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Foreword

7KHVH /HVVRQ 30DQV DQG WKH DFFRPSDQ\LQJ 3XSLOV
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[DPLQDWLRQV 7KH SUI
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 3XSLOVY +DQGERRNYV DU
materials they may have.

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

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

A :
~W(\/\'G >

Mr. Alpha Osman Timbo

Minister of Basic and Senior Secondary Education



The policy of the Ministry of Basic and Senior Secondary Education, Sierra
Leone, o n textbooks stipulates that every printed book should have a
lifespan of three years.

To achieve thu s, DO NOT WRITE IN THE BOOKS.




Table of Contents

Lesson 49Expression of Ratios
Lesson 50Comparison of Ratios
Lesson 51Rate

Lesson 52Proportional Division
Lesson 53Scalest Part 1

Lesson 54Scalest Part 2

Lesson 55Speedt Part 1

Lesson 56Speedt Part 2

Lesson 57Travel Graphs

Lesson 58Density

Lesson 59Rates of Pay

Lesson 60Commission

Lesson 61tncome Taxes

Les®n 62:Simple Interest

Lesson 63Compound Interestt Part 1
Lesson 64Compound Interestt Part 2
Lesson 65Profit and Losg Part 1
Lesson 66Profit and Losg Part 2
Lesson 67Hire Purchase

Lesson 68Discount

Lesson 69Depreciation

Lesson 70Financial Partnerships
Lesson 71Foreign Exchange
Lesson 72Additional Practice with Applications of Percentage
Lesson/3: Introduction to Vectors and Scalars

Lesson 74Basic Vector Properties

12
15
18
21
24
27
30
33
36
39
42
45
48
51
54
57
60
63
66
69
72
75
78



Lesson 75Addition and Subtraction of Vectors
Lesson 76Multiplication of Vectors by Scalars
Lesson 77Positive Vectors

Lesson 78Triangle Law of Vector Addition
Lesson 79Mid-point of a Line Segment
Lesson 80Magnitude of a Vector

Lesson 81Direction of a Vector

Lesson 82Parallel and Perpendicular Vectors
Lesson 83Pardlelogram Law of Vector Addition
Lesson 84Application of Vectord Part 1
Lesson 85Application of vectors Part 2
Lesson 86Application ofVectors tPart 3
Lesson 87Translationt Part 1

Lesson 88Translationt Part 2

Lesson 89Reflectiont Part 1

Lesson 90Reflectiont Part 2

Lesson 91Rotation t Part 1

Lesson 92Rotation t Part 2

Lesson 93Enlargementt Part 1

Lesson 94Enlargementt Part 2

Lesson 95Combination of Transformations
Lesson 96Application of Transformations
Answer KeyTerm 2

Appendix I:Sines of Angles

Appendix Il:Cosine®f Angles

Appendix lll:Tangentof Angles

81

84

87

90

93

96

99
102
105
108
111
114
117
120
123
126
130
133
137
140
143
144
149
166
167
168



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.

@
©

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

7KLV VHFWLRQ VHHNV WR RXWOLQH NH\ WDNHDZzZD\V IURP DV
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
quadratic equations.

ook

Suggested solut ions

Practice answering questions to the detail requested

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

If possible, procure as many geometry sets to practice geometry construction.
Check that depth and level of the lesson taught is appropriate for the grade level.

PwpPE

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

2



Lesson Title: Expression of ratios Theme: Numbers and Numeration
Practice Activity : PHM3-L049 Class: SSS 3

b Learning Outcomes
By the end of the lesson, you will be able to:
1. Express ratios in their simplest terms.
2. Increase and decrease quantities in a given ratio.

Overview

This lesson provides a review of the basic principles of ratios. Ratios are used to
compare quantities of the same type, e.g. length, weight, people, money and more.

Ratios can be described in 2 ways. This is best described with the following example:
Suppose there are 24 girls and 36 boys in an SSS 3 class. This can be written as:

24 . 36 Use a colon to separate the 2 quantities being compared.
5HDG DV 3 W R
tv Write as a fraction
ux
It does not matter which of the 2 ways we write a ratio, we should always simplify it to its
lowest terms. This is done by dividing by common factors.

Simplifying the example above gives: 2 : 3 OR —;3
This means that for every 2 girls there are 3 boys.

The order in which ratios are written is very important and must be maintained when
solving a problem. A ratio written as 2:3 means —3 while a ratio written as 3:2 means —76.

The fractions are different and give different answers.

We can only simplify ratios when the quantities are in the same units. If the quantities
are not in the same unit, we must convert one to the other before we simplify.
Example:

Simplify 5cmto 5 m

5m = 500cm Convert mtocm
5cm to 500cm
5 : 500 Same units, so can be omitted
1 : 100 For every 1 cm of one quantity there are 100 cm of another.

It is not always the case that we get straightforward ratios to simplify. We may be
required to simplify and also to solve for missing parts of equivalent ratios. We will show
this in question 1 in the Solved Examples below.



Ratio problems have to be interpreted in different ways depending on what we are
required to find. For example, we are sometimes required to increase or decrease
guantities by a given ratio to find the new amounts.

The calculation to increase or decrease a quantity 3 by aratio | +Jis given by: % H3.

An example showing how to increase a quantity in a given ratio is shown in question 2.
below.

Solved Examples

1. Express tv +svas a fraction in its lowest terms. Set your result equal to Tau vand
find T

Solution:
Step 1. Assess and extract the given information from the problem.

given: tvasy T+uw
Step 2. Change the ratio to its fraction form.

%: L 3_6 Original ratio in the lowest terms
Step 3. Make the ratios equal (given)

56 é

i L 7%

Step 4. Make Tthe subject of the equality.
7H56 L T

Step 5. Solve for T
T L xr

2. Increase Le 60,000.00 in the ratio 8 : 5.

Solution:
Given: Increase Le 60,000.00 inthe ratio 8 : 5

X This means that every Le 5 is increased to Le 8.
x We know that it is an increase because the first part of the ratio is
larger than the second part of the ratio.

z : : .
Newamount L — Hxr&rr Change the ratios to their fraction forms.
w

This is a reasonable result as we know
the amount increased from before.
The new amount is Le 96,000.00.
3. The length and width of a rectangular plot 12 m by 8 m are decreased in the ratio
4:3. Find the ratio by which the area is decreased.

L {x&rr



Solution:

Original length = 12 m

Original width = 8 m
Area of original plot = stl Hzl
= {xI|6
New length = ‘Hst]
8
= {I
New width = ‘T H 2|
8
= xl
Areaofnewplot = {1 HxlI
= wu ®

Ratio by which the
area is decreased

{x1®+ww ®

— = a-
98a-

S &

Practice

1. Arectangle 20 cm by 10 cm has its length decreased in the ratio 5:4 and its width
increased in the ratio 2:3. Find:
a. The new length and width
b. The ratio in which the area has changed
2. Increase the following amounts according to the ratios given.
a. A mass of 60 kg in the ratio 3:7
b. The price of an article costing Le 2,750 in the ratio 5:8
c. A length of 2.52 km in the ratio 7:12

d. A crop of 70 mangoes in the ratio —Z és—z

3. Decrease the following amounts according to the ratios given.
a. 120 m in the ratio 5:2
b. 1 hour 30 minutes in the ratio 9:4
c. 6.5 litres in the ratio 13:7
54,6

d. A class of 75 pupils in the ratio — a-



Lesson Title: Comparison of ratios Theme: Numbers and Numeration

Practice Activity: PHM3-L050 Class: SSS 3

b Learning Outcome
By the end of the lesson, you will be able to compare and simplify ratios.

Overview

We are often asked to compare 2 or more ratios to find out which is the biggest or
smallest relative to the others. One way we can compare ratios is by writing them as
unit ratios.

If we have a ratio in the form | +J we can write it eitheras | +sor s +J.

X Towrite as | +s we divide both ratios by J.
x To write as s +J, we divide both ratios by |

Once we have converted the given ratios to unit fractions, we can then determine which
ratio is greatest or smallest in relation to the others.

A second way to compare ratios is to use LCM to convert each ratio into an equivalent
fraction. Both fractions will then have the same denominator. As before, inspect the
numerators and determine which ratio is greatest or smallest in relation to the others.

Solved Examples

1. Express the ratios u +z D Q+s wn the form | +s Which ratio is greater?
Use LCM to confirm your result.
Solution:

Step 1. Assess and extract the given information from the problem.
Step 2. Change the ratios to their fraction form.

Method 1.

Simplify each ratio independently to a unit fraction.
—Z L i;g divide the numerator and denominator by 8
?89 L %:; divide the numerator and denominator by 15

Now, compare the 2 ratios.
u+z L rayws
Visw L rdxy=s
u+z P v+sw since raaywP rdxy

Method 2.
Find the LCM of the 2 fractions.
—Z 51694 since the LCM of 8 and 15 is 120




8 76

Now, compare the 2 ratios.

So L T4
u+z L vwsstr
V+sw L ut=str
u+=z P v-+sw

Step 3. Write the answer.
0 u +zis the greater ratio.

2. Express each of these following ratios first in the form 1 :

since vwP ut

a. 200 : 150 b. 48 : 60
Solution: Solution:
trr SWr vz . Xr
644 . 594 8< . 14
644 644 B8<  8<
S rg w S : saw
trr SWr vz . Xr
644 . 594 8< . 14
594 594 T4 Ta
salL: s r& S

3. Find out which of the pair of ratios is greater.

a.2:5o0r4:7 b.9:13 or 3:4
Solutions:
a.
t w = 5
9
6 = 58
9 79
v = 8
8 = 6. |
: 79
. Eﬁ F.E?
Since —o —

Therefore v+y F t +w

b.

{ su = =
57
= =
57 96
u Y =7
8

r, then in the formr : 1.

c.1.8:45

Solution:
s& vav
5& 8%
55 5&

S t &v

s& vav
5& 8%
8® 88
r& . s



. 7= =] '
Since 56 56

Therefore u+v P { +su

Practice
1. Express the following ratios in the formr: 1

a.3:8 b.6m:8m c.Le 425 : Le 250 d. 8 kg : 20 kg
2. Express the following ratios in the form 1 : r

a.9:13 b.25m:4m c.159:48¢g d.5cm:1km
3. Find which of the following pairs of ratios is greater.

a.7:150r8:17 b.11:60r13:7 c. 1l1m:13mor79g:8g
d.Le 170:Le 90 or Le 300 : Le 160



Lesson Title: Rate Theme: Numbers and Numeration

Practice Activity: PHM3-L051 Class: SSS 3

b Learning Outcome
By the end of the lesson, you will be able to use rates to connect quantities of
different kinds.

Overview

We XVH UDWLRV WR FRPSDUH WZR RU PRUH SOLNH™ TXDQWLWL
same kind, e.g. height, temperature, mass, or weight. The quantities must be expressed
in the same unit for them to be compared.

We use rates when we want to compare quantities of different kinds, e.g. how far a
motor bike travels in kilometres for a particular length of time in hours or how much
money someone is paid per month at their job.

The quantities in the ratio are measured with one unit. When we write the ratio as a
fraction, the units in the ratio cancel each other out because they are the same, e.g.
DUHD RI V,TXPUH

DUHD RI \A)'UE'QJOH

The quantities in the rate are measured with 2 units. The units in a rate take on the unit
GLVW QEH
WLPH fp’

from the numerator and the unit from the denominator, e.g.

Look at Solved Example 1. The method used is called the unitary method. The basic
procedure is given below.

x  We first find the unit rate. This is the amount of the first quantity for every 1 of the
second.
Xx ,Q ([DPSOH WKLV LV 3 ~ NLORPHWUHV IRU HYHU\ 3 = KR X
X We then use the unit rate to find all other amounts of one quantity given the
other.
X A unit rate is a ratio that tells us how many units of one quantity there are for
every one unit of the second quantity.
X 5DWHV XVH ZRUGV DQG V\PEROV VXFK DV 3SHU"’ SHDFK

Solved Examples

1. A car travels a distance of 240 km in 3 hours.
a. What is the average speed in kilometres per hour (km/hr)?
b. How far will it travel in 5 hours?



Solution:
Step 1. Assess and extract the given information from the problem.
Given: A car travels 240 km for every 3 hours
i. Step 2. Convert to a ratio and simplify.
tviNP : uKUV  Write as a ratio

rate L tv rg- Write as a fraction
u [
L Zree Write in the form | +sby dividing the
sS” numerator and denominator by 3

L zrkm/hr Write as a rate in km/hr.
Step 3. Write the answer.
The average speed is 80 km/hr.

il. speed L 80km/hr

<4N P .
L vt 80kmin1hr
. Multiply by wfor distance
Distance travelled L <4N F)H wK UV Py .y
KU travelled in whours
L vrrkm The hours cancel each other

The distance in whoursis v rrkm.

Each week a person works from 8.00 am to 12.30 pm on two days and from 2.00
pm to 5.30 pm on four days. The rate of pay is Le 4,800.00 per hour. What is the
SHUVRQuY WRWDO ZHHNO\ ZDJHV"
Solution:
Calculate the number of hours the person works in 1 week:
za&r fe—"'staur’e VS —Usrece
tdr’e —'Wair's = uS‘—TUrece
VS —lsrece Ht = {S*—"e
US‘—Usrece Hy = svS‘—"e

{S'—+*svS'— = tuS‘'—"e
&DOFXODWH WKH SHUVRQYV ZHHNO\ ZDJHV

‘—fPEtef % = fvarrHtu

= fssi@rrar

Three boys can weed a piece of land in 4 hours. How long would it take 18 boys
to weed the piece of land, if they weed at the same rate?
Solution:
Calculate the time it would take 1 boy to weed the land:
U, >e = vS‘—"e

s,'> = UHvS‘—"e

10



= st —"e
Calculate the time it would take 18 boys to weed the land:

SZ”‘)O = EGSI_H.

5<

= 6"‘ ”

- - — e
7S

— 6

- - e (e
- Hxr

= VIiece

Practice

1. A vehicle consumes 180 litres of fuel for a distance of 650 km. How many litres of
fuel will be consumed for a distance of 1,625 km?

2. A piece of work takes 20 labourers to complete in 10 days. How many labourers will
complete the same job in 25 days if they work at the same rate?

3. A car uses petrol at the rate of 1 litre for every 11 km. If the price of petrol is Le
6,000.00 per litre, find the cost of the petrol for a journey of 891 km.

4. In the year 2000, a factory produced 9,324 bicycles. Allowing 2 weeks for holidays
and a further 100 days for weekends, find the rate of production in bicycles per day.

5. A workman is paid Le 152,000.00 for 40 hours of work. Calculate his hourly rate of
pay.

6. A car travels 153 km in t—z D Calculate its average speed in km/h.

11



Lesson Title: Proportional division Theme: Numbers and Numeration

Practice Activity: PHM3-L052 Class: SSS 3

b Learning Outcome
By the end of the lesson, you will be able to divide quantities into given
proportions.

Overview

This lesson is a review of proportional division.

We are familiar with doing calculations where we share quantities, for example money,
equally among several people. Suppose we are asked instead to share the same
amount of money according to a given ratio. We perform a proportional division
according to the given ratio.

A quantity shared equally will result in the same amount per share.

A quantity shared in different proportions will result in different amounts per share
according to the given ratio.

Solved Examples

1. Share Le 750,000.00 between 2 children in the ratio 8 : 7. How much will each child

receive?

Solution:
Step 1.
Step 2.

Step 3.

Step 4.

Assess and extract the given information from the problem.
Find the total number of parts to the ratio.
Total number of parts L zEy L sw

This ratio means that for every Le15.00 of the amount to be
shared, Le 8.00 will go to Child 1 and Le 7.00 will go to Child 2.

Find what proportion (fraction) of the total is given to each part

, , z .
Child 1 receives: — Hywarr L vrrarr
SwW

Child 2 receives: ?yHyW([rr L uwarr
w

Write the answer.
Child 1 receives Le 400,000.00. Child 2 receives Le 350,000.00.
This answer is reasonable as it adds up to Le 750,000.00

12




2. The weights of two pets are in the ratio 3: 5. The heavier pet is 10 kg. What is the
weight of the lighter pet?
Solution:
Let G= weight of the two pets. Find the value of G

Total number of parts = uEw = z
Use the weight of the heavier pet to set up the equation:

2HG = srkg
5P _ srkg
<
WG = zHsrka
op <4
> =3
G = sxkg

Use Go find the weight of the lighter pet:
weight of lighter pet _  H s xkg
<

= xkg

3. If 3 boys shared Toranges among themselves in the ratio 3 : 5 : 8 and the smallest
share was 45 oranges, find the value of T
Solution:

Total number of parts = UEWEZzZ = sX
L2 HT = Vvworanges smallest share
5:
e _ vw
5:
uT = sxHvw
uT = ytr
76 64
77
T = tvr

4. The expenditure on education, health and water supply are in the ratio 7 : 11: 5. If
the expenditure on health is Le 22,000,000.00:
a. What is the budget for these three projects?
Find the expenditure on:

b. Education c. Water supply
Solution:
total numberof parts L yEsSEw = tu
Let D = budget of the 3 projects

Expenditure on health S5up = Lettarrarrar
67

13



550 _ Lettarrarrar

67
ssL = tuHttarrarr
ssL = Lewrdrrarrdr
550 _ PO4A4M4Y
55 55

D= Levxdarrdrrdar
budget for the 3 projects = Le vxarrarrdr

b. Expenditure on education - ?;7H VXRTTErT

= Le svarrarrar

c. Expenditure on water supplies - ?97H VXA TarT

= Le sra&rré&rrar

Practice

1. In a bag of oranges, the ratio of the good ones to the bad ones is 5:4. If the number
of bad oranges in the bag is 36, how many oranges are there altogether?

2. The ratio of men to women in a church is 5:7. If there are 1,200 people in the church,
how many men are there?

3. If 3 boys shared x oranges among themselves in the ratio 3: 5: 8, and the smallest
share was 45 oranges, find the value of x.

4. The ratio of pocket money received by three friends, Momodu, Musa and Amadu is
5:2:7.If Amadu gets Le 1,400.00 pocket money, find out how much Momodu and
Musa have received.

5. The cost Le 232,000.00 of producing a machine arises from the cost of materials,

labour and overhead in the ratio 7 : 9 : 2. Calculate the cost of labour for producing
32 such machines.

14



Lesson Title: Scales *Part 1 Theme: Numbers and Numeration

Lesson Number: PHM3-L053 Class: SSS 3 Time: 40 minutes

i Learning Outco me
By the end of the lesson, you will be able to interpret scales used in drawing
plans and maps.

Overview

Plans and maps are diagrams of real-life objects and places. Scales are used to reduce
the size of the objects in the plans and maps in order to make them fit on to a piece of
paper. Scales allow the diagrams to be drawn in proportion to their original size. They
are examples of ratio and are usually written in the form s +J.

For example, a scale of 1 : 50 on a plan, means that 1 cm on the plan is 50 cm in real-
life.

On a map, scales are usually of the order 1 : 50,000. This means 1 cm on the map
represents an actual distance of 50,000 cm (500 m or 0.5 km) on the ground.

We can read a plan or map and be able to deduce the actual sizes or distances of the
objects or places they shop.

Solved Examples

1. The diagram shows the sketch of a bedroom (not to scale).
a. Copy the table below. Use a scale of s +w 1to complete the table.

The doorway is 0.7 m wide. T
Actual size Size in plan
m cm cm
Z8m
u urr urrJwr| L X
tav L 2.5
sav L
t& L /
r @/ L 35m
b. Draw an accurate plan of the bedroom using the measurements from your
table.
c. What is the actual measurement in m of the unmarked side?

Solution:
Step 1. Assess and extract the given information from the problem.
Given: table to copy and complete, sketch of plan of bedroom
a. Step 2. Complete the table following given procedure.
X Using the unitary method, the measurement is given by:
> | VLIH LQ SOD Take care to match the ratio of size
o9 SEWXBS Vi inplan: actual size
sizeinplan L Use the same units for both sizes

15



Actual size Size in plan
m cm cm
u urr| urrJwr
tav| twr| twrd wr
udqv | uwrl uwgd wr
ta | tzr| tzrd wr
r§ yr yrdwr
b. Step 3. Draw the plan
Plan (drawn to scale).
c. Step 4. Measure the unmarked

length and calculate its
actual size.

o Y Y Y

& R[<|=|x

Depending on accuracy of
the drawing the unmarked

length measures between _

2.2and 2.4 cm.
sizeinplan L tdcm
5 | VLIHLQ soDQ
_94 DFWXDO VLIH
actual size | gjze in plan Hwr
L

/f
A Hwrl SsIEP [ Scale :1:80 |

L 1.1m

The actual size of the unmarked length is 1.1 m.
(acceptable lengths between 1.1 and 1.2 m)

4. A hall measures 10 m wide by 15 m long. Give the dimensions of the hall on plans
with the scales below.

a. 1:100 b. 1:200
c. 1:50 d 1:20
Solution :
Given: Hall measuring 10 m wide by 15 m long
width: srm L sd&rrcm
length: swn L sa&arrcm
scale L 1:J
5 | VLIHLQ s
a DFWXDO V
o DFWXDO V
sizeinplan L a
a. scale L 1:100 b. scale L 1:200
o DFWXDO V . DFW XD
sizeinplan L size in plan L

544 644

16



width: s@&rrcm

length:  s&vrrcm

On 1: 100 scale:

5444

544

Srcm
5844

544
svwem

r - -

width L srcm, length L svem

C. scale
size in plan

width: s@rrcm

length:  s&vricm

On 1 : 50 scale:

1:50
DFWXDO V

94
5844

94

trcm
5944

94
urcm

r - - — - -

width L trcm, length L urcm

Practice

d.

54844

644

wem
5844

644
yacm

width: sd&rrcm

length: s&vricm

r - -

On 1: 200 scale:
width L wem, length L y&cm

1:20
DFWXDO V

64
5d 44

64

wicm
5844

64
y vem

scale

size in plan

width:  sé&rrcm

length: s&vrrm

r r r — - -

On 1: 20 scale:
width L wrcm, length L yvem

1. a. A line on a map joining two villages is 25 cm long. If the towns are actually 120 km
apart, what is the scale of the map?
b. What is the actual distance between two villages 15 cm apart on the map?

2. A dining hall measures 16 m wide by 22 m long. Give the dimensions of the dining
hall on plans with the scales below.

a.1l:40
c.1:100

b.1:50
d.1:200

3. On a plan the actual distance of 12 m is represented by 40 cm. What is the scale of

the plan?

4. The distance from city A to city B is 238 km. What would be the distance between
these 2 cities on a map with a scale of:

a.1:400,000
c.1:119,000

b. 1: 500,000
d. 1:1,000,000

17



Lesson Title: Scales *Part 2

Theme: Numbers and Numeration

Practice Activity: PHM3-L054

Class: SSS 3

distance between two points.

b Learning Outcome
By the end of the lesson, you will be able to use scales to calculate the

Overview

This lesson allows you to practise using different types of scales to calculate the

distance between two points.

Solved Examples

LIBRARY

1. A pupil measures the distance between various points in o 600 m @ GATES
her school compound. The various points are shown in
the diagram which is not drawn to scale.
a. Draw a map to show this information, using a scale

of 1:10 000.

750 m 900 m

b. A pupil is exactly halfway between the gates and
the staffroom. How far are they from the library?

c. Another pupil stands at the gates looking towards
the library. They turn anti-clockwise so that they b
are looking at the staffroom. What angle does the

pupil turn through?
Solutions:

STAFFROOM

a. Given: library to gates L xrrm, gates to staffroom L {rrm,
library to staffroom L ywm, scale: 1: 10,000

_5
54444
distance on map

L

L

library to gates L

L

distance onmap L
L

gates to staffroom

distance on map

library to staffroom

GLVWDQFH RC

DFWXDO GLVW l

DFWXDO GLV\ —!I

E
i

y
544 4 4 /
X rm

Xrdrrcm /
4444 )4

P
{rrm

{r&rrcm
=444 /

{FP
ywm
Y V& rcm

X F
L
L
L
L
L
L
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;9444

distanceonmap L

L yaFP
b. measured: distance on map L wé&cm, scale: 1: 10,000
5 GLVWDQFH RQ PDS
544 44 DFWXDO GLVWDQFH

actual distance L GLVWBQFRBISrarr
L wsHsrarr
L wsm
c. The angle is measured on map at ww?

2. On a map, two towns P and Q are 15.5 cm apart. The scale of the map is
1 cm : 4 km. Calculate the actual distance between P and Q.
Solution:
S..¢. Veo
S...e= VIrarr..-s

S . vrrarr
5 - 59 ak
84444 _as_bpgqr_lac

vrrarr Hsvév... «
Xarra&rr ..o
HLEAL

54444

Xtee

\h
.I
T
—.
MK
\’.‘
1

3. A map is drawn to a scale of 1 : 50,000. Find:

a. The distance on the map between two places that is 10 km apart
b. The actual distance between two places that are 8.5 cm apart on the

map.
Solutions:
a.
Sree = SArrarr ...
5 — bgqr_ledrfck_n
94444 5444044
Tco—foo 4Sef’ = SBa444
94444
Tco—féo 4Sdf’ = tr ..o
b.
5 - <®ak
94 44 _ars bjgg lac
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fo. —4<fZf

WHIrr Hzav... »

VEWLrr ...
8644
54444

Vdwe e

4. The distance between two towns 48 m long is represented on a map by a line 40
cm long. What is the scale of the map?

Solution:

VI...e: VZe
VZe = varr.s
VI...el varr...e.
84ak . 8&x4kk
84ak 84ak

S . str

Practice

1. A model farm is made using a scale of 1 : 24.

a. The height of a model cow is 4 cm, what is the height of the real cow?

b. Areal horse is 168 cm long. How long is the model horse?
2. A map is drawn to a scale of 1 : 40,000. Find:

a. The distance on the map between two places that is 20 km apart.

b. The actual distance between the two places that is 18.5 cm apart on the map.
3. A map is drawn on a scale of 1 cm to 5 km.

a. Find the scale of the map in the form 1: n.

b. Find, in cm, the distance on the map between Lafia and Makurdi (94 km).

4. A plan is made of a hotel. The length of the swimming pool, 18.48 m, is represented

on the plan by a line 10.5 cm long. Find the scale of the plan in the form 1 : n.
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Lesson Title: Speed xPart 1 Theme: Numbers and Numeration

Practice Activity: PHM3-L055 Class: SSS 3

b Learning Outcome
By the end of the lesson, you will be able to solve problems involving speed.

Overview

This lesson reviews work done on speed from previous years.

We know that formula connecting speed, distance and time is given by:
@L Owhere @s the distance travelled, Os the speed and tis the time
taken to cover the distance.

The other 2 formulas are easily derived from the above:
OL—; DQREL —;with variables having the same meaning as above.

Use these formul DV ZKHQHYHU D SUREOHP DVNV 3KRZ IDVW’

The speed Cran be defined either as a constant speed over a particular distance or the
average speed for a journey.

GULIY YWHIOQOFHHG W

rmrrpka_icl

If it is average speed itisgivenby: DYHUDJH WV

Solved Examples

1. An Okada driver covered half the distance between two towns in 2 hr 30 min. After
that he increased his speed by 2 km/hr. He covered the second half of the distance
in 2 hr 20 min. Find:

a. the initial speed of the driver b. the distance between the two towns.

Solution s:
a. Step 1. Assess and extract the given information from the problem

Given: 2 part journey: 15t part: 2 hr 30 min at speed Tkm/hr
2"d part: 2 hr 20 min at speed TE t km/hr
total distance travelled = t Ukm
where Tis the initial speed and Uis half the distance between
the towns.
Step 2. Substitute into the appropriate formula.
distance L speed Htime
15t part: U L THt—f3 sincetKUrPLQt—Zhr

9
L—6T
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2.

3.

2" part: U L :TEt; Ht—i since t Kor PLQ t—;_’hr

L <:TEt;
since the distances are equal:
ST L STEL
L LTEZ
@F-AT L =
ST LY
T L 22 L tzkmihr
The initial speed of the driver L tzkm/hr
b. distance U L —ZT
L —Zth
L yrkm

The distance between the 2 towns is y rkm.

Mr. Kotey left his office at Kaneshie in his car at 5:30 pm to his house at Abeka at a
steady speed of 72 km/h. If he arrived at his house at 5:35 pm, find the distance
between his office and the house.

Solution:

walwel FwairLl = wilEJQPAO
PEI = 5
SGEK(QBJO
OLA.= ytGID
@P=J= OLAN@GEIA
— 5
- ytH?6
= xGI

The distance between his office and the house is 6 km.

A motorist drove from town P to town Q, a distance of 80 km, in 30 minutes.

a. What is his average speed in km/h?
b. What is his average speed in m/s?

Solution s:
a @EOP = zrGlI b. @EOP = zrGlI
PEIl = urlEJQP = zr Hs&rr
= 2 = Zzrarr
o QN
OLA = xU=c0a00 PEI = urlEJQPA!

cUag
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= =4 = urHxr

21 HS = s&rrOA?
5
sxrGIl D OLA. = xU=c0a09
cUag

— <M&44
5&44

= vwl O

Practice

1. Find the distance in kilometres travelled by an airplane moving at 100 m/s for 15
minutes.

2. A motorist covers a distance of 600 m in 10 minutes; find his average speed in
kilometres per hour.

3. A man covered a distance of 10 kilometres in 45 minutes on his bicycle. Find his
speed in km per hour. Give your answer to 3 significant figures.

4. A boy cycles 15 kilometres to school in 55 minutes. Find his average speed in
meters per second. Give your answer to 1 decimal place.

5. An athlete ran 1.5 kilometres in 4 minutes 10 seconds. What was his average speed
in metres per second? Give your answer to 1 decimal place.

6. A caris travelling at an average speed of 80 km/h. What is its speed in metres per

second (m/s) Give your answer to 2 decimal places.
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Lesson Title: Speed zPart 2 Theme: Numbers and Numeration

Lesson Number: PHM3-L056 Class: SSS 3 Time: 40 minutes

i Learning Outcome
By the end of the lesson, you will be able to solve more complex problems
involving speed.

Overview

There are times when the connection between distance, speed and time leads to more
complex equations.

We will look at 2 instances of these types of situations. One leads to solving
simultaneous linear equations. The other leads to solving a quadratic equation.

Solved Examples

1. A bus and a poda-poda both left the bus terminal at the same time heading in the
same direction. The average speed of the poda-poda is 30 km/hr less than twice the
speed of the bus. In two hours, the poda-poda is 20 kilometres ahead of the bus.

Find:
a. The speed of the bus  b. The speed of the poda-poda.
Solution:
a. Step 1. Assess and extract the given information from the problem.
Step 2. Assign variables to the unknown quantities
distance of thebus L @ distance of the poda-poda L @E tr
speed of the bus L O speed of the poda-poda L tOF ur
Step 3. Set up the equations.
distance L speed Htime
@alL to (1) PL t hours
@Etr L t:tOFur, (2) same time
We now have 2 linear equations in @nd O
Solve simultaneously by substitution
Step 4. Substitute equation (1) into equation (2) and simplify
tOEtr L t:tOFur,

L VvOF xr
zr L tO
O L vrkm/hr

Step 5. Write the speed of the bus.
The speed of the bus is v rkm/hr.
b. Step 6. Find the speed of the poda-poda
speed of poda-poda L tOF ur
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L :tHvr Fur
L zrFurL wtkm/hr
The speed of the poda-poda is w km/hr.

2. A cyclist covers a distance of 60 km in x hours. Another cyclist who is 2 km/h slower
than the first cyclist spends 1 hour more to cover the same distance. Calculate:
a. The value of x.

b. The speed of the first cyclist.
Solution:

a. Distance of 15t cyclist = 60 km
Time of the 18t cyclist = x hour
Speed of the 1stcyclist = %,., &

5
Speed of the 2™ cyclist = G Frpee &
¢
14

?6e

= ——;¢ h
e
Time of the 2™ cyclist = :TEs; S‘—"
Distance of the 2™ cyclist = «'tt#H-—<cot
= @AH:TEs;

= 148>:4766 268
S
= 9w>:4766
S
Distance of 2" cyclist
9>: 4266

Distance of the 15 cyclist
Xr

e
XIT = WAEXrFtT®
tTPEtTF xr r
TTETFur r
TEX:TFw, r
TLEX*"TL w
Therefore x=5 kilometres since distance cannot be negative.
b. Speed of the 15t cyclist :

]
(%)
—+

L]

[ ]
(0p

Practice

1. A cyclist covers a distance of 90 km in y hours. Another cyclist who is 5km/h faster
than the first cyclist spends 3 hours less to cover the same distance. Find:
a. The value ofy.
b. The speed of the first cyclist.
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. Mr. Kotey left his office at Kaneshie in his car at 5.30 pm to his house at Abeka at a

steady speed of 72 Km/h. If he arrived at his house at 5.35 pm, find the distance
between his office and the house.

. A driver covers a distance of 120 km in k hours. Another driver who is 4km/h slower

than the first driver spends 1 hour more to cover the same distance. Find:
a. The value of k.
b. The speed of the second driver.

. A driver covers a distance of 140 km in p hours. Another driver who is 8km/h faster

than the first driver spends 2 hour less to cover the same distance. Find:
a. The value of k.
b. The speed of the first driver.
c. The speed of the second driver.
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Lesson Title: Travel graphs Theme: Numbers and Numeration

Lesson Number: PHM3-L057 Class: SSS 3 Time: 40 minutes

b Learning Outcome
By the end of the lesson, you will be able to draw and interpret travel graphs.

Overview

A travel graph shows the relationship between distance and time of a moving object for
a journey. Travel graphs are also referred to as distance-time graphs.

Look at the travel graph in question 1.
The vertical scale shows the distance from the starting or reference point.
The horizontal graph shows the time taken.

Travel graphs can have 1, 2, 3 or more parts which represent different parts of the
journey. The example shown in question 1 has 3 parts.

x The first part of the journey shows a straight line sloping upwards (positive
gradient). This shows the object travelling away from the starting point at a
constant speed.

x The horizontal line (zero gradient) shows that for a period of time there was no
increase or decrease in distance from the starting point.

X The straight line sloping downwards (negative gradient) shows the object coming
back towards its starting point at a constant speed.

x The steeper the slope of the line, the faster the object is travelling for a given
GLVWDQFH
WLPH
x The average speed can also be calculated for the whole journey.
WRWDO GLVWDQFH WUDYHOOHG
WRWDO WLPH WDNHQ

time. This slope is given by speed L

average speed L

Solved Examples

1. 7KH JUDSK VKRZV [Dtahed
journey from home.
a. Describe how Fatu
moves on each part of

her journey. 00
b. Calculate her speed on 00
each part. 060 r N

c. What is her average
speed for the whole ‘ i ‘ Tt {cdonfi)
journey?
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Solutions:
Step 1. Assess and extract the given information from the problem.
*LYHQ WUDYHO JUDSK VKRZLQJ )DWX(TV
Step 2. Describe each part of her journey.
a. 15t part: Fatu moves away from the house at a constant speed.
2" part: Fatu remains at the same place for 90 seconds.
3" part: Fatu returns home at a constant speed.

Step 3. Substitute into the appropriate formula.
GLVWDQFH

b. speed L WP H
15t part: Fatu travels 450 m in 150 seconds
speed L Fi/
L um/s

)DWXYV VSHHG LQ WKH ILUVW SDUW RI
24 SDUW )DWXYV VSHHG LV KRUL]JRQW

3" part: Fatu travels 450 m in 120 seconds
speed L PV
L u&wn/s

)DWXTV VSHHG LQ Wikkr jdurhByREBE5$ U W R
WRWDO GLVWDQFH

C. average speed L WRWDO WLPH W
L P
\Y
L t&m/s
)DWXTV DYHUDJH VSHHG LV PV
2. Alorry and a car set out from the same Distance-time graph showing the journey of the car and lorry

]

point towards a common destination 160
km away. The lorry sets out at 7 am and
maintains a speed of 40 km/h. The car
sets out at 8 am maintaining a speed of
60 km/h. After 1 hour, the lorry stops for
15 minutes and then continues at its
former speed.

a. Using the same axes, draw
distance-time graphs for the car and ) 1
the lorry. s "™ Time (Hours)

b. At what time did they cross each other?
Solution s:
a. See graph.

b. Approximately 9.27 am.

s

Yorry Car

Distance from starting point (km)
» 8 - E 5
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3. A car leaves town A for town B, a distance of 200 km away, at 8 am travelling at 60
km/h. At 9 am, a jeep leaves B for A, Distance-time graph showing the journey of the car and Jeep
travelling at 80 km/h. After one and a half G S :
hours, the car stops at a trade fair for half -
an hour. It then continues at its original
speed.

a. Draw suitable distance-time graphs on
the same axes.
b. At what time did they cross each
other?
Solution s:

a. See graph.

b. Approximately 10.12 am.

g B

&

Distance from Point A (km)
s 8 8§ B

8

»
S

>

10 am 11am

Time (Hours)

®
o
3

Practice

1. Two aircraft fly between Lagos and Accra, a distance of about 400 km. They both fly
at a constant speed. Their times of arrival and departure are given in this timetable:
Aircraft: A
Depart Accra 10.00 GMT
Arrive Lagos 11.00 GMT

Aircraft B:
Depart Lagos 10.20 GMT
Arrive Accra 11.40 GMT

a. Draw a graph of the two flights.
b. What are the speeds of the two aircrafts?
c. When and where did they pass each other?

2. Morie cycles from Mattru to see his father who lives 12 km away. He travels at 8
km/h. At the same instant as Morie leaves, his father heads for Mattru walking at 4
km/h. Half an hour later, Morie had a puncture. He tried to mend the puncture but
after half an hour, he gave up and continued on foot at 4 km/h.

a. Represent the two journeys on the same distance-time graph.
b. Find when and where Morie meets his father.
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Lesson Title: Density Theme: Numbers and Numeration

Practice Activity: PHM3-L058 Class: SSS 3

b Learning Outcome
By the end of the lesson, you will be able to calculate the density of a
population or an object using ratio and proportion.

Overview

Density is a measure of how closely packed together a mass of objects or people are in
a given amount of space.

This lesson looks at 2 different types of density. We are more familiar with the formula
for the density of an object.

This is a measure of the mass of an object per cm? of volume.

. PDVV
density L Y ROXPH
The mass of an object is how much matter it has. The volume is the amount of space

that the object takes up.

We can also measure population density. This is a measure of how close people or
organisms are to each other.

. . QXPEHU RI SHRSOH LQ DUHD
population density L SRS

It is the ratio of the number of people or organisms per unit area of available space.

We will look at both the density of an object and population density problems.

Solved Examples

1. A piece of silver has a mass of 84 g and a volume of 8 cm3. Work out the density of
the silver.
Solution:

Step 1. Assess and extract the given information from the problem.
Given: piece of silver with a mass of 84 g and a volume of 8 cm?3
Step 2. Substitute into the appropriate formula.

. PDVYV
density  YRoxew

g/cm?3
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Step 3. Write the answer. The piece of silver has a density of g/cm3.

A village has an area of 70 km?. It has a population of 6,200 people. Calculate the
population density in people/ km2. Give your answer to 3 significant figures.
Solution:

Given: village with an area of 70 km? and population of 6,200 people

population density L —=XPEAY RISHRSOH LQ DUHD

DUHD
L -

L zzays

L zzx

The population density of the village is z zxpeople/km?.

A container has a capacity of 20 litres. It is filled with wine whose density is 0.8
kg/litre. What is the mass of the wine?

Solution: o
— aOaexe
@AJO = GaRcAD
I=0(= @AJOHERPKIHQIA
= raHtr
= sxGC

$ YLOODJH LV URXJKO\ WKH VKDSH RI D UHFWDQJOH
population if the average density is 570 persons per km?2?

Solution:
=NAEBHPDAREHLFE

5 5
S_7HS_8
- 8,,9

7 M5

- GI°

LKLQH=@BK OHEPNUA =
9

- WyrH—7

PKPEKHL QH =

{wr

5. Atown has an area of 3,040 hectares and a population of 90,500 people. Calculate

its population density (in persons/hectare) correct to three significant figures.

Solution:
2KLQH=@RKO 4cadoaagaianRg
0a&a@o

= =44
7484

t{ZLANKOM@A?P =N
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Practice

1.

A village is roughly a square in shape. Its perimeter is about 8 km. If the population
density of the village is 1,200 people/ G 18, find the approximate population of the
village.

A town has an area of 7,500 square kilometres and a population of 690,000.
Calculate its population density (in persons/ G 19

A community has a population of 1,350,000 people and a population density of
730 persons/ G 15, find the area of the community correct to 3 significant figures.

A town with a population density of 870 persons/ G I1®has an area of 2,345 G I°
Find the population of the town, correct to 3 significant figures.

A town has an area of 24 G |°and a population of 31,000. Calculate the population
density of the town per G I correct to 2 significant figures.

If 42 ? 17 of sea water has a mass of 43.26 g, find its density in g/ ? I .
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Lesson Title: Rates of pay

Theme: Numbers and Numeration

Lesson Number: PHM3-L059 Class: SSS 3

and proportion and data given.

i Learning Outcome
By the end of the lesson, you will be able to calculate rates of pay using ratio

Overview

To calculate pay we are usually given the pay rate for a period and asked to find how

much was earned by a worker.

We are also sometimes asked to find the new pay after a percentage increase or

decrease in salary.

Calculations on pay rates are best done by working through examples which show the

different types of problems and methods.

Solved Examples

1. Each week Sia works from 8:30 a.m. to 1:00 p.m. for 5 days and from 2:00 p.m. to
5:30 p.m. for 2 days. Her rate of pay is Le 5,000.00 per hour. What is her total

weekly wage?
Solution:

Step 1. Assess and extract the given information from the problem.
Given: Sia works from 8:30 a.m. to 1:00 p.m. for 5 days and from
2:00 p.m. to 5:30 p.m. for 2 days; rate of pay is Le 5,000.00 per hour.
Step2. 8VH 6LDYfV GDLO\ ZzDJH WR FDOFXODWH KRZ
hours worked per day from 8:30 a.m. to 1:00 p.m. L

hours worked for 5 days L

wWH vav

hours worked per day from 2:00 p.m. to 5:30 p.m.

hours worked for 2 days L
total hours worked L
weekly wage L
Step 3. Write the answer.

L

L

t Huav L
ttavEy L
L

t{aHwrrr

6LDTV WRWDO ZHENONS@MOH ZDV

2. The table shows the salaries of two workers. If

each worker receives a 4.2% salary increase,
what is the new salary of each worker?
Solution:

vahrs

tt ahrs

uahrs

7 hrs

29.5 hrs
tsvavrar

Fatu

Le 720,000.00

Mohammed

Le 960,000.00

Two different methods of finding the new salaries are shown.
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3.

Given: )DWXTV VIRODU\ ORKDPPHGTV VD®6eO®ANOO /

Method1l )DWXTV QHZ VDODU\
Step 1. Find increase in pay.

. . 8% . y
increase inpay L H4Hytratrr L Leurdavrar

Step 2. Add increase in pay to original amount.
)DWXYV QH. L vytrarrEurdvr L Le ywévrar
Method2 ORKDPPHGYV QHZ VDODU\
Step 1. Find the multiplier for the increase in pay
multiplier L srrm Evd”™ L srw’
[NOTE]: 100% refers to the original salary before the increase.

Step 2. Use the multiplier to calculate the new salary

54%

ORKDPPHGTYTV QF L 5—44H{xré[rr L Le s&rrautar

We can use either of the above method as appropriate, to increase or decrease a
guantity by a given percentage.

Ibrahim received a 3% cut to his pay. If his new salary is Le 727,500.00, what was
his old salary?
Solution:
*LYHQ ,EUDKLPLY ShBW SalEWL ytyavrr
/IHW ,EUDKLPYV T
multiplier srr Fu”™ L {y~

L
L
= tyavrr
544Rr"r L Yty
—C L ytyavrr
L ytydvrr

544
rgyT
16:;844

T L
4&;
,EUDKLPYV LQLWTISD,@mOWD ODU\ /H

L ywarr

Practice

1.

Thomas earns Le 6,000.00 per hour working Mondays to Fridays. He earns 15%
extra if he works on Saturdays and Sundays. In a week that Momoh Thomas worked
for 45 hours from Monday to Friday and a further 8 hours on Saturday, how much
did he earn in total?

The salaries of Malcolm and James are in the ratio 5:2. Jame VY VDODU\ LV /H
ZKDW LV ODOFROPYY VDODU\"

A company has a sliding scale they use to pay their senior staff as follows:
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Manager

Le 4,000,000.00

Finance Director

RI WKH 0DQDJH

Assistant Manager

RI WKH 0DQDJH

What is the difference in pay between the Finance Director and the Assistant

Manager?

. Each week, Thorlu works from 7:00 a.m. to 12:00 noon for 4 days and from 1:00

p.m. to 4:00 p.m. for 3 days. Her rate of pay is Le 5,500.00 per hour. What is his

total weekly wage?

. The table shows the salaries of four workers. If

Le 570,000.00

Le 690,000.00

Le 750,000.00

_ _ Margaret
each worker receives a 5.5% salary increase, Kabba
what is the new salary of each worker? Tommy

Christiana

Le 940,000.00

. Samuel received a 4% cut to his pay. If his new

salary is Le 950,000.00, what was his old salary?
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Lesson Title: Commission Theme: Numbers and Numeration
Lesson Number: PHM3-L060 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to calculate commission on a
transaction by applying percentage.

Overview

Some employees, particularly sales people, are given commission on top of (or instead
of) their wages or salaries. The value of the commission is usually worked out as a
percentage of the amount they sold during the month or year.

The value of the amount sold is taken as 100%
To calculate Tcommission on a particular sales amount, use the formula:

commission L 5—e44HsaIes amount

Solved Examples

1. A newspaper vendor makes a commission of st” on his sales. Calculate his
commission on the following sales:

a. Le tarr b. Le xarr
c. Leuvirr d. Le szarr
Solution:

Step 1. Assess and extract the given information from the problem.
Given: commission received by sales vendor = 10% of sales
Step 2. Calculate commission for each sales amount.

. 56 .
commission L — Hsalesamount L r&t Hsales amount

544
a Le 2,000 sales: commission L r&tHtarr L Letvr
b. Le 6,000 sales: commission L r&tHXxarr L Le ytr
c. Le 340,000 sales: commission L r&tHuviarr L Levrarr
d Le 18,000 sales: commission L r&tHszarr L Le t&xr

2. Jenneh gets a commissionof sr" RQ EUHDG VROG ,Q RQH ZHHN -HQQH
commission was Le v v rr&r. How much bread did she sell during that week?

Solution:
Given: sr” commission RQ EUHDG VROG -HQQHKTV vWRMAP |
Letamountofsales L T

.. 54 .
commission L H4HT L ra&aT

vwarr L r&T
844
Tt =
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T L Levwdarréar
Jenneh sold Le vw &r rér worth of bread.

3. Every month, a sales agent selling electrical goods makes commission of 3% on the
first Le 2 million of sales, 4% on the next Le 3 million of sales and 5% on any sales
over Le 5 million. How much commission does he make on sales of Le 16 million in
December?

Solution:
Given: u’” commission on the first Le t million sales, v commission on the next

Le umillion and w “on any sales above Le 5 million;
sales in December L Le 16 million

commission on the 7 L,
) ., L — Hté&rrdarr L Le xr&rréar
firstLe t&rrarr 544
commission on the 8 . L
) ) — Hua&rrarr L Le strarrar
nextLe udrrarr 544
remainder sxarrarr Fwarrarr

L
L
L Lessarrarrar
commission on 9 o -
. L — Hssarrarr L Le wwarrar
remainder 544

total commission L xr&rr Estrarr Ewwarr L Le yudrrar

Total commission of sales agent LLe yu#drréar

4. Dahlinareceives asalaryof Leyrrarrdranda t” commission on all sales for the
month. If her total income in a particular month was Le s&rrarrdr, what was the
amount of her sales for the month?

Solution:
*LYHQ 'DKOLQDYWrBQOWitd\t™ dmmission on all sales, monthly
incomeis Lesa&rrarrdr

commission L sd&rrdrr Fyrrarr L Leurrarrér
Letamountofsales L T

commission L 5 HT Looratt
urrarr L ra&atT
L 74444 L , , ..
T 146 Le svdtrrdrrdr

Dahlina made sales of Le swirrarrar for the month.

Practice

1. How much commission will an agent receive from the sales of Le 2,125,000.00 at a
rate of sv™?
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. A sales agent makes a commission of s w “on his sales. Calculate his commission

on the following sales:

a.lLe uarrar bLe z&rrar c.Le tvarrar d.Le w{@rrdr

. Umaru gets a commissionof sr™ RQ ERRNV VROG ,Q RQH ZHHN 8PDUXY

was Le z xdrrdr. What was the total cost of the books sold during that week?

. An agent receives 3% commission for transacting a sales business for his principal.

a. Calculate the commission if the amount involved is Le 623,000.00.
b. Find the total sales if the agent receives a commission of Le 1,860.00.

. Find the price of an article if the Le 6,050.00 commission allowed is 5%.

. An agent collected Le 40,000.00 commission on sales made on an article marked Le

1,600,000.00. What is the rate of the commission in percent?
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Lesson Title: Income taxes Theme: Numbers and Numeration

Lesson Number: PHM3-L061 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to calculate the amount of income tax to
be paid using percentages.

Overview

Tax is deducted every month by the government from the money people earn.
This tax is called Income Tax and it is used to provide services to the country such as
education, health, police, military and social welfare.

Employee taxes are deducted from their Sierra Leone PAYE Tax Rate
salaries by their employers using a method Not over Le wrrrper month | Nil
called PAYE. PAYE stands for Pay As You Next Le wr @rrper month s W
Earn and the 2017 rates are shown on the Next Le wr@rrper month t 1%
table on the board. Next Le wr@rrper month u Bo
Every employee has a tax-free income. This | Above Le tmillion per month | u %

is the income below which you do not have to pay any income tax. The current tax-free
income is Le 500,000.00.

The net income an employee earns is the income after tax has been deducted.

Solved Examples

1. Use the table to calculate how much tax is paid on the salaries below each month:

a. Le 850,000.00 b. Le 1,700,000.00
Solution s:
Step 1. Assess and extract the given information from the problem.

Given: Income tax for salaries of Le 850,000 and Le 1,700,000
Le500,000.00 is tax- free
a. Step 2. Calculate the income tax paid per month on Le 850,000.00 salary
taxableincome L zwéa@rrFwr@drr L Le uwdarrdr

. 59 , L
incometax L §4Huwarr L Lew@vr@r

Step 3. Write the answer.
The income tax is Le w v r & r per month
b. Step 4. Calculate the income tax paid per month on Le 1,700,000.00 salary
taxableincome L s§&rrarrFwr@rr L Le sdrrdarrdar
A table is used to aid the calculation.
The remaining income is the income left after the taxation at each stage.
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Rate of

S Amount to be Income Tax
Remaining income (Le) tax
taxed (Le) (%) (Rate HAmount)
0
. . 59 . .
Sarrarr wrirr SwW a4erﬂrrLyvmrr
. . . . 64 . .
sarrarrFwr@rr Lyrrarr wWr@rr tr aﬂwarﬂrrLsrra{rr
. . . . 74 . .
yrrarr Fwr@rr L trrarr trrarr ur H4Htrrarerrarr

incometax L ywvéirr Esrrarr Exrarr L Le tuvdirrdar
Step 5. Write the answer.
The income tax is Le tuwarrér per month.

2. Sama pays income tax of Le 187,000 each month. How much does he earn per
month?

Solution :
Given: income tax of Le 187,000.00 each month

We do a reverse calculation to question 1.

Rate of
. Amount to be
Remaining tax (Le) tax Income Tax
taxed (Le)
(%)
, , 59 . ,
SZWrr Wrirr SwW a4erarrLyvmrr
SZWrrFywvarr . 6 4 . .
, Wr@rr tr |— Hwr@rr L srrdrr
L sstarr 544
sstarr Fsrrarr 74 .
3 T ur|— HTL raT
L starr 544

From the amount of tax remaining in the last line, we know that the amount to
be paid is less than Le 500,000.00. Let the amount L T, such that:
raT L starr income tax L remaining tax

T S&44 | Levrarrar

L —=
taxableincome L wr@d@rrEwrd@rrET from the table
L wrd&rrEwrd@rrEvrarr L savrarr
L tax-free income Etaxable income

L wridrr Esavrarr L savarr

Samaearns Le savvarrara

income

3. Adama earns Le 1,200,000.00 per month. In addition to her tax-free income, she can
claim Le 50,000.00 for every dependent child. She has 3 children. Calculate:
a. Her total tax-free income b. Her taxable income
c. Her total tax per month d. Her net income per month
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Solution :

Given: Adama earns Le 1,200,000.00 per month, has 3 children for whom she can

claim Le 50,000.00 per child.

a. totaltax-freeincome L wr@&rr E:uHw#rr; L Le xwérrar

b. taxable income L sdrrarr Fxwarr L Le wwarrar
C. Rate of
S Amount to be Income Tax
Remaining income (Le) tax
taxed (Le) (%) (Rate HAmount)
0
, , 59 , ,
wwdarr WrIrr swa4erﬂrrLyvmrr
; , , , 64 , .
wwarr Fwr@rr L wirr WIrr tr a4HWHrrLsrarr

total incometax L ywirr Esrdrr

L Le zvéirrér

d. netincome L sd&rrarrFzwirr L Le s&swrrar

Practice

1. Calculate how much tax is paid on the salaries below each month:

a. Le 960,000.00 b. Le 1,850,000.00

2. Doris pays income tax of Le 205,000 each month. How much does she earn per
month?

3. Kaprie earns Le 1,400,000.00 per month. In addition to his tax-free income, he
claims Le 50,000.00 for every dependent child. He has 3 children. Calculate
.DSULHTYV

a.

-0 o0 o

Total tax-free income
Taxable income

Total tax per month
Yearly tax

Net income per month
Yearly net income
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Lesson Title: Simple interest Theme: Numbers and Numeration

Lesson Number: PHM3-L062 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to calculate simple interest rates and
time.

Overview

When someone deposits money in a bank, the bank pays them interest on the money
deposited. When a bank lends money to its customers, it charges them interest on the
money borrowed.

There are two types of interest earned or charged on money tsimple interest and
compound interest.

We will look at simple interest in this lesson, compound interest in the next.

The simple interest, +is the amount earned or charged on the initial amount or
principal, 2 at a given rate, 4, and for a given period of time, 6(in years).
£ Ly,
It is in effect, the percentage of the principal that is earned or charged for the use of
the money.
The amount, A, at the end of the period is given by Principal + Interest.
That is:
# L 2E+

Solved Examples

1. Alusine deposits Le50 0,000.00 in the bank at the rate of 4% per annum for 2 years.
How much interest does he receive?

Solution:
Step 1. Assess and extract the given information from the problem.
Given: Le 500,000.00 deposited by Alusine 4% interest rate per annum for 2

years
Step 2. Calculate the interest.
| EE!
544 4 48Ho
L ——,.— L Levrarrar

Step 3. Write the answer.
The interest received by Alusine is Le vrarrdr.

2. The simple interest on Le 725,000.00 for 4 years is Le 87,000.00. How much per
annum is the interest rate?
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Solution :

Given: simple interest of Le 87,000.00 on Le 725,000.0 for 4 years
EEI
Sy
4 L %4 make 4the subject of the formula

<;@44H544 L .
4 L 16 94 4 48 u

The interest rate per annumis u".

. How much money should be invested if interest of Le 90,000.00 is to be paid after 3

years at 5% per annum? What is the amount after 3 years?
Solution:
Given: interest of Le 90,000.00, after 3 years at 5% per annum

2 L %4 make 2the subject of the formula
=@ 4H544
2 L e
L Le xrr&rrdr
amount after 3 years L xrrarrE{rarr L Le x{rarr&r

The amount after 3years LLe x{rarrdar.

. Find the time period in which the interest on Le 300,000.00 at 3% interest rate is Le

45,000.00.
Solution :
Given: interest on Le 300,000.00 at 3% interest rate L Le 45,000.00.

6 L mé’? make 6the subject of the formula
6 L 8% 44544 L
744 4H7 wyears

The time period L wyears.

. A'man has Le 1,000,000.00. He invests j of this amount at 9% per annum and the

rest at 3%2% per annum. How long will it be before he earns total interest of
Le 171,000.00?
Solution:
2 = —SH Tsarrarrar
2 =  fvrrarrar
tvrrarrarwas invested at a rate of {".
2L fvrrarrar4L {7

+ = PcB444dH=HI
544
+ =  fuxarrar6
The balance of his money
2 fsarrarrar F fvrrarrar

IXrrarrar
, . 5..
fxrra&rrwas invested at a rate of U

43



L S. y
2L Ixrrarrar4lL u—t L_t
Pc: 444 4 &4 A Hi

+ =
54 H6
+ = ftsa&rrar6
fuXarr&r6 = ftsa&rrdar6 = tsysrrar
fwyirrd&r6 = fsysdrrar
6 = Pch ;58444
PCo;d4da
6 = U)if”o

It will take 3 years.

Practice

1.

Mrs. Conteh lends Le 15,400.00 for 5 years. If she receives a total of Le 20,790.00
at the end of this time, at what rate did she lend the money?

At the end of 4 years 6 months, a borrower has to pay interest of Le 20,700.00. How
much money did he borrow, if interest was paid at 11%:% per annum?

Unisa invests Le 360,000.00 for 3 years at 8% per annum. How long will it take Mr.
Johnson, who invested Le 200,000.00 at 12% per annum, to earn the same interest
as Unisa?

Lamina invests Le 140,000.00 for 2 years, at the end of which time he receives a
total of Le 165,200.00. What amount must Abdulai invest for 3%z years at the same
rate in order to earn the same interest as Lamina?

Mabinty borrows Le 500,000 from her uncle, at an annual interest rate of 5%.She
immediately lends this money to Alimamy at the rate of 8% per annum. How much
does she gain over three years?
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Lesson Title: Compound interest £Part 1 | Theme: Numbers and Numeration

Lesson Number: PHM3-L063 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to calculate compound interest using
successive addition.

Overview

When we calculate simple interest, we are finding the percentage of the principal that is
added to the investment or loan over the whole period at a given interest rate. The
principal remains unchanged for the entire period of the loan. However, investments
and loans are not usually calculated using simple interest.

Compound interest is the interest calculated at given intervals over the loan period
and added to the principal. This new amount becomes the principal and changes every
time the interest is calculated. Each time we do the calculation, we compound the
principal by adding the interest calculated for a given period to the previous principal.

We are in effect earning or paying interest on the interest

Each period is called a compounding period and can be at intervals of 1 year, 6
months (- year), 3 months (3 year) or any other agreed time period.

The compound interest, %, s given by:

% L #F2 where # L Amount at the end of the period
2 L Principal
We will now do an example to show 2 different methods of calculating compound
interest. We will concentrate on calculating the compound interest annually.

Solved Examples

1. Find the simple interest on a loan of Le 500,000 for 4 years at 5% per annum.

Solution:
Given: loan of Le 500,000 for 4 years at a simple interest rate of 5% per

annum.
EEI
+ P
L 544
| DAMAHOHE | e srrarrdr

544
The simple interest LLe srrarrdar.

2. Find the interest on a loan of Le 500,000.00 for 4 years at a compound interest rate
of 5% per annum. What additional interest is earned using compound as compared
to simple interest rate?

45




Solution:

Step 1. Assess and extract the given information from the problem.
Given: loan of Le 500,000.00 for 4 years at a compound interest rate of

5% per annum.

Step 2. Calculate the amount at the end of the period.

Method 1. Using successive addition

Principal
Year | at start of Interest (Le) Amount at end of year (Le)

year (Le)
1 Wrrr 5—i4errrrr L twarr | wriérr Etwarr L wtvrr
2 witarr 5—i4Hwtwrrr L txawr| wtawrr Etxadwr L wwdwr
3 W waw r 5—i4wastw L tydvxy wwswrEtydxt L wya&su
4 wya&su 5—i4Hwyésu L tz{vs| wyzzdstz{vs L XxXryywyv
Method 2. Using a multiplier

Explain:

x A multiplier is used whenever we wish to increase or decrease
an amount by a given percentage.

X The original amount is 100% or 1. @%20\

x We add to increase the amount by the given percentage

successive addition is embedded in the calculation.

Multiplier L SE—

L saw

544

+

Year | Principal at start of year (Le) Amount at end of year (Le)
1 Wrrr wri@rr Hsaw L wtvirr
2 AY a1 wtawrr Hsaw L wwewr
3 W WdBWw r wwewrHsdw L wya&su
4 Wya&su wyZsuwHsdaw L Xryywy

Step 3. Calculate the compound interest

% L #F2

L xXryywWwrirr

Step 4. Write the answer.

L Lesryywar

The compound interest at the end of 4 years LLe srygwiéra
Comparing the answer to question 1, the additional interest earned is
Sryyww¥ srrarr LLe ygwiara

3. A businesswoman deposited Le 3,000,000.00 in her bank account at 7% compound
interest rate per annum for 5 years. At the end of the third year, she withdrew Le
1,000,000.00. Calculate the amount she has in her account after 5 years. Give your

answer to the nearest cent.
Solution:

Given: Businesswoman deposits Le 3,000,000.00 at 7% rate per annum for 5 years.
Multipier L sE— L say
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Year Principal at(ftea)lrt of year Amount at end of year (Le)
1 uairrarr udirrarr Hsay L udsrarr
2 udsrarr udsrarr Hsay L u&duwyrr
3 udurr u¥uwrrHsay L ukywst{

withdrawal of Le 1,000,000.00: new principal L u&yvst{F s&rrdrr
L Letkyvst{ar
4 t&xyvst{ txyvdt{Hsdy L t&xtuzau
5 ta xtzau tZxt@zAaAuHsay L uvaxtyw{
After 5 years, the businesswoman has Le ua& x t§ w & {to the nearest cent in
her account.

Practice

1. Find the interest on Le 250,000.00 which was deposited in a bank for 4 years at a
compound interest rate of 5% per annum.

2. Find the interest on a loan of Le 400,000.00 for 3 years at a compound interest rate
of 4% per annum. What additional interest is earned using compound as compared

to a simple interest rate?

3. A business man deposited Le 500,000.00 in his bank account at 5% compound
interest rate per annum for 6 years. At the end of the fourth year, he withdrew Le
150,000.00. Calculate the amount he has in his account after 5 years.

4. Morlai borrowed Le 600,000.00 for 4 years at 10% compound interest rate.
a. What was the amount at the end of the 4 years?
b. How much was the compound interest?
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Lesson Title: Compound interest £Part 2 | Theme: Numbers and Numeration

Lesson Number: PHM3-L064 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to calculate compound interest using
the formula.

Overview

This lesson shows how the formula to calculate compound interest is derived and used.

Consider question 1 below. The table shows how the multiplier method from the last
lesson is expanded to calculate the amount at the end of each year. The year for which
the interest is being calculated gives the index for the multiplier.

Suppose the loan was extended to 4 years, the amount would equal wrrr Hsave

From the table, the amount for a particular year is calculated using the formula:
amountatend of Jyears L wr@rr H:sav;®
a
L wrarrH@ E5—84f\
From this we can write a general formula to find the amount at the end of any period as:
= a
# L 2@E—
where  # L Amount at the end of the period 2 L Principal
4 L Rate J L Period

The compound interest, %, s given as before by:
% L #F2 where # L Amount at the end of the period
2 L Principal

In this lesson, we also consider how to calculate the compound interest when the
compounding period is not per year.

Solved Examples

1. A sum of Le 500,000.00 is to be invested for 3 years. Use the multiplier method to
find the final value of the investment if the annual compound interest rate is 4%.
Solution:

Given: Le 500,000.00 for 3 years at a rate of 4% per annum.

. 8 y
Multiplier L SE§4 L sav

Year (") Principal (Le) Amount at end of year (Le)

1 WIErr Wrdrr HsavL wrdrr Hsav® | L| wtdrr
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2

Wtirr

wtrdrr HsavL wridrr Hs@avé | L wvarr

3

wvarr

wvarrHsavL wridrr Hsav’ | L wxut

The compound interest L wx& utFwr@rr L xtaut
The compound interest at the end of the period LLe xt& utir.

2. Alice borrowed Le 400,000.00 for 3 years at 10% compound interest rate.

a.
b.
Solution

What was the amo

unt at the end of the 3 years?

How much was the compound interest?

S.

Step 1. Assess and extract the given information from the problem.
given: Le400,000.00 borrowed by Alice for 3 years at 10%
a. Step 2. Calculate the amount at the end of the loan period.

# L

L
L

E a
2@GE;
T @EA L
vVrrarr 5440\

Le wu&rr

vrrarr H:sa;’

Step 3. Write the answer for a.
The amount LLewu& rrdr
b. Step 4. Calculate the compound interest

% L
L

#F 2
wu&rrFvrrarr L Le sutvrrar

Step 5. Write the answer for b.
The compound interest LLe sutrrar

3. A market trader deposited Le 250,000.00 into his account in a bank at a compound
interest rate of 4% per annum. Interest is compounded half-yearly.

How much does he have in his account after 3 years?

How much compound interest did he earn?

Give your answers to the nearest cent.

a.
b.

Solution

S.

Given: Le 250,000.00 deposited by market trader for 3 years at 4% per annum

a.

compounded half-y
#

early

L E A
2@EGf

Since the loan is compounded half-yearly,
X The rate 4is equivalent to —2% or 2% per half-year

X There are 6 half-yearly periods in 3 years, so J L x

0 #

L twré{rr@Es—ifL L twrrr H:sat;
L Letzsavv&rar

The amount at the end of 2 years L Le tz sdavv & rto the nearest cent.

0%

The compound in

L #F2
L tzsavv&rFtwirr L Leuswwvir
terest L Le u v v & rto the nearest cent.
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Practice

1. Find the interest on Le 250,000.00 which was deposited in a bank for 4 years at a
compound interest rate of 5% per annum.

2. Find the interest on a loan of Le 300,000.00 for 5 years at a compound interest rate
of 3% per annum. What additional interest is earned using compound as compared
to simple interest rate?

3. Abu borrowed Le 500,000.00 for 3 years at 8% compound interest rate.
a. What was the amount at the end of the 3 years?
b. How much was the compound interest?

4. A market trader deposited Le 450,000.00 into his account in a bank at a compound
interest rate of 3% per annum. If interest is compounded half-yearly,
a. How much does he have in his account after 2 years?
b. How much compound interest did he earn?
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Lesson Title: Profit and Loss +Part 1 Theme: Numbers and Numeration

Lesson Number: PHM3-L065 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to calculate profit and loss on
transactions by applying percentage.

Overview

An item is sold at a profit when the selling price is greater than the cost price of the item.
If, however the cost price of the item is greater than the selling price, the item is sold at
a loss. The profit or loss is calculated by taking the difference between the cost price
(CP) and selling price (SP).

Note that as difference is always positive,
profit L 52F %2
loss L %ZF52
Percentage profit or loss based on the cost price is given by:
Percentage profit LA% Ans44
Percentage loss based on the cost price is given by:
Percentage loss L A5 44

Solved Examples

1. John buys a set of bicycle pumps for Le 40,000 and sells them for Le 50,000. Find
his percentage profit.

Solution:
Step 1. Assess and extract the given information from the problem.

Given: John buys a set of bicycle pumps for Le 40,000.00 and
sells them for Le 50,000.00.
Step 2. Calculate the percentage profit.

Ak A
L

% profit - H544
0 4R84 44
L —emaa Hsrr
54444
L 8@44Hsrr
L tw’

Step 3. Write the answer.
John made a 25% profit.

2. A man bought a car for Le 15,000,000.00. He later sold it for Le 12,000,000.00.
What was his percentage loss on the sale of the car?

Solution :
Given: cost price of Le 15,000,000.00, selling price of Le 12,000,000.00
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percentage loss L 8 fHsa4
| 5%44485644444
percentage loss cwia — Hsrr
| Té4444
samaaan ST

L tr”
The percentage loss was 20%.

3. Akin bought a television set at the second-hand shop. He sold it for Le 2,500,000.00.
If he made a profit of 25%, what price did he pay for the television?

Solution:
Given: television set bought by Akin, sold for Le 2,500,000.00, percentage profit

25%
Method 1. Use the formula for percentage profit.
, 1E?V4E
percentage profit L T E Hsrr
tw L SRAMARVEL

VA E
6DAMARYLEHS 44
tw L -
Vi E

Multiply throughout by the cost price, % 2
twhoz L t&vrérrF %2Hsrr

220L L t&vrérr F%2
rawbo E %: L tavrdrr
L
L

544
SadwWo 2 tavr@rr
604444
0 r
% 5% 9
L Leta&rrarrar
Method 2. Use a multiplier

50 L % ES202 since Akin made a profit, we add the

544 percentage profit to 100% of the cost price
9 69
L %ZBEZIA
L. 69 .
multiplier L s EH4 L saw
52 L sawH®%2
tavrdrr L sdwn?2
. 6D4444
%e L 5% 9

L Letd&rrdrrar
Akin bought the television setfor Le ta&rrarréar.
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Practice

1. A house bought for Le 250,000,000.00 was later sold for Le 230,000,000.00. Find
the percentage loss.

2. Atrader makes a loss of sw "when selling an article he bought for Le 35,000.00.
Find the selling price of the article.

3. Awoman sold a television at a profit of tt—g’ " . If the selling price was Le 450,000.00,
find out the cost price of the television.

4. A bicycle was sold for Le 400,000.00 at a loss of 25%. Find out the cost price.

5. A factory produces water tanks. The cost of making a tank is Le 1,500,000.00. If
they want to make a profit of 10%, at what price should the factory sell a tank?

6. A trader bought mangoes for Le 10,000.00 per dozen. He sold them at 1 for Le
1,500.00. Calculate his percentage profit.

7. A trader bought a radio for Le 180,000.00. If he made a loss of 4.5%, what was the
selling price for the radio?
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Lesson Title : Profit and loss +Part 2

Theme: Numbers and Numeration

Lesson Number: PHM3-L066

Class: SSS 3

transactions by applying percentage.

i Learning Outcome
By the end of the lesson, you will be able to calculate profit and loss on

Overview

This lesson focuses on more complex profit and loss questions.

Solved Examples

1. A shop imported frozen chicken at a cost of Le 7,500,000.00. They paid import duty

of 10% of the cost. They also paid a sal

es tax of 15% of the total cost of the goods

including the import duty. If they sold the chicken for Le 11,000,000.00, calculate the
percentage profit to the nearest whole number.

Solution:

Step 1. Assess and extract the given information from the problem.

Given: frozen chickens impo

rted for Le7,500,000.00, sold for

Lel11,000,000.00, importduty L sr’ &alestax L sw”

Step 2. Calculate the cost price.

cost price including import duty L yérvrtérr@E%

L yaridrr Hs& L Le zadwrrrdar

cost price including salestax L zdwrrr @ E%j

L zdwrarrHsdw L Le {&zwvra@r

Step 3. Calculate the percentage profit

L IE?%E

percentage profit E Hsrr
L | SH4M42=B<D44
percentage profit . 5&@44 Hsrr
L 585®44
=58<1944H srr

Step 4. Write the answer.

L sx”

The percentage profitis sx .

2. A fishmonger bought | fishes for Le 48

0,000.00. She found that 4 of them were

rotten. She then sold all the remaining fishes. The selling price of one fish was Le
10,000.00 more than the cost price. Find in terms of | :

a. The cost price of one fish.

b. The number of fishes that she sold.

C. The selling price of one fish.

d. An expression for the total sum that she received from the sale.

If she made a profit of Le 120,000.00 from

the sales, find:
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e. The number of fishes she originally bought.
f. The cost price of one fish.
Solution:
Given: fishmonger bought | fish for Le 480,000.00, number rotten L v, selling
price L Le 10,000.00 more than the cost price

a. Let costofonefish L : U
U Ll8<:44
b. number of fishessold L | Fv since 4 of the | fishes were rotten
c. selling price ofonefish L UEsrarr
8<444 P
L —— Esrarr
a
d. total sum fromsales L :I Fv;H <f\faMEsré{rrA (2)
e. profitfromsales L Lestrarrar
total sumfromsales L vzwrrEstrarr L Xrrarr (2)
Equation (1) L Equation (2)
d| Fv;Hé?J4EsrérrA L Xrrarr
vz@arrEsrarrl FSéFZ“Merétrr L Xxrrarr
srarrl F5é2&44 L xrrarrFvvrrrr
srarrl F5:é644z L SXm@rr
Multiply throughout by 1
srarrl ®Fsdtrarr L sxw@rrl
Divide throughout by 10,000
| ®Fs{t L sx
IS Fsx Fs{t L r
1 Fsx:l Est; L r
So, l Fsx L r : | L sx
1 Est; L o : | L Fst
We ignore | L Fstas quantities cannot be negative
onumber of fish bought L sx
f. cost of one fish L 8<‘&44
| 8<444

= L Leurdarrar

The cost of one fishisLe urdrrar

3. A trader bought 10 boxes of fruit at Le 20,000.00 each. She sold 4 boxes for Le
25,000.00 each, 3 boxes for Le 30,000.00 and the remainder for Le 18,000.00 each.
a. How much profit or loss did the trader make on the boxes of fruit?
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b. What was the average selling price per box?

Solution:
Given: 10 boxes of fruit at Le 20,000.00 each, sold 4 boxes for Le 25,000.00 each,

3 boxes for Le 30,000.00 and the remainder for Le 18,000.00 each

a. totalcost L srHtrarr L Letrra&rrar
number of boxes sold forLe szarr L srF:vEuU;; L srFy L wu
total income L vitwdirr; Euurarr; Euiszirr; L Le tvvarrdr
profit L tvvdrr Ftrrarr L Le vvarrar
The trader made Le v var rdr profit.
. . | 68#44 A
b. average selling price i L Letv&rrar

The average selling price per box LLe tv&rrar.

Practice

1. A bookshop had 650 copies of a book for sale. The books were marked at Le
7,500.00 per copy in order to make a profit of ur . A bookseller bought 300 copies
at a w "discount. If the remaining copies sold at Le 7,500.00 each, calculate the
percentage profit the bookshop will make on the whole.

2. A 'woman buys eggs at Le 75,000 per carton of 60 eggs. He finds out that sw “are
broken but sells the rest at Le 1,500.00 each. Find the percentage profit.

3. A man sold an article for Le 900,000.00 and made a profit of tr~ . Find:

a. The cost price.
b. The profit.
4. A television set was sold for Le 300,000.00 at a loss of tw ™. Find:
a. The cost price.
b. If a similar television set was sold at Le 345,000.00 at a profit of sw " Find the
cost price.
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Lesson Title: Hire purchase Theme: Numbers and Numeration

Lesson Number: PHM3-L067 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to calculate hire purchase based on
percentages.

Overview

There are instances when an item is bought and the full amount is paid for in regular
instalments over several months or years. Since the item is being paid for over time, it
usually costs more than the cash price when bought outright. This is because interest is
usually added to the price of the item being sold.

In many cases, a deposit is paid for the item so that the buyer can make use of it right
away. However, the item does not belong to the buyer until it has been completely paid
for. The interest charged can be calculated using the simple interest rate based on the
length of the loan. However, more complicated formulas are used to calculate the
interest on hire purchase loans.

We will use the average time for the loan in the simple interest formula as it gives a
good approximation for the actual interest charged.

Solved Examples

1. Mr. Kargbo wants to buy a car on sale at Le 25,000,000.00 cash. He paid Le
5,000,000.00 deposit and 15% simple interest charged on the remainder for 2 years.
How much interest did he pay?

Solution:
Step 1. Assess and extract the given information from the problem.
Given: Le 25,000,000.00, simple interest rate 15% per annum for 2
years.
Step 2. Calculate the interest.
remainder to be paid L twarrarr Fwarrarr L trarrarr
-

4
| SE44aH5HE use 6 L length of loan
544

L Le x&rra&rrar
Step 3. Write the answer.
The interest paid by Mr. Kargbo isLe x&rra&rrar.

2. A retailer offers the following hire purchase terms on generators:

Deposit 30% of the cash price, then 4 monthly instalments charged at a simple
interest rate of 20% on the remainder. If the cash price is Le 2,250,000.00, find:
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a. The remainder on which interest is charged.
b. The monthly instalments.

Solution:
Given: deposit 30% of the cash price, 4 monthly instalments charged at a simple
interest rate of 20% on the remainder, cash price is Le 2,250,000.00

. . 74 P . ) ..
I. remainder L @FaﬁHtéwratrr L Le saydawrrar
i average time. 6 5>8 average time is used as explained
: 9 ' 6 before

9 y 69

% L t&months L —cyears

N EEI | 5858446468
544 54456

savydrr Exvktw
5484469
8
Le vsiBwadw
Interest is charged on Le s&vy &r rar with 4 monthly instalments of

Le vsiswaw

total cost over 4 months
monthly instalment

L
L
L
L Le xvtwar
L
L
L

3. Mrs. Mansaray bought an oven on hire purchase for Le 1,687,500.00. She paid
12.5% more than if she had paid cash for the oven. If she made an initial deposit of
20% of the cash price and then paid the rest in 6 monthly instalments, find:

c. The initial deposit.
d. The amount of each instalment.
e. The approximate rate of interest to 1 decimal place.

Solution s:
Given: cost of oven L Le 1,687,500.00 L 12.5% more than cash price, initial
deposit L 20% of cash price, rest in 6 monthly instalments

a @ E%ﬁAHcash price ofoven L s&zWwvrr

s& twHcash price of oven L s&zwrr

. 54<;844 . . ..
cash price of oven L L Le sar@rrdr

5569
. 64 A L
initial deposit L T isavrarr L Leurr&rr&r
b. remainderto be paid L sa&ar@rr Furrarr L Le sdrréarrdr
: 5% 44644 I
amount per instalment L : L Le trr&rrar
. 5>:
C. average time, 6 L —
; . 78
L - L udmonths L Spyears
interest, + L s&zwrrFsaridrr L Le szyavra@r
M544
4 L Ei
5<;®4H54H56
4 L —/—
5% 4 46 4 H79
L wavy”
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Mrs. Mansaray paid an initial deposit of Le urrdr rdr, monthly instalment is
Le trrarrarand approximate interest rate is w & ~ to 1 d.p.

Practice

1. Amadu wants to buy a motorbike on sale at Le 4,500,000.00 cash. He paid a Le
1,500,000.00 deposit and 12% simple interest charged on the remainder for 3 years.
How much interest did he pay?

2. A merchant offers the following hire purchase terms on printing machines:

Deposit 40% of the cash price, then 6 monthly instalments charged at a simple
interest rate of 30% on the remainder. If the cash price is Le 12,000,000.00, find:
a. The remainder on which interest is charged.
b. The monthly instalments.

3. Jane wants to buy a sewing machine on sale at Le 600,000.00 cash. He paid a Le
250,000.00 deposit and 15% simple interest charged on the remainder for 12
months. How much interest did he pay?

4. Adama put a vehicle for sale at Le 8,900,000.00. She agreed to sell it to Josephine
under the following hire purchase terms: An initial payment of tr™~ of the price and
the balance paid at s w “"simple interest per annum in twelve monthly equal
instalments. Calculate:

a. The initial deposit paid by Josephine for the car.
b. The amount paid every month.
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Lesson Title: Discount Theme: Numbers and Numeration

Lesson Number: PHM3-L068 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to calculate discount on a transaction
by applying percentage.

Overview

Discount is given in shops when customers buy in bulk or when there is a special offer.
The discount is usually given as a percentage of the original price.

The original price is 100% or 1 @%ZAA

We use a multiplier which is given by s F5—E44where 4is the percentage discount.

Solved Examples

1. A gas cooker costs Le 1,250,000.00. If the shop offers a customer a 20% discount,
how much will the customer pay for the cooker?
Solution:
Step 1. Assess and extract the given information from the problem.
Given: cost for gas cooker is Le 1,250,000.00 with a 20% discount offer.
Step 2. Calculate how much the customer pays.

T 64 .
multiplier L SFH4 L sFra
L ra
amountpaid L r&@Hsdwrrr L Le s&rrarrar

Step 3. Write the answer.
The customer pays Le sarrarrar

2. What percentage discount was given on an item reduced from Le 250,000.00 to Le
212,500.007?

Solution:
Given: cost price Le 250,000.00, discounted price Le 212,500.00
discount L twrrrFtstarr L Le uyavra@r
. 7:944
percentage discount L Lo, Hsrr
L sw’

The percentage discountis sw

3. A motorbike costs Le 4,500,000.00. The shop gives a discount of u g6 for cash.
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a. How much will a buyer save by paying cash for the motorbike?
b. How much will the buyer pay for the motor bike?
Solution:
Given: cost price Le 4,500,000.00, percentage discount u &%

i. percentage discount L Uu&%

L 2 since ug’ L=% L L | 544, -
7 544 7H544 1
. 5 L
discount L —7Hvalvrratrr
L Le s@ar@rrar
il. amountpaid L VA& r@érrFs&aridrr

L Le urrarrar
The buyer pays Leurrarrér.

4. A school buys exercise books from a supplier. He gives the school a 15% discount if
they buy more than 500 books and a 20% discount for buying over 1,000 books. If
each book costs Le 1,500.00, how much will they save if they buy:

a. 750 books b. 1,250 books?

Solution s:
Given: cost per book is Le 1,500.00, 15% discount for more than 500 books, 20%

discount for more than 1,000 books.

a. 750 books: discount per book L 5%94H s&avrr L Le ttwar
amountsaved L ttwHywr
L Le sx®Hwi@r
ii. 1,250 books discount per book L §4H s&avrr L Leurrar
amountsaved L wurrHsdwr
L

Le uywvrrar
The school saved Le s x & w i r when they bought 750 books and Le uy v rréar
when they bought 1,250 books.

5. A retailer discounted her prices by 15% for a month. She then gave a further 10% off
the discounted price.

a. How much will an item originally costing Le 48,000.00 now cost?
b. How much percentage profit will she lose by selling at this price?
Solution s:
Given: original discount is 15%, further 10% additional discount, cost of item is Le
48,000.00
. 59 .
a. multiplier L s Fa4 L SFréaw
L raw

discounted price L r&wHvziarr L Le vr&rrar
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T 54 .
multiplier L sFa4 L SFr&

rg

rg Hvrarr

Le uxgtrar

8U4RT7:464
8<444

55£<4Hsrr
8<d44

tuav”

new price

Hsrr

L
L
b. % profit lost L
L
L

Practice

1.

An electric fan costs Le 550,000.00. If the shop offers a customer 25% discount,
how much will the customer pay for the electric fan?

What percentage discount was given on an item reduced from Le 800,000.00 to Le
650,000.007?

A computer costs Le 6,000,000.00. The shop gives a discount of tx—z " for cash.

a. How much will the buyer pay for the computer?
b. How much will a buyer save by paying cash for the computer?

A retailer discounted his prices by 8% for a month. He then gave a further 5% off
the discounted price.

a. How much will an item originally costing Le 380,000.00 now cost?

b. How much will the retailer lose by selling at this price?

A mobile phone costs Le 880,000.00. If the shop offers a customer 30% discount,
how much will the customer pay for the mobile phone?

What percentage discount was given on an item reduced from Le 350,000.00 to Le
200,000.00? Give your answer to 3 significant figures.
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Lesson Title: Depreciation Theme: Numbers and Numeration

Lesson N umber: PHM3-L069 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to calculate depreciation using
percentages.

Overview

Many goods lose their value over time as they get older and are no longer in prime
condition. Examples are cars, computers, mobile phones and most electrical
appliances.

This decrease in value is called depreciation .

In a previous lesson, we looked at calculating compound interest using a formula:
a

-
#L2@ E— f\)
We can use a similar formula to calculate depreciation.

With compound interest the value appreciates or increases over time, but with
depreciation, it depreciates or decreases over time. For depreciation, the percentage
rate will be subtracted.

The value at the end of a particular time period is given by:

where 8 L Value at the end of the period
4 L rate of depreciation
2 L Original price
J L Period

The rate of depreciation can be found using the formula:

8 L e
2@F4;

E?i
4 L = Hsrr

Solved Examples

1. A car costs Le 25,000,000.00. It depreciates at 20% per annum. Find its value after:
a. 1year b. 3 years
Solutions:
Step 1. Assess and extract the given information from the problem.
Given: original cost of car L Le 25,000,000.00, depreciates at 20%
per annum.
Step 2. Calculate the value at the end of each period.
E a
8 L 2@FA
64 0

1 year: 8 L twarrarr @F—,A

L Letra&rra&rrar
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7
3years: 8 L twdrrdrr @F—

L Le st&rrarrar

2. A motor bike costs Le 4,500,000.00. Its value depreciates by 18% the first year and
15% the second and subsequent years.
a. What is its value at the end of 5 years? Give your answer to 2 decimal places.
b. What was the average rate of depreciation over the 5 years?

Solutions:
Given: motor bike costs Le 4,500,000.00, depreciates 18% the first year and 15%
the second and subsequent years

8 L E A
2@F57 .
a. After 1year, 8 L véwrﬁirr@Fsi:ﬁ L Le uk{rarrar

8
After 4 more years, 8 L uég{rarr@Fsifﬁ L Le sdtxdrudx

5559 o
b. average rate L - L sxiv

After 5 years, the motor bike is worth Le sd t xdr ué x
The average rate of depreciation is s xav .

3. A gas cooker depreciates at a rate of 15% per annum. If its value after 2 years is Le
614,125.00, what was its original price?

Solution:
Given: gas cooker depreciates 15% per annum, value after 2 years is

Le 614,125.00
£ a
8 L 2@F—

. 59 6
Xsatw L Z@Fﬁf‘
L 2Hr&w
Xs¥tw L rgttwe
58569
2 L 436609
L Lezwarrar

The original price of the gas cooker was Le zw@&rraér.

4. A computer costs Le 2,500,000.00. Its value depreciates by 20% the first year, 15%
the second year and 12% the third year.
a. What is its value at the end of the third year?
b. If the owner decides to sell it at that price, what was the percentage loss on
the original price to the nearest whole number?

Solution s:
Given: computer costs Le 2,500,000.00, depreciates by 20% in the first year, 15%
the second year and 12% the third year
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a

e
8 L Z@Fﬁ .

a. After 1year, 8 L tévrtétrr@F%‘ﬁ L Letarr&rrar
5

After 2 years, 8 L térrérr@F% L Le s§rrarrar

5
After 3years, 8 L s@rrérr@F%ﬁ L Le s&{xarrdr

TKH FRPSXWHUYV YDOXH ${waHts#r \HDUV LV /H
ViRIE

Y4 E
6HAMARESB=A44

percentage loss L YV Hsrr

584844
L aaaaa ST

L vrax”
The computer sold at a loss of vr ™.

Hsrr

b. percentage loss L

Practice

1.

The value of a tractor depreciates at 18% per annum. A man keeps the tractor for 4
years and then sells it. If the tractor initially costs Le 60,000,000 find:

a. Its value after 4 years.

b. The selling price as a percentage of the original value to 1 decimal place.
A refrigerator costs Le 1,500,000.00. Its value depreciates by 15% the first year,
12% the second year and 10% the third year.

a. What is its value at the end of the third year?

b. If the owner decides to sell it at that price, what was the percentage loss on the

original price, to 2 significant figures?

A lorry costs Le 40,000,000.00. Its value depreciates by 20% the first year and 18%
the second and subsequent years.

a. What is its value at the end of 5 years?

b. What was the average rate of depreciation over the 5 years?
An oven depreciates at a rate of 20% per annum. If its value after 4 years is
Le 800,000.00, what was its original price?
A generator costs Le 5,000,000.00. It depreciates at 10% per annum. Find its value
after:

a. 1 year b. 4 years
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Lesson Title: Financial partnerships

Theme: Numbers and Numeration

Lesson Number: PHM3-L0O70

Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to calculate financial partnership using

percentage.

Overview

When 2 or more people come together and invest money for the purpose of providing
goods or services at a profit, it is called a financial or business partnership. Partnerships
are usually formed by professionals such as lawyers, doctors, architects and engineers
who wish to pool their resources together. In many instances, the partners pay out profit
in proportion to the money or capital invested.

Solved Examples

1. Two sisters, Kemi and Yemi, entered into a business partnerships. Kemi contributed
Le 5,600,000.00 and Yemi contributed Le 2,400,000.00. At the end of the year, they
made a profit of 70% of their total contribution. A total of 20% of the profit was
reserved for re-investment and 2.5% of the remaining profit was paid into a trust
fund for their children. If they shared the remaining profit in the ratio of their

contributions, find:

a. The amount reserved for re-investment.

b. The amount paid into the trust fund.

c. The amount received by each partner as her share of the profit.
d. (DFK VLVWHas%\perkénhdgetdf her contribution.

Solution:

Step 1. Assess and extract the given information from the problem.
Given: Kemi contributed Le 5,600,000.00, Yemi contributed Le
2,400,000.00, profit L 70% of their total contribution

Step 2. Calculate the amount reserved for re-investment.

a. total contribution L w&rrarr Et&rrarr L Le z&rr&rrar
. 14 L , , , ..

profit L a4Hzarrarr L Le wxrrarrar
amount reserved for 64 ., L

L — Hwrrarr L Le s&trdrrdr

re-investment

544

Step 3. Calculate the amount paid into a trust fund.

b. remaining profit L
amount paid into a L
trust fund

wxrrarr Fs&trarr L Le vdzm@rrar

Step 4. Calculate HDFK SDUWQHUYV VKDUH

C. remaining profit L
ratio of contribution L
total number of parts L

68 , , L
— Hv& zrrr L Le sstarrdar
544

v&zirr Fsstarr L Levaixarrar
94444 44 L :

684444 7

yEu L sr

66




.HPLYV V L ?;4Hvéuxa?rr L Leuawwrrar

Step 5. Calculate HDFK SDUWQHUYYVY SHUFHQWDJH VKDUH

d. percentage share for Kemi L

7 , , L

<HPLYV L ?4Hvaux3trr L Le sus@érrdr
749444 o
9a44a'a44HS” L ww¥
55/51844HSrr L o
684444 W¥

percentage share for Femi L
Step 6. Write the answers.

The amount reserved for re-investmentis Le s&trarrar.
The amount paid into atrust fund is Le sstarrar.
.HPLYV VKDUH RdLEVUGI ¥ U&Rr Mhich is w ™ of her

contribution.

<HPLYV VKDUH RI WK H &S R Whigh i& W \&H of her

contribution.

2. Mr. Koroma and Mr. Kamara entered into a financial partnership with a total capital
of Le 45,000,000.00. They agreed to contribute the capital in the ratio 2 : 1
respectively. The profit was shared as follows: Mr. Koroma was paid 6% of the total
profit for his services as a manager. Each partner was paid 4% of the capital he
invested. The remainder of the profit was then shared in the ratio of the capital

LQYHVWHG ,1 OU .RURPDfV VKDUH RI WKH WRWDO SURILW)\
C. The total profit for the year to the nearest thousand Leones.
d. ou .DPDUDYV VKDUH RI WKH WRWDO SURILWYV

Solution:

Given: total capital invested of Le 45,000,000.00 by Mr. Koroma and Mr. Kamara in

the ratio 2 : 1 respectively
a. total number of parts L

OU .RURPDYV FF L

OU .DPDUDTYV FF L
Let total profit L

tEs L wu
6 , , , L
—7vauratrr L Leurdrr&rrar

5 , , , L,
3vamrratrr L Le svirrarrar
T

OU .RURPDYV VKDUH RI SURILW

X0 as manager L

Wo of investment L

5_§14HT L raxT
a4Hurérrérr L Le sdrrarrar

oOu .DPDUDYV VKDUH RI SURILW

Vo of investment L

profit shared so far

L
L
remaining profit L
L

8 , , L
H4Hsva{rrarr L Le Xrr&rrdr

raxTE sdarrarr Exrrarr
raxTEsarrarr
TF:raxTEsarrarr,
rgvTFs&rrarr

7KH UHPDLQLQJ SURILW LV VKDUHG LQ WKH UD'

OU .RURPDTY L -‘73:

rvTFsarrarr; L r&txXTFsdrrdrr
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OuU .DPDUDTY L —?:ré{vTFsérrérr; L rasdFxrrarr

OU .RURPDYYV VKDUH R L Le varrarrar
vairrarr L raxTEsSdrrarr Er&txTF sdrrarr

vairrarr L r&zx

84 4 4 4« . y
TL—— L Le wa udrud{

The total profit to the nearest thousand LeonesisLe wa ugrrar
b. Ou .DPDUDYV VKDUH R L waudrrFvarrarr
L Les&udrrar

Practice

1. Umaru and Victor entered into a business partnership. The capital for the business is
made of Le 1,875,000.00 from Umaru and Le 525,000.00 from Victor. They agreed
to share the yearly profit in the following manner: Victor as Managing Director is paid
Le 75,000.00 and additional y&v " of the total profit. Each partner is paid a sum equal
to u” of the capital he invested. The remainder of the profit is shared between the
partners in the ratio of their contribution to the capital. If the profit at the end of a
certain year was Le 480,000.00, calculate the total amount each partner received
from the profit.

2. Victoria and Hannah entered into a partnership with capital of Le 504,000.00 and Le
768,000.00 respectively. After three months, they were joined by Janet with capital
of Le 648,000.00. It was agreed that the profit should be shared in proportion to their
capital. During the first three months of the year, the business made a profit which
was tv " of the working capital, and the remaining nine months the profitwas ut”
of the working capital.

a. Find the amount received by each partner as a share of the profits for the
year.
b. ([SUHVV 9LFWRULDYV VKDUH RI WKH SURILW DV D SHUF

3. Shola and Ade entered into a business partnership in January 2015. The capital was
Le 2,700,000 which they agreed to contribute in the ratio 2:1 respectively. The

annual profit for 2015 was shared as follows: Shola was paid W—Z © of the total profit
for his services as a manager. The remainder of the profit was then shared between
them in the ratio of their contribution to the capital. If Shola received a sum of Le
685,000.00 out of the profit, calculate:

a. The total profit for the year.
b. $GHYV VKDUH RI WKH SURILW DV D SHUFHQWDJH RI KLYV

capital.
c. If Ade had to pay tax at ur” on the amount he received, how much did he

pay?
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Lesson Title: Foreign exchange

Theme: Numbers and Numeration

Lesson Number: PHM3-L071

Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to convert one type of currency to

another based on given rates using ratio and proportion.
Overview
Evgry _country ha_s its own currency Country Currency Symbol
which it uses for its money. The table Ghana Cedi GH¢
on the right gives some countries and Gambia Dalasi D
currencies. The exchange rate is the Germany Euro €
rate at which one unit of a particular Great Britain Pounds £
currency is converted to another Nigeria Naira ad
currency. There are usually two rates + ﬁ'?;’%l-;c;"e IE)eclnlnes L$e
the buying and the selling rate. nited wates ofars
The table shows the buying and selling rates in a  [Currency | Buying Selling
bank for various currencies on a particular day. €1.00 Le 8,600 Le 8,900
The bank buys from customers at the buying rate 23%11'%% t: 155000 "f; 1=55%°
and sells at the selling rate. The selling rate is =100 Le 20 Le20.80
higher than the buying rate. This allows the bank to | £ 1.00 Le 9,500 Le 9,800
make a profit in trading in the currency. $1.00 Le 7,600 Le 7,900

Solved Examples

For each question, decide whether the bank is buying foreign currency from you or
selling foreign currency to you. Then use the appropriate rate.

Where appropriate give your answer to 2 decimal

places.

1. How much will Le 5,000,000.00 give you in the following currencies?

Use the selling rate.
a.Us$
Solution:

b. GB £ C.

Gambia D

a. Step 1. Assess and extract the given information from the problem.

Given: Le5,000,000.00 to buy US $, GB £ and Gambia D

Step 2. Use the unitary method and conversion rate to calculate the
amount in the required currency.

i. Le ydrrar L $ sar
Le sar L $E
T &E44

Le watrr&rrar
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L $xu#ds
. Le {&rr&ar L £ sar
L 54 4 .
Le watrr&rrar L £—:@44H\/\arrarr
L £wsdr
iii. Le swa&r L GambianD séar
L 54 4 .,
Le watrr&rrar L E_Hw&trra{rr
L GambianDutawsdgz

Step 3. Write the answer.
Le wairrarrdarbuys$xuffs£ wsiédrand GambianDutawdz

2. How much in Leones will you get for the following amounts? Use the buying rate.

a. GH¢5,000 E Y c. 1,500.00
Solution:
Given: sell various amounts of foreign currency (bank buys from customer)
a. GH¢ sar L Le s&r@ér
GHC warr: GHCwarr L whrrHsarr L CAy&vr@drrar
b. Ygdr L Le z&rrar
Yirrdra Yirrdar L trrHz&rr L Astrarrar
sdr L Letrar
C. 1,500.00: sar@r L sa&arrHtr L JAurarrar

The customer gets Le y&avr@drrdarfor GHC warr, . As§trarrar BKMrrar
=J@Aurarrar BKNswrir.

3. How much profit will a bank make if they buy, then sell $500.00?

Solution:
Given: bank buys then sells $500.00

$sar L Le y&rrar buying rate
$wrir L y&rrHwrr L Leua&rrdrrar

$sar L Leydrrar selling rate
$wrir L ydrrHwrr L Le ugwirrar

profit L udwirrFu&rrarr

L Leswadarréar

The bank makes Le sw ar rar profit.

4. How much will you lose if you sell then buy $200.00?

Solution :
g. Given: sellthen buy $trrér tbank buys from customer and sells to customer
$sar L Ley&rrar buying rate
$trrar L y&rrHtrr L .As&trrrar
$sar L Leydrrar selling rate

$trrar L ydrrHtrr L .As&azarrar
=IKQJIHPK L s@vzarrFsatdrr L Le xrd&rrdr
You will lose Le xra&rrar from selling then buying Cxrrér.
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5. Mrs. Sesay buys goods from all over the world for her shop. She wants to order Le
10,000,000.00 worth of goods each from Nigeria, Great Britain and Germany. How

PXFK RI
Solution:

HDFK FRXQWU\YV FXUUHQF\ ZLOO VKH QHHG"

Given: Mrs. Sesay spends Le 10,000,000.00 to buy foreign currency

sdr
Le srdrrd&rrdr
| sé&r
ASTaTrr&rrar
Ysar
Le srarrarrar

She needs
Germany.

Practice

L Letrar
| sasaas
6 4 4
L Le{a&rrar
L 544444
=& 44
L Le z4rrar
54644 44

L =% b

L vz xfdu

L E£satra&s

Ys& tuxr

v z i x f ufor Nigeria, £ s&tr & sfor GB and Y& t uk rfor

1. How much will Le 7,000,000.00 give you in the following currencies?

Use the selling rate.
a.GH¢ E

Ya c.US$

2. How much in Leones will you get for the following amounts? Use the buying rate

a. Gambia D4,000.00

b. GB £300.00 c. 2,500.00

3. How much profit will a bank make if they buy then sell $800.00?

4. How much will you lose if you sell then buy GB £500.007?

5. A businessman wants to buy Le 15,000,000.00 worth of goods from the United
States of America and Le 8,000,000.00 worth of goods from Ghana. How much of
HDFK FRXQWU\YV FXUUHQF\ ZLOO KH QHHG"
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Lesson Title: Additional Practice with Theme: Numbers and Numeration
Applications of Percentage

Lesson Number: TGM3-L072 Class: SSS 3

b Learning Outcome s
By the end of the lesson, you will be able to:
1. Calculate value added tax using percentages.

2. Calculate the amount to be paid for employer health insurance based on
percentages.

Overview

Value Added Tax (VAT) is the tax charged on goods and services in some West African
countries such as Ghana. It is similar to the Goods and Services (GST) tax charged in
Sierra Leone.

If the VAT / GST is given as B, then:

VAT /GST L basic cost H5—i4

Cost of goods/services L basic cost H @ ES—é4 f\
Basic cost is exclusive of VAT / GST. This is the cost before the tax is added.

Some countries in West Africa also add a levy called the National Health Insurance
Levy (NHIL) to goods and services to cover National Health Insurance. It is added to the
VAT and charged on the basic cost of goods and services.

In the questions below, take VAT to also mean GST.

Solved Examples

1. An electric oven is sold at Le 1,250,000 + VAT. How much will the oven cost
inclusive of VAT charged at 15%7?

Solution:
Step 1. Assess and extract the given information from the problem.
Given: electric oven sold at Le 1,250,000 + VAT, VAT charged at 15%
Step 2. Calculate the cost of the oven.

, é
costofoven L basiccost H@ Eﬂf‘

costof oven L séwr&rrH@Esifﬁ L sawrrr Hsaw

L Le s&uwrir
Step 3. Write the answer.
The electric oven cost Le s& U rir.
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2. $IWHU HDWLQJ LQ D UHVWDXUDQ#89,00.00 meElBBiYVELO®O FDPH \
VAT is charged at 15%, how much did she pay for VAT?

Solution:
Given: ZRPDQTV UHVW DLLX&D@WO, ¥ADdharBdd at 15%

cost of service L basiccost H@ E5—e4

Letbasiccost L U
. 59
x{&rr L UH@EHﬁ
x{arr L s&wWw
U L ';234 L Le xrdrrar
VAT L x{&rr Fxrarr (or r&wHxr&rr)

L Le {&rréar
The woman paid VAT of Le {&rrér.

3. Goods sold exclusive of VAT cost Le 600,000.00. When VAT is added they cost Le
705,000.00. How much is the VAT rate?

Solution :
Given: basic cost Le 600,000.00. VAT inclusive cost Le 705,000.00
VAT L yrvérr Fxrrarr L Le srvérrdr

. e
VAT L basic cost Hﬁ4

p . é
srviirr L Xrrarr H—

544
srvéirr L Xx&rrT
549 4¢
T L

@aa b SYW
The VAT rate is syav .

4. The VAT rate of a country is s t% and the NHIL rate is 2%. The basic cost of an

item was Le 675,000.00. Find the full cost of the item.

Solution:
Given: VAT rate is s t%, NHIL rate is 2%, basic cost of item was Le 675,000.00

total rate charged L st Et L sv%
costofitem L basiccost H@ EZ_?

L xyw@rrHs&vw L Leyyt@ywr
The cost of the item was Le yy tz y i r inclusive of VAT and NHIL.

5. The VAT and NHIL marked inclusive price of a computer is Le 5,170,000.00. The
VAT is charged at 15% and the NHIL is charged at 2.5%. Find:
a. The cost of the computer (VAT and NHIL exclusive).
b. The NHIL charged. c. The VAT charged.

Solution:
Given: VAT and NHIL inclusive price of computer is Le 5,170,000.00. VAT charged
at 15%, NHIL charged at 2.5%.
totalrate L swEtav L syav
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a. cost of computer L basic cost H@ E%Q
W ymrrr L basiccost H:s&yw
basic cost L 9254?944 L Le v&rrarrar
b. NHIL L basic cost Hl+5’—;4UDWH
L va’vrré&rng4 L Le ssrwrrar
C. VAT L basiccost H 9$574; pwWH
L V&rrarr H— L Le xxmrrar

544
The basic cost of the computerisLe v& rrarrdr, NHILisLe ssirrdrand

VAT isLexxrmrrar.

Practice

1. A musical set was sold for Le 1,200,000.00 + VAT. How much will the set cost
inclusive of VAT charged at 13%7?

N

$IWHU HDWLQJ LQ D UHV WD X U DIQ&\650Dm0rMDIGH&/ofMAD.G FDPH WR
VAT is charged at 13%, how much did he pay for VAT?

3. Goods sold exclusive of VAT cost Le 900,000.00. When VAT is added they cost Le
1,000,000.00. How much is the VAT rate?

4. The VAT rate of a country is s 80 and the NHIL rate is 3%. The basic cost of an item
is Le 750,000.00. Find the full cost of the item.

5. The VAT and NHIL marked inclusive price of a freezer is Le 4,060,000.00. The VAT
is charged at 14% and the NHIL is charged at 2%. Find:
a. The cost of the freezer (VAT and NHIL exclusive).
b. The NHIL charged.
c. The VAT charged.
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Lesson Title: Introduction to vectors Theme: Vectors and Transformations
and scalars
Practice Activity: PHM3-L073 Class: SSS 3

i Learning Outcomes

By the end of the lesson, you will be able to:
1. Define and describe vectors and scalars and their uses.
2. Use correct notation and representation for vectors.

Overview

A vector is any quantity which has both magnitude and direction. Examples of vectors
are displacement (translation), velocity, and force.
A scalar is any quantity which has only magnitude but no direction. Examples of scalars
are distance, speed, and time.
Vectors are represented in various ways. The simplest
representation is as a line segment with 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#HSa0aR  Ta  fa
Hand-written vectors can be represented using arrows, and over- or under-bars.
Vectors written in lowercase letters are called position vectors.
We will learn more about position vectors in a later lesson.

¥y
Vectors can be represented on a Cartesian plane as shown at _7‘
right. 6 B
Consider the vector # It can be written as a column matrix i ;’ 3
or column vector: s| f
4B LD - :
u of 1| 2 3| 4 5| 6] 7 ';

The vector is drawn by starting at point # moving 5 units to
the right and 3 units up.

In general, any vector # $L kgohas 2 components: the horizontal component =

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

There is one important exception to vectors having magnitude and direction. The zero
vector , denoted by - L kjo is the vector of zero length or magnitude. It has no length,

and does not point in any particular direction. We call it the zero vector since there is
only one vector of zero length.
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Solved Examples

1. The line segments shown represents column vectors $ % +& &D Q G&
T
Write these as vectors in the form @JA

Solution:

Step 1. Assess and extract the given information from the problem.
Given: line segments $ % +& &D Q G&

Step 2. Write each line segment as a column vector.

oL g g
*& L é\tNA (I
& L @rZA
e
&L @Q’A ’ A’7/

2. Draw line segments on a graph paper to represent the following column vectors:
4 &L étZAa'%&L @’Aa(&L A
Solution:
Given: column vectors: # &L étzAa%%’L @E{yAé(&L @A

N - A
N -.--"""

C

3. Draw line segments with respect to O to represent the following column vectors:
u v
a 18 dh1$ @l pand 16 @WA_
b. Hence give the vector # %n the form @A

c. Whatis %&
Solutions :

Given: column vectors: 1 #L @Q’A 1 &L @uwﬂand 19%L CEV\\//A

76



a 1 b é{ [ ]
A # G A o
p.4 .4
A c. %81 @éA A
N
\ \
"\ "\
B B
Practice
1. The line segments shown represent column vectors .
34 5% &D Q @&Write these as vectors in the . - i |
T Vi i S0
form @A | / \VF -
o

2. Draw line segments on a graph paper to represent the foII'owiﬁg-cqumn vectorg:

# &L éXAé%&’L @Ey""Aé &L @ ZA

3. Draw line segments with respect to O to represent the following column vectors:
a. 1L @A 1§ @ Aand 160 cﬁ)‘("’A

b. Hence give the vector # %n the form @:A

c. Whatis %&
4. The points #:Fwav, $:u§;and % Fxa- z;are shown on a

grid. Write each of the following vectors in the form @:A

(Hint: Draw the lines joining the points.)

a #$& b. $% c. #%
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Lesson Title: Basic Vector Properties

Theme: Vectors and Transformations

Lesson Number: PHM3-L074

Class: SSS 3

b Learning Outcome
By the end of the lesson, you will be able identify and use basic properties of

vectors.

Overview

In this lesson, we will look at inverse, zero and equal vectors.

Inverse Vectors

Consider the vector # $shown in the diagram B

#& L

L Ko

$& L F#&
L F

L FKo
?9
L ko
is the inverse vector of

Then the vector:

M E
\
AY

I
3

The inverse vector, F is equal in magnitude (or length) to  dut opposite in direction.
The direction changes from Ao B to B o A.
Every vector has an inverse vector which is equal in magnitude and opposite in

direction to it.

Zero Vectors

The diagram shows a vector and its inverse. When a point moves
along a vector # $and then along its inverse $ #the effect is that of

zero movement. The end result is a vector of zero magnitude and no
direction. This is an example of the zero vector.

Equal Vectors

We can also have vectors which are equal in both magnitude and direction

We say thatif L ,then
X L

That is the absolute value of
X & ( is parallelto )

Also,if L @Aand L @ Athen
X TsL Tgand YL

a
>
B
al A b| A
L absolute value of Prs e

b
>
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Solved Examples

1. a If 2&L Kofind 3% b. If 4&L k; ofind 54&
Solution:
a. Step 1. Assess and extract the given information from the problem.
Given: vector 2 &L Ko
Step 2. Find the inverse vector.
3% L F2%&
L Fko
L Klo
Step 3. Write the answer.
The inverse vector of 2 &L Kois 3 &L K o
b. Given: vector 4 &L k; ofind 54&
5& L F4&
L Fk,0
L Ko
The inverse vector of 4 &L k; ois 5&L K, o

2. Find =and >giventhat L lgoo L koand L

Solution: )
Given: Lk>x0 LKoo L
L : k>=0 L Ko
Equate corresponding components
=Ex L z
= L zFx
L t
tF> L v
> L tFv
L Ft

~

0 =Lta>L Ft

3. Find Tand Ugiventhat 1#L k oand 1$L # &L @°A
Solution:
Given: that 1 &L K oand 1 $L # &L @§§A

1€ L #& L Fi1#&

L FKo

L Ko
G L Ko
TEs L Fx
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T L FxFs
L Fy

U L FxEu
L Fu

60 TL FydJL Fu

Practice

1. a If 2&L Kofind 3%
c. If 1;&L Klofind;:&
Find =and >giventhat L k-0
. Find Tand Ugiventhat L @ A
4. a. If #&L Kofind $#&
c. If 48L k’ofind 54
5. Find =and >giventhat L K'3>%0

b. If 48L k,ofind 5&
d. If #&L K ofind $ #&
L kyoand L
L K%and L
b. If :;&L K ofind ;:&

L kégsoand L

Find Tand Ugiven that 1 &L KoD QG&L # &L @ °A
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Lesson Title: Addition and Subtraction Theme: Vectors and Transformations

of Vectors

Lesson Number: PHM3-L075 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to add or subtract vectors based on

information given.

Overview |
4
Consider the vectors L Koand L k,;;oshown in the first (2\

i H ’8 )/ N 3
diagram on the right. %—4,
The result of adding a and b is then shown further below. 3

E L KoEk/o0
L k0 from the diagram N
This is the same as adding the corresponding Tand U el \*\
components together [_72 ™
E L @f :>?78'A
L k)?so by calculation
In general,if L @ Aand L @ Athen
E L @A
Similarly,
F oL @A
Solved Examples
1. IfaL KobL kjoand ¢ L Ko find:
a. a Eb b. b Ec c. a Fc
d aFb e. aEbFc
Solution s:

Step 1. Assess and extract the given information from the problem.
Given: aL Kob L kj;oandcL Ko

Step 2. Complete the vector addition/subtraction.

Step 3. Write the answer.

a. aEb L I<?0E k)50 b. b Ec L kJ,0EKo
8>7 7>4
L @>:>?9;A L .9>80
. 7
L I%o L k.o
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e.

a Fc

a EbFc

—

KoF Ko
K550

Ko

KKoE k?790F k;‘o

>724
K,B?g?so

K360

d. aFb L I{aoFk;go

L @7A
L k>0

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

b.x FcLa
d. E L

Given: alL l@o bL k;soaand cL k?56o

X.
a.a ExLb
c. Xx Eb Lc
Solution:
a. E
KKoE
C. E
;
E k.0
Practice

L

L
L
L
L

r - - - -

1. Ifal @VA,b L @VXA,and cL CcéAfind:

a.a Eb
da b

2. ital @abL @ AandcL éXA,find:

a.a Eb

b. F L
k)0 FKoo L Ko
k.oF Ko L KoEK?fo
7?8 1?6;
.5?60 L l<8>6>5 0
?5
’>0 L k‘;o
d. E L
26
Ko )= L Ko
?
k'560F k?750 L l@oF k?750
67 8?
?:'?g;A L @?:?75 A
29
Ko L Ko
b. b Ec cakFc
e. a Eb Fc
b.a Ec c.a Ec Eb d. a Eb Fc
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a.p Er b.r p c.r Fp Eqg d pFH MR

4. IfalL @Ab L @V\(JAand cL @st Asolve the equations below to find the column

vector X.
a.a ExLDb b.x FcLa c.X Eb Lc d. E L
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Lesson Title: Multiplication of vectors by | Theme: Vectors and Transformations
scalars

Lesson Number: PHM3-L076 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to multiply a vector by a scalar to find
the scalar multiple.

Overview
Consider the vector #$&L L Koshown in the diagram at right, - LB -
It can be seen from the diagram that: 3a
2% L ko PLA s
ul@o —3a
u 3 times vector a in the same direction R
2
70

L
L
48 L
L
L Fu 3times vector a in the opposite direction

In general, if L @Athen

L @?A where Gs a scalar or number which can be a
! positive or negative whole number or fraction
Multiplication of a vector by a scalar is called scalar multiplication. Each component of
the vector LV PXOWLSOLHG E\ WKH VFDODU DPRXQW ,W KDV WKH
or down by the factor of the scalar quantity.
x If the scalar is positive, the resulting vector is in the same direction as the original
vector.
x If the scalar is negative, the resulting vector is in the opposite direction as the
original vector.

G

Solved Examples

1. Using the vectors b, p and m from the grid shown, draw the
following vectors on a grid. Label each vector and show its b
direction with an arrow. hm
a. 2b b. 3m c. 4p D
d. _20 e. 2p
Solution:

Step 1. Assess and extract the given information from the problem.
Given: vectors b, p and m (shown below)
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Step 2. Draw and label each vector on the grid showing its direction
with an arrow.

b i Bb /

2. IfalL kgoeb L k_,850and cL k':;gofind:

a.a BEb b. 4a E3c c. 6a 3b d. 5a E2b F4c
Solution:
Given:aL Kod L k>oandcL Ko
a. uEt L ub@oEtk?sso b. v Eu L V@OE ukigo
L KOEk; 0 L KoE k_,?geo
: >:?::
L @>:>?<6;A L @>:?56A
L K L ko
c. x Fu L xKoFukjo d 5aBbFic L woEtkSoF vkio
6 6 ?
L K%F K% L K,(oEk0F k-0
56 54
L .?:?7;A L @>:?6<;>><5:A
L Ko L Ko
3. IfaL Kod L k04 L KLosolve for in the equations below.
a. 3aBEx L4b
b. 4aFxLc
c. 2x Eb Lc
Solution s:
. , , ?
Given: a L I@daL k?750a L k'56o
a. u Et L v b. Ft L v
uoEt L vko KoFt L vko
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6
?8
SloF o

6256
I‘(l;:'?8?: Y

K E t

?54
i 00

C. t Eu
t Euk?750 K50
= K50
26 =
k5 oF k?7o
67=
?:?7;A

k?5 50

K'5%J t
k?9@

—
r - - - - - - -

Practice

1. IfaL I@oé) L k_,650and cL k_,‘éoevaluate:

a.a+b b. b txc
e.3a-b-2c f.a-2b-3c

2. IfalL kgoé) L k; 0and ¢ L k;;ofind:
a. a B»b b. 4a E3c

l@oFt L k?8<o
@OF k?8<o Lt
?:?<;
|<86?8 L t
t L .go
L KgoJt
L k?:50
c. a+b+c d. a-2b
g.2a+3b +5c
c. 6a 3b d. 5a BE2b Hc

3. IfaL kod L k04 L K osolve for in the equations below.
a.3aE2x L4b  b.4aFWCoEtk oE vKiotx Lc  c.2x Exo L tc
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Lesson Title: Position vectors

Theme: Vectors and Transformations

Lesson Number: PHM3-L0O77

Class: SSS 3

b Learning Ou tcome s
By the end of the lesson,

you will be able to:

1. Define the position vector of a point.
2. Express two given points as a vector.

Overview

This lesson introduces position vectors and some of its uses in describing vectors.
The diagram shows the point 2:T&J; on the Cartesian plane with origin O.

Vector a is the displacement of 2from O. Remember that i Y
displacement is the shortest distance travelled in a given direction.
Since displacement gives the position of 2relative to the origin O,

a is called the position vector of
From the diagram 1 &L L Ko

We already know the co-ordinates of 2 L TG

Therefore, if a point has co-ordin

Position vectors can be used to express 2 given points as a vector.
Let #:Tzd};and $:Tzd}; be any 2 points on a Cartesian plane as

shown in Figure A.

From the diagram, we can see that:

1&E#& L 1%
#& L 1&F 14
L F
L @AF@_A
L @57 A

2

o] J ol ol o] o
!

12
1)

w

.

w

>

~
=Y

ates :TaJ, its position vector is @A

B(ix2,2)

Ay,

b
-

V.
4

<
e S S R |

%I‘

=Y

2l 3 4 5 6 7

Figure A

position vector of $iposition vector of #
equivalent representation of position vectors

The vector joining #and $is given by: #$§L @ 7% A

Solved Examples

1. State the position vectors relative to the origin of the points:

a. # b. $ C.
Solution s:

% d. &

a. Step 1. Assess and extract the given information from the problem.

Given: graph

showing point #

Step 2. Write the co-ordinates and position vector of the given point.
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co-ordinates of point # L :ud;
position vector of point # L 1#

Step 3. Write the answer.
The position vector relative to the origin of point #:ud; a1 #L Ko

b. The position vector relative to the origin of $:wéF u; a1 L k?970
c. The position vector relative to the origin of % Fy& v; a1 %L kzgo

L Ko

d. The position vector relative to the origin of &:Fya; a1l &L k?7‘ o]

2. #:t&;and $:y&;;are points on a Cartesian plane (see Figure A). Find:
a. The position vector of points #and $relative to the origin 1.
b. The vector #%
c. Thevector $#&

Solution:
Given: #:t&;and $:y&;

a.

position vector of point #

position vector of point $

#& L 18&F 14

r - - -

1#
KoL @A
1%
koL @A

L @25AL Klgo

?1.

L Ko

relative to the origin 1

relative to the origin 1

This is clearly the case as can be verified from Figure A. Above

$& L Fué
$& L FKo
L K20

?6

3. 4:s&;and 5:T4J; are points on a Cartesian plane such that 4 &L k?790
Find the co-ordinates of 5

Solution s:

Given: 4:s&;, 5:T4J, 4 &L k_,790

a.

position vector of point 4

position vector of point 5

14
Ko
1&

relative to the origin 1

relative to the origin 1



48 L 18F 14
48 L @AF Ko
o L @
Equating the components of the vectors gives:

u L TFs
T L v
Fw L UFXx
UL s

The co-ordinates of 5are :v&;

Practice

1. ::yd&wand ;:Ftéu;;are points on a Cartesian plane. Find:
a. The position vector of points : and ; relative to the origin 14
b. The vector : ;&
c. The vector ; :&

2. Find #$and $ #given the following:
a. #:xaand $:tav;
b. #:wéFx;and $:Fv F z;
3. 2:v&;and 6:TAJ; are points on a Cartesian plane such that 2 &L k?790 Find the

co-ordinates of 6

4. #isthe point :va:such that # &L kZo Find the position vector of B.

5. ' :Ft&;and (:TdJare points on the 1:TaJ;plane such that ' (&L K20 Find the co-
ordinates of (.
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Lesson Title: Triangle law of vector Theme: Vectors and Transformations
addition

Lesson Number : PHM3-L078 Class: SSS 3

b Learning Outcome
By the end of the lesson, you will be able to add two vectors using the triangle
law of vector addition.

Overview

To find the sum of the given vectors, we used what we learned from a previous lesson,
namely that: B
If L @Aand L @ Athen

E L @/ y

Vector addition can also be shown on a diagram. Fz

A point moving from #to $ then from $to %performs the same
journey as a point moving from #to %

%\

We can write this using vector notation as:

HEESH L #% # s called the resultant of the 2 vectors
Note the end point ( $) of the first vector must
be the starting point ( $) of the second vector.
E L (2)
E F L U (3) This is the zero vector, UL Ko
Equation (3) is the triangle law of vector addition which states that:
If three vectors are represented by the sides of a triangle taken in order
then their vector sum must be equal to the zero vector.
Equation (2) is the usual form of the triangle law to use in solving problems.

The vector found by drawing is the same magnitude and direction as the vector found
by calculating.

Using the triangle law of vector addition gives the same result as adding 2 vectors
together.

L érAm
We will now do examples to show we get the same answer by drawing using the
triangle law of vector addition as by calculating.

Solved Examples

1 If LKoand LK ofind E :
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a. By using the triangle law of vector addition E L . (draw a diagram)
b. By calculationusing E L @;e A
Solution s:
a. Step 1. Assess and extract the given information from the problem.
Given: LKoo Lklo
Step 2. Add by using the triangle law of vector addition E L .

[ ‘ b
/
7
a
From the diagram: E L k%o

b. Step 3. Add by calculationusing E L @27 A
E L KoEKo L K%
L k%o
Step 4. Write the answer.
The resultant vector L k3o

2. Find the sum of the given vectors.
X By using the triangle law of vector addition. (Hint: Draw a diagram)
X By calculation.

a. If #&L k) oand $&L K ofind b, If #&L k2 oand %&L Ko

# % find # %
Solution s:
a. Given: #&L Ko $%L Ko
#8E$% L k>0 from the diagram Il\
. . N
#EESH L KoEK o L K70 S
L k5640 AC
6 /
The sum # %L k0 —~
] AP
[/
/

b. Given: #&L k%0 %&L K o
#8E$® L k' o from the diagram
$& L Foud
L FKSo L ko
#ESH L kgoEkro L @75 A
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L k.0

Uc

The sum # %L k;. o T

Practice

1. Find the sum of the given vectors:
a. By using the triangle law of vector addition. (draw a diagram)
b. By calculation.

a. If #&L k,Zoand $&L Kofind #% b.If #$L ky0and %S K ofind # %

2. If 2&L k Joand 2 &L k. ofind 3 4

3. If 1&L k ,Soand 1 &L Kofind 2 &

4. If #&L k,Joand %&L Kofind #%and %
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Lesson Title: Mid-point of a line Theme: Vectors and Transformations
segment

Lesson Number: PHM3-L079 Class: SSS 3 Time: 40 minutes

i Learning Outcome
By the end of the lesson, you will be able to calculate the mid-point of a line

segment.
Overview
y
Consider the diagram shown at right. The points #:T;d};and —7‘ B
$:Tgdy; lie in a Cartesian plane. / is the mid-point of the line : . M N
segment #$ 3 /S
3
From the diagram, we can see that there are two routes from 1to / |
from 1lvia #to / and from lvia $to /. L EEEEEEER

We can write the position vector 1 /&n terms of the position vectors of #and $and the
vector # %

#/& L /$& L —ts#ﬁ since / is the mid-point of #$
1/& L 1#E#/&
5
L 1#E_#& 1)
1/& L 1$%E$/&
L 1§F/$&
L 1$F-#$ 2)
t1/& L 1#&E—Z#§LE 1§LF—Z#§L add equations (1) and (2)
1#E1&
E&E &
1/& L S
L <k1&E1%0

The position vector of the mid-point of the line segment is an average of the position
vectors of the 2 end points.

The co-ordinates of the mid-point can similarly be found by finding the average of the T
coordinates and Ucoordinates respectively.

i >l

The mid-point / will have co-ordinates @% aT'AThis is called the Mid-point
Theorem.
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Solved Examples

1. State the position vectors relative to the origin of #:tav;and $:y&;a

Find:

a. The position vector of the mid-point /.
b. The mid-point of the line segment # $

Solution s:

Step 1. Assess and extract the given information from the problem.
Given: points #:t&;and $:y&;a

#:ita; 14 L Ko

$:y&; 1€ L k9
a. Step 2. Find the position vector and co-ordinates of the mid-point.
1/& L JKki#E1%0

L > :
~ @oE K oA
5 >: 5, =
L _6l§>:0|‘_6k540
1/& L ksg’o
b. co-ordinates of / L @%%A

Step 3. Write the answer.
The position vector 1/&L K20
The co-ordinates of / L :vaaw,

L :vaaw

write directly using 1 /&

2. 2:L&;and 3:FsaVare points on a Cartesian plane. Find the values of Land Mso

that K’?ogives the position vector of the mid-point of 2 3

Solution:

Given: 2:L&;and 3:Fsav1 /&L k?760

Let the position vectors 1 &L KKoand 1 &L @A

1/&
26
k> o
Multiply both sides by two
K80

Fv
FVvEs

L

—

r—rr— -

-ZklﬁcElc&a
.
~IKOE @ Ap

ICoE @A
@2
LFs

L
Fu
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Xx L tEM

xFt L M
ML v
LL FuaJL v

3. #:v&vy;&:Fta;and ; :wé;are three points on a Cartesian plane. If : is the mid-
point of #$find : ;&
Solution:
Given: #:vaFy;&:Fta;and ; :wé;
Let the position vectors 1#L k;’ cdl %L K oand 1 &L kKo
1& L —k#E1%o

5
L @, 0EK0A

5 :26; 5, 8?26
L _6|<8'.?>;>70L_6k?;>70
5,6
L —Gk?so
18 L Ko
& L 1&F 1%
;& L @OF k?560
L @A
:;& L l@O

The vector : :&L kgo

Practice

1. 2:s&@;and 3:t&;are points in a Cartesian plane. If / is the mid-point of 2 3 find
the position vector of /.

2. The position vector of the mid-point of the line segment : ; is given by k_;so If point :
has co-ordinates :wé; dind the co-ordinates of point ;.

3. 2:ss&v;&:Fwa;and 6:yal;are three points in a Cartesian plane. If - is the mid-
point of 2 3 find - 6%

4. 4:Fxa;and 5:Fvaw are points in a Cartesian plane. If / is the mid-point of 4 5find
the position vector of /.

5. The position vector of the mid-point of the line segment &'is given by I{o If point &
has co-ordinates :Fwd; dind the co-ordinates of point .

6. #:Fwax;&:td u;and % ud-v;are three points in a Cartesian plane. If 2is the
mid-point of #$ find 2 %
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Lesson Title: Magnitude of a vector Theme: Vectors and Transformations

Lesson Number: PHM3-L080 Class: SSS 3

b Learning Outcome
By the end of the lesson, you will be able to calculate the magnitude of a
vector.

Overview

Consider the diagram showing the 2 points #:td;and $:xava
From the diagram we can write the column vector for # $as:

agL ¥tV
WFtp up

‘H FDQ XVH 3\WKDJRUDVY 7TKHRUHP WR |
of the vector # &

The magnitude of vector # $ecan be written with the modulus or
absolute value notation.

Examples: # & #$ , ++
Now, we already know that for any 2 points:

#:Tsdk;and $:Todlk;, vector # &L @g?:AL @A
Since #$L L @AWKHQ XVLQJ 3\WKDJRUDVY WKHRUHP WKLV IRUP
#g L 6 L TEU
#E L L ¥TEU 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, FT8E:WF ;6 (2)

-

QLWXGH

Clr|vw|luw|la|lan|la|w

=Y

Solved Examples

1. Find the magnitude of # $from the column vector above.

Solution:
Step 1. Assess and extract the given information from the problem.

Given: vector # &L k?ofrom the column vector above.
Step 2. Substitute into equation (1).

#w& L ¥TPEU 3\WKDJRUDVY 7
L ¥\6E 6
L ¥sxE{

#&8 L 3w
L w

Step 3. Write the answer.
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The magnitude of # & +# $L wunits

2. Find the magnitude of the vectors below.

a. #$L Ko b. $&L Ko c. %& Ko d. &&L K o
e. What shape is #$ %7%&
Solution s:

a. Given: #$L Ko
#%& L ¥TPEU
L ¥ EW
L 3 Esx
L 3w
#w& L w
The magnitude of # &L wunits
b. Given: $%L Ko
$% L ¥TPEU
L ¥wWETrS
L 3twEr
L 3w
$% L w
The magnitude of $%L wunits
c. Given: %&L Ko
%% L ¥TOEU
L ¥FUWE\VS
L 3{ Esx
L 3w
9% L w
The magnitude of %®L wunits
d. Given: &&L K o
%% L ¥TOEU
L ¥Fw Er6
L YwET
L 3w
& L w

The magnitude of %®L wunits
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e. The shape is a square.

4. A column vector Kéohas a magnitude of 10. Find T

Solution: )
Given: magnitude of lfo Lsr

¥TSEW L sr

—

¥T6 E x6 Sr
Square both sides:
TEux L srr
T L srrFux
T L xv
T L 3¥xv
L 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 k350
Give your answer: a. In surd form b. To 2 decimal places

3. XYZ s 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 is XYZ isosceles.

4. A column vector @Ahas a magnitude of 25. Find U

5. A column vector k5é60has a magnitude of 13. Find T
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Lesson Title: Direction of a vector

Theme: Vectors and Transformations

Lesson Number: PHM3-L081

Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to will be able to calculate the

direction of a vector.

Overview

During the last lesson, we looked at finding the magnitude of
vectors such as the one shown on the right. This lesson focuses

on finding the direction of a vector.

We start by writing the vector joining the points #and $.

<

Clrinw|ju|lalulola
AW
'

This is given as: #:td;&:xava# &L k oL Ko
Before the direction of the vector can be found, we need a diagram of the problem.

It is not always the case that we are given a diagram in the N
guestion, so we start by drawing a sketch of the problem, as
shown. This will assist us in finding the direction of the vector. B

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 Taxis.

This angle is givenby —fa L —'e where TdJare 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 # We will now work through how to find the direction of the vector above.

Solved Examples

1. Find the direction of the column vector # &L ksoto the nearest whole number.

Solution:

Step 1. Assess and extract the given information from the problem.

Given: vector # $L Ko

Step 2. Draw a sketch of the vector. (shown above)

Step 3. Find the direction (bearing) of the vector.

From the diagram the direction of # $is at an angle :{r F &;when
measured clockwise from the north.
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—-fa L —t L rgw from diagram, use tan ratio
a L —f=ryw
Luxay?
The direction of # $measured from the north:
L{rFuxy

L wadsu
Step 4. Write the answer.

The direction of # $measured from the north L w utb the nearest degree.

2. If &L kgoand <& k?790find:

a.
b.

<&
The bearing of <from : correct to the nearest degree

Given: ;&L Ko <&L k04

a.

& L F k?790
L k?97o
<& L &E ;&
L KoEK; o
L k6>51>?97§ 0
& L K%
<& L FK%
L ko
Find the acute angie a the vector makes with
the TFaxis:
—fa L -
a L —f*:x;
L zravv?

The direction of < &measured from the north:
L {rEzravv
L sym@avv?

The direction of : mneasured from the north L sy sto the nearest degree.

3. The points #:r&s;&:vas;&@6ydt;and &: uédt;are the vertices of a
parallelogram. Find:

a.
b.

# &%

the bearing of #from %correct to the nearest degree
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Given: #:r&s;and %yé&t,
Let position vectors 1 &L koand 1 %L k.o

a. 1#E#% L 1%
# % L 1&%F 14
#% L Kk,OF ko
L .6;??:25;A
#% L k.0
b. Find the acute angle § the vector makes with the TFaxis:
~fa L -
a L -pES
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.

Practice

1. Find the direction of the given vectors to the nearest whole number:
a. ;&L k0 b. 24&L K0

2. 2:Fsd; =J @:T4J,are points on the Oxy plane such that 2 &L k_,;o Find:

a. The coordinates of Q.
b. The bearing of P from Q to the nearest degree.

w

#:54,;8:v&; &6t §;and &:TdJ; are the vertices of the parallelogram ABCD. Find:
a. xandy

b. #%

c. The bearing of A from C, correct to the nearest degree.

4. If #&L k?;oand %S léofind:

a. %&
b. The bearing of %rom #correct to the nearest degree.
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Lesson Title: Parallel and perpendicular | Theme: Vectors and Transformations
vectors

Lesson Numb er: PHM3-L082 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to solve problems with parallel and
perpendicular vectors.

Overview
Parallel Vectors A s
. A Q
We know from a previous lesson that: 3a
T
If L | then P s
UD —3a
GT where Gs a scalar or number which can be .
G L | G B a positive or negative whole number or

fraction
From this, we know that the vectors , U and U are all scalar multiples of each other.
From the diagram we can see that they are also all parallel to each other.
They all make the same acute angle with the TFaxis.
~fa L fL-Lt
a L —f%:t; L xuwt
L xuto the nearest degree
By definition,
If L G Then and are parallel
x If GPr,then and have the same direction.
x If GOr,then and have opposite directions.
x If GL sthen and are equal (that is, they have the same magnitude
and direction).
It follows from the above that the corresponding components of 2 parallel vectors are in
the same ratio with each other.

If kgo L Gk?o that is, they are parallel vectors

then =+? L >+@ corresponding ratios in the same order are equal
Perpendicular Vectors ]

. . . 3|
There are times when we are asked to find vectors which are ﬂ'
perpendicular to each other. 4 :
Consider the diagram shown on the right. 3 3| W
We can see that the vectors k? oand K.*oare perpendicular to -
vector kKo
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8pb

Their scalar multiples k& cand k’8Powhere Gis a positive number are also
b b

perpendicular to klo
In general, the vectors perpendicular to @Aare:
g2
k?éd(é 0

Clac Pi y2Pi
and scalar multiples: b Kp 5 0

Solved Examples

1. Which of the following vectors are parallel to K ¢@

a. ko b. Ko c. ko d. K% e. K2
Solution s:
Step 1. Assess and extract the given information from the problem.

Given: vector K 05 other vectors
Step 2. Compare each vector with K 0

If the vectors are parallel, then:
where a and b are components of the vector to

=L >~_S be compared
30 Lo
a k.o ?:4 L ?:9 L —; parallel
b l€ 3 ;64 L ?79 L —S parallel
c. kio ?Zr M %6 not parallel
d. k',:’:so % L %9 L F—g parallel
e. KD %Z M %g not parallel

Step 3. Write the answer.
The vectors K o Koand K ®oare parallel to K o

2. Which of the following vectors are perpendicular to kgoe
a. K20 b. K40 c. K% d. K% e. ko
Solution s:
Given: vector I{ao 5 other vectors

The vectors perpendicular to k'goare k?g. 0 K’ °oand their scalar multiples.
Compare each vector with the known perpendicular vectors.

a. k’;.go not perpendicular

b. k>5x0 perpendicular +scalar multiple of k;’ o
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Fw _ .
c. | y pa perpendicular

d. kzg 30 not perpendicular

e. ko perpendicular

54

The vectors k, kzjgoand k?g_ oare perpendicular to k'go

58Q

3. Three of the vectors below are parallel. Which are the parallel vectors?
Give reasons for your answer.

a #&Lt Ev b. %& x Fst c. (&L v Ez
d. )*&L F Ft e. &L x Esx
Given: 5 vectors

a #& L t Ev L t: Et ;

b & L x Fst L x: Ft ;

C. '(& L v Ez L vi Et ;

d. y*& L F Ft L F: Et ;

e #& L x Esx L t:U Ez;

From the above it is clear that # $d (%&and ) *Sare parallel, as they are scalar
multiplesof : Et

Practice

1. Which of the following vectors are parallel to l@ild’

a. K’ b. K20 c. k5,0 d. K350 e. Ko

2. The vector k' is parallel to the vector Kofind G

3. Which of the following vectors are perpendicular to kZoé

a. kKo b ko c Ko dKlo ekSo fko gk, o
4. Aregular trapezium # $ % i& shown in the diagram. H
& &s parallelto #$and & $%-# &L t +s
If #$&L , express %®&n terms of . > |
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Lesson Title: Parallelogram law of Theme: Vectors and Transformations
vector addition

Lesson Number: PHM3-L083 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to add two vectors using the
paralleloaram law of vector addition.

Overview

We are often required to find the resultant vector of 2 vectors
starting from the same origin.

Consider the parallelogram 2 345

The opposite sides are equal in length and are parallel.

et
g
\
\
\
s

Since 2 %and 5 fare in the same direction,

2% L 54& (1)

L
Similarly, 28 L 34 2)

L
From the triangle law of vector addition,

28E34& L 24
L E
2& L 2%&E 2& from equations (1) and (2)

Let 24& L
then E L (3) where is the resultant vector of the two

vectors and

The parallelogram law of vector addition states that when two vectors are represented
by two adjacent sides of a parallelogram by magnitude and direction, then the resultant
of these vectors is represented in magnitude and direction by the diagonal of the
parallelogram starting from the same point.

If L@Aand L @A
then E L L @I°A asbefore

Solved Examples

1. Use the diagram above to write the column vectors for D QG
Find the resultant vector using the parallelogram law of vector addition.

Solution:
Step 1. Assess and extract the given information from the problem.
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Given: from above. 2 &L 5&L , 28 3 &L

Step 2. Write down the column vectors for a and b
From the diagram:

L k;40
6
L Kg0

Step 3. Add by using the parallelogram law of vector additon E L ,
where L @27 A
E

Step 4. Write the answer.
The resultant vector

2. #3$ %i&a parallelogram.

#%L andis parallelto & %# &L and is parallel to $ %
Express in terms of

b.

Given: #$&L & &L

a. #%
C.
Solution s:
a.
b.
C.

& &
# &
# &

$&
$ &
#

#(

and

$&
#9%nd $ &intersect at 6 Express # €in terms of

[ —

r - -

—

L
L k‘40Ekgo
L kgo

L kZo

parallel

# &E & %

E

parallel

$ SE %R

E:F ;

F

# &
E

oluolun

;>6
L k4>8o
A g B
/ /
D C
and
A p B
q
D C

6is the mid-point of # %

3. 1#%is a parallelogram with 1#L and 1 $L
2is the mid-point of #$ 3is the mid-point of 1 %

Express in terms of

a.

12

and

b.

3%

106

A C
/ /
-

0 b B



c. What do your answers show about the points 2and 3?
d. What property of a parallelogram has been proved by this question?

Solution s:
Given: 1#&L and 1 &L
a. #& L Fl1#&E1& b. 1% L 1#E1¢&
#& L F E 1% L E
{|& L —z:F E {}&L L —2: E

c. Points 2and 3are the same point.
d. The diagonals of a parallelogram bisect each other.

Practice

1. Inaparallelogram ABCD, #$L L | KJoand #&L L JKoFind | and Jsuch

that the resultant vector # % L k6460

2. The points #:Ft&;&:t&;, %wa;and &:L&V are the vertices of a parallelogram

ABCD. Write down #$& & %and $ &s column vectors and deduce the values of p
and q.

3. The points #:Fta; & :t&s; %wa;and &:TAJ; are the vertices of a parallelogram

ABCD.

a. Find #$%nd &%
b. Find the coordinates of D.

4. The points 2:u&;&:s&; 4:xd&;and 5:T&J.are the vertices of a parallelogram

PORS.
a. Write down 2% 54and 3 &s column vectors.
b. Deduce the values of x and y.
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Lesson Title: Application of vectors + Theme: Vectors and Transformations
Part 1

Lesson Number: PHM3-L084 Class: SSS 3

b Learning Outcome
By the end of the lesson, you will be able to apply vectors to solve simple

geometric problems.

Overview
Vectors can be used to solve simple problems in geometry. 17‘

. . . . . B
We can describe any point in the Cartesian plane relative to the 6 Y
origin using position vectors. 5|14 ‘y—
We know that given any point #: TdJ; dhe position vector relative | * /-

. 3
toOis 14&L @A z
We also know that line segments can be described using E >
position vectors. 334397«

For example, # &L 1 &F 1 #where # $is a line segment and 1 #and 1 $are position
vectors of the end-points of # $

We can also find the position vector 1 /8f the mid-point of any line segment using the
formula 1 /&L—Z k1 #&E 1 %o

Solved Examples o

1. A parallelogram # $ % Bas vertices #:Fx& u; &:sé& u; and
% ud&:;. Find the co-ordinates of the vertex &

Solution: | &l

Step 1. Assess and extract the given information from the problem.
Given: co-ordinates of vertices #:Fxau;&:sa u;, and % u®;
Step 2. Write down the position vectors of each point
(remember position vectors are relative to the origin)

Let 1& L L Kic 16 L L k>0
1% | L ko 1&L L @A
Since # $ %i& a parallelogram.
#& L &% 1)
#& L 16F 14
L F
L KJoFK0 L Ko
&% L 16 1&
L F
L

kloF @A L @A

?1

108




Step 3. Write the an

K,0 L @A from equation (1)
y L ufrT
T L Fv
r L skFU
UL s
swer.

The co-ordinates of & L :Fv&..

2. Atriangle #$ %as vertex #:ud;4$#L K oand $ %L k0

Find the co-ordinates of:

Solutions:

a. $ b. %

Given: triangle # $ %ith #:u§;a$&L K0 $ &L ko0
Let position vectors for #&1 &L k' ca$4al $=J @@L %

a. $& L
K% L

1§ L

L

L

The co-ordinates of $ L :v&,.

1&F 1%
kK'oF 1&
k' oF K°0
7%

8
k50

b. $% L 16 1%
8 8
k,;0 L 1%Ck50
1% L k?86oEkio
L k5o
L k_,<50

The co-ordinates of %L :z&s:

3. The points #& &@&and ' are the vertices of a pentagon. /
1is the origin. A
# L kI 0% Ko % K oand & &L Ko D
Show that # % &is a parallelogram. B
Solution: ¢
Given: pentagon # $ % & origin 1, not to scale
# &L kI 0% Ko % K oand & &L Ko
If # % &is a parallelogram, then # $should be
parallel to & ®and '#8hould be parallel to %&
#% L #S$ESH triangle law
$& L Ko
BOCL KhoE K20
L @55 AL ko
& &L Koand # %L K Sotherefore they are parallel
"o L HE#% triangle law
H#L %F#%
%% L %&E & & find ' %L F%&
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L KJoEKo
29>:6; 27
L Ko oL kyo
0% L 0
L oF Ko
2:26;
L @or 155 AL kg0

%&L K oand '#& L ko therefore they are parallel
Hence # % &is a parallelogram.

Practice

1. PQRS is a quadrilateral with P (2, 2), S (4, 4) and R (6, 4). If 2 &L v5 &find the co-
ordinates of Q.

2. ABCD is a quadrilateral. A, B and D have co-ordinates (4,-7), (2, 4) and (10, 5)
respectively. If # &L u$ %Find the co-ordinates of C.

3. O (0, 0), A (3, 4 and B (5, 2) are the co-ordinates of a quadrilateral OABC. If
$ %L Kodind: a. The co-ordinates of C; b. # %

4. A(1,-2)is a vertex of the quadrilateral ABCD. #$&L Koa$ %L k> oand %&L K o4
a. Find the co-ordinates of B, C and D.
b. If M is the mid-point of # $find / 9%&

5. Ais the point (5,- 3) and B is the point (0,9).
T
a. Express # $n the form @A
b. Calculate the length AB.
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Lesson Title: Application of vectors + Theme: Vectors and Transformations
Part 2

Lesson Number: PHM3-L085 Class: SSS 3

ﬁ Learning Outcome
By the end of the lesson, you will be able to apply vectors to solve simple real-
world problems.

Overview

Vectors can be used to solve simple problems in the real world.
Problems usually require us to find the magnitude and direction of the resultant vector of
forces, velocities or displacement.

For a vector @A

x The magnitude of the vector is givenby ¥TPELP 3\WKDJRUDVY 7KHRUHP
x To find the direction or bearing of the vector:

Draw a sketch of the problem; find the acute angle g the vector makes with

the TFaxis. Thisis givenby —f a L—;

Use the sketch to find the direction of the vector.

Solved Examples

1. A man paddles his canoe east at 2 m/s across a river. If the river flows south with a
current of 1.5 m/s.
a. Express the resultant velocity of the canoe as a column vector.
b. Find the resultant velocity of the canoe giving the direction as a bearing.
c. If the river is 20 m across, how long does it take the man to cross the river?

Solution s:
a. Step 1. Assess and extract the given information from the problem.
Given: speed of canoe east = 2 m/s,
speed of river current south = 1.5 m/s
Step 2. Write the position vectors of canoe and current.
Sketch the diagram (not to scale)

Since movement east is positive on the TFaxis V =
and movement south is negative on the Uaxis 115
position vector of canoe L kio I

position vector of current L k_,gégo
6 resultant velocity of canoe L KZOE k?;‘@o
L 20
Step 3. Find the magnitude of the velocity.
magnitude of velocity L ¥:t;9E:Fsa® L 3wEtdw
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Step 4.

Step 5.

Step 6.

Step 7.

L ¥xaw
L tam/s
Write the answer to a.
The velocity has magnitude t &m/s.
Find the acute angle 3§ the vector makes with the TFaxis.

-fa L 5—:’ L rgw from diagram
a L —f*ryw
L uxay?
Find the direction of the velocity.
direction of velocity L {r Euxzy from diagram
L stxay?
The velocity has direction sty.!

Find the time it takes the man to cross river.
width ofriver L trm given
time taken to cross P L %;: from distance formula @L OP
L zs

The time taken to cross the river is zs.

2. The location of two towns are shown on a map as : :ud&jand ; : f§,;relative to a
point 1 on the map. The displacement between the towns is given as : ;&L k?86o

Find:

Given: :

The position of ; on the map.

The distance on the map between the towns.

The bearing of : from ; correct to the nearest degree.
Solution s:

‘udy, ;:fa,;and ;&L kBo

Let position vectors for : &1 &L k{04; &1 &L k%o

a.

&L 1&F1& b. distance between L ¥:v;6 E:Ft;5
kio L k3oF kio the towns, :;& L ¥gxEv
k20 L k?ZGC; E kjo L 9ir
> .
L K590 L vayt
L ko L vawnits

Position of Y on map L :ya;
. 6 ..
-fa L fLlrav

bearing L tyrEtxaxw

distance on the map between the
towns L vawnitsto 1 d.p.

a L —f*ray L txaxw

L t{x&xw

The bearing of : from ; L t{y %o the nearest degree.
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Practice

1.

An aeroplane flew from town A, travels 200 km on a bearing of s u o town B. It then
travels 250 km from town B on a bearing of r v Wio town C. Find using the vector
approach:

a. The distance of A from C.to the nearest kilometre.

b. The bearing of A from C to nearest degree.

Village P is 10 km from a lorry station, Q, on a bearing r x W Another village R, is 8
km from Q, on a bearing s wwCalculate:

a. The distance of R from P, to the nearest kilometre.

b. The bearing of R from P, to the nearest degree.

An aircraft flies from a point A to a point B, x km away on a bearing of s uwFrom B,
the aircraft flies to a point C, 2x km away on a bearing of ttw. If the distance from A
to C is 350 km, find, correct to the nearest whole number:

a. The distance from AtoB &

b. The bearing of C from A.

A boy running in a northern direction later changes his direction and starts running
toward in an eastern direction. If the distance he covered in the northern direction is
4 km and in the eastern direct eastern direction is 3 km, determine:

a. The magnitude of his resultant.

b. His direction. Give your answer to the nearest whole number.

A village X is 15 km from a train station, Y, on a bearing ry Z Another village Z is 11
km from Y, on a bearing s x z Calculate:
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Lesson Title: Application of vectors + Theme: Vectors and Transformations
Part 3

Lesson Number: PHM3-L086 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to apply vectors to solve more real-
world problems.

Overview
This lesson will look at more problems using vectors to solve real-world problems.

The solution to Question 1 provides a step-by-step method of solving a problem when
we are given both the magnitude and direction (bearing) of a vector.

Follow the solution carefully. You will notice that in general we can write the
components of any vector given as a magnitude and direction or bearing as:

@AL KM% 1)
where =is the magnitude of the vector
ais the acute angle the bearing makes with the TFaxis
It is useful to always draw a diagram to then help us with writing the direction of any
resultant vector measured from the North.
Question 2 provides a Solved Example on how to use equation (1) to find the
components of the resultant vector.

Solved Examples

1. A cyclist starts from #and travels a distance of 10 km in the direction rxr*o $ She
then travels 7 km north to %
a. Draw a sketch of the journey from #to %

b. Write # % $%and # %s column vectors.
c. )LQG WKH F\FOLVWYV GLVWOLQFH DQG EHDULQJ IURP

Solutions:
a. Step 1. Assess and extract the given information from the problem.

Given: 2 stage journey 1%t stage: from #to $in direction rxr ¥or 10 km
2d stage: from $to %north for 7 km

Step 2. Sketch the diagram +shown at right (not to scale) i. c
b. Write vector # $in the form @A i

From the diagram on the next page, for the 1%t stage, a ’

rx r bearing makes an acute angle of urwith the Faxis A

0 ..'ert L ge4 use the cosine ratio
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T L sr..wr L srHraxxr .
L z&xr
L z&km
Similarly e<eur? L 5—'4
UL srecur: L srHréavrrr
L  wkm
5 #& L Kio
For the 2" stage of the journey
$& L Ko since $ s 7 km North
#E L #EESH
L KZoEKo
-
L Kg. o0
<4
#HL G0
c. Magnitudeof #% L ¥:z&;°%E :st;® XVH 3\WKDJRUDVY 7KHI
L 3ywk{Esvv
L 31s{&({
L svaxt
L svikm
From the diagram
. 56
—f& L <—a
N 2 6
a L —fﬁ@iééA
L wwdwz

Directionof #% L {r Fwvwz uvfvt
The cyclist is at a distance of s vd km from #at direction r u x o the nearest
degree.

2. Aplane flies from 2to 3traveling a distance of 300 km at a bearing of swrtb 3. It
then travels 350 km at a bearing of xr%o 4.
a. Draw a sketch of the journey from 2to 4.

b. Write 2% 3 &and 2 4as column vectors.

c. )LQG WKH SODQHTV GLVW DXpRlt rea)est \ihdl® nuinied. | UR P
Solution:

Given: 2 stage journey 15t stage: 300 km from 2to 3 at a bearing of sw rtb Q;

2" stage: 350 km from 3to 4at a bearing of xr%o 4.
a. Sketch of journey shown below (not to scale)
b. From the sketch:
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744 amap .
2& L K744qg4:0 g

594
L K. 40
794amqL
34 L K 9aqgn?
L 747
K5;90
2& L 2%E34& Magnitude of 2 &
s f0E K% R& L YVWIPE: Fzwb
.5621754;20 L 3rwtr{Eyttw
2& L K2 L 3%stvuv
L vxXErx
Direction of 2 & L vx&m
-fa L E7L r&zyx
a L —f*rdzyx
L sr&tw?
bearing L {rEsr&tw?

L srratw?
The plane is v x &«km from 2at a bearing of srs.t

Practice

1. A boat starts from 2and travels a distance of 8 km in the direction rvrio 3.
a. Draw a sketch of the journey from 2to 3.

b. Write the resultant displacement 2 %as a column vector.
2. A boat starts from #and travels a distance of 9 km in the direction ryrto $.
a. Draw a sketch of the journey from #to $.

b. Write the resultant displacement # $as a column vector.
3. Acyclist starts from : and travels a distance of 12 km in the direction ry wtb ;. She
then travels 8 km north to <
a. Draw a sketch of the journey from : to <

b. Write : ;& ; Sand : <as column vectors.
c. )LQG WKH F\FOLVWYV GLVWP&FH DQG EHDULQJ IURP
4. A ship travels at a speed of 3 m/s due east. A current moves the water due south at
a speed of 1.2 m/s.
a. Write the velocity of the ship and water as a column vector.
b. Find the actual velocity of the ship giving the direction as a bearing.
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Lesson Title: Translation +Part 1 Theme: Vectors and Transformations

Lesson Number: PHM3-L087 Class: SSS 3

b Learning Outcome s

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

1. Identify that translation moves an object without changing its size or shape.
2. Use vectors to translate given points and images.

Overview

Consider the triangle ABC shown at right. It was translated
from its original position 5 units right and 3 units up.

A translation moves all the points of an object in the same
direction and the same distance without changing its shape | 4
or size.

The column vectors which show the movements of A, B and
C to their new positions #;a%$; D Q @are given by:

##&L 100 $$&L Koand 99&L Ko

Since all 3 points move according to the same column vector, we can conclude that all
the points on triangle # $ %moved by the same column vector l@oto #s $5 %

The vector l@ois 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.

The new point #5:T;d4;, called the image point, will have co-ordinates T; L TE =4
U L UE >

We can write a mapping for the translation as:
@A 7 @AEKDO L @A

Similarly, :TdJ, 7 :TE=aJE >;
Solved Examples

1. Find the coordinates of the image of the point 2 :vd ; when it is translated by the
vector k%o

Solution:
Step 1. Assess and extract the given information from the problem.
Given: point 2 :vd; translation vector K’°o
Step 2. Write the mapping for the translation.

@A 7 @AEKD L @SA
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I@o 7 l@oEk?fo L K ?80L k;‘o

6>7
Ko 7 Ko
Step 3. Write the answer.
The co-ordinates of the image L :rav.

2. #"Ftév;is the image of a point #under the translation by the vector k?650 Find the

co-ordinates of point #

Solution:

Given: image #" Ft &v; of point #under translation vector k?650
@A 7 @AEKD L @A
@A 7 @AEK.0 using the translation vector
@A 7 Ko using the image point
: 76
@AEK 0 L Ko
A L
L

k?860F k?650 L 6?6 A

?:?5;
2?8
? k’)g ©
Kfo 7 Ko mapping for the translation
The co-ordinates of point #under translation vector k_fsoto image point #:Ftév; L

‘Fvav,.

3. 3Ms& u;is the image of the point  3:wé ; under translation by a vector. Find the
translation vector.

Solution: )
Given: point 3:wé ;, image 3" s& u;under a translation vector

@A 7 @AEKo L @A
KoE kgo using the translation vector

k>0 using the image point

7
7 H
oEKo L 50
KZ kg k?57 529
L k_,7oFl{3’o L 27269
L ':’go translation vector

The translation vector which maps 3:wé ;to 3%:s&u; L KJo

4. 2%:wé ;is the image of the point 2:t & w, by the translation vector . Find
a. The vector
b. The co-ordinates of point 3 which maps onto point 3" Fwa-t ; under

Solution s: )
Given: point 2:w& ;, image 2™t & w dranslation vector
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QA 7

@AE Ko

L @

a. vector from 2:wé& :to 2™t &w

kKo 7
.
KoE L
L

L

L

lioE
6
0
6
0
6
kS, OF l@o
629

79?76
2
’7o

(0]

Lkgo

The translation vector L Ko

Practice

3given 3MFwéFt; ~ L K o

@A 7
@A 7
@AE Ko

L
on -
L
L

@AEK o
?9 ’
76
?9
76

2 2
20F Ko
9?:?7,

@;6?:?;;A
?6

k9 o]

0]

0]

Co-ordinates of 3 L :Ft &y,

1. Find the co-ordinates of the images of the following points when they are translated

by the vector Ko
a. A(3,2)

b. B(-1,5)

c. C(-1,-2)

d. D(3,-3)

2. Find co-ordinates of the images of the following points when they are translated by

the vector K20
a. A(5, 6)b. B(-2,3)

3. #{2, 6) is the image of point A under the translation by the vector k?g’o.

Find the point A.

c. C(1,-4)

d. D(-3,-3)

4. 2%-3, 4) is the image of point P(2,1) under a translation by a vector. Find the

translation.

5. 5{-2, -6) is the image of a point S under the translation by the vector Kf.)o Find the

point S.
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Lesson Title : Translation *Part 2

Theme: Vectors and Transformations

Lesson Number: PHM3-L088

Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to translate plane figures.

Overview

This lesson focuses on using the information from

the last lesson to translate plane figures.

Consider the figure shown at right. To translate the 4
shape by any given translation vector, we can first /j

5 TV I ST, B - T |

n

translate the point # We can then use the image i B “_;’ 1 $34F¢7x

#Mobtained as a reference point to translate the

whole shape by the given vector.

Solved Examples

=2

1. On the same axes, draw the image of the shape above under the translation by the
given vectors such that #maps onto #1
For each translation find the co-ordinates of #"and use it as the reference point to

translate the object.
27
a.. l@o b. Ko
Solutions:

C. I%o

a. Step 1. Assess and extract the given information from the problem.
Given: a shape with point #marked, translation vector kgo

Step 2. Find the image point #"
under the translation
vector.

co-ordinates of # L :Ftd;
K207 KSPoE Ko

26>9
L Kgls 0

L Ko

co-ordinates of #1L :udu.

Step 3. Draw the image using #"as the reference image point.

translate given object.

b. Given: Use translation vector k?77oto
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2. Using the axes as before: P34
a.

b.

co-ordinatesof # L :Ftd:
co-ordinates of #"L :Fway
translation shown right. 5

Given: Use translation vector kaoto

YA

6>7

L e e -

translate given object. /7

co-ordinates of # L :Ftd: k?6607 k?660E kol K5 oL lﬁo
co-ordinates of #1L :w&;

6>6

e

Draw the shape given. ]
Translate the shape using the vector l@oand 2:Fud&; | |
as the reference point to give 2

Translate the image using the vector k?ssoand the
reference image point to give 2

Which vector would be needed to translate the final image back to the
position of the original shape?

\

Solutions:
Given: shape to be translated

a. Shape and all images shown below.

b. Use translation vector l@oto translate 3’7n
given object. . P1
co-ordinates of 2 L :Fud; P 5
27 27 27>8
K07 KJoE KoL K 2oL Ko *
co-ordinates of 25 L :s&; P,
2
1
Use translation vector k,580to |> >
. . ) -7-6 -5 4 -3-2-10 1 3 4 5 6 7
translate given object. = f
co-ordinates of 25 L :s¥; -2
Ko7 KOoE koL @, AL Ko S
co-ordinates of 25 L :td;
Since the object was translated using the vector sum lﬁoE k?580the inverse

vector will take the final image back to the position of the original shape.
translation vector L F @0E ky0A L F@,A
L Fk)o0 L K
Translation vector L k?sgotakes the final image back to the position of the
original shape.
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Practice

1. Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals Fst Q TQstand FstQUQ st

a.
b.

'UDZ "()* ZLWK Y HAWA(-67 ¥nd G(-2,2).
Draw the image 's5(5)s RI "()* ZKHUWUH5 (\ (5 ) \ )5 Wwhenitis
translated by the vector kgo

Draw the image '6(s)e R1 "()* ZKHUHg (\ (5 ) \ ) wWhenitis
translated by the vector k’’o

Draw the image '7(7)7 Rl "()* ZKHUH4 (\ (4 ) \ )z whenitis
translated by the vector k?;60

2. Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals Ft Q TQstand FstQUQ st

a.

b.

'UDZ "$%& ZLWK Y HUBB-8 Hid (X4,-8).
Draw the image #535% R1 "$% &eré Kt \ #; $\ $5 %\ % whenitis

translated by the vector ko
Draw the image #5$:;% R1 "$% & ZKHNUE $\ $5 %\ % whenitis

translated by the vector k?’o
Draw the image #;$;,% R ~“$%Bere #\ #, $\ $;, %\ % whenitis

translated by the vector k’o

3. Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals Fst Q TQstand FstQUQ st
a. Draw ABCD with vertices A (2, 8) B (2, 4) C (8, 4) and D (8, 8).

b.

Draw the image #5%5 %& RI1 "$% &' ZKH U $\ $5 %\ % &\ &
when it is translated by the vector k’/o
Draw the image #%6%& R "$% &' ZKHH U4 $\ $5 %0\ % &\ &
when it is translated by the vector k,_,i 0
Draw the image #;$;%& Rl "$% &' ZKH UM $\ $, %\ % &\ &

when it is translated by the vector k2o
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Lesson Title: Reflection +Part 1 Theme: Vectors and Transformations

Lesson Number: PHM3-L089 Class: SSS 3

ﬁ Learning Outcome s

By the end of the lesson, you will be able to:
1. Identify and explain the reflection of an object in the line UL G
2. Identify and explain the reflection of an objectinthe line TL G

Overview

Reflection is the image we see when we look at an object in a mirror.

Every point on the reflected image is the same distance away from the line of
reflection or mirror line as the object. Distances from both object and image are
always measured at right angles to the mirror line. The image has the same angles,
lengths and area as the object, but its figure is reversed.

We can write the mappings for various reflections as shown below:
Reflection in the Zaxis (i.e. YL Uis given by:

@A 7 @A gving T 7 TEU
Reflection in the Yaxis (i.e. Z L U is given by:

@A 7 @°A gving TAL 7 FTA4
Reflectionintheline YL “or YF* L Uis given by:

@A 7 @5 A gving TAL 7 :TAGFU
Reflectionintheline ZL ‘or ZF* L Uis given by:

@A 7 @7°A giving TAL 7 tGF T4
Solved Examples

Fre

1. Points 2:t&;4a3:vd;are two points on the given axes. Find
the co-ordinates, 2sand 3s of the image of the line joining

e
CerO:

the points under reflection in the TFaxis.

Solution: il

lowa

Step 1. Assess and extract the given information from the =}t i
problem. Given points 2:t &;a3:vd; T i B
Step 2. Draw the x- and y- axes (if not already drawn). A SRR

Locate the points 2and 3 on the graph.

Draw the line joining the points.
Step 3. Draw a line at right angles from 2to the mirror line

(the TFaxis). Measure this distance.
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Step 4. Measure the same distance on the opposite side of the mirror line (the
TFaxis) to locate the point 2;on the graph.

Step 5. Write the co-ordinates of 25 L :t & x;. Notice that the Fco-ordinates
are the same as for 2 the Uco-ordinates have opposite signs.

Step 6. Follow the same procedure for the point 3to give 35:va-t;, see graph.

2. For the given points in question a., and using the same axes, find the co-ordinates,
2sand 3¢ of the image under reflection in the Uaxis (T L r).
Write the mapping for each point. What do you notice?
Given: points 2:t &;43:vd;as in question 1. I SR S
From the graph, the co-ordinates are 25:Ft &;and :':5 HEBHAE] B
36:Fvd; :
mapping for 2 K« 7 K°ogiving 2:Ft&;
mapping for 3 K¢ 7 Klogiving 3g:Fva; b i
The Tco-ordinates have opposite signs, the U fh 2 o) 2 4y
co-ordinates are the same.

H 0(452)

3. Using a scale of 2 cm to 2 units on both axis, draw on a graph sheet two
perpendicular axes 1 Tand 1 Uor the intervals FsrQ T Q srand Fx QUQ x
a. Plot the points with co-ordinates: #:sau;a$:vav;a%véa;a&:ta;a
Join the points in that order to form shape #$ % &
b. Reflect the object in the F axis. Write down the co-ordinates of the corners of
the image #5%5%&s
c. Reflect #5%5%8&s in the U axis. Write down the co-ordinates of the image
#e$6 % &6 -
d. Reflect #¢%$5%&gin the line T L FwaNrite down the co-ordinates of #;%$;%&;.
e. Reflect #;%$,;%&;in the line UF s L r. Write down the co-ordinates of
#e $g % &g
Solution s:
Given: #:sa; & :va,&6va ;&&:t & ;
a. See diagram at the end of the question.
b. Reflectin UL r ( Faxis): @ 7 @ A
Co 7 kfo Co 7 Ko
Ko 7 k2o Ko 7 k0
Co-ordinates:: #5:s& u;a$s;:véF v;a% vat ;& t & t;
C. Reflect #5:s& u;a%5:veF v;a%:véFt;8:t&t;in TL r(Uaxis)

@A 7 @°A

5 25 8 28
k_,87o 7 égo k_,660 7 .780
kg0 7Kg0 kg0 7 kg0
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Co-ordinates: #g:FsdF u;dbg:FVva v, & Fvart ;88 Ft &t
d. Reflect #5:Fs&F u; &g FV&F v; & FVvat,;8s:Ft&t;in TL Fw: GL Fw
25 ')540 ?5; 54> 28;
;)70 7 K 'o L k,7 o o 7 K o L k,6
50 7 k”””go L Ko .go 7 k54’°60 L Kgo
Co-ordinates: #7:F{aF u; &, Fxa v, é%:FxéFt;é&ﬁan:t
e. Reflect #;,: F{& u;&;:Fx& v; & Fx&t;&;:Fz&t;in UFsLr: GLs
GA 7T @LA L @A L @A
?= ?= 2= ?: ?: 2!
k?70 7 @?’?’?7;A L l‘(90 k’??60 7 @?T?G;A L k'?80
k:80 7 @?’?’:?8;A L k?::0 k:;O 7 @?’?;6;A L k?8<0
Co-ordinates: #g:F{a&v &bs: Fx&; &4 Fxav; &g Fzav;

B8 HEEH

HHE e

T oGz

e R e e e e e
HE ey

Practice

1. Points #:s&;a%:t&;&6udy f * 1&: v&;are points on the given axes. Find the co-
ordinates, #s; $s&4and & of the image of the points under a reflection in the TFaxis
(y=0).

2. Points 2:s&;a3:t&; & :udy f « 15:v&; are points on the given axes. Find the co-
ordinates, 25, 3s&sand 55 of the image of the points under a reflection in the Uaxis
(x=0).

3. Find the image of the point #:s& x; when reflected in the lines:

a. ULt b. TLw c. TLFv d. TEsLT e. UEsL
4. Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two

perpendicular axes Ox and Oy for the intervals FsrQTQsrand FsrQUQ st

a. 'UDZ "()* ZLWK YHUWLEHV ( ) DQG *

b. 'UDZ WKH LREJHRT “()* XQGHU D UHI|OHxdsWHeRQ LQ WKH \
'5 (\ (5)\ )s

c. Drawtheimage ¢'6(s)s Rl “()* XQGHU D UHIOB@WheRQ LQ WKH |
‘s (\ (6)\ e
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Lesson Title: Reflection +Part 2 Theme: Vectors and Transformations

Lesson Number: PHM3-L090 Class: SSS 3

b Learnin g Outcome s

By the end of the lesson, you will be able to:
1. ldentify and explain the reflection of an object in the line UL T
2. ldentify and explain the reflection of an object in the line UL FT

Overview

In the last lesson, we looked at reflection in horizontal and vertical lines, including the F
and Uaxes. Reflection of points or shapes can be done on other lines apart from
horizontal and vertical lines.

We can write the following mappings:
x Reflection in the line UL Tas:

@A 7 Ko giving :TAS 7 :UAT
x Reflectioninintheline UL FTas:
@A 7 KLo giving :TAL 7 CFUFT,

Solved Examples

1. Points 2:t&;&:t &;and 4:u;are points on the given axes. Find the co-ordinates,
2, 3sand 4sof the image of the triangle formed under reflection in the line UL T
Solution:

Step 1. Assess and extract the given information from
the problem. Given: points 2:r &;&3:t &/ and
4:v&; line UL T

Step 2. Draw the x- and y- axes (if not already drawn).
Locate the points 2& and 4 on the graph.
Draw the lines joining the points.

Step 3. Draw the line UL T

Step 4. Draw a line at right angles from 2to the mirror
line (UL 7). Measure this distance.
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Step 5. Measure the same distance on the opposite side of the mirror line
(UL T to locate the point 250n the graph.
Step 6. Write the co-ordinates of 25 L :sd;
Notice that the F and Uco-ordinates have interchanged
Step 7. Follow the same procedure for points 3and 4giving 35:wd ; and
45:X&; (see graph).
2. For the given points in question b., and using the same axes, find the co-ordinates,
2, 3¢ and 4gof the image under reflection in the line UL FT
Write the mapping for each point. What do you notice?

Solution:

HHH T Realey IR

Given: points 2:r&;&8:t&and 4:v&;,
line UL FT
. A ?5

mapping for 2 Ko 7 k?490

mapping for 3 l@o 7 260

mapping for 4 l<?o 7 k’;éo
The co-ordinates are 2:Fsa; &g: Fwe-t ;and
4e FXE& vV,
The Tand Uco-ordinates have interchanged
and have opposite signs.

3. Using a scale of 2 cm to 2 units on both axes, draw and label on a sheet of graph
paper two perpendicular axes 1 Tand 1 UJor FzQTQzand FzQUQz
Draw on the same axes, showing clearly the co-ordinates of all vertices:

a. The quadrilateral with vertices #:t&; &b :va&; &6v&;and &:udy.

b. The image #5%5%&;0f #$ % &nder a reflection in the line UL Twhere
#T7 #5437 $58%7 %and &7 &

c. Theimage #g%¢% & under a reflection in the line UL FTwhere
#7 #8437 $54%7 %and &7 &

d. The image #;%$;%&; under a reflection in the line UL FTwhere
#s 7 #8857 $,8% 7 %and & 7 &

Solution:
Given: quadrilateral with vertices #:t &;&:va; &sv&;and &:udy

127



a. All diagrams for this question can be found at the end of the question.

b. Reflectinline UL T mapping is given by @A 7 Héo
Ko 7 Kogiving #s:z4 ; Ko 7 Kogiving $5:z4)
Ko 7 kogiving %:xa; Ko 7 Kogiving & :wau;
c. Reflectinline UL FT mapping is given by @A 7 k:'eo
Ko 7 Kjogiving #s:Fz&t; Ko 7 Kjogiving $5:Fz&v;
Ko 7 Kjogiving %:Fx&v; Ko 7 KJogiving &:FwFu;
Reflect #5:zéa ;dbs:zév; &4:x&/;and &:wa) inline UL FT
l{ao 7 szogiving #, Ftaz; kgo 7 kzicgiving $;:Fvaz;
ko 7 KPogiving %:Fvéx; Ko 7 K/logiving &:Fudw
i
Dyls:3e =
: ﬁm:
o e =
. . i
G
foromi

Practice

1. Find the image of the point - :t & v;when reflected inthe line TEuL r.
2. Points #:t &;&:sa;and % wé;are points on the Cartesian plane. Find the co-
ordinates, #s; $sand %of the image of the triangle formed under a reflection in the

line UL FT

3. Points : :sd; g :vayand <:ud;are points on the Cartesian plane. Find the co-
ordinates, :5 ;zand <gof the image of the triangle formed under a reflection in the

line UL T

4. Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals Fst Q TQ zand FsrQUQsr.

a. 'UDZ "345 ZLWK YHUWLFHV 3

4 DQG 5

b. Draw the image 23545 Rl "345 XQGHU D UHIOHFWLRQ LQ WKH Ol

2\ 25 3\ 35 4\ 4
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c. Drawthe image 2354¢ Rl "345 XQGHU D UHIOHFWiwRe@ LQ WKH OL
2\ 2 3\ 3¢ 4\ 44

d. Draw the image 2,3;4; Rl "345 XQGHU D UHIOHFV8WRe@®2 LQ WKH Ol
2\ 2, 3\ 34 4\ 4,

5. Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals FsrQTQsrand FsrQUQ st

a. Draw ABCD with vertices A (1,2)B (4,4) C (3,7)and D (1, 5).

b. Draw the image #s5%5 %&;0of ABCD under a reflection in the line y=x
where #\ #; $\ $5 %\ % &\ &

c. Draw the image #g%$5% & 0f ABCD under a reflection in the line y= -x where
#\ #s 8\ $5 0\ % &\ &

d. Draw the image #;%$;% &, of ABCD under a reflection in the line x+1=0 where
#\ #, $\ $, %\ % &\ &
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Lesson Title: Rotation *Part 1 Theme: Vectors and Transformations

Lesson Number: PHM3-L091 Class: SSS 3

ﬁ Learning Outcome s

By the end of the lesson, you will be able to:
1. Identify that rotation is a movement around a fixed point.
2. Find the image of an object under rotation about the origin.

Overview

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. Anti- clockwise
rotation is the standard rotation used, and can be assumed if no direction is given.

The mappings for rotation are given below:

x Rotation through & Uanti-clockwise or U a ttlockwise about the origin =~ {:
@A 7 Klo gving TAS 7 CFUAT,
x Rotation through U & tanti-clockwise or & Uclockwise about the origin ~ {:
@A 7 k.o gving :TAL 7 CUFT
x Rotation through U & Y{half -turn) anti -clockwise about the origin  {:
@A 7 @°A giving TAS 7 CFT&U,
Since s zris a half-turn, both anti-clockwise and clockwise rotation result in the
same image.

Solved Examples

1. Points 2:ud;&:v&;and 4:t &; are points on the given axes. Find the co-ordinates,
2, 3sand 4sof the image of the triangle formed under an anti-clockwise rotation of
{rtabout the origin, 14
Solution:

Step 1. Draw the x- and y- axes (if not already drawn).
Locate the points 2&8 and 4 on the graph.
Draw the lines joining the points.

Step 2. Mark the centre of rotation 1:ra;
Draw a straight line from 1to 2
Measure the distance 12

Step 3. Measure an angle of {rtin an anti-
clockwise direction.

Step 4. Measure the distance 1 2along
this line to locate the point 2
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Step 5. Write the co-ordinates of 25 L :Ft ;.

Notice that the F and Uco-ordinates have interchanged, and the Uco-
ordinate has also changed signs.

Step 6. Follow the same procedure for points 3and 4giving 35:Fx&;and

45:Fvd ; (see graph).

2. A rotation about the origin maps #:Fvéy;to #;:Fy&;and $:udwto $5 Find the
co-ordinates of $5 Describe the rotation for the mapping.

Solution:
Given: #:FVé&y, #5:Fy&;and $:udw,

k’;?o 7 k?8; )

this is the same as @A 7 k;éo

~ ?
6 kijo 7 K2o

The point $was rotated ty r fanti-clockwise about the origin O.

3. Using a scale of 2 cm to 2 units on both axes, draw on a sheet of graph paper two
perpendicularaxes 1 Tand 1 Uor FzQTQzand FzQUQz
Draw on the same axes showing clearly the co-ordinates of all vertices:

a.
b.

The triangle 2 3 4with 2:wal; 83 :z&;and 4:t X,

The image ¢2535450f ¢2 3 4under an anti-clockwise rotation of {r about
the originwhere 27 2437 3547 45

The image ¢ 2534 under an anti-clockwise rotation of ty r fabout the origin
where 27 25437 347 4¢

The image ¢ 2,374, under a rotation of s z r &bout the origin where

27 2437 3,47 4,

Solution s:
Given: triangle 2 3 4with 2:wai; &3:z&;and 4:t&;

a.
b.

C.

d.

All diagrams for this question can be found at the end of the question.
Rotate {rtabout the origin, mapping is given by @A 7 k?.e.i o]
Ko 7 Ky ogiving 25:Fuaw, Ko 7  KZ2ogiving 3s5:Fvé;
Ko 7 K, ogiving 45:Fxé& ;
Rotate ty rlabout the origin, mapping is given by @A 7 k;éo
Ko 7 k'jogiving 2:udFw, Ko 7 k'ogiving 34:véFz;
Ko 7 Kk ogiving 4g:x&Ft;

Rotate s zr&bout the origin, mapping is givenby @A 7 @°A
Ko 7 KJogiving 2:FweFu; Ko 7 Ksogiving 35:Fz&v;
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Ko 7 K ogiving 4¢:Ft & x;

[ i i
R S o S S L S Bt Bt G

Practice

1.

Find the image of the point 3:ué&;formed under a clockwise rotation of {r‘about the
origin.
Points #:u&;&:ta;and %t &;are points on the Cartesian plane. Find the co-
ordinates, #s; $mand %of the image of the triangle formed under an anti-clockwise
rotation of {r‘about the origin.
Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals FsrQTQsrand FsrQUQ st
a. 'ubDz " ()* tEkvertices E(-2,7) F(-6,7) and G(-2,2).
b. Drawthe image '5(5)s Rl “()* X Q G H U-dbCws&rdtdtion of {rabout
the originwhere " \ "5 (\ (5 ) \ )5
c. Drawtheimage '4(g)s Rl "()* XQGHU D FORFNZlr'sdduttikWDW LR Q F
originwhere' \ ' (\ (6 ) \ )&
Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals FsrQTQsrand FsrQUQ st
a. 'UDZ "345 ZLWK YHUWLFHV 324). 4 DQG 5
b. Draw the image 253545 R1 "345 X Q G H Uclarkyvige@vstlon of
ty rabout the origin where 2\ 2, 3\ 35 4\ 45
c. Draw the image 234 Rl "345 XQGHU D FORFNRyreddutitiRWDWLRQ
originwhere 2\ 2, 3\ 34 4\ 4
d. Drawthe image 2,3;4; Rl "345 X Q G H Ucl&xkwi:@nlackwise rotation of
s z fabout the origin where 2\ 2, 3\ 3, 4\ 4.
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Lesson Title: Rotation *Part 2 Theme: Vectors and Transformations

Lesson Number: PHM3-L092 Class: SSS 3

b Learning Outcome
By the end of the lesson, you will be able to find the image of an object under
rotation about any point : =&,

Overview

We can rotate a given point or shape about any point :=&>; by following the procedure
from the last lesson. We can also use a formula to calculate the new co-ordinates
obtained after a specified rotation.

We follow the steps given below to find the formula for rotation through & Banti-
clockwise or U a ttlockwise about the point :14& ;&

Step 1. Subtract the co-ordinates of the centre @? On
of rotation :=&;from :TAJ; ?0
Step 2.  Apply the appropriate rotation formula @ggA 7 K120,

820
Step 3. Add the result in Step 2 to the centre & 26>0,
of rotation to get the image point -€70,>0
Step 4. Write the co-ordinates of the image (F:UF > E=4:TF
point = ES

Using the steps above, we also get:
x Rotation through U a tanti-clockwise or & Uclockwise about 1§ ;
@? O subtract components of the centre of rotation
?9"" from the given point
8?0 120 A apply the appropriate formula
@A 7 @. 5,6 A pply pprop
-3 r)("‘); (") .:' .
@:é?O;(DA add the result to : =&,
(:UF >; E=&:TF co-ordinates of the image point
x Rotation through U & Yhalf turn) anti -clockwise about :1& ;
@? O subtract components of the centre of rotation
from the given point
420 :6?0; » apply the appropriate formula
@A 7 @;:i?dﬁ PPY PPIop
:8720,>0 67260,
@Z‘I?G>© L @iii?ﬁéA add the result to :=&;
(F:TFt=&:UF t>) co-ordinates of the image point
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Solved Examples

1. Use the appropriate formula to find the co-ordinates of the image point when point

; :Ftaw is rotated {rclockwise about the point :s&v;a
Solution:
Given: point ; :Ft & w,, rotated {r clockwise about the point :s&v;

@A L Q.

L

@A 7
27

50 7

?5
k7o 7

g

subtract components of the centre

25 A 2675
?8; ?9>8 of rotation from the given point
0
i?0 .
@6 A apply the appropriate formula
7 :??57; A L I<?750
YaA L ko add the result to :s& v;

; :Ft & w; rotated {rclockwise about the point :s&v;gives :r&s;

2. Using a scale of 2 cm to 2 units on both axes, draw on a sheet of graph paper two
perpendicular axes 1 Tand 1 Uor FzQTQzand FxQUQsr.
Draw on the same axes showing clearly the co-ordinates of all vertices:

a.
b.

d.

b. Mapping under an anti-clockwise rotation
of {rtabout the point :=&;is given by:

The triangle 2 3 4with 2:t&;&:v&;and 4:z¥:.
The image ¢2;35450f triangle 2 3 4under an anti-clockwise rotation of {r?

about the point :sd;where 27 2a37 3547 45
The image ¢ 25 354¢under an anti-clockwise rotation of ty r*about the point
;sd;where 27 2437 3547 44

The image ¢2; 3,4, under a rotation of s z r &bout the point :sd ;where

27 2437 3,47 4,
Solutions:
Given: triangle 2 3 4with 2:t&;&:v&;and 4:z¥,;

a. All diagrams for this question can be found at the end of the question.

for rotation about centre of rotation, % sd ; @A 7

Ko 7

;
Ko 7
;

€ Mapping is given by @A 7

Ko 7

@A 7 @ 2??0?56%

@:'i ?6;>5AL k?.i >7O

"€75;>6 é>5
2857 2<>7
Kess O Ko 7 Ko
K >ogiving 25:Fsa; 7 K ogiving 3s5:Fwaw
k7,>70
<>5

K’8ogiving 45:FV¥ ;

51 20>0 31 26;>5 i?5
@:é’?@,>6A L @:é?5;>6AL k?é>70
8?75 <?5
26>70 Ko 7 28>70
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7 Kogiving 2:uds; 7 kjgogiving 3s:y&Fs;
Ko 7 @20

7 k?:gogiVing 46:Xé:V\l,
d Mapping is given by @A 7 @:é’?6©;AL @;é?G:S;;AL @é>6A

7:1 260, 126:6;; i>8
Go 7 k2o ¢o 7 K250
7 Kogiving 2:ra; 7 K2ogiving 37:Ft&Fv;
Ko 7 K22 E e |

{Risy

7 Kiogiving 4;:Fx&Fu;

R(8.7)

R
0,7, ~1)

o248 {
| i Ry6-5) |

Practice

1. a. Determine the formula for the co-ordinates of the image point when (x ,y) is

rotated clockwise about the point (a, b).
b. Find the co-ordinates of the image point when 4:va;is rotated {r’clockwise

about the point(-5,2).
. a. Determine the formula for the co-ordinates of the image point when (x ,y) is
rotated { r‘anti-clockwise about the point (a, b).\
b. Find the co-ordinates of the image point when 2:FwéFt ;is rotated {r’anti-
clockwise about the point(4,7).
. a. Determine the formula for the co-ordinates of the image point when (x ,y) is
rotated s z fclockwise or anti-clockwise about the point (a, b).
b. Find the co-ordinates of the image point when 3:x& u;is rotated s z rclockwise
or anti-clockwise about the point(-2,-3).
. Points #:u&;&:t&;and %t &; are points on the Cartesian plane. Find the co-
ordinates, #s; $mand %pof the image of the triangle formed under:
a. An anti-clockwise rotation of ty rabout the point(-3.-2).
b. A rotation of s z rabout the point(4,-3).
. Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals FzQTQstand FstQUQ st
a. 'UDZ "$% & ZLWK Y HUBB-F) dnd Ci4,-3).
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. Draw the image #;$5 % R1 "$% & X Q G H-Jotk®is®r@tatidn of {rabout

the point (2, 4) where #\ #; $\ $5 %\ %

. Draw the image #:$:% R! "$% & XQGHU D sz RiboiDd INd_RifX (R4)

where #\ #, $\ $¢ %\ %

. Draw the image #;$; % Rl "$% & XQGHU DQ FOR F{\Ahodtihd) RWD W LR
point (2,4) where #\ #, $\ $, %\ %
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Lesson Title: Enlargement +Part 1 Theme: Vectors and Transformations

Lesson Number: PHM3-L093 Class: SSS 3

i Learning Outcome
By the end of the lesson, you will be able to use scalar multiplication to enlarge
given shapes.

Overview

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, G
Two different formulas are given for enlargement:
x The formula for enlargement from the origin ~ { by a scale factor ‘ is given by:
@A 7 Gio = @20 where Gs positive or negative
e ] ] whole number or fraction
T4J, 7 GEU
x The formula for enlargement from any point  : 14 ; other than the origin  { by
a scale factor *‘ can be found by following the steps given below.

Step 1. Subtract the co-ordinates of the centre of @° Op
rotation :=&>;from :T&J; ?0
Step 2. Enlarge using the given scale factor 8?20 g=yde;
P g g g @?OA 7 @:i ?G,A
Step 3.  Add the result in Step 2 to the centre of @:é? 6>0
rotation to get the image point 126>0

Step 4. Write the co-ordinates of the image point (GTF = E=2aGUF
> E
A negative scale factors give images at the opposite side of the centre of enlargement.
The image is turned upside down (inverted). An object under enlargement with a scale
factor which is a fraction, results in a smaller image than the object. It is a reduction .

Solved Examples

1. Find the image of :Fs& x;under the enlargement with scale factor of 4 from:

a. The origin b. The point :t&;
Solution s:
Given: :Fsd& x; enlarge with scale factor 4

a. G20 7 VKo L @:SA L k550

b. Given: :Fs& x; enlarge about the point :t &; with scale factor 4

526 2576 -7 _ Subtract components of the centre
@?C)A 7 k0 L kg0 of rotation from the given point

?7 ?7 ?56 . .
50 7 VK. L Kg,0 enlarge using the given scale factor

2560 7 2566 | 254, add back components of the centre
84 ?848 277 of rotation

2. Draw on the given axes showing clearly the co-ordinates of all vertices.
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a. Thetriangle 2 3 4with 2:s&;& :u&;and 4:s&.
b. The image triangle 253545 o0f triangle 2 3 4under an enlargement from the
origin with scale factor twhere 27 2,437 3547 45
c. The image triangle 253¢4¢0f triangle 2 3 4under an enlargement from the
origin with scale factor Ftwhere 27 25437 34 7 4
d. What do you notice about the enlargement 25 3¢4¢?
Solutions:

Given: triangle 2 3 4with points 2:s&;a3:u&;and 4:s&;
a. All diagrams for this question can be found at the end of the question.
b. Mapping under an enlargement

from the origin with scale factor t @A 7 KoL ko

Mapping under an enlargement from
the origin with scale factor t

Ko 7 tko L Ko - ﬂ-m?

Ko 7 tko L ko e \

Ko 7 tko L Ko A |
HHES f.(u)é mm)é

2%5:td;&85:xd;and 45:t&;

...... s P@ﬂ_aﬂ-zj .........

@A 7 l€ eO L ?O B8, —::). i n(—;fn

d & R L
Ko 7 Ftko L Kpo B i
Ko 7 FtKo L k';:60 \4,
Ko 7 Ftko L K% e

2 Ftat;&8Bg:Fxdt;and 4¢:Ftaz;

d. The image 253¢4gis upside down.

3. Asquare has vertices #:z&;4%:zaz;a% Fvédz;and &:Fva).
a. Find the co-ordinates of the vertices of the image square #5%;%&0f #$ % &
under an enlargement from the origin with scale factor - where
#7 #;8% 7 $58%7 %and &7 &
b. What do you notice about the co-ordinates of #5%$5%&s?
Using a scale of 2 cm to 2 units on both axes, draw on a sheet of graph paper two
perpendicularaxes 1 Tand 1 Uor FvQTQzand FzQUQWV
Draw on the same axes, showing clearly the co-ordinates of all vertices:
c. The square #$ % &bove.
d. Theimage #;$5%&0f #$ % &
Solutions :
Given: #:z&;4%$:z&z;,a% Fvédz;and & Fvd)

a.

Ko 7 —Zkgo L Ko C.
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< 5, < 8 y : 4024
Lo 7 2kLo L ko -
28 5,28 ?6 HHHEI altaz
k,.o 7 “ ksco L Kkgo L 1 —ten
28 5,78 76
k8 o7 _6 k8 o L k6 0] i e o z 3 ¢ dx
#sova ;&b vaFv;, % Ftav;a e
&:Fta; S
b. The co-ordinates of #z%$;%&sare half tiand R
that of the original # $ % & [EBRE EEEE

Practice

For all enlargements using a scale of 2 cm to 2 units on each axis, draw on a graph
sheet two perpendicular axes Ox and Oy for the intervals FsrQTQsrand FsrQUQ

S

1.

Find the image of D :Fvd ;under the enlargement with scale factor of 3 from:

D
b.

C.

d.

D
b.

a. The origin b. The point (5,6)

‘Ubz "()* ZLWK YHUWLFHYV ( ) DQG *
Draw the image '5(5)s Rl "()* XQGHU WKH HQODUJHPHQW IURP WK}
scalefactorof—:where' \' "5 (\ (5)\ )s

Draw the image '5(5)s RI "()* XQGHU WKH HQODUJHPHQW IURP WK
scale factorof 2where ' \ ' (\ (&) \ D&
Draw the image '7(7)7 Rl "()* XQGHU WKH HQODUJHPHQW IURP WKt
scale factorof -1where " \ ", (\ (%) \ )4

'UDZ "$% & ZLWK YHUWLFHV $ % DQG &
Draw the image #5%5 %of "ABC under the enlargement from the origin with a
scale factor of 2 where #\ #; $\ $5 %\ %
Draw the image #%% Rl "$% & XQGHU WKH HQODUJHPHQW IURP W|
scale factor of 3where #\ #, $\ $5 %\ %

. Draw the image #:$, % Rl "$% & XQGHU WKH HQODUJHPHQW ZLWK D

from the point (2, 3) where #\ #, $\ $, %\ %

. Draw ABCD with vertices A (2, 8), B (2, 4), C (8, 4) and D (8, 8).
. Draw the image #s5%5 %&; of ABCD under the enlargement from the origin with a

scale factor of—there H\ #;, $\ 35 0\ % &\ &
Draw the image #g%$¢% & 0f ABCD under the enlargement from the origin with a
scale factor of—f3 where #\ #5 $\ $5 %\ % &\ &

. Draw the image #;$;% & of ABCD under the enlargement with a scale factor of -

1 from the point (-1, -2) where #\ #, $\ $, %\ % &\ &a
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Lesson Title: Enlargement +Part 2 Theme: Vectors and Transformations
Lesson Number: PHM3-L094 Class: SSS 3

b Learning Outcome
By the end of the lesson, you will be able to find the relationship between scale
factor, length, area and volume of enlarged shapes.

Overview

When an object is enlarged or reduced by a scale factor, Gthen the ratio of any length

on the object to the corresponding length on the image is given by:

OHQJWK RI LPDJH
GL OHQJIJWK RI FRUUHVSRQGLQJ VLGH RI REMHFW (1)
Ratios can also be found for the area and volume such that:

C;SLDUHD RI HQODUJHG LPDJH (2)
DUHD RI RULJLQDO REMHFW

and,

C;? L YROXPH RI HQODUJHG LPDJH (3)
YROXPH RI RULJLQDO REMHFW

Note that enlargement always produces images which are similar figures to the objects
where they are in proportion to the scale factor of the enlargement.
For triangles, if either one of the following is true, they are similar triangles:
x The ratio of corresponding sides are equal.
X The angles of one triangle are equal to corresponding angles in the other
triangle.

Solved Examples

1. Atriangle has vertices with co-ordinates #:t &; & :wé;and % wav. It is enlarged
from the origin to give an image having vertices #s:x&;a%s:sva;and %:s vé W
a. What is the scale factor of the enlargement?
b. Draw on the given axes showing clearly the co-ordinates of all vertices
triangles # $ %nd #5;%$5%

c. Measure corresponding Length of triangle Length of image
lengths of the triangle and image #$ #e $s
on the graph. Copy and $ % $5%
complete the table given. What # % #5%
do you notice?
Solution s:

a. Step 1. Assess and extract the given information from the problem.
Given: triangle with vertices #:t &; & :wé; and % wav, enlarged from the
origin to give image having vertices #g:xa; a%$5:s vdu; and %:s vé w
Step 2. Find the formula for the mapping
mapping for # Ko 7 Ko for #s

mappingfor $ Ko 7 K% for $5
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K% for %
from the images it is clear the mapping is @A? u @A Othe scale factor is 3.

b. Step 3. Draw the object and c. Step 4. Measure corresponding lengths
image triangles and complete the table

mapping for % K;’o 7

= Length of triangle | Length of image
. #3 3 #sPs 9
i $ % 4 $:% 12
. # % 5 #: % 15

d. Step 5. Write the relationship connecting scale factor to length.

length of image L u Hlength of corresponding side of object
where u L scale factor, G of the enlargement

2. For the figure shown on the right:
a. Explain why triangles # $'and # & 'are similar.
b. Find the lengths of Tand U&Il measurements are in
cm.
Solution s:

Given: ¢#$'with #SL xFPa#' L Ta'$ L xFP
and ¢#&'with $%L Ua'& L vVFP&%L { FP

a. a#$' L a#%& ) .
, . since the lines $' and % &re parallel
an's L an&% 3 ca@rep
a'#$ L a&#% common vertex #

Since the 3 angles are the same in both triangles, they are similar triangles.

b GL OHQJWK RI LPDJH
: OHQJWKURNBRQGLQJ VLGH RI REMHFW

For'$a&% G L - sav
For #9%#$ sav L  * For #&3#' sav L &°
. e
#% L xHsav saw L VET
L {cm ravr L v
0 $%L U L ucm o#' L T L 8 cm

3. The length of a side of a regular pentagon #is 4 times the length of a side of
another regular pentagon $.
a. Find the ratio of the area of #to $.
b. If the volume of $is 4 cm?3, what is the volume of #?
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Solution s:

Given: OHQJWK RI RQH VLGH RI Sgéﬁwf%ﬁ@i
" OHQJWRWUHVSRQGLQJ VLG SEE % J é’%
DUHD RI SHGQ

6
DUHD RI SHCQC L v L sX

YROXPH RI SH 7
YROXPH RI SH v

YROXPH RI SH

L xv

~

0 9ROXPH RI SH' L vHxv L twxm?
Practice

1. ;1 "$%& KDV YHU Wdrdindtés ZLXH Kb R4 ; and % s réF v;, find the image
Hs$55% REWDLQHG ZKHQ "$%& LV HQODUJHG ZLWK D VFDOH ID
2. Atriangle has vertices with co-ordinates 2:u&; & :w&;and 4:v&; Itis enlarged from

the origin to give an image having vertices with co-ordinates 2;:x&;&a3s:sra&;
and 45:z& .

a. What is the scale factor of the enlargement?

b. Use a scale of 2 cm to 2 units on both axes, draw showing clearly the co-
ordinates of all vertices triangles 2 3 4and 25354,

c. Measure corresponding lengths of the triangle and image on the graph.

Copy and complete the table below.

Length of triangle Length of image
23 235
34 3545
24 2545

d. What do you notice?
e. Prove that the ratio of the area of triangles 2;3545to0 2 3 4is equal to the
square of the ratio of the scale factor.

. Afigure is enlarged with a scale factor of 3. If the area of the original figure is 15
cm?, find the area of the enlarged figure.

. The length of the side of a cube : is 3 times the length of the side of another cube ;.
If the volume of ; is 8 cm?,

a. What is the volume of :?
b. What is the length of cube X?
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Lesson Title: Combination of Theme: Vectors and Transformations
transformations

Lesson Number: PHM3-L095 Class: SSS 3

i Learning Outcome
By the end of the lesson, pupils will be able to perform a combination of
transformations on a plane shape.

Overview

An object can undergo more than one transformation. This combination of
transformations can be described by a mapping which gives the single transformation
that produces the same end result. We will look at a few examples in this lesson.

Solved Examples

Using a scale of 2 cm to 2 units on both axes, draw two perpendicular axes, 1 Tand 1 U
for FzQTQzand Fz QUQ z All mappings are given as standard (e.g. # 7
#a$ 7 $5a%7 %).

1. Draw on the given axes, showing clearly the co-ordinates of all vertices:

a. Triangle #$ %vith vertices #:t &;&:x&;and %t & a

b. The image ¢#5%$5%o0f ¢# $ %nder a reflection in the Faxis :UL r;.

c. Theimage ¢#e%$s%0f ¢#535%under a rotation of s z r &bout the origin.

d. Describe fully the single transformation that will map ¢# $ %nto ¢#5%5¢%

Solutions:

a. Step 1. Assess and extract the given information from the problem.

Given: #:t &;&:x&;and %t &y,
Step 2. Draw the triangle with the given vertices.

¢H# $ %hown below.

b. Step 3. Apply the appropriate mapping formula for reflection in the TFaxis.

QA 7 @A
€0 7 Ko Ko 7 K0
Go 7 Ko

Step 4. Write the answer and draw the

image triangle (shown at right).
#stds; &5 xds;and %:t&w

c. Given: #5:t&s;ds:x& s;and %:t&w

@A 7 @A rotation of s z r About the origin
ko 7 KPo k.o 7 Ko
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k50 7 KJo  Weget, #5:Ft&;&s: Fx&;and %:Ft 4y
d. From the graph, the reflection on the Uaxis :TL r;maps ¢#$%nto ¢#%5:%
én 7 @A T @A
@A 7  @°Aeflection in the Uaxis :TL r;

2. Draw on the given axes, showing clearly the co-ordinates of all vertices.
All mappings are given as standard (e.g. # 7 #5).
a. The quadrilateral # $ % &ith #:s&a$:udaya%ua;and &:sd).
b. The image #5%5%8&;0f # $ % &nder a clockwise rotation of {rlabout the
origin.
c. The image #g%¢%&0f #5%5%& under a translation by the vector k';go
d. The image #,;%$;%&; of #5%5%& under a reflection in the line TL s
e. Describe the single transformation that will map # $ % &nto #,%$,%& a
Solutions:
Given: #:sa;a$:uda%ua;and &:sd)
a. All diagrams for this question can be found below.
b. Clockwise rotation of {raboutthe c. Given: #5:WéFs;a%s:We-u;4%:zda u;

mapping can be written:

i.e.

origin. &:y& 9, translation vector K20
s i o a>0 ?8,; A? 8
@A 7 ko0 @A 7 @ L @ iA L @A
9 9 928
léo 7 k?so #s k?so 7 ’576 L k.>7o g
k£790 ! k?970 %5 k?970 7 .9;?86 L k?SQOé $6
kZO 7 k0 % k50 7 .<;?86 L .890 %
Ko 7 ko & K0 7 Kgpg L kyod &
d. Given: #5:WéFs;a$s:wak u;a%:z& u; and e e
&:y&9andline TL s
@A 7 @7°f L @Y°A L@°A
k50 7 Ko L Klo
k70 7 Ko L Ko
k70 7 Ko L Ko =
ks0 7 Ko L Ko
# FudFs; &, Fudru;, & Fxd u, & FWEFs;

e. The single transformation is given by the comblned mapplng

from b.
fromd.since TL Uand UL FT

or 7 Ko
7 I@:e'c
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Practice

1. Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals FsrQTQsrand FstQUQ st

a. Draw triangle ABC with co-ordinates A(4,2) B(10,2) and C(6,8).

b. Draw the image triangle #s5%s %of triangle ABC under a reflection in the line
x=0 (y-axis) where # \ #s; $\ $; %\ %

c. Draw the image of triangle #¢$g % of triangle #5 $5 % under a rotation through
s z fabout the origin, where #s \ #5 $5\ $5 %\ %

d. Draw the image of triangle #;$; % of triangle #¢%$s % under an anti-clockwise
rotation through ty r"about the origin, where #5 \ #, $\ $, %\ %

2. Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals FsrQTQsrand FstQUQ st

a. Draw triangle PQR with co-ordinates P(3,3) Q(6,3) and R(3,6).

b. Draw the image triangle 2535 45 of triangle PQR under a reflection in the line
y=xwhere2\ 25, 3\ 35 4\ 4

c. Draw the image of triangle 2534 4¢0f triangle 25345 under a clockwise
rotation through ty r about the origin, where 25\ 25 35\ 3g 45\ 44

d. Draw the image of triangle 2;3; 4, of triangle 2534 4¢under a reflection in the
x-axis (y=0), where 25\ 2, 35\ 3 4¢\ 4.

e. 'HVFULEH WKH VLQJOH WUDQVIRURBWMLRQ WKDW PDSV ~

3. Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals Fst Q TQ zand FsrQUQsr.
a. Draw triangle ABC with co-ordinates A(-1,5) B(3,6) and C(4,0).
b. Draw the image triangle #s;%$5 %of triangle ABC under a reflection in the line
y-x=0 where #\ #; $\ $5 %\ %
c. Draw the image of triangle #g$g % of triangle #5%$5 %under an enlargement
from the origin with scale factor -2, where #5 \ #5 $5\ $5 %\ %
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Lesson Title: Application of Theme: Vectors and Transformations
transformations

Lesson Number: PHM3-L096 Class: SSS 3

b Learning Outcome
By the end of the lesson, pupils will be able to solve problems using
transformations.

Overview

This lesson focuses on application of transformations.

Solved Examples

1. Using a scale of 2 cm to 2 units on both axes, draw two perpendicular axes 1 Tand
lUor FzZQTQzand r QUQz
Draw on the given axes, showing clearly the co-ordinates of all vertices:
a. The triangle 23 4with 2:ud; 2%L Koand 3 4L K o
b. The image triangle 253545 o0f triangle 2 3 4under an anti-clockwise rotation of
{r1about the origin where 27 25437 3547 4g
c. Use the graph to find 2;48and hence +2;4&4eaving the answer in surd form.

Solutions:
a. Step 1. Assess and extract the given information from the problem.

Given: 2:ud;a2 &L Kof + B 4L K o
Step 2. Find the co-ordinates of 3and 4.

2& L 1% 1% 3& L 14F1%

Ko L 1%F Ko Koo L 14Fko

1% L Ko+Ko 14 L KJo+ko
L ko L ko

2:ud;&8:ya;and 4:xa&va
Step 3. Draw the triangle with vertices above.
¢.2 3 4shown below.

b. Step 4. Apply the appropriate mapping formula.

@A 7 K)o
Ko 7 KPo ko 7 k?;7o
ko 7 k?:go

Step 5. Write the answer and draw the image triangle. (shown below)
2% Fta&;85:Fud;and 45: Fw;
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R6.s) |

i

Py(-2.3)

P(3:2)

)o(v.]m

-o = = 2 5]

£)

4 [ 8 x

c. Step 6. Use the graph to find 2;48and hence 2548

27
4% L kjo

2:48% L ¥:FuSbEUW

L % E{L Yz
L u%4 units

2. Using a scale of 2 cm to 2 units on both axes, draw two perpendicular axes 1 Tand
lUor FzZQTQvand FzQUQWV
a. Draw on the same axes, showing clearly the co-ordinates of all vertices:

ci. The triangle #:s&;a$:s&;and % vau.

cii. The image ¢#5%5%o0f ¢# $ %ander an enlargement about the origin with
scale factor Ftwhere #7 #;4%$7 $sand %7 %
b. Find the equation of the line $ %

Solutions:

Given: #:sa&;4%:s&;, % v, scale factor GL Ft, centre of enlargement

@A 7 G@A L
Ko 7 L
Ko 7 Ftko L

7 L

Ko Ftio

Ft @A
Ko
G20
o

#s Ft& ;4% Ft & x;and O/QZFZéFX;”

Let T, L saU L udly L Ftal L Fx

substitute the assigned variables

Using standard formula for equation of a straight line and point $:sa;

ii. Given: $:sau; &;:Ft & x;
P21
gradient L Ie,,'e
’9’)7
L 2675
?=
L 77 L u
127
ws - U
UFu L uwTFs;
UFu L UuTFu
U L uT

The equation

of line $%is UL uT
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Practice

1. a. Using a scale of 2 cm to 2 units on each axis draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals FsrQTQsrand Fst QUQ st
b. Draw on the same graph sheet, clearly labelling the vertices and indicating the co-

ordi

nates.

i. Triangle PQR with P (4,8), 3&L K 2oand 4 &L Ko

iv.

The image triangle 2535 45 of triangle PQR under a reflection in the line y= -2
where 2\ 2, 3\ 3sand 4\ 4s

The image of triangle 2534 4¢0f triangle PQR under a translation by a
vector Kowhere 2\ 2 3\ 3gand 4\ 4

The image of triangle 2;3- 4, of triangle PQR under a rotation through sz f
about the origin, where 2\ 2, 3\ 3;and 4\ 4,

c. Find 3434

2. a. Usi

ng a scale of 2 cm to 2 units on each axis, draw on a graph sheet two

perpendicular axes Ox and Oy for the intervals FsrQTQsrand FstQUQ st
b. Draw on the same graph sheet indicating the clearly the co-ordinates of all
vertices:
I. The square PQRS with co-ordinates P (2, 2) Q (6, 2) R (6, 6) and S (2, 6).
ii. The image Z;35 455 0f the square PQRS under a reflection in y-axis

iv.

c. Fi

where L\ Lg 3\ 35 4\ 45 5\ 5

The image 2535465 0f square PQRS under a translation by the vector
k,%owhere 2\ 2 3\ 35 4\ 4and 5\ 5

The image 2;3,4,5;of square PQRS under a rotation through s z r about the
origin where 2\ 2, 3\ 34 4\ 4and 5\ 5,

nd the vector 25 2/&

3. a. Using a scale of 2 cm to 2 units on each axis, draw on a graph sheet two
perpendicular axes Ox and Oy for the intervals FsrQTQsrand FsrQUQsr.

b. Given that the point G (4,6) and the vectors ) *&L kSoand *-&L K %o draw on the
same graph, showing clearly the co-ordinates of their vertices.

Triangle GKH.

The image )s*5 - 5 of triangle GHK under an enlargement from O, the
origin, with scale factor F—there )\ )5 *\ *sand - \ -5

The image of triangle ) g* ¢ - ¢ Of triangle GHK under an anti-clockwise
rotation of {r‘about O, the origin, where ) \ )g * \ *gand - \ -
Find * *&

Describe the single transformation T under which -5\ -
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SSS 3 Maths Term 2 Answer Key

Lesson Title: Expression of ratios

Lesson Number: PHM3-L049

l.a.L=16cm, w=15cm b.5:6
2. a. 140 kg b. Le 4,400.00 c. 4.32 km d. 210 mangoes
3.a.48m b. 40 min c. 3.5 litres d. 45 pupils

Lesson Title: Comparison of Ratios

Lesson Number: PHM3-L050

1.a.0.375:1 b.0.75:1 c.1.7:1 d.04:1

2.a.1:14 b.1:1.6 c.1:32 d. 1:20,000

3.a. 8:17 P7:15 b.13:7 P11: 6 ¢c.79g:8g P11m:13m
d.Le 170.00 : Le 90.00 PLe 300.00 : Le 160.00

Lesson Title: Rate

Lesson Number: PHM3-L051

1. 450 litres 2. 8 labourers 3. Le 486,000.00
4. 37 5. Le 3,800.00 6. 68 km/h

Lesson Title: Proportional division

Lesson Number: PHM3-L052

1.81 2.500 3. 240
4. Momodu=Le 1,000.00 Musa= Le 400.00 5. Le 3,712,000.00

Lesson Title: Scales +Part 1

Lesson Number: PHM3-L053

1. a. 1:480,000 b. 72 km

2. a. Width=40 cm length=55 cm b. Width=32 cm length=44 cm
c. Width=16 cm length=22 cm d. Width=8 cm length=11 cm
3.1:30

4.a.59.5cm b. 47.6 c. 200 cm d. 23.8 cm

149




Lesson Title: Scales *Part 2

Less on Number: PHM3-L054

1.a.96cm b.7cm 2.a.50cm b. 7.4 km
3. a. 1:500000 b. 18.8 cm 4.1:176
Lesson Title: Speed zPart 1
Lesson Number: PHM3- L055
1. 90 km 2. 3.6 km/h 3. 13.3 km/h
4.45m/s 5.6 m/s 6. 22.22 m/s
Lesson Title: Speed xPart 2
Lesson Number: PHM3-L056
1. a. y=9 hours b. 10 km/hr 2.6 km
3. a. k=5 hours b. 20 km/hr
4. a. p=7 hours b. 20 km/hr c. 28 km/hr

Lesson Title: Travel graphs

Lesson Number: PHM3-L057

1. a.

Distance from Accra (km)
5 5y 8 g 88

g

0 T
10:00  10:30  11:00  11:30 1200

Time (Hours)

time graph showing the journey of Morie and Father

N
o
.

A | &
| 4""4 | .3°"\

Distance from Mattru (Km)

T

¢ 3 1 P 2 21 o
2

Time I(hour)

b. Aircraft A= 400 km/h
Aircraft B= 300 km/h

c. 1037GMT, 245 km from Accra

b. S—Z hours, 6 km from Mattru




Lesson Title: Density

Lesson Number: PHM3-L058

1. 4,800 2.92
4. 2,040,000 5. 1,300

3. 1,850 km?
6. 1.03 g/cm?

Lesson Title: Rates of Pay

Lesson Number: PHM3-L059

1. Le 325,200.00

3. Le 600,000.00

5. Margaret = Le 601,350.00
Kabba = Le 727,950.00
Tommy = Le 791,250.00
Christiana = Le 991,700.00

2. Le 1,875,000.00
4. Le 159,500.00
6. Le 989,583.33

Lesson Title: Commission

Lesson Number: PHM3-L060

1. Le 297,500.00

2. a.Le 450.00 b. Le 1,200.00
3. Le 860,000.00 4. a. Le 18,690.00
5. Le 121,000.00 6. tav”

c. Le 3,600.00
b. Le 62,000.00

d. Le 88,500.00

Lesson Title: Income tax

Lesson Number: PHM3-L061

1. a. Le 69,000.00
3. a. Le 650,000.00
d. Le 1, 500,000.00

b. Le 750,000.00
e. Le 1,275,000.00

b. Le 280,000.00

2. Le 1,600,000.00
c. Le 125,000.00
f. Le 15,300,000.00

Lesson Title: Simple interest

Lesson Number: PHM3-L062

1f y- 2. Le 40,000.00
3. u—; UA=NO 4. Le 80,000.00
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Lesson Title: Compound interest tPart 1

Lesson Number: PHM3-L063

1. Le 53,876.56 2. Le 49,945.60, Additional interest = Le 1,945.60
3.Le 504,672.82 4. A. Le 878,460.00 b. Le 278,460.00

Lesson Title: Compound interest tPart 2

Lesson Number: PHM3-L064

1. Le 53,876.56 2. Le 2,782.22
3. a. Le 629,856.00 b. Le 129,856.00
4. a.Le 477,613.60 b. Le 27,613.60

Lesson Title: Profit and loss *Part 1

Lesson Number: PHM3-L065

1.z~ 2. Le 29,750.00 3. Le 367,346.94
4. Le 533,333.33 5. Le 1,650,000.00 6. zr"~
7.Le 171,900.00

Lesson Title: Profit and loss +Part 2

Lesson Number: PHM3-L066

1. ty” 2.t
3. a. Le 750,000.00 b. Le 150,000.00
4. a. Le 400,000.00 b. Le 300,000.00

Lesson Title: Hire purchase

Lesson Number: PHM3-L067

1. Le 1,080,000.00 2. a. Le 7,200,000.00 b. Le 1,380,000.00
3. Le 52,500.00 4. a. Le 1,780,000.00 b. Le 682,333.33

Lesson Title: Discount

Lesson Number: PHM3-L068

1. Le 412,500.00 2.s Z—; "’
3. a.Le 4,410,000.00 b. Le 1,590,000.00
4. a. Le 332,120.00 b. Le 47,880.00
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5. Le 616,000.00 6. vtd"

Lesson Title: Depreciation

Lesson Number: PHM3-L069

1.a.Le 27,127,305.60 b. vvid~

2. a. Le 1,009,800.00 b. uu”

3. a.Le 14,467,896.32 b. srav”

4. Le 1,953,125.00

5. a. Le 4,500,000.00 b. Le 3,280,500.00

Lesson Title: Financial partnerships

Lesson Number: PHM3-L0O70

8PDUXTV VKI38)281.23H
9LFWRUYV VIRDAA#H’5 /H
D 9LFWRULD 28224000 H /H
+DQQDKTYV VKIBADBO0.00/H
-DQHWYV VKRr60.00 /H
b. wX
3.a.i. Le 1,000,000.00 il. 35%

b. Le 94,500.00

Lesson Title: Foreign exchange

Lesson Number: PHM3-L071

1. a. GH¢4,487.18 E Y
2. alLe 600,000.00 b. Le 2,850,000.00
3. Le 240,000.00 4. Le 150,000.00

5.$1,898.73, GH¢5,128.21

c. $886.08
c. Le 50,000.00

Lesson Title: Additional practice with applications of percentages

Lesson Number: PHM3-L072

1. Le 1,356,000.00 2. Le 13,650.00
4. Le 855,000.00
5. a. Le 3,500,000.00 b. Le 70,000.00
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Lesson Title: Introduction to vectors and scalars

Lesson Number: PHM3-L073

t u r W
L 28 @A 4§L|_@5tA 54 @ A (8L @T:VA

. -
E

o

2. il.‘"\

SS S
b. #&L @FSA . %&L @SA

8 6 4 -fz\<z’ i

6 8 ‘

4.2 #8L dA b. $ %L @FFéwA c. #L @FF:UA

Lesson Title: Basic vector properties

Lesson Number: PHM3-L074

l.a. 3L K b. 5&L Ko c. ;&L kPo d. $#L Ko
2. =L ta>L Ft 3. TLuaUL w

4.a. $#LKJo b. ;:&L k.70 c. 5&L K%0

5. =Lsa>L Fy 6 TL F{aUL Fw

Lesson Title: Addition and subtraction of vectors

Lesson Number: PHM3-L075
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1.a. @éA b. @éA c. @A d. @:SSSA e YA

2.2 @A b. é\s/A c. @ A
3.a @zA b. %A c. @VtA
4. a. éiA b. A . @E\E’A

z
St

d @ A
y

St
d. @EFVA

da@A

Lesson Title: Multiplication of vectors by scalars

Lesson Number: PHM3-L0O76

l.a. Ko b. Ko c. ko
e. ko f. k7,0 g. kLo
2.a. K b. k>0 c. k%0
3.a. k>0 b.K2i0 c. K%o

Lesson Tit le: Position vectors

Lesson Number: PHM3-L0O77

lLa. 18 kig01&L K%  b. Ko c. k2o

2= s

2.a. #$L Ko AL Ko b. #$&L K 0a$ AL Ko
3.7(7, 2) 4.B(7, 12) 5. F(-7, -4)

Lesson Title: Triangle law of vector addition

Lesson Number: PHM3-L078

la #%L k30 b. #%L k,jo | [ 7 | HHE
. i
. «K
Ty
.
Y .
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2. 34&L k,0

?9
3.2%L k 560

4. #% k,°0 %8 kY0

Lesson Title: Mid-point of a line segment

Lesson Number: PHM3-L079

1. M(1.5, 4.5) 2.Y(7,-12) 3. -6 L&o 4. 11 1&J0
5. E(9,9) 6. 26 K30

Lesson Title: Magnitude of a vector

Lesson Number: PHM3-L080

l.a. 86 b. 4.5 2.a. VI¥sr b. 12.65
3. ;Ko ; & &L kBo ;&L £ & L sr ;< islsosceles
4. UL tv 5. TLw
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Lesson Title: Direction of a vector

Lesson Number: PHM3-L081

l.a. srz? b. try? 2.a. Q(2,-2)
3.a. TL Fsand UL u b. k %0 c. k20
4.a. k%0 b. syv?

b.utu?l

Lesson Title: Parallel and perpendicular vectors

Lesson Number: PHM2-L082

1. a. not parallel b. parallel c. parallel
d. not parallel e. parallel
2. GL st

3. a. not perpendicular b. perpendicular  c. perpendicular
d. not perpendicular e. perpendicular  f. not perpendicular
g. not perpendicular

4. %&L Ftm

Lesson Title: Parallelogram law of vector Addition

Lesson Number: PHM3-L083

1.1 L zand JLt
2. #%L ko &8 @A $&L @ A LL sand ML u

3a #& klo &% @A b. TL sand UL v
4.a. 28L kIS0 54L @ °A 38 @ °A b. TL zand UL w

Lesson Title: Application of vectors +Part 1

Lesson Number: PHM3-L084

1. Q (10, 2) 2.C (4, 8)
3.a.C(9,3) b. #%L k.0
4.a.B(3,-1)C (4,-2) D (3, -4) b. /9&L k[ g0

5.a. #$L K%  b. 13 units
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Lesson Title: Application of vectors tPart 2

Lesson Number: PHM3-L085

1. a. 320 km b. txVv
2. a. 13 km b. trx
3. a. 157 km b. s{Z
4. a. 5km b. uy
5 a. 19km b. ttt'

Lesson Title: Application of vectors #art 3

Lesson Numb er: PHM3-L086

1.a b. 2% K320
2.a b. #& K20
.. 5 : 4 : 5
3. a. 2 b. :;&K20 ;<& Ko <& K20
c. The cyclist is at a distance 16.1 km from X at a
N 8km direction rvvé
AT

Xl

4. a. k»é@o b.3.23m/sat111.81

Lesson Title: Translation *Part 1

Lesson Number: PHM3-L087

1. a. #1(5, 5) b. $7(1, 8) c. %(1, 1) d. &1(5, 0)
2.a. #(4, 2) b. $7(-3, -1) c. 9%(0, -8) d. &\(-4, -7)
3. A(3,4) 4. K20 5. 5:FV& z; 6. (7, -6)
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Lesson Title: Translation *Part 2

Lesson Number: PHM3-L088

l.a b. '5ir&s, (5:Fvass, )5:r&;
c. '¢:FWeFs; (g:F{&s;
) 6+ FWeFX;
d. ';:way, (;7:S&v, );iwa;
2.a b. #;:y&; $5:ssdu;, %:ydu;
C. #g:sdFy, $s:WeFsSS,
%:s&ss
d. #;:yau, $;:58;, % v&;
3.a b. #5:Fsq, $s : Fsav,

%:vaw, & W ;
C. #g:vaFs;, $5:vaFw,
%:srék w, & :SIéFs;
d. #5:Fz&t, $¢ (FzdFx,
% Fta x;, & :Ftét;

Lesson Title: Reflection +Part 1

Lesson Number: PHM3-L089

1. #1,-4), $5:t&u; %:udw &f4,-6)
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2. 2f-1,4), 3s:Ftaa4s:Fudy 5(-4,6)

3. a. #{1, 10) b. #9, -6) c. #-9, -6)
d. #4-3, -6) e. #51, 4)
4. a. b. 's:Ftd; (s:Fwd; )4-2,4)

c. 'g:tdF{; (g:WF{; )g:tdFv;

Lesson Title: Reflection +Part 2

Lesson Number: PHM3-L090

1. -5:Fzé&v;

2. #5:FV&t,; $5:FudFs;, %:Fvaw
3.:43,1) 5IW; <5lyal,

4. a. b. 25:t&; 35:t&; 446, 4)

C. 25:Fx&t; 3g:Ftéat;44-2,-6)
d 2%:Fz&; 37:Fzd; 44-12,2)
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b. #5:1&; $5:v&; %yl & Wk,
C. #eg:Ftés; $ Fvav;
%:FyaFu;, &:FWweFs;
d. #,:Fud; $;:Fx&;
% FwWg; & :Fudy,

Lesson Title: Rotation *Part 1

Lesson Number: PHM3-L091

1. 346,-3)
2. #-4,3) $5 :Fuad; %-4,2)

3. a. b. 's:Fyd&t; (5:Fy&Fx; )s:Ftat;

c. 'g:yd; (5:¥& )g:ta;

4. a. b. 25:sd&u; 35:tadx; 45:vat,;
C. 25:Fsa&;, 35:Ft&;, 44:Fvd;
d. 2 :FuéFs; 3;:Fxat; 4,:Ftav

161





























