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Chapter 1
Working with whole
numbers

1.1 Revision

Do not use a calculator at all in section 1.1.

build numbers up and break numbers down

1. Write each ofthe following sums as asingle number: T el QT S Vi) (6

(@) 4000+800+60+5 indicate two or more numbers
(b) 8000 + 300+ 7 that have to be added.

(c) 40 000 +9 000 + 200 + 3

(d) 800 000 + 70 000 + 3 000 + 900 + 2 The answer obtained when
(e) 8thousands + 7 hundreds + 8 units the numbers are added, is

also called the sum. We say:

(f) 4 hundred thousands + 8 ten thousands + .
20 is the sum of 15 and 5.

4 hundreds + 9 tens
2. Whatis the sum of 8 000 and 247?

3. Write each of the numbers below as a sum of When a number is written as

units, tens, hundreds, thousands, ten thousands a sum of units, tens, hundreds,
and hundred thousands, like the numbers thatwere thousands etc., it is called the
given in question 1(e) and(f). expanded notation.

(a) 8706 (b) 449 203

(c) 83490 (d) 873092

4. Arrange the numbers in question 3 from smallest to biggest.

5. Write the numbers in expanded notation (for example, 791 =700 + 90 + 1).
(a) 493020 (b) 409 302 (c) 490032 (d) 400 932

6. Arrangethe numbersinquestion5 from biggest tosmallest.

7. Write each sum as a single number.

(a) 600000+ 40000+ 27000+ 100+ 20+ 34

(b) 320000 +40000+8000+670+10+5

(c) 500000+ 280000+ 7000+300+170+ 38

(d) 4 hundred thousands + 18 ten thousands + 4 hundreds + 29 tens + 5 units
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8. Write each sum as a single number.

(a) 300000+ 70000+6000+400+80+6
(b) 400000+ 20000+ 2000+500+10+3
(c) 500000 +40000+7000+300+60+6
(d) 800000 +90000+7000+800+90+8
(e) 300000+ 110000+ 12000+ 400+ 110+ 3

9. Ineachcase,add the twonumbers. Write the answer in expanded form and also as
a single number.
(a) Thenumberin8(a)andthe numberin8(b)
(b) Thenumberin8(c)andthe numberin8(b)
(c) Thenumberin8(c)andthe numberin8(a)
(d) Thenumberin8(d)andthenumberin8(a)

10.(a) Subtract the number in 8(b) from the number in 8(d).
(b) Are the numbers in 8(b) and 8(e) the same?
(c) Subtract the number in 8(a) from the number in 8(b).

11.Write each ofthe following products as a single The word product is used to

number: indicate two or more numbers
(@) 2x3 that have to be multiplied.
(b)2x3x5

(c)2x3x5x7

(d)2x3x5x7x2 The answer obtained when

(e)2x3x5x7x2x2 numbers are multiplied, is also
called the product. We say:
20 is the product of 2 and 10.

12.(a) What is the product of 20 and 5007?
(b) Write 1 000 as a product of 5 and another number.
(c) Write 1 000 as a product of 50 and another number.
(d) Write 1 000 as a product of 25 and another number.
(e) Whatis the product of 2 500 and 47
(f) What is the product of 250 and 407?

13. In the table on the right, the number in each
yellow cell is formed by adding the number in
thered row aboveittothe numberinthe blue

column to its left. Copy the table and fill the

correct numbers in all the empty yellow cells.

14. The table on the next page is formed in the

same way as the table on the right. Copy the

table and fill in all the cells for which you

know the answers immediately. Leave the

other cells open for now.
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Suppose you want to know how many black dots there are in the arrangement on
page 3. One way is to count in groups of three. When you do this, you may have to
point with your finger or pencil to keep track.

The counting will go like this: three, six, nine, twelve, fifteen, eighteen . . .

Another way to find outhow many black dots there are is
to analyse the arrangement and do some calculations.

In the arrangement, there are ten rows of threes from the
top to the bottom, and three columns of threes from left to
right, just as in the table alongside.

One way to calculate the total number of black dots is
to do 3 x 10 = 30 for the dots in each column, and then
30+30+30=90.Another wayis toadd up eachrow
(3 + 3 +3=9) and then multiply by 10: 10 x 9 = 90. A third
way is to notice that there are 3 x 10 = 30 groups of three,
so the total is 3 x 30 = 90.

WWlwWwlwwwjlw w| w|w
WWlwWwlwjwjwjlwlw|lw|w
Wiwlwlwwwjlww w|w

2. When you determined the number of blue dots in question 1(b), did you count in
fives, or did you analyse and calculate, or did you use some other method? Now use
adifferent method to determine the number of blue dots and check whether you get
the same answer as before. Describe the method that you used.

3. The numbers that you get when you countin fives are called multiples of five.
Copy the table below and draw circles around all the multiples of 5.

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50
51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70
71 72 73 74 75 76 77 78 79 80
81 82 83 84 85 86 87 88 89 90
91 92 93 94 95 96 97 98 99 100
101 102 103 104 105 106 107 108 109 110
111 112 113 114 115 116 117 118 119 120

4. How many red dots are there in the arrangement on page 3?
A number that is a

multiple of 5, and
5. (a) Underline all the multiples of 7 in the table you drew for also a multiple of 7,is
question 3. called a common

(b) Which multiples of 5 in the table are also multiples of 7?2 multiple of 5 and 7.

Describe the method that you use to find this out.
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6. How many yellow dots are there in the arrangement on page 3? Describe the method
that you use to find this out.

7. (@) Cross out all the multiples of 9 in the table you drew for question 3.
(b) Which numbers in the table in question 3 are common multiples of 7 and 9?7

8. (a) Look at the numbers in the yellow cells of the table below. How are these
numbers formed from the numbers in the red row and the numbers in
the blue column?
(b) Copy the table below and fill in all the cells for which you know the answers

immediately. Leave the other cells open for now.

90

20

50

60

9. Copy the table below and write down the first thirteen multiples of each of the
numbers in the column on the left. The multiples of 4 are already written in,

as an example.
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10. Copy and complete this table. For some cells, you may find your table of multiples on
the previous page helpful.

11. Go back to the table you drew for question 8(b).Ifyou can easily fill in the numbers
in some of the open spaces now, do it.

12. Suppose there are 10 small black spots on each of the yellow . ) .
dots in the arrangement on page 3. How many small &9 &
black spots would there be onall the yellow dots together, in @ @

the arrangement on page 3?

multiples of 10, 100, 1 000 and 10 000
1. How many spotted yellow dots are there on page 7? Explain what you did to find out.

2. Howmanylearnersarethere inyour class? Suppose eachlearnerinthe classhasa
booklike this. How many spotted yellow dots are there on the same page (thatis, on
page 7) of all these bookstogether?

3. Each yellow dot has 10 small black spots, as you can see on
this enlarged picture.

(a) How many small black spots are there on page 7?
(b) How many small black spots are there on page 7 in all the books in your class?

4. Here is a very big enlargement of one of the black spots on
the yellow dots. There are 10 very small white spots on each
small black spot. How many very small white spots are there
on all the black spots on page 7?

5. (a) How many very small white spots are there on 10 pages like page 7?
(b) How many very small white spots are there on 100 pages like page 77?

MATHEMATICS GRAdE 7: TERM 1




100 000

1000

10 thousands are a ten thousand: 10 x 1 000 =10 000
10 ten thousands are a hundred thousand: 10 x 10 000
10 hundred thousands are a million: 10 x 100 000 =1 000 000

10 tens are a hundred: 10 x 10 =100
10 hundreds are a thousand: 10 x 100
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6. (a) Write 7 000 + 600 + 80 + 4 as a single number.

(b) Write 10 times the numberin (a) in expanded notation and as a single number.

(c) Write 100 times the number in (a) in expanded notation and as a single number.
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(a) 746 (b) 7460 (c) 74600
(d) 746000 () 7 460 000



8. (a) Write 10 000 as a product of 10 and one other number.
(b) Write 10 000 as a product of 100 and one other number.
(c) Write 100 000 as a product of 10 and one other number.
(d) Write 100 000 as a product of 1 000 and one other number.
(e) Write 1 000 000 as a product of 1 000 and one other number.

9. Copy the table below and fill in all the cells for which you know the answers

immediately. Leave the other cells open for now.

10. Copy the table below and fill in all the cells in the table for which you know the
answers immediately. Leave the other cells open for now.

MATHEMATICS GRAdE 7: TERM 1




11. How many multiples of 10 are smaller than 2507
(a) Estimate. (b) Checkyour estimate by writing down
the multiples.

12. In each case, first estimate, then check by writing all the multiples down and
counting them.
(a) Howmany multiples of 100 are smallerthan2 500?
(b) How many multiples of 250 are smaller than 2 5007
(c) Howmanynumberssmallerthan2 500 are multiples ofboth 100and 2507
(d) How manynumbers smallerthan2 500 are multiples ofboth 250 and 4007

13. In each of the tins below, there are three R10 notes, three R20 notes, three R100 notes
and three R200 notes.

000088 a

Zain wants to know what the total value of all the R10 notes in all the tins is. He
decides to find this out by counting in 30s, so he says: thirty, sixty, ninety ... and so
on while he points at one tin afteranother.

(a) Complete what Zain started to do.
(b) Countin 300s to find the total value of all the R100 notes in all the tins.

14. (a) How much money is there in total in the eight yellow tins in question 13?
(b) Join with two classmates and tell them how you worked to find the total
amount of money.

15.(a) Investigate whatis easiestforyou, to countin twenties orin thirties or infifties,
up to 500.
(b) Many people find it easier to count in fifties than in thirties. Why do you think
this is so?

16. What do you expect to be the most difficult, to countin forties orin seventies orin
nineties? Investigate this and write a shortreport.

Here is some advice that can make it easier to countin certain counting units, for
example in seventies.

Itfeels easier to countin fifties thanin seventies because you getto multiples of 100 at
every second step:

fifty, hundred, one hundred and fifty, two hundred, two hundred and fifty, 300,
350, 400, 450, 500 ... and so on.
When you count in seventies, this does not happen:

seventy, one hundred and forty, two hundred and ten, two hundred and eighty ...

CHAPTER 1: WORKING WITH WHOLE NUMBERS




[t may help you to cross over the multiples of 100 in two steps each time, like this:
70 + 30 £100 + 40 — 140 + 60G 200 + 10 — 210 + 70 — 280 ...
30+40=70 60 +10=70

In this way, you make the multiples of 100 act as “stepping stones” for your counting.

17. (a) Countin fortiesupto 1 000.Tryto use multiples of 100 as stepping stones. You
can write the numbers while youcount.
(b) Writedown the firsttwenty multiples of 80.
(c) Writedown the firsttwenty multiples of90.
(d) Write down the first ten multiples of700.

18. Copy and complete this table.

doubling and halving

1. Write the next eight numbers in each pattern:

(@A 1 2 4 8 16 32 (b) 3 6 12 24

() 5 10 20 40 (d 5 10 15 20
(e) 6 12 24 48

2. Which pattern or patterns in question 1 are not formed by repeated doubling?

10 MATHEMATICS GRAdE 7: TERM 1




Thepattern3 6 12 24 48 ... may be called the repeated doubling pattern
that starts with 3.

3. Copy the table. Write the first nine terms of the repeated doubling patterns that
start with the numbers in the left column of the table. The pattern for 13 has been
completed as an example.

O |0 [ [0 |[Ul|» W N
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Doubling can be used to do multiplication.

For example, 29 x 8 can be calculated as follows:

8 doubled is 16,s0 16 =2x 8 (stepl)
16 doubled is 32,5032 =4x 8 (step2)
32 doubled is 64,s0 64 =8x 8 (step3)

64 doubledis128,5s0128=16x8 (step 4). Doubling again will go past 29 x 8.
16 x8+8x8+4x8=(16+8+4)x8=28x8.
So 28 x 8 =128 + 64 + 32 which is 224. S0 29 x 8 =224 + 8 = 232.

4. Workasinthe above example to calculate each of the following. Write only what you
need to write.

(a) 37x21 (b) 17 x 41

CHAPTER 1: WORKING WITH WHOLE NUMBERS




5. Continue each repeated halving pattern as far as you can:
(a) 1024 512 256 128 (b) 64000 32000 16000 8000

Halving can also be used to do multiplication.

Forexample, 37x 28 canbe calculated as follows:
100 x 28 = 2 800. Half of that is 50 x 28, which is half of 2 800, thatis 1 400.
Half of 50 x 28 is half of 1 400, so 25 x 28 is 700.
10 x 28 =280, s0 25 x 28 + 10 x 28 =980, so 35 x 28 = 980.
2x28=2x%x25+2x3=56,5037 x28is980+ 56 =1 036.

6. 80 x78=6240.Use thisinformation to work out each of the following:
(a) 20x78 (b) 37 x78

[f chickens cost R27 each, how many chickens can you buy with R2 4007 A way to use
halving to work this outis shown below.

100 chickens cost 100 x 27 =R2 700.Thatis
more than R2 400. Fifty chickens costhalfas
much, that is R1 350.

So I can buy 50 chickens and even more.

Total cost | Thinking
100 R2 700
50 R1 350 half of R2 700

Halfof50is 25, and half of R1 350 is R675. 25 R675 half of R1 350
So 75chickens costR1 350 + R675,whichis 75 R2 025 50 + 25 chickens
R2 025. So there is R375 left. 10 R270 10 x R27
Tenchickens costR270,s0 85 chickens cost 85 R2 295 75 + 10 chickens

R2025+R270=R2295.ThereisR105 left.
Three chickens cost3 x R25 + 3 x R2=R81.

I can buy 88 chickens and that will cost R2 376

3 R81 3 xR27
88 R2 376 85 + 3 chickens

7. Use halvingasinthe above example to work Total cost | Thinking

out how many books at R67 each a school
can buy with R5 000. Copy and use table on

left to show your calculations.

using multiplication to do division

1. R7500mustbeshared between 27 netball players. The moneyisin R10notes,and
no small change is available.

(a) How much money will be used to give each player R100?

12 MATHEMATICS GRAdE 7: TERM 1




(b) Doyouthinkthereis enough money to give each player R2007?

(c) Doyouthinkthereisenough money to give each player R3007?

(d) How much of the R7 500 will be left over, if each player is given R200?

(e) Isthere enough money left to give each player R50 more, in other words a total
of R250 each?

(f) What is the highest amount that can be given to each player, so that lessthan
R270 is left over? Remember that you cannot split up the R10 notes.

2. Worklike you did in question 1 to solve this problem:

There is 4 580 m of string on a big roll. How many pieces of 17 m each can be cut
from this roll?

Hint: You may start by asking yourself how much string will be used if you cut off
100 pieces of 17 m each.

3. Worklike you did in questions 1 and 2 to solve this problem:

A shop owner has R1 800 available with which he can buy chickens from a farmer.
The farmer wants R26 foreach chicken. Howmany chickens canthe shop ownerbuy?

What you actually did in questions 1, 2 and 3 was to calculate 7500 + 27,4580 + 17 and
1800 + 26.Yousolved division problems. Yet most of the work was to do multiplication,
and a little bit of subtraction.
When you had to calculate 1 800 + 26 in question 3, you may have asked yourself:
With what must I multiply 26, to get as close to 1 800 as possible?

Division is called the inverse of multiplication.
Multiplication is called the inverse of division.

Multiplication and division are inverse operations.

1.2 Ordering and comparing whole numbers

how far can you count, and how far is far?

1. How long will it take to count to a million? Let us say it takes one second to count
each number. Find out how longis one million seconds. Workin your exercise book.
Give your final answer in days, hours and seconds.

2. Write 234 500 320 in words.

3. Ineachcase write one ofthe symbols > or < to indicate which numberis the smaller

of the two.
(a) 876 243 876 234 (b) 534616 543 016
(c) 701 021 698 769 (d) 103 232 99 878
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4. Copythe number lines. In each case, place the numbers on the number line as
carefully as you can.
(a) 185000; 178 000; 170 900; 180 500

<! [
»

L I

170 000 190 00
(b)1110000;1102900;1100500;1 105050

<+« —>
1100 000 1111000

The distances from the sun are
called average distances, because
the planets are not always the

The firstrowinthe table shows the average distances of
the planets from the sun. These distances are given in
millions of kilometres.

One million kilometres is 1 000 000 km.

same distance from the sun.
Their orbits are not circles.

Planet Mercury| Venus Earth Mars | Jupiter | Saturn | Uranus [Neptune
Distance 58 108 150 228 778 1427 2870 4 497
from the million | million | million | million | million | million | million | million
sun km km km km km km km km
Equatorial 4880 | 12102 | 12756 | 6794 |142800|120000| 52400 | 49500
diameter km km km km km km km km

5. Which planet is the second farthest planet from the sun?

6. How does Mars’ distance from the sun compare tothat of Venus? Give two possible
answers.

7. Arrange the planets from the smallest to the biggest.

Sometimes we do not need to know the exact number or exact amount. We say a loaf of
bread costs about R10, or a bag of mealie meal costs about R20. The loaf of bread may cost
R8 or R12 but it is close to R10. The mealie meal may cost R18 or R21 but it is close to R20.

Whenyoureadinanewspaperthattherewere 15000 spectatorsatasoccer game,you
know that that is not the actual number. In the language of mathematics we call this
process rounding off orrounding.
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rounding to 5s, 10s, 100s and 1 000s

To round off to the nearest 5, we round numbers
thatend in 1 or 2, or 6 or 7 down to the closest
multiple of 5. We round numbers that end in 3 or 4,
or 8 or 9 up to the closest multiple of 5.

Forexample, 233 isrounded downto 230,234 isrounded upto235,237isrounded
down to 235 and 238 isrounded up to 240.

1. Round the following numbers to the nearest 5 by checking the unit value:
(a) 612 (b) 87 (c) 454 (d) 1328

Toround off to the nearest 10, we round numbers
thatend in 1, 2, 3 or 4 down to the closest

multiple of 10 (or decade). Weround numbers that
end in 5, 6, 7,8 or 9 up to the closest multiple of 10.

For example, ifyou want to round off 534 to the nearest 10,you have tolook atthe units
digit. The units digitis 4 and itis closer to 0 than to 10. The rounded off number will
be 530.

2. Round the following numbers to the nearest 10 by checking the unit value:
(a) 12 (b) 87 (c) 454 (d) 1325

When rounding to the nearest 100, we look at
the last two digits of the number. If the number
isless than 50 we round down to the lower 100. If
the number is 50 or more we round up to the
higher 100.

3. Copy and complete the table.

Round to the Round to the Round to the

nearest 5 nearest 10 nearest 100
681
5639
5361
12 458
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When rounding to the nearest 1 000, we look at
the hundreds. Is the hundreds value less than, equal
to or greater than 5007 Ifless than 500, round down
(the thousands value stays the same), if equal to 500
round up, and if greater than 500 round up too.

When rounding to the nearest 10 000, we look
at the thousands. Is the thousands value less than,
equaltoorgreaterthan50007?Iflessthan5000,round
down (the ten thousands value stays the same), if
equal to 5 000 or greater than 5 000 round up.

4. Copy and then complete the table.

Round to the nearest 1 000 Round to the nearest 10 000

142 389
343 621
356 552
100 489

1.3 Factors, prime numbers and common multiples

different ways to produce the same number

The number 80 can be produced by multiplying 4 and 20: 4 x 20 = 80.
The number 80 can also be produced by multiplying 5 and 16: 5 x 16 = 80.

1. In what other ways can 80 be produced by multiplying two numbers?

The number 80 can also be produced by multiplying 2, 10 and 4:
2x10=20and 20 x4 =80 or 10 x 4 =40 and 40 x 2 = 80.

We canuse brackets to describe what calculationis done first. Soinstead of writing
“2x10=20and 20 x4 =80", we may write (2 x 10) x 4.Instead of writing “10 x 4 =40
and 40 x 2”, we may write 2 x (10 x 4).

2. Show how the number 80 can be produced by multiplying four numbers. Describe
how you do itin two ways: without using brackets and by using brackets.

3. Show three different ways in which the number 30 can be produced by multiplying
two numbers.

4. (a) Canthenumber 30 be produced by multiplying three whole numbers?
Which three whole numbers?
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(b) Can the number 30 be produced by multiplying four whole numbers that do
not include the number 1? If you answered “yes”, which four numbers?

The number 105 can be produced by multiplying 3, 5 and 7, hence we can write

105 = 3 x 5 x 7. Mathematicians often describe this by saying “105 is the product of 3,
5and 7” or “105 can be expressed as the product 3 x 5 x 7”.

5. Express each of the following numbers as a product of three numbers.

(a) 248 (b) 375

The whole numbers that are multiplied to form
a number are called factors of the number. For
example, 6 and 8 are factors of 48 because 6 x 8 = 48.

But 6 and 8 are not the only numbers that are factors of 48. 2 is also a factor of 48 because
48 = 2 x 24. And 24 is a factor of 48. The numbers 3 and 16 are also factors of 48 because
48 = 3 x 16.

6. Describe all the different ways in which 48 can be expressed as a product of two factors.

The number 36 can be formed by 2 x 2 x 3 x 3.
Because 2 is used twice, it is called a repeated factor
of 36. The number 3 is also a repeated factor of 36.

7. (a) Express 48 as a product of three factors.
(b) Express 75 as a product of three factors.

8. (a) Can 36 be expressed as a product of three factors? How?
(b) Can 36 be expressed as a product of five factors? How?

9. Express each of the following numbers as a product of as many factors as possible,
including repeated factors. Do not use 1 as a factor.
(a) 300 (b) 310 (c) 320
(d) 330 (e) 340 () 350

prime numbers

1. Express each of the following numbers as a product of as many factors as possible,
including repeated factors. Do not use 1 as a factor.

(a) 36 (b) 37 (c) 38
(d) 39 (e) 40 ) 41
(g) 42 (h) 43 (i) 44
(i) 45 (k) 46 0 47
(m) 48 (n) 49
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2. Which ofthe numbersin question 1 cannotbe expressed as a product of two whole
numbers, except as the product 1 x the number itself?

Anumber thatcannotbeexpressed asaproduct
oftwo whole numbers, except as the product
1 x the number itself, is called a prime number.

3. (a) Which of the numbers in question 1 are prime numbers?
(b) Which numbers between 20 and 30 are prime numbers?
(c) Are 1lland 17 primenumbers?

Eratosthenes, a Greek mathematician who lived along time ago, designed a method
to find the prime numbers. The process is called “the sieve of Eratosthenes”.

4. Copy the table on the right.
Follow the steps to find all the prime numbers up to 100.

Step 1: Cross out 1. 1 2 3| 41| 5 6 7 81 9|10

Step 2: Circle 2, and then cross out all 11 12 13 14 | 15 16 17 18 | 19 20
the multiples of 2.

21 | 22| 23| 24| 25| 26| 27| 28| 29| 30

Step 3: Circle 3, then cross out all the
multiples of 3.

311 32| 33|34|35|36| 37| 38| 39| 40

41 | 42 | 43| 44 | 45 | 46 | 47 | 48| 49 | 50

Step 4: Find the next number that has
not been crossed out and cross

51| 52| 53|54 |55|56| 57| 58| 59| 60

out all its multiples 61 | 62| 63| 64| 65| 66| 67| 68| 69| 70

. . . 71 (72| 73|74 |75 |76 | 77| 78| 79 | 80
Continue like this.

81|82 |83|84|85|86|87|88| 89|90

91 | 92| 93|94 |95| 96| 97| 98| 99 |100

5. (a) Whatis the smallest number thatcan be formed as a product ofthree prime
numbers, if the same factor may berepeated?
(b) Whatisthe smallest number that can be formed as a productofthree prime
numbers, if no repeated factors are allowed?

6. Manare did a lot of work, and found out that 840 can be formed as the product of 2,
2,2,3,5and 7. Check whether Manare is correct.

We can say that Manare found the prime factors
of 840, or Manare factorised 840 completely.

We can write:

2x2-54%x2-8x%x3->24x5-120x%x 7 =840.
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7. The prime factors of some numbers are given below. What are the numbers?
(a) 3,5,5and 11 (b) 3,3,5and 7 (c) 2,7,11and13

8. Investigate which of the following statements you agree with. Give reasons for your
agreement or disagreement in each case.
(a) Ifanumberis even, 2 is one of its prime factors.
(b) Ifhalfan even number is also even, 2 is a repeated prime factor.
(c) Ifanumberis odd, 3 is one of its prime factors.
(d) IfanumberendsinO or5, then 5 is one of its prime factors.

Here is a method to find the prime factors of a number:

If the number is even, divide it by 2. If the answer is even, divide by 2 again. Continue
like this as long as it is possible. If the answer is odd, divide by 3, if it is possible.
Continue to divide by 3 aslong asitis possible. Then switch to 5. Continue like this by
each time trying to divide by the next prime number.

9. Find allthe prime factors ofeach ofthe following numbers. Write only your answers
below.

(a) 588 (b) 825
() 729 (d) 999
(e) 538 (f) 113

10. Find at least three prime numbers between 800 and 850.

highest common factor and lowest common multiple

1. (a) Factorise 195 and 385 completely.
(b) Is 7 afactor of both 195 and 385?
(c) Is5afactor of both 195 and 385?

When a number is a factor of two or more other
numbers, it is called a common factor of the other
numbers. For example, the number 5 is a common
factor of 195 and 385.

The factors of a certain number are 2; 2; 5; 7; 7; 11 and 17. The factors of another number
are 2; 3; 3; 7; 7; 11; 13 and 23. The common prime factors of these two numbers are 2; 7; 7
and 11.

The biggestnumber thatis a factor oftwo or more
numbers is called the highest common factor
(HCF) of the numbers.
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2. Find the HCF of the two numbers in each of the following cases.
(A)2x2x5x7x7x11x17and2x3x3x7x7x11x13x 23

(b) 24and 40 (c) 8and12
(d) 12and 20 (e) 210 and 56

3. Write five different numbers, all different from 35, that have 35 as a highest common
factor.

4. Copy pattern A and pattern B. Write the next seven numbers in each pattern:
A: 12 24 36 48
B: 15 30 45 60

The numbers in pattern A are called the multiples of 12. The numbers in pattern B are
called the multiples of 15. The numbers, for example 60 and 120, that occur in both
patterns, are called the common multiples of 12 and 15. The smallest of these
numbers, namely 60, is called the lowest common multiple (LCM) of 12 and 15.

5. Continue writing multiples of 18 and 24 until you find the LCM:
18 36
24 48

6. Find the HCF and LCM of the given numbers in each case below:

(a) 5and7 (b) 15 and 14
(c) 20and 30 (d) 10 and 100
(e) 8and9 (f) 25and?24
(g) 8and 12 (h) 10 and 18

1.4 Properties of operations

order of operations and the associative property

Suppose you want to tell another person to do some calculations. You may do this by
writing instructions. For example, you may write the instruction 200 - 130 - 30. This
may be called a numerical expression.

Suppose you have given the instruction 200 - 130 - 30 to two people, whom we will
call Ben and Sara.

This is what Ben does: 200 - 130 = 70 and 70 - 30 = 4.0.
This is what Sara does: 130 - 30 =100 and 200 - 100 = 100.

To prevent such different interpretations or understandings of the same numerical
expression, mathematicians have made the following agreement, and this is followed
all over the world:
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In a numerical expression that involves addition e A
and subtraction only, the operations should be called a mathematical
performed from left to right, unless otherwise convention.

indicated in some way.

1. Who followed this convention, Ben or Sara?

2. Follow the above convention and calculate each of the following:
(a) 8000 + 6 000 -3 000

(b) 8000 -3 000 +6 000
(c) 8000 +3 000 -6000

3. Follow the above convention and calculate each of the following:

(a) R25 000 + R30 000 + R13 000 + R6 000

(b) R13 000 + R6 000 + R30 000 + R25 000
(c) R30 000 + R25 000 + R6 000 + R13 000

In question 3, all your answers should be the same.
When three or more numbers are added, the order

in which you perform the calculations makes no
difference. Thisis called the associative property of
addition. We also say that: addition is associative.

4. Investigate whether multiplication is associative. Use the numbers 2, 3,5 and 10.

5. What must be added to each of the following numbers to get 100?
73 56 66 41 34 23 88

6. Calculate each ofthe following. Note that you can make the work simple by being
smart in deciding which additions to do first.

(@) 73+54+ 27 +46+ 138 (b)34+88+41+66+59+12+127

the commutative property of addition and multiplication

1. (a) What is the total cost of 20 chairs at R250 each?
(b) What is the total cost of 250 exercise books at R20 each?
(c) R5 000 was paid for 100 towels. What is the price for one towel?
(d) R100 was paid for 5 000 beads. What is the price for one bead?

2. Which of the following calculations will produce the same answer? Copy the
calculations and mark those that will produce the same answers with av” and those

that won’t with a X.
(a) 20 x 250 and 250x 20 (b) 5000 + 100 and 100 + 5000
(c) 730+ 270 and 270+ 730 (d) 730 - 270 and 270 -730
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25+ 75and 75 + 25 have the same answer. The same
is true for any other two numbers. We say: addition is
commutative; the numbers can be swopped around.

3. Demonstrate each of your answers with two different examples.
(a) Issubtraction commutative?
(b) Is multiplication commutative?
(c) Isdivision commutative?

more conventions and the distributive property

1. Do the following:

(a) Multiply 5 by 3, then add the answer to 20.
(b) Add5 to 20, then multiply the answer by 5.

Mathematicians have agreed thatunlessotherwise
indicated, multiplication and division should
be done before addition and subtraction.
According to this convention, the expression

20 + 5 x 3 should be taken to mean “multiply 5 by

3, then add the answer to 20” and not “add 5 to 20,
then multiply the answer by 3”.

2. Follow the above convention and calculate each of the following:
(a) 500+ 20x10 (b) 500-20x10 (c) 500+20-10
(d) 500-20+10 (e) 500+200+5 (f) 500-200+5

If some of your answers are the same, you have made mistakes.

The above convention creates a problem. How can one describe the calculations in
question 1(b) with a numerical expression, without using words?

To solve this problem, mathematicians have agreed to use brackets in numerical
expressions. Brackets are used to specify that the operations within the
brackets should be done first. Hence the numerical expression for 1(b) above is
(20 + 5) x 5, and the answer is 125.

examples

The expression 12 + 3 x 5 means
“multiply 3 by 5, then add 12”. It
does not mean “add 12 and 3, then

If there are no brackets in a numerical
expression,itmeansthatmultiplication
and division should be done first,and

addition and subtraction onlylater. multiply by 5”.
If you wish to specify that addition or If you wish to say “add 5 and 12,
subtraction should be done first, that part of then multiply by 3”, the numerical

expression should be 3 x (5 + 12) or

the expression should be enclosed in
(5+12) x 3. They mean the same.

brackets.
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3. Keepthevarious mathematical conventions aboutnumerical expressionsinmind
when you calculate each of the following:

(a) 500+30x10 (b) (500 + 30) x 10

(c) 100x 500+ 30 (d) 100 x (500 +30)

(e) 500-30x10 (f) (500 -30) x 10

(g) 100 x500-30 (h) 100 x (500 -30)

(i) (200+300)+20 (j) 200 +20+300+20

(k) 600 = (20 +30) () 600 + 20+ 600 +30
4. Calculate the following:

(a) 50x(70+30) (b) 50 x 70 + 50 x 30

(c) 50x(70-30) (d) 50x70-50x 30

Your answers for 4(a) and 4(b) should be the same.

Your answers for 4(c) and 4(d) should also be the same.

5. Donotdocalculations AtoIbelow.]Justanswer these questions aboutthem. You

will check your answers later.

(a) Will A and B have the same answers?

(b) WillGand Hhave the same answers?

(c) WillAand D have the same answers?

(d) Will Aand G have the same answers?

(e) WillAand F havethe same answers?

(f) WillD and E have the same answers?

A: 5x(200+3) B: 5x200+3

C: 5x200+5x3 D: 5+200x3

E: (5+200)x3 F: (200+3)x5
G: 5x203 H:5x100+5x103
I: 5x300-5x70

6. Now do calculations A to I. Then check the answers you gave in question 5.

7. (a) Choosethree differentnumbers between 3and 11,and write them down like this:
Yourfirstnumber: __  Yoursecond number: ___ = Your third number: __

(b) Addyour firstnumbertoyour third number. Multiply the answer by your
second number.

(c) Multiply your firstnumber by your second number. Also multiply your third
number by your second number. Add the two answers.

(d) Ifyouworked correctly, youshould getthe same answersin (b)and (c). Doyou
think you will get the same result with numbers between 10 and 100, or any
other numbers?
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The factthatyouranswers for calculationslike thosein 7(b) and 7(c) are equal, for
any numbers that you may choose, is called the distributive property of
multiplication over addition.

It may be described as follows:
first number x second number + first number x third number
= first number x (second number + third number).
This can be described by saying that multiplication
distributes over addition.

8. Check whether the distributive property is true for the following sets of numbers:
(a) 100,50 and 10
(b) any three numbers of your own choice (you may use a calculator to do this)

9. Usethenumbersinquestion8(a)toinvestigate whether multiplication also
distributes over subtraction.

[tis quite fortunate that multiplication distributes overaddition, because it makes it
easier to multiply.

For example, 8 x 238 can be calculated by calculating 8 x 200, 8 x 30 and 8 x 8, and
adding the answers: 8 x 238 =8 x 200+ 8 x30+8x8=1 600 + 240 + 64 =1 904.

10. Check whether 8 x 238 is actually 1 904 by calculating
238 + 238 + 238 + 238 + 238 + 238 + 238 + 238, or by using a calculator.

1.5 Basic operations

a method of addition

To add two numbers, the one may be written below the other.

For example, to calculate 378 539 + 46 285 the one number 378 539
may be written below the other so that the units are below 46 285
the units, the tens below the tens, and so on.

Writing the numbers like this has the advantage that:

e the units parts (9 and 5) of the two numbers are now in the same column,

e the tens parts (30 and 80) are in the same column,

e the hundreds parts (500 and 200) are in the same column, and so on.

This makes it possible to work with each kind of part separately.

We only write this: Inyour mind youcan see this: . .
378539 1300000 70000 =~ 8000 500 30 9
46 285 40000 6000 200 | 8 5
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The numbers in each column can be added to get a new set of numbers:

378539 300000 : 70000 | 8000 500 30 9
46 285 40000 : 6000 200 80 5
14 14

110 110

700 700

14 000 14 000
110 000 110 000
300 000 300 000
424 824 It is easy to add the new set of numbers to get the answer.

Note thatyou can do the above stepsin any order. Instead of starting with the units parts
as shown above, you can start with the hundred thousands, or any other parts.

Starting with the units parts has an advantage though as it makes it possible todo
more of the work mentally and to write less, as shown below:

378 539 To achieve this, only the units digit 4 of the 14 is written in
46 285 the first step. The 10 of the 14 is remembered and added to
424 824 the 30 and 80 of the tens column, to get 120.

We say the 10 is carried from the units column to the tens column. The same is done
when the tens parts are added to get 120: only the digit “2” is written (in the tens
column, so it means 20), and the 100 is carried to the next step.

1. Calculate each of the following:
(a) 237847+87776 (b) 567 298 +392 076 (c) 28387 + 365 667

A municipal manager is working on the municipal budget for a year. He has to try to
keep the total expenditure on new office equipment below R800 000. He still has to
budget for new computers thatare badly needed, but thisis whathe has writtenso far:

74 new office chairs R 54020
42 new computer screens R 100800
12 new printers R 141600
18 new tea trolleys R 25740
8 new carpets for senior staff offices R 144000
108 small plastic filing cabinets R 52380
new table for the boardroom R 48000
18 new chairs for the boardroom R 41 400
R
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2. How much has the municipal manager budgeted for printers and computer screens
together?

3. How much, in total, has the municipal manager budgeted for chairs and tables?
4. Work out the total cost of all the items the municipal manager has budgeted for.

5. Calculate.
(a) 23809 +2009+23 (b) 320 293 + 16 923 + 349 + 200 323

methods of subtraction

There are many ways to subtract one number from another. For example,
R835 234 -R687885 canbe calculated by “filling up” from R687 885 to R835 234:
687885+15-687900+100—-~688000+12000—-700000+135234 835234

The difference between R687 885 and R835 234 15
can now be calculated by adding up the numbers 100
that had to be added to 687 885 to get 835 234. 1;?) ggi

So R835 234 - R687 885 = R147 349. 147 349

Another easy way to subtract is to round off and compensate. For example, to

calculate R3 224 - R1 885, the R1 885 maybe rounded up toR2 000. The calculation

can proceed as follows:

e Rounding R1885uptoR2 000 canbedoneintwosteps:1885+15=1900,and
1900+ 100=2000.Intotal, 115was added.

e 115can now be added to 3 224 too: 3 224 + 115= 3 339.

Instead of calculating R3 224 - R1 885, whichis a bitdifficult, R3339 - R2 000 may be
calculated. This is easy: R3 339 - R2 000 = R1 339.

This means that R3 224 - R1 885 = R1 339, because
R3 224 - R1 885 =(R3 224 + R115) - (R1 885 + R115).

To do question 1, you may use any one of the above two methods, or any other method
you may know and prefer. Do not use a calculator, because the purpose of this work is for
you to come to understand how subtraction may be done. What you will learn here, will
later help you to understand algebra.

1. Calculate each of the following:

(a) 6234-2992 (b) 76 214 - 34867
(c) 134372 -45828 (d) 623 341 - 236768

2. Checkeach ofyour answersin question 1 by doing addition, or by doing subtraction
with a different method than the method you have already used.
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Another method of subtraction is to think of the numbers in expanded notation. For
example, to calculate R835 234 — R687 885, which was already done in a different way
on the previous page, we could work like this:

We maywrite this: In your mind you can see this:
835 234 1800000 30000 5000 . 200 | 30 | 4
687 885 1600000 80000 7000 . 800 80

Unfortunately, itis not possible to subtractin the columns now. However, the parts of
the bigger number can be rearranged to make the subtraction in each column possible:

835 234 1700000 120000 14000 @ 1100 = 120 14
687 885 1600000 80000 7000 . 800 80 5
1100000 40000 7000 . 300 0 9

The answer is now clearly visible; itis 147 349.

The rearrangement, also called “borrowing”, was done like this:

10 was taken from the 30 in the tens column, and added to the 4 in the units column.
100 was taken from the 200 in the hundreds column, and added to the 20 that
remained in the tens column. 1 000 was taken from the 5 000 in the thousands column,
and added to the 100 that remained in the hundreds column.

3. Describe the other rearrangements that were made in the above work.

[t is not practical to write the expanded notation and the rearrangements

each time you do a subtraction. However, with some practice you can 835234
learn to do it all in your mind without writing it down. Some people 687 885
make small marks above the digits ofthe bigger number, or even change 147 349

the digits, to keep track ofthe rearrangements they make in their minds.

4. Calculate the difference between the two car prices in each case.
(a) R73463 andR88798 (b) R63 378 and R96889

5. Ineach case, first estimate the answer to the nearest 100 000, then calculate.
(a) 238769-141453 (b) 856 333 - 439878

6. Ineach case, first estimate the answer to the nearest 10 000, then calculate.
(a) 88023 -45664 (b) 342 029 - 176553

7. Lookagain atthe municipal budget on page 25. How much money does the
municipal manager have left to buy new computers?

8. Calculate.
(a) 670034-299999 (b) 670 034 - 300000
(c) 376539 -175998 (d) 376 541 -176 000
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a method of multiplication

6 x R3 258 can be calculated in parts, as shown below. 3 258
6 x R3 000 = R18 000 x4 86

6 x R200 =R1 200 3 00

6 x R50 =R300 1 2 00

6 x R8 = R48 1 8 0 00

1 9 5 48

The four partial products cannow be added to getthe answer, which
isR19548.1Itis convenientto write the workin vertical columns for
units, tens, hundreds and so on, as shown on the right above.

In fact, if you are willing to do some hard thinking you can produce
the answer with even less writing. You can achieve this by working

from right to left to calculate the partial products, and by “carrying” 3 2 58
parts of the partial answers to the next column, as you can do when x 6
working from right to left in columns. It works like this: 1 9 5 48

When 6 x 8 = 48 is calculated, only the “8” is written down, in the units column.
The “4” that represents 40 is not written. It is kept “on hold” in your mind.

When 6 x 50 =300 is calculated, the 40 from the previous step isadded to 300 to
get 340. Again, only the “4” thatrepresents 40 is written. The 300 is kepton hold or
“carried” to add to the answer of the next step. The work continues like this.

1. Calculate each of the following. Do not use a calculator.
(a) 8x786 (b) 9 x3453 (c) 60 x786 (d) 60 x 7860

2. Youmay use a calculator to check your answers for question 1. Repeat the workif
youranswersare notcorrect,sothatyoucanlearn where youmake mistakes. Then
put your calculator away again.

3. Use your answers for questions 1(a) and (c) to find out how much 68 x 786is.

Tocalculate 36 x 378,the workcan be brokenupintwo parts, 23 4 8
namely 30 x 378and 6 x 378. « 7 6
4. Calculate 36 x 378. A 4 8
B 2 4 0
A complete write-up of calculating 76 x 2 348 in C 1 8 0 0
columns is shown on the right. D 1 2 0 0 O
5. (a) Explain how the 240 in row B was obtained. E 5 6 0
(b) Explain how the 560 in row E was obtained. F 2 8 00
(c) Explain how the 21 000 in row G was obtained. G 2 1 0 0 O
H 1 4 0 0 0 0
1 7 8 4 4 8
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Ashortwrite-up of calculating 76 x 2 348 in columns is 2 3 4 8
shown on the right.

x 7 6
You may try to do the calculations in question 6 in 1 4 0 8 8
this way. If you find it difficult, you may first write 1 6 4 3 6 0
some of them up completely, and then try again to 1 7 8 4 4 8
write less when you multiply.
6. Calculate each of the following.
(a) 53x738 (b) 73 x 3457
7. Calculate.
(a) 64x3478 (b) 78 x1 298 (c) 37 x3428 (d) 78 x 7285

8. Useacalculatortocheckyouranswers for question 7.Redo the questions thatyou
had wrong, so that you can learn to work correctly.

9. Useyourcorrectanswers for question 7 to give the answers to the following, without
doing any calculations:

(a) 101244 +1298 (b) 568 230 = 7 285

10.Calculate, without using a calculator.
(a) 3659x38 (b) 27 x23 487 (c) 486x278 (d) 2135 %232

a process called long division

You may use a calculator to do questions 1 to 6.

1. Youwanttobuysome live chickensatR37 eachandyouhave R920 available.
How many live chickens can you buy in total?

2. R880is to be shared equally among 34 learners? How many full rands can each
learner get?

3. Youwanttobuylive chickens atR47 each. Youhave R1 280 available. How many live
chickens can you buy?

4. 42 equal bags ofrice weigh a total of 7 560 g. How much does one bag weigh?

5. Thenumber 26 was multiplied byasecretnumberand theanswer was 2 184. What
was the secret number?

house. The red line on the sketchis 70 mm
long and it shows the width of the house. :
The blue line on the sketch indicates the
height of the chimney. Do not measure
the blue line now. i

This is an accurate sketch of the back of a U
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The width of the actual house is 5 600 mm, and the height of the chimney is 3 360 mm.

6. (a) How many times is the house bigger than the sketch? Describe what you can do
to find this out.
(b) Calculate how long the blue line on the sketch should be.
(c) Now measure the blue line to check your answer for (b).

Division is used for different purposes:

Inquestion 1youknew thattheamountissplitinto equal
parts. You had to find out how many parts there are
(how many chickens). This is called grouping.

Inquestion 2you knewthatthe amount wassplitinto
34 equal parts. You needed to find outhow bigeach
partis(how much money eachlearner will get).This is
called sharing.

7. (a) What does question 3 require, sharing or grouping?
(b) What does question 4 require, sharing or grouping?

In question 6 division was done for a different purpose than sharing or grouping.

Put your calculator away now. It is very important to be able to solve division
problems by using your own mind. The activities that follow will help you to do this
better than before. While you work on these activities, you will often have to estimate
the product oftwo numbers. If youcan estimate products well, division becomes easier
to do. Hence, to start, do question 8, which will provide you with the opportunity to
practise your product estimation skills.

8. (a) Whatdo youthinkis closestto4 080:10 x 74 0r 30 x 740r 50 x 740r 70 x 740r 90 x 74?

(b) Calculate some of the products to check youranswer.

(c) What do you think s closestto 9 238: 30 x 38 or 50 x 38 or 100 x 38 or 150 x 38 or
200 x 38 or 250 x 38 or 300 x 387

(d) Calculate some of the products to check youranswer.

(e) What do you think is closestto 9 746: 10 x 287 or 20 x 287 or 30 x 287 or 40 x 287
or 50 x 287 or 60 x 287 or 70 x2877?

(f) Calculate some of the products to check youranswer.

(g) By what multiple of 10 should you multiply 27 to get as close to 6 487 as possible?

9. A principal wants to buy T-shirts for the 115 Grade 7 learners in the school. The
T-shirts cost R67 each, and an amount of R8 500 is available. Do you think there is
enough money to buy T-shirts for all the learners? Explain your answer.

10.(a) How much will 100 of the T-shirts cost?
(b) How much money will be leftif 100 T-shirts are bought?
(c) How much money will be left if 20 more T-shirts are bought?

30 MATHEMATICS GRAdE 7: TERM 1




The principal wants to work outexactly how many T-shirts,at R67 each, she can buy
with R8 500. Her thinking and writing are described below.

Step 1
What she writes: What she thinks:
67 | 8 500 I want to find out how many chunks of 67 there are in 8 500.
Step 2
What she writes: What she thinks:
100 I think there are at least 100 chunks of 67 in 8 500.
67 8 500
6700 100 x 67 = 6 700. I need to know how much is left over.
1800 I want to find out how many chunks of 67 there are in 1 800.
Step 3 (Shehastorub outthe one “0” ofthe 100 on top, to make space.)
What she writes: What she thinks:
120 I think there are at least 20 chunks of 67 in 1 800.
67| 8500
6700
1800
1340 20 x 67 =1 340. I need to know how much is left over.
460 I want to find out how many chunks of 67 there are in 460.
Step4 (She rubs outanother “0”.)
What she writes: What she thinks:
125 I think there are at least five chunks of 67 in 460.
67| 8500
6700
1800
1340
460
335 5 x 67 =335. I need to know how much is left over.
125 I want to find out how many chunks of 67 there are in 125.
Step5 (She rubs outthe “5”.)
What she writes: What she thinks:
126 I think there is only one more chunk of 67 in 125.
67| 8500
6700
1800
1340
460
335
125
67 I wonder how much money will be left over.
58 So, we can buy 126 T-shirts and R58 will remain.
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Do not use a calculator in the questions that follow. The purpose of this work
isforyouto develop agood understanding ofhow division can be done. Checkall your
answers by doing multiplication.

11 (a) Selina bought 85 chickens, all at (b) Anton has R4 850. He wants to buy
the same price. She paid R3995 in some young goats. The goats cost
total. What did each of the R78 each. How many goats can he buy?

chickens cost? Your first step can
be to work out how much Selina
would have paid if she paid R10
per chicken, but you can start with
a bigger step if you wish.

12 Calculate the following without using a calculator:

(a) 7234+48 (b) 3267 +24
(c) 9500+364 (d) 8347 <24
13.(a) A chocolate factory made 9 325 (b) A farmer sells eggs packed in cartons to

chocolates of a very special kind the local supermarkets. There are 36
one day. The chocolates were eggs in one carton. One month, the
packed in small, decorated boxes, farmer sold 72 468 eggs to the
with 24 chocolates per box. How supermarkets. How many cartons
many boxes were filled? is this?

1.6 Problem solving

rate and ratio

You may use a calculator for doing the work in this section.

1. The peopleinavillage gettheir water from a nearby dam. On a certain day the dam
contains 688000 litres of water. The village people use about85 000 litres of water
each day. For how many days will the water in the dam last, if no rains fall?

Insteadofsaying “85000litres each day”or“8cm
each hour”, people often say “atarateof85 000
litres per day” or “at a rate of 8 cm perhour”.

2. Duringa period of very heavy rain, the water level in a certainriver increases ata
rate of 8 cm each hour. Ifit continues like this, by how much will the water level
increase in 24 hours?

3. Awoman is driving from Johannesburg to Durban. Her distance from Durban
decreasesatarate ofabout95km perhour.How far does she travel,approximately,
in four hours?
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4. The number of unemployed people in a certain province increases at a rate of
approximately 35000 people peryear.lftherewere 860000 unemployed peoplein
the year 2000, how many unemployed people will there be, approximately, in the
year 20207?

5. In pattern A below, there are five red beads for every four yellow beads.

Describe patterns B and C in the same way.

[0,0,0,0.9.00.9.9} 10,0,0,0,0.00.0 03 [0,0,0,9.9.0 0,093
[0,5,0,8,0,00.9.03 10,0,0,00,0,0.9.93 [0,5,0,5,0,00.0:03
(9,0, 9,9,0,0/0,0.0/ 15,0, 0.0,0,0,0,0,0/ [9)9,8,0,9,0/0,0,0/
[0,0,0,0.9,0.0.0.03 10,5,0,00,00.0.03 [0,0,0,5,0,00.0:03
10,8,0,0/0.0,0/0/0) 10,5,0,00,00.0.03 [0,0,5,8/0,00.0:93
1000000000 10,0,0,0/0,00.0.03 [0,0,0,8/0,00.0:03
OOOOOOOOO OOOOCOOOO [0,0,0,8/9,00.0:03
OOOOOOOOO OOOOOOOOO OOOOOOOOO
(000000000 OOEOCOCOO OCOCOCOCOO0
Pattern A Pattern B Pattern C

Inacertain food factory, two machines are used to produce tins of baked beans. Machine
Aproduces atarate of 800 tins per hour,and machine B produces atarate of 2 400 tins
per hour.

6. (a) Copyand complete the following table, to show how many tins of beans will be
produced by the two machines, in different periods of time.

Number of hours 1 2 3 5 8

Number of tins produced by
machine A

800 1600 2400 4000

Number of tins produced by

2400 4 800
machine B

(b) How much faster is machine B than machine A?

(c) How many tins will be produced by machine Bin the time thatit takes machine A
to produce 30 tins?

(d) How many tins will be produced by machine B in the time thatit takes machine A
to produce 200 tins?

(e) How many tins will be produced by machine B in the time that it takes machine A
to produce one tin?

The patterns in question 5 can be described like this:

I In pattern A, the ratio of yellow beads to red beads
is 4 to 5. This is written as 4 : 5.

In pattern B, the ratio between yellow beads and red beads is 3: 6, and in pattern C the
ratio is 2 : 7. In question 6, machine A produces one tin for every three tins that
machine B produces. This canbe described by saying thatthe ratio between the produc-
tion speeds of machines Aand Bis 1: 3.
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7. Twohuge trucks are travelling very slowly on a highway. Truck A covers 20 km per
hour, and truck B covers 30 km per hour. Both trucks keep these speeds all the time.

(a) Whatdistance will truck B coverin the same time that truck A covers 10 km?

(b) In the table below, the distances that truck A covers in certain periods of time
are given. Copy and complete the table to show the distances covered by truck B,
in the same periods of time.

Distance covered by truck A 10 km 18 km 50km | 100km | 30 km

Distance covered by truck B

(c) What distance will truck B cover in the same time that truck A covers 1 km?
(d) What is the ratio between the speed at which truck A travels and the speed at
which truck B travels?

8. R240willbedivided between David and Sally in the ratio 3: 5. This means Sally gets
R5 for every R3 David gets. How much will David and Sally each get in total?

9. How much will each person get,ifR14400 is shared between two people in each of
the following ways?

(a) Intheratiol:3 (b) Intheratio5: 7

financial mathematics

A man borrows R12 000 from a bank for one year. He 15% is read as 15 per cent,

has to pay 15% interest to the bank. This means that, and it is just a different way

apart from paying the R12 000 back to the bank after to say 15 hundredths.

ayear, he has topay 15 hundredths ofR12 000 for the

privilege of using the money that actually belongs to The money paid for using

the bank. another person’s house is
One hundredth of R12 000 can be calculated by called rent. The money paid

dividing R12 000 by 100. This amount can then be o ity Y 3 e

multiplied by 15 to get 15 hundredths of R12 000. money is called interest.

Do not use a calculator when you do the following questions.
1. Calculate 12 000 + 100, then multiply the answer by 15.

2. Calculate:
(a) 12% ofR8 000 (b) 18% of R24 000

3. Ineach case below, calculate how much interest must be paid.
(a) Anamount of R6 000 is borrowed for one year at 9% interest.
(b) An amount of R21 000 is borrowed for three years at 11% interest peryear.
(c) Anamount of R45 000 is borrowed for ten years at 12%interest per year.
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AcardealerbuysacarforR60000andsellsitforR75000.The difference ofR15000 is
called the profit. In this case, the profitis a quarter of R60 000, which is the same as

25 hundredths or 25%. This can be described by saying “the car dealer made a profit
of 25%”".

4. Calculate the amount of profitin each of the following cases. The information is
about a car dealer who buys and sells used vehicles.
(a) A carisbought for R40 000 and sold for R52 000.
(b) A small truck is bought for R100 000 and sold at a profit of 28%.
(c) A bakkie is bought for R120 000 and sold at a profit of 30%.

Ashop owner boughtastove for R2000 and sold itfor R1 600. The shop owner did not
make a profit, he sold the stove at aloss of R400.

5. (a) How much is one hundredth of R2 0007?
(b) How many hundredths of R2 000 is R4007?
(c) How much is 20% of R2 0007

Notice that by doing question 5(b) you have worked out at what percentage loss the shop
owner sold the stove.

6. The shop owner also sold a fridge that normally sells for R4 000 at a discount of
20%. This means the customer paid 20% less than the normal price. Calculate the
discount in rands and the amount that the customer paid for the fridge.
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Chapter?2
Exponents

2.1 Quick squares and cubes

again and again

1. How much is each of the following?
(a) 2x2 (b) 3x3 (c) 4x4
(g) 8x8 (h) 9x9

(i) 10x 10

(d) 5x5
() 11x11

(e) 6x6
(k) 12x12

Instead of saying “ten times ten”, we may say “ten squared” and we may write 102

2. Copy and complete these tables.

2 %2 12 x 12 8x8
22 52 42
2 squared 10 squared
25 100 64
1x1 9x9
72 92
11 squared 3 squared
121 36
3. 8squared is 64, and 9 squared is 81.
(a) What number squared is 257 (b) What number squared is 1007
(c) What number squaredis 647 (d) What number squared is 367
4. Calculate:
(a) 102+ 52+ 22 (b) 5x10%+7 x 10 +3
(c) 7x10°+3x10+6 (d)2x10*°+9x10+6
5. How much is each of the following?
(@) 2x2x2 (b) 3x3x3 (c) 4x4x4 (d) 5x5x5 (e)6x6x6
() 7x7x7 (g) 8x8x8 (h)9x9x9 (i) 10 x 10 x10
() 11x11x11 (k) 12x12x12 (1) 13 x13x13 (m)l1x1x1
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Instead of saying “10 times 10 times 10”, we may say “10 cubed” and we may write 10°.

6. Copy and complete the tables.

4x4x4 7x7x%x7

43 113
4 cubed 2 cubed

64 216 1000
8x8x8

93
12 cubed 3 cubed
1 125

7. 5 cubedis 125, and 9 cubed is 729.

(a) What number cubedis 277
(c) What number cubed is 8?
(e) What number cubedis 2167

8. Calculate:
(@) 3x10°+7x10*°+5x10+6
(c) 8x10%°+1x10%+4 x10+ 2
(e) 10x 102

(b) What number cubed is 1 000?
(d) What number cubed is 17
(f) What number cubed is 3437

(b)7x10°+7 x10%+7 x10+7
(d)4x103+3x10%+4x10+9
(f) 102x 102

9. Canyouthink of two numbers, so that the square of the one number is equal to the

cube of the other number?

10. Can you think of two numbers, so that when you add their squares, you get the

square of another number?

2.2 The exponential notation

repeated multiplication with the samenumber

1. Express each number below as a product of prime factors.

Example: 250 =2 x5 x5 x 5
(a) 35

(c) 140

(e) 81
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5 is arepeated factor of 250. It is repeated three times.

2. Which numbers in question 1 have repeated factors? In each case, state what number
is repeated as a factor and how many times it is repeated.

I Anumber thatcanbe expressed asaproductofone
repeated factor is called a power of that number.

Examples:
32 isapowerof 2,because 32 =2x2x2x 2 x 2
100 000 is a power of 10, because 10 x 10 x 10 x 10 x 10 = 100 000

3. Express each number as a power of 2, 3, 5 or 10.

(@) 125 (b) 64
(c) 100 (d) 1000
4. Calculate each of the following. You can use each answer to get the nextanswer.
(@) 2x2x%x2x2 (b)2x2x2x2x2
() 2x2x2x%x2x2x2 (d)2x2x2x2x2x2x2
() 2x2x2x2x2x2x2x2 (f)2x2x2x2x2x2x%x2x%x2x2

(8)2%x2%x2x2%x2x2x2x2x%x2x%x2
(h)2x2x2x2x2x2x2x2x2x2x2

() 2x2x2x2x2%x2%x2%x2%x2%x2x%x2x%x2
() 2x2x2x2x%x2%x2%x2%x2%x2%x2x2x2x2

Because the factor 2 is repeated five times, 32 is called the fifth power of 2, or
2 to the power 5.
Similarly, 125 is the third power of 5.

125 can also be called “5 to the power 3” or “5 cubed”.

5. The seventh power of 2 is shown in question 4(d).
What power of 2 is shown in each of the following parts of question 4?

(a) 40) (b) 4(1)
(c) 4(h) (d) 4(f)
6. Whatpower of whatnumberisshownineach case below?

(@) 15x15x15x15%x15x15x15x15
(b)12x12x12x12x12x12x12x12x12x12x12x 12

Instead of writing “5 to the power 6” we may write 5°.
This is called the exponential notation.

5means 5x5x5x5x5 x5,
S5x6means6+ 6+ 6+ 6+ 6.

7. Write each of the numbers in question 3 in exponential notation.
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8.

0.

10.

11.

Write each of the numbers in question 4 in exponential notation.

In each case write the number in exponential notation.

(a) The fifth powerof 5 (b) The sixth power of 5

(c) The third powerof 4 (d) 6 to the power4

(e) 4 tothepower6 (f) 5 to the power 15

3°means 3 x 3 x 3 x 3 x 3, exponent

The repeating factor in a power is called the base.

The number of repetitions is called the exponent

or index.

3'means 3. The base is 3 butthereisnorepetition.

Any number raised to the power 1 equals the Power base

number itself.

In each case below some information about a number is given. Each number can be
expressed as a power. What is the number in each case?

(a) The baseis 5 and the index s 3.

(b) Thebaseis 10and the exponentis 4.

(c) Thebaseis20and the exponentis 3.

Calculate each of the following:

(@) 5x5x5 (b) 5x5x5x5x5
(c) 5+5+5 (d) 545+5+5+5
(e) 5x3 (0 5°

powers of different numbers

1.

40

Copy and complete this table of powers of 2.

Exponent 1 2 3 4 5 6 7 8 9
Power of 2 2 4 8 16

Exponent 10 11 12 13 14
Power of 2

(a) Calculate each of the following:

22-21 23- 22 24-23 25— 24

26 _ 25 27 _ 26 28 _ Q7 Numbers that follow on each
other in a pattern are called

(b) Describe what you notice about the )
consecutive numbers.

differencesbetweenconsecutivepowersof2.

Supposeyoucalculate the differences between consecutive powers of 3. Doyou think
these differences will be the consecutive powers of 3 again?
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4. Copy and complete this table of powers of 3.

Exponent 1 2 3 4 5 6 7 8 9
Power of 3 3 9

Exponent 10 11 12 13 14
Power of 3

5. (a) Calculate each of the following:
32-3! 33-32 3*-33 35-3* 36-3° 37-3¢ 38-37
(b) Howdothese numbersdiffer from whatyouexpected when youanswered
question 37
(c) Divide each of your answers in 5(a) by 2.
(d) Ifyou observe anything interesting, describe it.

6. Inquestions 1to 5 youhaveinvestigated the differences between consecutive powers
of 2 and 3. You have observed certain interesting things about these differences. You
willnowinvestigate,inthe same way,thedifferencesbetweenconsecutive powers of4.
(a) Before youinvestigate, think a bit. What do you expect to find?

(b) Copythe table below and do your investigation. Write ashortreporton what
you find.

Exponent

Power of 4

7. Do whatyou did in question 6, but now for powers of 10.

Exponent

Power of 10

2.3 Squares and cubes

The number 9 is called the square of 3 because
3 x3=9.Thenumber 3,calledthebase,is multiplied
by itself. 3%is read as three squared or three to
the power2.

The number 27 is called the cube of 3 because
3 x 3 x 3 =27.The base, the number 3, is multiplied
by itself and again by itself. 3*is read as three cubed
or three to the power 3.
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calculating squares and cubes

Squaring the number 2 means that we must multiply 2 by itself. [t means we have to

calculate 2 x 2, which has a value of 4, and we write 2 x 2 = 4.

1. In(a)to (f) below, the numbers in set B are found by squaring each number in set A.
Copy the table and write down the numbers that belong to set B in each case.

Set A Set B
(@) |{1;2;3;4;5;6;7;8}

(b) [{1;3;5;7;9;11; 13}

(c) |{10; 20; 30; 40; 50}

(d) |{2;4;6;8;10;12; 14}

(e) |{5;10; 15;20; 25}

() |{15;12;9;6; 3}

Cubing the number 2 means that we must multiply 2 by itself, and again. [t means we
have to calculate 2 x 2 x 2, which has a value of 8, and we write 2 x 2 x 2 = 8.

2. (a) Cube 1. Also cube 2 and 3.
(b) Cube 5. Also cube 10 and 4.

3. In(a) and (b) below, the numbers in set B are found by cubing each number inset A.
Write down the numbers that belong to set B in each case.

(a) SetA:{1;2;3;4;5;6;7;8} (b) Set A: {10; 20; 30; 40; 50}
Set B: Set B:
4. (a) Write down the squares of the first 15 natural numbers.
(b) What do you observe about the last digit of each square number?

(c) Give an example ofa number that ends in one of the digits you have written
above that is not asquare.

The number 64 can be written both as a square and a cube.
64=8% and 64=43
The number 17 is neither a square nor a cube.

5. Are the following numbers squares, cubes, both or neither? Just write square, cube,
both or neither. Compare your answers with the answers of two classmates.

(a) 64 (b) 1 (c) 121
(d) 1000 (e) 512 (f) 400
(g) 65 (h) 216 (i) 169
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2.4 The square root and the cube root

Theinverse to finding the square ofa numberisto
find its square root.

The question, “What is the square root of 25?” is
the same as the question, “What number, when
squared, equals 257"

The answer to the question is 5 because 5 x 5 = 25.

determining what number was squared

What number, when squared, equals 97 Explain.
What is the square root 0f49? Explain.

What number, when squared, equals 81?Explain.
What number, when squared, equals 225? Explain.
What is the square root 0f121? Explain.

What number must be squared to get 1697 Explain.

N o L e

Copy and complete the diagrams below.

14 squared 7

? «—— square root 196

The inverse operation to finding the cube ofa
number is to find its cube root.

The question, “What number, when cubed, equals
125?” is the same as the question, “What is the cube
root of 125?”

The answer to the question above is 5 because
125=5x5x5,

determining what number was cubed

What number, when cubed, equals 27?Explain.
What is the cube root of 3437 Explain.

What number, when cubed, equals 87 Explain.
What is the cube root of 1 0007 Explain.

What number, when cubed, equals 512?Explain.

S

What number produces the same answer when it is squared and when it is cubed?

CHAPTER 2: EXPONENTS




7. Copy and complete the diagrams below.

P — cubed —» 1 000

10 «—— cube root

calculating square roots and cube roots

1. Copy and complete the table. The first one has been done for you.

Number Cube root Check your answer

(a) 8 2 2x2x2=8

(b) 27

(c) 64

(d) 125

(e) 216

€3] 1331

(2 1000

(h) 512

(i) 8000

2. Copy and complete the table. The first one has been done for you.

Number Square root Check your answer

(a) 9 3 3x3=9

(b) 1600

(c) 144

(d) 196

(e) 625

(0 900

(8) 16

(h) 400

(1) 121
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The symbol /25 can be used to indicate thesquare
root of 25. So we can write /25 = 5.

The symbol 125 can be used to indicate thecube
root of 125. So we can write J125 =5.

3. What mathematical symbol can be used to indicate each of the following?

(a) The square root of 169 (b) The cube root of 343
(c) Thesquare root of2 500 (d) The cube root of 729
(e) The cubeof 25 (f) The square of 25

Byagreementamongst mathematicians, the symbol J means the square root of the
number thatis written inside the symbol. So we normally write J4 instead of \2/; .

For the cube root, however, the number 3 outside of the root sign/g must be written
in order to distinguish the cube root from the square root.

4. Copy the table. Find the values of each of the following. The first one has been done
for you. Check your answers.

Value Check your answer
(a) J64 8 8 x 8 =64

(b) V49
(c) J36

(d) V784
(e) J2 025
(f) 324

5. Copy the table. Find the values of each of the following. The first one has been done
for you. Check your answers.

Value Check your answer
(a) ) 2 2x2x2=8

(b) 64

(c) 12

(d) S

(e) P16

() 125

CHAPTER 2: EXPONENTS 45




2.5 Comparing numbers in exponential form

bigger, smaller or equal?

1. Which is bigger?
(a) 2°or52
(b) 3*or43
(c) 2%or6!

We can use mathematical symbolstoindicate whetheranumberisbigger,smaller or has
the same value as another number.

Weusethesymbol >toindicatethatthenumberontheleft-handside ofthesymbolis
bigger than the one on the right-hand side. The number 5 is bigger than 3 and we
express this in mathematical language as 5 > 3.

The symbol < is used to indicate that the number on the left-hand side of the symbol
is smaller than the number on the right-hand side. The number 3 is smaller than 5
and we express this mathematically as 3 <5.

Whennumbershavethesamevalue,weusetheequalsign(=). Thenumbers 23
and 8 have the same value and we write this as 2°= 8.

2. Use the symbols =, < or > to make the following true. Check your answers.
(a) Y64 J16 (b) 33 42
(©) 6 V36 (d)M25 V100

(e) 3 216 () 2¢ 34
(g) 2° 32 (h) 3/1_ J1
(i) 9 33 (i) 100 152

3. Which is bigger, 1'°°or 100'?Explain.
4. What is the biggest number you can make with the symbols 4 and 27?

5. Twowhole numbers that follow on each other, like 4 and 5, are called consecutive
numbers. Is the difference between the squares of two consecutive whole numbers
always an odd number?
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be smart when doing calculations

Our knowledge of squares can help us to do some calculations much quicker. Suppose you want
to calculate 11 x 12.

11%has a value of 121. We know that 11 x 11 = 121.
11 x 12 means that there are 12 elevens in total.
So011x12=11x11+11

=121+11

=132

Suppose you want to calculate 11 x 17.
11 x 17 = 17 elevens in total = 11 elevens + 6 elevens
Well, we know that 11 x 11 =121
Sol1l1x17=11x11+6x11
=121+ 66
=187

Now do the following calculations in your exercise book, using your knowledge of square
numbers.
1. 11x19 2. 13x16 3. 15x18 4.12 x 18

arranging numbers in ascending and descending order

The numbers 1,4,9, 16,25, ...are arranged from the smallest to the biggest number.
We say that the numbers 1, 4, 9, 16,25, ... are arranged in ascending order.

The numbers 25, 16, 9, 4, 1, ... are arranged from the biggest to the smallest number.

We say that the numbers 25, 16, 9, 4, 1, ... are arranged in descending order.
1. In questions (a) to (d), arrange the numbers in ascending order:

(a) ¥64;3% J64; /36

(b) V225;4729; 4 000; 22

(©) 3/1_; 0; 100; 10
(d) 1% 23; 4% 52
2. In questions (a) to (d), arrange the numbers in descending order:
(@ 216;30°%; 2520
(b) 103 Q/QF; \/W; 122
(© V121;325;113 58

(d) 13 2% 7% 63 53
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2.6 Calculations

the order of operations

When anumerical expression includes more than one operation, for example both
multiplication and addition, what you do first makes a difference.

Ifthereare nobracketsinanumerical expression, it It is important to know the
means that multiplication and division must correct order in which

be done first, and addition and subtraction operations in a numerical
only later. For example, the expression 12+3 x5 expression should be done.

means “multiply 3by 5;thenadd 12”.Itdoes not
mean “add 12 and 3; then multiply by 5”.

If you wish to specify that addition should be
done first, that part of the expression should be
put in brackets. For example, if you wish to say
“add 5 and 12; then multiply by 3”, the numerical
expression should be 3 x (5+ 12) or (5 + 12) x 3.

Hereis another example: The expression 10 - 6 + 3
means “divide 6 by 3; then subtract the answer from
10”. It does not mean “subtract 6 from 10;then
divide by 3”. If you wish to specify that subtraction
should be done first, that part of the expression
should be putin brackets. The numerical expression
(10 - 6) + 3 means “subtract 6 from 10;then divide
the answer by 3”.

writing numerical expressions in words

1. Write each of the following numerical expressions in words:

(a) 5x2%+3 (b) 52x (2 +3)° (©) +J36+64 +33

d) V16 + 9 (e) 10°-93 (f) (18+ v9)?
26

(8) _64_

calculations with exponents

Do these calculations without using a calculator.

1. Calculate:

(a) 2*+1* (b) (2+1)* (c) 23+33+4° )
12+2x%x3
(d) 23+ 53%x3 (6) 122+ 23 (f) W
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Do the calculations below and then say which expression has the same value as 2°.
(a) 23+22 (b) 23 x 22

Do the calculations below and then say which expression has the same value as 5*
(a) 53+5! (b) 53x 5

Which of the expressions below has the same value as 8*?
(a) 2*x4* (b) 82x8

Calculate the following:
(a) 4%+ 3° (b) 122+ 52

(a) Continue this list to find the values of the “powers of 2” from 2*to 22
21=2;2%2=4;23=8; 2*=16;

(b) Doyounotice a patternin the last digit of the numbers? Write down the pattern
in your own words.

(c) Usethe pattern to predict the last digit of the following values. (Youshould not
need to actually calculate the values in full.)
(i) 2% (if) 21002

calculations involving square roots and cube roots

1.

2.

3.

Calculate each of the following without using a calculator:

(@) 64 + 36 (b) /9 +16
(c) 25 (d) /100
(e) 64+ 36 ® 9 + 6

Saywhether each ofthe followingis true or false. Explain your answer.
(Note: # in question (d) means “is not equal to”)

(a) <64+ 36 =64 + 36 () V16 +J9 =16 +9
(c) 100 =64 + /36 (d) V25 =9 + /16
(e) Vv9%9 =9 () ¥2x2x2 =2

(g) 169 - /25 =38 (h) V169-25 =12
Calculate each of the following without using a calculator:

(a) 2+3/F:+(3+2)2 (b)2+3/g+32+22
@2+ +25-2° (@) 2 4= (V169 -29)
38 5

3 28-24 /4
(e) (15 - ) () N
v (327 +1)?
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Worksheet

. Writeinexpanded form:

66

. Writeinexponentialform:

14 to the power9
. Rewrite the numbers from the smallest to the biggest: 3%; 2°; 43; 10

. Say whether each of the following is true or false. Explain your answer.

(a) V64 +36 _ g, | V3g (b) V25 + Vg = V59 45
. Calculate:

(a) 33x 22 (b) V144 + /81

(c) 112+ 52— J144 (d) (14 -12)*+38

(e) 92-4%x3 (F) 7+ 25 +1°5-23

(g)(g/2_7+*/a)2 (h) (L6 + 9 + 5%) x 93

(i 9%+12°+5°+ 650 (i) 6°- (169438

4125 %102 7% 1°
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Chapter 3

Geometry of straight lines

3.1 Line segments, lines and rays

line segments

1. Measure each side of this quadrilateral. Copy the quadrilateral and write the
measurements at each side.

D
A
B
C
Each side of a quadrilateral is a line segment.
D
A — P
A
B
B
C
C
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A line segment has a definite starting point and a
definite endpoint. We can draw and measure line
segments.

2. Draw aline segment thatis 12 cm long.

lines and rays

We can think of lines that have no ends, although we cannot draw them completely.
Wedraw line segments to representlines. When we draw aline segment torepresenta
line, we may putarrows atboth ends to show thatit goes onindefinitely on both sides.

M

The word lineis used to indicate a line that goes on
in both directions. We can only see and draw part of
aline. A line cannot bemeasured.

1. Draw line AB.

2. Did you draw the whole ofline AB? Explain.

We can also think of a line that has a definite starting
point but goes on indefinitely at the other end. This
is called a half-line or a ray.

We can draw the starting pointand partofaray,usingan arrow to indicate thatit goes
on at the one end.

Ray PQ goes on towards the right:
P
m
Ray DC goes on towards the left:

D

S ———
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3. Drawray EF.
4. Did you draw the whole of ray EF? Explain.

5. Do line segments XY and GH meetanywhere?

6. Do lines KL and NP meetanywhere?
/ L
K
N \
P
7. Do rays AB and CD meetanywhere?
/ B
A

c—

D

8. Dorays FT and MW meet anywhere?
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3.2 Parallel and perpendicular lines

parallellines

Twolines that are a constant distance apart are called parallel lines. Lines AG and BH
below are parallel. The symbol //isused toindicate parallellines. We write: AG //BH.

G

B

1. Measure the distance between the twolines:
(a) atAandB
(b) atCandD
(c) atEandF

Here are some more parallel lines:

H
J
L
|
N K
M
P
R o)
Q
T S
U

2. Draw two parallel lines.

3. Draw three lines that are parallel to each other.
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4. Will parallel lines meet somewhere?

5. Do you think lines PQ and ST are parallel? How can you check?

P <

S‘i

6. (a) Draw two lines that are almost parallel, but not quite.
(b) Describe what you did to make sure that your two lines are not parallel.

7. Can two line segments be parallel?
8. Are line segments DK and FS parallel?

D

_—

F
S
9. Are line segments MN and AB parallel?

M

—

A

B

10. What can you do so that you will be better able to check whether the above two line
segments are parallel or not?

11. Can a line be parallel on its own?

X

12. Copy line XY above. Then draw a line parallel to it.
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perpendicular lines

Lines CD and KL below are perpendicular to each other. The symbol 1 is used to indicate
perpendicular lines. We write: CD LKL.

1. How many angles are formed at the point where the above two lines meet?

I Two lines that form right angles are perpendicular
to each other.

2. Draw two rays that have the same starting point.
3. Draw two rays that are perpendicular to each other and have the same starting point.
4. Draw two rays that meet, but not at their starting points.

5. Draw two rays that meet but not at their starting points, and that are perpendicular to
each other.

6. Canyoudraw two rays that have the same starting point, and are parallel to each
other?
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Chapter 4
Construction of geometric
figures

4.1 Angles revision

/>k )
» »

small angle big angle

When two lines point in different directions, we say they are at an angle to each other.
If the directions are almost the same, we say the angle between them is small. If the
directions are very different, we say the angle between them is big.

Words we use to describe angles:

e Arms of the angle: the two lines that are atan arm
angle to each other
vertex
e The vertex: the point where the two armsmeet
e Vertices: plural of “vertex” <
Symbols to describe angles:
Arrowheads on the lines mean that the lines keep
on going. The length of an angle’s arms does not
change the size of the angle. Whether the arms are

long or short, the angle size stays the same. The arc shows where the angle is

There are two angles at a vertex so itis
importantto show which one we are talking about.
Labelling angles:
There are many different ways to label angles. Lookat

the examples below:

= =

Using a dot or a star Angle 1 Right angle (90°)
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You can name the angle on the rightin different A
ways: you can say ABC or CBA or just B. The “hat”

on the letter shows where the angle is. B

revision: seeing angles and describing angles

1. Look at the drawing on theright.

(a) Are these lines at an angle to each other?
Do the lines have to meet to be at an angle?

(b) Copythelines. Use apencil and your ruler to draw the
lines a bit longer so they meet. Did you change the
angle between the lines when you extended them?

2. Arrangetheangles frombiggesttosmallest.Justwrite theletters (a) to (f) in the

correct order.

Q / (b) , (©) A

(d) / (e) x\ (0

3. Howcanyoucheckthatanangleisarightangle withoutusinganyspecial mathematics
equipment? (Hint: Think about where you can find right angles around you.)

4. Are these two angles the same size?
Describe how you found youranswer.
(Hint: A piece of scrap paper may
help!)

5. Twolines are drawn by holding down a ruler and drawing lineson

both sides. What can you say about the two lines?

6. Look at the analogue clock face on the next page. The minute

hand and the hour hand make an angle. Focus on the smaller
angle for now.




(a) Explain why the angle between the hands at 8 o’ clock
is the same size as the angle at 4 o’ clock.

(b) Compare the angle at 2 o’ clock with the angle at
4 0’ clock. What do you notice? Why is thisso?

(c) Istheangleat3 o’ clockthe same asthe angle ata
quarter past 12? Explain.

7. When you open the cover of a hardcover book you can make
different angles. Can you think of at least five other situations
in everyday life where objects are turned through angles? Say
what the arms and the vertices are in each of your examples.

4.2 The degree: a unit for measuring angles

Imagine if we didn’t have units for measuring length. How would tailors make clothes to
the right size without a tape measure? How could an architect design a safe and beautiful house
without aruler? How could we lay out a professional soccer field without being able to measure
accurately in metres?

Weneed units and measuring instruments in many situations. Youknow that we use
metres, centimetres, kilometres, millimetres, etc. for measuring lengths.

Weshould also have units for measuringangles. The units we use for measuring angles
are very ancient. No one today is completely sure why, but our ancestors decided many
thousands of years ago thatarevolution should be divided into 360 equal parts. We call
these parts degrees. The symbol for a degree is °.

some familiar angles in degrees

1. Copy and complete the table by filling in the size of each angle described.

Angle (in words) Angle (degrees)
right angle 90°
straight angle

revolution 360°

half a right angle

a third of a right angle

a quarter of a right angle 22,5°

half a straight angle

three quarters of a revolution

a third of a revolution
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2. Lookatthe clock shown. Howmany
degrees does: 1 hour later
(a) the minute hand move in anhour? >

(b) the hour hand move in an hour?

3. InGrade 6 youlearnt thatangles are classified into types. Copy and complete the
table. The first one has been done as an example for you.

Angle Size of the angle Sketch of the angle
Acute angle Between 0° and 90° <
Right angle

Obtuse angle

Straight angle

Reflex angle

Revolution

comparing angles using a4 paper

You need a sheet of A4 paper. At the corners you have 1

fourrightangles. Number them and tear the cornersoff | .

as shown in the diagram. Do not make them too small. B
Now use yourrightangles toinvestigate the 4

following situations:

1. Show that a straight angle is two right angles.
You can sketch what you have done in your book.

2. Show that a revolution is four right angles.
You can sketch what you have done in your book.

3. Create aright angle using three of your corners.
You can sketch what you have done in your book.

4. Describehowyoucanuseone ofyourcornerstocheckifanangleisacute,rightor obtuse.

5. (a) Fold corner 1 so that you can use it to measure 45°.
(b) Fold corner 2 so that you can use it to measure 30°.
(c) Fold corner 3 so that you can use it to measure 22,5°.
(d) Whichisbigger: arightangle or halfarightangle + a third ofa rightangle +
a quarter of a right angle? Can you do a calculation to show that?

Important: Keep your folded pieces of paper for the next lesson!
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4.3 Using the protractor

Wehaveaspecialinstrument for measuring R degree marks
5 oy /

angles. It is called a protractor. Look at clockwise

the picture of a typical protractor with its 9e&rees

important parts labelled.

anticlockwise
degree scale

l/origin

Protractors can be big or small but they all

measure angles in exactly the same way. The
size ofthe protractor makes nodifference to
an angle’s size.

measuring some familiar angles

Youneed the four folded angles from the previous activity on page 60.If youdidn'tdo
that activity, then go back now and follow the instructions in question 5.
1. Inagroup of three or four, use your protractor to measure the angles that you made:
90°; 45° 30° and 22,5°.
2. Didyoumeasure the correctsized angle? If not, then ask yourself the following
questions:
e Did you put the vertex of the angle at the origin of the protractor?
¢ Isthe bottom arm of your angle lined up with the base line?

e Did you fold your corners correctly?

how to use a protractor to measure an angle

Step 1: Are the angle arms long enough?

The angle arms must be a little longer than the distance from the origin of the protractor
to its edge. If they are too short, use a sharp pencil and a ruler to make them longer. Be
careful to line the ruler up with the arm.

X ruler not lined up AD
carefully (at an A
y( s/ R
angle to the arm) R 2
ruler lined up AN
carefully and the q,\ok
X only a small part whole arm is used &
of the arm is used S
2]
¢ & a
>
f
> A p
(]
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Now you are ready to start measuring your angle.

Step 2: Line up the angle and your protractor

Place your protractor on top of the angle. Make sure of the following:
e the origin is exactly on the vertex of the angle, and
e the base line is exactly on top of one of the arms of the angle.

Keep adjusting the position of the protractor until the origin and the base line are
exactly lined up.

base line
exactly on

atan
top of the

angle to
vertex

arm
origin not
on top of
thevertex

origin exactly on top of the vertex
and base line exactlyon top ofarm

Onceyour protractorisinthe correctplace, keep a finger on the protractor tostop it
from moving. Ifitmoves...startagain! Youare now ready to make a measurement.
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Step 3: Measure the angle

Aprotractor gives a clockwise degree scaleand an anticlockwise degree scale. Youchoose
the correct scale by finding the one that starts with 0° on the angle arm. Look at where
the otherangle arm passes under the degree scale. Thatis where your measurementis.

Here we must use
the inner scale
(goes anticlockwise
from the base line).

Youcan also place the protractor on the angle using the other arm. Then the correct

position looks like this:

Here we must use
the outer scale
(goes clockwise
from the base line).

o

N
05 oL R
oFr Go oF

The angle in the pictures above is 37°. Do you agree? Do you see that there are two ways
to measure an angle?
practise measuring with a protractor

1. Measure the angles and copy and complete the table on the next page. [fyouneed to,
copy the drawing and extend the arms.

(a) (b) (c)
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(d) (e) (f)

Angle (a) (b) (c) (d) (e) (H)

Angle size in degrees

2. Copy the table below. Measure all the numbered angles in the following figure. Some
angles can be measured directly, others not. Your protractor cannot measure reflex

angles like angles 7 and 8. So you will have to make a plan!
5 ‘

Angle Size
1

O |0 ([ 3|0 (Ul | WwWw | DN

3. Write a short note for yourself about measuring reflex angles.

some things to think about

Look at your answers in question 2 above.

1. How do angles 3 and 4 compare?

2. What about angles 6 and 7°?

3. What about angles 4 and5?

4. There are some interesting ideas here. Try to do some further investigation and show
your teacher what you discover.
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44 Using a protractor to construct angles

constructing angles to a given line

Worktogether with apartner on this activity. Youneed your protractor, asharp pencil
and a straightruler.

1. Your first challenge is to copy the line below and construct a line at exactly right
angles to it. Begin by choosing a point on the line. You must mark this point clearly
and neatly with a small dot. Then use your understanding of a protractor todraw a
90° angle.

2. Now copy Steps 2 to 4 and fill in the missing words.

Step 1: Choose a point anywhere on the line. Make a small mark on the line.
(Youdon’talways have achoice here. Sometimes you must use aspecific pointon
the line.)

Step 2: Place the protractor with its
exactly on top of the

on the line and itsorigin

Step 3: Make a small, clear mark at the

Step 4: Use aruler to line up the two and drawastraightline thatpasses
exactly through them.

3. Copy the line below and use it to construct the angle direction

angles listed below. The line below will be one arm The line you have been given
of the angles you are going to construct. The vertex below is called a reference
for each of your angles is the point labelled O where line.

the tiny vertical line cuts the long horizontal one. Mathematicians usually

measure angles anticlock-

Your angles must be measured anticlockwise from
wise from the reference line.

the line.
(a) 23° (b) 45° (c) 6|5° (d) 79° (e) 90°

(f) 121° (g) 154° (h)-dsof’ (1) 200°  (j) 270°
(74 e o







4. Copy the line on the right. Then at each end,
draw lines atan angle of 60° to form a triangle.
What sort of triangle is this?

5. Copy and complete the quadrilateral below.The angle at P
must be 52° and the one at Q, must be 23°.

p

4.5 Parallel and perpendicular lines

Perpendicular lines meet each other at an angle
of 90°.

The sketch shows two perpendicular lines.

We say: AB is perpendicular to DC.
We write: AB 1LDC

Parallel lines never meet each other. They are an Q
equal distance apart. They have the same direction.

The sketch shows two parallel lines.
We say: PQ is parallel to RS.
We write: PQ //RS

The arrows on the middle of the lines show that the
lines are parallel to each other.

constructing perpendicular and parallel lines

When constructing parallel lines, remember that the lines always stay the same distance
apart. Follow the steps on page 67 to draw perpendicular and parallel lines using a pro-
tractor and a ruler.
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1. We want to draw a line that is parallel to XY and that passes through point A.

A
e

Step 1: Draw a perpendicular line between A and XY.

Copy the line XY above. Use
your protractor to draw a line that

goes through A and is at 90° to XY. A
Labelthepoint Cwhereyour new
line touches XY.
Look at the sketch on the right
if you get stuck.
X
90°

Step 2: Measure the
perpendicular distance
between the pointand
the line.

Write down the length of AC.

Step 3: Draw a point that is the same distance from the line.

Then draw another line thatis perpendicular to line XY. Mark off the same length as
AC on that line. The sketch below shows what you must do.

A

90°
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Step 4: Draw the parallel line.

Join A with the new point that is an equal distance away from XY.

You now have a parallel line.

2. Practise constructing perpendicular and parallel lines using a protractor and a ruler.

4.6 Circles are very special figures

And now for something slightly different ... let us have a look at circles.

a circle with string

Youmay need to workwith a partner here. Youneed two sharp pencilsand ashort

length of string, an A4 sheet of paper and a ruler.

1. Tie the string to both pencils with double knots. The knots must be firm but not tight.
The string must swing easily around the pencils without falling off. Once you have
tied your string, the distance between the pencils when the stringis tight should not
be more than 8 cm.

2. Your partner must hold one pencil vertically withits pointnear the centre ofthe sheet
of paper.

3. Now carefully move the tip of the other pencil around the middle one, drawing as
you go. Try to keep the string stretched and the pencil vertical as you draw.

Ifyou have been careful, you will have drawn a circle (well, hopefully something
prettyclose toacircle). Youcanswop now soyour partner also hasaturndrawing
while you hold the centre pencil.

4. Mark three points on the circle line. Measure the distance between the point and the
centre of the circle for each. If you have a circle you should find that the distances are
the same.
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Circlesarespecial formanyreasons.The most think about it

important reason is the following: Can you think of any other
The distance from the centre of a circle to figure where the distance
the edge is the same in any direction. between the centre and
s . . the edge is constant in all
This distance is called the radius. 1€ ec8
directions?

We pronounce this: “ray-dee-us”. . Asquare?
The plural of radiusis radii. * A hexagon?

We pronounce this: “ray-dee-eye”. v Bt abent g el o repe

(ellipse)?

do some investigation to see
what you can find.

Do you agree that the two pencils and string are not a good way to draw circles? The
stringis stretchy.Itis difficult to change the radius. And, the drawing pencil can wander
off course and make a spiral or a wobbly curve. We need something better.

4.7 Using the compass

We need a special instrument for drawing circles. It must have a pointy tip, like the
centre pencil. It must also have a drawing tip, like the pencil you moved. If you can set
the distance between these two tips, youcan draw circles ofany radius. This instrument
is called a pair of compasses, or often just a compass.

S~ Here is the handle of the
compass. You hold it between
your forefinger and thumb.

Only use one hand when you
draw a circle. Turn the compass
by twisting it between your
forefinger and thumb.

This is the point that
goes at the centre of

your circle. The pencil
tip must turn around

this point. \

T Clamp your sharpened

This gap will be the radius of pencil tightly in here. The
your circle. You can set the tip of the pencil must be
gap to the correct radius using next to the tip of the
your ruler. Change the gap by turning point when you
changing the angle between push the arms together.

the arms of the compass.
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constructing circles with a compass

1. Youwill see a point labelled A below. Follow the steps below and on the next page to
draw a circle with a radius of 2 cm. The centre must be at A.

Step 1: Place the pointed tip on the zero line of your ruler. Carefully widen the angle
between the arms. Move the pencil tip until it is exactly at 2 cm. Make sure that the
pointed tip is still on zero. Be careful not to change the gap once itis setto 2 cm.

Step 2: Mark point A in the centre of your page. Gently push the pointed tip into
point A. Push just deep enough into the paper to keep it in place. This will be the
centre of your circle.

‘\H\UH\‘\H\\HH‘\H\UH\‘\H\\HH‘H\\UH‘HHU\H‘HN
0 1 2 3 4 5 6
il 2

0
Step 1 IR RN RN AR Step 4

oA

Step 3: Hold the handle between the forefinger and thumb of your writing hand.

Keep your other hand out of the way. Use only one hand when you draw a circle

with a compass.

Step 4: Twistthe handle between your thumb and forefinger. Ifyou are right-handed,
it is easiest to twist the compass clockwise. If you are left-handed, turn the compass
anticlockwise. Let the pencil tip drag over the paper. Don’t push down too hard on
the pencil. Rather, push down lightly on the pointed arm as you draw. The pencil tip
must move smoothly and easily.

2. Thendraw concentric circles atcentre Awith oy T T el s e (s
radii of 3 cm, 4 cm, 5 cm and 6 cm. Set the gap same midpoint.
carefully each time. Write the radius on the

edge of each circle.

Learningto use acompass is like learning toride a bicycle.
Ittakes co-ordinationand practice. Don’tbe embarrassed if
it goes wrong. With practice you will get very good at it. If
your circles end up being all wobbly lines, just begin again!
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Here are some tips for drawing circles:

e Ifyourcircles are turninginto spiralsitis because
the arms of your compass have moved. Check their
width again against aruler.

e [f the arms of your compass won'’t stay in the
position you set them at, itis because the nutat the
hinge below the handle is loose. Ask your teacher
to help you if you can’t tighten it yourself.

e Ifyou can’t do the twist, imagine you have a small
piece of soft clay between your thumb and
forefinger and you are trying to roll it into a small
strip. The twist for turning your compass uses the
same type of sliding movement. Let the compass
hang from your hand in the air and twist the
handle. Then try it on scrap paper a few times until
you can turn the compass easily.

circles on circles

[t’s time to have some fun with the compass while
getting better atusingit. Follow these instructions to
draw the beautiful pattern shown on the rightin your
exercise book.

1. Make sure your pencilissharp; then place itin the
compass.

2. Set the radius to 4 cm. Draw a circle at the centre of
your page. Important: your radius must stay the same
for the whole activity.

3. Putyour compass point anywhere on the circle edge. Draw another circle. This
circle should pass through the centre of your first circle (they have the same radius).

4. Yoursecond circle cuts the first circle at two points. Choose one of these points.
Place your compass point at this point. Draw another circle of radius 4 cm.

5. Repeatstep 3 with your third circle, fourth circle etc. Youshould end up with six
circles on your first circle. That is, seven circles in total.

6. Decorate it as you please. (You can decorate your pattern further by adding more
circles or joining points with straight lines, and so on. See what patterns and shapes
you can discover among all the circles.)
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4.8 Using circles to draw other figures

geometric figures hiding in the circles

Belowisasetofseven circles like the one youdrew.Sit witha partner and try to find
hidden polygons.

You will find these polygons by joining the points where the circles cut each other.
The points will be the vertices of the polygons. Look carefully. There are triangles,
quadrilaterals, pentagons and hexagons. When you can see them, neatly and carefully
rule in their sides with a pencil. If there is not enough space on the set of circles below,
redraw the circles on a separate piece of paper and show the figures there. If you wish,
you can measure the angles at each vertex and the lengths of the sides.

-

/
i/
I

Arcs of circles

We do nothave to draw whole circles to construct figures. We are only really interested in
the points where the circles cross each other, so we could just draw arcs where they cross.
Next year, you will use arcs in your geometric constructions.
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An arc is a small part of a circle. We use the term
circumference when we refer to the distance
around acircle oraround any other curved shape.

PR

This is only part of a circle.
A part of a circle like this

This is a full circle. is called an arc. This arc is smaller.
This arc is almost a full This arc is just more than This arc is a quarter circle.
circle. a semi-circle.

Do the following in your exercise book:

1. Draw an arc using a radius of 3 cm.

2. Draw an arc bigger than a quarter circle, using a radius of 5 cm.
3. Draw an arc smaller than a quarter circle, using a radius of 5 cm.

enrichment

Once you have finished the work in section 4.8, experiment with drawing only the arcs that
you need in various constructions. Here is an example to show how to construct a regular
hexagon with only arcs:
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familiar figures in the seven-circle pattern

For this activity you need five seven-circle sets

like the ones drawn in the previous two activities.
Start by drawing these on blank pieces of paper.
Don’t make your radius bigger than 4 cm. Number
your sets figure 2 to figure 6. Label each figure as

shown on the right.

1. Copy the figure above right by following the

instructions below.

e Figure 1: Draw lines connecting AB, BC,
CD, ...up to FA.

e Figure 2: Draw lines connecting A, O and B.

e Figure 3: Draw lines connecting B, F and D.

e Figure 4: Draw lines connecting BC, CE, EF and FB.

e Figure 5: Draw lines connecting CD, DE, EF and FC.

e Figure 6: Draw lines connecting AB, BC, CE and EA.

2. Copy and complete the table below.
It shows the name of each figure and

its properties.

VATAY
Figure 1 (ontheright) hasbeendone \ /
F

as an example.

Figure 1

Figure

Name of figure

Properties

Regular hexagon

six-sided figure. All the sides are equal. All the interior
angles are equal.
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construct some more figures

Read the instructions carefully and follow them exactly.

1. (a) Drawalineinyourexercisebook.Theline should be between 3 cmand 6 cmlong.

Draw it in the middle of your page.

(b) Label the ends A and B.

(c) Place the point of your compass at point A. Carefully set the radius of your
compass to the distance between A and B.

(d) Draw a circle with the compass point at A.

(e) Drawanother circle withthe compass point
at B without changing the radiuswidth.

(f) The circles cross at two points. Choose one of
these points. Label it C. Check that you are on

the right track by comparing your sketch to the
one on the right.

(g) Carefully rule the lines AC and BC.

(h) What sort of figure is ABC? Check this by measuring angles. Why do you think
this happened?

2. (a) Draw two lines PQ and QR in your exercise book. P
The lines meet and form anangle at Q. Q

e You can make your angle anysize.

Make your line lengths different.
Step (a)

Do not make your lines longer than 6 cm each.

(b) Place your compass point at
point Q. Set the radius ofyour
compass to the distance QP.
Place the compass point at R. \ S
Draw a circle.
(c) Place the compass pointback
at Q. Set the radius to the
length QR.
Place the compass point at P. Step (b) Steps (c) and (d)
Draw a circle.
(d) The two circles cross at two points.
Decide which point will be the vertex
of a parallelogram. Call this pointS. something to think about
(e) Join the lines SP and SR. Why does this method form
Is PQRS a parallelogram? a parallelogram?
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49 Parallel and perpendicular lines with circles

parallel and perpendicular

1. Revision: Copy and complete these definitions.
(a) When one line is parallel to another line, the lines ...
(b) When one line is perpendicular to another line, the lines ...

2. Copytheseven-circlefigurebelow.Theintersection When two lines (or arcs)

points have been marked. A line segment has been cross each other we say
drawn in. Use a ruler and pencil to join pairs of they intersect.

points so that the lines are: The intersection point is
(a) parallel to the line segment the place where they meet.

(b) perpendicular to the line segment.

..,

— I

Youshould havedrawn seven lines (two parallel and five perpendicular tothe
line segment).

Compare your lines with a friend’s lines. Do you agree?

3. Drawafewcircleswiththesameradius
along a line. Start by drawing a line.

Thenuse yourcompasstodrawacircle
with the midpoint on the line.
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Keep your compass the same width and draw another circle with the centre where the
first circle crossed the line. Repeat as many times as you wish. In the example at the
bottom of the previous page, only three circles have been drawn.

(a) Canyoufind that exampleinthe seven-circle figure? Look carefully until you seeit.

(b) Canyousee where you can construct lines that are perpendicular to the given
line? Draw them carefully with a pencil and your ruler.

(c) Canyou see the two lines that are parallel to the given line? Draw them in too.

4. Copytheline below. Use circles to constructaline thatis perpendicular to the
line below.

5. Copy the line below. Use circles to construct a line that is parallel to the line below.

extension

1. Write P?as in the example below. Set your compass at a certain distance, for example 3 cm,
and investigate points that are the same distance from a fixed point, P.

op

2 Write two points A and B as shown below llse vour combass and investicate all the points



Chapter 5
Geometry of 2D shapes

5.1 Triangles, quadrilaterals, circles and others

decide which is which and draw some figures

A triangle is a closed figure with three straight sides
and three angles.

A quadrilateral has four straight sides and four angles.
A circle is round and the edge is always at the same

distance from the centre.

1. Which shapes on the opposite page are circles?
2. Which shapes on the opposite page are triangles?
3. Which shapes on the opposite page are quadrilaterals?

Use your ruler to do the following:

4. Make adrawingof one triangle with three acute angles, and another triangle with
one obtuse angle.

5. (a) Draw a quadrilateral with two obtuse angles.
(b) Can you draw a triangle with two obtuse angles?

6. (a) Draw a triangle with one right angle, and a triangle without any right angles.
(b) Can you draw a triangle with two right angles?
(c) Canyou draw a quadrilateral with four right angles?

7. These four lines form quadrilateral
ABCD. The two red sides, BC and AD,
are called opposite sides of
quadrilateral ABCD.

Which other two sides of ABCD are
also opposite sides?
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8.

10.

11.

The lines DA and AB in the figure in question 7 are called adjacent sides. They
meet ata point thatis one of the vertices (corner points) of the quadrilateral.

(a) Name another two adjacent sides in ABCD.
(b) ABis adjacent to DAin the quadrilateral ABCD. Which other side of ABCD is also
adjacent to DA?

William says:
“Each side of a quadrilateral has two adjacent sides. Each side of a quadrilateral also has
two opposite sides.”

Is William correct? Give reasons for your answer.

William also says:
“In a triangle, each side is adjacent to all the other sides.”

Is this true? Give a reason for your answer.

In each case, say whether the two sides S
are opposite sides or adjacent sides of the

quadrilateral PQRS.

(a) QP andPS

(b) QPand SR Q

(c) PQandRQ

(d) PSandQR

(e) SRandQR

5.2 Different types of triangles

equilateral, isosceles, scalene and right-angled triangles

80

Atriangle with two equal sides is called anisosceles
triangle.

A triangle with three equal sides is called an
equilateral triangle.

A triangle with a right angle is called a right-angled
triangle.

Atriangle with three sides with differentlengths and
no right angle is called a scalene triang]le.

Measure every angle in each of the isosceles triangles given on the next page. Do
younotice anything special? Ifyouare notsure,draw moreisosceles trianglesin your
exercise book.
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2. Measurethe angles and sides of the following triangles. What is special about these

triangles? In other words, what makes these triangles different to other triangles?

2
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B These triangles are called equilateral triangles.

3. (a) Measure each angle in each of the following triangles. Do you notice anything
special about these angles?

(b) Identify the longest side in each of the triangles. If you are not sure which one is
the longest side, measure the sides. What do you notice about the longest side in
each of these triangles?

B These triangles are called right-angled triangles.

comparing and describing triangles

When two or more sides of a shape are equal in length, we show this using short lines on
the equal sides.

1. Use the following triangles to answer the questions that follow.

A B C

(a) Which triangle has only two sides that are equal?
What is this type of triangle called?

(b) Which triangle has all three sides equal?
What is this type of triangle called?

(c) Which triangle has an angle equal to 90°?
What is this type of triangle called?
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2. Inyour exercise book, write down the type of each of the following triangles.

VAT

finding unknown sides in triangles

1. (a) Name each type of triangle below.

A D G
//\2<n 70 mm 55 mm
B | cF o j !
All three sides are equal Two sides are equal No sides are equal

(b) Use the given information to determine the length of the following sides:
AB BC EF
(c) Canyoudetermine the lengths of GH and HI? Explain your answer.

2. The square in the corner of AJKL shows that it is a right angle. J
Give a reason for each of your answers below.

(a) Isthis triangle scalene, isosceles, or equilateral?
(b) Name the two sides of the triangle that are equal.
(c) What is the length of JK?

(d) Name two equal angles in thistriangle.ngles.
(e) Whatisthe size ofj and L? K ' L
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5.3 Different types of quadrilaterals

investigating quadrilaterals

1. Thetwopagesthatfollowshowdifferentgroupsofquadrilaterals.

(a) In which groups are both pairs of opposite sides parallel?
(b) In which groups are only some adjacent sides equal?
(c) In which groups are all four angles equal?
(d) In which groups are all the sides in each quadrilateral equal?
(e) In which groups are all four sidesequal?
(f) In which groups is each side perpendicular to the sides adjacent to it?
(g) In which groups are opposite sides equal?
(h) Inwhich groups is atleast one pair of adjacent sides equal?
(i) Inwhich groupsis atleast one pair of opposite sides parallel?
(i) In which groups are all the angles right angles?
2. The figures in group 1 are called parallelograms.
(a) What do you observe about the opposite sides of parallelograms?
(b) What do you observe about the angles of parallelograms?
3. The figures in group 2 are called kites.
(a) What do you observe about the sides of kites?
(b) What else do you observe about the kites?
Group 1

84
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Group 2

Group 3
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Group 4

(7 L

Group 5

Group 6

4. The figures in group 3 are calledrhombi. Note:
(a) What do you observe about the sides of rhombi? One rhombus; two or more
(b) What else do you observe about therhombi? rhombi.
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5. The figures in group 4 are called rectangles.
(a) What do you observe about the opposite sides of rectangles?
(b) What do you observe about the angles of rectangles?
(c) What do you observe about the adjacent sides of rectangles?

6. The figures in group 5 are called trapeziums. The arrows show which sides
(a) What do you observe about the oppositesides are parallel to each other.
of trapeziums?

7. The figures in group 6 are called squares.
(a) What do you observe about the sides of squares?
(b) What do you observe about the angles of squares?

comparing and describing shapes

1. Name each shape in each group.

Group A

2. In whatway(s) are the figures in each group the same?

3. Inwhatway(s) doesone ofthe figuresineach group differ from the other two figures
in the group?

finding unknown sides in quadrilaterals

Use whatyouknow aboutthe sides and angles of quadrilaterals toanswer the following
questions. Give reasons for youranswers.

1. (a) What type of quadrilateral is ABCD?
(b) Name a side equal to AB. I
(c) Whatis the length of BC?
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(a) What type of quadrilateral isEFGH?
(b) What are the lengths of the
sides EF and GH?

(a) What type of quadrilateral isJKLM?
(b) What is the length of JK?

Figure PQRS is akite with PQ =4 cm and

QR =10 cm. Copy and complete the

following drawing by:

(a) labelling the vertices of the kite

(b) showingonthe drawingwhichsides
are equal

(c) labelling the length of each side.

5.4 Circles
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(a) Copy the circle on the right. Make
a dot in the middle of the circle.
Write the letter M next to the dot.
If your dot is in the middle of the
circle, it is called the midpointor
centre.

(b) Draw lines MA, MB and MC from
M to the red points A, B and C.

The threered points are on the circle with
midpoint M.

E
16 cm
H
35cm
G
54 mm
J M
\\ /me
K L
B
C

A straightline, such as AC, drawn across a circle and

passing through its midpoint is called the diameter

of the circle.

MATHEMATICS GRAdE 7: TERM 1

mT



2. Measure MA, MB and MC.
If MA, MB and MC are equal in length, you have chosen the midpoint well.

If they are not equal, you may wish to improve your sketch of a circle and its parts.

A straight line from the midpoint of a
circle to a point on the circle is called a
radius of the circle.

The blue line, MA, is a radius. Any
straight line from the centre to the
circle is a radius.

The black line AB joins two points on
the circle. We call this line a chord of
the circle.

In the following two diagrams, the
coloured sections are segments of a

circle.Asegmentisthe areabetweena
chord and an arc.

In the circle on the right, the red section is called

a sector of a circle. As you can see, a sector is the
region between two radii and an arc.
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5.5 Similar and congruent shapes

Three groups of quadrilaterals are shown on this page and the next.

What makes each group different from the other groups, apart from the colours?
1. GroupA 2. GroupB 3. GroupC

Group A
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Shapes that have the same form, such as the A
blue shapes on the previous page, are said to be

similar to each other. Similar shapes may differ S

in size, but will always have the same shape. M

Example of similar shapes

Shapes that have the same form and the same size,

such as the red shapes on the previous page, are said

to be congruent to each other. These shapes are

always the same size and shape. ,

Example of congruent shapes

4. Are the red shapes on the previous page similar to each other?

CHAPTER 5: GEOMETRY OF 2d SHAPES 91




5. Look at groups D, E, F, and G on this page and the next. In each case, say whether
the shapes are similar and congruent, similar but not congruent, or neither similar
nor congruent.

(a) Group D
(b) GroupE
(c) GroupF
(d) Group G

Group D

Group E \
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Group F

Group G
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Chapter 6
Fractions

6.1 Measuring accurately with parts of a unit

a strange measuring unit

In this activity, you will measure lengths with a unit called a greystick. The grey
measuring stick below is exactly one greystick long. You will use this stick to measure
different objects.

The red bar below is exactly two greysticks long.

As you can see, the yellow bar below is longer than one greystick but shorter than
two greysticks.

Totrytomeasure the yellowbaraccurately, we

will divide one greystickinto six equal parts:

So each of these parts is one sixth of a greystick.

This greystickrulerisdivided intoseven equal parts:

Each part is one seventh of a greystick.

1. Do youthink one can say the yellow bar is one and four sixths of a greystick

————————

long?
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2.

3.

Describe the length of the blue bar, on the previous page, in words.

In each case below, say what the smaller parts of the greystick may be called. Write
your answers in words.

(@) (b)
©) (d)
(e) ()
(8) (h)
Q) 0)
(k) M
(m) (n)

How did you find out what to call the small parts?

Write all your answers to the following questions in words.

4,

96

(a) How long is the upper yellowbar?

(b) How long is the lower yellow bar?

(a) How long is the blue bar above?
(b) How long is the red bar above?

(a) How many twelfths of a greystick is the same length as one sixth of a greystick?
(b) How many twenty-fourths is the same length as one sixth of a greystick?
(c) How many twenty-fourths is the same length as seven twelfths of a greystick?

(a) How long is the upper yellow bar on the following page?
(b) How longis the lower yellow bar on the following page?
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(c) How long is the blue bar?
(d) How long is the red bar?

8. (a) How many fifths of a greystick is the same
length as 12 twentieths of a greystick?

(b) How many fourths (or quarters) of a
greystick is the same length as 15 twentieths
of a greystick?

describe the same length in different ways

Two fractions may describe the same length.

Youcansee here thatthree sixths ofa greystick

is the same as four eighths of a greystick.

I Whentwo fractions describe the same portion we say
they are equivalent.

1. (a) What can each small part on this greystick be called?

(b) How many eighteenths is one sixth of the greystick?
(c) How many eighteenths is one third of the greystick?
(d) How many eighteenths is five sixths ofthe greystick?

2. (a) Write (inwords) the names of four different fractions thatare all equivalent to
three quarters.
(b) Which equivalents for two thirds can you find on the greysticks?

3. The information that two thirds is equivalent to four sixths, to six ninths and to eight
twelfths is written in the second row of the table on the following page. Copy the
table and complete the other rows of the table in the same way.
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thirds | fourths | fifths | sixths | eighths | ninths | tenths | twelfths | twentieths
1
2 - - 4 - 6 8 -
- 3
- - 1
- - 2
- - 3
- - 4

4. Copy and complete this table in the same way as the table in question 3.

fifths tenths | fifteenths | twentieths t\g;}tr}lltsy fiftieths | hundredths
1
2
3
4
5
6
7

5. Copy the greysticks. Draw on them to show that three fifths and nine fifteenths are
equivalent. Draw freehand; you need not measure and draw accurately.

6. Copy and complete these tables in the same way as the table in question 4.
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eighths | sixteenths tf‘;vj::}}:s tf‘;vj::}}:s sixths | twelfths | eighteenths
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
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7. (a) How much is five twelfths plus three twelfths?
(b) How much is five twelfths plus one quarter?
(c) How much is five twelfths plus three quarters?
(d) How muchis one third plus one quarter? It may help if you work with the
equivalent fractions in twelfths.

6.2 Different parts in different colours

This stripis divided into eight equal parts.
Five eighths of this strip is red.

What part of the strip isblue?
What part of this strip isyellow? -
What part of the strip is red?

What part of this strip is coloured blue and what part is coloured red?

oW NpoE

5. (a) What part of this strip is blue, what part is red and what part is white?

(b) Express your answer differently with equivalent fractions.

6. A certain strip is not shown here. Two ninths of the strip is blue, and three ninths of
the strip is green. The rest of the strip is red. What part of the strip isred?

7. What part of the strip below is yellow, what part is blue, and what part is red?

The number of parts in a fraction is called the numerator of the fraction. For example,
the numerator in five sixths is five.

The type of partin a fraction is called the denominator. It is the name of the parts
thatare beingreferred toand itis determined by the size of the part. For example, sixths
is the denominator in five sixths.

5/eisashortwaytowrite five sixths. To enumerate means “to

We may also write é. find the number of”.
6 5 To denominate means “to
Even when we writéd/g or £, we still say “five sixths”. give a name to”.

/6 and gare short ways to write sixths.
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The numerator (number of parts) is written above

. . t
the line of the fraction: ™™¢4=r

The denominator is indicated by a number written

below the line:
denominator

. . : 3
8. Consider the fraction three quarters. It can be written as ~—.
4

(a) Multiply both the numerator and the

denominator by two to form a new fraction.

. . 3
Is the new fraction equivalent to 27 [] | [T

You may check on the diagram.
(b) Multiplyboththe numeratorand thedenominator by three to form anew fraction.

. . 3
Is the new fraction equivalent to n ?

(c) Multiply both the numeratorand the denominator by four to form a new fraction.

Is the new fraction equivalent to 3 ?
4
(d) Multiply both the numerator and the denominator by six to form a new fraction.

Is the new fraction equivalent to = ?
4

6.3 Combining fractions

bigger and smaller parts

Gertie was asked to solve this proglem: 10

A team of road-builders built  km of road in one week, and ~ kmin the next
12 12
week. What is the total length of road that they built in the two weeks?

She thought like this to solvgsthe problem:

o 4~ is ten twelfths, so altogether it is eighteen twelfths.
i gt twifths |,  ten twelfths elghtoen twekfths

I can write % or “18 twelfths”.
I can also say 12 twelfths of a kilometre is 1 kilometre, 38 ti®elfthlfthd fmi dmd G invelfidos]fths
of a Kedlometre. 6 I

This I can writeas 1 B
. It is the same as 1 , km.
12 2 5 v
Gertie was also asked the question: How much s 4 ot2g?

She thought like this to answerit: .
5

4 is four wholes and five ninths, and 2g7s two wholes and seven ninths.
So altogether it is six wholes and 12 ninths. But 12 ninths is nine ninths (one whole)

and three ninths, so I can say it is seven wholes and three ninths.
3

I can write 7 o
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1. Would Gertie be wrong if she said her answer was 71—?
3

2. Senthereng has 4—7 bottles of cooking oil. He gives 1_5b0tt1es to his friend Willem.
12 12
How much oil does Senthereng have left?

3. Margaret has 55 bottles of cooking oil. She gives 3 z
8 g bottles to her friend Naledi.

How much oil does Margaret have left?

4. Calculate each of the following:

6 6 3 4
@ 4273 (b) 37 +* (©3°%+1
77 7 7 7 5
@ 43-24 @13-2 M 32-1"
8 5 10 % 1 10 2
(@ >+>,5,5 5 h) 6% +21-1
Bt 4
8 8 § 8 5 4 2
5 5.5
(i) =+ += ,5.5.5.5.5.5 ,5,5,5.5
8 8 8 8 8 8 8 8 8 8 8 8 8
4 4 4 4 4 4 4 4
(G) 27+27+27+27F27+27427+27 —
2 4 7 2 2 7
k) (4,+1,)-2, M 2,5+35)-(15+3,)

5. Neo’s report had five chapters. The first chapter was ~ of a page, the second chapter
4

1 3
was 2 - Pages, the third chaﬁ)ter was 3 4-bages, the fourth chapter was three pages

and the fifth chapter was 1~ pages. How many pages was Neo’s report in total?

6.4 Tenths and hundredths (percentages)

1. (a) 100 children each get three biscuits. How many biscuits is this in total?
(b) 500 sweets are shared equally between 100 children. How many sweets does
each child get?

2. Thepicture below showsastrip oflicorice. The very small pieces can easily be broken
off on the thin lines. How many very small pieces are shown in the picture?

3. Gatsha runs a spaza shop. He sells strips of licorice like the above for R2 each.

(@) Whatis the cost of one very small piece oflicorice, when you buy from Gatsha?
(b) Jonathan wants to buy one fifth of a strip of licorice. How much should he pay?
(c) Batseba eats 25 very small pieces. What part of a whole strip of licorice is this?

Each small piece of the above strip is one hundredth of the whole strip.
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4. (a) Why can each small piece be called one hundredth of the whole strip?
(b) How many hundredths is the same as one tenth of the strip?

Gatsha often sells parts of licorice strips to customers. He uses a “quarters marker” and a
“fifths marker” to cut off the pieces correctly from full strips. His two markers are shown
below, next to a full strip of licorice.

5. (a) How many hundredths is the same as two fifths of the whole strip?

(b) How many tenths isthe same as 2 of the whole strip?
5 3
(c) How many hundredths is the same as—, of the whole strip?

(d) Freddie bought— of a strip. How many%ifths of a strip is this?
100
(e) Jamey bought part of a strip for R1,60. What part of a strip did she buy?

6. Gatsha, the owner of the spaza shop, sold pieces of yellow licorice to different
children. Their pieces are shown below. How much (what partofa whole strip) did
each of them get?

Gabieba’s piece Miriam’s piece Sannie’s piece

Enoch’s piece Mpati’s piece Mpho’s piece

7. Theyellowlicorice shownabove costsR2,40 (240 cents) forastrip. Howmuchdoes
each of the children have to pay? Round off the amounts to the nearest cent.

7
? is —
8. (a) How mucl11 of 300 cents? (b) How much is o of 300 cents?
is—
100
(c) How much isﬁ of 300 cents? (d) How much is 1 of 300 cents?

40
. 5 ,
(e) How much 1s1 00 of 300 cents? () How much is é;: , 300 cents?

9. Explain why your answers for questions 8(e) and 8(f) are the same.

Another word for hundredth is per cent.

Instead of saying Miriam received 32 hundredths
of a licorice strip, we can say Miriam received

32 per cent of a licorice strip. The symbol for

per cent is%.
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10. How much is 80% of each of the following?
(a) R500 (b) R480 (c) R850 (d) R2400

11. How much is 8% of each of the amounts in 10(a), (b), (c) and (d)?
12. How much is 15% of each of the amounts in 10(a), (b), (c¢) and (d)?

13. Building costs of houses increased by 20%. What is the new building cost for a house
that previously cost R110 000 to build?

14. The value of a car decreases by 30% after one year. If the price of a new car is
R125 000, what is the value of the car after one year?

15. Investigate which denominators of fractions can easily be converted to powers of 10.

6.5 Thousandths, hundredths and tenths

many equal parts

1. In a camp for refugees, 50 kg of sugar must be shared equally between 1 000 refugees.
How much sugar will each refugee get? Keep in mind that 1 kg is 1 000 g. You can give
your answer in grams.

2. How much is each of the following?

(a) one tenth ofR6 000 (b) one hundredth of R6 000
(c) one thousandth ofR6 000 (d) ten hundredths of R6 000
(e) 100 thousandths ofR6 000 (f) seven hundredths of R6000
(g) 70 thousandths of R6 000 (h) seven thousandths of R6000
3. Calculate.
@ 2+2 032 +22 © 2.7
10 8 10 5 10 100
3 7
(d)_3 +E (e) =+ ) 3 +ﬂ
10 100 10 1000 10 1000
4. Calculate.
(a) 3,7 2 (b)—3 +-L0 400
10 100 1000 10 100 1000
(©) 6,20 700 (d)—2 2 4
10 100 1000 10 100 1000

5. Ineachcaseinvestigate whetherthe statementistrue ornot,and give reasons for
your final decision.

() 1+28,346 6,3, 46 (b)1.28 346 7.2 .6

10 100 1000 10 100 1000 10 100 1000 10 100 1000
( 1428,346 6,76 () 676 8 .7 .6

10 100 1000 10 100 1000 1000 10 100 1000
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6.6 Fraction of a fraction

form parts ofparts

1. (a) How much is one fifth of R60?
(b) How much is three fifths of R60?

2. How muchisseven tenths of R80? (You may first work out how much one tenth of
R80 is.)

3. InBritain the unitof currency is pound sterling,in Western Europe itis the euro, and
in Botswana it is the pula.
(@) How muchis two fifths of 20 pula?
(b) How muchistwo fifths of 20 euro?
(c) How muchis two fifths of 12 pula?

4. Whywasitso easy to calculate two fifths of 20, but difficult to calculate two fifths of 127

There is a way to make it easy to calculate something like three fifths of R4. Youjust
change the rands to cents!

5. Calculate each of the following. You may change the rands to cents to make it easier.

(a) three eighthsofR2,40 (b) seven twelfths of R6
(c) two fifthsof R21 (d) five sixths of R3

6. Youwill now do some calculations about secret objects.

(a) How much is three tenths of 40 secret objects?
(b) How muchisthree eighths 0of40 secretobjects?

The secret objects in question 6 are fiftieths ofa rand.

7. (a) How many fiftieths is three tenths of 40 fiftieths?
(b) How many fiftieths is five eighths of 40 fiftieths?
8. (a) How many twentieths of a kilogram is the same as ~
4 of a kilogram?
b) How much is one fifth of 15 rands?
c) How muchis one fifth of 15 tg/entieths of a kilogram?

(d) So, how much is one fifth of =
4 of a kilogram?

9. (a) How much is—1 of 24 fortieths of some secret object?

12
7
(b) How muchis of 24 fortieths of the secret object?
12

10. Doyouagree thattheanswers forthe previous question are two fortieths and
14 fortieths? If you disagree, explain why you disagree.
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1
11.(a)  How muchis of 80?
5

3

(b) How much is g of 807
i

(c) How much is 40 of 807
24

d) How much is of 80?
@ 340 24

(e) Explain why _SOf 80 is the same as _48f 80.

12. Look again at your answers for questions 9(b) and 11(e). How much is—7 of§ ?

. 12 5
Explain your answer.
The secret objectin question 9 was an envelope with R160init.
Afteﬁhe wgrk youdid in questions 9,10 and 11,you know that:
e ~and arejusttwo ways to describe the same thing, and
40 5
7 3. 7 24
e — of  istherefore the same as— of ~ .
12 5 o4 12 40
[t is easy to calculate—7 of 7 : one twelfth of 24 is 2, so seven twelfths of 24 is 14, so

12 40
seven twelfths of 24 fortieths is 14 fortieths.

8§ Of% can be calculated in the same way. But one eighth ofg i§ a slight problem,
so it would be better to use some equivalent of . The equivalent should be chosen
3
so that it is easy to calculate one eighth of it; so it would be nice if the numerator

could be eight.
8. : 2 . .3 2 3 .8
is equivalent to =, so instead of calculating = of = we may calculate = of~ .
12 3 8 3 8 12

13.(a) Calculate§ oﬁ8 .

8 12
(b) So, how much is s ofg?
8 3

14. In each case replace the second fraction by a suitable equivalent, and then calculate.
.3 5
(@) How muchis = of = 7?
4 8
APy
(b) How muchis— of =?
10 3
(c) How much is z ofl ?
3 2
.3 3
(d) How muchis ™ of =?
5 5
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6.7 Multiplying with fractions

parts of rectangles and parts of parts

1. (a) Copy the rectangles below. Divide the rectangle on the left into eighths by
drawing vertical lines. Lightly shade the left three eighths of the rectangle.
(b) Divide the rectangle on the right into fifths drawing horizontal lines.
Lightly shade the upper two fifths of the rectangle.

2. (a) Copy the rectangles below. Shade four sevenths of the rectangle on the leftbelow.
(b) Shade 16 twenty-eighths of the rectangle on the right below.

3. (a) What part of each big rectangle below is coloured yellow?

(b) What part of the yellow part of the rectangle on the right is dotted?
(c) Into how many squares is the whole rectangle on the right divided?
(d) What part of the whole rectangle on the right is yellow and dotted?
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4. Ongrid paper make diagrams to help you to figure out how much each of the
following js: 4
3 of*= o &
@ = °f (b) =of
4 8 3 5

Here is something you can do with the fractions S and > :
4 8
multiply the two numerators and make this the numerator of a new fraction.
Also multiply the two denominators, and make this the denominator of a new fraction
3 x5 _15
4 x8 32

5. Compare the above with what you did in question 14(a) of section 6.6 and in
3x5

question 4(a) at the top of this page. What do you notice about 8 ofé and ?

4 8 4%8
6. (a) Alan has five heaps of eight apples each. How many apples is that in total?
(b) Sean has ten heaps of six quarter apples each. How many apples is that in total?

Instead of saying 2 of R40 or 2 ofZ of a floor surface,

5 8 5 8 3

we may saygx R40 or 8_>< 5 of a floor surface.
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7. Use the diagrams below to figure out how much each of the followingis:

(a) § x i (b) Z xz
10 6 5 8
torx t
8. (a) Perform the calculations AEmerato - TEmerator for_3 and 2 and
denominator x denominator 10 6

compare the answer to ‘}/our answer for question 7(a).

(b) Do the same for 2 and —.
5 8

numerator X numerator

9. Perform the calculations

denominator x denominator for
(a) 2 andl (b) 3 and 2
é 12 4 3

10. Use the diagrams on the following page to check whether the formula

S 7 3 2
numerator Xnumerator produces the correct answers for = x—and = x = .

denominator x denominator 6 12 4
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11. Calculate each of the following:
(2) * of " ofR60 ) 2 o2 ofR63 @ %of2 ofRas
2 3 79 3 5
12.(a) John normally practises soccer for three quarters of an hour every day. Today he
practised for only half hig usual time. How long did %e practise today?
(b) A bag of peanuts weighs ; of a kilogram. What does = 4r 4 bag weigh?
1 4 3
(c) Calculate the mass of 7 ° packets of sugar if one packet has a mass of 4 kg.

6.8 Ordering and comparing fractions

1. Order the following from the smallest to the biggest:

(@ £;3;11.5 28 (0)L93, 18 T 7304, 71
16 8 241248 1000 20 10 100
2. Order the following from the biggest to the smallest:
) 4,18, 7 1117 (b) 2827183
6030 10 15 20° 24 3 8 20 6
3. Use the symbols =, > or < to make the following true:
7 21 1 1
a) - = b) — -
(2) 17 51 (b) 17 19
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Worksheet

=

Dothecalculationsgivenbelow.Rewriteeachquestioninthecommonfraction
notation.Thenwritetheanswerinwordsandinthecommonfractionnotation.

(a) three twentieths + five twentieths (b) five twelfths + 11 twelfths

(c) threehalves +five quarters (d) three fifths + threetenths

Complete the equivalentfractions.

(= 3 (b)2 = (12=2
7% 49 11 33 10

(d) L =2 (e) £2= _ n
9 18 2 5 35

Dothecalculationsgivenbelow.Rewriteeachquestioninwords.Thenwritethe

answerinwords andinthe common fraction notation.
7 2

(a)_130+_ 30 ®) _5+_712
(0 +* (@) -2
100 10 5 8
(e) 22+ 52
10 10

Joeearns R5000 permonth. Hissalary increasesby 12%. Whatis his new salary?

. AhmedearnedR7 500 per month. At the end of a certain month, hisemployer

raisedhis salary by 10%. However,one monthlater hisemployerhadto decrease
his salary again by 10%. What was Ahmed's salary then?

Calculateeachofthefollowingandsimplifytheanswertoitslowestform:

(a) 12-2 (b) 322 _1-2
20 5 100 10
(c) 52 o1 (d) 2,4
11 4 3 7
Eval¥ate. 3 10 2 2 3
(@) %9 (b) x— (c) x15 (d) x
2 5 27 3 3 4
Calculate.
(@)22x22 (b)82x3 L
3 3 5 3
(c) (2+1)x® (d) 2 x1x2
3 2 7 3 2 4
(e) 2+ 2x1 GE 2.5
6 3 5 5 6
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Chapter7
The decimal notation

for fractions

7.1 Other symbols for tenths and hundredths

tenths and hundredths again ...

1. (a) What part of the rectangle below is coloured yellow?

(b) What part of the rectangle is red? What part is blue? What part is green, and
what part is not coloured?

0,1 is another way to write—1 and
10

0,01 is another way to write—1 .
100

0,1 and 70 are different notations for the same

number.
1

;) is called the (common) fraction notation

and 0,1 is called the decimal notation.

2. Write the answers for 1(a) and (b) in decimal notation.

3. Threetenthsand seven hundredths ofarectangleis coloured red,and two tenths and
six hundredths of the rectangle is coloured brown. What part of the rectangle (how
many tenths and how many hundredths) is not coloured? Write your answer in
fraction notation and in decimal notation.

4. On Monday, Steve ate three tenths and seven hundredths of a strip of licorice. On
Tuesday, Steve ate two tenths and five hundredths of a strip of licorice. How much
licorice did he eat on Monday and Tuesday together? Write your answer in fraction
notation and in decimal notation.

5. Lebogang’s answer for question 4 is five tenths and 12 hundredths. Susan’s answer is
six tenths and two hundredths. Who is right, or are they both wrong?
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The same quantity can be expressed indifferentways
in tenths and hundredths.

For example, three tenths and 17 hundredths can
be expressed as twotenthsand27hundredthsor four
tenths and seven hundredths.

All over the world, people have agreed to keep the
number of hundredths in such statements below ten.
This means that the normal way of expressing the
above quantity is four tenths and seven hundredths.

Written in decimal notation, four tenths and
seven hundredths is 0,47. This is read as nought
comma four seven and NOT nought comma forty-seven.

6. What is the decimal notation for each of the following numbers?

7 19 47

()34 ()4 0 ORET

... and thousandths

0,001 is another way of writing —1.
1000

1. What is the decimal notation for each of the following?
7 _9
(a)— 1 (b)1 000 () 147
000 1000

2. Write thSe goliowing numbers in the decimalnotatii(in:

(@) 2+ + + (b)12+ +
10 100 1000 10
© 2+—2 (d) 67122
1 000 1 000
342 2
e
( )1 000 (1) 654 4 h00

1000

7.2 Percentages and decimal fractions

hundredths, percentages and decimals

1. The rectangle below is divided into small parts.

4
(d) 100

(d)29%00
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() How many of these small parts are there in the rectangle? And in one tenth of
the rectangle?
(b) What part of the rectangle is blue? What part is green? What part is red?

Instead of six hundredths, youmay say six per cent.
It means the same.

Ten per cent of the rectangle above is yellow.
2. Use the word “per cent” to say what part of the rectangle is green. What part is red?

i ?
3. What percentage of the rectangle is blue? What We do not say: “How many per

percentage is white? cent of the rectangle is green?”
We say: “What percentage of
The Symbol % IS used fOI‘ "per Cent". the rectangle is green?"

Instead of writing “17 per cent”, you may write 17%.
Per cent means hundredths. The symbol % is a bit like
the symbol 00

4. (a) How much is 1% of R400? (In other words: How
muchis ©r 0,01 of R4007)

100
(b) How much is 37% of R4007?

¢) How muchis 37% of R700?
(©

5. (a) 25 apples are shared equally between 100 people. What fraction of the apples does
each person get? Write your answer as a common fraction and as a decimal
fraction.

(b) How much is 1% (one hundredth) of25?
(c) How much is 8% of25?
(d) How muchis 8% of 50? And how much is 0,08 of 507

37
0,37 and 37% and™" jre different symbols for the
100
same thing: 37 hundredths.

6. Express each of the following in three ways:
e in the decimal notation,
e in the percentage notation, and

e if possible, in the common fraction notation, using hundredths.

(a) three tenths (b) seven hundredths
(c) 37 hundredths (d) seven tenths
(e) three quarters (f) seven eighths

7. (a) How much is three tenths of R200 and seven hundredths of R200 altogether?

. 37
(b) How much 15_108f R200?
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(c) How muchis 0,37 ofR2007?
(d) And how much is 37% ofR2007?

8. Express each of the following in three ways:
e in the decimal notation,
e in the percentage notation, and

e in the common fraction notation, usinghundredths.

(a) 20 hundredths (b) 50 hundredths
(c) 25 hundredths (d) 75hundredths

9. () Jan eats a quarter of a watermelon. What percentage of the watermelon is this?
(b) Sibu drinks 75% of the milk in a bottle. What fraction of the milk is this?
(c) Jeminah uses 0,75 (seven tenths and five hundredths) of the paintin a tin. What
percentage of the paint does she use?

10.The floor of a large room is shown alongside.
What part of the floor is covered in each of the
four colours? Copy the table below. Express
your answer in four ways:

(@) inthecommon fraction notation, using
hundredths,
(b) in the decimal notation,

(c) in the percentage notation, and
(d) if possible, in the common fraction notation,

as tenths and hundredths (for example—3 2 ).

10 100
(a) (b) (c) (d)
white
red
yellow
black

7.3 Decimal measurements

measuring on a number line

1. Readthelengths atthe marked points (A to D) for the number lines on the next two
pages. Give your answers as accurate as possible in decimal notation.
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(a)

v

o
>
—
=
—
—
N

(c)

A
\j

A B C D
(d)
J ] ‘ N O N N ‘ N R O
I 3,1 T T 3,2 I
A B C D
(@)
0 N IR N N N A N E A BN E Y
2,46 T T I I 2,47
A B Cc D
G

I 0,45 I I l 0,451
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(g =

RIS

A B C D

2. Copy the number line below and show the following numbers on it:

(a) 0,6 (b) 1,2 (c) 1,85 (d) 2,3
(e) 2,65 () 3,05 (g) 0,08
NEEEEEEEEREEEEEEEEEEEEEEEEEEREREEEEEN
0 1 2 3

3. Copy the number line below and show the following numbers on it:

(a) 3,06 (b) 3,08 (c) 3,015

(d) 3,047 (e) 3,005

- | | | | | | | | | | | |
3 3,1

74 More decimal concepts

decimal jumps

Copy the number lines below. Write the next ten numbers in the number sequences and
show your number sequences, as far as possible, on the number lines.

1.(a) 0,2;0,4; 0,6; ...

A
\/

(c) How many 0,2s are there in 1?
(d) Write 0,2 as a common fraction.

2.(a) 0,3;0,6;0,9; ..

A ~

o
§
\

|
2

w

() How many 0,3s are there in 3?
(d) Write 0,3 as a common fraction.




3.(a) 0,25;0,5; ...
(b)

»

60 010203040506 070809 1 111,21,31,41,5

(c) How many 0,25s are there in 1?7
(d) Write 0,25 as a common fraction.

A calculator can be programmed to do the same
operation over and overagain.

For example, press 0,1 [+]£ {do not press CLEAR or
any other operation). Press the £ key repeatedly and
see what happens.

The calculator counts in 0,1s.

4. Youcancheckyouranswers for questions 1 to 3 withacalculator. Program the
calculator to help you.

5. Write the nextfive numbersinthe numbersequences:
(a) 9,3;9,2; 9,1; ...

(b) 0,15; 0,14; 0,13; 0,12; ...

6. Check your answers with a calculator. Program the calculator to help you.

place value

1. Write each of the following as one number:

(@) 2+0,5+0,07 (b)2+0,5+0,007
(c) 2+0,05+0,007 (d)5+0,4+0,03+0,001
() 5+0,04+0,003+0,1 (f) 5+0,004+0,3+0,01

We can write 3,784 in expanded notation as 3,784 =3 +0,7 + 0,08 + 0,004.
We can also name these parts as follows:

e the 3 represents the units

e the 7 represents the tenths

e the 8 represents the hundredths

e the 4 represents the thousandths

We say: the value of the 7 is seven tenths but the
place value of the 7 is tenths, because any digit in
that place will represent the number of tenths.
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For example, in 2,536 the value of the three is 0,03,
and its place value is hundredths, because the value
of the place where it stands is hundredths.

2. Now write the value (in decimal fractions) and the place value of each of the
underlined digits.

(a) 2,345 (b) 4,678 (c) 1,953
(d) 34,856 (e) 564,34 (f) 0,987

7.5 Ordering and comparing decimal fractions

from biggest to smallest and smallest to biggest

1. Order the following numbers from biggest to smallest. Explain your method.
0,8 0,05 0,5 0,15 0,465 0,55 0,75 0,4 0,62

2. Below aretheresults ofsome ofthe 2012 London Olympic events. Copy and complete
the tables. In each case, order them from first to last place.

() Women: Long jump - Final

Name Country Distance Place
Anna Nazarova RUS 6,77 m

Brittney Reese USA 7,12 m

Elena Sokolova RUS 7,07 m

Ineta Radevica LAT 6,88 m

Janay DeLoach USA 6,89 m 3rd
Lyudmila Kolchanova RUS 6,76 m

(b) Women: 400 m hurdles - Final

Name Country Time Place
Georganne Moline USA 53,92s

Kaliese Spencer JAM 53,66s 4th
Lashinda Demus USA 52,77 s

Natalya Antyukh RUS 52,70 s

T’erea Brown USA 55,07 s

Zuzana Hejnova CZE 53,38s
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(c) Men: 110 m hurdles - Final

Name Country Time Place
Aries Merritt USA 12,92 s
Hansle Parchment JAM 13,12s
Jason Richardson USA 13,04 s
Lawrence Clarke GBR 13,39 s
Orlando Ortega CUB 13,43 s
Ryan Brathwaite BAR 13,40 s

(d) Men: Javelin - Final

Name Country Distance Place
Andreas Thorkildsen NOR 82,63 m
Antti Ruuskanen FIN 84,12 m
Keshorn Walcott TRI 84,58 m
Oleksandr Pyatnytsya UKR 84,51 m
Tero Pitkamaki FIN 82,80 m
Vitezslav Vesely CZE 83,34 m

3. Ineach case, give a number that falls between the two numbers.
(This means you may give any number that falls anywhere between the two numbers.)
(a) 3,5and 3,7 (b) 3,9and 3,11 (c) 3,1and3,2

4. How many numbers are there between 3,1 and 3,27

5. Copy and fill in <, > or=.
(a) 0,4 0,52 (b) 0,4 0,32 (c) 261 2,7
(d) 2,4 2,40 (e) 2,34 2,567 (f) 2,34 2,251

7.6 Rounding off

Just as whole numbers can be rounded off to the nearest 10, 100 or 1 000, decimal
fractions can be rounded off to the nearest whole number or to one, two, three etc.
digits after the comma. A decimal fraction is rounded off to the number whose value is
closesttoit. Therefore 13,24 rounded offto one decimal placeis 13,2and 13,26 rounded
offto one decimal placeis 13,3. A decimal endingin a5 is an equal distance from the two
numbers to which it can be rounded off. Such decimals are rounded off to the biggest
number, so 13,15rounded off to one decimal place becomes 13,2.
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saying it nearly but not quite

1. Round each of the following numbers off to the nearest whole number:
7,6 18,3 204,5 1,89 0,9 34,7 11,5 0,65

2. Round each of the following numbers off to one decimal place:
7,68 18,93 21,47 0,643 0,938 1,44 3,81

3. Round each of the following numbers off to two decimal places:
3,432 54,117 4,809 3,762 4,258 10,222 9,365 299,996

round off to help you calculate

1. Johnand three ofhis brotherssell an old bicycle for R44,65. How can the brothers
share the money fairly?

2. A man buys 3,75 m of wood at R11,99 per metre. What does the wood cost him?

3. Estimate the answers of each of the following by rounding off the numbers:
(a) 89,3x38 (b) 227,3+71,8-28,6

7.7 Addition and subtraction with decimal fractions

mental calculations

1. Copy and complete the number chain.

34,123 | —»| +20 —| 54,123 | — —| 454,123 | — —| 454,023
422,011 452,011 452,021 452,023
222,011 | — — | 222,211 | — —| 222,231 | — —| 222,232
222,489 222,482 222,422 222,222
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When you add or subtract decimal fractions, you
can change them to common fractions to make the
calculation easier.

For example:
0,4+0,5

Calculate each of the following:

(a) 0,7+0,2 (b) 0,7 +0,4 (o 1,3+0,8
(d) 1,35+0,8 (e) 0,25+0,7 (f) 0,25+0,07
(g) 3-0,1 (h) 3-0,01 (i) 24-05

some real-life problems

1.

The owner of an internet café looks at her bank statement at the end of the day. She
finds the following amounts paid into her account: R281,45; R39,81; R104,54 and
R9,80. How much money was paid into her account on that day?

At the beginning of a journey the odometer in a car reads: 21 589,4. At the end of the
journey the odometer reads: 21 763,7. What distance was travelled?

At an athletics competition, an athlete runs the 100 m race in 12,8 seconds. The
announcer says that the athlete has broken the previous record by 0,4 seconds.
What was the previous record?

In a surfing competition, five judges give each contestant a mark out of 10. The
highest and the lowest marks are ignored and the other three marks are totalled.
Workouteach contestant’s score and place the contestants in order from firstto last.
A:7,5 8 7 8,5 7,7 B: 8,5 8,5 9,1 8,9 8,7
C:7,9 81 81 7.8 7,8 D: 8,9 8,7 9 9,3 9,1

Apipeismeasured accurately. AC=14,80 mm and
AB =13,97 mm.
How thick is the pipe (BC)?

Mrs Mdlankomo buys three packets ofmincemeat.
The packetsweigh0,356kg,1,201kgand 0,978kgrespectively.
What do they weigh together?
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7.8 Multiplication and decimal fractions

the power of ten

1. (a) Copy and complete the multiplication table.

x 1 000 100 10 1 0,1 0,01 0,001
6 6 000 60 0,06

6,4 640

0,5 0,05

4,78 4780 47,8

41,2 | 41200

(b) Isitcorrecttosaythat“multiplication makes bigger”? When does multiplication
make bigger?
(c) Formulate rules for multiplying with 10; 100; 1 000;0,1;0,01and 0,001.Can you

explain the rules?

(d) Now use your rules to calculate each of the following:

0,5x10 0,3x100 0,42 x10 0,675 x 100
2. (a) Copy and complete the division table.

+ 0,001 0,01 0,1 1 10 100 1 000
6 6 0,6 0,06

6,4 64 6,4

0,5 0,005

4,78 47,8

41,2 4120

(b) Isitcorrecttosaythat“division makessmaller”? When does division make smaller?
() Formulate rules for dividing with 10; 100; 1 000; 0,1; 0,01 and 0,001. Can you

explain the rules?
(d) Now use your rules to calculate each of the following:

0,5+10 0,3+100 0,42 + 10

3. Copy and complete the following statements:

(@) Multiplying with 0,1 is the same as dividing by ...
(b) Dividing by 0,1 is the same as multiplying by ...

Now discuss it with a partner or explain to him or her why this is so.
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4. Copy and fill in the missingnumbers:

1,23456 | - | x10 | - | 12,3456 | — —| 123,456 | — —| 12 345,6
1234,56 12 345,6 123 456 1234 560
123,456 | — —11,23456 | — —10,123456| — —| 123 456

What does multiplying a decimal number with a whole number mean?

What does something like 4 x 0,5 mean?

What does something like 0,5 x 4 mean?
1 1 1
4 x 0,5 means qour groups of—2 , which is—‘2 +t5 45+ 5, which is 2.

0,5 x 4 means ; of 4, which is 2.

A real-life example where we would find this is:

6><0,42kg=6><£

100
= (6 x 42) = 100

=252 +100
=2,52kg

Whatreally happens is thatwe convert 6 x 0,42 to the product oftwo whole numbers, do

the calculation and then convert the answer to a decimal fraction again (= 100).

multiplying decimals with whole numbers

1. Calculate each of the following. Use fraction notation to help you.

(@) 0,3x7 (b) 0,21 x91 (c)8x0,4
2. Estimate the answers to each of the following and then calculate:

(a) 0,4x7 (b) 0,55 x7

(c) 12x0,12 (d) 0,601 x 2

3. Make a rule for multiplying with decimals. Explain your rule to a partner.
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What does multiplying a decimal with a decimal mean?

For example, what does 0,32 x 0,87 mean?

If you buy 0,32 m of ribbon and each metre costs R0,87, you can write itas 0,32 x 0,87.

0,32 x 0,87 =< 87 [Write as common fractions]
100 100
_ 32x87 e .
10 000 [Multiplication of two fractions]
__ 2784
10 000 [The product of the whole numbers 32 x 87]
=0,2784 [Convert to a decimal by dividing the product by 10 000]

The product oftwo decimals is thus converted to the product of whole numbers and
then converted back to a decimal.

The product of two decimals and the product of two whole numbers with the same
digits differ only in terms of the place value of the products, in other words the position
of the decimal comma. It can also be determined by estimating and checking.

multiplying decimals with decimals

1. Calculate each of the following. Use fraction notation to help you.
(a) 0,6 x0,4 (b) 0,06x0,4 (c) 0,06 x 0,04

Mandla uses this method to multiply decimals with decimals:
0,84 x 0,6 = (84 +100) x (6 + 10)
= (84 x6)+ (100 x 10)
=504 +1000
=0,504

2. Calculate the following using Mandla’s method:
(a) 0,4x0,7 (b) 0,4x7 (c) 0,04 x 0,7

7.9 Division and decimal fractions

Look carefully at the following three methods of calculation:
1. 06+2=0,3 [six tenths + 2 = three tenths]

2. 124+4 =31 [(12 units + four tenths) + 4]
= (12 units + 4) + (four tenths + 4)
= three units + one tenth
=31
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3.2,8+5=28tenths + 5
= 25 tenths + 5 and three tenths + 5
=five tenths and (three tenths + 5) [three tenths cannot be divided by 5]
= five tenths and (30 hundredths + 5) [three tenths = 30 hundredths]
= five tenths and six hundredths
=0,56

dividing decimals by whole numbers

1. Complete.
(a) 8,4 +2 (b) 3,4 + 4
=(8 ¢ 4 tenths) + 2 = (3 units + 4 tenths) + 4
=(8 +2)+( ) =(32 + 20 )+ 4
=4 % tenths - s+ :a

_ = + hundredths

2. Calculate each of the following in the shortest possible way:

(a) 0,08 =4 (b) 14,4 + 12
(©) 84=+7 (d) 4,5 =15
(e) 1,655+5 (f) 0,225 + 25

3. Agrocer buys 15 kg of bananas for R99,90. What do the bananas cost per kilogram?

4. Given 26,8 +4=6,7.Write down the answers to the following without calculating:
(a) 268+4 (b) 0,268 +4 (c) 26,8 +0,4

5. Given 128+ 8=16.Write down the answers to the following without calculating:
(a) 12,8+8 (b) 1,28 +8 (c)1,28+0,8
6. Sue pays R18,60 for 0,6 metres of material. What does one metre of material cost?

7. John buys 0,45 m of chain. The chain costs R20 per metre. What does John pay for
the chain?

8. You may use a calculator for thisquestion.
Anna buys a packet of mincemeat. [t weighs 0,215 kg. The price for the mincemeat
is R42,95 per kilogram. What does she pay for her packet of mincemeat? (Give a
sensible answer.)
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Chapter 8
Relationships between
variables

8.1 Constant and variable quantities

look for connections between quantities

1. (a) How many fingers does a person who is 14 years old have?
(b) How many fingers does a person who is 41 years old have?
(c) Does the number of fingers on a person’s hand depend on their age? Explain.

There are two quantities in the above situation: age
and the number of fingers on a person’s hand.
Thenumberoffingersremainsthesame,irrespective
ofaperson’sage.Sowe say the number of fingersisa
constantquantity. However, age changes, or varies,
so we say age is a variablequantity.

2. Nowconsider eachsituation below. For each situation, state whether one quantity
influences the other. If it does, try to say how the one quantity will influence the
other quantity. Also say whether there is a constant in the situation.

(a) The number of calls you make and the amount of airtime left on your cell phone
(b) The number of houses to be built and the number of bricks required
(c) The number oflearners at a school and the duration of the Mathematics period

If one variable quantity is influenced by another, we
say there is arelationship between the two variables.
[t is sometimes possible to find out what value of the
one quantity, in other words, what number islinked to
a specific value of the othervariable.

3. Consider the following arrangements:
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(a) How many yellow squares are there if there is only one red square?

(b) How many yellow squares are there if there are two redsquares?

(c) How many yellow squares are there if there are three red squares?

(d) Copyand complete the flow diagram below by filling in the missing numbers.

Canyousee the connection between the arrangements above and the flow diagram?
Wecanalsodescribe therelationship between the red and yellow squares in words.

1 4 In words:
The number of yellow
2 6 squares is found by
3 8 multiplying the number of
x 2 +2 red squares by 2 and then
4 adding 2 to the answer.
5
input nunbers output numbers
(Number ofred squares) (Number of yellow squares)

(e) How many yellow squares will there be if there are 10 red squares?
(f) How many yellow squares will be there if there are 21 red squares?

8.2 Different ways to describe relationships

complete some flow diagrams and tables of values

Arelationship between two quantities canbe shown
with a flow diagram. In a flow diagram we cannot
show all the numbers, so we show only some.

1. Copy the flow diagram below and calculate the missing input and output numbers.

(a) 7 14 Each input number in a flow
diagram has a corresponding
6 12 output number. The first (top)

input number corresponds to the
first output number. The second
4 input number corresponds to
the second output number, and
so on.
4 We say x 2 is the operator.

(b) What types of numbers are given as input numbers?
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(c) Inthe previous flow diagram, the output number 14 corresponds to the input
number 7. Copy and complete the following sentences in the same way:

Intherelationship showninthe previous flow diagram, the outputnumber
corresponds to the input number5.

The inputnumber ___ corresponds to the output number 6.

If more places are added to the flow diagram, the input number ___ will
correspond to the output number 40.

2. Copyand complete this flow diagram by writing the appropriate operator, and then
write the rule for completing this flow diagram in words.

1 4
2 8
3 12
4 16
5 20

3. Copyand complete the flow diagrams below. You have to find out what the operator
for (b) is and fill itin yourself.

(@) 110 () 25 3,2
100 3,1
90 2,3 3
80 _10 2,2
70 2,1 2,8
60 2,0
50 2,6

4. Copy and complete the flow diagram:

3
5
5 x 2 +3
9 \
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Acompleted flow diagram shows two kinds of
information:

e [tshowswhatcalculationsaredonetoproduce the
output numbers.

e Itshows which output number is connected to
which input number.

The flow diagram that you completed in question 4 shows the following information:

e Eachinputnumberis multiplied by 2 and then 3 is added to produce the output
numbers.

e Itshows which output number is connected to which input number.

The relationship between the input and output numbers can also be shown in a table:

Input numbers 0 1 5 9 11

Output numbers 3 5 13 21 25

5. (a) Copyand complete the flow diagram, then describe in words how the output
numbers below can be calculated.

10

20

30 +5 x 2

\16

20

(b) Copyandcomplete the table below toshow which outputnumbers are connected
to which input numbers in the above flow diagram.

Input numbers

Output numbers

(c) Copy the flow diagram below and fill in the appropriate operator.

10 4
20 8
30 12
16
20
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(d) Theflowdiagramsinquestion5(a)and5(c) havedifferentoperators,butthey
produce the same output values for the same input values. Explain.

6. Theruleforconvertingtemperature givenindegrees CelsiustodegreesFahrenheitis
given as: “Multiply the degrees Celsius by 1,8 and then add 32.”

(@) Checkwhether the table below was completed correctly. Ifyou find a mistake,
note what it is and correctit.

Temperaturg in degrees 0 5 20 32 100
Celsius
Temperature in ldegrees 32 41 68 212
Fahrenheit

(b) Copy and complete the flow diagram to represent the information in (a).

N

7. Another rule for converting temperature given in degrees Celsius to degrees

Fahrenheitis given as: “Multiply the degrees Celsius by 9, then divide the answer by 5
and then add 32 to theanswer.”

(a) Copy and complete the flow diagram below.

20 x9 +5 32

: X

100

(b) Whydo youthink the flow diagramsin questions 6(b) and 7(a) produce the
same output numbers for the same input numbers, even though they have
different operators?

(c) Copyand complete the flow diagram on the next page. Does this flow diagram
give the same output values as the flow diagram in question 7(a)? Explain.
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20

32

100

x 9 + 32

N

8. Therule for calculating the area of a square is: “Multiply the length of a side of the

square by itself.”

(a) Copy and complete the table below.

Length of side

4

10

Area of square

64

144

(b) Copyand complete the flow diagram to represent the information in the table.

Multiply by itself

9. (a) The pattern below shows stacks ofbuilding blocks. The number ofblocks in
each stack is dependent on the number of the stack.

S~

Stack 1

Stack 2

Stack 3

Copyand complete the table below torepresenttherelationship between the
number of blocks and the number of the stack.

Stack 1 2 3 4 5 6 8
number

Number of

blocks 1 8

(b) Describe in words how the output values can be calculated.
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extension: linking flow diagrams, tables of values, and rules

1. Copy and complete the flow diagrams below.

(@) 1 8 (b) 1 5
2 2 10
: :
4 4
6 6
(c)1 (d)1
2 2
3 x 5 + 2 3 x 2 +3
4 \ a \
6 6
(e)1 3 f) 1
2 6 2
: :

I
o

6 6

2. Calculate the differences between the consecutive output numbers and compare them to
the differences between the consecutive input numbers. Consider the operator of the

flow diagram. What do you notice?

3. determine the rule to calculate the missing output numbers in this relationship and
copy and complete the table:

Input numbers 1 2 3 4 5 7

10

Output numbers 9 16 23
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Chapter 9
Perimeter and areaof
2D shapes

9.1 Perimeter of polygons

The perimeter of a shape is the total distance around the shape, or the lengths of
its sides added together. Perimeter (P) is measured in units such as millimetres (mm),
centimetres (cm) and metres (m).

measuring perimeters

1. (a) Use acompass and/or a ruler to measure the length of each side in figures A to C.
For each figure, write the measurements in millimetres.
(b) Write down the perimeter of each figure.

A ~ B : C j
2. The following shapes consist of arrows that are equal in length.

(a) What is the perimeter of each shape in number of arrows?
(b) If each arrow is 30 mm long, what is the perimeter of each shape in millimetres?

A B Cc

A\ 4
v

A4

Y \ >
<

< v %
<

A
A

DEVEG=NE
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9.2 Perimeter formulae

If the sides of a square are all s units long:
Perimeter of square =s+s+s+s5s

=4xs
or P=4s

s
If the length of a rectangle is [ units and the breadth (width) is b units:

Perimeter of rectangle = [+ [+ b+ b !
=2x[+2xb
=21+2b b b
orP=2(l+b)

A triangle has three sides, so:

Perimeter of triangle =s,+s,+ s,
orP=s +s,+s,

applying perimeter formulae

1. Calculate the perimeter of a square if the length of one of its sides is 17,5cm.
2. One side of an equilateral triangle is 32 cm. Calculate the triangle’s perimeter.

3. Calculate the length of one side ofa square ifthe perimeter of the square is 7,2m.
(Hint: 4s =? Therefore s=?)

4. Twosides of a triangle are 2,5 cm each. Calculate the length of the third side if the
triangle’s perimeter is 6,4 cm.

Arectangle is 40 cm long and 25 cm wide. Calculate its perimeter.
Calculate the perimeter of a rectangle thatis 2,4 m wide and 4 m long.

The perimeter of a rectangle is 8,88 m. How long is the rectangle if it is 1,2 m wide?

® N & U

Do the necessary calculations and then copy and complete the tables. (All the
measurements refer to rectangles.)

Length Breadth | Perimeter Length Breadth | Perimeter
(a) 74 mm 30 mm (b) 25 mm 90 mm
(9 1,125 cm 6,25 cm (d) 5,5 cm 22 cm
(e) 7,5 m 3,8 m (0 2,5m 12 m
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9.3 Area and square units

The area of a shape is the size of the flat surface surrounded by the border (perimeter) of

the shape.

Usually, area (A) is measured in square units, such as square millimetres (mm?), square

centimetres (cm?) and square metres (m?).

square units to measure area

1. Inyour book, write down the area of figures A to E below by counting thesquare

units. (Remember to add halves or smaller parts of squares.)

/ A
i v
\ / / Bis
N

NN/

NN

/ e Eis
A1 V] d

2. Each square in the grid below measures 1 cm?(1 cm x 1cm).

__square units.

__square units.

__square units.

__square units.

__square units.
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(@) Whatis the area of the shape drawn on the grid?
(b) Tracethe grid, then draw two shapes of your own. The shapes should have the

same area, but different perimeters.

conversion of units

The figure on the right shows a square with sides of 1 cm. 1cm
The area of the square is one square centimetre (1 cm?). 1cm

How many squares of 1 mm by 1 mm (1 mm?) would fit
into the 1 cm?square? Copy and complete: 1 cm?= mm?*

To change cm?tomm?*:
1cm?=1cmx1cm
=10 mm x 10 mm

=100 mm?

Similarly, to change mm?to cm?*:

1 mm?=1mm x 1 mm
=0,1cm x 0,1 cm
=0,01 cm?

10 mm

10 mm

We can use the same method to convert between other square units too. Copy and complete:

Fromm?tocm?:

Im?=1Imx1m

= cm X% cm

= cm?

From cm?to m*

1cm?=1cm x 1 cm

=0,01 m x0,01 m

So, to convert between m? cm?and mm?you do the following:

e cm?®to mm?*— multiply by100

e m?to cm?-multiply by 10000

e mm?to cm?—~divide by 100

e cm?to m?—divide by 10 000

Do the necessary calculations in your exercise book. Then copy the conversions and fill

in your answers.

1. (a) 5m?*= __ cm?

() . 20am’ m’

2.(a) 25m?= cm?

(c) 460,5mm?*= ___ cm

(e) 12100cm*= ___ m?

136 MATHEMATICS GRAdE 7: TERM 2

(b) 5cm?*= __ mm?*

(d) 20mm?= cm?

(b) 240000 cm;_ m2
(d) 0,4 m?*= -
() 2,295cm*= __ __ _ mm?

=



9.4 Area of squares and rectangles

investigating the area of squares and rectangles

1. Eachofthe following four figuresis divided into squares ofequal size, namely
1 cm by 1 cm.

A B C

(a) Give the area of each figure in square centimetres (cm?).
(b) Isthere ashorter method to work out the area of each figure? Explain.

2. Figure BCDE is a rectangle and MNRS is a square.

S
50 mm
B 60 mm E
M R
30 mm
5cm
C D

(@) How many cm?(1 cm x 1 cm) would fit into rectangle BCDE?
(b) How many mm? (1 mm x 1 mm) would fit into rectangle BCDE?
(c) What is the area of square MNRS incm??

(d) What is the area of square MNRS inmm??

. . L K 1m N
3. Figure KLMN is a square with sides of 1 m.
() How many squares with sides of 1 cm
would fitalong the length of the square?
(b) How many squares with sides of 1 cm
would fit along the breadth of the square? L M

(c) How many squares (cm?) would therefore fit into the whole square?

(d) Copy and complete: 1 m?= cm?
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A quick way of calculating the number of squares that
would fitinto a rectangle is to multiply the number of
squares that would fit along its length by the number
of squares that would fit along its breadth.

formulae: area of rectangles and squares
In the rectangle on the right:
Number of squares = squares along the length x squares along the breadth

=6x4 [ = 6 squares
=24

b = 4 squares

From this we can deduce the following:

Area of rectangle = length of rectangle x breadth of rectangle
A =1xb

(where A is the area in square units, [ is the length and b is the breadth)

Area of square = length of side x length of side
A =1x]
=P

(where A is the area in square units, and [ is the length of a side)

The units of the values used in the calculations must be the same. Remember:
e ITm=100cmand 1 cm =10 mm

e Icm?=1cmx1cm=10mm x 10 mm = 100 mm?

e Im*’=1mx1m=100cm x 100 cm =10 000cm?

e Tmm?=1mmx1mm=0,1cmx0,1cm=0,01cm?

e 1cm?’=1cmx1cm=0,01mx 0,01 m=0,0001m?

Examples

1. Calculate the area of a rectangle with alength of 50 mm and a breadth of 3 cm. Give
the answer in cm?.

Solution:

Area of rectangle= [ x b

(50 x 30) mm? or A =(5x3)cm?
1 500 mm? or =15 cm?
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2. Calculate the area of a square bathroom tile with a side of 150 mm.
Solution:
Area of square tile = x [
= (150 x 150) mm?
=22 500 mm?
The area is therefore 22 500 mm? (or 225 cm?).

3. Calculate the length of a rectangle if its area is 450 cm?and its width is 150 mm.
Solution:

Area of rectangle =1 x b

450=1x 15
30x 15 = [x15 or 450 =+ 15 =1
30 =1 30 = |

The length is therefore 30 cm (or 300 mm).

applying the formulae

1. Calculate the area of each of the followingshapes:

(a) arectangle with sides of 12 cm and 9 cm

(b) asquare with sides of 110 mm (answer incm?)

(c) arectangle with sides of 2,5 cm and 105 mm (answer in mm?)
(d) arectangle with a length of 8 cm and a perimeter of 24 cm

2. Arugby field has a length of 100 m (goal post to goal post) and a breadth of 69 m.
(a) What is the area of the field (excluding the area behind the goal posts)?
(b) What would it cost to plant new grass on that area at a cost of R45/m?*?
(c) Anotherunitforareaisthe hectare (ha).Itis mainly used for measuringland.
The size of 1 haisthe equivalent of 100 m x 100 m. Is arugby field greater or
smaller than 1 ha? Explain your answer.

3. Dothenecessary calculations and then copy and complete the table below. (All the
measurements refer to rectangles.)

Length Breadth Area
(a) m 8 m 120 m?
(b) 120 mm mm 60 cm?
(c) 3,5m 4,3 m m?
(d) 2,3 cm cm 2,76 cm?
(e) 52m 460 cm m?
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4. Figure Aisasquare withsides of 20 mm. Itis cutasshownin A and the parts are
combined to form figure B. Calculate the area of figure B.

A B

5. Margie plants a vegetable patch measuring 12 m x 8 m. 12 m

(a) What is the area of the vegetable patch?

(b) She plants carrots on half of the patch, and tomatoes 8m
and potatoes on a quarter of the patch each. Calculate
the area covered by each type of vegetable?

(c) Howmuchwillshe payto putfencingaround the patch?
The fencing costsR38/m.

6. Mr Allie has to tile a kitchen floor measuring 5 m x 4 m.
The blue tiles he uses each measure 40 cm x 20 cm.

5m

P 20 cm

40 cm

(a) How many tiles does Mr Allie need?
(b) Thetilesaresoldinboxescontaining 20 tiles.
How many boxes should he buy?

doubling a side and its effect on area
When a side of a square is doubled, will the area of the square also be doubled?

Copy the grid on page 141. The size of each square making up the gridis 1 cm x 1 cm.

1. (a) For each square drawn on the grid, label the lengths of its sides.
(b) Write down the area of each square. (Write the answer inside the square.)

2. Notice thatthe second square in each pair of squares has a side length thatis double
the side length of the firstsquare.

3. Compare the areas ofthe squares in each pair; then copy and complete the following:
When the side of a square is doubled, its area ...
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9.5 Area of triangles

heights and bases of a triangle

The height (h) of a triangle is a perpendicular line segment drawn from a vertex to its
opposite side. The opposite side, which forms a right angle with the height, is called the
base (b) of the triangle. Any triangle has three heights and three bases.
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b D

Ad = height Bd = height Cd = height
BC = base AC = base AB = base

B

In a right-angled triangle, two sides are already at right angles:

D D

b h
dF = height EF = height FG = height
EF = base dF = base dE = base

Sometimes a base must be extended outside of the triangle in order to draw the
perpendicular height. This is shown in the first and third triangles below. Note that the
extended part does not form part of the base’s measurement:

J
J
b b
M
L K L AN h

M

JM = height KM = height LM = height
KL = base JL = base JK = base

1. Copy the following triangles. Draw any height in each of the triangles. Label the

height (/) and base (b) on eachtriangle. /

—

2. Label another set of heights and bases on each triangle of question 1.




formula: area of a triangle

ABCD is a rectangle with length = 5 cm and breadth = 3 cm. When A and C are joined, it
creates two triangles that are equal in area: AABC and AADC.

A [=5cm D A base=5cm D
] ]
—
b=3cm h=3cm
g L —c B c

Area of rectangle =1 x b

1
Area of AABC (or AADC) = ™~ (Area of rectangle)

T

=~ (xD)
2

In rectangle ABCD, AD is its length and CD is its breadth.
But look at AADC. Can you see that AD is a base and CD is its height?

So instead of saying: i
Area of AADC or any other triangle = —
o (Ixb)

we say:
In the formula for the area

of a triangle, b means “base”
2 and not “breadth”, and h
1 means perpendicular height.
2

=5 (bxh)

Area of a triangle = — (base x height)

applying the area formula

1. Usetheformula to calculate the areas of the following triangles: AABC, AEFG, AJKL
and AMNP.

@) A (b)

CHAPTER 9: PERIMETER ANd AREA OF 2d SHAPES 143




() (d) M

210 mm

K 400 mm L

2. PQST is arectangle in each case below. Calculate the area of APQR each time.

(a) (b) p R3mT
P 20 cm T
12 cm
32 m
Q R 10cm S
Q 12 m S

(c) Ris the midpoint of QS.

P 86,2 cm T
35cm
Q R S

3. In AABC, the areais 42 m? and the perpendicular heightis 16 m. Find the length of
the base.
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Worksheet

1. Calculatethe perimeter (P)and area (A) of the following figures:

J
8,2cm
7 cm 5cm
B O C F G

2. Figure ABCD is arectangle:
AB=3cm,AD=9cmand TC=4cm.

A 9 cm D

3cm

B I 4 cm C

(a) Calculate the perimeter of ABCD.
(b) Calculate the area of ABCD.
(c) Calculatethe areaof ADTC.
(d) Calculatethe area of ABTD.
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Chapter 10

Surface area and volume
of 3D objects

10.1 Surface area of cubes and rectangular prisms

investigating surface area

1. Follow the instructions below to make a paper cube.

Step 1: Cut off part of an A4 sheetso Step 2: Cut the square into two equal
that you are left with a square. halves.
=)
-
Step 3: Fold each half square Step 4: Fold each strip into four
lengthwise down the middle toform squaresections,and putthe two parts
two double-layered strips. together to form a paper cube. Use

sticky tape to keep it together.

- W*@@* NS

2. Number each face of the cube. How many faces does the cube have?

3. Measure the side length of one face of the cube.
4. Calculate the area of one face of the cube.

5. Add up the areas of all the faces of the cube.

The surface area of an object is the sum of the areas
of all its faces (or outer surfaces).

Asforotherareas, wemeasure surface area insquare
units, for example mm? cm?and m?
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A cube has six identical square faces. A die (plural: dice) is an example of a cube.

A rectangular prism also has six faces, but its faces can be squares and/or rectangles.
A matchbox is an example of a rectangular prism.

Cube Rectangular prism

using nets of rectangular prisms and cubes

It is sometimes easier to see all the faces of a rectangular prism or cube if we look at its
net. A net of a prism is the figure obtained when cutting the prism along some of its
edges, unfolding it and laying it flat.

1. Takeasheetofpaperand wrapitaround a matchbox so thatitcovers the whole box
without going over the same place twice. Cut off extra bits of paper as necessary so
that you have only the paper that covers each face of the matchbox.

2. Flatten the paper and draw lines where the paper has been folded. Your sheet might
look like one of the following nets (there are also other possibilities):

b=4cm
h=1cm
[=5cm

5cm

3. Notice that there are six rectangles in the net, each matching
a rectangular face of the matchbox. Point to the three pairs
of identical rectangles in each net.

4. Usethe measurements given to work out the surface area of
the prism. (Add up the areas of each face.)

5. Explain to a classmate why you think the following formula
is or is not correct:

Surface area of arectangular prism = 2(I xb) + 2(I x h) + 2(b x h)
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6. Here are three different nets of the same cube.

(@) Canyoupictureinyour mind how the squares can fold up to make
a cube?

(b) Ifthelength ofanedge ofthe cubeis 1 cm,whatis the area of one of
its faces? What then is the area of all its six faces?

(c) Explain to a classmate why you think the following formula is or is
not correct:
Surface area of a cube = 6(/ x ) = 6/?

(d) Ifthelength of an edge of the cube above is 3 cm, what is the surface
area of the cube?

working out surface areas

1. Work out the surface areas of the following rectangular prisms and cubes.

A 8 cm B 15 cm
3cm
15 cm 15 cm
2cm
c 55 mm d
15 mm
60 mm
70 mm
20 mm

30 mm

2. Thetwo boxes on the following page are rectangular prisms. The boxes must
be painted.
(a) Calculate the total surface area of Box A and of Box B.
(b) What will it cost to paint both boxes if the paint costs R1,34 per m??
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20cm

1,2 m
0,6 m
. . 0,9m
3. Two cartons, which are rectangular prisms, are
glued together as shown. Calculate the surface 0,4 m
area of this object. (Note which faces can beseen
and which cannot be seen.) 0,4 m

0,3m
1,5m

4. This large plastic wall
measures 3 m x 0,5m x 1,5 m.
It has to be painted for the
Uyavula Literacy Project. The Hole A: Hole C:
wall has three holes in it, 600 x 500 600 x 600
labelled A, B and C, as shown.
The holes go right through
the wall. The measurements
of the holes are in millimetres.

(a) Calculate the areaofthe frontand backsurfaces e e s previeus

that must be painted. chapter:
(b) Calculate the area ofthetwoside faces,aswell as 1 cm?= 100 mm?
the top face. 1 m?=10 000 cm?

(c) Calculate the total surface area of the wall,
excluding the bottom and the inner surfaces
where the holes are, because these will not be painted.
(d) What will it cost if the water-based paint costs R2,00 per m??
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10.2 Volume of rectangular prisms and cubes

2D shapes are flat and have only two dimensions, namely length (/) and breadth (b).
3D objects have three dimensions, namely length (1), breadth (b) and height (). Youcan
think of a dimension as a direction in space. Look at these examples:

2D shape: rectangle 3D object: rectangular prism

A

height

A

length

breadth

length
3D objects therefore take up space in a way that 2D

shapes do not. We can measure the amount of space
that 3D objects take up.

cubes to measure amount of space

Every objectin the real world
is 3d. Even a sheet of paper
is a 3d object. Its height is
about 0,1 mm.

We can use cubes to measure the amount of space that an object takes up.

1. Identical toy building cubes were used to make the stacks shown below.

A B
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(a) Which stack takes up the leastspace?

(b) Which stack takes up the mostspace?

(c) Order the stacks from the one that takes up the least space to the one that takes
up the most space. (Write the letters of the stacks.)

The space (in all directions) occupied by a 3D object is

called its volume.

Cubes are the units we use to measure volume. 1cm

A cube with edges of 1 cm (thatis, 1 cm x 1 cm x 1 cm)
has a volume of one cubic centimetre (1 cm?).

2. The figure on the right shows a rectangular prism made
from 36 cubes, each with an edge length of 1 cm. The prism
thus has a volume of 36 cubic centimetres (36 cm?).

(a) The stackis taken apart and all 36 cubes are stacked again to make a new
rectangular prism with a base of four cubes (see A below.) How many layers of
cubes will the new prism be? What is the height of the new prism?

A A A A

A | | B

(b) Repeat (a), but this time make a prism with a base of six cubes (see Babove).

(c) Which one oftherectangular prisms in questions (a) and (b) takes up the most
space in all directions? (Which one has the greatest volume?)

(d) Whatwill be the volume ofthe prism in question (b) ifthere are seven layers of
cubes altogether?

(e) A prism is built with 48 cubes, each with an edge length of 1 cm. The base
consists of eight layers. What is the height of the prism?

formula to calculate volume

You can think about the volume of a rectangular prism in the following way:

Step 1: Measure the area of the bottom face (also b= I'= six units
called the base) of a rectangular prism. For the prism three
given here: A =1 x b= 6 x 3 = 18square units. units
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Step 2: A layer of cubes, each one unit high, is ] = six units
placed on the flat base. The base now holds th;ee h =
18 cubes. Itis 6 x 3 x 1 cubic units. units one
unit
Step 3: Three more layers of cubes are added so that _ I = six units
therearefourlayersaltogether.Theprism’sheight(h) i ee
is four units. The volume of the prismis: units // -
V= (6x3)x4 (| four
or V =Area of base x number of layers P units
= (Ixb)yxh

Therefore:

Volume of a rectangular prism = Area of base x height

= l X b X h
Volume of a cube = [ x[x] (edges are all the samelength)
=

applying the formulae
1. Calculate the volume of these prisms and cubes.

A [=17 m B 8cm

3cm
h=12m
9cm
b=5m
C 5cm d
1,5cm
5cm 1,5 cm
5cm 1,5cm

2. Calculate the volume of prisms with the following measurements:

(@) I=7m,b=6m,h=6m (b)I=55cm,b=10cm, h= 20 cm

(c) Surface ofbase=48m?h=4m (d) Surface of base = 16 mm? /i =12mm

3. Calculate the volume of cubes with the following edge lengths:
(@) 7cm (b) 12 mm
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4. Calculate the volume ofthe following square-based prisms:
(a) side ofthebase=5mm,7=12mm (b) side of the base =11 m, =800cm

5. The volume of a prism is 375 m3. What is the height of the prism if its length is
8 m and its breadth is 15 m?

10.3 Converting between cubic units

cubic units to measure volume

This drawing shows a cube (A) with an edge length

of 1 m. Also shown is a small cube (B) with an edge Im | ((:: krfé?
length of 1 cm. 1m
How many small cubes can fit inside the large cube? 1m
e 100 small cubes can fit along the length of the :
baseofcube A (becausethereare100cminlm). | &
e 100small cubes can fit along the breadth of the
base of cube A. T
e 100 small cubes can fit along the height of cube A. 2:1"'2;2)

Total number of 1 cm®cubesin 1 m®=100 x 100 x 100
=1000000

- 1m?*=1000 000 cm?
Work out how many mm?are equal to 1 cm?. Copy and complete:
lcm®=1cmx1cmx1cm

= mm x mm x mm

= mm?

Cubic units:
1m*=1000000 cm?
(multiply by 1 000 000 to change m3to cm?)

1 cm?®*=0,000001 m?
(divide by 1 000 000 to change cm?®to m?)

1cm3®=1000 mm?

(multiply by 1 000 to change cm?to mm?)

1 mm3=0,001 cm?

(divide by 1 000 to change mm?to cm?)
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working with cubic units

1.

Which unit, the cubic centimetre (cm?) or the cubic metre (m?), would be used to
measure the volume of each of the following?

(a) abarofsoap

(c) awooden rafter foraroof
(e) arectangular concrete wall
(g) water in aswimming pool

Write the following volumes in cm?:
(a) 1000 mm?3
(c) 2500 mm?3
(e) 7824 mm?

Write the following volumes in m?:
(a) 1000000cm?

(c) 1500000 cm?

(e) 500000 cm?

Write the following volumes in cm?:
(a) 2000 mm?3

() 1,5m?

(e) 50000 mm?

(b) a book

(d) sand on atruck

(f) adie

(h) medicine in a syringe

(b) 3000 mm?
(d) 4450mm?
(f) 50 mm?

(b) 4000 000cm?
(d) 2350 000cm?
(f) 350 000 cm?

(b) 4 120 mm?3
(d) 34 m?
(f2,23m?

A rectangular hole has been dug for achildren’s swimming pool. Itis 7 m long,
4 m wide and 1 m deep. What is the volume of earth that has been dug out?

Calculate the volume of wood in the plank shown below. Answer in cm?.

50 mm

"’10mm

100 mm

The drawing shows the base (viewedfrom

below) of a stack built with 1 cm? cubes.
The stack is 80 mm high everywhere.

(@) What is the volume of the stack?
(b) Copy and complete thefollowing:
Volume of stack = area of base
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8. Calculate the volume of each of the following rectangular prisms:
(a) length =20 cm; breadth = 15 cm; height =10 cm
(b) length = 130 mm; breadth = 10 cm; height =5 mm
(c) length =1 200 cm; breadth = 5,5 m; height =3m
(d) length = 1,2 m; breadth = 2,25 m; height=4m
(e) area ofbase =300 cm? height =150 mm
(f) areaofbase=12m? height=2,25m

104 Volume and capacity

The space inside a container is called the internal volume, or capacity, of the container.
Capacity is often measured in units of millilitres (ml), litres (¥) and kilolitres (kl).
However, it can also be measured in cubic units.

equivalent units for volume and capacity

If the contents of a 1 £ bottle are poured into a cube-
shaped container with internal measurements of

10 cm x 10 cm x 10 cm, it will fill the container
exactly. Thus:

1 litre

(10cmx10cmx10cm) =1 ¢

or 1000cm3=17¢ 10 cm
10 cm
Since 12 = 1000ml 10cm
1000 cm® = 1000 ml [1£=1000cm?
lcm?® = 1ml [divide both sides by 1 000]
Since 1kl = 1000¢

= 1000 % (1000cm?)  [1£=1000cm?

= 1000 000 cm?
= 1m? [1 000 000 cm®= 1 m?]

This means that an object with a volume of 1 cm?®will take up the same amount of
space as 1 ml of water. Or an object with a volume of 1 m3will take up the space of
1 kl of water.
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The following diagram shows the conversions in another way:

/@W\ /XY@\
Iml — 1¢(or1000ml) — 1kl (or 1 000%)
l1cm?® — 1000 cm? — 1m?*(or 1000000 cm?)

From the diagram on the previous page, you can see that:

1£=1000ml;1ml=0,001¢
1kl=1000¢;1¢=0,001Kkl
Iml=1cm?
1¢=1000cm?
1kl=1000000cm?®or1m?

Remember these conversions:
Iml=1cm?
1kl=1m?

volume and capacity calculations

1.

Write the following volumes in ml:

(a) 2000cm? (b) 250 cm?

(c 1¢ (d)4¢

(e) 257 (H 685¢

(g) 057 (h) 0,5cm?
Write the following volumes in kl:

(a) 20007 (b)25007¢

(c) 5m? (d) 6500 m?

(e) 3000000cm? (f) 1423 000 cm?
(g) 20¢ (h)2,5¢

conversion is the changing
of something into something
else. In this case, it refers to
changes between equivalent
units of measurement.

A glass can hold up to 250 ml of water. What is the capacity of the glass:

(@) inml? (b) in cm??
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4. Avaseis shaped like a rectangular prism. Itsinside 15 cm
measurements are 15 cm x 10 cm x 20 cm.
What is the capacity of the vase (in ml)?

20cm

10 cm

5. Aliquid is poured from a full 2¢

bottle into a glass tank with
inside measurements of
20 cm by 20 cm by 20 cm.

_ 2 litre
(2 000 cm3)

(a) What is the volume of
the liquid when itisin
the bottle?
(b) What is the capacityof 20 cm 4% =
the bottle? - -z /0 om
(c) What is the volume of
the liquid after it is poured 20cm
into the tank?
(d) What is the capacity of the tank?
(e) How high does the liquid go in the tank?

|

D:- _h cm (height of liquid)

In question 5 above, you should have found the following:
Volume of liquid in tank = Volume of liquid in bottle
20 x 20 x h (liquid’s height in tank) = 2 000 cm?
_ _2000
(20 x 20)

= 5cm

h

Note: The capacity of the tankis 20 cm x 20 cm x 20 cm =8 000 cm?(8 #).
The volume ofliquid in the bottle is 2 000 cm?(2 £).
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Worksheet

1. Do the following unit conversions:

(a) 2 348 cm?= m? (b) 5,104m?= cm?
(c) 1 m3= k— — (d) 250 cm3= — ™ml= e
(e)o,5kl=—" &= ml (f) 6,8508= — "~ ml=—"" cm?3

2. Arectangular prism measures 8 m x4 m x 3 m. Calculate:

(a) its surface area (b) itsvolume

3. Aboyhas27 cubes,withedgesof 20 mm. He usesthesecubesto buildone bigcube.
(a) Whatis the volume of the cube if he uses all 27 small cubes?
(b) Whatis the edge length of the big cube?

(c) Whatisthe surface area of the big cube?

4. A glass tank has the following inside measurements: length = 250 mm,
breadth =120 mm and height = 100 mm. Calculate the capacity of the tank:

(a) in cubiccentimetres
(b) in millilitres
(c) inlitres

5. Calculatethecapacity ofeachofthefollowingrectangularcontainers. Theinside
measurements have been given. Copy and complete the table.

Length Breadth Height Capacity
(a) 15 mm 8 mm 5mm cm?
(b) 2m 50 cm 30 cm e
(c) 3m 2m 1,5m ki

6. A water tankhasasquarebasewith internal edge lengths of150mm. Whatis
theheightofthetankwhenthemaximumecapacityofthe tankis11l 250cm?3?
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Chapter 11

Numeric and geometric
patterns

11.1 Number patterns in sequences

what comes next?

What may the nextthree numbers in each ofthese sequences be?
4. 8; 12; 16;20;... 4:8;16; 32; 64;...

4. 8; 14; 22;32; ... 5:7:4;8;3;9; 2;..

A set of numbers in a given order is called a The numbers in a sequence

number sequence. In some cases each number are called the terms of the
in a sequence can be formed from the previous sequence. Terms that follow
number by performing the same or a similar one another are said to be

action. In such a case, we can say there is a consecutive.

pattern in the sequence.

1. (a) Write down the nextthree numbersin each ofthese sequences:
Sequence A: 4;7;10; 13;16;...
SequenceB: 5;10; 20; 40; 80; ...
SequenceC: 2;5;10;17; 26; ...

(b) Write down how you decided what the next numbers would be in each of the
three sequences.

A sequence can be formed by repeatedly adding
or subtracting the same number. In this case the
difference between one term and the next is constant.
A sequence can be formed by repeatedly multiplying
or dividing by the same number. In this case the ratio
between one term and the nextis constant.
A sequence can also be formed in such a way that
neither the difference northeratio between one term
and the next is constant.
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In sequence A of question 1 there is a constant difference between consecutive
terms, as shown below.

Sequence A: 4 7 10 13 16

QU oAU 7 Q2 QU
Difference: +3 +3 +3 +3

In sequence B of question 1 there is a constantratio between consecutive terms, as
shown below.

Sequence B: 5 10 20 40 80

QU oV QU7 QAU
Ratio: x 2 x 2 x 2 x 2

In sequence C of question 1 there is neither a constant difference nor a constant ratio
between consecutive terms. Thereis,however,apatterninthedifferences betweenthe
terms, which makes it possible to extend the sequence. Consecutive odd numbers,
starting with 3, are added to form the next term.

Sequence C: 2 5 10 17 26
Q72 QU 727 Qo U7r

Difference: +3 +5 +7 +9

2. Write down the next five terms in each ofthe sequences below.In each case, describe
the relationship between consecutive terms.

(a) 100; 95; 90;85;... (b) 0,3; 0,5;0,7; 0,9; ...
(c) 6; 18;54; 162;... (d) 1; 3;6; 10; 15;...
(e) 20; 31; 42;53;... (H 110; ‘19,'17; 9,;1-; 9,1;...
(g) 18000;1800;180; 18;... (h)_ o

48 24 12 6
(i) 1; 4; 9;16;... (j) 625; 125; 25;5;...
In all of the above cases it was possible to extend The word “recur” means “to
the sequence by repeatedly adding or subtracting happen again”. The extension of
a number to get the next term, or by repeatedly a number sequence by repeatedly
multiplying or dividing by a number to get performing the same or similar
the next term, or by adding different numbers action is called recursion. The

rule that describes the
relationship between consecutive
terms is called a recursive rule.

according to some pattern to get the next term.

relationships between dependent and independent variables

1. (a) MrTwalapays a fee to park his carin a parking lotevery day.He has to pay R3 to
enter the parking lot and then a further R2 for every hour that he leaves his car
there. Copy and complete the table on the following page to show how much his
parking costs him per day for various numbers of hours.
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Number of hours 1 2 3 4 5 6 7 8 9

Cost of parking in R 5 7 9

(b) How did you complete this table? Describe your method.

(c) Isthere another way that you could complete the table? Describe it.

(d) Thembi multiplied the number of hours by 2 and then added 3 to calculate
the costfor any specific number of hours. Copy and complete the flow diagram
to show Thembi’s rule.

=

The rule multiply by 2 and then add 3 describes the The R3 that is added is a constant in
relationship between the two variables in this this situation. The number of hours
situation. The number of hours is the and the cost are variables.
independent variable. The cost of Mr Twala’s

parking is the dependent variable because the amount he has to pay depends on the
number of hours that he parks.

This rule describes how you can calculate the value of the dependent variable if the
correspondingvalue ofthe independent variableisknown.Itdiffers fromarecursiverule,
which describes how you can calculate the value of the dependent variable that follows
on a given value of the dependentvariable.

In the case of a number sequence, the position (number) of the term can be taken
as the independent variable, as shown for the sequence 15; 19; 23; 27; 31;...in
this table:

Term number 1 2 3 4 5 6 7 8 50

Term 15 19 23 27 31

2. (a) Copy and complete the abovetable.
(b) How did you calculate term number50?
(c) Lungile reasoned like this:

I added 4 each time to complete the table. 1 Lungile remembered that
counted backwards to see what comes before multiplication is done before
term 1.1got 11 and then I knew I had to add addition, unless otherwise

one 4 to 11 to get the first term. indicated by brackets.

Complete the pattern below to show Lungile’s thinking:

Term1: 11+1x4=11+4=15 Term2:11+2x4=11+8=19
Term 3: _ Term 4: _

Term 5: _ Term 6: _

Term 10: _ Term 50:
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(d) Describe in your own words how term number 50 can be calculated.

(e) Tilly reasoned like this: The constant difference between the terms is 4. I must add
four 49 times to the first term to get the fiftieth term. So, 15 + 49 x 4 =15 + 196 = 211.
Complete the pattern below to demonstrate Tilly’s thinking:

Term1: 15 Term?2: 15+1x4=15+4=19
Term3: 15+2x4=15+8=23 Term4:

Term 5: _ Term 6: _

Term 10: _ Term 50:

(f) Write the rule to calculate term number 50 in your own words.

In the example in question 2, the term number is the independent variable and the term
itselfis the dependent variable. So, if we know the rule that links the dependent variable
and the independent variable, we can use it to determine any term for which we know
the term number.

3. Write arule to calculate the term for any term number in the sequence
15;19;23; 27; 31; ... byusing:
(a) Lungile’s thinking (b) Tilly’s thinking

We can use n as a symbol for “any term number”.
The rule to calculate the term for any term number
when using Lungile’s thinking will thenbe:

Term=nx4+11

(c) Write down the rule to calculate the term for any term number in terms of n by
using Tilly’s thinking.

11.2 Geometric patterns

constant quantities and variable quantities

Small yellow, blue and red tiles are combined to form larger square tiles as shown below:

Tile no. 1 Tile no. 2 Tile no. 3 Tile no. 4

1. Drawtileno.5 on grid paper. (Shade the blue and red tiles in different ways. You
don’t have to use colours.)
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2. Copy and complete the table.

Tile Tile Tile Tile Tile Tile
no. 1 no. 2 no. 3 no. 4 no. 5 no. 10

Number of
yellow tiles

Number of
red tiles

Number of
blue tiles

3. How many red tiles are there in each bigger tile?
4. How many yellow tiles are there in each bigger tile?

5. Some ofthe quantities in this situation are variables and some are constants.
Which are variables and which are constants?

6. Was it possible to predict the pattern on tile no. 2 by looking only at tile no. 1?7

The number of red tiles is constant and the number
of blue tiles is constant. It is clear that the design is
such that there is always a red tile in the top right
corner, and also in the bottom left corner, and that
the red tiles are always “bordered” by two blue tiles
each. So the number of red and blue tiles is constant
in this situation.

The number of yellow tiles in the arrangements
varies. The number of yellow tiles is a variable in
this situation.

patterns with matches

1. A pattern with matches is shown below.

Figure 1 Figure 2 Figure 3

(a) Explain how the pattern is formed.
(b) Copy and complete the table.

Figure number 1 2 3 4 5 6 7 8

Number of matches 3 5 7
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2.

(c)
(d)
(e)
0

(8)

(h)
(M)

()

What rule did you use to complete the table?

How many matches are needed to form Figure number 97?

How many matches are needed to form Figure number 17?7 Explain.

If you used the recursive rule to complete the table, it would have taken a long
time to answer question (e) because you had to add the same number many
times. Tryto find an easier way toanswer question (e). Describe your method.
Copy and complete the pattern below.

Hint:Itmay help to think of Figure number 1 or term 1 like this:

There is one match at the beginning and two more are added /
every time. It helps to “see” the two matches that are added

each time.

Term1l: 1+ 1x2 =3 Term2: 1+2x2=5
Term3: 1+ 3x2 =7 Term 4: _
Term 5: Term 10:

Term 17:

What stays the same in the pattern in (g) and what varies?
Copy the flow diagram below and use it to write down the rule that you can use
to calculate the number of matches needed for any figure in the pattern.

Figure number 4[ ]—[ ]% Number of matches

Can youlink the number of matches added each time to the number that you
multiply by in the flow diagram? Explain.

Another pattern with matches is shown below.

HEENIEER

Figure 1 Figure 2 Figure 3

(a)
(b)

(c)

Explain how the pattern is formed.

Copy and complete the table.
Figure
1 2 3 4 5 6 7 8
number
Number of
4
matches

What rule did you use to complete the table?

(d) How many matches are needed for Figure 9 (or term 9)?
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(e) How many matches are needed for Figure 20 (or term 20)?
() What rule did you use to calculate the number of matches in question (e)?
(g) Copy and complete the pattern:

Term1l: 1+ 1x3 =4 Term?2: 1+2x3=7
Term3: 1+ 3x3 = Term 4: _

Term 5: _ Term 10:

Term 17:

(h) What stays the same in the pattern in (g) and what varies?
(i) Copythe flow diagram below and use it to write down the rule that you can use
to calculate the number of matches needed for any figure in the pattern.

Figure number 4[ ]—[ ]% Number of matches

3. Compare the way in which the number of matches increases in question 1 to the
way in whichitincreases in question 2. What is the same and what s different?

alphabetic patterns

Consider the figures below formed with red dots.

L 4 o
[ { [ ] [ J
( ( [ [ [ ] [ ]
@ @ | | @ [ @ [
(XX ] o000 00000 000000
e o ( ( ( ([ o [ ]
(] (] ( L ® [ J
e { ® [ J
@ @
Figure 1 Figure 2 Figure 3 Figure 4
1. How many dots are used to form Figure 57
2. Draw Figure 5.
3. Copy and complete the table.
Figure
1 2 3 4 5 6 7 8
number
Number of 7 12 17
dots

4. Copy and complete the flow diagram.

)=
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5. What rule did you use to complete the table? Describe your rule.
6. Can you think of another rule to complete the table? Describe your rule.

7. Name the dependent variable and the independent variable in this situation.

squares and cubes

1. Squares are arranged to form figures as shown below, according to a rule.

Figure 1 Figure 2 Figure 3 Figure 4

(a) Copyandcompletethetable.Thendeterminethedifferencesbetweenconsecutive

terms.
Figure number 1 2 3 4 5 6 7 8
Number of squares 2 5
Q7> QU2 QU2 QU2 QU2 QU7 QU2
+3

(b) Describe the recursive rule that you can use to extend the pattern in words.

(c) Nombusoplayedaround withthe differences between consecutive terms.She
noticed that the pattern (+ 3; + 5; + 7; ...) was similar to the one that you get
when you calculate the differences between square numbers. This made her
think thatshe should investigate square numbers to help her find arule that
could link the figure number and the number of squares.

Complete the following pattern along the lines of Nombuso’s thinking:

Figurel: 1x1+1=1+1=2 Figure2: 2x2+1=4+1=5
Figure 3: _ Figure 4: _

Figure 5: _ Figure 6: _

Figure 7: — Figure 8: —

Figure 50:

(d) Write arule to calculate the number of squares for any figure number.

(e) Write your rule in (d) in terms of n where 7 is the symbol for any figurenumber.

(f) Compare the sequence in this activity to the sequence in the previous activity
where dots were arranged to form the letter H. Describe the way in which the
dependent variable (the output number) changed in each of the sequences.
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2. Identical cubes are arranged to form stacks of cubes in the following way:

Stack 1 Stack 2 Stack 3 Stack 4

(a) Copyandcomplete the table and the arrows. Then find the differences between
consecutive terms. Doitasecond and a third time. Write the differences below
the arrows.

Stack number 1 2 3 4 5 6 7 8
Number of cubes 2 9 28
QU2 QU2 U7 U2 U2 U2 U7
7 19
N2\ ZaA G PGP GG
12

Q7o U2 U2 U2 QU2

(b) Describe the way in which you completed the table.
(c) Davidlooked carefully atthe structure ofthe stacks and did the following to link
the stack number with the number of cubes in a stack. Complete the pattern.

Stack1l: 1x1x1+1=1+1=2 Stack2: 2x2x2+1=8+1=9
Stack3: 3x3x3+1=27+1=28 Stack4: 4x4x4+1=64+1=65

Stack 5: Stack 6:
Stack 7: Stack 8:
Stack 9: Stack 10:

(d) How many cubes will there be in stack 507
(e) Write the rule that you used to calculate the number of cubes in stack 50 in words.
(f) Write your rule in (e) in terms of n where 7 is the symbol for any stacknumber.

3. Inquestions1(a)and 2(a) youcalculated the differences between the consecutive terms.

(a) Whatdid you find when you kept on finding the differences, as suggested in
question 2(a)?

(b) Go backto question 1(a). What do you find when you keep on finding the
differences between consecutive terms, like youdid in question 2(a)?
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my own patterns

Copy the grid, the tables and the tile template to create and describe your own geometric
patterns.

Pattern A

Pattern B
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Chapter 12
Functions and

relationships 1

12.1 From counting to calculating

1. (a) How many red squares and how many black squares are there in each ofthe
arrangements 1, 2, 3 and 4 below? Copy and complete the table.

1 2 3 4

Arrangement number 1 2 3 4

Number of red squares

Number of black squares

(b) Imagine that arrangements 5, 6 and 7 are made according to the same pattern.
How many red and how many black squares do you think there will be in each
of these arrangements? Write your answers in the table you copied.

(c) Complete arrangements 5 and 6 on grid paper, if you have not done so already.

(d) Try to figure out how many red and how many black squares there will be in
arrangements 20, 21 and 22.

2. It will be useful to have formulae to calculate the numbers of red and black squares in
different arrangements like the one above.

(@) Which of the formulae below can be used to calculate the numbers of red squares
in the above arrangements? There is more than one formula that works.
y=2xx+4 y=2x(2xx+1) y=x*+2 y=4xx+2

(b) Natashadecided to use the formulay =4 x x + 2 to calculate the number of red
squares in an arrangement. What do the symbols x and y mean in this case?

(c) Usethe formulay =4 x x + 2 to calculate the numbers of red squares in
arrangements 20, 21 and 22.
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(d) Ifyouranswersdiffer fromtheanswersyougaveinquestion1(d),youhave
made mistakes somewhere. Find your mistakes and correct them.
(e) Copy and complete the table.

X 1 2 3 4 5 6 7 8 9
2x(2xx+1)
2xx+4
4xx+2

3. (a) Which of the formulae below can be used to calculate the numbers of black
squares in the arrangements in question 1?
z = (x+2)* z=x*+2 p=n*+2
(b) Copy and complete the table.

X 1 2 3 4 5 6 7 8 9
x%+ 2
(x +2)°

4. Hilary uses x to represent the number of squares in each side of the arrangements.

(a) Which of these formulae can Hilary use to calculate the numbers ofblack
squares in the arrangements in question 1?
y=x*-4xx+6 y=(x-2)*+2

(b) Which of these formulae can Hilary use to calculate the numbers of red squares?
y=3xx-3 y=4xx-6 4x(x-2)+2

(c) Copy and complete this table to check your answers.

X 3 4 5 6 7 8 9
X*-4xx+6
(x-2)*+2

3xx-3
4xx-6
4x(x-2)+2

12.2 What to calculate and how

representing situations mathematically

1. (a) How many minutes are there in an hour?
(b) How many minutes are there in two hours?
(c) How many minutes are there in three hours?
(d) Explain how you determined the answers for questions 1(b) and (c).
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The formula m = 60 x & can be used to calculate the number of minutes when the
number of hours is known. The symbol /i represents the number of hours and m the

number of minutes.

(e) Express the formula m = 60 x /i in words.

(0

Copy and complete the table.

Number of hours 1

Number of minutes 60

120

How to calculate 60x1

2. Three bus companies placed the following advertisements in a newspaper:

(a)

(b)

Which of the formulae below can be
used to calculate the fare forajourney
with Hamba Kahle Tours?

Which of the formulae can be used to
calculate the fare for a journey with
Saamgaan Tours?

Some formulae to calculate fares:

THUOWwR

Fare = 0,50 x distance + 500
Fare = 50 x distance + 500
Fare = 0,60 x distance + 450
Fare = 60 x distance + 450
Fare =55 x distance + 480
Fare = 0,55 x distance + 480

(c) Which of the above formulae can be used to
calculate the fare for a journey with Comfort

(d)

Tours?

saamgaan tours

We criss-cross every province and
stop in every town and dorpie. Pay
only R450 per trip plus 60c per km.

hamba kahle tours
Long distance travel is our business:
R500 per trip plus 50c per km!

comfort tours

Experience what it means to
travel in style. Only R480 per trip
plus 55¢c per km.

We write 50c as R0O,50 or 0,50
when we do calculations.

Copy and complete the table by making use of the formulae below. Youmay use

a calculator for this question.

Fare for Hamba Kahle Tours = 0,50 x distance + 500

Fare for Saamgaan Tours = 0,60 x distance + 450

Fare for Comfort Tours = 0,55 x distance + 480

Distance in km 150

200

250 300

Hamba Kahle Tours

Saamgaan Tours

Comfort Tours
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(e) Which bus company is the cheapest? Explain.
(f) Copyand complete this flow diagram for the bus company that you named in

question (e):
—{ H =

(g) Wandile wrote the formulae for calculating the fares for the different bus
companies usingtheletter symbols xand y. Say whateachletter symbol stands

for in each of the following:
(i) y=0,50x%x+500

(i) y = 0,60 x x + 450
(iii) y = 0,55 x x + 480

(h) Which ofthe three bus companies would be the cheapest to use forajourney of
1 000 km?

12.3 Input and output numbers

from formulae to tables

1. For each of the tables (a) to (f) below, determine which of the following formulae
could have been used to complete it:

A, y=5xx+3 B. y=3xx C. y=3xx+2
D. y=4xx E. y=3xx+1 F. y=2xx
G. y=3xx+10 H y=2xx-1 . y=5xx

@ x [ 1] 2]3[a]s] ®O]x]1]213]2a]s
y | 13 ] 16 | 19| 22 | 25 y | 8| 13|18 23] 28

@ x [ 1213/ als|] @ | ] 1|23 alcs

@ sl 1] 203]als] @ [ x]1]2131]24]T:s
y | 5101520 25 vy 1] 35|70

We can complete atable of values ifwe are given a formula. For example, for the
formulay =7 x x - 3 we can complete the table below, as shown:

Forx=1,y=7x1-3 Forx=2,y=7x%x2-3 Forx=3,y=7x3-3
=7-3 =14 -3 =21-3
:4 =11 =18
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y 4 11 18 25 32 39 46
2. Copyand complete the tables using the given formulae.
(@AJy=6xx- 521—
X 1 2 3 4 5 6 7
Yy
(b)y=30xx+1
X 0,1 0,2 0,3 0,4 0,5 0,6 0,7
y

from patterns to formulae

1.

2.

Some arrangements with black and red squares and some formulae are given below.

FormulaA: z=2xn+1
FormulaC: y=(n+1)*+2

(a)
(b)

HEEN

[ [ [ | [ ]|
FormulaB:z=2xx—-3
FormulaD: y = x*- (2 x x -3)

How many black squares will there be in the next two similararrangements?
Susan uses formulae B and D to calculate the numbers of red and black squares.
What do the letter symbols z, x and y mean in Susan’s work?

Zain uses formulae A and C to calculate the numbers of red and black squares.

(c)

What do the letter symbols z, n and y mean in Zain’s work?

Write formulae that can be used to calculate the numbers of red and black squares
in arrangements like those below. Use letter symbols of your own choice and state

clearly what each of your symbols represents.
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Chapter13
Algebraic expressions 1

13.1 Describing and doing computations

different ways of describing a computation

1. The diagrams below represent arrangements of small circles. In everyarrangement
there are two rows of circles.

Diagram 1 Diagram 2 Diagram 3 Diagram 4 Diagram 5

(@) The table below relates to the diagrams. Copy and complete it.

Diagram number 1 2 3 4 5

Number of circles per row

Number of rows

How to calculate the total number of
circles per diagram (rule)

In every diagram, we can identify: 11
e the number of rows
21

e the number of circles per row
e the total number of circles per arrangement. 62

. . . 41
(b) What remains the same in the diagrams above?
(c) What changes in the diagrams? In other words, 102

whatare the variable quantities in the situation?
(d) Copyand complete the flow diagram on the right.
(e) How manycircles will diagram 11haveifthe
pattern is extended? Explain.

The rule 2 x 11 can be used to

determine the total number of
circles in a diagram. The number
2 in the rule 2 x n remains the

(f) What does the number 2 in the rule 2 x n same all the time. We say it is a
represent? constant. The letter symbol n

(g) What does the letter symbol n representin represents the number of circles
the rule 2 x 1? per row and that is a variable,

because it changes.
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Consider the sequence 1; 3; 5; 7; 9; ... The numbers 2 and -1 remain

The first odd number can be writtenas 2 x 1 - 1. the same all the time; we call
The second odd number can be writtenas 2 x 2 - 1. them constants. The numbers
in blue change according to
the position of the oddnumber
in the sequence. We call them
variables.

The third odd number can be writtenas 2 x 3 — 1.

2. (a) Whatis the tenth odd number?
(b) What is the thirtieth odd number?
(c) What is the hundredth odd number?
(d) What is the nth odd number?

3. Therule2 xn-1canbeused todetermine any odd number inthe sequence
1;3;5;7;9; ..
What does the letter symbol 7 represent in the

rule 2 xn - 1? The rule 2 x n can be used to
calculate the total number of
circles in a diagram if the number
of circles per row is known.
e achanging number in the rule 2 xn The rule 2 x n — 1 can be used
(n represents the number of circles in a row) to determine any odd number in
the sequence of odd numbers if
its position is known.

In the questions above we have used the letter
symbol 7 to represent:

e the position of the odd numberina
sequence intherule 2 xn - 1.

4. (a) Copy and complete the flow diagram.
We call the numbers on the left

11 in the flow diagram the input
125 numbers. ‘ '

The numbers on the right in

31 + 4 x5 the flow diagram, and whose

values depend on the input
numbers, are called the output
275 numbers.

41

(b) Which of the following instructions did you follow to calculate the output

values of 4[ +4 H x5 ]% in question 4(a)?

Write out and place a tick mark (v) next to the correct answer.
A. Multiply the input number by5 and then add 4.

B. Add 45 to the inputnumber.

C. Add 4 to the input number and then multiply by 5.

5. Use 10astheinputnumber and calculate the output number for each ofthe word
formulae in question 4(b).
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We may write (x + 4) x 5 as an abbreviation for The letter symbol x, or any

other symbol, can be used as
(x+4) x5 can be called acomputational instruction an abbreviation for “the input

or an algebraic expression. number”.

add 4 to the input number, then multiply by 5.

In the expression (x + 4) x 5, the letter symbol x can be replaced by many different
input numbers. The symbol x represents a variable quantity or a variable. If,
however, the expression (x + 4) x 5 is equal to 35, as in the number sentence
(x +4) x 5 = 35, the symbol x represents only one value, and that is 3.

In the expression (x + 4) x 5, the numbers 4 and 5 are constants. In the number
sentence (x + 4) x 5 = 35, x is an unknown value.

6. Write the abbreviations for the following computational instructions by using x for
“the input number”:
(a) Halve the input number and plus 2.
(b) Multiply the input number by 6 and subtract 2.
(c) Multiply the sum of the input number and 3 by 10.
(d) Subtract 4 from the input number and multiply the answer by 7.

7. Cardo’s teacher writes on the board: “Add 2 and then multiply the answer by 3.”
Theclassmustuse5asaninputnumberand applythe computationalinstruction.

(a) Cardo uses5 as the input number and writes: (5 + 2) x 3.
Paul says (5 + 2) x 3is 7 x 3 which is 21.Is Paul right?

(b) Explain your answer in (a).

(c) Represent this flow diagram as an algebraic expression:

x—{+2 H x3 >

8. Expresseachcomputationalinstruction asaflow diagram and then write the
abbreviation (algebraic expression) with x as input number:

(a) Multiply by 4 and then subtract 8.
(b) Subtract 8 and then multiply by 4.
(c) Add 15 and then divide by5.
(d) Divide by 5 and then add 15.
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9. Describe each computational instruction in words:

@ —xaf+7}> ® —+7 | xa}>
© —{xo H{-s5}> @ —{-s Hx9)}>

10.Two algebraic expressions are given in the table. Copy the table and use the given
input values (x values) to determine the corresponding output values.

X 1 2 3 4 5 6
6xx+8 14 20 26
2xxx(3+4)

13.2 Relationships represented in formulae

making sense of variables and constants in formulae

1. (@) Chris uses the formula P =2 x [ + 2 x b to calculate the perimeters of rectangles
of differing lengths and breadths as indicated in the table. He also calculates the
area of each rectangle using the formula A =1 xb.

Copy and complete the table.

Rectangle 1 2 3 4
Length (1) 24 6 8 12
Breadth (b) 1 4 3 2

Perimeter
P=2x[+2xb

Area
A=Ilxb

(b) Ritacalculatesthe perimeter ofarectangle inadifferentway.She addsthe value
of the length of the rectangle to the value of the breadth of the rectangle and
then multiplies the answer by 2. Write down the formula that Rita uses to
calculate the perimeter of each rectangle. Test whether or not Rita’s formula
produces the same results as Chris’s.

Questions 1(c) to (e) refer to the formula P = 2 x (I + b).

(c) What does the number 2 represent in the formula?

(d) What is the number 2 called?

(e) Which letter symbols represent variables in the formula P = 2 x (I + b)? Explain.
(f) What can you say about the area of all of these rectangles?
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2. Sindi calculates her father’s age by using the formula F = x + 37,where x is Sindi’s age.
Her father passed away when Sindi was 43 years old. How old was he then?

3. Jacob wants to buy the cheapest cell phone in the market. He has already saved
R45 and decides to save R5 per week until he has enough money to buy the phone.
The formulay = 45 + 5 x w gives the amount of money (in rands) that Jacob has
saved to buy the cell phone after w weeks.

(a) Copy and complete the table. The first row has been done as an example.

I:’quen;Ef{Vs; HO\ZSti ;a:(c\l;l\;ate Amount saved (Y)
0 45+5%x0=45+0 45
1
2
4
5

(b) The cell phone that Jacob wants to buy costs R90. Will Jacob have saved
enough money to be able to buy the cell phone by the eighth week? Explain.
(c) Copy and complete the table.

Formula: Explanation
Yy =45+5xW

Which are constants in the
formula?

Which letter symbols
represent variable quantities
in the formula?

4. Copy the table. In each of the formulae in the table, identify the symbols that
represent variables and constants and fill them in.

Symbols for variable(s) Constant(s)
(a) y=5xx+7
(b) y=100+x
() y=x+5
(d) y=5xx
(e) y=07xx+23
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Chapter 14
Algebraic equations 1

14.1 Solving by inspection

number puzzles

Solve these number puzzles.

1. Tam thinking ofa certain number. IfI add 3 to that number, the answer is 13.
What is the number?

2. lam thinking ofa certain number. If multiply that number by 5, the answer is 30.
What is the number?

3. Tam thinking of a certain number. If  multiply that number by 3 and then add 4 to
the result, the answer is 19.
(a) Isthenumber3?Giveareasonforyouranswer.
(b) Isthenumber4?Giveareasonforyouranswer.
(c) Isthenumber5?Giveareasonforyouranswer.
(d) Isthenumber67?Giveareasonforyouranswer.

Number puzzles like those above can be shortened A mathematical statement

by using letter symbols as placeholders for unknown T R
numbers. In the case of question 1 we can write the be true or false depending
following number sentence: X + 3 = 13. on the value of x, is calledan

open number sentence or
an equation.

In the case of a number sentence suchas x + 3 =13
we cannot say whether it is true or false until we have
determined the value of the unknown. The value of the
unknown that makes the number sentence (an equation)

true is called the solution of the number sentence. To make a number
sentence true means to
find its solution.

For the number sentence x + 3 = 13, the solution is
x = 10 because it makes the number sentence true.

the solution is there to see

The solution to the number sentence x + 4 = 20 can be seen at once. The value of x is
16 simply because 16 + 4 = 20. In this case, we say we solve the number sentence by
inspection.
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Solve these number sentences (equations) by inspection.

1.(a) x-8=8 (b) x+7=20
(© %=8 @ 2=
(e) 5xx=40 (f) 8xx=40
2.(a) 84+x=7 (b) 36 +x=4

(c) x+56=100 (d) 100-x=56

14.2 Solving by the trial and improvement method

Sometimes you cannot see the solution of a number sentence (an equation) at once.
Look at the following number puzzle or equation, for example:

[ am thinking of a number. 6 x the number — 11 = 43. What is the number?

In this case, you will have to try many different possible solutions until you identify
the correct one. Here we can use a method known as trial and improvement to
determine the solution. Itis shown in the table below.

Possible solution Test Conclusion
Try 5 6x5-11=30-11=19 5 is too small
Try 10 6x10-11=60-11=49 10 is too big
Try 8 6x8-11=48-11=37 8 is too small
Try 9 6x9-11=54-11=43 9 is the solution

Copy the tables below. Solve the following equations by means of the trial and
improvement method. In each case, the solution isanumber between 1 and 20.

1.2xx+13 =37

Possible solution Test Conclusion
2.14xx-21=77

Possible solution Test Conclusion
3.7xx+8=71

Possible solution Test Conclusion
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4. 4xx+7=31

Possible solution Test Conclusion

510 xx +11 =141

Possible solution Test Conclusion

solving by inspection or trial and improvement

Solve the following equations by inspection or by the trial and improvement method:

1.(a) x+5=2xx (b) kx5=20+k
() 2xg=18-q (d) 3xt=t+22
2.(a) y+6=4xy (b) 5xp=18+2xp

(c) 4xz=18+z2 (d xx5=20
(e) 42+m=35-29 (f) 3xx-2=x+6

14.3 Describing problem situations with equations

from words to equations

Write an equation usingaletter symbol as a placeholder for the unknown number to
describe the problem in each of the situations below.

1. There are 30 learners in a class. x learners are absent and 19 are present.

2. There are 70 passengers on a bus. At a bus stop m passengers get off. There are now
23 passengers on the bus.

3. Aboybuysabicycle for R1 260 onlay-by. How many payments of R90 each must he
make to pay for the bicycle? Let x be the number of payments to be made.

4. Five people share atotal cost of R240 equally amongst themselves. Let ¢ be the cost
per person.

5. Aschool charges R100 aday for the use ofits training facilities for athletes plus
R30 per athlete per day for food and use of equipment. A team of athletes paid
R400 foraday’s practice. Let x be the number of athletes attending the training.

6. Bennie has R54 with which to buy chocolates for his friends. Each chocolate costs R6.
How many chocolates can he buy for that amount? Let x be the number of chocolates
that Bennie can buy.
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7. Write an equation to calculate the area of arectangle with length 2,5 cm and breadth
2 cm. Let A represent the area of the rectangle.

8. Thereare38girlsin Grade 7.This is 6 more than double the number ofboys.

9. Janineis12yearsold.Her father’sageis7 years plusthree times]Janine’s age.

making sense of equations

1. Rajbansi Taxi Service charges R10 per kilometre travelled and a standard charge of
R30 per trip. Consider the equation below about a taxi trip:
10 x t+30=80
(a) Explain what each number and letter symbol stands for in the equation.
(b) Why is t multiplied by 10 in the equation?

2. The cost of an adult’s ticket for a music concert is four times the cost of a child’s
ticket. An adult’s ticket costs R240. The equation below represents this problem:
4 xx =240
(a) What does x represent?
(b) Why is x multiplied by 4?
(c) Solve the equation by inspection.
(d) How much does a child’s ticket cost?

3. Therearel2Zeggsinacarton.Consider the equation below:
12 xc=72
(@) What does the letter symbol c represent in the equation?
(b) What value of cmakes the equation true?
(c) What does the number 72 represent?
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Chapter15
Graphs

15.1 A graph can tell a story

1.

Jena drew this graph to show how her feelings of hunger changed during the day.
Describeinashortparagraph how her day wentas faras need for food is concerned.

A

Very hungry

Hunger

Not hungry

v

Time of day

Think about a specific day and things that happened to you on that day. Use the
example below to draw your own graph to show how your feelings changed during
that day.

Happy

Feelings

Unhappy

v

Time of day
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15.2 Investigating rate of change in situations

compare situations and represent them in a different way

1. Consider the situationsin (a)and (b) below and copy and complete the tables to
represent the relationships.
(a) Sallyissaving money to buy a CD that she really wants. She saves R4 per week.

Number of weeks 1 2 3 4 5 6 7 8

Money saved in rand 4 8

(b) Nathi has abox of 24 chocolates. He is thinking about sharing the chocolates
equally between differentnumbers of friends and is working outhow many
chocolates each friend would get.

Number of friends 1 2 3 4 5 6 7 8

Chocolates per friend 24 12

(c) Copy the grids below, and draw bar graphs to represent the relationships in the
situations described in (a) and (b). The length of each bar should represent
an output number.

30 30
©
C
2
. E
3 o
T 20 @ 20
> g
© ©
> 3
GC-’ o
) S
2 ks
o
0
10 E 10
=]
4
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

Number of weeks Number of friends sharing
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2. Consider thesituationsin (a) and (b) below and copy and complete the tables to
represent the relationships.
(a) Vusi collects acorns for a pig farmer who pays him per bag. Vusi thinks: “I wish
Mr Bengu would agree to pay me R1 for one bag of acorns, R2 for two bags, R4 for
three bags, and then keep doubling the money when another bagis added.”

Number of bags 1 2 3 4 5 6 7
Payment (R) 1 2 4

(b) Judy works out the areas of squares with different side lengths.

Side length of square (cm) 1 2 3 4 5 6 7

Area of square (cm?) 1 4

(c) Copy the grids below, and draw bar graphs to represent the relationships in the
situations described in (a) and (b). The length of each bar should represent an
output number.

60 60
50 50
40 = 40 —
E -
—_ )
I ~— —
b £ —
c ©
()] =} _—
E 3 ||
s 30 « 30
(T @] —
a © -
ot
=z ||
20 20 —
10 10 ]
i1 2 3 4 5 6 7 1 2 3 4 5 6 7
Number of bags Side length of square (cm)
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3. Theinput numbers for the different relationships in questions 1 and 2 are the same,
but the output numbers differ. Describe how the output numbers change in each of
the four situations.

4. Describe briefly how the shape of the bar graphs differ.

5. Turn back to the tables of values that you made for the four relationships in
questions 1 and 2. Find out how the output values changed by calculating the

differencesbetweenconsecutive outputvalues,anddescribethedifferences for
each case as suggested:

(a) Sally’s savings: 4 8 12 16
NV G2 Y 2 2 2 e
4 4
Sally’s savings growby every week.
(b) Chocolates per friend: 24 12 8
N Za e 2 G2 2 2 2
12
The number of chocolates per friend __
(c) Vusi’'s paymentper bag: 1 2
Q27U AU 22U 2 QU U
1
The amount grows slowly at first and then
(d) Areas ofJudy’ssquares: 1 4 9
Q727 A 272V QU2 U
3

The area of the squares

The amount of money that Sally saves per week The rate of change means

stays constant. The relationship therefore has a how fast or slow change

constant rate of change. happens per unit of time.
With every additional friend, the number of

chocolates per friend changes. The number of

chocolates changes (decreases) rapidly at first

and then it changes slower. The rate of

change is not constant. The shape of a bar graph shows

The amount that Vusi would like to earn per bag the rate of change of the
ofacorns grows faster and faster with each bag that relationship. If the rate of
he collects. The rate of change increases. change is constant, the shape

is a straight line. If it is

The area of a square also increases faster and ) .
changing, the shape is a curve.

faster for every centimetre added to the side length.

6. Refertothebargraphsinquestions 1and 2 and link the shape ofthe graphs to the
rate of change of the relationship.
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15.3 Interpreting graphs

reading graphs

1. Look carefully at the graph.

(a) What does this graph tell you?
(b) Explain your answer in (a).

Mr Thatcher bought three plants in

containers. The salesman at the nursery
told him that one of the plants,Glamiolus,
grows ataconstantrate. The second plant,

Bouncy Bess, grows slowly atfirstbutthen

grows fasterand faster.The salesmanwas
not sure about the rate at which the third

plant, Samara, grows.

Number of vehicles

(@) Whatdoes “grows ataconstantrate” mean?

Traffc on the R44 (weekdays

Time of day

Mr Thatcher measured the three plantsevery weekandrecorded the heightsina

table, given below.

(b) Calculate the differences in height from week to week, to find the rate at which

each plant grows per week.

Week Height of A (cm) Height of B (cm) Height of C (cm)
1 6 8,3 10,1
2 6,3 10,2 10,6
3 6,4 12,2 11,2
4 7,2 14,1 11,9
5 7,3 16,2 12,8
6 7,4 18,3 13,9
7 9,1 20,2 15,8

(c) Identify the plants. Which plant is plant A, which plant is plant B and which
plant is plant C? Explain how you got your answers.

(d) The three graphs on the
right show the growth of
the three plants. Which
graph belongs to which
plant? Explain.

A

e

B C
A A
g g
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revisiting change and rate of change
In section 5.2 you compared the way in which relationships changed.

1. Consider the following situations:
Ben saves R5 per week. Sally saves R7 per week.
Charliesaves R5in the first week, R6 in the second weekand R7 in the third week.
Every week he increases the amount that he saves by R1.

A

(a) The graph shows Ben’s savings. Copy the
graphanddraw Sally’s savings and Charlie’s
savings. Do it on the same graph.

(b) Describe and explain the shape of the

graphs showing Sally, Ben and Charlie’s Ben

savings.

v

The rate of change in a relationship influences the
steepness of the graph. The higher the rate of
change (i.e. the faster the output numbers change),
the steeper the graph.

2. Examine the following relationships. Copy and complete the tables and calculate the
differences between the output numbers indicated with arrows.

(a) Christine wants to buy a book for her favourite teacher. The book costs R240. This
is a lot of money for Christine to spend. She realises that if she asks her friend
Beatrice to share the cost, she will only have to spend R120. She could even ask
more classmates to join in and share the cost. Christine investigates the situation
and calculates what amount everyone must pay if they share the cost equally.

Num.ber of learners 1 ) 3 4 6 8 10 12
sharing the cost
AI.nount each learner 240 120
will pay
QU QU 7~/ 7~
120

(b) Investigate the relationship between thelength ofaside ofasquare and the
perimeter of the square.

Length of a side of 1 2 3 4 6 7 8 9
the square

Perimeter of the 4 8 12

square
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(c) Investigate therelationship betweenthelength ofaside ofasquare and the
area of the square.

Length of a side of 1 2 3 4 6 7 8 9
the square

Area of the 1 4 9

square

(d) Atall candle was lit and its length was measured and recorded every hour
while it was burning.

Number of hours the
candle is burning

Length of candle

. . 33 31 29
1In centimetres

QR R/ 7 QU R/ o/ 7

3. Match each of the graphs below to one of the situations in question 2.

A A A A
A \ B Cc D

» » » »
» » » »

Write the letter of the graph next to the description of the situation:
(a) Buying a book for the teacher

(b) Length of a side of a square and the perimeter of the square

(c) Length ofaside of asquare and the area of the square

(d) Length of the candle and the number of hours it is burning

When we investigate the growth (or change) in
arelationship, we look at the way the output
numbers change.

The change can be:
e anincrease or a decrease

e aconstant increase, for example the perimeter of a square as the side length increases

e aconstant decrease, for example the length of a burning candle

e anincrease thatisnotconstantbuthappens faster and faster, forexample the area
of a square as the side length increases

e adecrease that is not constant but happens faster and faster, for example the
amount of money each friend has to pay as more and more friends share the cost.
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In the case of an increase, the graph slopes like this: /or / or -/
In the case of a decrease, the graph slopes like this: \or \ or \

When the increase or decrease is constant, the graph
is a straight line and it is called a linear graph.

Iftheincrease or decreaseis notconstant, the graph
is curved and is called a non-linear graph.

If there is no change in the output variable, the
graph is a straight horizontal line.

4. Consider the graphs in question 3 on the previous page.

(@) Which graphs indicate a linear increase or decrease?
(b) Which graphs indicate a decrease or increase which is not constant?

5. Peter’s father drives him to school in the mornings. Below is a graph of their journey
to school. Describe the story that the graph tells. What do you know about the route
that they are taking?

Going to school: speed changes

Car’‘s speed (in km/h)

v

A BCD E F G H

Distance from Peter‘s home (in km)

6. Consider the graphin question 5 above. Identify and indicate for the different parts
ofthe graph listed below whether they are increasing, decreasing or constant.

(A)0to A (b)Ato B (c)BtoC
(dyCtoD (e)DtoE (f)EtoF
(g) Fto G (h)Gto H (i)Hto 6
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exploring more graphs

1. Janettakes a bath. The graph below shows the height of the water level in the bathtub
as time passes. The water runs into the bath at a constant rate. Study the graph and
describe what happens.

'y

A BC D E

Water level

v

Time in minutes

2. The axes ofthe graph below are not labelled.

A
The vertical axis is the one

that goes from bottom to top.
The horizontal axis is the
one that goes from left toright.
(axes is the plural of axis.)

(@) Which of the following sets of labels could fit the graph?
A: vertical axis: time passed; horizontal axis: distance from home
B: vertical axis: distance from home; horizontal axis: time passed
C: vertical axis: rainfall; horizontal axis: temperature

(b) Describe the story told by the graph, with the axes that you chose.

3. The graph that follows shows the distance that three athletes, A, Band C, covered ina
hurdles race in a certain time.
(a) Describe what happened during the race.

a A hurdles race

400 |+ ; —_—

0O wm >

Distance (metres)

v
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(b) How far was the race?
(c) Which of the athletes, A, B or C, won the race?
(d) Did the best athlete of the three win? Explain your answer.

4. Identify the graphs (or parts ofagraph)in questions 1,2 and 3 above thatarelinear
and those that are non-linear.

15.4 Drawing graphs

1. Water is dripping at a constant rate into three containers, A, B and C, shown
below. Use the examples given below to draw graphs to show how the height of the
water in each container will vary with time.

A B C
A A A
— — —
[0} [0} (0]
+— -~ =
® (L] @®
3 2 2
Y Y Y
) o )
4 +— o+~
< < Ky
a0 oo a0
(0] (0] (0]
T T T
Time Time Time

2. Use the example given below to draw a graph showing the height of the water level
in the swimming pool (shown below left) if the pool is filled with a constant stream
of water.

Water level

v

Cross-section of swimming pool Time
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3. Use the example given below to draw a graph of the speed of a racing car as it travels
once around the track shown below. S is the starting point.

A

Speed

v

Distance

4. The Western Cape gets rain during the winter months, butin summer itis usually

dry. Using the example below, draw a global graph of the average rainfall in the
Western Cape during one year.

»

h

Rainfall in mm

v

Months

5. Use the example given below to draw a graph of the following story:

Duringarainstorm, Lydia puta measuring cup outside to measure the rainfall.
After 10 minutes ofhard rain the waterlevel was 10 mm. Itstarted to rain softer,
and after 20 more minutes the water level was 15 mm.

When Lydia went back 10 minutes later, the level was 30 mm. An hour after the
storm started, the water level was still 30 mm.

40t

w
)]

)

m
w
o

N
9]

N
o

Water level (m
T
O ul

>
0 10 20 30 40 50 60

Time in minutes
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Chapter16
Transformation geometry

16.1 Lines of symmetry

what is the line of symmetry?

In the diagrams below, the red dotted lines divide the arrows into two parts. In which
diagram does the red dotted line divide the arrow into two parts that are exactly the same?

Arrow A Arrow B

If you were to cut out arrow A and fold it along the
red dotted line, the two parts would fit perfectly on
top of one another (all edges would match). The fold
line is called a line of symmetry or an axis of
symmetry.

A line or axis of symmetry is a line that divides a
figure into two parts that have an equal number of
sides, and all the corresponding sides and angles are
equal. The two parts on either side of the line of

symmetry are mirror images of each other. We also T PR e

say the parts are congruent. figures thatare the same size
A geometricfigure canhavenoline ofsymmetry,one and shape. All the sides and
line of symmetry, or more than one line of symmetry. angles of the figures match.
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identifying lines of symmetry

1. (a) Copy each ofthe figures shown below. Make a tick next to each figure in which
the red line is a line of symmetry.
(b) In the figures where the red line is not a line of symmetry, draw in a line of
symmetry if this is possible. Ifthere is more than one line of symmetry, draw it
intoo.Ifafigure doesn’thaveanylines of symmetry, write this above the figure.

A B
c D
E F
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2. Copythefollowing geometric figures and draw the lines of symmetry. Also write
down how many lines of symmetry there are in each figure.

A B

]

c D

3. Ineachdiagram,the dotted line is the axis of symmetry. Copy and complete each figure.
A B —
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16.2 Original figures and their images

Figures can be moved around in different ways - they can be shifted, swung around
and turned over. When the movementis done, the figure in its new position is called
the image of the original figure.

Figures can be moved in three ways: through
translation, reflection and rotation. These
transformations are often referred to as “sliding”
(shifting), “flipping” (turning over) and “turning”
(swinging) respectively.

16.3 Translating figures

Here are two original figures and their images after the figures were translated:

J J G

Original l1a e

E' Imag F'

When we name the image, we use the same letters for the points that correspond to
those of the original figure, but we add the prime symbol (') after each letter. The image
of AJKL is A]'K'L'. The image of parallelogram DEFG is parallelogram D'E'F'G'.

investigating the properties of translation

In a translation, all the points on the figure move in the same direction by the same
distance. For example, look at AJKL above. All of its points have moved six units to the
right. Also look at parallelogram DEFG above. All of its points have moved three units to
the right and five units down.

1. LookatAABC on the followingpage.
(a) Copy the triangle on the following page. Translate each of the points A, B and C
five units to the right and two units down. Then join the translated points to
form the image AA'B'C".
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Look at the completed translation.
(b) Are the side lengths of the original triangle and those of its image the same?
(c) Isthe area of the original triangle the same as the area of itsimage?

2. Look at APQR below.

(a) On grid paper, copy the triangle below. Translate each of the points P, Q and R
four units to the right and two units up. Then join the translated pointsto form
the image AP'Q'R".

Origi al\

(b) Join point P and its image, point Q and its image, and point R and its image.

(c) Aretheline segments thatjoin the original points to theirimage points equal
in length?

(d) Aretheline segments thatjoin the original points to theirimage points
parallel?
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Properties of translation

Use the diagram on the right to check if the

following is true:

e Theline segments that connectthe vertices
of the original figure to those of the image
are all equal inlength:

PP'=RR'=QQ’

e Theline segments that connectthe vertices

of the original figure to those of the image
are all parallel to oneanother:
PP'[| RR' || QQ'

e When a figure is translated, its shape and
size do not change. The original and its
image are therefore congruent.

practise translating figures

1. Ongrid paper, copy the figure. Translate the figure eight units to the leftand two
units down.

2. Ongrid paper, copy the figure. Translate the figure six units to the rightand one
unit down.
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3. Describe the translation in each ofthe following diagrams:

(a)

(b) (c)

B riﬁg?inajl

16.4 Reflecting figures

When a figure is reflected, it is flipped or turned over. The image that is produced is the
mirror image of the original figure. The line of reflection is like a mirror in which the
original figure is reflected.

The image is produced on the opposite side of the line of reflection. Each point on
the original figure and its corresponding point on the image are the same distance away
from the line of reflection.

investigating the properties of reflection

The diagrams on the next page show examples of figures that have been correctly and
incorrectly reflected in the lines of reflection.
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Correct reflection Incorrect reflection

B ! 1 B' ! 1 1
i foeeed 1
1 1
Line of rflection Line cfr flection
Correct reflection Incorrect reflection

D

Li e of reflxction
F

Correct reflection Incorrect reflection

4 . . 4

Line cfraflection // ' Lineofr flection

CHAPTER 16: TRANSFORMATION GEOMETRY 201




1. Copy the table and write down the distance from each of the following points to the
line of reflection.

Original figure Correct reflection Incorrect reflection
A: two units A A"
B: B": B":
C: C" C"
D: D" D"
E: E" E"
F: F': F":
G: G' G'
H: H' H':
K: K' K'

2. Look at each set of correct reflections.

(a) Arethe side lengths of the image the same as those of the original figure?
(b) Arethesize and shape oftheimage the same as the size and shape of the
original figure?

3. (@) Copy each diagram that shows the correct reflection, and draw a dotted line to
join each point on the original figure to its corresponding reflected point (Ato A,
B to B', C to C' and so on).
(b) Is the line that joins the original point to its correct reflection perpendicular
to the line of reflection?

4. (a) Copyeachdiagram thatshows the incorrect reflection,and draw a dotted line to
join each point on the original figure to its corresponding reflected point.
(b) Is the line that joins the original point to its incorrect reflection perpendicular
to the line of reflection?

Properties of reflection o in of reflection
The diagram on the right shows AFHG and 4 S
its reflection AF'H'G'. Notice the following
properties of reflection:

e Theimage of AFHG lies on the opposite
side of the line ofreflection.

e The distance from the original point to
the line of reflection is the same as the
distance from the reflected point to the
line of reflection: GE = G'E; FC = F'C and
HD =H'D
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e Theline that connects an original pointto its image is always
perpendicular () to the line of reflection: HH' L line of

reflection; FF' 1 line of reflection, and GG' Lline ofreflection.
e When a figure is reflected, its shape and size do not change.
The original and its image are therefore congruent.

practise reflecting figures

1.Copythefiguresbelowandreflectthe figuresinthe givenline ofreflection. (Hint: First
reflect the points; then join the reflected points.)

(@)
i Linz of reflection
| >
~.C
H
E
G
/
F
b
(b) ,
C I
K J

LI € OT eTiection
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(c)

Line ' fraflection

2. Copy the following and draw the line of reflection.

(a) (b)

I‘
| a /G
D' ?F' | Origin;
\\mg / ,,,,,,, |
()
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16.5 Rotating figures

When a figure is rotated it is turned in a clockwise
direction or in an anticlockwise direction around a
particular point. This point is called the centre of
rotation and could be inside the figure or outside
of the figure.

Clockwise Anticlockwise

The following diagrams show AABC rotated

In this case, about means
90° clockwiseand 90°anticlockwise aboutdifferent

) “around”.
centres of rotation.
Centre of rotation is at C Centre of rotation is at B
: ' - . ; H 0° :
9(° A C a ticlockwise
| clockwis A
,,,,,, N N N N - N .Bll B' C
90° K’ - - A) 90°

_anticloc wie

clock ise
'B-'-l R ‘C' N A“
Centre of rotation is at A Centre of rotation is at P
g 90

~ anticlockwise

locwise
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investigating the properties of rotation

Inthe following diagrams, the centre of rotationis point A. APRS has been rotated
anticlockwise through 90° about point A.

1. Lines havebeen drawntojoin Ato
point S, and A to pointS".

(a) Measurethedistancefrom .
Original S

AtoS. — )
(b) Measurethedistancefrom .4// R

AtoS. R
(c) What do you notice about the O A

distances in (a) and (b) above? g .-~ Centreof

(d) Measure thesize ofthe angle A/ rotat on
SAS'. What do younotice?
Imagz \

2. Lines havebeendrawntojoin
A to P,and A toP'.

(a) Measure the distance from N
AtoP. AN
(b) Measurethedistancefrom rigi  al AN S

1 __— \
A tO P . é// \ .
(c) What do you notice about the R K

distances in (a) and (b) above? . A

(d) Measurethesize oftheangle < " Centre of

PAP'. What do younotice? o .
L rotation
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3.

4,

Lines have been drawn tojoin Ato R,
and AtoR'".

(a) Measure the distance from A toR.

(b) Measure the distance from A toR".
(c) What do you notice about the

distances in (a) and (b) above?

(d) Measure thesize ofthe angle RAR".
What do you notice?

Ce ntre of
rotation

Inany ofthe diagrams in questions 1 to 3 above, measure the sides of the original

triangle and the corresponding sides of the image. What do you notice?

Properties of rotation

e The distance from the centre of rotation to
any point on the original is equal to the
distance from the centre of rotation to the
corresponding point on the image. In the
diagram on the right: PA = PA', PB = PB'
and PC = PC".

e The angle formed by the connecting lines
between any point on the original figure, the
centre of rotation and the corresponding point
on the image is equal to the angle of rotation.
For example, if the image is rotated through
90°, this angle will be equal to 90°. If the
image is rotated through 45°, the angle will
be 45°.

e Whenafigureisrotated,its shape and size do
not change.

CI

\lP

/1 (Cen tre of
rotation)

3I
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practise rotating figures

1. Rotate triangle AABC 90° clockwise
about point P as follows:

(a) Plottheimage ofeach vertex on
grid paper. Remember:
e The image point must be the
same distance from P as the

original point. C

e Theanglethatis formedbetween
the line connecting an original
point to point P and the line

:P3
(]

C ntre o rotati on

connecting its image pointto
point P must be the same as the angle
of rotation. In this case, it must be 90°.

(b) Jointheimage points to create AA'B'C'.

2. Ongrid paper, rotate KLMN 180°about pointT.

T

rotétion

3. On grid paper, rotate AXYZ 90° anticlockwise about point F.

X

&
entre o rotation
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16.6 Enlarging and reducing figures

Enlarging a figure means that we make it bigger in a specific way. Reducing a figure
means that we make it smallerin a specific way.Enlarging or reducing figures is also
called resizing.

investigate the properties of enlargements and reductions

1. Look at the following rectangles and answer the questions below.

=
3

How many times is FG longer than BC?

(a) Rectangle EFGH:

How many times is EF longer than AB?
(b) Rectangle JKLM:
How many times is KL longer than BC?

How many times is JK longer than AB?

When the lengths of all the sides of a figure are
multiplied by the same number to produce a
second figure, the second figure is an enlargement
or reduction of the first figure.

The number by which the sides are multiplied to
produce anenlargement orreductionis called the
scale factor. The scale factor in question 1(b)
above is 2. We say that figure ABCD has been
enlarged (or resized) by a scale factor of 2 to
produce figure JKLM.

Figure EFGH is notan enlargement of figure ABCD
because notallits sides have been increased by the
same scale factor.
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The scale factor
e When the scale factoris 1, the image is the same
size as the original.

e When the scale factor is <1, the image is a

reduction. For example, ifthe scale factoris 1—20r
0,5, each side of the image is half the length of its
corresponding side in the original figure.

e When the scale factor is >1, the image is an
enlargement. For example, ifthe scale factoris 2,
each side of the image is double the length ofits
corresponding side in the originalfigure.

2. Look at the following triangles and answer the questions that follow.

D

K

(@) How many times is:

e FGlonger than BC? e JKshorter than BC?
e EF longerthan AB? e [J shorter than AB?
e EGlonger than AC? e IKshorter than AC?

(b) Is AEFG an enlargement of AABC? Explain your answer.
(c) IsAIJKareduction of AABC? Explain your answer.

Similar flgures If two or more figures are similar:

When figures are enlarged or reduced, the * their corresponding anglesare
enlarged or reduced image is similar to the equal, and
original figure. AABC, AEFG and AlJK above are * their corresponding sides are

longer or shorter by the same

all similar. We also say that the lengths of their
scale factor.

corresponding sides are in proportion.
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practise resizing figures

1. State whether the following scale factors will produce alarger or smaller image:

(@ 5 (b) 30,25
(c) 12 (d)~
8

2. On grid paper, enlarge the triangle below with a scale factor of 2.

3. On grid paper, resize the following figure. Use a scale factor of 0,5.

4. On grid paper, resize the figure below. Use a scale factor ofl.
3
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5. (a) Which image below is similar to the original?
(b) State the scale factor by which it has been resized.

riginal Image 1 Image 2

6. What scale factors were used to produce image 1 and image 2 from the original?

riginal Image 1 Ima e
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Chapter17
Geometry of 3D objects

17.1 Classifying 3D objects
There are two main groups of objects with three dimensions (length, width and
height), namely those with curved surfaces and those with flat surfaces. Spheres

(balls), cylinders and cones are examples of objects with curved surfaces. Objects with
only flat surfaces are called polyhedra.

C 4

N

Examples of objects with curved surfaces Examples of objects with flat surfaces only

what is a polyhedron?

Apolyhedronis athree-dimensional object (or 3D object) made of flat surfaces only. It
has no curved surfaces. It consists of faces, edges and vertices.

A face is the flat surface of a 3D object. We say: one polyhedron;

Anedgeisthe segment where two faces ofa two or more polyhedra.
We say: one vertex; two or

polyhedron intersect.
more vertices.

A vertex is the point where the edges meet.
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Faces Edges Vertices

A cube has six faces, 12 edgesand This pyramid has five faces, eight edges
eight vertices. and five vertices.

identifying and describing 3d objects

. Identifyparts (a) to(d) onthe figure correctly. (a) (b)

(c) (d)

2. Which of the following objects are polyhedra?
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(a)

& "H 0
(d) ’ (e) i () ®
. How many faces, edges and vertices do each of the following polyhedra have?

(a) (b) EEB (c)

. Sixlearners each used play dough to make a 3D object. Use the descriptions on the
next page to match each 3D object to the learner who made it.




(d)

(@) ® (b) i
O

e Tumi’s object has six vertices and five faces.

N 4
'@

e Debbie’s object has eight vertices and 12 edges.

e Brad made an object that has seven faces and ten vertices.
e Xola made an object with no vertices.

e Mpuka’s object has eight edges and five faces.

e Maggie made an object with two circles and no vertices.

17.2 Prisms and pyramids

difference between prisms and pyramids

Prisms and pyramids are two special groups of polyhedra.

Prisms
A prism is a polyhedron with two faces that are congruent means exactly
congruent and parallel polygons. These faces are the same shape and size.

lateral faces are faces that

called bases and they are connected by lateral
aren’t bases.

faces that are parallelograms.

In the case of right prisms the bases are connected by rectangles which are
perpendicular to the base and the top. This means the lateral faces of a right prism
make a 90° angle with the bases.

A prism is named according to the shape of its base. So a prism whose base is a
triangle is called a triangular prism; a prism whose base is a rectangle or square is called
arectangular prism; and a prism with a pentagonal base is called a pentagonal prism.

Any pair of faces in a prism that are congruent and parallel can be the bases of that
prism. A cube is a special type of prism. It has six congruent faces; therefore any ofits

faces can be abase.

Triangular prism Rectangular prism Pentagonal prism Cube
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These are two oblique prisms - the one on the leftis a triangular prism and the one on
the right is an oblique pentagonal prism.

Pyramids

A pyramid has only one base. The lateral faces of a pyramid
are always triangles. These triangles meet at the same vertex
at the top. This vertex is called the apex of the pyramid. In a
right pyramid, the lateral faces are isosceles triangles.

There are many types of pyramids. The type of pyramid

A triangular-based pyramid
is determined by the shape of its base. For example, a

is also called a triangular

triangular-based pyramid has a triangle as its base, a pyramid; a square-based
square-based pyramid has a square as its base and a pyramid is also called
hexagonal-based pyramid has a hexagon as its base. a square pyramid; a

hexagonal-based pyramid

is also called a hexagonal
. /\ pyramid, etc.

Square-based pyramid Hexagonal-based pyramid
It has five faces: It has seven faces:
one square, one hexagon,
four triangles six triangles

If a pyramid is not a right pyramid, it is called an oblique pyramid, like the two
shown below. The lateral faces of an oblique pyramid are not necessarily isosceles

triangles.
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identifying prisms and pyramids

1. Copy the following figures and shade the base of each figure. Write down whether it
is a prism or a pyramid. In some cases there is more than one possibility for the base.

Hexagonal-based Triangular Square-based Cube Pentagonal prism
pyramid prism pyramid
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17.3 Describing, sorting and comparing 3D objects

practise describing and classifying 3d objects

1. Foreach ofthe following 3D objects, name the objectand describe the number of
faces it has and the shapes of these faces.
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2. (a) Sortthe 3D objects below into the three groups, namely prisms, pyramids and
cylinders. Write down the correct letter under each group.

(b) Further divide the prisms into three groups (cubes, rectangular prisms and
triangular prisms). Write the letter under each group.
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174 Nets of 3D objects

what is a net?

In mathematics, a net is a flat pattern that can be folded to form a 3D object. Different
3D objects have different nets. Sometimes the same 3D object can have different nets.
Here are examples of different 3D objects and their nets.

(N ® 1 e

Triangular pyramid Rectangular prism Cube
In this section, you are going to focus on the net of a cube. In order for a net to form
a cube, it must consist of six equal squares. But not all net patterns that consist of six

squares will fold into a cube.

Only one of the nets below will fold into a cube. Write down which one it is.
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a cube or not a cube

In order to decide whether or nota net will fold into a cube, you have toimagine what
will happen when you fold the net. Read through the following steps.

1. We can label the faces of a cube: bottom face (X), right face (R), back face (B), left
face (L), top face (T) and front face (F). We will use these terms in the rest of the steps.

2. Startby choosing one square of the net as the bottom face (marked with an X).

<

3. Lookatthe square to the right of the X. (Itis coloured blue.) If you fold the net on the
red line, the blue square will be the right face of the cube.

4. Lookatthe nextsquare to the left of the right face. Ifyou fold this square on the red
line, it will become the front face of the cube.
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5. Look at the square to the left of the
front face. It will fold to become the
left face of the cube. fold T
~.d
6. Thesquare to the left of the left face - -
of the cube will become the back R
face of the cube. R - F \ “F |R

7. Thelastsquare will form the top.

8. Therefore you can label the squares on the net as follows:

T

B

9. Since each square on the net corresponds with a face of the cube, this net can be
folded into a cube.

identifying the nets of a cube

1. Foreach ofthe following nets, determine whether it will fold into a cube or notby
copying and labelling the squares to match the faces of a cube.

(a) (b)

©) (d)
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nets of other 3d objects

1. Ineach ofthe following cases, copy and label the faces on the netaccording to the
labels on the 3D object.

(a) = (b) k
L f R — ﬁ?
g \

(c)

2. Decide whether the following nets will form 3D objects.

(a) (b)

(c) (d)
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3. Use the nets to identify each of the following 3D objects.

(a) (b) (c)

(d) (e)

4. (a) Identify the shapes that the net on the right consistsof. =~/
(b) How many rectangular faces does the net have? < A
(c) How many other shapes does the net have? What are they? e
(d) Will this form a pyramid or a prism? \ B | .
(e) How do you know? LR

() Name the 3D object that the net will form. /

5. Answer the following questions about thisnet.

(@) Which shapes does this net consistof?

(b) How many triangular faces does the net have?
(c) How many other shapes does the net have?
(d) Will this form a pyramid or a prism?

(e) How do you know?

(f) Name the 3D object that the net will form.
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17.5 Using nets to construct cubes and prisms

how to draw a net of a prism

Look at the triangular prism alongside. Its faces are
two right-angled triangles and three rectangles.
(Since the base has three edges, there will be three

rectangles.) 3cm

4 cm

1. Draw arectangle, which will be the bottom of the
prism. Then add aright-angled triangle at the top
and a mirror image of the triangle at the bottom of the rectangle.

2. Draw the other two rectangles next to the centre one. The rectangle on the right must
fit onto the side opposite the right angle in the triangle when it is folded, so that
rectangle will be the biggest. The rectangle on the left is the smallest of the three

rectangles.
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practise drawing nets and constructing 3d models

1. Copy and complete the followingnets:

(a)

(b)

2. Draw nets for the following objects:

(a) (b)

(c)

3. (a) Copy each of the nets that you drew in questions 1 and 2 above onto
cardboard or paper.
(b) Cutoutthe nets, and fold and paste them to make each 3D object.
(c) Writedown what you found difficult in making your 3D models and how you
overcame this difficulty.
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Integers

18.1 The need for numbers called integers

Numbers are used for many different purposes. Weuse numbers to say how many
objectsthereareinacollection, forexample thenumberofdesksinaclassroom.For
this purpose we use the counting numbers 1, 2, 3, 4 ... Numbers are also used to
describesize, for example the lengths of objects. For this purpose we need more than the
countingnumbers,wealsoneedfractions.Another purposeofnumbersistoindicate
position, forexampletheposition oftherightend oftheredline onthepicturesbelow.

Numbers also occur as the solutions to equations, and the natural numbers and
fractions do not provide solutions for all equations. For example, there is no natural
number or fraction that is the solution to the equation 10 — x = 20. The number that
provides the solution to this equation must have the property that when you subtractit,
it has the same effect as when you add 10!

With a view to have numbers that can serve more purposes than counting and
measuring, mathematicians have decided to also think of another kind of numbers
which are called integers. The integers include the natural numbers, but for each
natural number, for example 24, there is also another number called the additive
inverse. For example, —24 is the additive inverse of 24. When you add a number to its
additive inverse, the answer is 0. For example, 24 + (-24) = 0.

saying how cold it is

One of the uses of integers is for the measurement of temperature. If we say that the
temperature is 0 when water freezes to become ice, we need numbers smaller than 0 to
describe the temperature when it gets even colder than when water freezes. When water
starts boiling, its temperature is 100 degrees on the scale called the Celsius scale.

Liquids expand when heated, and shrink when cooled down. So when itis warm, the
liquid in a thin tube may almost fill the tube:

When it is cold, the column of liquid will be quite short.

&— |




This property ofliquid isused to measure temperature, and aninstrumentlike the one
shown on the previous page is called a thermometer.

This is what a thermometer will show when it is put in water that is boiling. It shows a
temperature of 100 degrees Celsius, which is written as 100 °C.

—-80 -60-40-20 0 20 40 60 80 100 120 140 160 180 200 220

On the diagram below, you can see what a thermometer will show if it is in water that is
starting to freeze. It shows a temperature of 0 °C.

—-80 -60-40-20 0 20 40 60 80 100 120 140 160 180 200 220

Onthe nextdiagram, you can see what athermometer will show when the temperature
is =40 °C, which is colder than any winter night you may have experienced.

—-80 -60-40-20 O 20 40 60 80 100 120 140 160 180 200 220

1. Write down the temperature that is shown on each of the thermometers below.

(a) - T |
—80 -60—-40-20 O 20 40 60 80100120 140160 180200 220

(b) - I S A A S S A A S S A A A S S A A S S o s [ N B |
—80 -60—-40-20 O 20 40 60 80100120 140160 180200 220

(c) - s s s s s A Y A T Y A T YA T YA N A O N A IO N AN T B |

—80 -60—-40-20 O 20 40 60 80100 120 140 160 180200 220

(d)._l_l_ﬁllll|||||||||||||||||||||||||

—80 -60—-40-20 O 20 40 60 80100 120 140 160 180200 220

(e)-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|

—80 —-60-40-20 O 20 40 60 80100120 140160 180200 220

(f)-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|

—80 —-60-40-20 O 20 40 60 80100120 140160 180200 220

2. (a) The temperature of water in a potis 20 °C. It is heated so that it gets 30 °C
warmer. What is the temperature of the water now?
(b) The temperature of water in a bottle is 80 °C. During the night it cools down to
30 °C. By how much has it cooled down?
(c) Inthe middle of a very cold winter night the temperature outside is =20 °C.
At nine o’clock in the morning it has become 30 degrees warmer. What isthe
temperature at nine o’clock?






3. (a) The temperature is 8 °C. What will the temperature be if it gets 10 degrees colder?
(b) The temperature is 8 °C. What will the temperature be if it gets 20 degrees colder?
(c) The temperature is -8 °C. What will the temperature be if it gets 10degrees
warmer?
(d) The temperature is —24 °C. What will the temperature be if it gets 10degrees
warmer?

4. Some numbers are shown onthe number lines below. Copy the numberlines and fill
in the missing numbers.

-9 -5 -4 -2 -1 0 1 2

-10 -5

o
(2}
[EEY
o
[EEY
(2}

saying how much money it is

Simon is in Grade 5. He saved money in a tin. When he turned 10, his grandmother
gave him R100. He also opened his savings tin on his tenth birthday and there was
R260 in the tin. Simon was very happy. He said to himself: “I am veryrich!”

Simon decides to buy some things that he has always wanted. This is what he decides
to buy:
e asoccer ball at R160

a pair of sunglasses at R180

a book about animals at R90
1. How much money did Simon have in total on the day that he thought he was rich?
2. Whatis the total cost of the three items he wants to buy?

3. Simondecides to first buy the soccer ball only. How much money will he have after
paying for the soccer ball?

4. How much money will Simon have if he buys the soccer ball and the sunglasses?

5. How much money will Simon have if he buys the soccer ball, the sunglasses and the
book about animals?

Simon did these calculations while he was thinking about buying the various items:

R360 — R160 = R200
R200 - R180 = R20
R20-R90=(-)R707?



6. Fatima owns asmall shop. One afternoon when she closed the shop, she had R120
cash, clients owed her R90,and she owed her suppliers R310.In Fatima’s view her
financial position was as follows: R120 + R90 - R310=-R100.

(a) Onanother day,Fatima ended the business day with R210 cash, clients owed
her R180and she owed hersuppliersR160.Whatwas her financial position?

(b) Onanother day,Fatima ended the business day with R150 cash, clients owed
her R130and she owed her suppliers R460. Whatwas her financial position?

About 500 years ago, some mathematicians proposed Mathematicians are people who

that a “negative number" may be used to describe the do mathematics for a ||V|ng
resultin a situation like the above, where a number is Mathematics is their profession,
subtracted from a number smaller than itself. like health care is the profession

For example, we may say 10 — 20 = (-10) of nurses and medical doctors.

This proposalwas soonaccepted by other mathematicians, and itisnow used all over
the world.

7. Copy the table below. Continue the lists of numbers to complete the table.

(a) (b) () (d) (e) (5 (g)
10 100 3 -3 -20 150 0
9 90 6 -6 -18 125 -5
8 80 9 -9 -16 100 -10
7 70 12 -12 -14 75 -15
6 60 15 -15 50 -20
5 50 -25
4 40

3 30

2 20

1 10

0 0

-1

8. Calculate each of the following:
(a) 16-20 (b) 16-30 (c) 16 -40
(d) 16-60 (e) 16-200 (f)5-1000

9. Jeminah has R200 in a savings account and R40 in her purse. Her brother owes her
R50. How rich is she? In other words, how much money does she have?



10. Oops! Jeminah forgot that she borrowed R60 from her mother, and that she still has
to pay R150 for a dress she bought last month. So how rich (or poor) is she really? In
other words, how much money does she actually have?

11. In fact, Jeminah’s financial situation is even worse. She has received an outstanding
bill from her doctor, for R250. So how much money does she really have?

ordering and comparing integers

1. On acertain day the following minimum temperatures were provided by the weather

bureau:

Bethlehem -4 °C Bloemfontein -6 °C
Cape Town 7 °C Dordrecht -9 ¢C
Durban 12 °C Johannesburg 0°C
Pretoria 4°C Queenstown -1°C

Arrange the temperatures from the coldest to the warmest.

2. Copy the number line and place the following numbers onthe number line as
accurately as you can: 50; -2; -23; 5; -36

<
<

v

3. Copy the number lines. In each case, write the numbers in the boxes provided:

(a) 125 000; -178 000; -100 900; 180500

| I | | I |y

<
o I 1 1 I [

—200 000 200 000

(b) -1055500; -1010100; -1 100 100; -1 032 800; -1 077 500

< | T | T | T |y
N I I 1 I 1 I gl

—1111 000 —1 000 000

4. Write > or < toindicate which number is the smaller of the two.
(a) 978543 978534 (b) -1043724 -1034724
(c) -864026 -864 169 (d) -103232 -104 326

(e) -710742 710741 (f) -904700  -904 704



18.2 Finding numbers that make statements true

The numbers 1, 2, 3, 4 and so on that we use for counting are called the natural
numbers.Naturalnumbersarewholenumbers -they donotcontain fraction parts.

1. Isthere a natural number that can be put in the brackets below to make the
statement true?

12+( __)=17

2. Ineachcasebelow,copy the statementand inserta natural numberinthe space
between the brackets that will make the statement true.

(@) 15+( _) =21 Here is a different way to ask the
(b) 15-( )=10 same questions:

- (@) Whatisxif 15 +x =217
() ( _)+10=34 (b) What is x if 15 - x = 10?

e (c) Whatis xif x +10= 347
(@ ( —) 10=34 (d) Whatis xif x —10= 34?
() 3x( __)=18 (e) Whatis x if 3 x x = 18?

3. (a) Can you think of a natural number that will make this statementtrue?
2x(...)=5
(b) Can you think of any other number that will make the statement true?

4. (a) Can you think of a natural number thatwill We normally think of adding
make this statement true? as making something bigger.
8+(...)=5 Question 4(a) requires us to

change our mind about this.
We have to consider the
possibility that adding a number
may make something smaller.

(b) Can you think of any other number that
will make the statement true?

We are looking for a number that will make the
following statement true:
8+(...)=5
Consider this plan:
Let us agree that we will call this number negative 3 and write it as (-3).
If we agree to this, we can say 8 + (-3) = 5.

This may seem a bit strange to you. You do not have to agree now. But even if you do
notagree, let us explore how this plan may work for other numbers. What answers will a
person who agrees to the plan give to the following question?

5. Calculate each of the following: What may each of the following

(a) 10+(-3) (b) 12+(-3) be equal to?
() 12+(-5) (d) 10+(-9) 5+(-8)
(e) 8+(-8) (0 1+(-1) (=5) +(-8)



You might agree that:
5+(-5)=0  10+(-10)=0 and 20+ (-20)=0
We may say that for each “positive” number there is a corresponding or opposite
negative number. Two positive and negative numbers that correspond, for example
3 and (-3), are called additive inverses. They wipe each other out when you add them.

When you add any number to its additive inverse,

the answer is 0. For example, 120 + (-120) =0 The number zero is regarded as
So, the set of integers consists of all the natural an integer.

numbers and their additive inverses and zero.

6. Write the additive inverse of each of the following numbers:
(a) 24 (b) -24
(c) -103 (d) 2 348

The idea of additive inverses may be used to explain why 8 + (-5) is equal to 3:

8+(-5)=3+[5+(-5)=3+0=3

7. Use the idea of additive inverses to explain why each of these statements is true:
(a) 43+(-30)=13 (b) 150 + (-80) =70

8. Calculate each of the following: Natural numbers can be

(@) 10+4+(-4) (b) 10+ (-4) +4 arranged in any order to add

(c) 3+8+(-8) (d)3+(-8)+8 and subtract them. It would
make things easy if we agree
that this should also be the case

9. Calculate each of the following: - - -
or negative numbers.

(a) 18+12 (b) 12+ 18

(c) 2+4+6 (d) 6+4+2 (e) 2+6+4
() 4+2+6 (g) 4+6+2 (h) 6+2+4
i) 6+(-2)+4 () 4+6+(-2) (k) 4+(-2)+6
M (-2)+4+6 (m) 6 +4+(-2) m) (-2)+6+4

10. Calculate each of the following:

(@) (-5)+10 (b) 10 + (-5)

(c) (-8)+20 (d)20-8

(e) 30+ (-10) () 30+ (-20)

(g) 30+ (-30) (h) 30+ (-40)

(i) 10+ (-5)+(-3) () (-5)+7+(-3)+5

K)(E5)+2+(-7)+4



11. In each case find the number that makes the
statement true. Give your answer by writing a
closed number sentence.

(a) 20 + (an unknown number) = 50

(b) 50 + (an unknown number) = 20

(c) 20+ (an unknown number) = 10

(d) (an unknown number) + (-25) =50

(e) (an unknown number) + (-25) =(-50)

12. Use the idea of additive inverses to explain why
each of the following statements is true:

(a) 43 +(-50)=-7 (b) 60 + (-85) = -25

Statements like these are also
called number sentences.

An incomplete number
sentence, where somenumbers
are not known at first, is
sometimes called an open
number sentence, for example:
8 — (a number) = 10.

A closed number sentence
is where all the numbers are
known, for example:

8+2=10.

statements that are true for many different numbers

For how many different pairs of numbers can the following statement be true, if only natural

(positive) numbers are allowed?

a humber + another number = 10

For how many different pairs of numbers can the statement be true if negative numbers are

also allowed?

18.3 Adding and subtracting integers

properties of integers

1. Calculate:

(a) 80+ (-60) (b) 500 + (-200) + (-200)

2. (a) Do you agree that 20 + (-5) = 15?
(b) What do you think 20 - (-5) should be?
3. (a) Is100+(-20) +(-20)=60,0ordoesitequal
something else?
(b) What do you think (-20) + (-20) should
be equal to?

4. Copy and complete the following as far as you can:

We normally think of addition
and subtraction as actions that
have opposite effects: what the
one does is the opposite or
inverse of what the other does.

(a) (b) (c)
5-9= 5+9= -3=
5-8= 5+8= 8-3=

5-7= 5+7=




5-6= 5+6= 6-3=
-5= 5+5= -3=
5-4= 5+4= 4-3=
-3= 5+3= 3-3=
5-2= 5+2= 2-3=
5-1= 5+1= 1-3=
5-0= 5+0= 0-3=
5-(-1)= 5+(-1)= (-1)-3=
5-(-2)= 5+(-2)= (-2)-3=
5-(-3)= 5+(-3)= (-3)-3=
5-(4)= 5+(-4)= (-4)-3=
5-(-5)= 5+(-5)= (-5)-3=

5. Calculate each of the following:
(@) 20-20 (b) 50 - 20
(c) (-20)-(-20) (d) (=50) - (-20)

6. Ineachcase,suggestanumber thatmay make the statement true. Also give an
argument to support your proposal.
(a) 20+ (anumber)=8
(c) 20 - (anumber) =28

(b) 20 + (a number) =28
(d) 20 - (a number) =12

some history

The following statement is true if the number is 5:
15 - (a certain number) = 10

A few centuries ago, some mathematicians decided they wanted to have numbers that will also
make sentences like the following true:
15 + (a certain number) = 10

But to go from 15 to 10 you have to subtract 5.
The number we need to make the sentence 15 + (a certain number) = 10 true must have the
following strange property:
If you add this number, it should have the same effect as to subtract 5.
Now the mathematicians of a few centuries ago really wanted to have numbers for which such
strange sentences would be true. So they thought:
“Let us just decide, and agree amongst ourselves, that the number we call
negative 5 will have the property that if you add it to another number,
the effect will be the same as when you subtract the natural number 5.”
This means that the mathematicians agreed that 15 + (-5) is equal to 15 - 5.
Stated differently, instead of adding negative 5to a number, you may subtract 5.



8.

9.

We may agree that subtracting a negative number
hasthe same effectasadding the additive inverse of
the negative number. I[f we stick to this agreement,
the following two calculations should have the
same answer:

10-(-7) and 10+7

Calculate.

(a) 20-(-10) (b) 100 - (-100)
(d) 100+ (-100) (e) (-20)-(-10)
(g) (-20)+(-10) (h) (-100) + (-100)

Copy and complete the following as far as you can:

(c) 20+ (-10)
(f) (-100) - (-100)

Q (b) ()
5-(-9)= (-5)+9-= 9-(-3)=
5-(-8)= (-5)+8= 8-(-3)=
5-(-7) = (-5) +7 = 7-(-3)=
5-(-6)= (-5)+6= 6-(-3)=
5-(-5) = (-5) +5 = 5-(-3)=
5-(-4)= (-5)+4= 4-(-3)=
5-(-3)= (-5)+3= 3-(-3)=
5-(-2)= (-5) +2 = 2-(-3)=
5-(-1) = (-5)+1= 1-(-3)=
5-0= (-5)+0 = 0-(-3)=
5-1= (-5)+ (-1)= (-1)-(-3)
5-2-= (-5)+ (-2) = (-2)- (-3)=
5-3= (-5)+(-3)= (-3)-(-3)=
5-4= (-5)+ (-4) = (-4)- (-3)=
5-5= (-5)+(-5) = (-5)- (-3) =

In each case, state whether the statement is true or false and give anumerical

example to demonstrate your answer.

(a) Subtractingapositive number fromanegative number has the same effectas
adding the additive inverse of the positive number.
(b) Addinganegative numbertoa positive number has the same effectasadding

the additive inverse of the negative number.




(c) Subtractinganegative number froma positive number has the same effectas
subtracting the additive inverse of the negative number.

(d) Addinganegative numbertoapositive number hasthe same effectassubtracting
the additive inverse of the negative number.

(e) Addinga positive numbertoanegative number has the same effectasadding
the additive inverse of the positive number.

(f) Addingapositive numbertoanegative number has the same effectassubtracting
the additive inverse of the positive number.

(g) Subtractingapositive number fromanegative number has the same effectas
subtracting the additive inverse of the positive number.

(h) Subtractinganegative number fromapositive number has the same effectas
adding the additive inverse of thenegative number.

properties of operations

1. Calculate the following:

(@) (=3)+(-5) (b) (=5) +(=3)
(© 5+(=7) (d)(=7) +5

(e) (-13)+17 H 17+(-13)
(g) 15+19 (h) 19 +15

(1) (-21) +(-15) () (-15)+(-21)

In Chapter 1 (which was about whole numbers) we said that:
additioniscommutative, which means that: the numbers canbe swopped around.

Or, in symbols: a+ b = b + a, where a and b are whole numbers.

2. (a) Would you say addition is also commutative when the numbers are integers?
(b) Explain your answer.

3. Calculate the following:

(@) 9-5 (b)5-9
(o (-7)-3 (d)3-(-7)

(e) 15-(-12) () (-12)-15
(g) (-40)-(-23) (h) (-23) -(-40)

4. (@) Do you think subtraction is commutative?
(b) Explain your answer.

In Chapter 1 we also said that: when three or more whole numbers are added, the order
in which you perform the calculations makes no difference. We say that: addition is
associative.

5. Doyouthink addition is also associative when we work with integers? Investigate.



Numeric patterns

19.1 Investigating and extending numeric patterns

patterns in two directions

1. The numbersineach row ofthe table form asequence, butnotall ofthe numbers

are given.
A 4 6 8 10
B 10 8 6 4
C 5 8 | 11 | 14
D 20 | 17 | 13 8

(a) Copy the table and fill in the missingnumbers.
(b) Whatisthe constantdifference insequence A?
(c) Whatis the constant difference in sequence C?

2. The first term of a certain sequence is 100 and the constant difference is 20.

(a) Whatis the second term, and the third term, and the fourth term?
(b) What is the tenth term in this sequence?

A constant-difference sequenceis formed byaddingthe
constant difference each time to form the next term.

3. The first term of a certain sequence is 100 and the constant difference is -20.

(a) Whatis the second term, and the third term, and the fourth term?
(b) What is the tenth term in this sequence?

4. (a) What is the constant difference in sequence B in question1?
(b) What is the constant difference in sequence D in question1?

5. The sixth terms of sequences E, F and G are given in the table. Copy the table and fill
in the other terms.

Term number 1 2 3 4 5 6 7 8 9
E with constant difference 10 30
F with constant difference -5 30
G with constant difference -10 30




6.

7.

Investigate each of the patterns below. Find the pattern and write the next four
terms in the sequence.

(@1 4 9 16 25 ) 3 6 11 18 27
(€20 19 17 14 10 (d 20 25 29 32 34

Make some numeric patterns of your own.

19.2 Making patterns from rules

1.

(a) Start at 30. Add -5 and write the answer. Add -5 again and write the answer.
Continue until you have a number sequence with 10 terms.

(b) Startat-30.Add -5 and write the answer. Add -5 again and write the answer.
Continue until you have a number sequence with 10 terms.

(c) Startat-30.Add 5 and write the answer. Add 5 again and write the answer.
Continue until you have a number sequence with 10 terms.

(a) The first term of a sequence is —10 and there is a constant difference of 5
between the terms. Write down the first ten terms of the sequence.

(b) The first term of a sequence is —10 and there is a constant difference of -5
between the terms. Write down the first ten terms of the sequence.

Choose anumber tobe your first term and another number to be a constant
difference. Write the first ten terms of your sequence.

Choose anumber smaller than -10 to be your firstterm and another numberto be a
constant difference. Write the first ten terms of your sequence.

Choose anumber tobe your first term and a negative number to be a constant
difference. Write the first ten terms of your sequence.

Choose anegative numbertobe your firstterm and another negative numbertobe a
constant difference. Write the first ten terms of your sequence.

Choose a number to be your tenth term and another number to be a constant
difference. Write the first ten terms of your sequence.

Choose anegative numbertobe your tenth term and another negative number to be
a constant difference. Write the first ten terms of your sequence.

19.3 Making patterns from expressions

1. (a) Copy and complete the table.

x 0 1 2 3 4 5 6 7 8

2xx-10




(b) Dothe outputvalues of2 x x —10in the previous table form a pattern witha
constant difference? If they do, what is the constant difference?
(c) Copy and complete the table.

X 0 1 2 3 4 5 6 7 8

3xx-20

(d) What is the constant difference in (c)?
(e) Copy and complete the table.

X 0 1 2 3 4 5 6 7 8

2-3xx

(f) What is the constant difference in(e)?
(g) Copy and complete the table.

x 0 1 2 3 4 5 6 7 8

1-2xx

(h) What is the constant difference in (g)?

2. Look at the pattern: -15; -19; -23; -27; -31; ...
In this pattern, —19 is followed by —-23 and -23 is followed by -27.
(a) Whatnumberin the patternis followed by -19?
(b) Whatnumberinthe patternis followed by -317?
(c) Inthepattern,-19followson-15and-23 followson-19.
What number follows on -317?

3. Acertain pattern is formed by a common difference of 6.

(a) What number follows on 23 in this pattern?
(b) What number is followed by 23 in this pattern?
(c) What number follows on 47 in thispattern?
(d) What number is followed by 47 in this pattern?

Considerthesequence: 10 6 2 -2 -6
Inthissequence, 2 follows on 6. They are called consecutive terms.

When one number follows anotherinasequence
they are called consecutive terms.

4. Write down any two consecutive terms in the pattern formed by 2 x x + 3, when the
input numbers are consecutive whole numbers.

5. Each pattern on the following page was formed by using one of thefollowing
expressions. Establish which pattern belongs to each expression.



(@Q)2x x+5 (b)3 xx+2 ()4xx+1

(d5x x+6 (e)6xx-5 H7xx-2
(g)1- 4xx (h)5-5xx (i) -5-6xx
Pattern A: 6 11 16 21 26

Pattern B: 13 17 21 25 29

Patter C: 20 23 26 29 32

Pattern D: 1 -3 -7 -11 -15

Pattern E: 31 33 35 37 39

Pattern F: -20 -25 -30 -35 -40

Patter G: 25 31 37 43 49

Pattern H: 26 33 40 47 54

Pattern I: -11 -17 -23 -29 -35

Sequence I in question 5 is a decreasing sequence; the numbers become smaller as the
sequence progresses:

-11  -17 -23 -29 -35
Sequence H is an increasing sequence; each term is bigger than the previousterm:

26 33 40 47 54

6. (a) Which sequences in question 5 are increasing sequences?
(b) Which sequences in question 5 are decreasing sequences?

7. (a) By how much does sequence A increase from one term to the next?
(b) By how much does sequence B increase from one term to the next?
(c) Which ofthe sequencesin question 5 increases by the biggestamount from
one term to the next, and by how much does itincrease?

Sequence Gincreases by 6 from term to term, and sequence Eincreases only by 2.
We may say that sequence G increases fasterthan sequence E.

8. (a) Which of the sequences in question 5 decreases fastest?
(b) Which of the sequences in question 5 decreases slowest?

9. (a) Writefive consecutive terms ofasequence whichdecreases faster than
sequence D in question 5.

(b) Write five consecutive terms ofasequence whichincreases slower than
sequence B in question 5.

10.(a) Each ofthe expressions below can be used to produce a sequence. Which ofthe
expressions will produce the sequence that increases fastest?
3xx+5 2xx+10 6xx-1 20+ 3 xx 4xx-9
(b) Think of a way in which you can test your answer, and do it.

11.In each case, state whether the sequence will be decreasing or increasing.
10 +3xx 10 -3xx 10 xx+3 3xx-10



Functions and
relationships 2

20.1 Relationships between variables

different ways to represent the rule for a relationship

Arelationship between two variables consists of two sets of numbers as shown in the two
rows of the table below. The first row contains the input numbers and the second row
contains the output numbers.

X 1 2 3 4 5 6 7 8 9

y 32 39 46 53 60 67 74 81 88

For the relationship shown in the table, any output number can be calculated by
multiplying the input number by 7 and adding 25 to the answer.

The way in which an output number can be The input numbers may also be
calculated is called the rule for the relationship. called the values of the input
The rule can be described in words or with variable, and the output

numbers may also be called the

a formula, and in some cases with a flow
values of the output variable.

diagram.

The rule “multiply by 7 and add 25” can be represented with this flow diagram:

[x7] [+25]

C J

The same rule can also be represented with the formula below:

y=7xx+25

1. Calculate the value of 7 x x + 25 for each of the following values of x:
(a) x=10 (b) x =20
(c) x=5 (d) x=15

2. (a) Whatis the value of 3 x x = 5ifx =107
(b) Whatis the value of 3 x x = 5 if x = 207
(c) Whatis the value of 3 x x = 5 if x = 257
(d) Whatis the value of 3 x x = 5 if x= 100?



3. Copy and complete the table for the values of x and 3 x x — 5 given in the table.

X 0 1 2 5 15 50 200

3xx-5 61 595 994

4. When you worked out the input number that corresponds to the output number
994 in question 3, you solved the equation 3 x x - 5 =994,

Write the equation that you solved when you worked out the input number that
corresponds to the output number 61.

5. (a) Express each of the rules below in words.

A —{xs }H+3 }>
B 4[—5 ]—[xs]%
c —{x3}H-5 }>

(b) Which of the above flow diagrams represent the same calculations as the
expression 3 x x = 57

Instead of 3 x x — 5, we may write 3x - 5.
3x means 3 x x.

The multiplication sign can be left out.
Instead of 3 x (x - 5), wemay write 3(x - 5).

6. (a) Which ofthe formulae below provide the same information as flow diagram B
in question 5?
y=5x-3 y=3+5x y=5(x-3)
y=3x-5 y=5x+3 y=3(x-5)
(b) Which of the above formulae provide the same information as flow diagram A
in question 5?

formulae for tables

1. The table below shows the values of y that correspond to some of the given values
of x. In this case, the output numbers form a pattern with a constant difference if
the input numbers are the natural numbers.

X 1 2 3 4 5 6 7 8

y 13 21 37 45 53

(a) Find the output numbers that correspond to the input numbers 3,7 and 8.



(b) Find the output numbers that correspond to the input numbers 20, 21 and 22.
(c) Which ofthe formulae below is the rule for the relationship between xand yin

the previous table?

y=10x+3

y=8x+5 y=6x+7

y=4x+9 y=2x+11

2. Copy and complete the tables below for the formulae in question 1(c).

X 1 2 3 4 5 6 7 8
10x + 3

X 1 2 3 4 5 6 7 8
8x+5

X 1 2 3 4 5 6 7 8
6x+7

X 1 2 3 4 5 6 7 8
4x +9

X 1 2 3 4 5 6 7 8
2x + 11

3. In each table in question 2, the output numbers form a number pattern with a
constant difference between consecutive terms. What is the constant difference in

the pattern generated by each of the following expressions, when the input numbers

are consecutive natural numbers? Copy and complete the table below. Also fill in the
values of the expressions for x = 0 in the last column.

Expression

Constant difference between
output numbers

Value of the expression
forx=0

2x + 11

4x +9

6x+7

8x+5

10x + 3

4. What do you think the constant differences between consecutive output numbers,
and the values of the expressions for x = 0 may be in each of the following cases,

when the input numbers are consecutive natural numbers?




Copy and complete the table.

Constant difference between Value of the expression

Expression output numbers forx=0

S5x+7

3x +10

12x + 5

5x -5

(-10x) + 3

20.2 Integers in the rules for relationships

rules that may look strange at first

1. Copy and complete the flow diagrams.

A 5 —{x3}H{-5 }> B.5 —{x3}H+(s5) >
¢ 5—-3}{xs}> D.5 —{+(3) ) x5 >
E. 54[x3]—[—(—5)]% F. 54[><3]—[+5]%

2. Describeeachruleinquestion 1inwords, for example:
“multiply by 6 and then add -3".

The rule multiply by 6 and subtract the answer from 100 can be expressed with the formula
y =100 - 6x. This formula can also be written as y = 100 + (-6x) oras y = (-6x) + 100.

The brackets around the —-6x can be left out, so the last formula above can also be
written as y = -6x+ 100.

3. Calculate yify=-10x+ 3, for each of the following values of x:
(a) x=5 (b)x=10
(c) x=20 (d)x=1

4. Describe each of the rules in question 1 with a formula, for example iy = 5x + 8.

5. Ineach case below, predict which of the different expressions will produce the
same results. You will test your predictions later, and can then mark your own
answers for this question.

(a) 20-5x 5x-20 (-5x) + 20 20 + (-5x)
(b) 20 +5x 5x + 20 20x+5 20 - (-5x) 5(x +4)
(c) 5x-20 20x -5 (-20) - (-5x) -((-5x) +20)



6. Copyandcomplete the table below and then use the results to carefully check your
answers to question 5.

X 0 1 5 10 100

20 - 5x

5x - 20

(=5x) + 20

20 + (~5%)

20 + 5x

S5x + 20

20x +5

20 - (-5x)

5(x +4)

5x -20

20x -5

(-20) - (-5x)

-((-5x) + 20)

7. Ineach case below, use your results in the above table or other methods to establish
for which values of x the two expressions have the same value(s).
(@) 20-5x and 20+ 5x
(b) 20 - 5x and (-5x) + 20
(c) 5x - 20 and (-20) - (-5x)
(d) 5(x +4) and 5x - 20 (e)
20 + 5x and 20 - (-5x)



Algebraic expressions 2

21.1 Interpret rules to calculate values of a variable

rules in verbal and symbolic form

1. Copy the table below. Do this to each of the numbers in the top row of the table,
and write your answers in the bottom row: multiply the input number by 20 and add 50

to the answer.

X 1

y

The sentence multiply the input number by 20 and add 50 to the answer is the rule that

describes how the output number that corresponds to each input number in the above
relationship between the variables x and y can be calculated.

The same rule can be described with the algebraic
expression 20x + 50. In this expression, the symbol x
represents the input variable (the values of x). The
numbers 20 and 50 are constant; they remain the
same for all the different values of x.

The rule add 50 to the input number and multiply the answer
by 20 can be described with the expression 20(x + 50).

2. Describe each of the following rulesin words.

If there are no brackets
in an expression,
multiplication is done
first, even if it appears
later in the expression
like in 30 + 5x.

If there are brackets in
an algebraic expression,
the operations in brackets
are to be done first.

(a) 15x+30 (b) 30+ 15x (c) 15(x+30)
(d) 15(x+2) (e) 15x-30 () 15(x-30) (g) 15(x - 2)
3. What s the difference between 3(x + 5) and 3x+ 57
4. Copy and complete the table.
X 1 2 6 7 8 9
15x + 30
30 + 15x
15(x + 30)
15(x + 2)




5. Copy and complete the table.

X 30 40 50 60 70 80 90
15x - 30
15(x - 30)
15(x - 2)

6. (a) Investigate which of the following rules will produce the same output numbers.

You need to check for several different input numbers.

A: Multiply the input number by 10 and then add 20.

B: Add 20 to the input number and then multiply by 10.

C: Add 2 to the input number and then multiply by 10.

D: Multiply the input number by 3, add 15, add 7 times the input number,

and then add 5.

=

| 0O|wm | >

(b) Describe each of the above rules with an algebraic expression.

7. (a) Which of these rules do you think will produce the same outputnumbers?

A: 5x + 20
D:20 + 5x

(b) Express each of the above rules in words.
(c) Copyand complete this table for the rules given in question (a).

B:4x+ 19
E:5(x +4)

C:5(x +20)

F:3x+7+2x+13

X

0

5

10

15

5x + 20

4x +19

5(x + 20)

20 + 5x

5(x + 4)

3x+7+2x+13

(d) Useyour completed table to check your answer in question (a).




8. (a) Which of these rules do you think will produce the same outputnumbers?
A: 5x - 20 B: 20 - 5x C:5(x -20)
D:3x-18 E:5(x-4) F:9x + 10 - 4x -30
(b) Express each of the above rules in words.
(c) Copyand complete this table for the rules given in question (a).

X 20 30 40 50 60 70 80 90
5x - 20
20 - 5x
5(x - 20)
3x-18
5(x -4)
9x + 10 - 4x - 30

(d) Use your completed table to check your answer to question (a).

21.2 Slightly different kinds of rules

subtract positive and negative quantities

1. Copy and complete thetable.

x 1 10 5 20 25

10x

50 - 10x

20 - 10x

0-10x

2. (a) Copy and complete the table.

x 0 5 10 15 20 25 30

10x -5

5x-10

100 - 5x

-100 + 5x

5x -100

5-10x

(b) The values of 10x - 5 increase as the values of x increase from 0 to 30.
For which expressions in (a) do the values decrease when x isincreased?
(c) Do the values of =100 + 5x increase or decrease when x is increased from 0 to 30?



3. (a) Thevalues of the expression 5x — 10 increase when x is increased from 0 to 30.
Do you think the values will increase further when x is increased beyond 30,
or will they start to decrease at some stage?

(b) Do you think the values of the expression 100 - 3x will increase when x is
increased from 0 to 307 Explain why you think they will or will not.

The additive inverse ofanumber may beindicated by writing a negative sign before the
number. For example, the additive inverse of 8 can be written as -8.

4. Write the additive inverse ofeach ofthe When a number is added to
following numbers: the number called its additive
20 30 -25 -20 40 inverse, the answer is 0. For
example, 45 + (-45) =0 and
5. Different values for x are given in the first row of the (-12)+12=0.

table below. Copy the table. Write the additive inverses
of the x values in the second row, and then complete the table.

x 5 10 15 20 25 30

the additive inverse of x

20 + (the additive inverse of x)

20 - (the additive inverse of x)

20 + x

20 -x

6. Copy and complete thetable.

X -5 -10 -15 -20 -25 -30

the additive inverse of x

20 + (the additive inverse of x)

20 - (the additive inverse of x)

20+ x

20 -x

7. Copy and complete thetable.

X 3 2 1 0 -1 -2 -3

-X

5+(=x)

5-(=)

5+x




expressions with additive inverses

1. Copy and complete the table.

X 1 5 10 20 25

5x

the additive inverse of 5x

20 + (the additive inverse of 5x)

20 - (the additive inverse of 5x)

3x

-3x

10 + (-3x)

10 - 3x

10 - (-3x)

2. Copy and complete the table below.
Note that (-10x) indicates the additive inverse of 10x.

X 1 2 3 4 -4 -3 -2

10x -1 000

1000 - (-10x)

1000 -10x

(-10x) +1 000

10x +1 000

10x + (-1 000)

(-10x) - 1 000

1000 + (-10x)

1000 + 10x

10x - (+1 000)

Instead of(-10x) -1000wemaywrite-10x-1000,in otherwords the bracketsaround
the additive inverse may be left out.
Similarly, (-10x) + 1 000 may be written as -10x + 1 000.

3. Copy and complete the table.

X 1 5 10 20 25 30

-5x + 20

~5x + (-20)




Algebraic equations 2

22.1 Describing problem situations

A closed number sentence is a true statement about numbers, for example

21 + 5= 26. All the numbers are given.
An open number sentence is

In an open number sentence, for example )
also called an equation.

15 + x = 21, one or more of the numbers are
unknown.

1. Janis three years older than his sister Amanda. Amanda is 14 years old. Write a closed
number sentence to show Jan'’s age.

2. Numbers are said to be consecutive if they follow one another. The numbers
-1, 0, 1 are consecutive. The sum of -1, 0 and 1 is O.
(a) Writeaclosed number sentence thatshowstwo consecutive numbers that
add up to -33.
(b) Writeaclosed numbersentence thatshowstwo consecutive numberswhose
product is 6.

3. Acellphone costs R500 afteradiscountofR150is given. Write a closed number
sentence to show the original price of the cell phone.

4. When the bus leaves the terminal, it is carrying 55 people. At the first bus stop 12
people get off the bus and nine people getin. Atthe second bus stop, 12 people getin
and nine people get offthe bus. Write a closed number sentence to show the number
of people that are now in thebus.

5. Arectangle is shown on theright. 6 cm

Writeaclosed numbersentence to calculate 3 em

the following:

(a) the area of the rectangle

(b) the perimeter of the rectangle



2. 2 Analysing and interpreting equations

1. "he cost of a school uniform in rand is represented by x. An alteration fee of R20 is
iso charged. Mr Malan paid R520 for both the school uniform and the alterations
lone onit.

a) Which of the following equations describes the abovesituation?
A. 20xx=520 B.x-20=520 C.x+20=520 D.20+20=x
b) What is the price of the uniform?

2. ‘ivelearnersshould eachreceive the same number ofsweets. Thereare 60 sweetsin
otal that they have to share.
ta) Which equation describes this situation? S
A. 5+s5=60 B. 55=60 C. s=-5=60 D. —=60
(b) How many sweets does each learner get?

(c) What does the letter s represent in the equation you have chosen?

3. A taxi picks up n passengers at the airport and drives to the nearest hotel. When it
leaves the hotel, the number of passengers in the taxi has decreased by six. There are
now seven passengers in the taxi.

(a) Which equation describes this situation?
A n-6=7 B.7-n=6 C.n+6=7 D.n-7=6
(b) How many passengers were in the taxi when it left the airport?

4. Write a closed number sentence for calculating the er: An equilateral

perimeter of an equilateral triangle whose sides are triangle is a tri

5 cm long. all three sides are equat:

5. Write a closed number sentence to calculate

the perimeter of the triangle shown on the right. 3cm

22.3 Solving and completing equations

solve by inspection

1. The number sentences given below are not true. Make the number sentences true by
changing the numbers in blue.

(a) 13 +7 =22 (b) 50 + (-50) =-100 (c) 7x8=54
d) 9-(-3)=6 (6) -5+12=-7 () 4x6=28
(g) 6-9=3 (h) 9-6=-3 (i) 5+ (-12)=7

() 10+(-2)=12 k) (D-(-1)=-2 M 0+(-2)=0



Consider the equations given below. Check whether check whether a given
the value given in brackets is the solution. Simply i

write the letter and yes or no with an explanation.
(@) x+3=0 (x=-3)

(b) 3-x=4 (x=1)

() -5+x+x=-11 (x=-2)

(d 3-x=4 (x=-1)

true? If it does, we say
a value is the solution.

Find the value of the unknown that makes the equation true in each case:

(@) x+ 6=8 (b) x+ 6=4 (a)x+6=0

(d 6-x=8 (e) 6-x=4 (f) 6-x=0

(&) *=2 (h) x=4 x2 @M =1
4 2 4

. Three possible solutions are giveninbrackets below each equation,butonlyoneis
correct. Find the correct solution in eachcase.

(@) x+27=27 (b) 12=4-x ()x+3=0
{-27;0; 1} {8; 16; -8} {-3;0;3}
(d 5-x=10 (e) 5+x=10 (f) -5+x=10
{-5;0; 5} {-5;0; 5} {-5; -15;15}
(g) -5-x=10 (h) -5-x=0 (i) 5-x=-10
{-5; -15;15} {-5; -15; 15} {-5; -15; 15}
G x=2 (&) 10x=0 M *=o
10 1 10
{0; 1; 100} {0;1; ¢} {0; 1; 10}
. What value for x would make each equation below true?
(a) Letx=..thenx+3=10 (b) Letx = ...thenx +3=-4
(c) x +x+x=-61istrueforx=... (d)x+x+x+x=-8istrueforx=...

Copy the tables below. In each case, fill in the table until you can see for what value of
x the equation given above the table is true. Youmay add more x values of your own
choice. To save time and work, you may skip columns that you think will not help
you to find the solution.

()37 -4x=5
X 1 10 5 6 7
37 - 4x
(b) 50 - 7x =22
X 1 10 5 6
50 - 7x




(c) 100 - 3x = 49

x 10 20 25 15 16

100 - 3x

solve by trial andimprovement

We can think of an equation as a question asking
for a value that we can assign to the unknown
to make the equation true.

Consider the equation 82 + m =23. We need to assign values to m until we find a value
that makes the equation true, as shown in the table below.

Equation True/False
Letm =-50 82 +(-50)=82-50=32 False
Letm =-30 82+ (-30)=82-30=52 False
Letm =-60 82 +(-60) =82 - 60 =22 False
Letm =-59 82+ (-59)=82-59=23 True

So m = -59 because 82 + (-59) =82 - 59 =23

1. Determine the value of f that makes the equation 28 - t =82 true by making use of
the trial and improvement method. Copy and complete the table.

Equation True/False

2. Consider the equation w + 32 = -68. Use the trial and improvement method to find
the solution of the equation. Copy and complete the table.

Equation True/False

3. The equation 200 - 5¢ = 110is given. What value of f makes the equation true?
Copy the table below and use it to determine the solution.

Equation True/False




4. What value of p makes the equation 18p = 90 true? Copy and complete the table.

Equation True/False

5. What value of x makes the equation 88 — 6x = 46 true? Copy and complete the table.

Equation True/False

22.4 Identifying variables and constants

1. The mass of an empty truck is 2 680 kg. The truck is used to transport cement.
Each pocket of cement has a mass 0f 90 kg. The combined mass of the truck and the
cement can be calculated by means of the formula: y =90 x x + 2 680.
Use the terms variable or constant to describe the meaning of each symbol
used in the formula. Explain your answer.

(@ v (b) 90 (c) x (d) 2680
2. A steel spring is suspended from a stand. Mass pieces of equal

mass are hooked onto the bottom end of the spring. The length
of the spring is measured with one mass piece hooked, two mass
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pieces hooked, three mass pieces hooked and so on. The results
are shown in the table below.

Number of mass pieces 1 2 3 4 5 7 10
Length of spring in cm 48 56 64 72 80 96 120

The formula y = 8x + 40 is used to predict the length of the spring for the various
number of mass pieces hooked.

Use the terms variable or constant to describe each symbol used in the formula.
Explain your answer.

(@) vy (b) 8 (c) x (d) 40




22.5

Numerical values of expressions

substituting numbers into expressions

1. (a) Copy the table below. Calculate the values of each expression for the given values

of x, and write your answers in the table.

X 0 2 5 10 20 50 100
100 - 9x
100 - 8x
100 - 7x
100 - 6x
100 - 5x
100 - 4x
100 - 3x

(b) Which sequence in the above table decreases fastest, and which sequence

decreases slowest?

2. (a) Copy and complete the table.

(b)
()
(d)

X 1 2 3 4 5 6 7

2x+ 3

3x -3

3x -2

3x-1

For which value of x is 2x + 3 equal to 3x — 17

For which values of x is 2x + 3 smaller than 3x- 1?

Do you think 2x + 3 is smaller than 3x- 1 for all values of x greater than 4?
You may try a few numbers to help you think about this.

Which sequence increases fastest, the sequence generated by 2x + 3 or the
sequence generated by 3x — 37




Collect, organise and
summarise data

23.1 Collecting data

Think of something that you really want to know about your own community or
aboutchildren your age in other schools. For example, “How many Grade 7 learners in
South Africa have access to a computer?” What would you find interesting to know about?
When you sstart the cycle of data handling, you start with atleast one question. But
there can of course be many more questions.
Once you have aresearchideain mind, you can start planning how you will collect the
data. When you collect data, you need to consider:
e what question you are asking
e where you will find the data to answer the question (for example, from people such
as your peers, family or the wider community; or from published sources such as
newspapers, books or magazines)
¢ how youwill collect the data (for example, by using questionnaires or conducting
interviews)

e who you will collect the data from (the entire population or a sample).

populations and samples: from whom to collectdata

In data handling, population refers to the whole
group you are asking the question about.
Sample refers to a small number of the group that
you think will represent the whole group.

Hereis an example: Thandeka wants to know about the home languages ofall Grade 7s
across the whole of South Africa. All Grade 7s in all of South Africa would be the
population of that data. But it is not possible to reach every single Grade 7 learner in
South Africa, so Thandeka could choose a sample of Grade 7 learners. For example,
she could choose to collect data from her own Grade 7 class and from two other Grade 7
classes from two other schools.

Butif Thandeka chose her own Grade 7 class and only two other classes from other
schools, hersample would notreally giveinformation aboutlearners across the whole




of South Africa, because the learnersin all three of the schools could be from the same
language group.

So, how can you try to make sure that a sample gives information about the whole
population? In other words, how can you make sure that your sample is representative
of the population?

1. Choose a big enough sample. Generally, the bigger the sample is the more likely it is to
represent the characteristics of the population.

2. Ensure that you do not take a sample from only one of the groups within the population.
Forexample, ifyou want to find outif people like watching soccer, you cannotsurvey
people at a Chiefs versus Pirates match. The majority of these people will almost
certainly be there because they love watching soccer!

Example

Ganief wishes to find outiflearners at his school like the style and colour of their school
uniform and surveys ten learners in Grade 7.There are 2 000 learners at the school.

Give two reasons to explain why the sample chosen is not likely to be representative
of the population.

Answer
1. The sample is too small.

2. Heisonlygetting the views of Grade 7s, not of the learners in any of the other grades
(who might have very different views).
thinking about populations and samples

1. Here are some research questions. Copy the statements below and use a P to show
which statement describes the population and an S to show which statement
describes a sample of the population.

(a) What percentage of plants in the vegetable patch is affected by disease?

All the plants in the vegetable patch

Every fourth or fifth plant in the vegetable patch

(b) How often do teenagers recycle plastic?

Every teenager in South Africa

About 40 teenagers in the community

(c) How many hours ofsleep do 10-year-oldsin my community get per night?

All 10-year-olds in the community

About ten 10-year-olds in the community




2. Youwant to know the most popular colour of the learners in your school.

(a) Write down the population of your data collection.
(b) Write down what sample you would use.

3. Census@School took place in 2001 and 2009. These were surveys that Statistics
South Africa did to show learners how information about people is collected and
analysed. The Census@School wanted to know personal, community and household
information aboutlearners from Grades 3 to 12. This is how they chose their sample:

» A sample of 2 500 schools was selected from the Department of Basic Education’s
database of approximately 26 000 registered schools.

 The schools were divided into groups depending on their province, school type (primary:
Grades 3 to 7 only; intermediate: Grades 5 to 9 only; secondary: Grades 8 to 12 only;
combined: Grades 3 to 12), and education district.

» A sample of schools was selected from each of these groups.

o Approximately 790 000 learners participated in the Census@School 2009.

This information was included in their final report.

(a) What percentage was the sample of all the schools in the country?

(b) Why do you think they separated the schools into groups first?

(c) Doyouthink the information that they obtained from this survey would be
interesting to you? Explain.

4. Unathi goes to River View Girls’ Primary School. She wants to find out whether 13-
year-olds in her town prefer rugby or netball. She surveys ten learners from each
of the three Grade 7 classes at her school. Is the sample chosen likely to be
representative of the population (13-year-olds in her town)? Explain your answer.

constructing questionnaires: how to collect data

A questionnaire is a sheet with questions used I\ respondent is a person

who fills in a questionnaire or
the sample completes a questionnaire. The from whom you collect data.

questions on the sheet can be structured
differently, for example:

to collect data from people. Each respondent in

e The questions may require “yes” or “no” answers.

e Aselectionofanswers (multiple-choiceanswers)
may be provided forrespondents to choose from.

e Therespondentsmayentertheirownviewsor
information on the questionnaire.

The type of responses youneed (for example asimple “yes” or “no” or more detailed
information) depends on the data you intend to collect.




Look at the examples below. Notice how each question is worded to be as clear as
possible and toallow the data to be collected easily. (The questionsinexamples 4 and 5
were used by Census@School in their 2009 questionnaire.)

Example1

Example 2

do you help with chores at home?

L] Yes [] No

Which of these chores do you help with?

[] cleaning dishes [] washing clothes
[] sweeping/vacuuming [] making beds

Example 3

How old are you?

Note in example 3 how all the
ages from 5 to 19 are covered,
but without any overlaps.

[] 5-8years [] 9-11 years
[l 12-15years [] 16-19 years
Example 4

Tick the box if you have:

1 Running water inside your home 6 A cell phone
2 Electricity inside your home 7 Access to a computer
3 A radio at home 8 Access to the internet
4 ATV at home 9 Access to a library
5 A telephone at home

Example 5

][] centimetres

[ 1 ][] centimetres

nearest centimetre.

1 ][] centimetres

6 How tall are you without your shoes on? Answer to the nearest centimetre.

7 What is the length of your right foot, without a shoe? Answer to the nearest centimetre.

8 What is your arm span? (Open arms wide, measure the distance across your back from the
tip of your right hand middle finger to the tip of your left hand middle finger.) Answer to the

making questionnaires

1. (a) Refuewantstofind outhow much pocketmoneylearnersinher classreceive
each month. She draws up the following multiple-choice question:

(] o-10 [ 110-20

How much pocket money do you get?

[ ]20-30 []30-40

Explain why this question is not clear. Give at least three reasons.




(b) Draw up the multiple-choice question so thatit will allow Refue to collect the
data that she needs.

2. Youwant to find out which sports learners at your school play.
(a) Describe the population of your data.
(b) Describe the sample you will use.

3. Makeaquestion with yes/no or multiple-choice responses to help you collectthe
data you need.

4. Collectyour data from your population or the sample you chose. Keep your data for
the next chapter.

23.2 Organising data

To organise data that we have collected, we can use tally marks and tables, dot plots, and
stem-and-leaf displays. We can also group the data when there are many data values. The
ways that we organise the data depends on the type of data we collected.

different types of data

Look at the five examples of questions for questionnaires on page 261.

1. Which of the examples will give you data that looks like this?

Yes 1 235 learners
No 1 265 learners

2. Which of the examples might give you data that looks like this?

132 cm; 141 cm; 160 cm; 132 cm; 154 cm; 145 cm; 147 cm; 129 cm; 121 cm;
143 cm; 135 cm; 154 cm; 156 cm; 133 cm; 156 cm; 123 cm; 137 cm etc.

3. What could the data for example 4 look like? Copy and fill in this table to give a
possible example for 30 learners. Use numbers that you have made up.

Number of learners




4. Which of the examples might give you a data set that looks like this?

5-8 years 15
9-11 years 45
12-15 years 32
16-19 years 28

The type of data in questions 1 and 3 is called categorical
data. This is often described by words. The categories don’t

have to be given in order.

The type of data in questions 2 and 4 is called numerical
data. Numerical data can be whole numbers only, or it can
include fractions.

For both of these kinds of data, your results give you a list of responses. You will soon

learn how to organise these responses.

5. Classify the following data sets as categorical or numerical.

(a) the number of pages in books

(b) thelength of learners’ arm spans

(c) learners’ favourite soccer teams
(d) the time it takes 13-year-olds to run 1,5km
(e) the cost of different types ofcell phones

(f) colours of new cars manufactured

organising categorical data

Thandeka asked the following question: “Which of South Africa’s official languages are

the home languages of the learners in my class?”

Thandekadrew up atable with eachlearner’s name.She then asked eachlearner what
his or her home language was, and wrote it down as follows:

Name Language Name Language Name Language
Nonkhanyiso| isiXhosa Marike Afrikaans Herbert Sepedi
Anna Afrikaans Jennifer Sepedi Thabo isiXhosa
Mpho Ndebele Nomonde isiXhosa Nomi isiXhosa
Nontobeko |isiZulu Thandeka Sepedi Manare Sepedi
Jonathan English Siza isiZulu Unathi Sesotho
Sibongile isiZulu Prince Sesotho Gabriel Ndebele
Dumisani isiZulu Duma isiZulu Marlene Afrikaans
Matshediso | Sesotho Thandile Sepedi Simon Sesotho




Name Language Name Language Name Language
Chokocha Sepedi Nicholas Sesotho Miriam Setswana
Khanyisile isiXhosa Jabulani isiZulu Sibusiso isiZulu
Ramphamba | Tshivenda Nombhle isiXhosa Mishack isiZulu
Portia isiZulu Frederik Afrikaans Peter Setswana
Erik Afrikaans Lola Afrikaans Maya Afrikaans
Jan Afrikaans Zinzi isiXhosa Thobile Sesotho
Palesa isiZulu Jacob Setswana

Wedon’t need the learners’ names in the data. This data could be written as alist of the
languages, like this:

isiXhosa, Afrikaans, Sepedi, Afrikaans, Sepedi, isiXhosa, Ndebele, isiXhosa, isiXhosa, isiZulu,
Sepedi, Sepedi, English, isiZulu, Sesotho, isiZulu, Sesotho, Ndebele, isiZulu, isiZulu, Afrikaans,
Sesotho, Sepedi, Sesotho, Sepedi, Sesotho, Setswana, isiXhosa, isiZulu, isiZulu, Tshivenda,
isiXhosa, isiZulu, isiZulu, Afrikaans, Setswana, Afrikaans, Afrikaans, Afrikaans, Afrikaans, isiXhosa,
Sesotho, isiZulu, Setswana

Now work with this data set to see what story itis telling you. What do you notice about

the data?

1. What do you need to find out from this list of languages?

2. Does it matter what order you write the languages in? Why or why not?

3. (a) Copy Thandeka’s graph below. Place a dot above each language to show every
learner who speaks thatlanguage. Thelanguages areinalphabetical order.Try
to space out the dots evenly. The dots for Afrikaans have been drawn for you.

A graph like this is called a dotplot.

Afrikaans English isiXhosa isiZulu Ndebele Sepedi Sesotho Setswana Siswati Tshivenda Xitsonga
Languages




(b) Which languages have the same numbers of learners?
(c) Listthelanguagesinorderfrom thelanguage spokenbythe mostlearnersto
the language spoken by the fewestlearners.

You can also record results in a tally table. To do Examples of tally marks:
this, you draw a single line ( | ) for each item you A count of three = |||
count. This line is called a tally mark. A count of four = ||| |

A count of five = HH

You group tally marks in groups of five. The fifth
A count of seven = HH | |

tally mark is always drawn horizontally toshow that
the group of five is complete. Then you start a new
group. This makes iteasy to quickly count how many
tally marks there are in a particular category.

4. (a) Copy and complete the table.

Home language of learners in the Grade 7 class

Language Number of speakers of each home language Total

Afrikaans HH 1 8

English | 1

isiXhosa

isiZulu

Ndebele

Sepedi

Sesotho

Setswana

Siswati

Tshivenda

Xitsonga

Total (whole class)

(b) How many learners altogether were asked about their home language?

(c) Which home language occurs most often in this class?

(d) Whichlanguages are notspoken as a home language by any ofthe learners in
this class?

(e) Write a short paragraph to describe the home languages in Thandeka’s class.

Dot plots and tally tables are used for numerical data too. You can write data values
on prepared tally tables or dot plots as you record them. This sorts the data atthe same
time as it is recorded.



introducing stem-and-leaf displays

A stem-and-leaf display (also called a stem- Numerical data is data that
and-leaf plot) is a way of listing numerical data consists of numbers.
using two columns divided by a vertical line. Each
number is split across thecolumns.
For example, if the numbers in a set of data
consist ofdigits for tens and units (suchas 23, 25
and 34), the column on the right (the leaf
column) shows the units digits of the numbers,
and the column on the left (the stem column)

shows the tens digits of the numbers.

Example 1

Show the following data set as a stem-and-leaf

display: In this example, the tens
13,56, 20, 35,47, 53, 12, 51, 53, 49, 34, 53 digits range from one to

five, so we list these in the

stem column. Then we fill

in the units digits in theleaf

First, we order the values in the data set from
smallest to biggest:

column.
12,13, 20, 34, 35,47, 49,51,53,53,53, 56
The stem-and-leaf display of the above data set looks like this:
Stems Leaves
& Key: 1| 2 means 12
112 3 Values with the same stem are written
’ in the same row. Numbers with the
210 same tens value are separated by
314 5 \ a space or a comma. The first row
’ shows the numbers 12 and 13, the
417,9 \ second row shows 20, and the last
5113336 = row shows 51, 53, 53, 53 and 56.
In this example, the Here the leaf column
stem column showsthe shows the units digit
tens digit of eachvalue. of each value.

Example 2

The stem-and-leaf display on the following page shows the units digits as the leaves, and

both the hundreds and tens digits as the stems:
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10
11
12
13
14
15
16

Key: 10 | 2 means 102

R ON
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NN

1,3,8

The values shown are: 102, 105,110, 116,121, 124, 124,147, 149, 161, 163, 168.

Note that if there is a 0 in the leaf column it means the unit digitis a 0, as in 110 above.

When there is nothing written in the leaf column next to a stem, it means that there
aren’t any numbers with that particular stem. In the case of stem 13 above, for example,
it means there are no values between 129 and 140.

When you draw stem-and-leaf displays, it is important that the numbers line up
vertically so thatyou can compare the leaves. Draw lines to help you. (Or use grid paper,

if you have some.)

dot plots and stem-and-leaf displays

1. Look atthe following stem-and-leaf display and answer the questions below.

13
14
15
16
17
18
19

1,9 Key: 13 | 1 means 131
0

2,3,5,55
6,8,8

4,6,7

(a) Write down the values in the data set shown by the stem-and-leaf display.
(b) Do most of the values fall in the 160s or 170s?

(c) Which value occurs the most times?

(d) Copytheabovestem-and-leafdisplayand addthe followingvalues: 143,167

and 199.

(e) There are no values in the 150s. Can we add 15 | 0 to thestem-and-leaf

display to show that there are no values in the 150s? Explain your answer.

2. (a) Arrangethevaluesinthe followingdatasetin order from smallesttolargest:
378,360,390,378,378,400,379,382,354,394,399,395,378,361,375
(b) Organise the data set as a stem-and-leaf display. Remember to add the key.

(c) Which value occurs most often?



3. (a) The data sets below show the sales of two new makes of cars (Jupiter and
Mercury) over 24 months. Copy the number lines and draw a dot plot for each
set on the number lines.
Mercury: 23,27, 30, 27,32, 31, 32, 32, 35, 33, 28, 39, 32, 29, 35, 36, 33, 25, 35,
37,26, 28, 36, 30
Jupiter: 31, 44, 30, 36, 37, 34, 43, 38, 37, 35, 36, 34, 31, 32, 40, 36, 31, 44, 26,
30,37,43,42,33

Mercury

2021 222324252627 282930313233343536373839404142434445
Number of cars sold
Jupiter

20212223242526272829303132333435363738394041424344 45
Number of cars sold

(b) Ifyoulook atthe dots for Mercury and the dots for Jupiter, what can you see
about the sales of the two cars? What does this mean?

something to thinkabout

What kind of graph does the stem-and-leaf display look like if you turn it by 90 degrees?

1 2,5
2 0,6 ’
5 7
3 1,4,4,5,5,9 5 9 7
4 8 6 8
* 5 6 4 7 3 3
5 2,7,89 - 2 0 1 2 1 1
1 2 3 4 5 6 7

6 1,3,6,7,7

7 1,3,8




grouping data into intervals

When a data set contains many data items, we sometimes group the dataitems to help
us organise the data. For example, the following data set shows the number of milk
bottles collected by 24 learners forrecycling:

9,10, 13, 23, 24, 26, 26, 27, 30, 31, 34, 40, 42, 49, 50, 53, 61, 64, 67, 67, 68, 69,91, 94

We can group the data into categories called class
intervals, such as 0-9, 10-19, 20-29, and so on.
We can then count how many times a value occurs
in each interval. The number of times a value
occurs in an interval is called its frequency.

This table shows the grouped data and the frequency of the values in each interval.

Interval 0-9 |10-19|20-29|30-39|40-49|50-59|60-69|70-79 | 80-89|90-99
Frequency 1 2 5 3 3 2 6 0 0 2

Thetableshowsthatonelearner collected0-9 bottles,twolearners collected 10-19bottles,
fivelearners collected 20-29 bottles,and so on. We can clearly see that mostlearners (six)
collected 60-69 bottles.

working with grouped data

1. Anita collected data from a sample of Grade 7 learners about how far they live from
the nearest grocery store. Below are the results. The values are in kilometres, correct
to one decimal figure.

01/01,02}02|02,02(03}03|03(04|04|05]05]|05]0,6
0607|07(07,08/08[08[]09|09|09]| 1 1 1 [15]15
2 2 2 2 125125 3 3 3 13535 4 4 4, | 4,5
5 5 6 6 7 7 8 8 9 10 | 10 | 15| 20 | 23 | 30

(a) Copy and complete the table alongside to
indicate how many of the values appear in
each of the given intervals.

(b) How far do most of the learners live from 1,0-5,9 km
the nearest grocery store? 6,0-9,9 km

Interval Frequency

Less than 1,0 km

10 km or further




2. Here are the heights of 50 Grade 7 boys at a school (in centimetres):

165 148 150 160 165 150 156 155 164 162
160 158 138 158 140 146 160 148 152 139
165 148 152 139 165 148 160 163 178 138
142 179 156 160 160 171 140 160 164 135
159 143 167 138 163 164 155 160 167 165

(a) Drawastem-and-leafdisplaytoshow thissetofdata. Remembertoinclude
the key.

(b) Write a short paragraph to describe the data set.

(c) Copyand complete the frequency table below for the grouped data from your
stem-and-leaf display in question (a).

Class interval (cm) Frequency
130-139
140-149
150-159
160-169
170-179

Total

23.3 Summarising data

When you have collected data, you often need to tell someone what you have found out.
People want to know what your conclusions are, without looking at all of the data you
have collected.
It is often useful to summarise a set of numerical data by using one value. For example,
which value best summarises or describes the following data set?
011588 9 9 10 10 10 11 11

Statisticians use any of three values that show the

ians are mathematicians
most central values in the set, or the value around ;

which the other values tend to cluster. These
values are called the measures of central
tendency or summary statistics.




e The mode is the value that occurs most A dats n have more than
frequently in the data set. In the example on one mode.

the previous page, the modeis 10 because it

occurs the most times (three times).

e The median is the value exactly in the middle ata set consists of an

of the data set when the data values are
median = sum of t

middle values divided by 2.

arranged in order from smallest to largest. For
the data set on the previous page, the median is
9 because there are six values to the right of the
first 9 and six values to the left of it.

In the data seton t
page, either 10 (m
"9 (median) or 7,15

data set. So: Total of values 3 could be used to represent the
Mean= — ~ =—=715

Number of values 13

e The mean (average) is the total (sum) of the
values divided by the number of values in the

entire data set.

understanding the mean

This activity will help you to understand how the mean represents the whole set of data.

Make piles of blocks of different heights:

Then move blocks from the higher piles to the lower ones to make all the piles equal:

You have just found the mean: Each pile r bw has four blocks in it. But how do you do this if you
only have the numbers 5, 6, 3, 2 and 4 to vork with? You add them up and then divide the
answer by the total number of values (nu nbers):

5+46+3+2+4=20 20+5=4

What this means is that you are finding a si gle number that you can use in place of all the
different numbers and still get the same to al.



[t is also useful to know how big the spread of the data is.

The range of a data set is the difference between the

highest value and the lowest value. For example, for

the data set on the previous page, the range is:
11-0=11

The bigger the range, the more the data is spread out.

The smaller the range, the more the data is clustered

around similar values.

determining the mode, median, mean and range

1. The followingdatasetshows the shoesizes ofasample oflearnersataschool:
1,1,1,2,2,2,3,3,4,4,4,5,5,5,5,5,5,6,6
(a) What is the mode of the dataset?
(b) What is the median of the dataset?
(c) Whatis the mean? (Round off to the nearest whole number.)
(d) Whatis the range of the data set?

2. The following data set shows the number of siblings (that is, brothers and sisters)
that the learners in a sample of Grade 7 learners have:
0,001,1,11,1,2,2,2,2,2,2,2,3,3,3,3,3,4, 4,5
(a) How many learners are in the sample?

(b) What is the mode of the dataset?

(c) What is the median of the dataset?

(d) Whatis the mean? (Round off to the nearest whole number.)
(e) Whatis the range of the data set?

3. Thefollowingdatasetshowsthe number ofhoursworkedinaweekbyasample of
parents at School A:
15, 16, 20, 25, 25, 30, 40, 40, 40, 40, 40, 42, 45, 45, 48, 48
(a) How many parents are in the sample?
(b) What is the mode of the dataset?

Remember, if the number of
items in a data set is even, the

(c) What is the median of the dataset? median = the sum of the two
(d) Whatis the mean? (Round off to one decimal middle numbers divided by 2.
place.)

(e) Whatis the range of the data set?

4. The followingdatasetshowsthe number ofhoursworkedinaweekbyasample of
parents at School B:
25, 30, 35, 35, 35, 40, 40, 40, 40, 40, 42, 45, 45, 45, 48, 50
(a) How many parents are in the sample?




6.

(b) What is the mode of the dataset?

(c) What is the median of the dataset?

(d) Whatis the mean? (Round off to one decimal place.)
(e) Whatis the range of the data set?

The following is a list of test scores oflearners in a Grade 7 class:

40, 42,44, 13,10, 23, 68, 31, 69,91, 30, 49, 50, 53, 67,94, 61, 64, 67, 34
(a) Arrange the scores from the lowest to the highest.

(b) How many learners are in the population?

(c) What is the mode of the dataset?

(d) What is the median of the dataset?

(e) What is the mean?

(f) What is the range of the data set?

A hockey player recorded the number of goals shescored in her last 30 matches:

1 1 3 2 0 0 4 2 2 4 3 1 0 1 O
2 1 51 3 7 2 2 2 4 3 1 1 0 3

(a) Copythe graphbelow. Draw a dot plot on the number line to organise these
data values.

o 1 2 3 4 5 6 7
Number of goals scored

Now use the dot plot to answer these questions.

(b) Which of the values are quite different to the other values?

(c) Which number of goals has she scored the highest number of times?

(d) Which numbers of goals did she score in the two groups with five matches each?
(e) Use the dot plot to find the mode of the data.

(f) Use the dot plot to find the median.

(g) What is the mean of the goals?



Represent data

Now thatwe have collected and organised a set of data, we want to show the resultsina
useful way.

Remember when you drew dot plots in the previous chapter, you could see which
categories or measurements occurred many times and which occurred only a few times.
There are a few different graphs that show the important things about the data in such a
way that you can see them easily. You need to be able to draw these graphs.

24.1 Bar graphs and double bar graphs

drawing a bar graph

A bar graph shows categories (or classes) of data along the horizontal axis, and the
frequency of each category along the vertical axis. (Sometimes the axes are swopped
around.) Here is an example of a bar graph.

Frequency of Title of h
grap
each category /
Sports played by learners at my school

50 - Height of bar
45 / indicating the
»n 40 - frequency of
g 35 - each category
E 30 —
S 25
T 20
L /
2 10
5 l
0
Soccer Hockey Netball Cricket Other «—_ Categories

Sports of data



Go back to section 23.2 of Chapter 23, where youdrew a dot plot and made a tally table
of Thandeka’s data about languages spoken in her class. Copy the grid below and use
Thandeka’s data to draw a bar graph. Draw the bars to the correct height by looking at
the numbers on the vertical axis.

Home languages of the Grade 7 class

[ S
o r N

O R N W Hh U1 OO N O O

isiZulu

using double bar graphs

A double bar graph shows two sets of data for each category (or class). For example,
the double bar graph below shows data collected from girls for each category, and data
collected from boys for each category.

Sports played by boys and girls at my school
Two bars are shown in

30 each category. The blue

n 25 bars show the data for
o / boys and the red bars
520 / show the data for girls.
Q
« 15
o
@ 10
0
Es
z -

0

Soccer Hockey Netball Cricket Other
Sports A key (or a legend)

explains the colours
used to distinguish the
two sets of data.

B Boys M Girls =—



1. Look atthe data below and answer the questions that follow.

Number of schools, by province, participating in a school survey
200 B Primary schools

180 B Secondary schools

160

140
120
10

8

6

4

2

0

ef}

® &
@ ' \(\\Q \r.} ® 0

o \ & S v\\ Qo
Q\Q’ O é\/\) Q\}& &\rz,‘\ $0<\ d}q}
« T N

chools

Nu
o o o o

o

Provinces

(a) Did more primary schools or more secondary schools participate in the survey?

(b) Which province had fewer than 50 secondary schools participating in the
survey?

(c) Which provinces had more than 150 ofits primary schools participating in
the survey?

2. Usegrid paper,asshowninthe example onpage 277,todraw adouble bar graph to
show the following data.

Facilities available at schools in Province A and Province B

- Percentage of schools Percentage of schools
Facility ) . . .
in Province A in Province B
Electricity 73 50
Running water 68 45
Computers 60 20
Internet 30 10




24.2 Histograms

a situation where data has to be organised

1.

Mr Makae wants to buy an orange farm. Three farms are available, each with an
orchard of orange trees, and the three farms cost about the same. There are 40 orange
trees on each farm. The total mass of oranges (in kilograms) harvested from each tree
on each farm over the last three years is given below. Which farm should he buy?
Farm A:
426 628 467 413 862 585 652 600 734 611
741 605 536 643 833 438 613 704 623 719
719 701 501 768 642 444 751 579 695 726
616 619 441 703 902 947 785 952 725 721

Farm B:
822 736 773 674 884 463 644 433 688 487
884 530 448 410 982 638 492 638 725 621
743 661 744 530 560 745 455 943 760 734
888 457 621 969 507 500 542 831 576 801

Farm C:
438 530 743 947 450 777 859 748 473 724
750 852 428 464 725 554 758 997 467 743

722 438 779 690 785 543 752 898 474 483
460 772 544 756 491 576 482 744 701 803



2. How canthe dataaboutthe orange trees on the three farms be organised so that the
farmer hasaclear picture ofthe difference between the orchards on the three farms?
Fornow,justwrite down how youthink the data may be organised. Youwill organise
the data later when you do the questions that follow.

3. Copyand complete these tally and frequency tables for the data about the masses of
oranges harvested on the three orange farms.

Masses of oranges harvested from different trees on Farm A

Massoforanges harvested fromeachtree. | Number oftreesthatproduced

These are called class intervals. masses in the interval Total
400 kg or more but less than 500 kg HH |

500 kg or more but less than 600 kg 1]

600 kg or more but less than 700 kg HHHH 1|

700 kg or more but less than 800 kg HHHH [T

Masses of oranges harvested from different trees on Farm B

Number oftrees thatproduced

. . Total
masses in theinterval

Class interval

400 kg or more but less than 500 kg HH 1
500 kg or more but less than 600 kg HH ||
600 kg or more but less than 700 kg HH 1
700 kg or more but less than 800 kg HH 1

800 kg or more but less than 900 kg
900 kg or more but less than 1 000 kg

Masses of oranges harvested from different trees on Farm C

Number oftrees thatproduced

. . Total
masses in theinterval

Class interval

400 kg or more but less than 500 kg

700 kg or more but less than 800 kg

On the next page, you will learn how to draw graphs of the data for the three farms.

The data for Farm A is represented on the following graph.




Histogram of the total masses of oranges from trees on Farm A
20

15

10

Frequency

.

300 400 500 600 700 800 9S00 1000
Mass intervals

This type of graph is called a histogram.

(The columns in a histogram are normally not coloured differently, or even coloured
atall. In this histogram the columns are coloured only because some questions are asked
about them in question 4 below.)

The numbers 400 on the left and 500 on the right of the light yellow column indicate
that masses of 400 kg or more but less than 500 kg are counted in thatinterval.

The height of each columnrepresents the number of masses (the frequency) thatfall

in that interval.

4. (a) A total of 536 kg of oranges was harvested from one of the trees on Farm A over
a period of the three years. In which column on the above histogram is this tree
represented? Explain your answer.
(b) Which masses are represented in the red column?
(c) Whichclassintervalis represented by the lightblue column on the above histogram?
(d) How many masses are represented by the green column?
(e) Which column represents the highest frequency?

5. Copy and complete Histogram of the total masses of oranges from trees on Farm B
the following 20
histograms.
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>
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Mass intervals



Histogram of the total masses of oranges from trees on Farm C
20
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Mass intervals

The different class intervals are consecutive and cannot have values that overlap.
For example, we can group heights into class intervals of 10 cm, as shown below:

Height (m) Heights that fall in the class interval Frequency

1,20-1,30 1,20; 1,25; 1,29

1,40-1,50 1,40; 1,46; 1,48; 1,48; 1,49

3
1,30-1,40 1,30; 1,31; 1,35; 1,39 4
5
6

1,50-1,60 1,53;1,53;1,57; 1,58; 1,59; 1,59

So the height of 1,20 m falls

We follow the convention that the top value
(also called the upper boundary) of each class :Ontftthheehlé?goh;li33() On;l?;ﬁzv.ilt'o
’ u i , i
interval is not inciuded in the interval. the 1.30-1.40 m interval
’ 7’ .
™ S T S S— | ™ ) S ——
interpreting a histogram
Study the histogram (on page 281)showingthenumbers of members,indifferentage

s Thean anciArer ho Arrockiana a
). Tnenanswer tne qucbuuu> that follow.

1. Complete a frequency table for the information.
2. How many of the members are in their fifties?
3. How many members does the club have?

4. Whenyoudrew a bar graph, itdid not matter what order the bars were in. Does the
order of the columns on the histogram matter? Explain.




36
34
32
30
28
26
24
22
20
18
Frequency 16
14
12
10
8 —
6
4
9 -

0 20 30 40 50 60 70 80
Ages of members (years)

Notice that you cannot see the individual data values in a histogram - they have been
“lost”. For example, below you can see a stem-and-leaf display and a histogram of the
same data set.

Fishes’ masses

10Q
Fishes’ masses in grams g
8
157, 8 n
v 7
16| 2, 3, 3 X
= 6
16| 5, 5,6, 7,8, 8, 9,9 “55
171, 2,3 o
Q2 4
176, 7, 7, 8, 8 €
18] 0, 3 Z 3
18| 6, 7
]
Key: 15|7 means 157

155 160 165 170 175 180 185 190
Mass in grams

A histogram usually has many more data values than a stem-and-leaf display - too
many to show in a stem-and-leaf display. It would, for example, be difficult to put the 84
values for the members of the sports club onto a stem-and-leaf display.



drawing more histograms

1. Thetableshowshowlongittakeslearners Time
fromaGrade 7 class at Western Primary to (miautes) Frequency
travel to school each day. In question (d) 0-10 7
you v.vill use a histogram to represent the 10-20 18
data in the table.
20-30 1
(a) How many learners were asked about their 30-40 3

travelling hours?

(b) Lookatthe grid provided in question (d). What do you have to consider in order
to help you decide on a scale division for the vertical axis?

(c) What scale will you use on the horizontal axis? Explain your answer.

(d) Copy the grid and draw a histogram ofthe data.

2. Thetableshows how much money different Money (R) Frequency
vendorsearnsellingtheirgoodseveryweek.
(a) How many vendors were asked about 0-100 6
their earnings? 100-200 9
(b) Copy the grid on the following page. 200-300 11
Decide onascale for the vertical axis of 300-400 7
a histogram and indicate it on the axis. 400-500 5

(c) Decide onascale for the horizontal axis

and indicate it on the axis.




3.

(d) Complete the histogram showing the data.

In a Natural Sciences class, learners planted beans and measured the heights ofthe

bean plants after two months. Here is the data they collected (in centimetres):

34 65 72 42 37 29 78 43 79 91 43 45 28 42 79
34 92 87 40 43 43 78 82 47 85 43 32 86 76

(a) Copy and complete this frequency table:

Height of bean plants (cm)

Tally

Frequency

20-30

30-40

40-50

50-60

60-70

70-80

80-90

90-100

Total

(b) Draw a histogram of this data.




24.3 Pie charts

A pie chart consists of a circle divided into slices (sectors), where the slices show how

the different categories of data make up the whole set of data. Bigger categories of data
have bigger slices of the circle.

Look at the example of a pie chart below.

Number of learners playing sports

30

50

Categories
of data
100
B Soccer Hockey . Cricket
The pie chart shows the follov
e Atotal of 200 learners were played:

20+30+50+100=200

e The key shows the four cate

soccer
hockey
basketball

cricket.

e 100ofthe200learners play hockey.Thisisthelargestcategory,and getsthe biggest
slice (half of the whole).

e 20ofthe200learners playbasketball. Thisisthe smallest category,and getsthe
smallest slice (one tenth of the whole).

Youwilllearn how todraw accurate pie chartsin later grades. In this grade, youwill

estimate the portions of a pie chart that each category of data requires.




estimating sizes of slices in a pie chart

1. (a) Copythefollowingdiagrams and add theslicesindicated. Write down the fraction
of a whole that each slice in the following diagrams shows.
Halve each slice

| e
N,

Halve each slice

.
N

N —

Halve each slice

Halve each slice @

(b) For each diagram in question 1(a), write down what percentage each fraction
is equal to.

You can use the diagrams above to estimate the sizes of slices when drawing your own
pie charts.

2. Copy the pie charts on the following page. Use the data in each of the following
tables to complete the pie charts. Youmust:

e label the major sector

e divide the other sector into the parts that represent the other languages
e label each sector.



(a)

Province: Western Cape ikaans
Major Frequency (50
languages (in%)
Afrikaans 50%
English 20%
isiXhosa 25%
Other 5%
(b)
Province: KwaZulu-Natal
Major Frequency
languages (in %)
English 15%
isiZulu 80%
Other 5%

(c)

Province: Limpopo

Major Frequency
languages (in %)
Sepedi 50%
Tshivenda 15%
Xitsonga 20%
Other 15%

¢
&

representing data as fractions and percentages in pie charts

To represent data in a pie chart, you need to know how to convert (change) the
frequencies of the different categories into a fraction or percentage of the total.

1. ThelearnersinClass Awereasked how manylanguagestheycould speak.The table
shows the data that was collected.Copy the table.
(a) Complete the “Fraction” column by determining what fraction of the whole
each category is.
(b) Complete the “Percentage” column by
convertingthe fraction toapercentage.




Number of languages spoken by learners in Class A

Languages Frequency Fraction Percentage
10 _1
One | 10 == 259
ne language 0 4 Yo
Two languages 20
Three languages 6
Four languages 2
More than four )
languages
40
- o
Total 40 40 100%

(c) Drawapiechartofthe datainyour completed table. Use a circular objectto
draw the circle. Then estimate the sizes ofthe various slices of the pie chart.

shows the data that was collected. Copy the table.

Thelearnersin Class Bwere asked how manylanguages they could speak. The table

(a) Complete the “Fraction” column by determining what fraction of thewhole

each category is.

(b) Complete the “Percentage” column by converting the fraction to a percentage.

Number of languages spoken by learners in Class B

Languages Frequency Fraction Percentage
12 _1
Onel 12 = 209
ne language 560 5 %0
Two languages 30
Three languages 12
Four languages 3
More than four 3
languages
60
Total 60 60 100%

(c) Draw a pie chart to represent the data in your completed table.




Interpret, analyseand
report on data

25.1

Interpreting and reporting on data

critically reading and reporting on data

1. Read the following paragraph and answer the questions that follow.

In 2009, a sample of 2 500 schools from about 26 000 schools across South Africa took
partina survey to provide data about learners and schools. The sample included schools
from each province as follows: 415 schools from the Eastern Cape, 238 from the Free
State, 265 from Gauteng, 386 from KwaZulu-Natal, 326 from Limpopo, 248 from
Mpumalanga, 129 from the Northern Cape, 275 from North West and 218 from the
Western Cape.

(a)
(b)
(c)
(d)
(e)

()

(8)

Adapted from: Census @ School Results 2009, Statistics South Africa

What was the population of the survey?

What was the sample of the survey?

Which province were most of the schools from?

Which province were the fewest schoolsfrom?

Copy the table below. Complete the first two columns of the table by listing the
provinces in order from the province that had the most schools to the province
that had the fewest schools participating in the survey.

Province Number of schools Percentage of all schools

Complete the last column by working out the percentage of the whole that
the schools in each province make up. You may use your calculator for this
question. (Round off to one decimalplace.)

Write three to five lines as a summary report of the data described in the
paragraph above. The summaryshould give anidea ofthe highestand lowest
data items, as this indicates the range of the data.

2. The graph that follows shows the percentage ofmale and female learners at schools
in Grades 3 to 8 in 2009.




3.

(a)
(b)
(c)
(d)
(e)

()

(8)

(h)

Percentage of male and female learners in Grades 3 to 8

60
52,1 51,0

51,6 50,3 50,6 51,1
50 48,4 47.9 49,0 49,7 49,4 48,9
M Male
Female
3 4 5 6 7 8

Grade

N
o

Percentage (%)
N w
o o

[any
o O

(Source: Census @ School Results 2009, Statistics South Africa)

Which grade has the highest percentage of females?

Which grade has the lowest percentage of females?

Which grade has the highest percentage of males?

Which grade has the lowest percentage of males?

[f150000 Grade 6 learners took partin the survey, how many girls and how
many boys were there in Grade 6? You may use your calculator.

Copy and complete the following summary report:

The graph shows that the number of male learners seems to (decrease/increase)
the higher the grade. For example, in Grade 3, _ % learners weremale
comparedto ___ %inGrade 8. The number offemale learners seems to
(decrease/increase) the higher the grade. For example, in Grade 3, __ %
learners were female comparedto ___ % in Grade8.

Based on the graph, would youexpect there to be more or fewer malesin
Grade 10? Explain your answer.

Based onthe graph, would you expectthere tobe more or fewer femalesin
Grade 10? Explain your answer.

The pie chart on the following page shows the land area of each province in 2011.

(a)
(b)
(c)
(d)
(e)

()

Which province has the largest land area?

Which province has the smallest land area?

Which three provinces have more or less the same land area?

How much bigger is the Northern Cape than Gauteng? (Use a calculator.)

Are we able to tell from the pie chart which province has the largest population?
Explain your answer.

If the total land area of South Africais 1 200 000 km? how manysquare
kilometres are the largest and the smallest provinces?



(g) Write a short paragraph to summarise the data shown in the pie chart.

Western Cape

10,6% \ Eastern Cape
— 13,8%

____Free State
10,6%

___— Gauteng
1,4%

Northern Cape
30,5%

KwaZulu-Natal
7,7%

Limpopo

NorthWest 10,3%

Mpumalanga
8,7% P &

6,3%
(Source: Census 2011: Census in brief, Statistics South Africa)

25.2 Identifying bias and misleading data

Sometimes the ways in which data is presented
could be intentionally or unintentionally biased

ata person
ain idea and
not give equal

or misleading. As you work through the following
activities, think carefully about:

e data that is not necessarily shown by the graph

e when, how and where the data was collected
e which scales are used on the graphs

e which summary statistics (mean, median and mode) are used to summarise the data.

critically analysing data
1. Look at the bar graph below and answer the questions that follow.

Most popular burgers
110

108
106
104

102

Number of people

Burger A Burger B Burger C Burger D




Percentage (%)

(@) Which burger is the most popular?

(b) The heights of the bars indicate that burger A is liked by five times as many
people as burger B. Is this true? Look at the vertical scale.

(c) Redraw the bar graph, but show the full vertical scale.

Look at the piechart. Learners’ modes of transport to school
(a) What is the second most Bus Tlr;f;
common mode oftransport 17% Taxi
that learners use? 22%
(b) Which mode of transport is the
least common one?
(c) Isthe pie chart misleadingin
any way? Explain.
Car
Bicycle 16%
8%
IIse and Moletsi wanted to find out more about the number of hours people spend
watching TV on a particular public holiday. Ilse did her survey on the public holiday
from 13:00 to 15:00. She visited a supermarket and asked adult respondents to
complete her questionnaire. Moletsi did his survey on the same day from 17:00 to
19:00. He went from door to door in his neighbourhood and asked the children to
complete his questionnaire.
lise’s data Moletsi’s data
65 651
60 60
551 55
50- __ 50
451 LS
40 & 401
351 2 351
307 S 301
251 E’ 251
20 20
15- 15-
10+ 10
51 5
0 ] p : 1 2 3
Number of hours watching TV Number of hours watching TV

(a) Accordingtollse’s data, how long did most people spend watching TV on the
public holiday?



5.

(b) Accordingto Moletsi’s data, how long did most people spend watching TV on
the public holiday?

(c) Write a paragraph to summarise and compare Ilse’s data and Moletsi’s data.

(d) How could the time when the data was collected have affected the data?

(e) How could the place where the data was collected have affected the data?

(f) How could the people from whom data was collected have affected the data?

Look at the following graphs and answer the questions that follow.

umber of CDs sold by Music Note Number of CDs sold by Music Note
in Year 1 in Year 2

800 400
700 350
600
500
400

300

250

200

300 150

200 100
100 50 I

0 I 0

=8 Oct—

Number of CDs sold
Number of CDs sold

far Apr=junJu Jan—Mar Apr—Jun Jul-Sep Oct—Dec

nths Months

(a) What does each or the graphs show?

(b) How many CDs were sold in July to September of Year1?

(¢) How many CDs were sold in July to September of Year2?

(d) The heights of the bars indicate that Music Note sold more CDs in October to
December of Year 2 than in the same months of Year 1.Is this the case?

(e) HowmanyCDsweresoldaltogetherinYear1?

(f) HowmanyCDs were sold altogetherin Year2?

(g) Explain why the heights of the bars seem to indicate that Music Note sold more

or less the same number of CDs in both years, which is not true.

The following table shows the Mathematics marks of Class A and Class B.

94,42,23,67,67,68, 13,53, 44, 34, 64, 69, 50, 31,91, 40, 10, 30,
Class A
49,61
Class B 74,26, 65,45,71,77,58, 35, 39, 45, 68, 45,57, 62, 29,55, 23, 56,
38, 36,50, 64,58, 32,42

(a) Find the range of each set ofdata.

(b) What can you say about the two classes by looking at the range of marks?




(c)

(d)
(e)

(f)
(g)

(h)
(1)

Copy and complete the table by calculating the mean (average) Mathematics

mark for each class. You may use your calculator.

Class Total marks Number of marks Mean
Class A

Class B
Compare the two sets ofdata using the means.
Copy and complete the table by finding the median for each class.

Class Marks from highest to lowest Middle Median

position
Class A
Class B

Compare the two sets of data using the medians.

Copy and complete the table by finding the mode for each class.

Class

Highest frequency

Mode

Class A

Class B

Compare the two sets of data usingthe mode.

Which of the following do you think best represents each set of data: mean,

median or mode? Explain your answer.




Probability

26.1 Possible and actual outcomes, and frequencies

what can you expect?

Youwill soon do an experiment. Todo the experiment you need a bag like a plastic
shoppingbagorabrown paperbag. Youalso need three objects of the same size and
shape, like three buttons, bottle tops or small square pieces of cardboard. The three
objects mustlook different, for example they should have different colours such as
yellow, red and blue. Ifyouuse cardboard squares, you can write “yellow”, “red” and
“blue” on them.

1. (a) Put your three objects in your bag. You will later draw one object out of the bag,
without looking inside. Can you say whether the object that you will draw will
be the yellow one, the blue one or the red one?

(b) Discuss this with two classmates.

2. (a) Now draw an object out of the bag, write down its colour, and put it back.
(b) Youwill soon do this 12 times. Can you say how many times you will draw each
of the three colours? If you think you can, write down your prediction.
(c) Compare your predictions with two classmates.
(d) Canyouthink ofany reason why you may draw blue more often than red or
yellow, when you do the experiment described in (b)?

3. (a) Draw an object out of the bag, write down its colour, and putit back. Do this 12
times and write down the colour of the object each time.
(b) Write your results in a table like the one below.

Outcome Yellow
Number of times obtained

What you did in question 3 is called a probability
experiment. Each time you drew an object out of the bag,

you performed a trial.

Eachtime youperformed a trial, three different things could
have happened. These are called the possible outcomes.




Each time you performed a trial, one of the possible outcomes
actually occurred. This is called the actual outcome.

The number of times that a specific outcome occurred during
an experiment is called the actual frequency of that outcome.

4. (a) What were the possible outcomes in the experiment that you did in question 37?
(b) How many trials did you perform in the experiment?
(c) What was the actual outcome in the third trial that you performed?
(d) Whatwas the actual frequency of drawing a blue objectduring the 12 trialsin
the experiment that you did?

26.2 Relative frequencies

Thomas also did the experimentin question 3 onpage 294 but he performed more trials
and his results were as follows:

Outcome Yellow
Number of times obtained 5 7 8

1. (a) How many trials did Thomas perform in total?

(b) What fraction of the trials produced yellow as an outcome?
(c) What fraction of the trials produced red as an outcome?
(d) What fraction of the trials produced blue as an outcome?

The fraction of the trials in an experiment that
produce a specific outcome is called the relative

frequency of that outcome.
number of times the outcome occurred

Relative frequency of an outcome = :
total number of trials

A relative frequency can be expressed as a common fraction, as a decimal or as a
percentage. The relative frequencies in the results of the experiment Thomas did
(question 1) were one quarter for yellow, seven twentieths for red and two fifths for blue.
Expressed as percentages, the relative frequencies were 25%, 35% and 40%. The range
of Thomas’s relative frequencies, expressed as percentages, is 15% (40% - 25%).

2. (a) Useyour calculator to calculate the relative frequencies that you obtained for

the three different outcomes in the experiment you did in question 3 on page
294. Express them both as fractions and percentages.

(b) Calculate therange oftherelative frequencies ofthe three outcomes for the
results of the experiment you did in question 3.

(c) Youwillsoonrepeattheexperimentwiththree possible outcomesand 12 trials
that youdid. Do you think the results will be the same as the first time you did
the experiment?



3. (a) Join with three or four classmates to work as a team, and discuss question 2(c).

(b) Assign the “names” A, B, C, D and E (if there are five of you) to the team

members and copy and complete the table below for the experiment you didin
question 3 on page 294. Give the relative frequencies as percentages. Note that to
calculate the relative frequencies for the totals as percentages, you have to use

your calculators.

Actual frequencies Relative frequencies%

Yellow ‘

Experiment 1 by A

Range

Experiment 1 by B

Experiment 1 by C

Experiment 1 by D

Experiment 1 by E

Totals for experiment 1

(c) Which of the ranges is the smallest?

26.3 More trials and relative frequencies

what happens when you conduct many trials?

1. Join up with your teammates of the previous activity. Each of you will soon repeat

the experiment you did previously. You will puta yellow object, a red objectand a

blue objectin a bag, draw one object and note the colour. Youwill do this 12 times.

This will be experiment 2.

(a) Do you expect that the results will, in some ways, be the same as for

experiment 1inthe previous section? Do nottalk to your teammates yet. Form
your own opinion, and also consider why you think the results will be different

or the same.
(b) Share your ideas with your teammates.

Youwill soonrepeatthe experimentand write the resultsin the rows for “experiment

2” on the table on the next page. Youwill repeat it once more and write the results
in the rows for “experiment 3”. If you have time left, you may repeatit once more a
“experiment 4”.

S

2. (a) Look at the table on the next page. Certain rows are for the outcomes that you

and your teammates obtain. The shaded rows are for adding different sets o
outcomes together. Think about what may happen and predict in what rows
the ranges will be smaller than in other rows, and in what row the range will
the smallest of all. Copy the table.
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12
13
14

15

16
17
18
19
20
21

22

(b) Share your ideas with your teammates.

experiment described in question 1 and enter the results in the rows for

. (a) Copy the totals for “experiment 1” into the first row of the table. Do the

“experiment 2”. Calculate the relative frequencies and the range.
(b) Add intheresults of your teammates, add up the totals and calculate the relative

frequencies and the range of thetotals.

Repeat question 3, and enter the results in the rows for “experiment 3”.

Actual frequencies

Yellow

Totals for experiment 1

Relative frequencies%

Range

Experiment 2 by A

Experiment 2 by B

Experiment 2 by C

Experiment 2 by D

Experiment 2 by E

Totals for experiment 2

Totals for experiments
1 and 2 combined

Experiment 3 by A

Experiment 3 by B

Experiment 3 by C

Experiment 3 by D

Experiment 3 by E

Totals for experiment 3

Totals for experiments
1, 2 and 3 combined

Experiment 4 by A

Experiment 4 by B

Experiment 4 by C

Experiment 4 by D

Experiment 4 by E

Totals for experiment 4

Totals for experiments
1, 2, 3 and 4 combined







