Triangle Area | H

L —HsxHst Substitute the given sides

L {x.s5
To find the area of the circle, you need the radius, which is —38C|. Find |BC|
8VLQJ 3\ WKDJRUDVY WKHRUHP

aolo

$9%° L g ¢
L s¥Estt Substitute the given sides
$% L vrr
IBC| L tr Take the square root
Circle Area L eéN
L usvH:sr® substitute NL—z L%4L sr
L usv.e?®

Area of remaining part of the circle L Area of circle Area of triangle:
Area of remainingpart L usw {xLtsz...$

3. An arc subtends an angle of 63 *at the centre of a circle of radius 12 cm. Find the
length of the arc. [Use e L ]

Solution:
First draw a diagram of the problem (shown below).

-— : A
L —HteN

7 66 . N 4

——,HtH=—Hst Substitute aL x NL st .

L

: THB6H6 6H5 6 —
L A Simplify
L sucm

4. An arc of a circle of radius 7 cm is 14 cm long. What angle does the arc subtend at
. . . ._66
the centre of the circle? Give your answer to 1 decimal place. Use e=—

Solution :

Lengthofarc L P HieN
7:4
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sV2 1 L-ﬁthH?Hyﬂ
584 | pH6HS &;
5 7:4 H;
SHDHt Htt Hy L uxfHyHsv ()
PHurz L uvzr?
p L 7%<4
74<
D L sswaf
5. An arc subtends an angle of 63 gat the centre of a circle of radius 12 cm. Find the
area of the sector correct to the nearest cm?. Use € L ud v
Solution:
First draw a diagram of the problem (shown below).

# L —— HeN
7 ; 6 Substitute a L
L 7:4l_|ue'|BV|_|St XU&NL st
L y{&tz Simplify
# L y{cm?

The area of the sector to the nearest cm? L y {cm?.

Practice

1. Complete the table below. Use & Li.(.3

No. | Radius Diameter Circumference Area
a. 12 m

b. 42 m

C. 616 mm

d 126 mm

ODU\fVY JDUGHQ LV FLUFXODU LQ VKDSH LWV GLDcRMHWHU L

apart round the edge of the garden, how many rose trees does she need? Use e L
66

N

3. The area of a circular track is x s x 8 Find the radius of the track. Use & Lif’

4. Find the area of the shaded portion in the figure shown. Give
your answer to the nearest whole number. [Use e L u& YV

5. Find the length of an arc of radius 12 cm if it subtends an
DQJOH RI UDW LWV FBv@moRiigriflcanid \

figures. Use e Lif
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. The angle of a sector of a circle of diameter 23 cm is s w t Find the area of the

sector, to the nearest whole number. Use é L udav

. A sector of a circle of radius 13 cm has an area x Vi ... % Calculate the angle of the

sector, correct to the nearest degree. Use e L u& v

. The area of the sector of a circle is ssv... 8 If the angle of the sector is sr z.'Find

the radius of the circle to the nearest whole number. Use é:i§

In the diagram, XYZ is a semi-circle. If [ XY| L zcm and |YZ| L wcm, calculate correct
to 3 significant figures:

a. The radius of the circle.

b. The area of the shaded part :e L u& vt.
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Lesson Title: Circle Theorems 1 and 2 | Theme: Geometry

Practice Activity: PHMA4-L068 Class: SSS 4

. Solve problems related to the perpendicular bisector of a chord.

ﬁ Learning Outcomes
By the end of the lesson, you will be able to:
1
2. Solve problems related to angles subtended at the centre or circumference of a

circle.

Overview

In Geometry, rules or theorems are used to determine lengths and angles in circles.
These theorems are true for every circle regardless of the size of the circle. We have
numbered the theorems in the order we will be working with them. They may be
numbered differently in other textbooks.

The first theorem deals with the perpendicular bisector of a chord from the centre of a
circle.

Circle Theorem 1 : A straight line from the centre of a circle that
bisects a chord is at right angles to the chord

In the diagram, we have a circle with centre O and line OM to
mid-point M on chord PQ such that L . Note that OM
c PQ. The csymbol means #s perpendicular “to the chord.

Circle Theorem 2: The angle subtended at the centre of a circle is twice that subtended
at the remaining part of the circumference.

For each of the circles below:
X Arc AB subtends T AOB at the centre of the circle.
x Depending on the position of point P on the circle, we can have 3 different ways of
how 1 APB is formed at the circumference of the circle.
X The 3 ways are shown on the circles below.

In any circle below with centre O, arc AB is subtending T $ 2 %t the centre of the

circle,and 1 $ 3 %t the circumference. In each circle, the angle subtended at the
centre is twice that subtended at the circumference. In other words: ¥ $2% T $3%
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Figure a Figure b Figure c

Solved Examples

1. The radius of a circle is 12 cm. The length of a chord of the circle is 18 cm. Calculate
the distance of the mid-point of the chord from the centre of the circle. Give your
answer to the nearest cm.

Solution:
Using the circle from the proof:

0O L mid-pointof 34
04 L {cm H34 L1
t204 L {rt? line from centre to mid-point ¢
24% L 20°E 04° Pythagoras Theorem
substitute 24 L stcm, 04 L
st® L 20°%E{® fcm

206 L stoF{®

L svwzs
20 L  ¥xuL y4v

20 L zcm
The distance from the mid-point of the chord to the centre of the circle is
8 cm to the nearest cm.

2. A chord is 5 cm from the centre of a circle of diameter 26 cm. Find the length of the

chord.
Solution:
r L _§
6
r L suwm
JURP "2
1% L 166E$E
s L WES$E
sx{ L twE$®
sx{Ftw L $6&
svv L $6
$6 L stcm
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Length of chord AB L
L
L

t$6
t Hst
tvem

3. Find the length of the chord, which is at a distance of 7 cm from the centre of a

circle, whose radius is 25 cm.
Solution:

Radius L

JURP "2¢

148

twp

Xtw

XtwF v{

wy:

$4

Length of chord PB

rrrrrrr—rH—rr-

twem

$LELL
$LEY°
$HBE v{
$4

$4
tvem
t$4

t Htvem
v z_cm

4. Find the value of the unknown angle, b, in the diagram. :
Solution: .
Multiply the angle at the circumference by 2 to find the angle at
the centre:

> L tHxr? #
> L strt?

Solution:

5. Find the value of 1 Tin the diagram: /_\

Multiply the angle at the circumference by 2 to find the angle 45’

at the centre:

— —
-
~~— -+

O
5
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6. Find the value of T Tin the diagram:

Solution: N\
tT L zr
s L <4
6 6
T L vr -
a80°

7. Given O is the centre of the circle, find the unknown angles =and >in the circle
shown.

Solution: S
Step 1. Assess and extract the given information from the ”
problem. . !.ﬁ

Reflex 4214L tsrt

S
Step 2. Use theorems and the given information to find all equal angles and sides

on the diagram.

= L —: Htsr T at centre T at circumference
= L srw!?
Obtuse 4214 L uxrFtsr sumof T Vinacircle L uxr?
L swr?
Step 3. Solve for >
> L —2 Hswr T at centre T at circumference
> L yw?

Practice

1. A chord of length 30 cm is 8 cm away from the centre of the circle. What is the
radius of the circle?

2. A chord in acircle is 16 cm long and its perpendicular distance from the centre is 6
cm. What is the radius of the circle?

3. Acircle has a radius of 1.3 cm. A chord has a length of 2.4 cm. Find the distance of
this chord from the centre.

4. Find the length of the chord, which is at a distance of 17 cm from the centre of a
circle, whose radius is 23 cm correct to 2 places of decimals.

5. Find the angles marked with letters in the following figures. In each figure, the letter
O represents the centre of the circle.
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6. Find the angles marked with letters in the following figures. In each figure, the letter
O represents the centre of the circle.
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Lesson Title: Circle Theorems 3, 4 and 5 | Theme: Geometry

Practice Activity: PHM2-L069 Class: SSS 4

Learning Outcomes

By the end of the lesson, you will be able to:

Solve problems related to the angle in a semi-circle.
Solve problems related to angles in the same segment.

F*’!\’!—‘W

Solve problems related to opposite angles of a cyclic quadrilateral.

Overview

This lesson deals with 3 theorems, which are related to angles inside circles.

Circle Theorem 3: The angle in a semi-circle is a right angle.

In the diagram, we have a circle with centre O and diameter
AB. X is any point on the circumference of the circle. For any
such point X, T #:$  f. This theorem shows that the angle of
the diameter of a circle subtends a right angle at the
circumference.

Circle Theorem 4: Angles in the same segment are equal.

In the diagram, we have circle with centre O with points P and
Q on the circumference of the circle. Arc AB subtends 1 #2 $
and 1 # 3 $in the same segment of the circle. Two angles
subtended by the same arc are equal: T #2$ 1 #3$

Circle Theorem 5: The opposite angles of a cyclic quadrilateral
are supplementary.

A cyclic quadrilateral is a quadrilateral with all 4 vertices on the
circumference of the circle. Both sets of opposite angles are
supplementary (they sum to 180 . In the diagram, a$ # &E
a$% & szrand a# S % a# & % szrlt
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From this, it follows that the exterior angle of a cyclic quadrilateral is equal to the
opposite interior angle. See Solved Example 7 for an example of this.

Solved Examples

1.

centre O. PQ is the diameter. If T 431 f what is the size
of 1241
Solution:
Note that 434 1L a4 3 1=t r because these are the base angles of isosceles
triangle "QRO, which is formed by two radii.
Note that 42 4 3L {r'because it subtends at the circumference. Subtract to find
a241
4241 L 4243Fa341
a241 L {rFtr
a241 L yrt?

[ g ll
In the diagram at right, P, Q and R are points on a circle, with "UQ

Find the measures of angles ?and @n the diagram at 7

right:

Solution: z

Notice that ?is subtended by the same arc (JM) as the , 86° M
u uangle. Applying theorem 4, ¥ ?L uu.? -

Find angle @using the triangle that contains ?and @ 1

The otherangleis szr¥ zx1L {v!?

t@ szrFuu¥ {viL wu?

Given O is the centre of the circle at right, find the unknown angle
in the circle shown. 0 g

Solution:

Step 1. Assess and extract the given information from the problem.
Given angle L xw?

Step 2. Use theorems and the given information to find all equal

angles and sides on the diagram.

EL xw!? tV MDKH VDPH VHJ
EEF L {r t LQ D VWHRIFOH
XWeEF L {r
Step 3. Solve for F
FL {rFxw
FL tw?
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4. AB is the diameter of a circle at right, with the centre O. If
a'(% yréd&«<ea'%( DQG$&
Solution:

t%'( L {r t LQ D VWHRIFOH
T'(% T%'(tT'%( L sz¢ TV LQ D WULDQJ
yrr {r'Et'%( L szt
sxt t'%( L szt
tT'%( L szPFsxt
tT'%( L tr
t'$& L t'%( 1tV LQ WKH VDP}
t'$& L tr’

5. Find angles 5 > and ?at right:

Solutions:
= L uw tVLQ WKH VDPH \
> L yW tVLQ WKH VDPH \
SEUWE? L szt sumoftheinterior t VRI D
YWEUWE? L szt
sSsfE? L szt
? L sztFsst
? L oyr

6. Find the unknown angle in the circle shown at right:
Solution:
Use theorem 5 and the given information to find all equal
angles on the diagram.

=Ezy L szr RSSRWLWHRII F\FOLF
= L szrFzy
= L {u?
>Esrx L szr RSSRVYIMWWRI F\FOLF TXI
> L szrFsrx
> L yvt?
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7. Find the unknown angle in the circle shown at right:
Solution:
Use theorem 5, the exterior angle of a cyclic quadrilateral is H
equal to the opposite interior angle.
=L a*+,L ssv!?

8. Find the angles marked with letters in the following diagrams:

Solutions:
Apply theorem 5.
a. TE srr szt

1 1
szrFsrr
zr

1
szr
szt Fsst

yr

_|
-

szt

1 1
szirFyr
sst
szt

1 1
SzrFssw
X W
>

1

XW

>E ss

rrrrrHrr

WOV Vsl
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Practice

1. Find the angles marked with letters in the following diagrams below. O represents
the centre of circles d., e. and f.
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Lesson Title: Circle Theorems 6 and 7 | Theme: Geometry

Practice Activity: PHM2-L070 Class: SSS 4

ﬁ Learning Outcomes
By the end of the lesson, you will be able to:
1. Identify and draw the tangent line to a circle.
2. Solve problems related to the tangent to a circle.

Overview
This lesson deals with the theorems concerning tangents to a
circle.
(0]
A tangent is a line which touches a circle at one point without
cutting across the circle. It makes contact with a circle at only
N
L

one point on the circumference. The line MN shown at right is a
tangent to the circle with the centre O. It touches the circle at point T.

Circle Theorem 6: The angle between a tangent and a
radius is equal to {r?
(]
The shortest line from the centre of a circle to a tangent is
a line that is perpendicular to the tangent. In the diagram, A
a2$3L {r!We canwrite: radius ctangent. Recall that L . .y

cmeans {s perpendicular to . In the diagram, 2$ ¢ H

Circle Theorem 7: The lengths of the two tangents from a point to a circle are equal.

For a point T outside a circle with the centre O, TA and
TB are tangents to the circle at A and B respectively.
The lengths of TAand TBareequal. 7$ L 7%

Since 1 $27 t %2and T $72 1T % 7 2t also means
that line 7 2bisects the angles at 2and 7. 7 2is
therefore the line of symmetry for the diagram.

A
QZ>
B
Solved Examples
65°
1. Find the missing angle in the given circle with p 3 "
centre O.
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. In the given figure, a line drawn through T is a tangent

Solution:
Use theorems and the given information to find =

t372 L {r? UDGLXWDQJHQW
= L t732 symmetry (equal tangents)
=ExwE{r L szr TV LQVDLDQJOH
= L szrFxwk{r
= L tw?

and O is the centre of the circle. Find the lettered angles. Uy d
Solution: !
EL {rr t LQ D VHP +o
EEFEwxXx L szt sumofinterior t VLQ D i
{rrEFEwX L szt 569
SVXEF L szt
FL sziFsvx
FL uv
DL {rr UDGLXWDQJHQW
GEF L {r' UDGLXWDQJHQW
GEuv L {r
GL {rFuv
G L wx
. Find a# $ % the given circle with centre O. B
Solution :
Step 1. Assess and extract the given information from the -
problem. Given 4ADO L ux&'$ c 2§ ¢2%'isa
right-angled triangle <
Step 2. Use theorems and the given information to find all 3N
equal angles on the diagram. A
a0OAD L {rt? UDGLXWDQJHQW
4AOD EuxE{r L szr TV LQ D WULDQ.
AAOD L szrFuxF{r

L wyv
Step 3. Solve for AABC
) B . t DW WKH FHQW
aABC L S Hwv DW WKH ELUEXP

4ABC L ty!?
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4. Find the value of Ain the diagram, where the circle
has centre O.

Solution:

|LN|=7.5cm

Given: /0 Lxcm, 2. Ltcm /1 L y&cm

/0 L /. equaltangents from same point
01 L /1 F /O
L yavF x
01 L s&cm
20 L tcm equal radii
From ¢OMN;
A L 20°E 01°6 Pythagoras fheorem
A L tSEsal
L vEtdw
A L xdw
A L ¥xaw
A L ta&cm

5. The diagram below shows a belt QRST round a shaft R (of negligible radius) and a
pulley of radius 1.2 m. O is the centre of the pulley; |OR|=4m and the straight
portions QR and RS of the belt are tangents at Q and S to the pulley. Calculate:

a. Angle QOS, correct to the nearest degree.
b. The length of the belt(QRST) to the nearact matra llca &1 n& vt

Solution:
a.
JoinOtoR L 14
..'a514 L 5_:
...'4a514 L ra
4514 L .. %®:ra;
L ytave
as14 L 4314 symmetry
a3ls L tHa514
L tHytav¢
L svaz?
L svtto the nearest degree
b.
SR L QR symmetry
145 L 54E1P 3\WKDJRUDVT \
Vo L 54 Esi®

101



sx L 54AEsav
sxFsav L 54
56 L svavx
54 L 3svavx
L uatm
Length of STQ L L22Ht HusviHsd
L = Ht HusVviHsa
L 5:6% ;6
7.4
L vavm
Length of QRST L Length of QR + RS + STQ
L uatEuatEvavr

L st&v
Length of QRST L stm to the nearest metre

Practice

1.

In the diagram, tangents 2 #and 2 $to a circle with
centre O are drawn from a point 2outside the circle.
If the radius of the circleis5cm,and 12 L sum,
find PA and PB.

In the diagram, tangents 2 #and 2 $to a circle with
centre O are drawn from a point 2outside the circle. If
a# 13$L svr&@nd AB is joined, find a#2 $and a#$2

B

Find the angles marked with letters in the following diagrams. In each case, O is the
centre of the circle.

a. ke b.
67°
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Lesson Title: Circle Theorem 8 Theme: Geometry

Practice Activity: PHM2-L071 Class: SSS 4

ﬁ Learning Outcomes
By the end of the lesson, you will be able to:
1. Identify the alternate segment theorem.
2. Solve for missing angles using the alternate segment theorem.

Overview

Circle Theorem 8: The angle between a chord and a D
tangent at the end of the chord equals the angle in the

alternate segment (i.e. the angle in the other segment, P

not the one in which the first angle lies). o

In the diagram, this means that:
x arAB = aAPB y
X 4SAB = 3AQB A

This is known as the alternate segment theorem.

Solved E xamples

1. Find the missing angles =and >in the given circle
at right.
Solution :
From circle theorem 8, angle >is equalto 4234
=L 4234L uu?
Note that 42 3 4and >are alternate angles
because lines OP and SR are parallel. Therefore,
angle b is also equalto a2 34
>L 4234L uu?

R
2. Find the missing angles ?and @n the given circle at right.
Solution :
From Circle Theorem 8, angle ?is equalto a2 34
?L a234L yt?
Note that ¢3 4 3s an isosceles triangle. Therefore, @s 3
equalto T 54 6 Calculate @ Vs
@ L 5<:;6 P
@ L wv?
O
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3. Find the missing angle in the given circle at right with the
centre O.
Solution :
Each angle can be calculated using a circle theorem. If 2
angles are calculated, we can also apply subtraction
from 180 to find the third angle of the triangle.

Using theorem 8, we have: ML wt?

aQTS is an angle subscribed in a semi-circle, therefore PL {r?

The tangent line PR is perpendicular to the radius, QO. Therefore, LL {r FwtL
uzt

4. In the diagram at right, PQ is a tangent to the circle at T.
ABC is a straight line and TC bisects BTQ. Find x.
Solution :

tABT = yrt! @&O0n alternate segment
tABT+1TTBC = szr! Adjacent 4Qbn a straight line
yr+¥tTBC = szr!
tTBC = szrFyr
tTBC = ssrt
TBTQ = vr a0n alternate segment
tBTC = A&FXU TC bisects TBTQ

TBCT+tBTC+tT szrt sumof &0LQ D -

X+trtEssr! = szrt?
X Esur: = szrt?

X = szr¥sur?
X = wrt

5. Inthe diagram at right, PR is a diameter of the circle centre O. RS A
LV D WDQJHQW DW 5FDQIZRS 5 U Q -

Solution : ‘

P S
TPOR = {r? ain a semicircle
tPRS = TPQR a0n alternate segment
tPRS = {r?
Tt POR+ TQPR+TPRQ = szr sumof &0LQ D ~
{rEWZETPRQ = szr
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TPRO+svz = szr
tPRQ = szrkFsvz
TPRQ = ut
TQRS = TPRQ+TtPRS
TQRS = UutE{r
TtQRS = stt?
Practice
1. Inthe diagram at right, PQ is a tangent to the circle MTN

at T. What is the measure of T MTN?

TR is the tangent to the circle PQR with centre O at
right. Find the measure of T PRT.

In the diagram at right, PQR is a tangent to the circle
SQT at Q. What is the measure of T SQT?

TR is the tangent to the circle PQR with centre O at right.

Find the size of T PQO.
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Lesson Title: Circle problem solving Theme: Geometry

Practice Activity: PHM2-L072 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to apply circle theorems and other

properties to find missing angles in various circle diagrams.

Overview

The problems in this lesson require you to apply theorems and other properties from
lessons 67 through 71.

Solved Examples

1. There are five lanes in a circular running track. The radius of the edge of the track is
80 m; the radius of the first lane is 75 m. What is the difference in the distances run
by two athletes if one runs around the edge of the track and the other runs around
the first lane?

Solution :
Edge oftrack L t HSHzre

L 1864
; g
L wréxe?® g
Firstlane L HE;G Hy we i
L ra44
L vysvue?®
Difference L Distance of the edge of track
FDistance of first lane
L wriéxe®Fvysvue?®
L usivue?®
2. PQS is a circle with centre O. RST is a tangent at S and

aSOP = {x %ind A4PST. g
Solution : e P
The guestion can be solved in 2 ways using different
circle theorems. . 4 s

S
Step 1. Assess and extract the given information from the problem.
Given: RSTisatangentatS; aSOP = {x1?
Step 2. Use theorems and the given information to find all equal angles on
the diagram.
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Step 3. Write the answer.

Method 1.
aPST L 4&SQP & in alternate segment
asQP L 2H4SOP + DW WKH FHRW UFHUFXP]
, S
asQp - < H{x
L vz?
0 aPST L vzt
Method 2 .
OS L OP equal radi
t HAOSP E{x L szr isosceles triangle
40SP L 5
L wvtt?
aoST L {rt UDGLXWDQJHQW
aPST Evt L {rt?
4PST L {rFvt
PST L vz?!

3. Inthe diagram, TA is a tangent to the circle at A. If
tBCA = vrand 1 DAT =wt find tBAD.

Solution :
tACD = +tDAT a0n alternate segment
tACD = wt
tBAD+ tBCA+tACD = szt opposite af a cyclic quadrilateral

tBAD+ Tt vi+wt = szt
tBAD+ T {t* = szt
tBAD = szfF{t’

1

tBAD = z7Z

Practice

1. Inthe diagram, O is the centre of the circle. RT is a
tangentat S and a8SOP = y x.t Find aPST.
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o

In the diagram, TS is a tangent to the circle at S, L
and &QR = ssy Calculate &ST.

U
In the diagram, YW is a tangent to the circle at X, L \
and &/XW = w fFind the value of aUXY. vV
¥ X W
In the diagram, YW is a tangent to the circle at X, Y ‘
L and 8UVX = yr. Find the value of &VXW. AV
Y X W

In the figure below, ABCD are four points on the circumference of a circle, with
centre O. If a# 1 $L {x1find:
a. a#t%n$
b. a$&#

In the figure below, GF and GH are tangents to the circle with centre O, at points
F and G respectively. If a'1* L stx®and a(*) L wr4ind the angles marked =&a
and ?
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Lesson Title: Surface area Theme: Mensuration

Practice Activity: PHMA4-L073 Class: SSS 4

. Identify the formulae for surface area.

ﬁ Learning Outcomes
By the end of the lesson, you will be able to:
1
2. Find the surface area of cubes, cuboids, prisms, cylinders, cones, pyramids,

spheres and composite solids.

Overview

The surface area of a solid is the total area of its outside surface. The surface area is
the sum of the areas of the faces of the three-dimensional shape.

For example, a cube has 6 faces. The surface area is the sum of the areas of these 6
faces. We can visualise the surface area by drawing a net of the cube:

7om 7om

7 Cm 7 cm

The basic method of finding surface areas of any solid is to find the area of the
individual faces, then add up the areas. For some common solids, surface area can be
calculated with formulae, which are listed:

Solid Diagram Formula
Cube : 5#L xHH
t where Hs the length of the sides of the
g square faces.

Cuboid : 5#L DEEHDEDSEDSEHEHS
; Lt:HDEDSEHS
where Hs the length, Sis the width,
and Dis the height.
Triangular There is no formula. Find the area of
Prism the individual faces, then add up the

areas. For the prism with net:
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5 #Larea of rectangle A + area of
rectangle B + area of rectangle C +
area of triangle D + area of triangle E

Cylinder

S5#L teN EteND
L t& NNE D;

where Ns the radius, and Dis the
height.

Cone

5#L e NEeN
L é NHE N

where Ns the radius, His the length of
the slanted surface, and Dis the
height.

Pyramid with a
rectangular
base

For most pyramids with a rectangular
base, there is not a formula. You must
find the area of each side and add
them. A special case is the pyramid
with a square base (pictured):

5#L >' Et>H

where >is the length of a side of the
square, and His the height of one of
the slant edges.

Pyramid with a
triangular base

5#L—Z>:DEuH

where >and Dare the base and height
of the triangular base, and Hs the
height of each of the other 3 triangular
faces.
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Sphere 5#L veN

where Ns the radius.

To find the surface area of a composite solid, first identify the solids it is made up of.
Find the individual surface area using the appropriate formula. Add the surface areas

together. Be careful to account for faces that are covered, which do not count toward
the surface area.

Solved Examples 9cm
1. The figure shown is a cylinder with a cone mounted on
top. Calculate its total surface area correct to 1 decimal
place. Use & L‘—yt.
Solution:
To find the total surface area of the figure, find the i) area

of the curved surface of the cone and ii) area of curved surface of the cylinder and
its base. Then add i) and ii).

18cm

area of curved surface of cone+area of curved

surface of cylinder+area of base of cylinder
area of curved surface of cone L eNH

8VH 3\WKDJRUDVY WKHKHRUHP WR ILQG
H L xPE{S
F L sra.sS
area of curved surface of cone L %GHstra
L

Total surface area of figure L

trud .e©
surface area of curved surface

of cylinder+base te NDE eN

t H°Hx Hs ZE2°H X
y{t’..-.ﬁ ’
truy .« ®Ey{t.s"

{{wg .».°

Total surface area of the figure

| i N
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2. A stage is to be made in the form of a cone with its top cut off. If the radius of the top

of the stage is 9 cm and that of the base is 14 cm, calculate the total surface area of
the top and sides of the stage. Use & L‘—yt.

Solution :

First, draw a picture. A&

To find the total surface area of the stage, find i) the
curved surface area of the frustum (the remaining part
when the top of the full cone is removed), and ii) the area
of the top of the frustum. Then add i) and ii).

The curved surface area of a cone L & Nahere Ns the base radius, Hs the slant
height.

From the figure, let Hand Hbe the respective slant heights of the cut off and
complete cones. We can use similar triangles to find h and subsequently Hand H
From the figure, find Dusing similar triangles. Use the ratio of sides of the triangle:

U L =
U>54 58

svl L {DE({r
wl L {r
DL sz?lI

Find dand g XVLQJ 3\WKDJRUDVY WKHRUHP

§ L DPE{S § L :DEsrfEsWV
L sPE{S L tz8EsV
H L tréa.. . H L usi..s

Note that the surface area of the stage is the curved surface area of the full cone,
minus the curved surface of the small cone, plus the circular face of the small cone
(the top of the stage). This gives: 5#L éNK F éNH E &N, where Nand Hare
measurements of the larger cone, and Nand Hare measurements of the smaller
cone.

Substitute e Lieéﬁ Lsv.ayL{..édgusii.. a4 L tr& ... &and evaluate:

Total surface area of stage L eNKF éNHE enf
L @&°Asviusi; F @A :tra; E @A {;®
L salyy FwxavEtww
L s&xuil.s®
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Practice

1.

Find the total surface area of a sphere of: a. radius 7 cm, b.
diameter 3.5 m. Use & Ll—yt.

Find the total surface area of a cuboid with a length of 8 cm, a
height of 5 cm, and a width of 2 cm, when a. It is open at the top;
b. It is open at the top and bottom.

A solid is in the form of a cone attached to a hemisphere as shown
in the figure at right. Find the total surface area of the figure.

The figure at right is a cylinder surmounted by a hemisphere.
Find the total surface area of the figure.

Find the total surface area of a square base pyramid where the

square base has sides of length 12 cm, and the height of a slanting
face is 20 cm. Give your answer correct to three significant figures.
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Lesson Title: Volume

Theme: Mensuration

Practice Activity: PHM4-L074

Class: SSS 4

. Identify the formulae for volume.

ﬁ Learning Outcomes

By the end of the lesson, you will be able to:
1
2

. Find the volume of cubes, cuboids, prisms, cylinders, cones, pyramids,

spheres and composite solids.

Overview

The volume of a three-dimensional solid is a measurement of the space occupied by the
shape. This involves multiplication. The volume of common shapes can be found with
formulae, which are given below.

Solid

Diagram

Formula

Cube

i
i
[
1
1
L

8L H

where Hs the length of a side of the
cube.

If we know the area #of a face of the
cube, then the volumeis: 8 L #H

Cuboid

S8LHY®

where Hand Sare the length and
width of the base, and Dis the height
of the cuboid.

If we know the area #of the base of
the cuboid, then the volume is: 8 L #D

Triangular
Prism

8L—2>D—|

where >and Dare the base and
height of the triangular face, and Hs
the length of the prism.

If we know the area #of the triangular
face of the prism, then the volume is
8L #H
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Cylinder < D

8LeNHD

where Ns the radius of the circular
face and Dis the height of the
cylinder.

If we know the area #of the circular
face of the cylinder then the volume is
8 L #Dwhere Dis the height.

Cone

8L§éWD

where Ns the radius and Dthe height
of the cone.

Pyramid with a
rectangular
base

5
8L—7H9

where Hand Sare the length and
width of the base rectangle, and Dis
the height of the pyramid.

Pyramid with a
triangular base

5
8L—7#*

where #is the area of the triangular
base, and * is the height of the
pyramid.

Sphere

8 .
8 L—7el\7

where Ns the radius.

To find the volume of a composite solid, first identify the solids it is made up of. Find the
individual volume using the appropriate formula. Finally, add the volumes together.

For some WASSCE problems, you may need to use the fact that sarr ... écontains 1

litre of liquid (s HL sarr ... 9.
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Solved Examples

1. Atunnel with a length of strm is to be bored with a
square cross-section wm wide and wm in height.
a. What volume of spoil has to be evacuated?
b. If the spoil is to be taken away using trucks of
z r « " capacity, how many truck loads will be
moved?
Solution s:
The tunnel is in the form of a cuboid with a cross-sectional area of wn H wm
and a length of strm. Draw a diagram. Note that the diagram shown is not

proportional, but it is sufficient to visualise the problem.

5m

a. Calculate the volume:

Volume of spoil L Area of cross-section Hlength of tunnel
Area of cross-section L we Hwe
L tweS®
L twHstre’
L udrre”’
b. Calculate the truck loads: If the capacity of one truck is zre “and Jtrucks
are used to clear the udrr ¢ 7, then:

Volume of spoil

zrd L udrr
J 1 uyz
u y-ztruck loads will be moved.

2. The diagram shows a right pyramid with rectangular base
ABCD and vertex O. If |AB| L srcm, |DA|L zcm and
|OD| L stcm, Find the:

a. Height of the pyramid.

b. Measure of 41& $ D <
c. Volume of the pyramid. \/ z
Solution s: A

At times, calculating volume is only 1 step of a given

problem. We must use other Maths WRSLFV LQFOXGLQJ 3\WKDJRUDVT
trigonometry, to solve the other steps.

a. The height of the pyramid OZ is obtained from ¢1 < &which is right angled at
Z. We must find the length of DZ, which is half of the diagonal of the base.

DZ L—z(diagonal of the base).
Calculate DB, the length of the full diagonal, using triangle DAB:
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&$ L ¥ #$6E &#°
L ¥sBE 26
L ¥sxvL t¥ws
Divide the result by 2 to find the length of DZ: &< L t¥wsJt L ¥ws
Calculate the height using triangle OZD:

1<%E &<% L 1&° 8VLQJ 3\WKDJRUDYV g1 W&
1< L ¥ 1&6F &<6 Heightof pyramid (from ¢1 &<

— 6
8st6 F k3w 0

L %sru
Height L 10.15 cm

b. Apply the sine ratio to ¢/ODZ:
eceg L S°
SH

| 549

56

L ravwz

& L wy!? Using the sine table
c. Calculate the volume:

Volume of pyramid = —? HArea of base) Hheight

8 L -H H H

s
8 L quHersré’sw
L tyriy...*¢
Practice
1. OQilfills an inverted metal cone to a depth of tvcm.

a. If the radius of the surface of the oil is tr cm, find the volume of oil. Assume
that e L uév

b. The oil is then poured into a rectangular can of base twcem by s zcm. Find, the
depth of oil in the can correct to two decimal places.

. A steel cuboid measuring {v& mm by uxmm by s xmm is melted down and cast into

ball bearings of radius xmm. How many ball bearings are cast? :e L u& v,

The diagram shows a pyramid standing on a cuboid. The dimensions of the cuboid
are 2 m x5 m x 12 m, and the slant edge of the pyramid is 8 m. Calculate the volume
of the shape, correct to the nearest whole number.
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4. A right pyramid VABCD has a rectangular base ABCD and vertex V. |AB| L srcm,
|AD| L xcm, and each of the slant sides is zcm long.
a. Draw a diagram.
b. Calculate:
I.  The height of the pyramid, correct to 2 decimal places.
ii.  The angle that VA makes with AC, correct to 1 decimal place.
iii.  The volume of the pyramid, correct to 2 decimal places.
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Lesson Title: Operations on vectors Theme: Vectors and Transformation

Practice Activity: PHMA4-L075 Class: SSS 4

ﬁ Learning Outcomes

By the end of the lesson, you will be able to:
1. Add and subtract vectors.
2. Multiply a vector by a scalar.

Overview

A vector is any quantity which has both magnitude and direction. Examples of vectors
are displacement (translation), velocity, force. A scalar is any quantity which has only
magnitude but no direction. Examples of scalars are distance, speed, time.

Vectors are represented in various ways. The simplest representation is as a line
segment with a length equal to the magnitude of the vector and an arrow indicating its
direction.

The vector on the right shows a displacement of a point from
position A to position B. It can be written as: # $a# $4 8 ARATAf4 .
Vectors written in lowercase letters are called position vectors.

Vectors can be represented on a Cartesian plane as shown at

> A
right. Consider the vector # %It can be written as a column matrix 7
or column vector: #$&L L I@o The vector is drawn by starting at ° B
. . . . . 5 a |
point # moving 5 units to the right and 3 units up. 7 Py 2
3 ~
In general, any vector # L kgohas 2 components: the horizontal i 2
component =measured along the TFaxis, and the vertical 1 EEEREGER

component, >measured along the Uaxis from point #to point $.
Any move to the left or downwards is movement in the negative direction.

Addition and Subtraction of Vectors

|
(1)

Consider the vectors L l@oand L k_,7goshown in the diagram on %/

the right.

The result of adding a and b is as shown with the triangle below. To

find the sum of 2 vectors, add the corresponding Tand U

components together: i/ il\
E L @>8:>?78;A T
. . -2
L k0 by calculation
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In general,if L @ Aand L @ Athen
E L @FA
Similarly,
FoL @A
Multiplication of a Vector and Scalar

Consider the vector # &L L l@oshown in the diagram,
It can be seen from the diagram that:

2% L ko

L uko

L u 3 times vector a in the same direction
418 L Ko

L Fuko

L Fu 3 times vector a in the opposite direction

In general, if L @Athen

G L @A

3a

where Gs a scalar or number which can be a
positive or negative whole number or fraction

In scalar multiplication, each component of the vector is multiplied by the scalar amount.
It has the effect of %caling “the vector up or down by the factor of the scalar quantity. If
the scalar is positive, the resulting vector is in the same direction as the original vector.
If the scalar is negative, the resulting vector is in the opposite direction as the original

vector.

Solved Examples

1. IfalL k?ob L k,;;oand ¢ L Ko find:

i.a Eb i.b Ec iii.a ¢ iv.a EbFc
Solution:
. 7 .
i aEb L I{‘oE k)50 i. b Ec
8>7
L @>:>?9;A
L kéo
i, aFc L k?oF Ko iv. a EbFc
K350
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L

Ko

k60

2. IfaL Kob L k' odand ¢ L K o solve the equations below to find the column vector

X.
i.
iii.
Solution:
i.

a ExLDb
X Eb Lc

E
KoE

E

7

?5

(0]

ii.
iv.

r - - -

r r - - -

X FcLa
E L

7
.50
7

ks OF I@o
7?8
.5?60

F K®

3. Using the vectors b, p and m from the grid shown, draw the
following vectors on a grid. Label each vector and show its
direction with an arrow.

.

V.

i. 2b
iv. 3
b

Solution s:

3m il.
2p

4p

(0]

| Y Y N

[ r - - -

KoE Ko

>:?6;
K720

Draw and label each vector on a grid showing its direction with an arrow. The
position of the vectors relative to each other is not important. The length and
direction of each vector should be as shown:
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il —3m ii. [4p) / iv. tb
SaEEL
iy. +2p
- £
\[ 7 /
4. 1falL l@ozi) L k?gsoand cL k;:’gofind:
i. 3a BEb ii. 4a E3c iii. 6a 3b iv. 5a BEb F4c
Solution s:
i. uEt L ul@oEtk?Sso i v Eu L vl@oE uk’;go
L KOEKk0 L KoEk’: 0
: 1?0
L @ :>?<6;A L @>>:?5GA
L K L ko
ii. x Fu L xl{;oF uk_,850 iv. 5a E2bF4c L \MQOE t k_,850F v ?go
L k'fGoF k‘;’fo L k594oE k5 0E k>0
56 54
L .?:’?7;A L >:?6<;>>T:'>:A
L Ko L Ko

5.1faL Kob L k/oa L K osolve for inthe equations below.

. 3aBE2x L4b

i. 4daFxLc

Solution s: )

i u Et L v il. Y F L
uoEt L vko viloF L Klo
KEt L Ko KoF L KS

t L KoFK% K. oF Ko L
LSS 770 L
L kt,0 L K%
L kt,0Jt
L kg0
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Practice

1. IfalL @yVAb L @VXAand cL @;)Afind:

i. aEb i. b Ec iii. a EbFc
2. ifal dAbL @ AandclL é‘;mind:

i. aEb i. a Ec iii. a Ec Eb iv. a Eb Fc
3. IfpL @%Aq L @handrL @éAfind:

. p Er . r p ii. r Fp Eq iv. pFH H

4, IfalL @Ab L @VYJAand cL ést Asolve the equations below to find the column

vector X.

i.a ExLDb ii. x FcLa iii. x Eb Lc
5. IfaL Kob L k% o0and c L k,¢oevaluate:
i.a+b i. b xc iii. a+b+c iv. a-2b v.3a-b-2c
6. IfaL Ko L kj 0and c L K/ dfind:
i. aBEb i. 4a E3c iii. 6a 3b iv. 5a E2b F4c
7. IfaL kod L k04 L K osolve for in the equations below.
i. 3a E2x L4Db ii. 3a F2x L2¢ iii. 2x EXo L tc
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Lesson Title: Magnitude and direction Theme: Vectors and Transformation
of vectors

Practice Activity: PHM4-L076 Class: SSS 4

i Learning Outcomes
By the end of the lesson, you will be able to:

1. Find the magnitude or length of a column vector.

2. Find the direction of a vector.

Overview

Calculating Magnitude

)
)

‘H FDQ XVH 3\WKDJRUDVY 7KHRUHP WR Ify “TT T T T 1QLWXGH
of the vector # &

B

}/‘

Consider the diagram showing the 2 points #:tdand $:xav.
From the diagram, we can write the column vector for # $as:

# &L ‘%320 L k’;o

Clr|v|lw|la|lun|la|

=Y

The magnitude of vector # $can be written with the modulus or
absolute value notation. For example: # $ #$ , 4+
Now, we already know that for any 2 points:

#:Tsdk and $:Todk; vector #§L @75 AL @A
So, since #$L L @Athen:
-|#§q(-3 L L ¥TSEUP (1)

Alternatively, we can find the magnitude of # $by substituting directly in equation (1)
using the co-ordinates of the given points:

& L L ¥ T FT;E:4F U5 ©)
The magnitude of # $in the diagram is:

w6 L ¥TPEU 3\WKDJRUDVY 7
L ¥\ E b
L ¥sXE{

#& L tw
L wunits
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Calculating direction N

The direction of the vector is given by the angle it makes when
measured from the north in a clockwise direction. We find this
angle by first finding the acute angle g the vector makes with the (90 -4, I3
Taxis. It helps to first draw a sketch, as shown at right. 2%)

This angle is givenby —falL —; where TaJare the components of

the resultant vector. From our sketch, we can then deduce the angle the vector makes
when measured from the north in a clockwise direction. In our example, this angle is
given by :{r F a; This is the same as finding the bearing of $from #

Find the direction (bearing) of # $as follows:
Step 1. Find the measure of a

-fa L ! L rgw from diagram, use tan ratio
\
a L —-f*ryw
Luxay?
Step 2. Find the direction of # $measured from the north:
L {rFuxxy
L wadaut?

The direction of # $measured from the north L w utb the nearest degree.

Solved Examples

1. Find the magnitude of the vectors: i. #$L Ko  ii. $&L Ko iii. %&L ko
Solution s:
a. #& L ¥YPEL® b 6% L ¥TEU
L ¥uWE\V L ¥wWETrS
L ¥ Esx L 34wEr
L viw L stw
#é L ow $% L w
The magnitude of # &L wunits The magnitude of $ %L wunits
C. %% L ¥TSEU
L ¥FuWE\VS
L ¥{ Esx
L viw
& L w
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The magnitude of %&L wunits

2. A column vector I{éohas a magnitude of 10. Find T
Solution:
Given: magnitude of K_éo Lsr

¥TPEW L sr

—

¥ T6 E x6 Sr
Square both sides
TEux L srr
T L srrFux
™ L xv
T L 3xv
L z
3. If ;&L Koand < &L k;ofind:
a. <&
b. The three-point bearing of : from <correct to the nearest degree
Solution s:
a. & L Fkfo
L k?97o
<& L &E ;&
L KoEK]o
LR
& L K%0
<& L FK®%o
L k>o
b. Find the acute angle 3 the vector makes with
the TFaxis
—fa L -
a L —f*:x;
L zravv?

The direction of < 8measured from the north:
L {rEzrav
L syr@dvv?
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The direction of < &measured from the north L sy $to the nearest degree.
The bearingis sy ¢

4. The points #:rd&s;&:vas; &sydt;and &: ud-t;are the vertices of a
parallelogram. Find:

a. #%
b. The three-point bearing of %rom #correct to the nearest degree
Solution s:
Let position vectors 1 &L koand 1 %L k.0
a. 1#E#% L 1%
#% L 14Fr 14
#% L Kk ,OF k0
02
L @;67?:25;A
#% L k.0
b. Find the acute angle g the vector makes with the TFaxis
—fa L -
a L —f%s
L z&u?
The direction of # %neasured from the north:
L {rEz&u
L {z&u?!

The direction of # $%neasured from the north L { z'to the nearest degree.
The three-point bearing of %from #is r{z

Practice

1. Find the magnitude of the given vectors to 1 decimal place:
a. #$L K% b. 4&L Ko
2. Find the magnitude of the vector L k?5860 Give your answer: a. in surd form; b. to 2

decimal places.
3. XYZis a triangle with vertices X(1,-3),Y(7,5) and Z(-3,5).
a. If Ois the origin, express ::& :<&and < &as column vectors.
b. show that triangle XYZ is isosceles.

4. A column vector @Ahas a magnitude of 25. Find U

5. A column vector Ifeohas a magnitude of 13. Find T
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©

Find the direction of the given vectors to the nearest whole number: a. : ;&L k?=7o b.
24&L K20
2:Fsa; =J @:TdJare points on the xy-plane such that 2 &L k?go Find:

a. the coordinates of Q
b. the bearing of P from Q to the nearest degree.
#:5d4 ;8. v&; &6t &;and &:TdJ; are the vertices of the parallelogram ABCD. Find:

a)xandy b) # % c) %&
If #&L k,;oand %&L Ko find:
a. %
b. the bearing of %rom #correct to the nearest degree.
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Lesson Title: Transformation Theme: Vectors and Transformation

Practice Activity: PHMA4-L077 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to perform transformations (reflection,

rotation, translation, and enlargement).

Overview

Transformation changes the position, shape, or size of an object. The following
transformations are covered in this lesson:
x Translation +moves all the points of an object in the same direction and the
same distance without changing its shape or size.
x Reflection zan object is reflected in a line of symmetry. The direction that it
faces changes, but not its size.

x Rotation zan object rotates (or turns) around a point, which is called the centre
of rotation.

x Enlargement +the object is magnified (made larger) or diminished (made
smaller). Its shape does not change, but its size does.

Vectors are used to describe the transformation of objects. A combination of
transformations can be applied to an object.

Translation

Consider the triangle ABC shown at right. It was translated from its
original position 5 units right and 3 units up.

The column vectors which show the movements of A, B and C to
their new positions #;4$s D Q@are given by: ##&L Ko $$&L
Koand %94L Ko The vector Kois called a translation vector,

In general a translation vector kgomoves a point #:TdJ; along the F and Uaxes by the
amount of the components of the vector. We can write a mapping for the translation

as: @A7 @AE KoL @SA

Reflection

Every point on the reflected image is the same distance away from the line of reflection
as the object. Distances from both object and image are always measured at right
angles to the mirror line. The mappings for various reflections are below.

x Reflection inthe Zaxis (i.,e. YL U is given by:
@A 7 @A gving TdL 7 T&FU,
x Reflection inthe Yaxis (i.e. Z L U is given by:
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@A 7 @°A gving TAS 7 CFTAY
x Reflectionintheline YL ‘or YF*‘ L Uis given by:
@A 7 @, A gving TdL 7 :TAGFU
X Reflectionintheline ZzL *or zF* L Uis given by:
@A 7 @7°A giving TAL 7 tGF T4
x Reflection in the line UL Tas:
@A 7 Ko giving :TdJ 7 U
x Reflectionininthe line UL FTas:
@A 7 KLo giving :TAL 7 CFUFT,
Rotation
Rotation is a movement around a fixed point, called the centre of rotation. Rotation is
always done in a specified angle and direction about a specified point. The mappings
for rotation are given below.
x Rotation through & Uanti-clockwise or U a ttlockwise about the origin =~ {:
@A 7 K)o gving :TAL 7 :FU
x Rotation through U & tanti-clockwise or & Uclockwise about the origin ~ {:
@A 7 k.0 gving :TAL 7 CUFT,
x Rotation through U & t{half turn) anti -clockwise about the origin  {:
@A 7 @A gving T4 7 CFT&FU
We follow the steps given below to find the formula for rotation through & Uanti-
clockwise or U a ttlockwise about the point 14 ;&

Step 1. Subtract the co-ordinates of the centre of @? Op
rotation :=&;from :TaJ, 20
Step 2. Apply the appropriate rotation formula @A 7 K00

€70
Step 3. Add the result in Step 2 to the centre of @:i 26>0,
rotation to get the image point -€20,>0
Step 4. Write the co-ordinates of the image point (F:UF > E=4:TF =; E 3

Enlargement
An enlargement is a transformation which enlarges or reduces the size of an image.

It is described by a centre of enlargement and a scale factor, GTwo different formulas
are given for enlargement:
x The formula for enlargement from the origin ~ { by a scale fa ctor * is given by:
& : _ & where Gs positive or negative
@A ! G@O B l{e whole number or fraction
x The formula for enlargement from any point  : & ;other than the origin  { by a

scale factor * can be found by following the steps given below.
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Step 1. Subtract the co-ordinates of the centre of @? 0 A
rotation :=&;from :T&4J; 20

Step 2. Enlarge using the given scale factor 420 620,
P J gmed @A T @ rs
Step 3. Add the result in Step 2 to the centre of 1820,>0,
@:i 285>0

rotation to get the image point
Step 4. Write the co-ordinates of the image point (GTF = E=aGUF > E>
A negative scale factor gives an inverted image at the opposite side of the centre of
enlargement. A fractional scale factor gives a reduction, or smaller image.

Solved Examples

1. Triangle PQR has coordinates 2:s&;&:t&;and 4:va ;. Find the co-ordinates, 2;
3s5and 4 of the image of the triangle formed under reflection in the line UL FT
Solution :

Step 1. Locate the points 243 and 4 on the plane. Draw the
lines joining the points.

Step 2. Draw the line UL FT

Step 3. Draw a line at right angles from 2to the mirror line
(UL FT). Measure this distance.

Step 4. Measure the same distance on the opposite side of
the mirror line (UL F7) to locate the point 2

Step 5. Identify and write the new co-ordinates: 25:FV&s;
35:Fsé&t;and 45:Ft & v,

Note: Images can also be found using the formula

2. Use the appropriate formula to find the co-ordinates of the image point when point
. :FudFt; is rotated {rclockwise aboutthe point :r&v;a
Solution:
Apply the following formula for rotation:

470 5 26>0 5 2:78;;>4 i>8
@?OA 7 @500 L @ogsingA L Kog0

lo 7 @_:??6;;28A L k>o apply the formula

. :FudFt;rotated {rclockwise aboutthe point :r & v;gives :t &s;

3. Points #:t &;&:xa;and % ud; are points on the Cartesian plane. Find the co-
ordinates, #s; $sand %of the image of the triangle formed under an anti-clockwise
rotation of {r*about the origin, 1&
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Solution: y

Step 1. Draw the Cartesian plane and locate points :

#a$and %Draw lines connecting the points. 4 i 5
Step 2. Mark the centre of rotation 1:r&; Draw a A 2

straight line from 1to each point # $ and % R s S
Step 3. Measure an angle of {rin an anti- 2

clockwise direction from each line you drew. .

Step 4. Identify #5 $sand %on the plane: #s5 L N

:Fva; $5:Fuk;and %:Fsau;
Note: Images can also be found using the formula

4. Find the image of :sd& u;under the enlargement with scale factor of 3 from:
a. The origin b. The point :t &;
Solution s:
a. Multiply by the scale factor:
k>o 7 uk>o L @A L k,_o
b. Apply the formula for enlargement:

5?76 25
@;gA 7 7280 L K70

subtract components of the centre of
rotation from the given point

k’;.So 7 uk,??o L k’/o0 enlarge using the given scale factor

265
27 2756 -5 _ add back components of the centre of
650 7 658C L K5.0 i

: : ?5: " rotation

5. Triangle # $ %as co-ordinates #:Ft&; $:s&;and %Fs&:.
a. Draw triangle # $ %n the Cartesian plane.
b. Draw triangle #5%5% which is # $ %anslated by the vector k_,780
Solution s:
a. ldentify on the Cartesian plane, and connect them in a triangle as shown.
b. ldentify point #gby translating #:Ft &; by the vector k?780

?6 ?6 7 ?26>7
K o7 KJoE koL Kool #Ko vy
Similarly, k3oL sKoand, CK' 2oL %k,%0 A V
Draw the image of #5%$5%using #sas a reference A B
point. Note that it has the same shape and size as AR 7 !
#3$% e
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Practice

. Triangle DEF has co-ordinates &:Fv&;d :Fta;and (:Fwé; Find the co-

ordinates, &, 'sand (sof the image of the triangle formed under reflection in the
line UL T

. Find the image of : Fw§;under the enlargement with scale factor of 5 from the point

‘Fs&s.

. Triangle # $ %as co-ordinates #:Ft&v; $:Ft&s;and % Fwés; Draw triangle

#5%5% which is # $ Yanslated by the vector ko0

. Points #:t&;&:x&;and % u&; are points on the Cartesian plane. Find the co-

ordinates, #s; $sand %of the image of the triangle formed under a clockwise
rotation of {r*about the origin, 1&
#":Ft &;is the image of a point #under the translation by the vector k?650 Find the
co-ordinates of point #
2%:wé ;is the image of the point 2:t & w, by the translation vector . Find:

a. Thevector a

b. The co-ordinates of point 3 which maps on to point 3% FwéFt ; under

. A square has vertices #:z&;4%$:zaz;a%Fvéz;and &:Fv@). Find the co-

ordinates of the vertices of the image square #5%;%&;0f # $ % @nder an
enlargement from the origin with scale factor - where # 7 #;a$ 7 $;a%7 %and

&7 &
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Lesson Title: Bisection Theme: Geometry

Practice Activity: PHM2-L078 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to bisect a given line or angle.

Overview

This is the first lesson on geometry construction. The tool pictured at
right is a compass. It makes circles, and can be used to construct many
different angles and shapes in geometry. If you do not have a pair of

compasses, you can make one using string or a strip of paper.
Using string to make a pair of compasses:

1. Cut a piece of string longer than the radius of the circle you will

make.
2. Tie one end of the string to a pencil. -
3. Hold the string to your paper. The distance between the place

you hold and the pencil will be the radius of the circle. In the

diagram, the radius of the circle is 24 cm.

4. Use one hand to hold the string to the same place on the
paper. Use the other hand to move the pencil around and draw a circle.

Using paper to make a pair of compasses:

1. Cut or tear any piece of paper, longer than the radius of the
circle you will make.

2. Make two small holes in the paper. The distance between the
two holes will be the radius of your circle. In the diagram
below, the radius of the circle is 12 cm.

3. Put something sharp (a pen or pencil will work) through one
hole. Place this in your exercise book, at the centre of the

circle you will draw.
4. Put your pen or pencil through the other hole, and move it in a circle on your paper.

This lesson uses a pair of compasses to construct bisectors of line segments and

angles. To bisect something means to divide it into 2 equal parts. The bisection of a

OLQH VHIJPHQW LV RIWHQ FDOOHG D 3SHUSHQGLFXODU ELVHI
given line, and divides it equally.

In the diagram below, % & the perpendicular bisector of line segment 2 3 It is
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perpendicular to 2 3at point 6

To construct this perpendicular bisector, follow these steps:

1. With point 2as centre, open your compass more than half way to point 3. Then

draw an arc above and below 2 3

2. Using the same radius and point 3 as centre, draw an
arc that intersects the first arc. Label the points where
the 2 arcs intersect as %and &

3. Draw % &

As with lines, we can bisect an angle by dividing it into 2

/A

equal parts. For example, if an angle is 60 g we can bisect it
to find an angle of 30 q

X

Consider angle :;:

We can divide it into 2 equal angles. To * :
bisect a: ; <, follow these steps:

1. With point ; as the centre, open your pair of
compasses to any convenient radius. Draw an arc # $
tocut :; at #and ;<at $.

2. With point #as centre, draw an arc using any
convenient radius.

3. With the same radius as the step above, use point $ v
as centre and draw another arc to intersect the first
one at %

4. Label point %

5. Join ; to %o get the angle bisector as shown.

You can use a protractor to check the measure of the angles you draw. If you do not
have a protractor, you can make one with paper. Trace this protractor with a pen onto

another piece of paper.
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/I[HWTV FKHFN WKHA:=LVHFWLRQ RI

1. Hold the protractor to a: ; <, and measure the entire angle (itis wr)!

Write down the angle measure.

Hold the protractor up again, and measure angles % ; and :; %

Write the measure of each bisection. (In this case, a% ;< twand a:; %L tw)

W

Solved Examples

1. Construct line :; with perpendicular bisector /0.
Solution :

X! Y

2. Line 56nd 3 4are perpendicular lines. Construct the 2 lines.
Solution :
Either construction is correct:

T

R

3. Line # $is 10 cm long. Line % &s its perpendicular bisector, and the 2 lines intersect
at point 1.

a. What is the length of # I?
b. What is the length of 1 %
Solution:
This problem does not require a construction. We know that a perpendicular
bisector divides a line into 2 equal segments. Therefore, # 1 L 1 $ Divide the
length of # $by 2 to get the length of each.

a. #1 Lsr...eJtLw...-
b. 1$ Lsr...eJtLw..-

4. Draw and label O #1 $L w z ©On your angle:
a. Construct a bisection, line 1 %
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b. Measure each bisection and label it with its degrees.
Solution :

a L t{*and & L t{?

5. If you bisected a 45-degree angle, what would be the measure of the result?
Solution :
Bisecting an angle gives a result that is half of the original angle. Therefore, you

would have 8—691L ttav?

Practice
1. Construct line $ 1with perpendicular bisector 5.
2. Line /0 is 24 metres long. If it is bisected at point O, what is:
a. Thelengthof /17
b. The length of 1 0?
3. Draw any angle and label it 2 3 40ne your angle:
a. Construct an angle bisector 37
b. Measure it bisector using a protractor and label each angle with its
measurement.
4. Draw an angle labeled with three letters of your choice.
a. Bisect the angle.
b. Check your bisection using a protractor. Label each angle with its
measurement.
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Lesson Title: Angle construction Theme: Geometry

Practice Activity: PHMA4-L079 Class: SSS 4

ﬁ Learning Outcome

By the end of the lesson, you will be able to use a pair of compasses to
construct special angles and their combinations (90°, 45°, 60°, 120°, 30°, 75°, 105°,
and 150°).

Overview

This lesson is on constructing 8 angles of various degrees. These are all based on the
construction of the angles 90°, 60°, and 120°. From these angles, you can construct all
of the others using bisection.

To construct a 90° angle, follow these steps:

1. Draw a horizontal line and label it # .

2. Extend the straight line outwards from # 7

3. With #as the centre, open your compass to a
convenient radius and draw a semi-circle that
intersects the line at : and ;.

4. Use : and ; as centres. Using any convenient radius, i
draw arcs to intersect at %
5. Draw a line from #to %

>
B
=

To construct a 60° angle, follow these steps:

1. Draw the line 45

2. With centre 4, open your compass to any convenient
radius and draw a semi-circle that cuts 4 5at :.

3. With centre :, use the same radius and mark another

arc on the semi-circle. Label this point & R X
4. Draw a line from 4to 6

Note that the triangle TRX formed by points in the 60 gdiagram is equilateral.

To construct a 120° angle, continue on the same construction for 60°. Follow these
steps:

2. Use the same radius that we used to create the
semi-circle. u

3. Use 6as the centre, and draw another arc on the
semi-circle. Label this point 7.

4. Draw a line from 4to 7.

139



The angles 45°, 30°, and 15° are constructed by simply bisecting angles 60° and 90°.
For 15°, the 60° angle will need to be bisected twice. The first bisection gives a 30°
angle. Bisection of the 30°angle gives a 15° angle.

For example, these are the steps to construct a 30° angle:

X Construct a 60° angle using steps from the previous D
lesson. Label it 4%t $
x Centre your pair of compasses at the points where
the semi-circle intersects % #nd # $ Draw arcs from
each point, using a convenient radius. o \
x Label the point where the arcs intersect as & A A
x Join #to &to get the angle bisector.

The angles 75°, 105°, and 150° can be constructed using bisection of other angles.
They each require you to construct 2 angles in the same diagram and bisect them.

Note that 75° is halfway between 60° and 90°. It is 60° plus 15°. To construct a 75°
angle, draw 60° and 90° on the same construction, then bisect the angle between them.

Similarly, 105° is halfway between 90° and 120°. It is 90° plus 15°. To construct a 105°
angle, draw 90° and 120° on the same construction, then bisect the angle between
them.

Finally, 150° is halfway between 120° and 180°. It is 120° plus 30°. Recall that 180° is a
straight line. To construct a 150° angle, draw 120° and extend the straight line on the
same construction. Then, bisect the angle between them.

Solved Examples

1. Construct the following angles:
a. Anangle of 90°. Label it a*19.
b. An angle of 60°. Label it a9*; .
c. Anangle of 120°. Label it a2 1 9.
Solution s:

a. b.
H W
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2. Construct the following angles:
a. An angle of 30°. Label it a6 +.2
b. An angle of 15°. Label it &/ # 6.
c. An angle of 45°. Label it 4$+0

Solution s:
a.
AT
30° }
1| |P
C.
7< B
[ 45°, \
] I I I i‘N

3. Construct the following angles:
a. Anangle of 75°. Label it 4#5-
b. An angle of 105°. Label it 46 *'.
c. Anangle of 150°. Label it a% #.6
Solution s:

75°
a. sl

e al
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4.

150°

/ \ |

Al 1 T

How could you construct an angle of 165 @ Explain in words.

Solution:
175 gs halfway between 150 gand 180 qt could be constructed by constructing
an angle of 150 qgthen bisecting the angle between 150 gand 180 g

Practice

7.
8.

9.

. Construct a 90-degree angle. Label it 4% 7.2
. Construct an angle of 60°. Label it 4% +.6
. On the same construction as problem 2, construct a 120-degree angle. Label it

a.+6

Construct 45-degree angle. Label it a2 # 6

Construct an angle of 30°. Label it a$#6

On the same construction as problem 2, construction a 15-degree angle. Label it
a4 #6

Construct an angle of 75°. Label it a/# 2.

Construct an angle of 105°. Label it a(7 Q.

Construct an angle of 150°. Label it a4 70

10.How could you construct an angle of 135 & Explain in words.
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Lesson Title: Triangle construction Theme: Geometry

Practice Activity: PHMA4-L080 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to use a pair of compasses to

construct a triangle from given side and angle lengths.

Overview

There are three types of triangle construction problems. You may be asked to construct
a triangle given three sides (SSS), with two given sides and an angle (SAS), or with two
given angles and a side (ASA).

To construct a triangle given the length of a side, you will
need to set the radius of your compass equal to the lengths
of the sides of the triangle. Place the tip at zero, and open
WKH SHQ F L GHg\distaRde Qo wenR

W 0 =
‘wogl

See the diagram at right for how to do this.

If you have a ruler, use it in class and at home to do construction. If you do not have a
real ruler, use the printed one below. This ruler is not exactly to scale (1 cm is not
exactly 1 cm). However, it can be used for the purpose of learning construction.

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

‘IIIIIII‘II ‘ "III‘IIIIIII‘IIIIIIII|” ‘ ‘ 'III‘IIIIIII‘IIIIIIIII ‘ ‘ 'II‘IIIIIIII‘

Before starting a construction, it is helpful to quickly sketch a picture of what the
FRQVWUXFWHG WULDQJOH ZLOO ORRN OLNH '"RQTW ZRUU\ DI
just to guide your construction.

Consider an example of a SSS problem: Construct a triangle # $ %ith sides 6 cm, 7
cm, and 8 cm.

To construct # $ %ollow these steps:
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X

Draw a line and label point #on one end.

Open your compass to the length of 7 cm. Use it to
mark point $7 cm from point # This gives line
segment #$L y ... & i cm
Open your compass to the length of 6 cm. Use #as

centre, and draw an arc of 6 cm above #§

Open your compass to the length of 8cm. With the Al = B
point $as centre, draw an arc that intersects with the

arc you drew from point # Label the point of intersection %

Join #%nd $&This is the required triangle # $ %

This is the second of 3 lessons on constructing triangles. This lesson uses the lengths
of two sides, and the angle between them. These are SAS (side-angle-side) triangles.

To construct a SAS triangle, draw one side with the first known length. Then, construct
the angle from this. Extend the constructed line so that it is the second known length.
Connect the 2 known sides to make the third side.

Consider an example problem: Construct triangle # $ %here #3$is6cm, $ %is 7 cm,
and angle $is 60 q

To construct # $ %ollow these steps:

X
X

X

Draw the side $ %L y ... and label it 7 cm.

From $&construct an angle of 60 gat $ and

label it 60 q §
Open your compass to the length of 6 cm. Use $

as centre, and draw an arc of 6 cm on the 60 g

line. Label this point # 60°
Join #$and $8This is the required triangle #$ % B' i em 'c

To construct an ASA triangle, draw one side with the known length. Then, construct the
2 given angles on the 2 sides of this. Extend the constructed lines so that they intersect.

Consider an example problem: Construct triangle # 0 6ivhere a0 L vw a6 L xr‘and
6L yem.

144



To construct # 0 6follow these steps:

x Drawtheside 06 L y...andlabelit7 cm.

x From §‘& construct an angle of 45 gat 0, and
label it 45 q

x From §‘& construct an angle of 60 gat 6 and
label it 60 q

=<

x Extend the 2 angle constructions until they A5’ 60° |
meet. Label this point # This is the required fem T
triangle #0Q

Note that the diagrams in this lesson are not drawn to scale.

Solved Examples

1. Construct the following triangles given the lengths of 3 sides (SSS):
a. Construct :; <with sides of length 5 cm, 6 cm, and 7 cm.
b. Construct atriangle 23 4with 24 L xcm, 23 L ycmand 34 L xacm.
c. Construct a triangle with sides of length ucm, {cm and z&cm.

Solution s:

a. Y, b. P

6cm [ em o o

Ay %
X 5cm 4
Q' 6.5cm 'R
C.
0
850 o;g

9cm }

2. Construct the following triangles given 2 sides and an angle (SAS):
a. Triangle 45 @vhere 45is5cm, 56is6 cm, and a5is 90 q
b. Triangle # $%ith #$ L y&cm, $%L z&cmand a#$% srw?
c. Construct ¢#$%where #$ L zcm, $%L xcmand a#$% ur?
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Solution s:

7.5¢cm

105°
Bl 8.1cm c

CM

3. Construct the following triangles given 2 angles and a side (ASA):
a. Triangle $+Where 4+L {rt &) L uriand *§L srcm.
b. Construct ¢# $%ith $%L xcm., a#$ %L urand a#% $ vw!?
c. Construct ¢#$%ith #3$ L srcm., a#$% ur'and a$#% vw?

Solution s:
a. >
B
[
{ 10cm
C.

,m

10 cm
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Practice

1. Construct a triangle # $ %uch that #3$ L wem, $%L xcmand #%L vem.

2. Construct triangle , -.where ,- is {cm, -. is ycmand ., is xcm.

3. Using a ruler and a pair of compasses, construct a triangle # $%uch that #3$ L xa
cm, $%L zdcmand #%L yacm.

4. Using only a ruler and a pair of compasses, construct ¢# $ % which # %L vcm,
$%L tcmand a%L yw!

5. Construct ¢# $ % which #$ L ycm, $%L zcmand a$ L str!

6. Using a ruler and a pair of compasses only, construct ¢% 4Wwith 45 L ycm, 44 L
vwand a5L {r?

7. Using a ruler and a pair of compasses only, construct ¢:;<with :; L zcm, a: L
xriand &; Lurt?

8. Construct ¢234with 23 L zcm, a3 L {rtand 42 L ur?l

9. Using a ruler and a pair of compasses only, construct ¢-./ with ./ L ycm,
a-./ Lsrwand a-/. Lur?l

10.Using a ruler and a pair of compasses only, construct ¢# $ %with $ %L xawcm,
a#$% ywand a#% & vw?
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Lesson Title: Quadrilateral construction | Theme: Geometry

Practice Activity: PHMA4-L081 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to use a pair of compasses to
construct a quadrilateral from given side and angle lengths.

Overview

Quadrilaterals can be constructed using their characteristics. As with triangles, it is
always helpful to draw a sketch first.

For squares and rectangles , the angles are all right angles, but we only need to
construct one of them. After constructing 1 right angle, we can complete the square or
rectangle using a pair of compasses to mark the lengths of the sides.

Consider an example problem: Construct a square 2.7/ with sides of length 5 cm.

To construct 2.7/, follow these steps:

x Drawtheside 2. L w...and labelit5 cm. b }
x From #$ construct an angle of 90 gat 2 1
X Open your pair of compasses to 5 cm. With 2as the 5em
centre, draw an arc on the 90 gline. Label the
intersection / . ; by
VPl T 5cm L

X With . as the centre, draw an arc above the line 2.
With / as the centre, draw an arc to the right, above .. Label the intersection of
these 2 arcs 7.

x Draw lines to connect / with 7, and 7 with ..

Rectangle construction follows a similar process, but the pair of compasses should be
opened to the appropriate distance to mark the given length and width.

Consider an example: Construct rectangle $1 . &here HL {cm.and S L ycm.

To construct $ 1. &follow these steps:

D L
x Draw the side $®L { ... and label it 9 cm. s
x From % construct an angle of 90 cat $. R
X Open your pair of compasses to 7 cm. With $as the
centre, draw an arc on the 90 gine. Label the - L

intersection &

x Keep the radius of your pair of compasses at 7 cm. With 1 as the centre, draw an
arc above the line $1

x Change the radius of your pair of compasses to 9 cm. With &as the centre, draw
an arc to the right, above 1. Label the intersection of these 2 arcs ..
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x Draw lines to connect &with ., and 1with ..

Parallelogram and rhombus are constructed in a similar way to each other, because
rhombus is a type of parallelogram. In parallelogram construction problems, we are
given the measure of an angle, and the lengths of 2 sides. We construct the given angle
and extend the sides to the correct lengths.

Consider an example problem: Construct a rhombus $ 1 9 . with sides of length 10 cm,
andangle $ L xrt?

To construct $1 9 ., follow these steps:

x Drawtheside $1 L sr...andlabelit10 cm. 5 Y
x From $% construct an angle of 60 cat $.
X Open your pair of compasses to 10 cm. With $as 10cm
the centre, draw an arc on the 60 dine. Label the
intersection .. 60°
Bl 10cm o

X With 1as the centre, draw an arc above the line
$ 1 With . as the centre, draw an arc to the right, above 1. Label the intersection

of these 2 arcs 9.
x Draw lines to connect . with 9, and 9 with 1.

Parallelogram construction follows a similar process, but the pair of compasses should
be opened to the appropriate distance to mark the sides.

To construct ) 4 #/, follow these steps:

x Drawtheside )4 L st...andlabelit12 cm. M
x From $4B construct an angle of 60 cat ). 7§
60°
Gl

Consider the problem: Construct parallelogram )4 #/where )4 L st...o )/ L
X Open your pair of compasses to 6 cm. With )
as the centre, draw an arc on the 60 dine.

X...r,and angle ) L xrt?
p
1203
R
Label the intersection / .

x Keep the radius of your pair of compasses at 6 cm. With 4 as the centre, draw an
arc above the line ) 4.

x Change the radius of your pair of compasses to 12 cm. With / as the centre,
draw an arc to the right, above 4. Label the intersection of these 2 arcs #

X Draw lines to connect / with # and #with 4.

12cm

In trapezium construction problems, we are given the lengths of 3 sides and the
measure of at least 1 angle. We are told which 2 sides are parallel.
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Consider an example problem: Construct a trapezium 345 6uchthat 34 L sr...,
A45L X...» 56 L x....and 434 5L xrand line 8&is parallel to line &%

To construct 3 4 5,dollow these steps:

x Drawtheside 34 L sr...and label it 10 cm.

x From $% construct an angle of 60 cat 4.

x Open your pair of compasses to 6 cm. With 4as
the centre, draw an arc on the 60 dine. Label the
intersection 5

X Construct a line parallel to 3 4
- Centre your pair of compasses at 5 and

open them to the distance between point 5 | il

T 6 cm S

and the line 34 “ —
- Choose any 3 points on line 3 4 Keep your compass open to the distance
between 5and 34 and draw 3 arcs above 34
- Place your ruler on the highest points of these 3 arcs, and connect them to
make a line parallel to 34
X Open your compass to 6 cm. With 5as the centre, draw an arc through the
parallel line you constructed. Label the intersection 6
x Draw a line to connect 6with 3.

There are other types of quadrilaterals  that do not fit into a category such as a
parallelogram or trapezium. These quadrilaterals can also be constructed if enough
information is given.

Consider the following example: Construct quadrilateral 2#./where 2# L sr...,»
#. Lss...». ./ L z&...r,and /2 L yav...,Angle 2is aright angle.

To construct 2 # ./, follow these steps:

X Drawthe side 2# L sr... and label it 10 cm. e

x From % construct an angle of 90 gat 2 o

X Open your pair of compasses to 7.5 cm. With 2
as the centre, draw an arc on the 90 dline.
Label the intersection / .

X Open your compass to 7.5 cm. With / as the
centre, draw an arc to the right. Open your
compass to 11 cm. With #as the centre, draw
an arc above 2 # Label the intersection of the two arcs ..

x Draw a line to connect / with ., and a line to connect #with ..

11cm

7.5cm =<

10cm A

—
o
~

Note that the diagrams in this lesson are not drawn to scale.
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Solved Examples

1. Construct the following quadrilaterals:
a. Square $ 1 # @vith sides of length 7 cm.
Rectangle '()* giventhesides '( L wem.and '* L vcm.
Rhombus % 1 5v@ith sides of length wem. and angle %L yw?
Parallelogram, #$%With #$ L ucm., #& L wem. and 4a&#$L vw!?
Trapezium $#5where $# Lsw..8$- L{..A5- Lsr..fiand a$L
x riand line “%is parallel to line $'#
f. Quadrilateral #$ %g®uchthat #$ L w...,» $%L y& ..., % &L v ... and
&# L wav...and a# L yw!?

® 20T

Solutions:
a. T A b. H c
o Y o
7 cm
4 cm
{ 1\
tBl 7/ 7 cm 8]
C. d.
-
e. f.
9cm
60°
B 15€m iy
Practice

1. Construct the following squares:
a. '#%*where '# Lwmand '* L wcm.
b. 4 # 6 with sides of length 6 cm.
2. Construct the following rectangles:
a. 2+0@here 2+L xcmand 26 L vcm.
b. %1-where %1L ycmand %' L t&cm.
3. Construct rhombus ) + 4 with sides of length ycm and angle +L xr?
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4. Construct rhombus % + @with sides of length wéwcm and angle %L vw?

5. Construct parallelogram 234 Suchthat 23 L ycm, 34 L vaxcmand 452 3L
suw?

6. Construct parallelogram #$ %&uchthat #$ L xcm, &3 L srwéand #& L vem.

7. Using a ruler and a pair of compasses only, construct quadrilateral <+ 08ach that
<+L X..» +OLW...°e 0%L vVv..c,and a+L vw!?

8. Using a ruler and a pair of compasses only, construct trapezium 2 3 4 Such that
23 Lz...»25L Xx...o45L x...,4a2 L ywhnd SR is parallel to PQ.

9. Using a ruler and a pair of compasses only, construct trapezium $ 7 5 8uch that
$7 Lst...o $6 L xX...o 56L w.... 4% L urltandline TS is parallel to BU.
10.Using a ruler and a pair of compasses only, construct quadrilateral 9 :; < such that

9: Lwav..eo:; Lw&k..» ;< Lvd..»<9 Ly&..andangle 49 L vw!?
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Lesson Title: Construction of loci Theme: Geometry

Practice Activity: PHMA4-L082 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson you will be able to use a pair of compasses to
construct various loci.

Overview

This lesson focuses on 4 different ways of constructiong loci (the plural of locus). A
locus is a specific path that a point moves through. The point obeys certain rules as it
moves through the locus. These are the 4 types of loci that you will construct:

1. The locus of a point P from a given distance from a point.

2. The locus of a point P equidistant from 2 given points.

3. The locus of a point P equidistant from 2 given lines.

4. The locus of a point P a given distance from a line segment and a line.

Note that the diagrams in this lesson are not drawn to scale.

The locus of points that is a given distance from a given

point is a circle. For example, consider the locus of point $ifitis
10 cm from point # The locus of point $is all of the possible
points where $could exist. The locus of points where $could
exist is a circle with radius 10 cm, with centre #&he locus of $is
shown to the right.

Locus of

The locus of points that is equidistant from 2 given points Locus
is the perpendicular bisector of the line that connects the 2 >
given points.

For example, consider two points #and $. The locus of points
that is equidistant from these 2 points is a vertical line between
them. This line is the perpendicular bisector of line # $ 5t 5
Construct the perpendicular bisector to show the locus of points
equidistant from #and $(shown on the right).
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The locus of points that is equidistant from 2 given intersecting lines is found by
bisecting the angles formed by the lines.

For example, consider two lines # $and % &The

locus of points that is equidistant from these 2 lines \

is the set of angle bisectors. Construct each angle X . Locus
bisector to show the locus of points equidistant % "

from # $and % &hown on the right). A Yl B

The locus of points that is a given distance

\
from a given line segment is an oblong shape c 7\44
around the line. For example, consider the
problem: Construct the locus of points 6 cm from line segment # $

Follow these steps to draw the construction:

X Open your pair of compasses to a radius of 6 cm.
x Taking both #and $as the centre, draw semi-circles left and right of the line:

6 cm.

x Use a straight edge to connect the semi-circles above and below the line:

locus

Recall that a line can extend in 2 directions forever, which is shown with arrows at the
ends of the line. For such lines, the locus of points a given distance from the line is
2 additional, parallel lines

For example, consider the problem: Construct the locus of points 5 cm from line M

Follow these steps to draw the construction:

X
X

Open your pair of compasses to a radius of 5 cm.
Choose several points on Mand centre your compass at each. From each point,
draw an arc directly above and below line M

Hold a straight edge along the points of the arcs farthest from line MConnect
these points.
Draw arrows to show that the locus extends forever in both directions.
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Solved Examples

F 3

1
i5cm.

A J

> locus

1. Construct loci for the following problems:
a. The locus of a point () moves so that it is 7 cm away from a fixed point ( 7).
Construct the locus of U
b. Points %and &are 14 cm from one another. Point ' is equidistant from %and

& Draw the locus of point '.

c. Lines :; and % é&ntersect at point 1such that 4% 1 ;L xr1Construct the
lines, then construct the locus of a point 2that is equidistant from the t lines.
d. Drawline :; L x?I. Construct the locus of a point 2that is t cm from the

line.

e. Draw a line ,that extends forever in both directions. Construct the locus of a
point if it is wem from .

Solutions :
a.
Locus of
y
C.
/,Locus
X ‘ Y
. - ,
5 cm
»J

b. \%"‘E

2cm

6 cm
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. Aminata, a trader lives exactly vkm from the market centre. Some business partners

DUH ORRNLQJ IRU KHU KRXVH 'UDZ WKH ORFXV RI DOO SR
house. Use 1 m for each kilometre.

Solution:

The solution is a circle with a radius of 4 cm and
market in the centre.

Locus of points
where Aminata's
house could be the

Market
Centre

3. The distance between Mr. .DPDUDYV KRXVH X/ o
%DQJXDUDYJVXKkehXMtH7 XY D\TV KR X? Locus of T
equidistant from from Mr. Kamara and Mr. = oK
%WDQJXUDYYVY KRXVH 'UDZ WKH OR \ TV
house. Use a scale of scm to s rkm. - Q/ I e
Solution:

The solution is a perpendicular bisector of the line connecting
Mr. . DPDUDYV KRXWHD OWKWODYfV KRXVH >

4. On the lines LM and PQ below, construct the locus of point equidistant form the 2
lines.

Q
Solution :
Your construction above should look like this:

Practice

1. A goatis tied to a rope that measures urmetres in length. It is tied to a pole and
feeding on the grass. Construct the locus of points where the goat feeds. Use a
scale of 1 cm to 10 metres.

2. #isapoint vem from T Draw the locus of #

3. Adogis tied to a chain that measures umetres long, and keeps on moving around

wishing for freedom. It walks around in a circle. Draw the locus of the dog. Use a
scale of 1 cm for each metre.
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. Musa and Idrissa are standing v rmetres from one another. Their classmate John is

walking in a straight line. He maintains the same distance from Musa and Idrissa.
&RQVWUXFW -RKQTV SDawKto &vhketles.VFDOH R

6is a point that is equidistant from 2 points : and ;. Draw : and ; a distance of w
cm from each other. Construct the locus of &

. Lines 9: and ;<intersect at point 1suchthat a;1: L vw Construct the lines,

then construct the locus of a point P that is equidistant from the 2 lines.

. Draw any tintersecting lines and label them # $and % &Construct the locus of a

point 2that is equidistant from t lines.

. Andrew owns a piece of land with sides that form a x r ‘angle. He wants to erect a

fence equidistant from the t lines.
a. Construct t sides of the land.
b. Construct the locus of points where he could erect the fence.

. Draw a line segment 2 3L ycm. Construct the locus of points t &cm from the line

segment.

10.Draw a line V that extends in both directions. Construct the locus of points s rmm

from the line.
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Lesson Title: Construction word Theme: Geometry
problems

Practice Activity: PHM4-L083 Class: SSS 4

i Learning Outcome
By the end of the lesson, you will be able to construct shapes based on
information given in word problems.

Overview

Construction can be used in many real-life situations. This lesson uses information from
previous lessons to construct shapes from word problems.

Solved Examples

1. Three roads intersect each other to form a triangle. Market Road and Farm Road
intersect at a 90 gangle. Five kilometres from that intersection, Farm Road intersects
with Main Road at a 60 gangle. Construct the triangle formed by the 3 roads. Use 1
cm for each kilometre.

Solution :

Two angles (90 ¢ 60 ¢ and a side (5 km) are known.
We will construct an ASA triangle. It is helpful to first
draw a sketch. Then, use a pair of compasses to
construct the triangle.

y Market Road

{
17 5 cm I
Farm Road

2. Jim, a contractor, wants to construct a floor in a triangular shape. It will have a base
of length 6 metres, and a height of 6.5 metres. The base and height will meet at a
90-degree angle. Construct the shape of the floor, using 1 cm for each metre.

Soluti on:

/
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. Mary and Jane live in different houses in a city. On a map, their roads form a

triangle, intersecting at a x r langle. On their way to school, they meet at that
intersection. If the distance covered by Mary is x rmetres and Jane w metres,
construct the triangle. Use scentimetre for s rmetres.

Solution:

&
‘00

60°
O "6cm 'M

. Two vehicles leave town #at the same time. One vehicle travels y rkm from town #

to town $ The other vehicle travels z rkm to town %Their paths form a y wangle.
Construct a triangle showing towns A, B, and C. Use a scale of scmto srkm.

Solution:
C

§
©

[s
8%
VA I Tem B

. A farmer went to build a pottery house in the shape of a parallelogram. The building

has adjacent sides of xand ymetres, which join at an angle of x r!Construct the
shape of the building using a scale of 1 cm for every metre.

Solution:
/ ~J

. Mohamed has a large piece of land. He planted a garden in the shape of a rhombus

with sides of length 80 m and one angle of 60 g He wants to plant more crops. He
decides to plant an additional plot in the shape of a square. The square shares a

side with the rhombus. Construct the shapH RI ORKDPHGTV JDUGIHQ 8VH

each 10 m.
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Solution :

Using 1 cm for each 10 m, each side of the rhombus will be 8 cm long. Since the
square shares a side with the rhombus, its sides will also be 8 cm long.

Draw a sketch of the shape:

Construct the shape. Start with the rhombus, then construct the square using any
side of the rhombus.

/ N

I 8 am

Note that the diagram may look different depending on which side the square is
drawn on.

7. The principal of Happiness Secondary School wants to draw an accurate map of the
VFKRRO 7KH VFKRROYYV ODQG LV LQ H¢kbtls3thker@her& | D SDULD
5% * and measures side 5 %0 be yrmetres and % *o be xrmetres. He also

knows that the measure of corner 5is yw* &§RQVWUXFW WKH ERXQGDU\ RI
land, using a scale of 1 cm for 10 metres.

Solution:
=
Iy
£
© I
[ K8
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8. 'DYLGTV VFKRRO LV VLWXDWHG DW D StreQantMMaRg® RI WZR V\
Street. The intersection of the streets forms a { r tangle, and the school is
equidistant from the 2 streets.
a. Draw the intersection of the two streets.
b. Construct the locus of points where the school could be.

Solution s:
a.and b.:
Locus of points
g where David's
D school could be
= 4
wn x
m < ',I’
| .
© "
{ « o W
Mahgo street
Practice

1. Two helicopters leave from airport K. The first helicopter travels 400 kilometres to
airport M. The second helicopter travels 800 kilometres to airport L. Their paths form
an angle of 60 q Construct a triangle to show the relationship between the 3 airports.
Use 1 cm for 100 km.

2. A carpenter cuts a triangular piece of wood. It has sides of length 90 cm and 65 cm,
which form a 45 gangle. Construct the triangle, using a scale of 1 cm for 10 cm.

3. Abu went to the farm for an agricultural practical. He was to construct a seed bed,
which took the shape of an equilateral triangle with sides zmetres in length.
Construct the shape of the seed bed using a scale of 1 cm for each metre.

4. Alpha, a carpenter, is to make a table top that is rectangular in shape and measures
z rcentimetres long and v rmetres wide. Construct the shape of the table top using
1 cm for each 10 cm.

5. Ansu, a contractor, constructed a building. Its front is a rectangle s rmetres long and
wmetres tall. He further constructed a roof in the shape of a triangle that forms a ur?
angle at the top of each side of the rectangle. Construct the shape of the face of the
house. Use 1 cm for each metre.
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Lesson Title : Construction of complex Theme: Geometry
shapes

Practice Activity: PHM?2-L084 Class: SSS 4

i Learning Outcome
By the end of the lesson, you will be able to use a pair of compasses to
construct various complex shapes.

Overview

This lesson combines the information you learned in the previous lessons on geometry
construction. You will be constructing shapes and loci in the same diagram.

Solved Examples

1. Using a ruler and a pair of compasses only, construct:
a. Parallelogram 9:;<suchthat a: L xr! 9: L xcmand :; L wcm.
b. The locus Hof points equidistant from :9 and 9 <.
c. The locus Hof points equidistant from ; and <
Solution s:

Z | \Y

7
\;’VI 5cm

/ 60
w! 6cm | IX

2. Using a ruler and a pair of compasses only:
a. Construct a parallelogram #$ %&uchthat #$ L yacm, #& L z&cm,
A& #3L vwand #& $ %
b. Construct:
i. Locus Hof points equidistant from $and %
ii. Locus Hof points equidistant from % &nd % $
c. Locate / &he point of intersection of Hand H
Solution s:




3. Using a ruler and a pair of compasses only, construct:

a. ¢-./ suchthat -. L xcm,

i

Lvcmand a-./ L srw?

b. Locus Hof points equidistant from - and ..

- o Q0

Solution s:

Locus Hof points equidistant from - and /.

Label the point 6and where Hand Hintersect.

With centre 6and radius 6 -, construct a circle H

. Complete quadrilateral -./0 such that O lies on the circle and

4. Using a ruler and a pair of compasses only,
a. Construct ¢ #$%uchthat #% L xcmand a# L a$ L a%L xr!?
b. Locate a point 2inside the triangle equidistant from # $and # %and also

equidistant from $#and $ %

c. Construct a circle with centre at P.

Solution s:
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Practice

1. Using a ruler and a pair of compasses only, construct:
a. Aquadrilateral 9:;<with 9: L wacm, a;:9 L {r! ;: Lycm, ;<

zcmand 9< L xcm.

b. The bisectors of 49 and a: to meetat 1.
2. Using a ruler and a pair of compasses only, construct:
a. Quadrilateral #$ % ®uchthat #$ L zcm, #& L ycm, $ %L wem,

A& # 3L xriand 4#$% yw!?

b. The locus Hof points equidistant from # &nd % &
c. The locus Hof points equidistant from %and &

3. Using a ruler and a pair of compasses only, construct:
a.

oaoo

e.
4. Using a ruler and a pair of compasses only, construct:

a.

Construct triangle :;<suchthat :; L ycm, :< L xcmand
a,:<Lyw!?

Construct the locus Hof points equidistant from : and <

Construct the locus Hof points equidistant from : and ;.

Locate the point 1 equidistant from : & and <

With 1as centre, draw the circle Hthat circumscribes the triangle : ; <.

A quadrilateral PQRS, where |PQ| L srcm, |PS|L zcm,
|QR|L stcm, a325L xrtand a254L suw?

The locus, Hof points equidistant from QR and RS.
The line, Hdrom Q perpendicular to Hj

Locate M, the point of intersection of Hand H
Measure |PM| and |SM|.

5. Using a ruler and a pair of compasses only, construct:

a.

A quadrilateral MNOP such that |[MN| L yacm, [NO|L xcm, [MP|L wcm,
a/0l1l L xr%and 40/2 L yw?

The locus Hof points equidistant from M and N.

The locus Hof points equidistant from MN and MP.

b. Locate a point E, where E is the point of intersection of Hand H
c. Measure |ME| and |EP]|.
6. Using a ruler and a pair of compasses only, construct:

a.

b.
C.
d.

Triangle XYZ with |[XY|L zacm, |YZ|L {&cm,and &:;< L srw!?
Locate a point P on YZ such that |YP| §PZ| L véu

Through P, construct a line Hberpendicular to YZ.

If the line Hneets XZ at M, measure |YM|.
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Lesson Title: Addition law of probability | Theme: Probability and Statistics

Practice Activity: PHM4-L085 Class: SSS 4

i Learning Outcome
By the end of the lesson, you will be able to apply the addition law to find the
probability of mutually exclusive events.

Overview

Review of Probability
Probabilities are given values between 0 and 1. A probability of 0 means that the event
is impossible, and a probability of 1 means that it is certain. This is shown on the scale:

impossible unlikely even chance likely certain
| | | | |
| | | | |
0 1 1
2

For equally likely outcomes, the probability that an event, ', will happen is:

Isk’cpmd_waod 'r_glgdeclr3a
rmrlgk cpmdmqgqggnmsramkcq

2" ;L
As an example, when tossing a fair coin, the probability of getting heads is:

&S fc_banl_amgl 5
2:8tft—=T=2T0 ) -
_jinmgqggmsramkcqg6

The probabilities of all possible outcomes sum to one. Considering a coin again,

Ahead) E tail) L E- L s
or, Ahead) E 2not head) L s

This gives the equation 2not head) L s F ZXhead). This is called the complement of
the event. If the probability of obtaining a head is denoted as 2:* ; the complement is

written as 2:% ..

Addition Law of Probability

If two events cannot happen at the same time, then they are called mutually exclusive
events . For example, you cannot win a game and lose a game at the same time.
Mutually exclusive events are examples of compound or combination events. The
events are connected E\ WKH ZRUG 3RU’

If two events #and $are mutually exclusive events, then the probability of #or $is
given by: U

2:#R9; L 2:#¢é&$; A B
L 2:# E2:9%; OO
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This is the Addition Law for mutually exclusive evH Q W V

,Q SUREDEDOdttWa WKH Z

symbol éindicates addition. #and $are disjoint sets as shown by the Venn diagram.

For two mutually exclusive events which cover all possible outcomes, all the individual

probabilitesadd upto 1: 2:#;, E2:3$; L s

This applies to cases where there are more than 2 events as well:
22#RURYWRBRW; L 2:#,E2:$;E2:%E2:& E®

22#,E2:$;E22%E2:& E® L 1

Solved Examples

1. A card is taken at random from an ordinary pack of cards. What is the probability

that it will be an Ace or the 10 of Clubs?
Solution :
Step 1. Find the individual probabilities.

the total number of possible outcomes
probability of an event ' occurring 2.

J:5;, L wt
a.¥
L a:l;

Let #be the event of choosing an ace, $the event of 10 of clubs
# L <DFH RI FOXEV DFH RI VSDGHV DFH R

J:#, L v 2:#, L

$ L < RI FGXEV

J:$; L s 2:3; L

Step 2. Find the probability of Ace or 10 of Clubs.

5
9

8

5
96 L??

6

. (3R] . . . . . 5 5 8 5 9
2:#' S L 2:#, E2:8$; L?7E?6L?6E?6L?6

Theword PROBABILITY was written on identical pieces of paper and put in a

bag. One of the pieces of paper is selected at random. What is the probability of

getting:
a. A b. B C.
d AorB e. Borl f.
Solution s:

AorBorl

First, note the number of possible outcomes: J:5; L s $the number of letters in the

bag. This will be the denominator of each fraction.

a. Since J:#; L s the probability of getting A is 2:#; L?Ss

b. Since J:$; L t, the probability of getting Bis 2:$; L?65

3

d. Add 2:#;and 2:%;
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. ) . .1 5 6 7

22#R9; L 2:#, E2:%; L?sE?sL?s
e. Add 2:$;and 2:+:

: e .., 6 6 8

22$RY L 2:$%,E2:+ L?sE?sL?s
f. Add 2:#; 2:%;and 2:+;

: . - ..., 5 -6 6 9

22#HRYRY L 2:#: E2:$; E2:+ L?sE?sE?sL?s

3. A bag contains a number of balls of different colours. The probability of obtaining a
ball of a particular colour is given in the table below.

Colour Probability
black J
<
. 5
white 3
5
yellow S

What is the probability that a ball taken at random from the bag is:
a. Black or white
b. Not white or yellow
c. Not one of the colours listed in the table

Solution s:

Note that the number of possible outcomesis J:5; L u
Let the initials of the colours represent their respective events.
a. 2. ‘" L2:$;E2:9; L—ZE—: L—Z
b. 9 is the complement of 9, or the probability that a ball drawn is not white.
Likewise, ; is the complement of ;. We have:
2k9 RUoL 2k9 RUoL sF:2:9:E2::)
Find 2:9 ; E2:;;
2.9, E2:;; Lo EL L,
Therefore, 2k9 RUolL s F§4L%j
c. To find the probability that a ball is none of the colours listed, subtract the

probabilities of all of the given colours from 1.
22QRQH RI FROR> L sF2:RQH RI WKH FRORXUYV (
L sF:2:$;E2:9;E2:;)
L SEgS
sF @E- E-A
77
L SF?4

Y
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Practice

1. Which of these pairs of events are mutually exclusive?

a. Studying Mathematics and studying Geography.
b. Choosing an even number and a prime number less than 10.
c. Eating garri for breakfast and rice for lunch.
d. Getting the right answer and the wrong answer for the same Maths problem.

2. A boy picked a number from the integers 10 to 25 inclusive. What is the probability
that it is either a prime or an even number?

3. If a number is chosen at random from the integers 5 to 25 inclusive, find the
probability that the number is:
a. A multiple of 3 or 10.
b. An even or prime number.
c. Less than 12 or greater than 18.

4. A bag contains 10 balls. Six of the balls are red and the rest are equal numbers of
white and blue. If a ball is picked at random. Find the probability that it is:
a. Either white or red b. Not red
c. Blue or red d. White

5. The table shows the probability of getting a particular colour of counters which have
been put in a bag. There are only 4 colours in the bag.

Colour Yellow | Red | Green | Blue
Probability 0.5 0.2 0.1
a. Complete the table to show the probability of getting green.

b. A counter is taken at random from the bag, what is the probability of getting
yellow or blue?
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Lesson Title: Multiplication law of Theme: Probability and Statistics
probability

Practice Activity: PHM4-L086 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to apply the multiplication law to find

the probability of independent events.

Overview

If one event happening has no effect on another event happening they are called
independent events . For example, being a girl and being left-handed are independent
events. Being a girl does not have any effect on which hand is used to write and being
left-handed does not have an effect on being a girl. Independent events are examples of
compound or combination events. The events are connected by the word &and .

Other examples of independent events include: raining on Monday this week, raining on
Monday next week; a coin tossed twice lands on head then lands on tail; a die rolled
twice shows a 6 then an odd number.

If two events #and $are independent events, then the probability of #and $is given
by:
2:#DQE® L 2:# é 3,
L 2:#; H2:$;
This is the Multiplication Law for independent events. In probability, the word &nd “or
the symbol éindicates multiplication.

This applies to cases where there are more than 2 events as well:
2:#DQEDQB QL&D Q&; L 2:#é%$é %N & «
L 2:#, H2:$;H2: % H2:& E®
As before, 2:Q RAWL s F 2:#;

Solved Examples

1. Afair die is rolled twice. What is the probability that it will land on a 6 in the first roll
and land on an odd number in the second roll?
Solution :
Step 1. Find the possible outcomes.

s 7 s 7

outcomesis J:5; L x
Step 2. Find the probability of each independent event:

Probability of rolling a 6: 2:x; L—f‘s
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Probability of rolling an odd number: 2.RGG QXP E7Hll—§
Step 3. Find the probability of rolling a 6 and rolling an odd number:
2:xDQRBGG QXPEMUH2:RGG QXPIEHK L,

2. A coinistossed and a die is rolled. What is the probability of getting a head on the
coin and an even number on the die?
Solution :
The possible outcomes of the coin are: 5,41 < &=sothat J:5-g;d- t.

Probability of getting a head: 2:+; L—2
Probability of getting an even number: 2:HY H Q—_7 L—z

Multiply to find the probability of getting a head and even number:
2:+DQBYHD2:*; H2:HYI—;|Q—2 H—z L—Z

3. A bag contains 4 green balls and 6 red balls. A ball is picked from the bag without
replacement, a second ball is then picked from the bag. Find the probability that:
a. Thefirstis red and the second is also red.
b. The first is green and the second is also green.
c. The firstis red and the second is green.
d. The first is green and the second is red.
Solution s:
The total number of balls in the bag is 10. When a ball is picked out without a
replacement, the total number of balls for the second event is 9.

a. Probability that the first is red and the second is also red: ?:4 H—i L—i

Note that after picking the first red ball, the number of red balls remaining is 5
and the total number of balls remaining in the bag is 9 so the probability of
picking a second red is—i.
b. Similarly, the probability that the first is green and the second is also green is
8 ,7, 6
4z b s
c. Probability of first red and second green: =4 H—i L ?89
d. Probability of first green and second red: ?84 H—; L ?89
4. A ball is picked at random from each of two bags A and B. Bag A contains 5 blue
balls and 3 white balls, and bag B contains 4 blue balls and 8 white balls. What is
the probability of getting:
a. A blue ball from bag A and a blue ball from bag B.
b. A white ball from bag A and white ball from bag B.
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c. A blue ball from bag A and a white ball from bag B.
d. A white ball from bag A and a blue ball from bag B.
Solution s:
In bag A, there are 8 balls, 5 blue and 3 white.
In bag B, there are 12 balls, 4 blue and 8 white.

a. Probability of blue from A and blue from B L—i H?Se L?98
b. Probability of white from A and white from B L—Z H?<6 L—:

Probability of blue from A and white from B L—i H?<6 L ?96

o

d. Probability of white from A and blue from B —Z H?Se L—i

5. A card is taken at random from each of two ordinary packs of cards, pack A and

pack B. What is the probability of getting:
a. Ared card from pack A and a red card from pack B.
b. A diamond from pack A and a club from pack B.
c. A king from pack A and a picture card (king, queen, jack) from pack B.
d. A 10 from pack A and a 10 of clubs from pack B.
e. An ace of hearts from each pack.
Solutions:
Note that half of the cards in an ordinary pack are red, and half are black. There are
52 cards in a pack, and 4 suits: diamonds, hearts, spades, and clubs. Thus, there
are 4 cards of each number or picture card in the deck (4 sevens, 4 kings, and so
on.) Use this information to find the probabilities.

a. Notethat2:UH(E%;3L—Z
2:NHG IURBPQS UHG |$JFR|§H—2L—Z
b. Note that 2:G LD P RQBF O XIE- L~
2.GLDPRQGID@B FOXE SURPH- L—
c. Notethat 2:NL QI L and 2:SLFWXU#-FDYG
2:NLQJ WRPS&® SLFWXUH F$DU-5é7 mgl?FaPs%:
d. Notethat 2: ;L— L—=and 22 RI FOXEY
2: IUR®DQ®&® RI FOXEY: IL%S—BI-PQEGLTS:
e. Notethat 2:DFH Rl KHMEUWYV
2:DFH RI KHDWWDWQBURPH R1 KHD®WY. H—&«P@%s
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Practice

1.

The probability that it will rain tomorrow is —3 The probability that Yasmin will forget

her umbrella is —;. What is the probability that it will rain tomorrow and Yasmin will

forget her umbrella?
A bag contains 6 red balls and 5 black balls. A ball is picked from the bag, replaced
and a second ball picked. Find the probability that:

a. The first is black and the second is red.

b. Both are black.

c. Both are red.
The probability that a man travels by motor bike is 0.4 and the probability that he is
late for his programme is 0.7. Find the probability that the man:

a. Was late for his programme and travelled by motor bike

b. Was late for his programme and did not travel by motor bike

c. Was not late for his programme and travelled by motor bike

d. Was not late for his programme and did not travel by motor bike
A die is thrown twice. What is the probability that:

a. Two odd numbers are obtained

b. The first throw is an odd number and the second throw is a number greater

than 2

In a primary school, 80% of the boys and 65% of the girls walk to school. If a boy
and a girl are chosen at random, what is the probability that:

a. Both of them walk to school

b. Neither of them walk to school
A bag contains 8 blue balls, 4 red balls and 6 white balls. A ball is drawn from the
bag without replacement and a second ball drawn. What is the probability that:
They are both blue
They are both red
They are both white
The first is white and the second is blue
The first is white and the second is red

f. The first is blue and the second is red
A ball is drawn at random from each of two bags A and B. Bag A contains 7 white
balls and 3 red balls, bag B contains 4 white balls and 5 red balls. What is the
probability of getting:

a. A white ball from bag A and a white ball from bag B

b. A red ball from A and a red ball from B

c. A white from A and a red from B

d. Aredfrom A and a white from B

® Q0o
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Lesson Title: lllustration of probabilities | Theme: Probability and Statistics

Practic e Activity: PHM4-L087 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to use outcome tables and tree
diagrams to illustrate probability and solve problems.

Overview

This lesson is on creating and using illustrations to solve probability problems. This
lesson covers two methods of illustrating probabilities: outcome tables and tree
diagrams. Venn diagrams are illustrated in the next lesson.

Outcome Tables

When dealing with the probability of an event occurring, it is very important to identify all
the outcomes of the experiment. One way in which this can be done for outcomes which
are all equally likely is by systematically Ilstlng all of them in a sample space as shown
for throwing a die. Thatis 5L < =

However, when we have to identify the outcomes for two equally likely events occurring,
listing can result in missing out some of the outcomes.

Instead, we use an outcome or 2-way table to identify all the outcomes. Drawing a table
means we do not have to calculate the required probabilities. We can just count them
off the table.

The 2-way table in Figure 1 shows all the outcomes when tossing 2 fair coins.

The 2-way table in Figure 2 shows all the outcomes for rolling 2 unbiased dice.

Second coin Second die

1 2 3 4 5 6
H | T

1|00 | L2 | w3 | 0| LS| we)
Fil:st H HH | HT % 2 1 (21) | (22) | 23) | 24 | (2,5 | (2,6)
o 2 (36 6263|6465 68
T T’ | TT © e [an | w2 | @y | @a | @) (4,6)
5 | (51} | {52) | (53) | (54) | {55) | (5,6)
6 | (61) | (62 | (63) | (64 | (65 | (6,5)

Figure 1 Figure 2
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Tree Diagrams

Outcome tables cannot be used when the events are not equally likely to occur or when
we have more than 2 events. In such situations, we use a tree diagram where every
branch represents an event together with its probability of occurring.

This is an example of a tree diagram
that shows 2 coin tosses.

Solved Examples

1st toss

M|

2nd toss  Outcome

> T
T/
%\H
t T HT
<
L ™-H

TT

TH

HH

Probability

M|
X
il
Il
=

w| R |
X X
| n |k
Il Il
Ll

L

N
X
(M
Il
=

1. Two fair coin are tossed. Using the table in Figure 1, find the probability that:

a. Both coins show heads
b. Only one coin shows a tail

c. Both coins land the same way up
Solution s:
Calculate the required probabilities.
From the table: J:5; L
a. 2., =S, ' «e& B L i |
b. 2iteZset S T fi L
C. 20, =8 chfedSedfetmfsi L

wloxloxlo <«

oluoln

2. Two unbiased dice are thrown. Using the table In Figure 2, find the probability that:
a. Both coins show an even number

b. Atleast one coin shows a 5
c. No coin shows a5

d. Both coins show the same number

Solution s:
Given: Figure 2, find the required

probabilities
J:5; L

a.  2,,'-S.‘«=5 ™ fe—e t L

b. 2:f Lt flwt..

C. 2:0° .

S ™My L

‘<..§ ‘M L
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55 69
L osFs L=
d 2:,'-8. e ™MSgfet—0, L = L -
3. Afair coin is tossed twice. What is the probability of getting:
a. Two heads b. No heads c. Only one head
Solution s:

Step 1. Draw the tree diagram showing all the outcomes.
Step 2. Find the probability of each outcome.

The probability of each outcome is obtained by multiplying the
probabilities of the branches leading to that outcome.

1st toss 2nd toss  Outcome Probability

> T 1T -t

1 T/ A
2 ;\H TH P54
1 /E/T HT Lt
H;\H HH -t

Step 3. Find and write the required probabilities.
a. The probability of 2 heads is given by the bottom branch and is—:.

b. The probability of no heads is given by the top branch and is —Z
c. The probability of only head is given by the 2 middle branches *
The combined probability is: —: E—: L—z
The probabilities should all add up to 1.
—Z E—Z E—Z E—Z L s as expected

4. A die has 6 faces of which 3 are black, 2 white and 1 yellow. If the die is rolled twice,
what is the probability of getting: First Second
a. Both faces are yellow

Outcome  Probability

~B BB %x%:%

b. Both faces the same colour W BW La s
c. Neither face is black v BY et
Solution s: B WB La-t
Draw the tree diagram A w wwo 25
Y WY ¥

B YB 0otm

2:ERWK \HODRZL— wooww wd

22VDPH FRORX®B E2:99 ;E2:;;; Y YY La-g
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LS ESE= L—
8 = 7: 5<
22QHLWKHU; L. EDEN9; ; E2:,9 ;E2:;,;;

5 5 5 5 5
LiESER BT by

Practice

1.

Spinner A
2|34
01
1

Two fair 4-sided spinners are spun and the difference
between the numbers is calculated.

a. Copy and complete the outcome table showing all the

possible outcomes.

What is the probability of getting a difference of:

b.0 c.3

d. 4 e.lor2
Ibrahim has two packets of coloured pencils. In the first packet, there is a pink
pencil, a blue pencil, a yellow pencil and a white pencil. In the second packet, there
Is a pink, a yellow and a blue pencil. Ibrahim takes a pencil at random from each
packet.

Draw an outcome table to show all the possible pairs of colours.

Find the probability that the pencils will be:

a. Both yellow b. The same colour c. Different colours
A school cook decides at random which of 3 sauces she will cook each day. He
chooses from cassava leaves (C), potato leaves (P) and groundnut soup (G).

a. Draw an outcome table showing all the possible outcomes from two

consecutive days.

What is the probability of:

b. Cassava leaves on both days c. The same sauce on both days

d. Potato leaves or groundnut soup on both days

e. Kadija does not like groundnut soup. What is the probability she will not eat

lunch in school for two consecutive days?
A bag contains 5 red balls and 3 green balls. A ball is chosen from the bag and then
replaced. A second ball is chosen.

a. Show the possible ways of selecting the balls on a tree diagram.

What is the probability that:

b. They are both red c. One is red and one is green

d. At least one is red e. At most one is red
There are 10 pencils in a case. Three of the pencils are HB pencils. A pencil is taken
at random from the pencil case and returned. A second pencil is now taken from the
pencil case and then returned.

a. Draw a tree diagram to show all the possible outcomes.

b. What is the probability that only one of the pencils will be an HB pencil?

Spinner B
o W N = =
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6. Victoria spins two spinners, A and B. The probability of getting a 6 on spinner A is
0.3. The probability of getting a six on spinner B is 0.45.
a. Draw a tree diagram to show all the possible outcomes.
Workout the probability of getting a 6 on:
b. Neither spinner c. Only one spinner d. Spinner B only
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Lesson Title: Probability problem Theme: Probability and Statistics

solving

Practice Activity: PHM4-L088 Class: SSS 4

ﬁ Learning Outcome
By the end of the lesson, you will be able to solve problems related to
probability.

Overview

Problems for this lesson will cover the concepts from previous lessons on probability.

Solved Examples

1.

3.

A letter is selected at random from the letters of the English alphabet. What is the
probability that the letter selected is from the words SIERRA LEONE?

Solution :

Identify the number of letters that appear in Sierra Leone " There are 8 letters: s, i,
e, r, a, l, o, n. Some letters appear more than once, but are only counted once. The

e, < 8
probability is: Y L?7

The probabilities that Sia, Hawa, and Foday will score a goal are and

~Nlo
o

!
g
respectively. Find the probability that only Sia will score a goal.
Solution:

If only Sia scores a goal, then Hawa and Foday will not score a goal. Subtract from 1
to find the probability that each will not score a goal:

Pr( Hawa will not score) L s F—j L—‘;

Pr( Foday will not score) L s F—: L—;

Multiply the probability that Sia will score by the probabilities that Hawa and

Foday will not score:
7

. . 7,,5 7 =
Pr(only Sia will score) L S H—7 H—8 L = L =4
Mohamed applied to enroll at 2 universities, A and B. The probability that he will be
accepted to university A is 0.6. The probability that he will not be accepted to
university B is 0.3. What is the probability that he will:
a. Be accepted to both universities
b. Be accepted to exactly 1 university
c. Be accepted to neither university
Solution s:
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a. First, find the probability that he will be accepted to university B:
Pr(AcceptedtoB) L sFraiL r¥
Multiply the probability that he will be accepted to university A by the
probability that he will be accepted to university B.
Pr(AcceptedtoAandB) L r&Hr& L ré&t
b. Find the probability that he will be accepted to only A and not B by subtracting
the probability that he will be accepted to both by the probability that he will
be accepted to A:
Pr(AcceptedtoonlyA) L rkFr&tL r&z
Follow the same process for B:
Pr(AcceptedtoonlyB) Lr Fr&tL rdz
Add to find the probability that he will be accepted to only A or only B:
Pr(Acceptedtoonly AorB) L r&zErdz L r&x
c. Multiply the probability that he will not be accepted to university A by the
probability that he will not be accepted to university B:
Pr(Accepted to neither AnorB) L r& HraiL r&t

4. Fatu has 30 oranges in a box. Some are ripe while others are not. If the probability
of selecting a ripe orange is—g’f calculate the number of:

a. Unripe oranges
b. Ripe oranges which should be added to the box such that the probability of

picking a ripe orange will be —Z.
Solution s:
a. Note that the total number of oranges is 30, and the probability of selecting an

unripe orange is s F—Z Lg We also know that:

Rnindlpgnmp_lecq

Xmrliindhp_lecq

Rnndlpgnmp_le q_Y L—8

Xmrlindndp_lecq 74 9

Cross multiply and solve for the number of unripe oranges ( ):
Y L 8

74 9
w/ L urHv

7 L 5—964Ltv

Pr(choosing an unripe orange) L

Therefore, we have

Answer: There are 24 unripe oranges.

b. The probability of selecting a ripe orange is 2

g
currently is —Z HurL x A certain number of ripe oranges should be added to

the total to create a probability of—f5 /IHWYV FDOO WHKéweQXPEHU

so the number of ripe oranges
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1>a
748
total number, and the number of ripe oranges.
5 L :>a
6 743
UrEN L t:xXEN Cross multiply
UrEN L stEtN
urFst L tNFN
sz L N

Answer: 18 ripe oranges should be added.

.5
have: 5 L

This is based on the new probability, and adding No both the

Practice
Use an appropriate diagram to answer the question where necessary.

1. The table below shows the number of pupils with their body weights.

Weights(kg) 40 | 30 25 20 15 12
No. of pupils 11| 9 3 6 6 5
a. How many pupils are there?

What is the probability that if a pupil is chosen at random the body weight is:
b. 25 kg and above c. Less than 20 kg d. More than 30 kg
2. One hundred tickets are sold in a raffle to win a car.
a. Ali buys one ticket. What is the probability that he wins the car?
b. Eku buys five tickets. What is the probability that she wins the car?

3. The probability of an event X is —jwhile that of another event Y isfs. If the probability

of both X 'and Y is ?95 what is the probability of:
a. Either X or Y b. Neither X nor Y

4. Two unbiased dice are rolled at the same time. The scores are then multiplied

together to get a score. What is the probability of getting:
a. A score of 12 b. A score of more than 20
c. A score of less than 8

5. Nine slips of paper are numbered 1 to 9. A slip is drawn at random. This is replaced
before a second slip is drawn. What is the probability that one is an odd number and
the other an even number?

6. A bag contains identical stones of which 12 are painted red, 16 are painted white
and 8 are painted blue. Three stones are drawn from the bag one after the other
without replacement. Find the probability that:

a. Three are red. b. The first is blue and the other two are red.
c. They are of the same colour.
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. A bag contains papers with the names of 60 pupils in a class. If a paper is chosen at

random, the probability of selecting a female pupil is —; How many males are in the
class?

. Aletter is chosen at random from the alphabet. Find the probability that it is in either

the word MATHS or SCIENCE.

. A number has 3 digits formed by arranging 3, 4, and 5 randomly. Find the probability

that the number is divisible by:
a. Two
b. Five
c. Ten
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Lesson Title : Mock Examination: Paper | Theme: WASSCE Exam Preparation
1 +Multiple Choice

Practice Activity: PHM4-L089 Class: SSS 4

i Learning Outcomes
By the end of the lesson, you will be able to:
1. Complete a section of a mock WASSCE paper.
2. Answer multiple choice questions on various topics.

Overview

The WASSCE exam has 3 sections. Today, you will practise section 1, which consists
of multiply choice questions.
Paper 1 +Multiple Choice

x Paper 1is 1.5 hours, and consists of 50 multiple choice questions. It is worth
50 marks.

X This gives 1.8 minutes per problem, so time must be planned accordingly.

X The questions are drawn from all topics on the WASSCE syllabus.

The following is general advice for taking the WASSCE exam:

X Read and understand the instructions that you are given on the day of the
examination.

x Always follow given instructions. For example, if you are asked to find a value
using tables, you will lose marks if you use a calculator.

x Plan your time, and do not spend too much time on each question. If you do not
understand a question, save it for last and move on to solve a question you
understand.

x Check your answers to make sure that they are sensible in terms of the given
question.

x Show all of your work in the body of the question you are answering. Examiners
may give some credit marks for rough work, but it must be on the examination
paper.

This is the first of 8 mock examinations. To be effective practice, each mock exam
should be taken under exam conditions. This means that you should work
independently, without referring to notes or books. If you have a calculator and/or
geometry set, bring these to the mock exam. You should try to complete the test within
the stated time. After completing the exam, check your answers in the Answer Key. If
you miss a question, it is a good idea to study the related topic.

Practice
Complete the following 18 problems. You have 34 minutes. Do not look at the answer
key during the exam.
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. Find the 7" term of the sequence: 6. Make =the subject of the relation:

« 60>9
A. 22 L S5
B. 60 A =L
C. 2,916 076
O ?6
D. 8,748 B. =Lz
. Bintu draws the graphs of UL T° E c =29
t TF uand UL uTF son the &
same axes. Which of these D. =L&5
equations is she solving? 7. Describe the shaded portion in the
A. TTEWTFvVL T diagram.
B. TFTFt LT A 4é:2e3;" P Q
C. TFTFvLTr B. 4é:2¢€3;"
D. TFWIEtLT C. 4"e:2¢
. The population of pupils in a D. 4"é:2¢&3; R
school is 625, of which 300 are 8. Inacircle of radius N
girls. If this is represented on a pie a chord 24 cm long is 16 cm from
chart, calculate the sectoral angle the centre of the circle. Find the
for girl pupils. value of Nto the nearest cm.
A. vx!? A. 16 cm
B. syu! B. 20 cm
C. szrt C. 29cm
D. szy! D. 40 cm
_ The table below shows the 9. Half of a number added to 3 times
distribution of the scores of some that number gives 77. Find the
pupils on a test. Calculate the missing number.
mean score. AT
Scores 1-5 [ 6-10 [ 11-15 | 16-20 B. 11
Frequency | 1 | 2 | 5 2 C. 22
A 10 D. 38.5
B. 11 10.$ ZRPDQYVY H\H OHYHO LV
C. 12 above the horizontal ground and
D 13 12 m from a flag pole. If the pole is
. lllustrate graphically the solution of 54 m _taII, calculate the angle of
66 _ 9 & elevation of the top of the pole
= Fo PR from her eyes. Give your answer
A. . > to the nearest degree.
Tor i rm e :X A. 17¢q
P et Bo24g
R ——— C. 664
I I T B TN SRR )¢ D. 739
D. € —0

; ; I : L : ’ . . . '
6 -5 4 -3 -2 -1 0 1 2 3 4 5 6 7X

N
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11.How many sides has a regular
polygon with interior angles of
135 ¢
A. 5
B. 6
C. 7
D. 8

12.A bag of rice can feed 20 people
for 12 days. How many days will it
last for 80 people?
A. 3 days
B. 6 days
C. 12 days
D. 24 days

13. Simplify: —— O g2

60>80 E &> 60 F_6
A. 0O
5

B. <
C. 1
60
" 560
14.Calculate the area of the
trapezium to the nearest square

millimetre.

A. 198 mm? o

B. 248 mm? 5 mm
C. 396 mm?

D. 495 mm? e

15. Simplify: ux HZz%
A. -

B
C. v
D

16.The volume of a cuboid is 162 m?.
If the length, width, and height are
in the ratio 2 : 1 : 3 respectively,
find its total surface area.

A. 36 m?
B. 99 m?
C. 198 m?
D. 324 m?

17.Sia spent —Zof her money on food,

—Zon school supplies and saved the

rest. If she saved 9,000.00, how
much did she spend on food?
A. 2,700.00

B. 9,000.00
C. 15,000.00
D. 30,000.00

18.The diagram is a circle with centre
O. ABCD are points on the circle.
Find the value of a# $ %

36 q
72 q
108 g
144 q

OO w»



Lesson Title : Mock Examination: Paper | Theme: WASSCE Exam Preparation
1 +Multiple Choice

Practice Activity: PHM4-L090 Class: SSS 4

i Learning Outcomes
By the end of the lesson, you will be able to:
1. Complete a section of a mock WASSCE paper.
2. Answer multiple choice questions on various topics.

Overview

The WASSCE exam has 3 sections. Today, you will practise section 1, which consists
of multiply choice questions. This is the second of 2 mock exams on section 1.

What are some important things to keep in mind when taking an exam? Share ideas
with your classmates. Here are some ideas:

x Plan your time. Do not spend too much time on one problem.

X , I \RX GRQTW N Q+hoide aRsxver W lcd Outl of time to solve a problem,
make an educated guess. Eliminate any answers that seem impossible, and
choose an answer that looks sensible.

x If you complete the exam, take time to check your solutions. If you notice an
incorrect answer, double check it before changing it.

Practice

Complete the following 18 problems. You have 34 minutes. Do not look at the answer
key during the exam .

1. 1f 7 L aQERaES araJavs # L <PaRara= Use the graph of UL FUT® FtTE {to

and $ L <TdAHInd :#€ $;" answer questions 3 and 4.
A. <TA~E .
B <54l y
" . 20
C. <PaRardiav= y=—3x-2x+9

D. <PERSS A~

2. Tvaries directly as Uand inversely
as VIf TL twhen UL zand VL st
Find Tin terms of Uand V

A. TLlii
B TLlii
8i
C. Ly
11
D. TL
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oW

. Which of the following is

approximately equal to the smaller
root of the equation?

A. Fua

B. Ft&

C. Fra

D. sav

. Estimate the gradient at the point

TL t.
A. Fs&
B. Fw
C. Fsv
D. sv

. In the diagram, AC is a diameter of

the circle with centre O. Find the

radius of the circle.
B
A

A.5m
B. 6.5m
C.7m
D. 13m

. The diagram shows a carpet laid in a

room that is 8 metres long by 4.5
metres wide. There is a 0.75-metre
margin between each wall and the
carpet. Find the area of the carpet,
correct to 1 decimal place.

K 8m 3

)

19.5m2
27.2 m?
36.0 m2
57.0 m2

186

. Inthe diagram, 89 ;< 8: L ur

cm, 9: Ltvem, :; L vzcm,

and ;< L vrcm. Calculate 89.

\
30cm

48 cm

W 24cm

A. 15cm
B. 20 cm
C. 25cm
D. 30 cm

. Find the equation whose roots are

Fuand—z

A. TPEWTFulLTr
B. tT°PFyTFuLT
C. tTPEWTEuUL r
D. tTPEWTFuLT

. Factorise completely:

t=TFts>WF u>TEswU
A. u=tTFuU Ev>1tTF uy;
B. tT:u=Ev> FuUu=E v>;
C. t=TFu>y>ET,EswU
D. :TEyU;:t=F u>;

10.If =L v >L uand TL Ft, evaluate

O 78 5
BB Fss
6
FS—7
5
FS—7

£
7

o 0w >»°

£
7

11. A sector of a circle with radius 8 cm

subtends an angle of 90 gat the
centre. Calculate its perimeter in
terms of e

A. ve

B. vivE ¢;

C. vit Eé¢;

D. visEe;



<a H6€16-

12.1f —75— L s find the value of T

A. Fs

5

B. F—6
C.r
5
D. %

13.1f uyg L srrsg find the value of T

A. 4
B. 5
C. 6
D. 7

14.The area of a sector of a circle with

15.

radius srcmis twecm?. If the sector

is folded to form a cone, calculate
the radius of the base of the cone.
A. tav

B. tae

C. w

D. we

Foday has 16 currency notes in his
pocket, all of which are Le 1,000.00
or Le 5,000.00 notes. If he has a
total of Le 52,000.00, how many Le
5,000.00 notes does he have?

A 7

B. 8
C.9
D. 10
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16.In the diagram, # $is a straight line.

Find the value of U

A. 29
B. 35
C. 36q
D. 145 q

17.A salesperson gave change of

$18.00 instead of $22.00. Calculate
his percentage error.

A. 3.3%

B. 18.2%

C. 22.2%

D. 81.8%

18. Fatu traveled 240 km from Bo to

Freetown in 4 hours. What was her
speed in m/s? Give your answer to 3
significant figures.

A. 864 m/s

B. 216 m/s

C. 66.7m/s

D. 16.7 m/s



Lesson Title : Mock Examination: Paper | Theme: WASSCE Exam Preparation
2A *Compulsory Questions
Practice Activity: PHM4-L091 Class: SSS 4

i Learning Outcomes

By the end of the lesson, you will be able to:
1. Complete a section of a mock WASSCE paper.
2. Answer essay questions on various topics.

Overview

The WASSCE exam has 3 sections. Today, you will practise section 2A, which consists
of compulsory essay questions.

Paper 2 tEssay Questions

x Paper 2 consists of 13 essay questions in 2 sections +2A and 2B.

x Paper 2 is worth 100 marks in total.

x Pupils will be required to answer 10 essay questions in all, across the 2
sections.

x This is an average of 15 minutes per question. However, keep in mind that
section 2B is more complicated, therefore plan your time accordingly.

Paper 2A +Compulsory Questions

x Paper 2A is worth 40 marks.
X There are 5 compulsory essay questions in paper 2A.
X &RPSXOVRU\ TXHVWLRQV RIWHQ KDYH PXOWLSOH SDU\
may not be related to each other. Each part of the question should be
completed.
X The questions in paper 2A are simpler than those in 2B, generally requiring
fewer steps.
X The questions on paper 2A are drawn from the common area of the WASSCE
syllabus (they are not on topics that are specific to certain countries).

Practice

Complete the following 3 problems. You have 34 minutes. Do not look at the answer
key during the exam.

1 Simplify: ——
.a. a. ||'T'Iplyﬁ_gri1

b. Given that k¥ F u¥wok¥4 E 3oL =E >¥s find =and >
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2. a. The table shows the number of children of the families living in a certain

community.
Children 0 1 2 3 4 5
Frequency 1 4 3 5 4 3
a. Find the:i. Mode ii. Mean iii. Third quartile
b. If a pie chart were drawn for the data, what would be the angle of the sector

showing families with 4 children?

3. a. Inaclass of 50 pupils, 35 offered chemistry (C), 23 offered French (F) and 13
offered neither of the 2 subjects. i) Draw the Venn diagram to represent the
information. ii) How many pupils offered both chemistry and French? lii) What is
J:%E (?

b. If = Léifsand > Lz—:z express % interms of T

R

(@]
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Lesson Title : Mock Examination: Paper | Theme: WASSCE Exam Preparation
2A *Compulsory Questions

Practice Activity: PHM4-1L092 Class: SSS 4

i Learning Outcomes
By the end of the lesson, you will be able to:

1. Complete a section of a mock WASSCE paper.

2. Answer essay questions on various topics.

Overview

The WASSCE exam has 3 sections. Today you will practise section 2A, which consists
of compulsory essay questions. This is the second of 3 mock exams on section 2A.

What are some important things to keep in mind when taking an exam? Share ideas
with your classmates. Here are some ideas:

x Plan your time. Do not spend too much time on one problem.

x Show all of your working on the exam paper. Examiners can give some credit for
rough work. Do not cross out your work.

x If you complete the exam, take time to check your solutions. If you notice an
incorrect answer, double check it before changing it.

Practice

Complete the following 3 problems. You have 34 minutes. Do not look at the answer
key during the exam.

1. a. Make Lthe subject of the relation: ML §PL F%ﬁ

b.If t>5 L z" and t TE UL u xfind the value of TF U

2. There are 45 pupils in a class. If the probability of selecting a female is —?, calculate

the number of:
X Male pupils.
x Female pupils who should be enrolled in the class such that the probability of
picking a female pupil will be —Z.
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3.

In the given diagram, O is the centre of the circle.
AB and AC are tangent lines, and a# 1 3$L xw!?
Calculate the measures of angles a#$%nd al1#$

b. Find the value of Tin the diagram below, in
degrees.
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Lesson Title : Mock Examination: Paper | Theme: WASSCE Exam Preparation
2A *Compulsory Questions

Practice Activity: PHM2-L093 Class: SSS 4

i Learning Outcomes

By the end of the lesson, you will be able to:
1. Complete a section of a mock WASSCE paper.
2. Answer essay questions on various topics.

Overview

The WASSCE exam has 3 sections. Today, you will practise section 2A, which consists
of compulsory essay questions. This is the third of 3 mock exams on section 2A.

Practice

Complete the following 3 problems. You have 34 minutes. Do not look at the answer
key during the exam.

1. a. Simplify: :UTE U F:UF tT;®
b. Given that « <sT L—gand ri QTQ{r%find%e
2. Foday walked 3 kilometres from his house to school on a bearing of 45 q After

school, he walked 4 kilometres to the market on a bearing of 135 qHow far is he
from his house?

S
3. In the diagram, two points P and Q are on the same horizontal
as the base of a vertical pole, ST. P and Q are 30 metres from
each other. Find, to 3 significant figures:
x The height of the pole. §
45 70°
X |PS| P Q T
E—30m-—3
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Lesson Title : Mock Examination: Paper | Theme: WASSCE Exam Preparation
2B +Advanced Questions

Practice Activity: PHMA4-L094 Class: SSS 4

i Learning Outcomes
By the end of the lesson, you will be able to:
1. Complete a section of a mock WASSCE paper.
2. Select and solve advanced essay questions on various topics.

Overview

The WASSCE exam has 3 sections. Today, you will practise section 2B, which consists
of advanced essay questions.

Paper 2 tEssay Questions

Paper 2 consists of 13 essay questions in 2 sections £2A and 2B.

Paper 2 is worth 100 marks in total.

Pupils will be required to answer 10 essay questions in all, across the 2 sections.
This is an average of 15 minutes per question. However, keep in mind that
section 2B is more complicated, and plan your time accordingly.

X
X
X
X

Paper 2B +Advanced Questions

x Paper 2B is worth 60 marks.

X There are 8 essay questions in paper 2A, and candidates are expected to
answer 5 of them.

X Questions on section 2B have a greater length and difficulty that section 2A.

X A maximum of 2 questions (from among the 8) may be drawn from parts of the
WASSCE syllabus that are not meant for Sierra Leone. These topics are not in
the Sierra Leone national curriculum for secondary schools. Candidates from
Sierra Leone may choose to answer such questions, but it is not required.

X Choose 5 questions on topics that you are more comfortable with.

Practice

Complete any 2 of the following 4 problems. You have 34 minutes. Do not look at the
answer key during the exam.

1. Y is 80 km away from X on a bearing of 120 qZ is 100 km away from X on a
bearing of 225 g Find, correct to 3 significant figures: a. The distance of Z from Y;
b. The bearing of Z from Y.
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2. a. Copy and complete the table of values for UL w... ‘T E t «<<Tto one decimal
place.

T ri urt| xrt| {rt| strt| swr| szr® tsr?
U ;i v Fra F
b. Using a scale of 2 cm to u r on the x-axis and 2 cm to 1 unit on the y-axis,

draw the graph of w... ¥Ete<esTL rfor r1QTQtsr!?
c. Use your graph to solve the equation w... ‘¥ Et «<T L r, correct to the
nearest degree.
d. Find the maximum value of U correct to 1 decimal place.
3. The solid given below is a cylinder with a segment of 90 ggemoved. Calculate the:

a. Volume of the solid; b. Surface area of the solid. Use e Lie.3

\/7\/
12cm

[ --—7"" B ey

\ 7 cm )

4. Using a ruler and a pair of compasses only, construct: a. Triangle ABC in which
#3 L xem, $%L wem and 4# $ % xr1Measure AC;
b. In a. above, locate by construction a point D such that CD is parallel to AB and
D is equidistant from points A and C. Measure a$# &
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Lesson Title : Mock Examination: Paper
2B +Advanced Questions

Theme: WASSCE Exam Preparation

Practice Activity: PHM2-L095

Class: SSS 4

i Learning Outcomes
By the end of the lesson, you will be able to:
1. Complete a section of a mock WASSCE paper.
2. Select and solve advanced essay questions on various topics.

Overview

The WASSCE exam has 3 sections. Today, you will practise section 2B, which consists

of advanced essay questions. This is the second of 3 mock exams on section 2B.

Remember that section 3B has 8 questions, and you must choose 5 of them to solve. It
is a good idea to skim read the questions quickly before getting started. If you see a
topic that you are familiar and comfortable with, work that problem.

On the day of the exam, remember to show all of your work on the test paper.

Practice

Complete any 2 of the following 4 problems. You have 34 minutes. Do not look at the

answer key during the exam.

1. a. Use logarithm tables to evaluate

6 A HYbA : <

64 H5& 47

b. Mr. Bangura has 7 books on his shelf, 3 Mathematics books and 4 science
books. Of these, he selects 2 at random, one after the other, with replacement.

Find the probability that:

i. Both were Mathematics books.
ii. One was a Mathematics book and one was a science book.
2. The frequency distribution table shows the marks achieved by 100 pupils in a

Mathematics test.

Marks (%) 1-10 | 11-20 | 21-30 | 31-40

41-50 | 51-60 | 61-70 | 71-80

81-90

91-100

Frequency 2 4 3 6

8 12 20 24

14

7

a. Draw a cumulative frequency
b. Use the graph to find the:
i. 60" percentile

curve for the distribution.

ii. Probability that a pupil passed the test if the pass mark was fixed at

55%.
3. The table is for the relation UL LT®

ETEM
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T Fv| Fu| Ft | Fs r S t u
U { Fx % Sw

a. i. Use the table to find the values of Land M
ii. Copy and complete the table.
b. Using scales of 2 cm to 1 unit on the x-axis, and 2 cm to 3 units on the y-
axis, draw the graph of the relation for Fv Q TQ u
c. Use the graph to find:
i. Uwvhen TL t&
i. Twhen UL Ft.

4. a.Inthe Venn diagram, # $and %are subsets of the
universal set 7. 1f J:7; L str, find:
i. Thevalueof T
i. J:#ées$eo

b. Giventhat ve<¢TEua, FsL rand rtQTQ{r? calculate, correct to the
nearest degree, the value of T
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Lesson Title : Mock Examination: Paper
2B +Advanced Questions

Theme: WASSCE Exam Preparation

Practice Activity: PHM2-L096

Class: SSS 4

i Learning Outcomes
By the end of the lesson, you will be able to:
1. Complete a section of a mock WASSCE paper.
2. Select and solve advanced essay questions on various topics.

Overview

The WASSCE exam has 3 sections. Today, you will practise section 2B, which consists
of advanced essay questions. This is the third of 3 mock exams on section 2B.

Practice

Complete any 2 of the following 4 problems. You have 34 minutes. Do not look at the

answer key during the exam.

1. a. Copy and complete the following table for multiplication in modulo 11.

A

S

t V| X| Z

t V| X z

NI X[I<|F|®w
NI X[I<|*Fl®»

Use the table to:

i. Evaluate :z&é x;é:vé x.
ii. Findthetruthsetof zé 1 L v

b. When a fraction is simplified to its lowest term, it is equal to —3 The numerator

of the fraction when doubled is 12 greater than the denominator. Find the

fraction.

2. The table shows the distribution of outcomes when a die is thrown 50 times.
Calculate the: a. Mean deviation; b. Probability that a score selected at random is

at least 3.

Scores 1 2

3 4 5 6

Frequency (B |8 7

10 |11 |5 9

197



3. a. Inthe diagram, % 'is tangent to circle A

#$%8#3$% {xland 4% # & wr.*Find \ the
measure of a%'& D

m

b. In the diagram, semi-circle # $ % &ith C
centre 1is inscribed in an isosceles
triangle :;<,where 1; L srmand
a:; < L {v!Find, correct to 3 significant
figures: a. The area of semi-circle # $ %. &.
The area of the shaded portion. (Take e L

2

4. A school received $5,000.00 from a group of alumni to make improvements. A
committee decided to spend 20% on new furniture, 30% on new books, 15% on
teacher training, and 35% on scholarships for pupils.

a. Represent this information on a pie chart.
b. Calculate, correct to the nearest whole number, the percentage increase
of the amount for scholarships over that for teacher training.
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Answer Key +Term 2

Lesson Title: Measuring angles

Practice Activity :  PHM-L049

1. a. a#$% tzib. 4456L sxut?
2. Note that the following are example answers; your shapes may look different, but
should have the given characteristics.

a. b.
70°
C. Acute
angles \‘\_J

/

3. a. Obtuse; b. Reflex; c. Acute; d. Reflex; e. Obtuse; f. Acute; g. Obtuse

Lesson Title: Solving for angles +Part 1

Practice Activity :  PHM4-L050

1. =LsvE >Lvry ?2Lvrl@L svr?
2. TLx¢
3. RLvA SLzt:TLvtI UL vZz?

Lesson Title: Solving for angles +Part 2

Practice Activity :  PHMA4-L051

a. LLxwbh. PLywEk. =L ur?
a. TLurlb. TL ux?

as$#% urt?

ar%nd zz1?

e
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Lesson Title: Solving for angles +Part 3

Practice Activity PHM4-L052

1. a. TLsv&ib. TL w?
2. 28 sides
3. 9sides
4. a. tvib. sw¥c. taivi
5. TLsr{?
Lesson Title: Solving for angles zPart 4

Practice Activity :  PHM4-L053

1. a. a#3&L uwh. 4#% % ssrlc. a% #& yw!?
2. a. 41% & uyb. a#1$L sst
3. a &#'$Lvrib. a#$' L srrtc. a&$% zrid. a$&% t{?

Lesson Title: Angle problem solving

Practice Activity :  PHM4-L054

1. a. &$#&L tzib. 4# &% tzic. &#% & xt?
2. =Lyut?
3. =L xu>L xur?L ty?

Lesson Title: Conversion of units of measurement

Practice Activity : PHM4-L055

1. a. waurrm; b. 8,100 seconds; c. 9.5 [; d. 4,500 cm?; e. 650 km; f. 76.5 t; g.
2,750,000 g.

2. vukm/hr

3. Hxa&rrarrar

4. t&XHsr «

Lesson Title: Area and perimeter of triangles and quadrilaterals

Practice Activity : PHM4-L056

swxs. 6
tv.s©
svr.s 8
srz.s 8

hPwbdPE
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Lesson Title:  Trigonometric ratios

Practice Activity : PHMA4-L057

VXyy?
widu?
uvwvat?
urt
xrt
xri
d. trat?
3. |IBC|L v&rcm, |AC|L sscm, aB=tr?
hypotenuse: srcm; angles: w @ u,luxzy?
5. diagonal: z& rcm; angle: uvivv?

oo oo

B

Lesson Title: Solving right-angled triangles

Practice Activity : PHM4-L058

1. |AB| = vcm, |BC|= x4ucm, a$L urt?

2. |PQ|=suvtcm, 42 L txd&x® a3 L xuvu?
6 ., 9. 55

3. a. T b. = C s d. >

4. a. s{&yb. v¥i mor W& xm

5

w Ecm

Lesson Title: Angles of elevation and depression

Practice Activity :  PHM4-L059

1. Xxrm

2. wid?t

3. wwy!

4. a. tudm;b. tw&m

5. a. su@m;b. yt4?
Lesson Title: The unit circle and trigopnometric functions of larger angles
Practice Activity :  PHM4-L060

1. a. Fr&t{rb.Fsdzrc. Frad. tgvy
2. a. trwalzluudtib. sstt t{t&t&. tsrfuur?
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3. a ra. FZ c.—‘ZE?*/ZJ

Lesson Title:

Graphs of trigopnometric functions

Practice Activity

PHM4-L061

1. Table of values:

T rt urt| xrt? {r? strt| swr} szr?
Fecel r _5 Yl Fs 74 _5 r
F F— F= F<
FteceT| r Fs F 3/ Ft F 3/ Fs r
Graph:
3
2
4 y=-2sinx
30 60 90 120 150 -
-1
-2
-3
a. Estimate: UL Fra
b. TLur®%swr?
2. Table of values:
T ri vwt {rt| suw| szry ttw?!| tyr?| usw] uxr?
‘ Z:) 23 Z:) Z:)
) S = r F—6 Fs F—6 r = S
t. 0 F] Ot 1 r F3g | Ft F3i r i t
Graph:

v = 2/cos X

-45 45 9\ 135 180 225 270 315 360 405
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When TL trri Uis approximately Fs&or Fs§

3. Table of values:

E ri urt| xrt} {rt | str!| swr? szr?
. 3 5 S Vil
ok S = . r F6 F= Fs
SE| s ! S r 5 ! S
8 8 8 8
Graph:
4
3
z 2
y=cos8
-30 30 60 90 120 130 180 210
=1
=2
=3
4
a. approximately 0.5; b. EL ri&szr?
4. Table of values:
T rr| urt| xrt| {r*| strtf swry szry tsrt| tvr| tyr* urr*| uuri uxr]
ocoT r rav| ray| s ray r v r Frav| Frayl Fs | Fray| Frav| r
L s|rayl ra| r Frav| Fr&y| Fs | Fray| Fréav r rav ray S
e<«eTE ...'F¥| S| say| say| s ray| Fray| Fs | Fsaly| Fsalyl Fs | Fraiy| ray S
Graph:
3.1:rjr
220

2.0

3701

y=sink+cosx

Answer: approximately TL srwauvw!?
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5. Table of values:

S rtl urt xry {rt strl swr| szr/

Uecel r s&v| t&| u t& sav r

t... % t SY: S r Fs | Fsg| Ft

UL ue<eTFt ...'¥ Ft| Frd| s&| u ux ud t

Graph:

4

-30 60 90 120 150 180 210

y=3sinx—2¢osx

a. TLyr%¥szrb. approximately TL uw?

Lesson Title: Sine and Cosine Rules

Practice Activity : PHM2-L062

syy!

a$ L xuiland a%L {sa?
uvmm

uvi

2 A

a2 L t{y%3 L wiwiésL {y§

a$ Ltz %L zzx ¥ L srd mm
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Lesson Title:  Three-figure bearings

Practice Activity : PHM2-L063

1. Diagrams:

a. N b. N C. N
A

»
L

027,
~ 151° 265°

2. rtr?
3. 192¢q
4. a. trzib. rtz?

Lesson Title:  Distance-bearing form

Practice Activity : PHM2-L064

1. See diagram below; Bearing: /0&L :Szree &xrt
N

> ©
SN

2. See diagram below; Bearing: 2 &L :wree &srt
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S/
s

Q

3. See diagram below; Bearing of Q: 2 &L :vee« &itrt Bearing of R: 2 &L

Xee @dur}

i

Q
2
3209 ?
P

J230°

&
R

4. (7km, usw?

Lesson Title: Bearing problem solving +Part 1

Practice Activity : PHM2-L065

1. a. udkm b. rsz?

2. Distance L w&km; BearingL uuz?

3. Distance L {&km; BearingL tuz?

4. Distance L x v km; BearingL svs?

5. See diagram below; b.i. 2 &L twee;ii. tyz?

6. a.13km; b. trx?
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Lesson Title: Bearing problem solving +Part 2

Practice Activity

PHM2-L066

1. a. srrkm; b. txt?

2. a. v{acm. b. uyk!?

3. The bearing and distance from

2L :X8vee &xst

4. a.164km;b. srz?

5. 19 km

6. a. sut{km;b. rytt

Lesson Title: Circles

Practice Activity

PHM2-L067

1. Completed table:

No. | Radius Diameter Circumference | Area
a. |12m 24 m 75.43 m 452.57 m?
b. [21m 42 m 132 m 1,386 m?
C. 98 mm 196 mm 616 mm 30,184 mm?
d. 63 mm 126 mm 396 m 12,474 mm?
2. 44 rose trees 6. 173 cm?
3. 14m 7. 44q
4. 113 cm? 8. 11 cm
5. 25cm 9. a.4.72cm; b. 15.0cm
Lesson Title: Circle Theorems 1 and 2
Practice Activity : PHM2-L068
sycm
srcm
racm

Z¥svem or urgzem

o0k N E

a. GL {rtb. ULvz&. PL{rtaQL vwadRL vw!?
a. @L srx;* ALtwviBL sty*h. =L yw!>L tsri ?L srw?

c. SL{zATL sustUL v{? VL sust
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Lesson Title: Circle Theorems 3, 4 and 5

Practice Activity PHM2-L069

PL srs®! GL ssvt

LLur® MLur® NLurt?
?Lvt: @L vttt ALvz?
TLvw!?
f.=L xr?

® oo oW

ML zu* NL xy;* OL xy;t PL sx;* QL wwRL vt?

Lesson Title: Circle Theorems 6 and 7

Practice Activity PHM2-L070

1. L Lst...e

2. 4#2$L vri A#$2L yrt

3. a =L {r* >Ltu? ?L xy?
b. =L ts? >Ltsa?L x{?
c. =L vra>L {r* ?2Lwr?
d. ULvz!?

Lesson Title: Circle Theorem 8

Practice Activity PHM2-L071

1. vx!1? 3. zu?

2. Xrt? 4, uw!l
Lesson Title: Circle Problem Solving
Practice Activity PHM2-L072

1. uzt?t 4, ww!l

2. wv!? 5. a. vzl vzt?

3. zrt 6. =L zrl>Lwrl?L xut
Lesson Title: Surface Area

Practice Activity : PHM4-L073

1. a. Xxsx.»8%b. uzve"®
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2. a. ssxs8%b. srr.s8
3. us{.s?®

4. wwaw.e ©

5. Xtv.s?®

Lesson Title:  Volume

Practice Activity : PHMA4-L074

1. Volume of oil L srdvz.s’, heightL ttéu...
2. xrball bearings
3. tsve’
4. a. Diagram:
%
8 cm
D
C
A 6cm
10 cm
B

a. i. Wvz... éi. vUlai. sr{xr.s’

Lesson Title:  Operations on vectors

Practice Activity : PHM4-L075

1. i, @éAii. @sfﬁ,\iii. @gA

2. i. @i é\fe\iii. @ Alv. @f’/tA 5.

3. i. @ aii. daiii @VtAiv. éFSVtA

N o

4. i éf‘lmi. i @’A

i. Koii. Roiii. k/;oiv. k'[o&. k>0

i. k??o ii. k??5550iii. k?5:60iv. Kggo
i koy0ii. K 0iii. K°jo

Lesson Title: Magnitude and direction of vectors

Practice Activity : PHM4-L076

1. a.8.6;b. 45

2. a. v¥stb.12.65

3.a :; L&o ; 1&°%0 &L k’o E
+ & sr
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UL tv

TL w

a.srz. try?

a.Q(2,-2);b. utu?

a.TL Fsand UL uyb. kjoc. k30
a. k’>ob. sys?

© 0N O

Lesson Title: Transformation

Practice Activity : PHM4-L077

1. &:sd&v,;, 's:udFt;, (5:vaFw

5
2. K%
3. Diagram:
y
&
5
4 c BI
G}
2
1 A1 X
6-56-4-3-2-100 1 2 3 4 5 6
C Bt
=2
-3
-l
A -5
-G

4. #5:vE-t;, $5:ud X, %:sé& u; Diagram:

¥
&
STA
4
3 B
2
| C ¢
-6 -5 -4 -3 -2 9%3456
=1
2 A,
=5 Gl
]

n

B,

5. #L :Fvay
6. a. L Ko3L:Fz&{;
7. #giva,&s:vaFv;, % Ftav;a&:Fta; diagram:

210




Lesson Title: Angle bisection

Practice Activity : PHM2-L078

A,
\

L

2. a. 12 metres
b. 12 metres
3. Example answer (your angle may have a different measure):

30° U

30°
e ]

R
4. Example answer (your angle may have a different measure):
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35°

35°

Lesson Title: Angle construction

Practice Activity : PHM4-L079

1.
C
AT
l I \
g7 [P
2.
B
I T
3.
L B
| T
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e |
A T
B
30° |
Al |T
B
15° 1
Al T
75"
=M
o
A P
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F 105°

10.135 gis halfway between 90 gand 180 q To construct 135 q first construct 90 gand
bisect the angle between 90 gand 180 q

Lesson Title: Triangle construction

Practice Activity : PHM4-L080

4 Cm
&0

A\ 5cm B
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}B

6.0cm

A

4 cm

Al

7 cm.

120°

'C

8 cm.
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C
EahS
[ 45° (1
RR[ T 7cm \ S}
7.
Z
60° 30°
YA 8 cm Voly
8.
R
P
R
30° (10
pl/ 8 cm trQf
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105° 30
I

10.

757 45°

—t

B / 6.5 cm \ C

Lesson Title:  Quadrilateral construction

Practice Activity : PHM4-L081
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E T
o o
6 cm
[ \ [ \
VRl / 6em U A7)
T N
o O
4 cm
[ \ [ \
VPl ecm N
b.
E K
= .
2.5¢cm
[ \ [ \
\cl / 7cm VU 10/
L R
7 cm
60°
G' 7cm C
E
5.5 cm
' 45°
"¢l " s55cm I
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s> 4‘/R
4.5 cm
13\5"
T I
P! 7 cm 'Q
D\ Ic
4 cm
105°
\
AL ] 6 om B
4cm
N
o 5cm
Q,
>
Z \ 6cm }
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10.

Lesson Title: Construction of loci

Practice Activity : PHM4-L082
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