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Grade 9 Term 1 Chapter 1 Whole numbers 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

1.1 Properties of numbers Natural numbers; whole numbers; integers; rational numbers; irrational numbers Pages 1 to 4 

1.2  Calculations with whole numbers Estimating, rounding off and compensating; adding, multiplying and subtracting 
in columns; long division 

Pages 5 to 10 

1.3  Multiples and factors Lowest common multiple; highest common factor; prime factorisation Pages 11 to 12 

1.4  Solving problems about ratio, rate 
and proportion 

Ratio and rate; direct proportion; average speed; indirect proportion Pages 12 to 14 

1.5  Solving problems in financial 
contexts 

Discount; profit; loss; hire purchase; simple and compound interest; exchange rate; 
commission 

Pages 14 to 18 

 

CAPS time allocation 4,5 hours 

CAPS content specification Pages 119 to 121 

 

Mathematical background 
The associative and distributive properties of addition and multiplication and the distributive property (distribution of multiplication over addition 
and subtraction) apply to the sets of natural numbers NN = {1; 2; 3; 4; …}, whole numbers NN00    = {0; 1; 2; 3; 4; …}, integers ZZ = {…−5; −4; −3, −2, −1; 0; 1; 2; 3; 4; 5…}, 

rational numbers QQ = {numbers of the form integer
integer } = {…–1

2 ; 1; 52 ; …} and irrational numbers QQ¢¢ = {numbers that cannot be written in the form integer
integer } = {… 2; 𝜋𝜋…}. 

We can relate the different number systems to each other by the ideas of extending and closure: 

• The set of whole numbers is closed under addition and multiplication. This means that the sum of any two whole numbers is also a whole number, 
and the product of any two whole numbers is also a whole number. However, the whole numbers are not closed under subtraction, for example 7 − 12 
is not a whole number. Extending the whole numbers to the set of integers by including the “negative natural numbers” provides closure under 
subtraction. Although it is not true to say that mathematicians invented (introduced) negative numbers for this purpose. Historically, there were 
several other motivations for introducing negative numbers. One reason was the desire to make equations solvable. For example, the equation  
12 + 4x = 4 has no solution in the set of whole numbers, but it does have a solution in the set of integers, provided the property (positive number) × 
(negative number) is a negative number is assigned to the integers. 

• Neither the set of whole numbers nor the set of integers is closed under division. If we extend these to the set of rational numbers, then we have 
closure. This is a very practical reason for adding fractions to the numbers we work with. In reality, the division of a whole number of objects into a 
given number of equal parts often requires fractional parts. However, historical evidence suggests that fractions were first introduced in North Africa in 
the context of measurement (parts of a unit) rather than equal sharing. 

• The idea of a set of irrational numbers was conceived as an outcome of several challenges mathematicians experienced in antiquity, including the 
challenge to find an exact relationship between the radius and circumference of a circle, and the length of the third side of some right-angled triangles 
with two sides given.  
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1.1 Properties of numbers 

DIFFERENT TYPES OF NUMBERS 

The natural numbers 

Background information 
• The set of natural numbers NN = {1; 2; 3; 4; 5; …} has the following 

properties: 

o NN is closed under addition because the sum of two or more natural 
numbers is a natural number. 

Example: 75 + 19 + 6 = 100 (which is a natural number) 

o NN is closed under multiplication because the product of two or more 
natural numbers is a natural number. 

Example: 25 × 8 = 200 (which is a natural number) 

o NN contains the identity element for multiplication (1) because any 
natural number multiplied by 1 gives the same number you start with. 

• The set of natural numbers NN is not closed under subtraction because 
the difference between two natural numbers is not always a natural number. 

Example: 5 – 12 does not result in a natural number. 

• The set of natural numbers NN is not closed under division because the 
quotient of two natural numbers is not always a natural number. 

Example: 5 ÷ 12 does not result in a natural number. 

Teaching guidelines 
Learners investigate whether the set of natural numbers is closed under addition, 
multiplication, subtraction and division. 

Answers 
1. (a) Yes, 1. 

 (b) No 

2. See the answers on LB page 1 alongside. 
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The whole numbers 

Background information 
• The set of natural numbers combined with 0 is called the set of whole 

numbers. 

• The set of whole numbers NN00 = {0; 1; 2; 3; 4; 5; …} has one additional 
property to those of natural numbers: 

o NN00  contains the identity element for addition (0) because 0 added to 
any whole number gives the same number you started with.  

• The set of whole numbers NN00 is not closed under subtraction because the 
difference between two whole numbers is not always a whole number. 

• The set of whole numbers NN00 is not closed under division because the 
quotient of two whole numbers is not always a whole number. 

Teaching guidelines 
Learners discuss the necessity of the symbol 0 and the identity element for addition. 

Answers 
3. Yes. If you multiply by 1, the number stays the same. 

4. (a) 1 

 (b) 0 

The integers 

Background information 
• The set of whole numbers starts with 0 and extends in one direction:  

 {0; 1; 2; 3; 4; …} 

• The set of integers extends in both directions:  
 {…; –4; –3; –2; –1; 0; 1; 2; 3; 4; …} 

• The set of integers ZZ = {…; –4; –3; –2; –1; 0; 1; 2; 3; 4; …} has these 
additional properties to those of natural numbers: 

o For each integer there is an additive inverse which, when added to the 
integer, is equal to 0.  

Example: The additive inverse of 20 is –20 because 20 + (–20) = 0. 

o ZZ is closed under subtraction because the difference between two 
integers is always an integer. 

Examples: 45 – 27 = 18 (which is an integer) 

      27 – 45 = –18 (which is an integer) 
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Teaching guidelines 
Learners discuss the additional properties of integers. 

Answers 
5. See the answers on LB page 3 alongside. 

6. See the answers on LB page 3 alongside. 

The rational numbers 

Background information 
• To have answers for all possible division questions the set of integers is 

extended to include fractions and negative fractions of the form integer
integer .  

This extended set of numbers is called the set of rational numbers QQ and 
has these additional properties: 

o Rational numbers are closed under division (but division by 0 is not 
defined). 

o Rational numbers can be expressed in common fraction notation, 

for example, 12
5 . 

o Rational numbers can be expressed in decimal notation, for example, 
2,4. 

Teaching guidelines 
Learners discuss the properties of rational numbers. 

Answers 
7. (a) They will get more than two. 

 (b) No 

 (c) Two pieces of the chocolate. 

 (d) Both are correct. 

8. (a) 2,3 and 2 3
10  (b) 4,6 and 4 6

10 or 43
5  

 (c) 2,3 and 2 3
10  (d) 0,8 and 8

10 or 45  
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Answers 
9. The table on LB page 4 alongside clearly shows that the different sets of numbers 

can be related to each other by the ideas of extension and closure (see the 
diagram below). 

Irrational numbers 

Background information 
• No rational number, in either the common fraction notation or decimal 

notation, will produce the solution of the following problem: (number)2 = 5. 

• Numbers like these are contained by the set of irrational numbers QQ¢¢. 

• The set of rational numbers QQ, together with the set of irrational numbers QQ¢¢, 
is called the set of real numbers RR. 

Teaching guidelines 
Learners discuss the concept of 
irrational numbers. 

Mathematical notes 
The idea of extension of the 
various sets of numbers is 
illustrated by the diagram 
alongside. 
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1.2 Calculations with whole numbers 

ESTIMATING, ROUNDING OFF AND COMPENSATING 

Background information 
• Estimation is approximation based upon a judgement. However, 

approximation is not necessarily estimation. 

o Approximation is applied to an existing number (actual answer) in 
order to find a result precise enough for a specific purpose. 

o Estimation is the mental skill of making an educated guess of the 
actual answer of a mathematical problem. 

• Error is the difference between an estimate and the actual answer. 

• Rounding is when a number is truncated so as to minimise error. 

Teaching guidelines 
• Estimate: this is the answer to a problem by rounding off the information 

and guessing a number that can be used to check the actual answer. 

• Approximate: this is the actual answer rounded off so that people find it 
easier to understand. 

• Compensate for errors: helps to minimise the errors. 

Answers 
1. (a) 500 × R40 = R20 000. No 

 (b) 200 × R40 = R8 000. Yes 

 (c) 250 × R40 = R10 000. Yes 

2. See the answers on LB page 5 alongside. 

3. (a) (i) 100 × R200 = R20 000   

  (ii) 80 × R240 = R19 200    

 (b) (i) 100 × R300 = R30 000 

  (ii) 120 × R260 = R26 000 + R5 200 = R31 200 

 (c) (i) R5 700 + R3 300 = R9 000 

  (ii) R5 670 + R3 280 = R8 950   

 (d) (i) R1 200 − R900 = R300 

  (ii) R1 230 − R870 = R360 

4. (a) Adding it. 
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Answers 
4. (b) R500 + R23 = R523  (c) R523 + R27 = R550 

5. (a) 800 − 300 = 500   (b) 2 300 − 1 900 = 400 

 (c) 800 + 300 = 1 100  (d) 2 300 + 1 900 = 4 200 

 (e) 0 + 300 = 300   (f) 3 200 − 1 800 = 1 400 

 (g) 8 200 − 2 800 = 5 400  (h) 5 200 − 3 800 = 1 400 

6. (a) 800 − 300 = 500; 500 + 12 = 512; 512 − 42 = 470 

 (b) 2 300 − 1 900 = 400; 400 + 42 = 442; 442 + 24 = 466 

 (c) 800 + 300 = 1 100; 1 100 + 12 = 1 112; 1 112 + 42 = 1 154 

 (d) 2 300 + 1 900 = 4 200; 4 200 + 42 = 4 242; 4 242 − 24 = 4 218 

 (e) 0 + 300 = 300; 300 + 9 = 309; 309 − 22 = 287 

 (f) 3 200 − 1 800 = 1 400; 1 400 + 31 = 1 431; 1 431 + 31 = 1 462 

 (g) 8 200 − 2 800 = 5 400; 5 400 + 34 = 5 434; 5 434 + 24 = 5 458 

 (h) 5 200 − 3 800 = 1 400; 1 400 + 13 = 1 413; 1 413 + 32 = 1 445 

ADDING IN COLUMNS 

Background information 
For addition and subtraction, the commutative and associative properties 
form the basis of the column methods. Writing the one number below the other one 
and working in columns is useful because it automatically rearranges the parts of the 
numbers as is allowed by the commutative and associative properties of addition. For 
example, in the calculation of 278 + 546, writing one number below the other and 
working in columns means the same as replacing (200 + 70 + 8) + (500 + 40 + 6) with 
(200 + 500) + (70 + 40) + (8 + 6) for the purposes of calculation. The transition from 
(200 + 70 + 8) + (500 + 40 + 6) to (200 + 500) + (70 + 40) + (8 + 6) is a direct application 
of the associative and commutative properties of addition. You could point this out 
when learners do the work on LB page 6. 

Teaching guidelines 
Use the systematic layout on LB page 6 alongside to revise addition in columns. 

Answers 
1. See the answers on LB page 6 alongside. 

2. Step 1: Add 3 000 and 5 000. 

 Step 2: Add 700 and 400. 

 Step 3: Add 50 and 80. 

 Step 4: Add 8 and 6. 

3. (a) 7 662  (b) 8 892  (c) 13 393  (d) 20 080  
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Answers 
4. (a) R600 000 + R800 000 + R100 000 + R400 000 = R1 900 000 

 (b) R1 948 885 

5. (a) R500 000 − R300 000 = R200 000 

 (b) R279 323 

MULTIPLYING IN COLUMNS 

Background information 
The distributive property allows a product to be broken down into partial 
products, which can be calculated more easily. For example, 7 × 648, which means  
7 × (600 + 40 + 8), can be broken down into 7 × 600 + 7 × 40 + 7 × 8. If learners know 
the basic multiplication facts (tables), they can easily calculate these partial products 
and add them up to evaluate 7 × 648. The column format is a convenient way of 
making the transition from 7 × (600 + 40 + 8) to 7 × 600 + 7 × 40 + 7 × 8. 

Teaching guidelines 
Use the systematic layout on LB page 7 alongside to revise multiplication in 
columns. 

Answers 
1. See the answers on LB page 7 alongside. 

2. Step 1: 7 × 9 = 63 

 Step 2: 7 × 80 = 560 

 Step 3: 7 × 400 = 2 800 

 Step 4: 7 × 3 000 = 21 000 
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Answers 
3. Step 5: 40 × 9 = 360 

 Step 6: 40 × 80 = 3 200 

 Step 7: 40 × 400 = 16 000 

 Step 8: 40 × 3 000 = 120 000 

4. 40 × 3 000 + 40 × 400 + 40 × 8 + 40 × 9 = 120 000 + 16 000 + 3 200 + 360 = 139 560 

SUBTRACTING IN COLUMNS 

Background information 
There are various methods you could use to subtract numbers. For example: 

• adding on: To find the difference between two numbers, start at the smaller 
number and add on up to the larger number. This resembles skipping 
forward from the smaller number to the larger number on a number line:  
26 – 14 = 6 + 6 = 12 (start at 14, skip 6 up to 20 and 6 more up to 26). 

• using compensation: To calculate 26 – 14, use any of these methods: 

o Create an “easier” number to subtract from by adding 4 to both 
numbers: 

26 – 14 = (26 + 4) – (14 + 4) = 30 – 18 = 12 

o Create an “easier” number to subtract from by adding 6 to both 
numbers: 

26 – 14 = (26 + 6) – (14 + 6) = 32 – 20 = 12 

• using expanded form: Subtracting in columns resembles writing numbers 
in expanded form and, if necessary, rearranging the first line so that 
subtraction in each column is possible. 

Teaching guidelines 
Use the systematic layout on LB page 8 to revise subtraction in columns. 

Answers 
1. See the answers on LB page 8 alongside. 

2. See the notes on LB page 8 alongside. 

3. (a) 7 000 + 1 100 + 190 + 14  (b) 2 000 + 1 300 + 120 +11 

4. See the answers and notes on LB page 8. 

5. (a) 120 − 50 = 70 

 (b) 1 300 − 900 = 400 

 (c) 7 000 − 3 000 = 4 000 

 (d) 4 000 + 400 + 70 + 5 = 4 475  
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Answers 
6. (a)     9 123 (b)     8 284 

− 3 784   − 3 547 
    5 339       4 737 

7. Learners use a calculator to check the answers for questions 6 (a) and (b). 

8. (a)     7 243 (b)     6 221 
− 3 182   − 1 888 
    4 061       4 333 

9. R87 456 − R44 800 = R42 656 

10. R46 964 

11. See the answers on LB page 9 alongside. 

LONG DIVISION 

Background information 
• During division: 

o the dividend is the number that gets divided  

o the divisor is the number that does the division. 

• Long division involves subtraction of multiples of the divisor from the 
dividend until the remainder, if any, is smaller than the divisor.  

 Example: Calculate 4 349 ÷ 35. 

 Use powers of 10, doubling and halving to find multiples of the divisor:  

 35 × 100 = 3 500 
 35 × 10 = 350 → 35 × 20 = 700 

 35 × 1 = 35 → 35 × 2 = 70 → 35 × 4 = 140 

 Subtract multiples of the divisor from the dividend: 

       4 349 
  –  3 500    (35 × 100 = 3 500) 
          849 
  –     700    (35 × 20 = 700)  
         149 
  –     140   (35 ×   4 = 140) 
              9  (100 + 20 + 4 = 124) 
  Answer: 4 349 ÷ 35 = 124 remainder 9 

  

 

4 349 ÷ 35 
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Teaching guidelines 
Explain the correct layout for long division by working through the layout on LB 
page 10. 

Answers 
1. (a) 36 177 ÷ 78 

 (b) 78 × 400 = 31 200; 400 is an estimate of the answer to 36 177 ÷ 78. 

 (c) 4 977 remains after subtracting 31 200 from 36 177. 

 (d) 60 is an approximation of 4 977 ÷ 78. (60 × 78 = 4 680) 

2. (a)              524 (b)              683 
  63 33 030   27 18 450 
        31 500         16 200 
           1 530            2 250 
           1 260            2 160 
               270                  90 
               252                  81 
                  18                    9 

  33 030 ÷ 63 = 524 remainder 18  18 450 ÷ 27 = 683 remainder 9 

3. Learners use a calculator to check the answers in question 2. 

4. (a)                 265 (b)              1 484 
  287 76 287       44 65 309 
           57 400             44 000 
           18 887             21 309 
           17 220             17 600 
              1 667                3 709 
              1 435                3 520 
                 232                   189 

  76 287 ÷ 287 = 265 remainder 232                 176 
                       13 
    65 309 ÷ 44 = 1 484 remainder 13 

5. 1 180,5555 … ≈ 1 180 street name boards 

  1 180 × 72 = 84 960; 85 000 − 84 960 = R40.  There will be R40 left. 

6. Furniture dealer: R243,48 per desk 

 School supply company: R337,78 per desk.  The furniture dealer is cheaper.  
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1.3 Multiples and factors 

LOWEST COMMON MULTIPLE AND PRIME FACTORISATION 

Background information 
• A common multiple is a multiple of two or more numbers.  

 Example: 36; 72; 108; … are common multiples of 12 and 18. 

• The lowest common multiple (LCM) of two or more numbers is the 
smallest number which is a common multiple of the numbers. It can be 
found by multiplying all the prime factors of both numbers, without 
repeating (except where a number is repeated as a factor in one of the 
numbers). 

 Example: 12 = 2 × 2 × 3; 18 = 2 × 3 × 3;  
                              LCM = 2 × 2 × 3 × 3 = 36. 

• A common factor is a factor of two or more numbers.  

 Example: 110 = 2 × 5 × 11; 105 = 3 × 5 × 7;  
                             5 is a common factor of 110 and 105. 

• The highest common factor (HCF) of two or more numbers is the biggest 
number that is a common factor of the numbers. It can be found by 
multiplying the factors that are common to the two numbers, i.e. in the list 
of prime factors of both numbers. 

 Example: 96 = 2 × 2 × 2 × 2 × 2 × 3; 120 = 2 × 2 × 2 × 3 × 5;  
                             HCF = 2 × 2 × 2 × 3 = 24 

Teaching guidelines 
• Revise the concepts listed above. 
• Discuss how the LCM is used to add and subtract fractions. 

   Example: 
5
12	 + 

1
18	 = 

15
36	 + 

2
36	 = 

17
36	 

• Discuss how the HCF is used to simplify fractions. 

   Example: 
110	÷	5
105	÷	5	 = 

22
21	 

Answers 
1. (a) 15 

 (b) See the tables on LB page 11 alongside. 

 (c) 30 

2. See the answers on LB page 11 alongside. 

3. (a) Yes    (b) Yes    (c) No  
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Answers 
4. (a) 1 820 = 2 × 2 × 5 × 7 × 13; 3 510 = 2 × 3 × 3 × 3 × 5 × 13 

  HCF = 2 × 5 × 13 = 130 

  LCM = 2 × 2 × 3 × 3 × 3 × 5 × 7 × 13 = 49 140 

 (b) 2 310 = 2 × 3 × 5 × 7 × 11; 1 275 = 3 × 5 × 5 × 17 

  HCF = 3 × 5 = 15 

  LCM = 2 × 3 × 5 × 5 × 7 × 11 × 17 = 196 350 

 (c) 1 820 = 2 × 2 × 5 × 7 × 13; 3 510 = 2 × 3 × 3 × 3 × 5 × 13; 1 275 = 3 × 5 × 5 × 17 

  HCF = 5 

  LCM = 2 × 2 × 3 × 3 × 3 × 5 × 5 × 7 × 13 ×17 = 4 176 900 

 (d) 2 310 = 2 × 3 × 5 × 7 × 11; 1 275 = 3 × 5 × 5 × 17; 1 820 = 2 × 2 × 5 × 7 × 13 

  HCF = 5 

  LCM = 2 × 2 × 3 × 5 × 5 × 7 × 11 × 13 × 17 = 5 105 100 

 (e) 780 = 2 × 2 × 3 × 5 × 13; 7 700 = 2 × 2 × 5 × 5 × 7 × 11 

  HCF = 2 × 2 × 5 = 20 

  LCM = 2 × 2 × 3 × 5 × 5 × 7 × 11 × 13 = 300 300 

 (f) 360 = 2 × 2 × 2 × 3 × 3 × 5; 1 360 = 2 × 2 × 2 × 2 × 5 × 17 

  HCF = 2 × 2 × 2 × 5 = 40 

  LCM = 2 × 2 × 2 × 2 × 3 × 3 × 5 × 17 = 12 240 

1.4 Solving problems about ratio, rate and proportion 

RATIO AND RATE PROBLEMS 

Background information 
• The work on ratio and rate is possibly the most challenging part of the 

prescribed content on whole numbers. Although we use division to calculate 
both ratios and rates, the two concepts have quite different meanings. 

o A ratio is a relationship between two or more quantities of the same 
kind. 

o A rate is a relationship between two quantities of different kinds. 

• Two sets of quantities are in direct proportion when a constant multiplier 
can be used to find an element in one set if the matching element in the 
other set is given (an increase in one, matches an increase in the other). 

 Example: Refer to question 2 on LB page 12 alongside. 
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Teaching guidelines  
• Turning the blue gear with 12 teeth by hand will 

drive the red gear, which has 18 teeth.  

o For the red gear to make one revolution (so 
that the yellow dot is back where it started) 

the blue gear has to make 11
2 revolutions. For 

the red gear to make two revolutions, the blue gear has to make three 
revolutions. The relationship between the number of blue revolutions 
and the number of red revolutions is called a ratio. 

o Now consider how fast a gear turns. The blue gear may make 30 
revolutions in one minute, in which case the red gear will turn at 20 
revolutions per minute (rpm). These specifications of turning speed are 
rates. The quantity “30 rpm” states the amount of one quantity (in 
this case, revolutions) associated with one unit of a different 
quantity (in this case, time). 

• Use question 2 on LB page 12 to illustrate the concept of direct proportion. 

Answers 
1. See the answers on LB page 12 on the previous page. 

2. See the table on LB page 12 on the previous page. 

3. (a) 15 : 12 

 (b) Yes, 15:12 simplifies to 5:4 as you divide both sides of the ratio by 3. 

4. 5 : 2 : 1 So 500 g flour, 200 g oatmeal and 100 g cocoa powder 

5. (a) 90 km in one hour 

 (b) No, this is just an average of the total distance travelled. He probably did 
more in some hours and less in the others. 

 (c) 7 × 90 = 630 km 

 (d) 900 ÷ 90 = 10 hours 

6. For 5(c): distance = average speed × time; For 5(d): time = distance
average speed  

7. (a) Section A: 110 km/h; Section B: 90 km/h; Section C: 70 km/h 

 (b) Distance = 440 km + 540 km + 280 km = 1 260 km 

  Time = 4 h + 6 h + 4 h = 14 h 

  Average speed = 1 260 ÷ 14 = 90 km/h 

 (c) If he drives at a similar speed, he will drive at 90 km/h. 

  874 km ÷ 90 km/h = 9,711… hr or 9 hours and 43 min   
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Background information (continued) 
• Two sets of quantities are in indirect (inverse) proportion when the 

products of matching elements of the two sets stay constant (an increase in 
one, matches a decrease in the other). 

Example: Refer to question 8 on LB page 13. 

Teaching guidelines (continued) 
Use question 8 on LB page 13 to illustrate the concept of indirect (inverse) 
proportion. 

Answers 
8. See the table on LB page 14 alongside. 

9. (a) It decreases. 

 (b) It increases. 

 (c) The product speed × time stays constant. 

1.5 Solving problems in financial contexts 

DISCOUNT, PROFIT AND LOSS 

Background information 
• Cost price is the amount for which a dealer buys an article from a producer 

or manufacturer. 

• Marked price is the amount marked on the article and usually includes the 
dealer’s profit (or loss). 

• Selling price is the price of the article after discount (if any). 

Teaching guidelines 
Revise the concepts listed above. 

Answers 
1. (a) R128 

 (b) 8 × R128 = R1 024 

2. See the answers on LB page 14 alongside. 
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Background information (continued) 
• Discount is the amount which is sometimes taken off the marked price of 

the article and is usually stated as a percentage. 
  Example: marked price: R3 500;  

                            discount: R700; % discount: R700
R3 500 × 100% = 20% 

• Profit is made when something is sold for more than what it originally cost.  

 Example: cost price: R400; selling price: R480; profit: R480 – R400 = R80 

• Percentage profit is the profit expressed as a percentage of the cost price.  

 Example: cost price: R400; profit: R80: percentage profit: R80
R400 × 100% = 20% 

• Loss is made when something is sold for less than what it originally cost.  

 Example: cost price: R699; selling price: R549; loss: R699 – R549 = R150 

Teaching guidelines (continued) 
Revise the concepts listed above. 

Answers 
3. (a) R35  (b) 700 ÷ R35 = 20 hundredths  (c) The discount was 20%. 

4. Percentage profit is calculated as a percentage of the cost price. 

 Article A: Discount = R360 − R324 = R36. R36 ÷ R360 × 100 = 10% 

     Profit = R324 − R240 = R84. R84 ÷ R240 × 100% = 35% 

 Article B: Discount = R700 − R560 = R140. R140 ÷ R700 × 100% = 20% 

     Profit = R560 − R540 = R20. R20 ÷ R540 × 100% = 3,7% 

 Article C: Discount = R2 000 − R1 700 = R300. R300 ÷ R2 000 × 100% = 15% 

     Profit = R1 700 − R1 200 = R500. R500 ÷ R1 200 × 100% = 41,666… ≈ 41,7% 

5. (a) Costs: R750 + R3 600 = R4 350 

  Income = 40 × R150 = R6 000 

  Profit = R6 000 − R4 350 = R1 650 

 (b) (25 × R150) + (15 × R100) = R3 750 + R1 500 = R5 250 

  Profit amount = R5 250 − R4 350 = R900 

  Percentage profit = R900 ÷ R4 350 = 20,68…% ≈ 20,7% 

6. She made a loss of R8 per pie. R8 ÷ R60 × 100% = 13,333… % = 13,3% loss. 
	  

 



MATHEMATICS GRADE 9 TEACHER GUIDE	 19	

HIRE PURCHASE 

Background information 
• To buy an item on hire purchase (HP) means paying a deposit and signing 

an agreement to pay monthly instalments until you have paid the full 
amount. 

• The interest on hire purchase is the difference between the HP price and 
the cash price and is charged for allowing you to pay off the item over a 
period of time. 

Teaching guidelines 
Discuss the concepts listed above. 

Answers 
1. (a) R950 + 12 × 360 = 950 + R4 320 = R5 270 

 (b) R5 270 − R4 199 = R1 071 

2. (a) Susie: R178 600; David: R140 300 

 (b) R178 600 − R140 300 = R38 300 

 (c) Susie: R48 600 ÷ R130 000 × 100% = 37,38…% ≈ 37,4% 

  David: R10 300 ÷ R130 000 × 100% = 7,92…% ≈ 7,9% 

SIMPLE INTEREST 

Background information 
Simple interest is calculated at the end of each period and is worked out only on 
the original amount. No interest is added to the original amount for later interest 
calculations. 

Teaching guidelines 
If the amount is invested for part of the year, the time must be written as a fraction of 
a year. 

Answers 

1. (a) 5%   (b) 15%  (c) 10%  (d) x
a  × 100% 

2. (a) 9% × R8 345 = R751,05 (b) R751,05 × 5 = R3 755,25 

3. 5% of R3 500 = R175. R875 ÷ R175 = 5 years. 

4. See the table on LB page 16 alongside. 
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Answers 

5. R260 × 20% = R52 over 365 days. R52 × 10
365  = R1,42 

6. (a) Final amount = original amount invested plus interest  

  Interest = amount invested × 5% = amount invested × 0,05 

  Final amount = investment + investment × 0,05 = investment × (1 + 0,05) 

  Thuli wanted to multiply that expression by 5 because the money was 
invested for five years but then the amount invested (P) would also be 
multiplied by 5. 

 (b) (Take P as amount invested and interest = 0,05).   

  Final amount = P + interest = P + P.n.i = P(1 + n.i)  

  P = Final amount
1+(0,05) ×5  = 6 250

(1,25) = 5 000; amount invested is R5 000 

COMPOUND INTEREST 

Background information 
Compound interest is calculated at the end of each period and is worked out on 
the original amount plus any previous interest already earned. 

Teaching guidelines 
Use the example on LB page 17 to illustrate the concept of compound interest. 

Answers 
1. (a) R20 000 + (5% × R20 000) = R20 000 + R1 000 = R21 000 

 (b) R21 000 + (5% × R21 000) = R21 000 + R1 050 = R22 050 

 (c) R22 050 + (5% × R22 050) = R22 050 + R1 102,50 = R23 152,50 

2. (a) R800 + (15% × R800) = R920  (b) R1 058 − R800 = R258 

3. Compound interest: R750 + (14% × R750) = R855 

 Second year: R855 + (14% × R855) = R974,70 

 Simple interest: R750 + 2 × (R750 × 15%) = R975 ∴ Zinzi is correct. 
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Answers 
4. (a) 12 

 (b) A = P(1 + r
100  )n  = R12 750(1 +  0,053)4 = R15 675,58 

 (c) R15 675,58 − R12 750 = R2 925,58 

5. Formula used to calculate the final amount: A = R5 000(1 + 0,1)3 = R6 655 
R6 655 − R5 000 = R1 655 interest 

EXCHANGE RATE AND COMMISSION 

Background information 
• Exchange rate is the value of one currency for the purpose of conversion 

to another. 

 Example: An exchange rate of 0,070 US Dollar to 1 South African rand means: 

o it will cost R1 to buy 7 American cents 

o it will cost 1 ÷ 0,070 = R14,28 to buy 1 US Dollar. 

• Commission on exchange rates is a fee commonly charged by financial 
institutions for exchanging one currency to another. 

• Sales commission is additional compensation to motivate employees to 
produce more sales and to reward and recognise those who perform most 
productively. 

Teaching guidelines 
Discuss the concepts listed above. 

Answers 
1. (a) £650 × R15,66/£ = R10 179 

  R10 179 × 102,5% = R10 433,475 ≈ R10 433,48 

 (b) 1 ÷ R15,66 = £0,0638… 

2. $25,86 × R9,95/$ = R257,307 ≈ R257,31 

3. 3% × R220 000 = R6 600 commission 
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Grade 9 Term 1 Chapter 2  Integers 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

2.1 Which numbers are smaller than 0? The need for negative numbers; properties of integers Page 19 

2.2 Adding and subtracting with 
integers 

Addition and subtraction of negative numbers; subtraction of a larger number 
from a smaller number; addition of a positive and a negative number; 
subtraction of a negative number; subtraction of a positive number from a 
negative number; calculations 

Pages 20 to 21 

2.3 Multiplying and dividing with 
integers 

Multiplication with integers; the commutative and distributive properties; 
division with integers; mixed calculations with integers 

Pages 22 to 25 

2.4 Powers, roots and word problems Positive and negative square roots; cube roots; word problems Pages 25 to 26 

 

CAPS time allocation 4,5 hours 

CAPS content specification Page 121 
 

Mathematical background 
• The set of integers ZZ = {…; –4; –3; –2; –1; 0; 1; 2; 3; 4; …} is formed by adding the set {…; –4; –3; –2; –1} to the set of whole numbers NN00 = {0; 1; 2; 3; 4; ….}. 

• The focus in this chapter is on the computational properties of integers and the properties of operations with integers. 

• The computational properties of integers describe how we do calculations with integers: 

o Subtracting a bigger number from a smaller number results in a negative number, for example, 10 – 20 = (–10) (“negative ten”). 

o Any integer and its additive inverse lie the same distance from, and on opposite sides of, 0 on the number line. Therefore, the sum of any integer 
and its additive inverse is equal to 0, for example, 12 + (–12) = 0 or (–12) + 12 = 0 (“negative twelve plus twelve equals zero”).  

o Adding an integer has the same effect as subtracting its additive inverse, for example, 3 + (–10) and 3 – 10 produce the same result. 

o Subtracting an integer has the same effect as adding its additive inverse, for example, 3 – (–10) and 3 + 10 produce the same result. 

o The product of a positive and a negative integer is negative, which means that the quotient of a negative and a positive integer is negative, for 
example, (–30) ÷ (+10) = –3. Or, the quotient of two negative integers is positive, for example, (–30) ÷ (–10) = +3. 

o The product of two negative integers is positive, which means that the quotient of a positive and a negative integer is negative, for example,  
(–3) × (–10) = 30. 

• The associative, commutative and distributive properties of operations with integers may be called the “structural” properties of integers. 
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2.1 Which numbers are smaller than 0? 

WHY PEOPLE DECIDED TO HAVE NEGATIVE NUMBERS 

Background information 
• Whole numbers start at 0 and extend in one direction on a number line. 

• Integers extend in both directions on a number line. 

• For every natural number there is an additive inverse which lies the same 
distance from, and on the other side of, 0 on the number line. 

Example: The additive inverse of 17 is –17 (“negative seventeen”). 

• The set of integers contain all natural numbers and their additive inverses, 
together with 0. 

• When a large number is subtracted from a smaller number the answer may 
be a negative number. 

  Example: 5 – 12 = –7 (“five minus twelve = negative seven”) 

Teaching guidelines 
Make sure that learners are always aware of the difference between using the – sign to 
indicate subtraction and using it to indicate a negative number. To do this, it is 
useful to get learners into the habit of referring to a negative number using the term 
“negative” rather than “minus”. For example, they should read −6 as “negative 6” 
and not “minus 6”. In the Learner Book, the operation sign “−” is always separated 
from numbers by a space, so “10 minus 8” is written as, 10 − 8. However, when the  
− sign is used to indicate a negative number, there is no space between the sign and 
the number, for example, the number “negative 8” is printed as −8 and not as − 8. 

PROPERTIES OF INTEGERS 

Teaching guidelines 
Make sure that learners understand the content of the table on LB page 19 alongside. 

Answers 
1. (a) x = −30. Property 2 

 (b) x = −30. Property 1 

 (c) x = −10. Property 2 and property 3 

 (d) x = −10. Property 1 and property 3 
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2.2 Adding and subtracting with integers 

Background information 
• Number patterns can be used to illustrate addition and subtraction rules 

for integers. 

        Pattern P  Pattern Q  Pattern R      Pattern S 

3	+			0			=	3	
3	+	(–1)	=	2	
3	+	(–2)	=	1	
3	+	(–3)	=	0	
3	+	(–4)	=	–1	
3	+	(–5)	=	–2	

3	–	0	=	3	
3	–	1	=	2	
3	–	2	=	1	
3	–	3	=	0	
3	–	4	=	–1	
3	–	5	=	–2	

	 6	–			0			=	6	
6	–	(–1)	=	7	
6	–	(–2)	=	8	
6	–	(–3)	=	9	
6	–	(–4)	=	10	
6	–	(–5)	=	11	

6	+	0	=	6	
6	+	1	=	7	
6	+	2	=	8	
6	+	3	=	9	
6	+	4	=	10	
6	+	5	=	11	

• Patterns P and Q confirm that adding a negative number has the same effect 
as subtracting a natural number. 

• Patterns R and S confirm that subtracting a negative number has the same 
effect as adding a natural number. 

• Addition and subtraction of negative numbers are done in the same way as 
the addition and subtraction of positive numbers. 

  Examples: (–5) + (–3) = –8, just like 5 + 3 = 8 

             (–20) – (–7) = –13, just like 20 – 7 = 13. 

• The additive inverse can be used to subtract a larger number from a 
smaller number. 

  Example:  5 – 9 = 5 – 5 – 4 = 0 – 4 = –4 

• Adding an integer has the same effect as subtracting its additive inverse. 
  Example: 3 + (–10) and 3 – 10 produce the same result. 

Teaching guidelines 
Work through the examples on LB page 20. 

Misconceptions 
“Operations may be done on signs.” 

Example: 7 + (–5) = 7 – 5 because adding a negative number has the same 
effect as subtracting its additive inverse, NOT because “a plus times a minus is 
a minus”. The two properties “subtracting an integer is the same as adding its 
additive inverse” and “adding an integer is the same as subtracting its additive 
inverse” have absolutely nothing to do with the property that “a negative number × 
a positive number = a negative number”. Learners should not be allowed to develop 
the misconception that “operations can be done on signs”, for example the idea that 
“a minus times a minus is a plus”.  
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Background information (continued) 
• The sum of any integer and its additive inverse is equal to 0. 

  Example: 12 + (–12) = 0 or (–12) + 12 = 0 

• Subtracting a negative number has the same effect as adding its 
additive inverse. 

  Example: 3 – (–10) and 3 + 10 produce the same result. 

• Subtracting a positive number from a negative number has the 
same effect as adding its additive inverse. 

  Example: (–7) – 4 and (–7) + (–4) produce the same result. 

Teaching guidelines (continued) 
Work through the examples on LB page 21 alongside. 

Misconceptions 
Learners should also be protected against the fallacy that “subtraction of a negative 
number is the same as multiplying two negative numbers”. 

Example: 10 − (−4) = 10 + 4 because “subtracting an integer is the same as 
adding its additive inverse”, NOT because (−1) × (−4) = 4. 

CALCULATIONS WITH INTEGERS 

Background information 
• Adding an integer has the same effect as subtracting its additive inverse. 

  Example: 6 + (–4) = 6 – 4 = 2 

• Subtracting an integer has the same effect as adding its additive inverse. 
  Example: 6 – (–4) = 6 + 4 = 10 

Teaching guidelines 
Revise the computational properties for addition and subtraction of integers listed 
above. 

Answers 
1. to 6. See the answers on LB page 21 alongside. 
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2.3 Multiplying and dividing with integers 

MULTIPLICATION WITH INTEGERS 

Background information 
Multiplication of integers is commutative. 

Teaching guidelines 
At the end of this section on LB page 22 alongside, learners should have discovered 
that multiplication of integers is commutative. 

Answers 
1. See the answers on LB page 22 alongside. 

2. See the answers on LB page 22 alongside. 

THE DISTRIBUTIVE PROPERTY 

Background information 
The distributive property allows us to distribute multiplication over addition 
and/or subtraction. 

  Examples: 4 × (20 + (–5)) = 4 × 20 + 4 × (–5) 

        4 × (20 – 5) = 4 × 20 – 4 × 5 

Teaching guidelines 
At the end of question 3 on LB page 22 alongside, learners should have discovered 
that multiplication distributes over addition and subtraction with integers. 

Answers 
1. (a) 20 − 5 = 15 (b) 4 × 15 = 60 (c) 80 − 20 = 60 

 (d) −5 − 20 = −25 (e) 4 × (−25) = −100 (f) −20 + (−80) = −100 

2. Learners evaluate their answers to question 1 on LB page 22. 

3. (a) 5 (b) 4 × 5 = 20 (c) 80 − 60 = 20 

 (d) −35 (e) 4 × (−35) = −140 (f) −60 − 80 = −140 

 (g) 5 (h) −20 (i) −40 + 20 = −20 

4. Adding an integer is the same as subtracting its additive inverse.  
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Background information (continued) 
Number patterns can be used to investigate multiplication rules for integers. 

          Pattern P               Pattern Q    Pattern R  

5 ×     2   =   10 
5 ×     1   =     5 
5 ×     0   =     0 
5 × (–1) =   –5 
5 × (–2) = –10 

    2 × 5 =    10 
   1 × 5 =       5 
   0 × 5 =       0 
–1 × 5  =    –5 
–2 × 5  = –10 

 –5 ×     2   = –10 
–5 ×     1   =   –5 
–5 ×     0   =      0 
–5 × (–1) =      5 
–5 × (–2) =    10 

• The product of two positive numbers is a positive number (see pattern P). 

• The product of a positive number and a negative number is a negative 
number (P). 

• The product of a negative number and a positive number is a negative 
number (Q). 

• The product of two negative numbers is a positive number (R). 

Teaching guidelines (continued) 
Revise the multiplication rules for integers listed above. 

Answers 
5. (a) 500 − 300 = 200 (b) 20 

 (c) 10 × 20 = 200 (d) −80 

 (e) −500 − 300 = −800 (f) 10 × (−80) = −800 

6. (a) See the underlined expressions on LB page 23 alongside. 

 (b) Distributive property 

7. (a) Yes 

 (b) 10 × 50 + 10 × (−30) = 10 × (50 + (−30)) 

  10 × −50 + 10 × 30 = 10 × (−50 + 30) 

8. See the underlined expressions on LB page 23 alongside. 

9. 10 × ((−50) − (−30)) = 10 × −20 = −200  

 10 × (−50) − (−30) = −500 + 30 = −470 

 10 × (−50) − 10 × (−30) = −500 + 300 = −200 

10. −10 × 2 = −20 

11. Yes, the answers are the same. 
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Teaching guidelines (continued) 
Revise the summary of properties of integers on LB page 24 alongside. 

Answers 
12. (a) 120     (b) −140    (c) 300 + 240 = 540 

 (d) −30 × −18 = 540  (e) 300 − 240 = 60  (f) −30 × −2 = 60 

DIVISION WITH INTEGERS 

Background information 
Multiplication and division are inverse operations. This means that, if two 
numbers and the value of their product are known, the answers to two division sums 
are also known. 

 Example: If 3 × (–5) = –15 then (–15) ÷ 3 = –5 and (–15) ÷ (–5) = 3 

• A positive number divided by a positive number is a positive number. 

• A positive number divided by a negative number is a negative number. 

• A negative number divided by a positive number is a negative number. 

• A negative number divided by a negative number is a positive number. 

Teaching guidelines 
Learners use inverse operations to deduce the division rules for integers. 

Answers 
1. See the answers on LB page 24 alongside. 

2. See the answers on LB page 24 alongside. 

MIXED CALCULATIONS WITH INTEGERS 

Teaching guidelines 
Remind learners to use the conventional order of operations (BODMAS) to solve 
problems with multiple operations. 

Answers 
1. (a) 20(−43) = −860 (b) −1 000 + 140 = −860 

 (c) 20(−57) = −1 140 (d) −1 000 − 140 = −1 140 

 (e) −20(−57) = 1 140 (f) 1 000 + 140 = 1 140  
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Answers 
2. (a) 40 × (−4) − 10 × (−6) − 3 × (−11) = −160 + 60 + 33 = −67 

 (b) 10 × 40 + (−10) × 7 = 400 − 70 = 330 

 (c) −50(35) + 30(10) − 40(−3) = −1 750 + 300 + 120 = −1 330 

 (d) −4 × (−20) + 7 × (−30) − 10 × (−40) = 80 − 210 + 400 = 270 

 (e) −3 × (−15) × (−10) × (−5) = 2 250 

2.4 Powers, roots and word problems 

Background information 
• A square is any number which is a product of two identical factors. 

• The square root of a number is another number which, when squared, 
will equal the first number. 

o A square has two square roots, for example 25 has the square roots 5  
and −5. 

o The square root sign is used for positive numbers only, so we use 25 to 
indicate 5, and it does not mean −5. We indicate the negative square root 
by − 25 . 

• A cube is any number which is a product of three identical factors. 

• The cube root of a number is another number which, when cubed, will 
equal the first number. 

Teaching guidelines 
Revise the concepts listed above. 

Answers 
1. See the tables on LB page 25 alongside. 

2. (a) 2 − 3 = −1 (b) 3 − 4 = −1 

 (c) −9 (d) 9 

 (e) 16 − 36 + 1 = −19 (f) 27 − 64 − 8 − 1 = −46 

 (g) 9 − 2 × 5 = 9 − 10 = −1 (h) −(16)(1) = −16 

 (i) 25
25

 = 25 ÷ 5 = 5 (j) −6
−1 −8 = −6

−9 = 23  

  

 



MATHEMATICS GRADE 9 TEACHER GUIDE 31	

Answers 
3. (a) 11 °C − (−2 °C) = 13 °C 

 (b) 3 °C + 2 °C = 5 °C 

 (c) −75 + 21 = −54 m, so it is 54 m below the surface. 

 (d) −37 − 15 = −52 m, so it is 52 m below the surface. 
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Grade 9 Term 1 Chapter 3  Fractions 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

3.1 Equivalent fractions Consolidation of understanding of equivalent fractions; conversions between 
mixed numbers and common fractions 

Pages 27 to 30 

3.2 Adding and subtracting fractions Addition and subtraction with fractions using the LCM of the denominators Pages 30 to 32 

3.3 Multiplying and dividing fractions Multiplication and division with fractions; squares, cubes, square roots and cube 
roots 

Pages 32 to 36 

3.4 Equivalent forms Conversion between fractions in common fraction, decimal and percentage 
notations 

Pages 37 to 38 

 

CAPS time allocation 4,5 hours 

CAPS content specification Page 122 

Mathematical background  
A fraction is a measure of how something is to be divided up or shared out. In this chapter learners find out more about fractions and what they are used for. 

• Fractions were invented so that quantities, such as the following, can be described accurately: 

o measures, for example, “a learner is 11
2 m tall” 

o parts of whole objects, for example, “quarter of an apple” or “a half-loaf of bread” 

o parts of collections, for example, “three-eighths of the learners in a school” 

o parts of non-physical quantities, for example, “63 hundredths of the available marks”, normally written in percentage notation.  

• Fractions can be described using various notations such as the following: 

o common fraction notation, for example, “three-fifths” of a cake is left over 

o decimal notation, for example, “0,6” of a cake is left over 

o percentage notation, for example, “60%” of a cake is left over 

o ratio notation, for example, the ratio of cake eaten and cake left over is “2 : 3”. 

• Equivalent fractions are fractions that have the same value but are different in form. They enable us to: 

o convert a fraction to another notation 

o reduce a common fraction by writing it in its simplest form 

o compare two or more common fractions by writing them with a common denominator 

o add and subtract common fractions by writing them with a common denominator.  
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3.1 Equivalent fractions 

THE SAME NUMBER IN DIFFERENT FORMS 

Background information 
The activities on LB pages 27 and 28 are intended to provide learners with 
opportunities to consolidate their understanding of equivalence. While the 
conventional process to simplify fractions (to multiply or divide the numerator and 
denominator by the same number) is easy to learn and to imply, knowledge of this 
process does not guarantee understanding of the meaning of equivalence of 
fractions, namely that the same number is expressed in different ways. Widely-held 

misconceptions, such as “20
30  > 23 ”, even among university students, indicate that 

there is a serious need for opportunities to help learners understand what equivalent 
fractions mean – i.e. that the same number (quantity or ratio) can be expressed in 
different ways. A fraction wall can be used for this purpose. 

Teaching guidelines 
Learners use a fraction wall like the one below to find sets of equivalent fractions. 

 

 Example: 
1
2 = 

2
4 = 

3
6 = 

4
8 = 

5
10 = 

6
12 

Answers 
1. (a) R40 (b) R40 (c) R40 

2. See the answers on LB page 27 alongside. 

3. See the answers on LB page 27 alongside.  
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Background information (continued) 
It is useful to distinguish the following three phases in the development of the 
concept of equivalent fractions in learners’ minds. 

• Awareness that the same part of a whole, collection, quantity or unit of 
measurement can be described with different fractions: 

Example: 24 forty-eighths of a slab of chocolate can be described as 12 
twenty-fourths, eight sixteenths, six twelfths, four eighths, three sixths, 
two quarters or one half of the slab  

• The ability to specify equivalent fractions: 

Example: 24 forty-eighths = 12 twenty-fourths = eight sixteenths = six 
twelfths = four eighths = three sixths = two quarters = one half  

• Producing equivalent fractions with a formula: 

Example: Either multiply or divide both the numerator and denominator of 
a fraction by the same number. 

Teaching guidelines (continued) 
The common practice to refer to fractions as “a number ‘over’ a number”, for 

example to refer to 58 as “5 over 8” needs to be discouraged, because it undermines 

understanding of what fractions really are. It is critical that learners and teachers use 
language that reflects the true nature of a fraction, namely a number of parts of a 

certain size, for example, 58 means five parts of a size indicated by the denominator 8, 

meaning a quantity was divided into eight equal parts. 

Answers 

4. 2
10 = 15;  4

10 = 25;  45 = 8
10;  10

25 = 25 

5. See the answers on LB page 28 alongside. 

6. See the answers on LB page 28 alongside. 

7. See the table on LB page 28 alongside. 
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Background information (continued) 
• Equivalent fractions look different but have the same value. 

• Equivalent fractions occupy the same position on a number line. 

• A common fraction can be simplified by dividing the numerator and 
denominator by the same number. 

• The numerator and denominator of a common fraction in its simplest 
form has no common factor but 1. 

Teaching guidelines (continued) 
Discuss the statements listed above. 

Answers 

8. There are many equivalent fractions. Some examples are:  6
8; 9

12; 12
16; 15

20; 18
24 

9. (a) 8
12   (b) 9

12   (c) 10
12   (d) 2

12  

10. (a) 2
5   (b) 1

4   (c) 1
5   (d) 1

5   (e) 1
4   (f) 1

11  

CONVERTING BETWEEN MIXED NUMBERS AND FRACTIONS 

Background information 

• Mixed numbers consist of two parts: a whole number and a fraction: 34
5. 

• Mixed numbers can be written in expanded notation: 34
5 = 3 + 45. 

• Mixed numbers can be added or subtracted by working with the whole 
number parts and fraction parts separately, for example: 

   34
5 + 133

5 = 16 + 75 = 16 + 12
5 = 172

5 or  

   133
5 – 34

5 = 128
5 – 34

5 = 94
5 (“borrow” 1 from 13) 

• A proper fraction has a numerator smaller than its denominator. 

• An improper fraction has a numerator larger than its denominator. 

• Mixed numbers can be converted to improper fractions, and vice versa. 
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Teaching guidelines 
Use the examples at the top of LB page 30 alongside to illustrate the conversion of 
mixed numbers to improper fractions. 

Answers 

1. (a) 28
5      (b) 19

8      (c) 25
7      (d) 53

12  

2. (a) 62
5     (b) 31

8     (c) 26
9 = 22

3    (d) 117
20  

3.2 Adding and subtracting fractions 

Background information 
Common fractions can be added and subtracted if they are expressed with a 
common denominator, which can be either the: 

• “product” of the denominators, or  

• The LCM (lowest common multiple) of the denominators. 

Teaching guidelines 
Use the examples at the bottom of LB page 30 alongside and illustrate how to use: 

• the product of two denominators to add two fractions 

• the LCM of the denominators to add two fractions. 
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ADDING AND SUBTRACTING FRACTIONS 

Teaching guidelines (continued) 
Revise how to find the LCM of two numbers by using: 

• a factor tree, starting with known factors  

• a factor ladder, starting with the smallest prime factor. 

Answers 
1. LCM method. Finding the LCM is the quickest method because I know the 

multiples. 

2. (a) 15
40 + 16

40 = 31
40  

 (b) 12
40 + 35

40 = 47
40 = 1 7

40  

 (c) 3 + 2 + 4
10 + 3

10 = 5 7
10  

 (d) 7 + 3 + 9
24 + 22

24 = 1031
24 = 11 7

24  

3. (a) 13
20 − 8

20 = 5
20 = 14  

 (b) 7
12 − 3

12 = 4
12 = 13  

 (c) 54
8 − 33

8 = 21
8  

 (d) 41
9 − 56

9 = 37
9  − 51

9  = −14
9  = −15

9  

4. 1
3 = 5

15 , and two fifths = 6
15  

 15
15 − 5

15  − 6
15 = 4

15 of the pizza. 
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Answers 

5. (a) 56
120 + 55

120 = 111
120 = 37

40  (b) 219
300 − 28

300 = 191
300  

  LCM method  LCM method 

 (c) 24
200 + 65

200  = 89
200  (d) 45

80 − 24
80 = 21

80  

  LCM method  LCM method 

 (e) 10
180 + 63

180 = 73
180  (f) 22

70 − 15
70 = 7

70 = 1
10  

  LCM method  LCM method 

 (g) 50
8  = 62

8 = 61
4  

  There was a common denominator already. 

3.3 Multiplying and dividing fractions 

THINK ABOUT MULTIPLICATION AND DIVISION WITH FRACTIONS 

Background information 
Multiplication and division with fractions should cover the following calculations: 

• Multiply a fraction by a whole number: Use the meaning of the fraction. 

 Example: 5 × 23 = 5 × 2 thirds = 10 thirds = 10
3  

• Divide a fraction by a whole number: Use equivalent fractions. 

 Example: 23 ÷ 5 = 10
15 ÷ 5 = 2

15 

Teaching guidelines 
Use the questions on LB page 32 to introduce the calculations listed above. 

Answers 

1. (a) 10 × 58  (b) 5
8 ÷ 10 (c) 5

8 of R10 (d) 10 ÷ 58  

2. (a) Set D (b) Set B (c) Set D (d) Set C 
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Background information (continued) 
• To multiply a fraction by a whole number, write the fraction in words, 

find the answer and, if necessary, convert it to a mixed number. 

  Example: 5 × 23 = 5 × 2 thirds = 10 thirds = 10
3  = 31

3 

• To divide a fraction by a whole number, convert the fraction to an 
equivalent fraction with a numerator that is a multiple of the divisor. 

  Example: 23 ÷ 5 = 10
15 ÷ 5 = 2

15 

• To find a fraction of a whole number, find a unit fraction (one part) of 
the whole number and multiply the answer by the numerator. 

  Example: 7
12 of 36 = 7 × ( 1

12 of 36) = 7 × 3 = 21 

• To find a fraction of a fraction, simply multiply the numerators as well 
as the denominators and write the answer in its simplest form. 

  Example: 7
12 of 36

50 = 7 × ( 1
12 of 36

50) = 7 × 3
50 = 21

50 or 7
12 × 36

50 = 252
600 = 21

50 

Teaching guidelines (continued) 
Use the examples on LB page 33 to illustrate the methods explained above. 

Answers 
3. (a) 21 fiftieths 

 (b) 252
600 = 21

50  
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MULTIPLYING AND DIVIDING FRACTIONS 

Background information 
• Division is the inverse of multiplication. 

• To find the inverse of a fraction, change its numerator to a denominator 
and its denominator to a numerator. 

  Example: The inverse of 7
12 is 12

7 . 

• The product of a fraction and its inverse is equal to 1. 

  Example: 7
12 × 12

7  = 84
84 = 1 

• To divide by a fraction, multiply by its inverse. 

  Example: 7
12 ÷ 7

12 = 7
12 × 12

7  = 84
84 = 1 (a number divided by itself is equal to 1) 

Teaching guidelines 
Use the context at the top of LB page 34 to discuss the background information listed 
above. 

Answers 

1. (a) 36
100 = 9

25  (b) 36
400 = 9

100  (c) 39
100  

 (d) 9
8 = 11

8  (e) 15
120 = 18  (f) 9

400  

2. (a) 18
50 ÷ 3

50 = 18
50 × 50

3  = 6 pans 

 (b) 20
50 ÷ 3

50 = 20
50 × 50

3  = 62
3 pans. They can only make whole pans, so they can 

make 6 pans with 23 of 3
50 (a pan) left over, i.e. 6

150 or 1
25 kg of copper. 

 (c) 2
5 is equivalent to 20

50, so they can make 6 pans with 1
25 kg of copper left over. 

 (d) 3
4 ÷ 3

50 = 34 × 50
3  = 12,5 pans, so they can make 12 pans with 3

100 kg of copper 

left over.  
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Answers 

2. (e) 144
50  ÷ 3

50  = 144
50  × 50

3  = 48 pans 

 (f) 5 ÷ 3
50 = 5 × 50

3   = 250
3  = 83 pans with 2

100 kg of copper left over. 

3. (a) 18
50 × 50

3  = 6 (b) 18
50 ÷ 3

50 = 18
50 × 50

3  = 6 

 (c)  144
50 × 50

3  = 48 (d) 144
50  ÷ 3

50 = 144
50  × 50

3  = 48 

 (e) 144
50  ÷ 3

50 = 144
50  × 50

3  = 48 (f) 
5
8 × 50

3  = 250
24  = 1010

24 = 10 5
12  

 (g) 20
1  × 50

3  = 1 000
3  = 333

1
3  (h) 2

1 × 50
3  = 100

3  = 331
3  

 (i) 1
1 × 50

3  = 50
3  = 162

3  (j) 1
2 × 50

3  = 50
6  = 81

3  

4. (a) A = l × b = 29
8  × 13

5  = 377
40  = 917

40 cm2 

 (b) P = 2(l + b) = 2(35
8 + 23

5 ) = 2(5 + 25
40 + 24

40 ) = 2(549
40 )= 2(6 9

40 ) = 12 9
20  cm 

5. 81
6 ÷ 55

6 = 49
6  × 6

35 = 49
35 = 114

35 = 12
5  

6. (a) 19
8  × 29

5  = 551
40  = 1331

40      (b) 23
7  × 31

12 = 713
84  = 841

84  

 (c) 42
5  ÷ 33

10 = 42
5  × 10

33 = 420
165 = 2 90

165 = 2 6
11   (d) 33

10 × 33
10 = 1 089

100  = 10 89
100  

 (e) 21
8  ÷ 57

10 = 21
8  × 10

57 = 210
456 = 35

76     (f) 3
5 × 53 × 13

4 = 13
4  

7. (a) 2
3 (15

20 + 14
20 ) = 23 (29

20 ) = 29
30     (b) 2

3 × (3
4 + 7

10 ) = 29
30  as in (a) 

 (c) 5
8 (12

15 − 5
15 ) = 58 ( 7

15 ) = 7
24     (d) 20

40 − 5
24 = 60

120 − 25
120 = 35

120 = 7
24   
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Answers 

8. (a) (i)  25 × 30
1  = 12 plots; 25 × 45 000

1  = R18 000 

  (ii)  25 × 40
1  = 16 ha 

 (b) 1
3 × 30

1  = 10 plots; 13 × 45 000
1  = R15 000  

 (c) 15
15 − 6

15 − 5
15 = 4

15  

SQUARES, CUBES, SQUARE ROOTS AND CUBE ROOTS 

Background information 
• The square of a fraction is equal to the square of the numerator divided 

by the square of the denominator. 

• The cube of a common fraction is the cube of the numerator divided by 
the cube of the denominator. 

• The square root of a common fraction is the square root of the 
numerator divided by the square root of the denominator. 

• The cube root of a common fraction is the cube root of the numerator 
divided by the cube root of the denominator. 

Teaching guidelines 
Use the following examples to revise the concepts listed above.  

 ( )4
5

2
 = 4

2

5
2 = 16

25 ( )4
5

3
 = 4 

3

5 
3   = 64

125  16
25  =  16

 25
   = 45  

3
 64
125  =  

3
64

 
3

125 
  = 45 

Answers 

1. (a) 9
16      (b) 49

100      (c) 21
8  × 21

8  = 441
64  = 657

64  

 (d) 17
12 × 17

12 = 289
144 = 2 1

144  (e) 26
7  × 26

7  = 676
49  = 1339

49  (f) 43
4  × 43

4  = 1 849
16  = 115 9

16  

2. (a) 5
7  (b) 6

11  (c) 8
5 = 13

5  (d)  144
49   = 12

7  = 15
7  

3. (a) 27
64  (b) 343

1 000  (c) 729
1 000  (d) 125

512  

4. (a) 3
10  (b) 5

6  (c) 10
6  = 14

6 = 12
3  (d) 

3
 125

8  = 52 = 21
2   
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3.4 Equivalent forms 

FRACTIONS, DECIMALS AND PERCENTAGE FORMS 

Background information 
• It is critical that learners do not adhere to the misconception that “common 

fractions” and “decimal fractions” are different kinds of numbers, but 
understand that these labels refer to two different notations for 
exactly the same numbers, namely the rational numbers. 

• In the common fraction notation, accuracy of representing a quantity is 
achieved by using a denominator, i.e. a fractional unit that facilitates the 
accurate description of a quantity. For example, if a discount of R600 is given 
on a purchase of R1 600, the discount can be accurately described as three 
eighths of the marked price (R600 is three eighths of R1 600). 

• The decimal notation is limited to tenths, hundredths, thousandths and 
so on. Hence, to express the same R600 discount in terms of a decimal, it 

needs to be understood as 3
10 + 7

100 + 5
1 000 , which is written as 0,375 in the 

decimal notation.  

• Decimals are fractions as much as common fractions are – they are just 
fractions expressed in a different way. 

• Percentage is a more limited form (than decimals) of expressing fractions, 

in the sense that only hundredths are used: 37% means 37
100 , where %  

means  
100 . 

Teaching guidelines 
Revise how to convert between the common fraction, decimal and percentage 
notations. 

Answers 

1. (a) 100 (b) 10 (c) 15
100 = 3

20   (d) 40
100 = 4

10 = 25  

2. (a) 22%    (b) 40% 

3. (a) 0,3; 30%; 3
10    (b) 0,07; 7%; 7

100   (c) 0,37; 37%; 37
100  

 (d) 0,7; 70%; 7
10    (e) 0,4; 40%; 25    (f) 0,35; 35%; 7

20  
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Answers 
4. See the completed table on LB page 38 alongside. 
5. (a) 25% 

 (b) 3
4  

 (c) (1 − 0,18) ÷ 2 = 0,41 = 41
100  
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Grade 9 Term 1 Chapter 4  The decimal notation for fractions 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

4.1 Equivalent forms Conversions of fractions in common fraction, decimal and percentage notation Pages 39 to 40 

4.2 Calculations with decimals Addition, subtraction, multiplication and division with decimal fractions Pages 40 to 42 

4.3 Solving problems Simple problems Pages 42 to 43 

4.4 More problems Problems in contexts Pages 43 to 44 

4.5 Decimals in algebraic expressions 
and equations 

Decimals in algebra Page 44 

 

CAPS time allocation 4,5 hours 

CAPS content specification Page 123 

 

Mathematical background  
It is critical that learners are empowered to understand that “common fractions”, “decimals” and “percentages” are different ways to represent exactly 
the same numbers.  

• To express a number as a common fraction, only one kind of fractional unit is used. In the common fraction representation, precision is achieved by 
selecting a fractional unit with which the given quantity can be measured accurately. 

 Example: A distance may be expressed as five eighths of a kilometre, which can also be written as 58  km. Precision is achieved by dividing a kilometre 

into eight fractional parts and selecting five of those parts. The same quantity can be expressed as a common fraction in different ways using 

different fractional parts like sixteenths (10
16 ), fortieths (25

40 ) or thousandths ( 625
1 000 ). 

• To express the same quantity as a percentage, only hundredths of the measuring unit is used.  

 Example: Five eighths is 621
2 hundredths, which can be written as 62,5%. 

• To express the same quantity as a decimal, a combination of tenths, hundredths, thousandths, etc. of the measuring unit is used.  

 Example: In decimals, five eighths is expressed as six tenths + two hundredths + five thousandths. 

To add and subtract numbers expressed as common fractions, conversion to equivalent fractions (“a common denominator”) is often necessary. There is 
no such need when numbers are expressed as decimals. However, as in the case of addition and subtraction with whole numbers, the usual “column methods” 
are based on decomposition (“expanded notation”) and regrouping (using the commutative and associative properties), and can only be logically understood 
in terms of decomposition and regrouping.  
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4.1 Equivalent forms 

COMMON FRACTIONS, DECIMAL FRACTIONS AND PERCENTAGES 

Background information 
• To write a decimal as a common fraction, write it with a denominator 

that is a power of 10 and simplify if possible. 

  Example: 0,64 = 64
100 = 16

25 × 44 = 16
25 

• To write a common fraction as a decimal fraction, convert it to a 
common fraction with a power of 10 as a denominator. 

  Example: 38 = 38 × 125
125 = 375

1 000 = 0,375 

Teaching guidelines 
Learners discuss how to write: 

• a common fraction in decimal notation: divide the numerator by the 
denominator 

• a common fraction in percentage notation: divide the numerator by the 
denominator and multiply by 100 

• a decimal fraction in common fraction notation: write as tenths, hundredths 
or thousandths and simplify 

• a decimal fraction in percentage notation: multiply by 100 

• a percentage in common fraction notation: write as hundredths and simplify 

• a percentage in decimal notation: divide by 100. 

Answers 

1. (a) 56
100 = 14

25 × 44 = 14
25  

 (b) 387
100  or 3 87

100  

 (c) 19
10  or 1 9

10  

 (d) 5 205
1 000 = 1 041

200  × 55  = 1 041
200  or 5 41

200  
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Answers 

2. (a) 9
20 × 55  = 45

100  = 0,45 (b) 7
5 × 20

20  = 140
100  = 1,4 

 (c) 24
25 × 44  = 96

100  = 0,96 (d) 2 × 8 + 3
8   × 125

125  = 2 375
1 000  = 2,375 

3. (a) 70
100  = 7

10      (b) 5
100  = 1

20     (c) 125
1 000  = 18  

4. (a) 6
10 × 10

10  = 60
100 = 60% (b) 43

100 = 43% 

 (c) 8
100  = 8% (d) 265

1 000 = 26,5
100  = 26,5% 

 (e) 5
1 000  = 0,5

100 = 0,5% 

5. (a) 7
10 × 10

10  = 70
100 = 70% (b) 3

4 × 25
25  = 75

100  = 75% 

 (c) 33
50 × 22  = 66

100 = 66% (d) 100% 

 (e) 2
25 × 44  = 8

100 = 8% (f) 29
50 × 22  = 58

100  = 58% 

6. (a) 40
50 = 45  

 (b) Devi: 80%; Jane: 60
80  = 15

20 × 55  = 75
100  = 75% 

 (c) Devi performed better. 

7. (a) 4
12 = 13  

 (b) 8
12  = 23  = 66,6…% 

4.2 Calculations with decimals 

CALCULATIONS WITH DECIMALS 

Background information 
• To add and subtract decimals: 

o add tenths to tenths; subtract tenths from tenths 

o add hundredths to hundredths; subtract hundredths from hundredths 

o add thousandths to thousandths; subtract thousandths from 
thousandths. 
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• To multiply decimals: 

o write the decimals as common fractions 

o multiply the numerators as well as the denominators 

o divide the product of the numerators by the product of the 
denominators. 

• To divide decimal fractions: 

o convert the dividend and divisor to whole numbers by multiplying both 
by the same power of 10 

o divide the new dividend by the new divisor. 

Teaching guidelines 
Revise how to add, subtract, multiply and divide with decimals. 

Answers 
1. (a) 3,30 + 4,83 = 8,13 

 (b) (0,6 + 4,4) + 18,3 = 5 + 18,3 = 23,3 

 (c) 16,90 – 1,23 = 15,67 

 (d) 8,4 – 0,6 = 7,8 

 (e) 9,43 – 4,75 = 4,68 

 (f) 1,21 + 2,50 – 2,07 = 3,71 – 2,07 = 1,64 

2. (a) 2,0 (b) 0,3 

 (c) 0,032 (d) 0,0030 (or 0,003) 

 (e) 0,214 (f) 0,00032 

3. (a) 2,4 (b) 12
0,3

 × 10
10  = 120 ÷ 3 = 40 

 (c) 0,15
0,5

 × 10
10  = 1,5 ÷ 5 = 0,3 (d) 10 000 ÷ 2 = 5 000 

 (e) 300 ÷ 6 = 50 (f) 2,4 ÷ 8 = 0,3 

4. (a) See the circled answer on LB page 41 alongside. 

 (b) See the circled answer on LB page 41 alongside. 
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Answers 
4. (c) See the circled answer on LB page 42 alongside. 

5. See the spider diagram on LB page 42 alongside. 

6. (a) 0,01    (b) 0,0009    (c) 6,25 

 (d) 0,2     (e) 0,4     (f) 0,7 

 (g) 0,008    (h) 0,064    (i) 0,000027 

 (j) 0,4     (k) 0,5     (l) 0,6 

7. (a) 5,0 ÷ 10 = 0,5 

 (b) 4,2 – 6,0 = –1,8 

 (c) 12,75
0,05

 × 100
100  = 1 275 ÷ 5 = 255 

 (d) 420 ÷ 21 + 0,135 = 20 + 0,135 = 20,135 

4.3 Solving problems 

ALL KINDS OF PROBLEMS 

Background information 
Operations with decimals should include examples such as the following: 

• multiplying a decimal by a whole number 

• multiplying a decimal by a decimal 

• dividing a whole number by a decimal 

• dividing a decimal by a decimal. 

Teaching guidelines 
Create simple examples like those listed above. 

Answers 
1. The value is the same, because the first number is divided by ten and the second 

number is multiplied by ten to get the right-hand side figures. We know that 
multiplying by ten and dividing by ten is the same as multiplying by one. 

2. (a) 10,8    (b) 108,0    (c) 1,08 

 (d) 1,08    (e) 0,00108    (f) 1,08 
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Answers 
3. (a) 28     (b) 0,8     (c) 100 

4. (a) Yes, he is correct. He multiplied the divisor by 100 in step 1. 

  He must multiply the dividend by 100 too. 

  He is doing the same as this calculation: 

  6,5
0,02

 × 100
100 = 650 ÷ 2 = 325 

 (b) (i) 4,8 ÷ 3 = 1,6; 1,6 × 10 = 16  

  (ii) 21 ÷ 3 = 7; 7 × 1 000 = 7 000 

5. See the answers on LB page 43 alongside. 

4.4 More problems 

MORE PROBLEMS AND CALCULATIONS 

Background information 
Calculations with decimals feature in a variety of real-life contexts, for example: 

• recording distances and times in sports like athletics 

• interest rates charged by banks and financial institutions 

• perimeter and area of 2D figures 

• prices of products and change to be paid out 

• fuel, water and electricity consumption, etc. 

Teaching guidelines 
Discuss examples where decimals feature in real-life situations. 

Answers 
1. See the answers on LB page 43 alongside. 

2. 0,890 − 0,581 = 0,309 

3. (a) 2 × (12,34 + 31,67) = 88,02 cm 

 (b) 12,34 × 31,67 cm2 = 390,81 cm2 

4. (a) R5,95 + R3,25 + R4,60 = R13,80 

 (b) R20 − R13,80 = R6,20 

5. 11,25 × 4 ÷ 3 (0,75 is the same as three quarters) = 15 ℓ 
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Answers 
6. (a) 32,65 ÷ 5,83 + 5,326 = 10,92634305 kℓ (or 5,6 + 5,326 = 10,926 kℓ) 

 (b) Amount @ R1,42/kWh: (R417,59 − 100 × R1,13) ÷ 1,42 = 214,5 kWh 

  Electricity used: 214,5 + 100 + 10 = 324,5 kWh 

7. 25 ÷ 1,35 = 18,519, therefore 18 dresses can be made.  

 Material left over: 25 − 1,35 × 18 = 0,7 m 

8. 28,6 × 0,679 = 19,4194 = 19,42 kg 

9. 332,523 − 321,573 = 10,95 kℓ = 10,95 × 1 000 = 10 950 ℓ 

4.5 Decimals in algebraic expressions and equations 

DECIMALS IN ALGEBRA 

Teaching guidelines 
Restrict examples to the following: 

• addition and subtraction of simple algebraic expressions 

• multiplication and division of simple algebraic expressions 

• algebraic expressions that contain squares, cubes, square roots and cube 
roots 

• equations that require only one operation to find the answer. 

Answers 
1. (a) 0,3x18 (b) –3,2x3 

 (c) 24x3y6 (d) 11,75x2 − 6x2 = 5,75x2 

 (e) 2,2x
4,4x

 = 12  (f) 0,2x4 + 0,4x4 = 0,6x4 

 (g) 3,1x2 − 41,7 (h) 1,6y
−2,4x

 = 0,2y
−0,3x

 = −2y
3x  

2. (a) 0,5x9

0,02x3 × 100
100 = 50x9

2x3  = 25x6 (b) −1,35
x2   

 (c) 36x
15y3 × 50y

6x  = 1 800xy
90xy3  = 20

y2   (d) 95x2

12x  × 4y8

5x  = 19xy6

3  = 6xy6

3   

3. (a) x = 0,31 – 0,24 = 0,07 (b) x = 7,23 – 5,61 = 1,62 

 (c) x = 9,87 + 3,14 = 13,01 (d) x = 4,21 – 2,74 = 1,47 

 (e) x = 0,48 ÷ 0,96 = 0,5 (f) x = 1,5 × 0,03 = 0,045  
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WORKSHEET 

Answers 
1. See the table on LB page 45 alongside. 

2. (a) 1,86 

 (b) 0,085 

 (c) 20 

 (d) 4,2 – 0,48 + 7,37 = 11,09 

 (e) 0,0144  

 (f) 3 × 0,02
0,3

 = 3 × 2
3  = 2 

3. (a) 6,84 

 (b) 0,00684 

 (c) 360 

4. (a) 4,95x – 1,2 – 3,65x –3,1 = 1,3x – 4,3 

 (b) 2 750x50

5x25  = 550x25 

5. 100 – 2 × 6,98 – 3 × 6,48 – 5 × 7,95 = R26,85 
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Grade 9 Term 1 Chapter 5  Exponents 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

5.1 Revision The exponential form; exponent; base; order of operations; laws of 
exponents 

Pages 46 to 48 

5.2 Integer exponents Negative exponents Pages 48 to 49 

5.3 Solving simple exponential equations Exponential equations Pages 50 to 51 

5.4 Scientific notation Very small and very large numbers; calculations using scientific notation Pages 51 to 52 

 

CAPS time allocation 5 hours 

CAPS content specification Page 124 

 

Mathematical background 
• The exponential notation is a shorthand notation for repeated multiplication with the same number. The exponent, for example the “5” 

in 25, indicates the number of occurrences of the factor 2 in the product 2 × 2 × 2 × 2 × 2. 

• The multiplication notation is a shorthand notation for repeated addition with the same number, for example, 2 × 5 is shorthand for 5 + 5. 
Multiplication of whole numbers is commutative, therefore 2 × 5 = 5 × 2, for which the shorthand is 2 + 2 + 2 + 2 + 2. 

• This chapter starts with revision of work done on exponents in Grade 8, where the focus was on positive exponents. In the context of positive 
exponents, the emphasis was on multiplication. Learners may need to be reminded that they can only add the exponents if the variables that are 
multiplied have the same base. 

• Negative exponents are introduced in Section 5.2. The meaning given to negative exponents is motivated by emphasising that the properties of 
exponents are maintained. 

• Learners will also learn how to solve simple exponential equations such as 2x = 8. The big question when solving exponential equations of this 
nature is: To what power must the base be raised to make the statement true? This question is introduced in the context of a table of values where learners 
simply read the solution from the table. The aim is for them to engage with the idea of what it means to solve an exponential equation before they 
manipulate equations in order to answer the very same question. 

• In Grade 8 scientific notation was limited to big numbers where the power of 10 was positive. In Grade 9, learners have to learn about representing 
small numbers in scientific notation where the power of 10 is negative. They also do calculations using their knowledge of scientific notation. 

• The idea of inverse processes is important in the work on exponents, for example, raising to a power and finding a root are inverse processes. 
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5.1 Revision 

THE EXPONENTIAL FORM OF A NUMBER 

Teaching guidelines 
Revise the concepts of exponential notation (shorthand for repeated 
multiplication of the same factor), base (the repeated factor) and exponent 
(number of repeated factors), as well as the laws of exponents listed in the table on 
LB page 46. 

Misconceptions 
Interpreting, for example 23, as 2 × 3 instead of 2 × 2 × 2, can be addressed by 
evaluating expressions like 2 × 2 × 2 and 2 + 2 + 2 and writing these in shorter forms. 
It is critical that learners understand that the: 

• exponential notation is a short form to indicate repeated 
multiplication of the same number 

• multiplication notation is a short form to indicate repeated addition 
of the same number. 

Answers 
1. (a) 25      (b) s4      (c) (−6)3  

 (d) 24s4      (e) 33 × 72     (f) 500 × (1,02)2 

2. (a) 34; 92     (b) 53      (c) 103; 23 × 53  

 (d) 26; 43; 82     (e) 63; 23 × 33    (f) 210; 45 

ORDER OF OPERATIONS 

Teaching guidelines 
Point out that the conventional order of operations (BODMAS) must still be applied 
to simplify expressions with multiple operations. 

Misconceptions 
Some learners may think that “exponents distribute”, for example: (2 + 3)2 = 22 + 32.  
To help learners who make this mistake, ask them to calculate 52 as well as 22 + 32. 

Answers 
1. Nathaniel. He calculated 72 = 7 × 7 = 49 and 49 – 4 = 45.  

Bathabile has mistaken 72 for 7 × 2.  
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Answers 
2. 5 + 3 × 22 − 10 = 5 + 3 × 4 − 10  Calculate: 22 = 4. 

      = 5 + 12 − 10   Order of operations: first multiply 3 × 4 = 12. 

      = 7     Do the operations from left to right. 

3. There are two operations involved, multiplication and subtraction. A whole 
number exponent tells us that there are repeated factors.  
So first calculate the numbers in exponential form: 26 − 62 = 64 − 36.  
Then do the subtraction: 64 − 36 = 28. 

4. (4 + 1)2 + 8 × 
3

64     Add the numbers inside the brackets  
         first and calculate the cube root of 64. 

 = (5)2 + 8 × 4      Calculate the square of 5 and the  
 = 25 + 32      product of 8 and 4. 
 = 57        Calculate the sum of 25 and 32. 

LAWS OF EXPONENTS 

Teaching guidelines 
Illustrate the following laws for working with exponents: 

• The product of two powers with the same base:   am × an = am + n 

• The quotient of two powers with the same base:   am ÷ an = am – n 

• A power of a power:  (am)n = am × n 

• A power of a product:  (a × t)n = an × tn 

• A power of zero:    a0 = 1, remember 2
3

23  = 88  = 1 

Answers 
1. (a) 22 + 4 = 26 (b) 34 − 2 = 32 (c) 1 + 34 

 (d) 23 × 2 = 26 (e) 22 × 52 (f) (22)3 × 73 = 26 × 73 

2. See the first table on LB page 47 alongside. 

3. Yes, each expression simplifies to y5, because: 

  y × y4 = y1 + 4 = y5; and y2 × y3 = y2 + 3 = y5 

4. See the second table on LB page 47 alongside. 

5. (a) Yes, each expression simplifies to y2, because: 

   y4 ÷ y2 = y4 − 2 = y2; and y3 ÷ y1 = y3 − 1 = y2 

 (b) y4 ÷ y2 = y2. So the value of y4 ÷ y2 when y = 15 is y2 = (15)2 = 225 
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Misconceptions 
Learners may multiply bases and add or multiply exponents, for example:  
3452 = 156 or 3432 = 96 or 98. 
Learners who initially learnt about the exponential notation without understanding 
what it represents may be especially prone to making this error. When the 
exponential notation is introduced, too much emphasis is often placed on the 
terminology base, power and exponent while the meaning, a short way of indicating 
repeated multiplication, is not entrenched. 

Answers 
6. See the table on LB page 48 alongside. 

7. (a) No. The two expressions have different values for the same values of x. 

 (b) (2 × 5)x and 2x × 5x are equal, because they have the same values for the same 
values of x. 

8. (a) The solution is incorrect. Wilson should add the exponents instead of 
multiplying them. The correct solution is b3 × b8 = b3 + 8 = b11. 

 (b) The solution is incorrect. Wilson should have raised both factors to the 
power of 2. He raised only x to the power of 2. The correct thinking in order 
to determine the solution is (5x)2 = 52 × x2 = 25x2. 

 (c) The solution is correct. 

5.2 Integer exponents 

NEGATIVE EXPONENTS 

Background information 
• Positive exponents are used to indicate the number of repetitions of the 

base. Example: 5 × 5 × 5 × 5 = 54. 

• Negative exponents are used to indicate the number of repetitions of the 

multiplicative inverse of the base. Example: 15 × 15 × 15 × 15 × 15 = 5–4 or (1
5)4 = 5–4.  

• Negative exponents have the same properties as positive exponents.  

Teaching guidelines 
Use the quotient of two powers with the same base to explain negative exponents, 

for example:  23 ÷ 24 = (2 × 2 × 2)
(2 × 2 × 2 × 2) = 12 has the same value as 23 ÷ 24 = 23 – 4 = 2–1. 
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Answers 

1. (a) (1
5 )6 and 5−6      (b) (1

3 )4 and 3−4 

2. (a) True, 1
10 × 1

10 × 1
10 = 1

1 000 = 0,001 

 (b) False, 3−592 = 3 × 3 × 3 × 3
3 × 3 × 3 × 3 × 3 = 13  

 (c) False, 54 × 2−6 × 5−6 × 26 = 5−2  

 (d) True, 15 is the multiplicative inverse of 5. 

3. (a) 10−3 × 24 × 104 = 10 × 24 = 160  (b) 54 = 625 

4. (a) See the table on LB page 49 alongside. 

 (b) 10–3 = 1
103 = 1

1 000 = 0,001 

5. (a) 1
(33) 2

 = 1
(27)2 = 1

729  or 33 × −2 = 3−6 = 1
36 = 1

729  

 (b) 16 × 1
16 = 1 or 42 – 2 = 40 = 1 

 (c) 1
25 × 15 = 1

125  or 5−2 – 1 = 5−3 = 1
53 = 1

125  

6. (a) 1
23 = 18     (b) 32 × 1

32 = 1    (c) (5)−2 = 1
52 = 1

25  

 (d) 1
32 × 1

23 = 19 × 18 = 1
72  (e) 1

23 + 1
33  = 18 + 1

27 = 35
216   (f) 1

103  = 1
1 000  

 (g) 8 + 1
23 = 8 + 18 = 81

8   (h) 3−1 × − 1 = 31 = 3   (i) 2−3 × 2 = 2−6 = 1
26 = 1

64  

7. (a) False. 6−1 = 16  

 (b) False. 3x−2 = 3
x2  

 (c) True 

 (d) True. (ab)−2 = 1
(ab)2 =  1

(a2b2)
  

 (e) True. (2
3 )–2 = 2–2

3–2
 = 1

22 ÷ 1
32 = 14 × 91  = 94 = (3

2 )2 

 (f) True. (1
3 )–1= (3−1)−1 = 3−1 × −1 = 31 = 3  
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5.3 Solving simple exponential equations 

SOLVING EXPONENTIAL EQUATIONS 

Background information 
• An exponential equation is an equation in which the variable is in the 

exponent. Example: 4x = 64. 

• Exponential equations are solved by rewriting both sides of the equation as 
powers with the same base. Example: If am = an then m = n. 

• To solve an exponential equation, ask the following question: To what power 
must the base be raised to make the statement true?  

Teaching guidelines 
• Discuss the background information provided above. 

• Use the examples on LB page 50 alongside to explain how to solve 
exponential equations. 

Notes on question 1 
• The question “To what power must the base be raised to make the statement 

true?” is introduced in the context of a table of values where learners simply 
read the solution from the table.  

• The aim is for learners to engage with the idea of what it means to solve an 
exponential equation before they proceed to manipulate equations in order 
to answer the very same question. 

Answers 
1. (a) x = 5     (b) x = 4     (c) x = 5 

 (d) x = 3     (e) x = 4     (f) x = 2 

 (h)  5x + 1 = 52    (i)  3x + 2 = 33    (j) 2x − 1 = 23 
  x + 1 = 2       x + 2 = 3              x − 1 = 3 
         x = 1              x = 1             x = 4 
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Answers 
2. (a) 4x = 4−3     (b) 62x = 64     (c)  2x − 1 = 2−3 
    x = −3        2x = 4       x − 1 = −3 
             x = 2               x = −2 

 (d)  3x + 2 = 3−6    (e)  5x + 1 = 56    (f)  2x + 3 = 2−2 
  x + 2 = −6      x + 1 = 6       x + 3 = −2 
         x = −8              x = 5             x = −5 

 (g)  4x + 3 = 4−4    (h) 32 – x = 34     (i) 53x = 5−3 
  x + 3 = −4              2 − x = 4        3x = −3 
         x = −7          −x = 2           x = −1 
               x = −2 

5.4 Scientific notation 

WRITING VERY SMALL AND VERY LARGE NUMBERS 

Background information 
• In scientific notation, a number is expressed as a product of: 

o a number from 1 to 9 

o a power of 10 with an exponent equal to an integer. 

• Numbers that are too big or too small to be written clearly in decimal 
form are written in scientific notation, for example: 

o The average distance of 150 000 000 km from the sun to the Earth is 
written in scientific notation as 1,5 × 108 km. 

o The diameter of 0,000000053 mm of a hydrogen atom is written in 
scientific notation as 5,3 × 10–8 mm. 

Teaching guidelines 
• To write the decimal number 324 000 000 as 3,24 × 108 in scientific notation, 

the decimal comma is moved eight places to the left. Since the number is 
divided by 100 000 000 or 108 it means that 3,24 must be multiplied by 108 
to keep the same value. 

• To write the decimal number 0,00000065 as 6,5 × 10–7 in scientific notation, 
the decimal comma is moved seven places to the right. Since the number is 
multiplied by 10 000 000 or 107 it means that 6,5 must be divided by 107,  
i.e. multiplied by 10–7, to keep the same value. 
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Answers 
1. (a) 1,3456 × 102     (b) 5,678 × 10–7 

 (c) 8,765 × 108     (d) 3,21 × 10–11 

 (e) 6,789 × 10–3     (f) 8,91 × 1013 

 (g) 1 × 10–3      (h) 1 × 102 

2. (a) 1 234 000     (b) 0,5 

 (c) 450 000      (d) 0,00000000006543 

3. Because 34 is a number greater than 10. In scientific notation it would be  
3,4 × 104. 

4. (a) No.  9,03 × 10–4   (b) No.  1 × 104   (c) Yes. 

 (d) Yes.      (e) No.  1 × 101   (f) No.  6 × 107 

CALCULATIONS USING SCIENTIFIC NOTATION 

Teaching guidelines 
Use the examples on LB page 52 alongside to explain how to use scientific notation 
to: 

• multiply two very large numbers 

• add numbers in scientific notation if their powers of 10 differ. 

Answers 
1. (a) 1,35 × 105 × 2,46 × 108  (b) 9,87654 × 105 × 1,23456 × 105 

  = 3,321 × 1013      = 12,1931812224 × 1010 

          = 1,21931812224 × 1011 

 (c) 6,5 × 10–5 × 2,16 × 10–4  (d) 6,39 × 10–7 × 5,87 × 10–5 

  = 6,5 × 2,16 × 10–5 × 10–4    = 6,39 × 5,87 × 10–7 × 10–5 

  = 14,04 × 10–9      = 37,5093 × 10–12 

  = 1,404 × 10–8      = 3,75093 × 10–11 

2. (a) 7,16 × 105 + 0,023 × 105  (b) 0,23 × 10–3 + 6,5 × 10–3 

  = 7,183 × 105      = 6,73 × 10–3 

 (c) 4,31 × 107 + 0,157 × 107  (d) 6,13 × 10–10 + 389 × 10–10 

  = 4,467 × 107      = 395,13 × 10–10 

          = 3,9513 × 10–8 
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Grade 9 Term 1 Chapter 6  Patterns 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

6.1 Geometric patterns Investigating and extending geometric patterns that generate sequences where there is a 
constant difference between consecutive terms; working with geometric patterns that 
generate sequences that do not differ by a constant value or a constant ratio 

Pages 53 to 55 

6.2 More patterns Drawing, investigating and extending patterns that have a constant difference between 
consecutive terms and sequences that do not have a constant value or a constant ratio 

Pages 55 to 57 

6.3 Different kinds of patterns 
in sequences 

Sequences formed by adding (or subtracting) repeatedly (constant difference); multiplying 
or dividing repeatedly (constant ratio); neither a constant difference nor a constant ratio 

Pages 57 to 59 

6.4 Formulae for sequences Describing relationships between the value of a term and the term number; making a rule Pages 59 to 61 

 

CAPS time allocation 4,5 hours 

CAPS content specification Pages 126 to 129 

Mathematical background 
Patterns can be given in geometric and numeric form. There are two ways of identifying the pattern or relationship that describes a sequence of numbers. 

1. Given a sequence of numbers, learners have to identify a pattern or relationship between consecutive terms. Such patterns could be generated when: 

• a constant value is added (or subtracted) from each successive term, for example: 3; 6; 9; 12; … (add 3; a constant difference between terms) 

• successive terms are multiplied or divided by the same number, for example: 1; 3; 9; 27; … (multiply by 3; a constant ratio between terms) 

• the amount added increases from term to term, for example: 1; 3; 6; 10; 15; … (start by adding 2 and add one more each time), or 1; 4; 9; 16; 25; …  
(add increasing odd numbers). There is not a constant difference or a constant ratio between consecutive terms. 

2. Given a sequence of numbers, learners have to identify a pattern or relationship between the term and its position in the sequence. We can describe a 
sequence by the relationship between a term and its position, n, in the sequence: 

• for example, 3; 6; 9; 12; … constant difference is 3; which is 3 × 1; 3 × 2; 3 × 3; 3 × 4; … and therefor has the rule: 3n 

• for example, 1; 3; 9; 27; … constant ratio is 3; which is 30; 31; 32; 33; … and therefor has the rule:3n–1. 

When there is no constant difference or ratio, writing a rule is not as straightforward. Some rules are easy such as 1; 4; 9; 16; 25; … rule: n2 and  
2; 5; 10; 17; … = 1 + 1; 4 + 1; 9 + 1; 16 + 1; … rule n2 + 1, while the description of other rules is more complicated. 

 Working with sequences in this way focuses on the functional relationship between a term and its value. This can be used to find values of the 
independent variable (the term number) that corresponds with a given dependent variable of function value. For example, we have to find what term 
number 626 will be in the sequence 2; 5; 10; 17; …. We know the term is obtained by squaring the position number of the term and adding 1, then the 
position number can be obtained by subtracting 1 and then finding the square root of that answer. Hence, 626 will be the twenty-fifth term in the 
sequence since: 626 − 1 = 625 and 625 = 25. This amounts to solving the equation n2 + 1 = 626.  
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6.1 Geometric patterns 

INVESTIGATING AND EXTENDING 

Teaching guidelines 
Learners identify the pattern that exists between the consecutive terms of a 
sequence. 

The sequences of numbers generated by the geometric patterns can be continued 
by adding a constant value to each term to get the next term, so there is a constant 
difference between the terms, except in questions 4 and 7, where there is a different 
pattern to the sequences.  

Notes on the questions 
Focusing on the functional relationship between the term position and the term 
value is useful for analysing and extending sequences that do not have constant 
differences or ratios between terms. The CAPS (page 126) specifies sequences “not 
limited to sequences involving a constant difference or ratio”. Questions 4 and 7 in 
this section deal with sequences like these (the white tiles in question 4, and the 
black tiles in question 7).  

Answers 
1. (a) There are 1, 2, 3 and 4 yellow tiles in arrangements 1, 2, 3 and 4 respectively. 

 (b) There are 8, 10, 12 and 14 blue tiles in arrangements 1, 2, 3 and 4 
respectively. 

 (c) Five yellow tiles and 16 blue tiles 

 (d) See the answer on LB page 53 alongside. 

 (e) 58 blue tiles 

 (f) 206 

 (g) Possible answers: 

  I noticed that the top and bottom rows in each tile are identical and remain 
constant. There are always three blue tiles in the top row and three blue tiles 
in the bottom row. On the left and right of each yellow tile there is always 
one blue tile. So, if there are 100 yellow tiles there will be 100 blue tiles on 
the left and 100 blue tiles on the right, and three blue tiles at the top, and 
three blue tiles at the bottom, that is 100 + 100 + 3 + 3 = 206 blue tiles. 

  Or: blue tiles = 2 × yellow tiles + 6 = 2 × 100 + 6 = 206 tiles 
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Answers 
2. (a) See completed table on LB page 54 alongside. 

 (b) There are four red tiles in each arrangement. 

 (c) It varies, depending on how many blue tiles there are. There is one above 
and one below and then one on either side of every blue tile, so:  
2 × number of blue tiles + 2. 

3. A variable 

Teaching guidelines 
The pattern that exists between the sequence of numbers that describes the white 
squares in question 4 (continued in question 5) does not involve a constant 
difference. Learners have to recognise that the pattern between the sequence of grey 
squares in question 4 increases with a constant value of four added to consecutive 
terms, while the pattern that describes the sequence of white squares is that 
increasing odd numbers are added to get consecutive terms, or that it consists of the 
squares of consecutive whole numbers.   

The same argument applies to question 7 where the pattern that describes the 
sequence of the black tiles involves the squares of whole numbers added to four. 

Answers 
4. (a) See the answers on LB page 54 alongside. 

 (b) The number of black squares 

 (c) The number of grey squares and the number of white squares are both 
variables. 

5. (a) See the answers on LB page 54 alongside. 

 (b) 60, by counting in fours, for example, from 40 (arrangement number 10):  
40; 44; 48; 52; 56; 60. Or, by calculation: 15 × 4 = 60. 

 (c) 4. It is constant. 
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Answers 
5. (d) 152 = 225 Or, by adding increasing odd number steps, for example: 

  100 + 21 = 121, 121 + 23 = 144, etc. (Note: the last answer is quite 
sophisticated.) 

6. The grey squares: …; 28; 32; 36; 40; 44. The white squares: …; 64; 81; 100; 121; 144 

7. (a) See the answers on LB page 55. The number of black tiles on the corners 
remains the same: 4. The number of black tiles in the centre, increase by one 
row and one column in consecutive terms, starting at one tile. The sequence 
is: 1 + 4; 4 + 4; 9 + 4; 16 + 4; 25 + 4; … 

 (b) 20; it is the fourth arrangement, so there are 4 × 4 + 4 = 20  

 (c) 29; 40; 53; 68 

DO SOMETHING MORE 

Teaching guidelines 
In this instance learners have to solve equations. The number of grey squares 
increase by a constant value of 4, starting at 4, so if there are 20 grey squares it means 
we are looking at the arrangement number 5 (20 ÷ 4).  

The number of white squares is given by adding increasing odd numbers, so the 
sequence would be 1: 1 + 3 = 4; 1 + 3 + 5 = 9; 1 + 3 + 5 + 7 = 16; 1 + 3 + 5 + 7 + 9 = 25;  
or 52.  The number of white squares is 256, so it is the sixteenth term as the square 
root of 256 = 16. The number of grey squares is 4 times 16 = 64. The same procedure 
is followed to find the other answers. 

6.2 More patterns  

DRAWING AND INVESTIGATING 

Teaching guidelines 
The questions in this section deal with two kinds of patterns: adding a constant 
value to consecutive terms and sequences that do not involve constant differences, 
but increasing differences between consecutive terms, for example question 2.  

If the successive terms of the sequence generated by the arrangements of dots in 
question 2 are added, it leads to another sequence, the squares of whole numbers 
from 2. 

Answers 
1. (a) See the answers on LB page 55 alongside. 

 (b) Yes, the number of black squares is constant. It is 1 in all the arrangements. 

 (c) Yes, the number of grey squares is a variable: 4, 8, 12, 16, 20.  
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Answers 
2. (a)  See the answers on LB page 56 alongside. 

 (b) 21 in the sixth arrangement, 28 in the seventh.  

  The pattern is 1, 3, 6, 10, 15, 21, 28 …  

  Or: The number added increases by 1 each time. 

 (c) 4 

 (d) 9 

 (e) 16 

 (f) 25 

 (g) 4, 9, 16, 25. These are the squares of the whole numbers from 2. 

3. (a) See the answers on LB page 56 alongside. 

 (b) The numbers of white squares, grey squares and black squares. 

 (c) 12 

 (d) 20 black squares, because the pattern is 4, 8, 12, 16, 20; add 4 to consecutive 
terms, starting with 4. 

  101 white squares, because the pattern is 5, 17, 37, 65, 101 which is: 
4 + 1; 16 + 1; 36 + 1; 64 + 1, and this can be written as 
12 × 4 + 1; 22 × 4 + 1; 32 × 4 + 1; 42 × 4 + 1 
48 grey squares, because the pattern is 16, 24, 32, 40, 48; add 8 to consecutive 
terms starting with 16. 

4. (a) Learners’ own work. 

 (b) Learners’ own work. 
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6.3 Different kinds of patterns in sequences  

DO THE SAME THING REPEATEDLY 

Teaching guidelines 
In the previous sections the pattern to continue a sequence was found by adding or 
subtracting a constant value to successive terms. In other words, there is a constant 
difference between successive terms. For example: 3, 7, 11, 15, … Starting with 3, 4 is 
added to each successive term. 

A pattern can also be identified between terms in a sequence when consecutive 
terms are multiplied or divided by the same value. In other words, there is a constant 
ratio between successive terms. For example: 3; 9; 27; 81; … Starting with 3, each 
successive term is multiplied by 3. We see this when we find the ratio between 

successive terms: 93 = 3;  
27
9  = 3. 

Some sequences are formed in other ways, for example 1, 4, 8, 13, 19, … where the 
pattern is neither a constant difference nor a constant ratio between successive 
terms, but adding more to each successive term to generate the sequence. 

Learners generate sequences by repeating the same action to each successive term. 

Note that it is possible for two different sequences to have the same first three 
terms, i.e. the sequence 5, 10, 20, 40, ... and another sequence 5, 10, 20, 35, ... So, if 
only the first three terms of a sequence are given, it is important to note that it is 
possible that there could be more than one interpretation of this sequence. 

Answers 
1. (a) See the completed sequences on LB page 57 alongside. 

 (b) Sequence A is formed by adding 4 each time. 

  Sequence B is formed by multiplying by 2 each time. 

  Sequence C is formed by adding consecutive odd numbers: 5, then 7,  
then 9, … 

2.   5 13  21  29  37  45  53  61  69  77  85  93  101 

	  

 



MATHEMATICS GRADE 9 TEACHER GUIDE 69	

Answers 
3. (a) See the completed sequences on LB page 58 alongside. 

  There is a constant difference of −8 between consecutive terms. 

 (b) See the completed sequences on LB page 58 alongside. 

  The terms differ by the odd numbers starting from 3: 3; 5; 7, etc. 

  The first term is 1 squared, the second term is 2 squared, etc. 

 (c) See the completed sequences on LB page 58 alongside. 

  The terms differ by the sequence 6; 10; 14; 18, etc. 

  The first term is 2 × (one squared), the second term is 2 × (2 squared), etc. 

 (d) See the completed sequences on LB page 58 alongside. 

  The terms differ by the odd numbers 3; 5; 7, etc. 

  The first term is 1 squared plus 2, the second term is 2 squared plus 2, etc. 

 (e) See the completed sequences on LB page 58 alongside. 

  There is a constant ratio of 12 between consecutive terms. 

  Each term is halved to form the next term. 

 (f) See the completed sequences on LB page 58 alongside. 

  The terms differ by consecutive natural numbers 1; 2; 3, etc. 

4. (a) 1  2  4  8  16  32  64  128 

 (b) 256  224  192  160  128  96  64  32 

 (c) 256  128  64  32  16  8  4  2 

5. (a) to (f)  See the answers on LB pages 58 alongside and LB page 59 on following 
page. 
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Answers 
6. One way is to work from one term to the next. The other way is to do a 

calculation with the term number (the position of the term in the sequence). 

6.4 Formulae for sequences 

MAKE TWO FORMULAE FOR THE SAME SEQUENCE 

Teaching guidelines 
In the previous sections the pattern to continue a sequence was found by adding a 
constant value to successive terms or by multiplying by a constant value. Allow 
learners to distinguish between these two different ways by referring them to 
question 5 on the previous page of the LB. 

A pattern can also be identified between a term and its position in a sequence. For 
example, in the sequence 1, 4, 9, 16, 25, … the nth term will be n2 as the pattern that 
describes the sequence is the position of the term squared. 

Another example is 1, 4, 7, 10, … where the pattern can be identified as: multiply 
the position of the term by 3 and subtract 2, or 3n – 2. 

Learners will learn to find the relationship between the term number and the term 
value in terms of a calculation or rule that describes the pattern of the sequence. 

Answers 
1. (a) Sample answer: 3, 8, 13, 18, 23, 28, 33, 38, 43, 48, … 

 (b) See the answers on LB page 59 alongside. 

 (c) They both have gaps of five between consecutive terms. 
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Answers 
1. (d) See the answers on LB page 60 alongside. 

 (e) For the sample answer in (a): subtract 2 from each term. 

 (f) See the answers on LB page 60 alongside. 

2. (a) Multiply the term number by 3 and add 5 to get the term value. 

  Term value = (3 × term number) + 5 

 (b) Multiply the term number by 3 and add 9 to get the term value. 

  Term value = (3 × term number) + 9 

 (c) Multiply the term number by 3 and subtract 1 to get the term value. 

  Term value = (3 × term number) – 1 

3. (a) Start with 15, then add 10 to get the next term. 

 (b) Start with 2, then add 5 to get to the next term. 
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Teaching guidelines  
Learners generate a sequence using two different descriptions: one where they add a 
constant value to consecutive terms or multiply consecutive terms by a constant 
value; the other where they apply a rule to the term number. 

In each situation in question 4(a) to (c) learners have to apply the two methods of 
describing the pattern of a sequence.  

They may see that if there is a constant difference (which could be negative) 
between terms, we multiply the term number by that constant difference and then 
adjust the rule by adding or subtracting a value to get the terms.  

For example, a sequence of numbers is 4, 6, 8, 10, 12, … the common difference  
is 2. Test the rule: 2 × term number = 2, check for term number 1, 2 and 3 and see that 
the rule works. 

Learners must be careful when working with sequences where the pattern is given 
by a constant ratio, for example in 1, 3, 9, 27, 81, … the common ratio is 3, but if we 
multiply the term number by 3 we get term 1 = 3 and term 2 = 9, and so on, but if we 

divide each answer by 3 we get the correct value, so the rule to get a term is 3
term number

3 . 

For example, for term 2 it is 3
2

3  which we can simplify to 32–1, or if the term number is 

indicated by n, the rule is 3n–1. This treatment applies to (c). 

Answers 
4. (a) to (c) See the answers on LB page 61 alongside. 
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Grade 9 Term 1 Chapter 7  Functions and relationships 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

7.1 Find output numbers for given input 
numbers 

Working with different sets of input numbers; concept of domain Pages 62 to 63 

7.2 Different ways to represent the same 
relationship 

Ways of representing the same relationship: words, flow diagram, formula, 
table of values, graph  

Pages 63 to 65 

7.3 Different representations of the same 
relationship 

Practise in representing relationships in the different ways Pages 66  

 

CAPS time allocation 4 hours 

CAPS content specification Page 129 

 

Mathematical background 
A relationship exists between two quantities where the one quantity, the input value (independent variable), is substituted into a formula to give another 
value, the output value (dependent variable). A function is a special relationship where each input has a single output. 

A numeric pattern has a set of input values (independent variable), a formula and a set of output values (dependent variable) and is therefore an example of a 
functional relationship. The values of a function (values of the dependent variable) for consecutive integer values of the independent variable (input 
numbers), in fact for any set of evenly spaced input numbers, always form a sequence. 

Output values for given input values can be calculated by using a formula. If the formula is y = 2x − 3 and the input values are 5 and 10, the corresponding 
output values can be calculated by substitution: y = 2 × 5 − 3 = 7 and y = 2 × 10 − 3 = 17. 

If the output value 13 is given, it can be substituted in the formula to produce the equation 13 = 2x − 3, and solving this equation gives an input value of x = 8. 

In a description of a function, the formula as well as the domain of input values should be given, for example, the input values could be the whole numbers, or 
the integers. If the function describes a real-life situation, care should be taken to ensure that the domain is correct. For example, if the input is the number of 
days and the output is the cost to hire a car, it is clear that the input numbers are whole numbers.  

A function can be represented in the following different, equivalent ways: 

• in a flow diagram: input value                +5             × 3                output value 
• verbally: “add five to the input number and then multiply by three to get the corresponding output number”  
• y = 3(x + 5) 
• a table of values of the two variables (this does not describe how the output numbers can be calculated, it simply lists the corresponding values) 

x 1 2 3 4 5 6 7 8 9 

y 18 21 24 27 30 33 36 39 42 

• a graph.	 	
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7.1 Find output numbers for given input numbers 

TWO DIFFERENT SETS OF INPUT NUMBERS 

Teaching guidelines 
Learners are given experiences that will make them aware of different possible sets of 
input values for the same rule, thereby developing the concept of the domain of a 
function or relationship.  

Remind learners that we represent the input numbers by the symbol x, so that they 
will not be confused when they do question 2. 

Encourage learners to make sure that they know which numbers belong to the 
different sets, for example, the natural numbers smaller than 1 000 (1; 2; 3; …; 998; 
999). 

Answers 
1. (a) Learners’ own answer, for example: 50 – (5 × 4) = 50 – 20 = 30 

 (b) Learners’ own answer, for example: 50 – (5 × 50) = 50 – 250 = –200 

 (c) Yes, because choosing even the smallest number, 20, will mean that you 
need to subtract 100 from 50. 

2. (a) 45; 40; 35; 30; 25; 20; 15; 10; 5 

 (b) –50; –100; –150; –200; –250; –300; –350; –400 

3. (a)  See the answers on LB page 62 alongside. 

 (b) See the answers on LB page 62 alongside. 

4. (a) 5; 9; 13; 17; 21; … Note that the set of input numbers is continued, so we use 
three dots to show this. 
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Answers 
4. (b) 3; 7; 11; 15; 19; … 

 (c) 9; 13; 17; 21; 25; … 

 (d) 7; 13; 19; 25; 31; … 

5. (a) The output numbers will all be negative. 

 (b) The output numbers will all be mixed numbers or decimals between 10 and 

11, for example, 101
5; 102

5; 10,7 and so on. 

 (c) They will all be whole numbers (not equal to 0), because the denominators 
are all factors of 30. 

7.2 Different ways to represent the same relationship 

Teaching guidelines 
Remind learners of the work they did on sequences in Chapter 6. One way to 
describe the pattern of the sequence was to describe the relationship between the 
term number and the term with a rule or formula, for example the sequence 15; 25; 
35; 45; … could be described by the rule 10n + 5 where n is the term number.  

In the new context we could call the term number the input variable and the term 
value the output variable. This is an example of a function. There is only one output 
value for every input value. 

Discuss the fact that there are different ways to represent a function. Each 
representation stresses one or two aspects of the function or relationship it 
represents. The discussion from LB page 64 onwards explains this.  

One representation that can be added to the others is a verbal description. A 
relationship can also be described in words. 

Misconceptions 
Learners are often not clear about what a function is. It is the set of input numbers 
and the corresponding set of output numbers. The different ways of representing a 
function (or a relationship) are exactly that: ways of representing the ordered set of 
numbers. 
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Teaching guidelines 
• The first representation we look at is a flow diagram. Learners should be 

familiar with flow diagrams. Learners can gain the following information 
from a flow diagram: 

o every input value is connected to one output value (the flow diagram 
shows which input and output values are connected) 

o the calculations that are performed on the input values are clearly 
shown. 

Only some values can be shown in the flow diagram, for example, if the 
input values are the integers, only a few of the numbers can be shown. 

• Another representation is an expression that can be written as a formula. 
This can be written: 

o in words, for example: an output value equals five times the input value 
+ 10. (we can call the output values the “function values” (indicated by 
the symbol y) and indicate the input values by the symbol x) 

o as an algebraic formula, for example function value = 5x + 10 or  
y = 5x + 10. 

This representation shows only the calculations that have to be done. 

• The third representation is a table.  

o In a table we can see which input and output values go together.  

o We cannot usually see what the formula of the function is and we cannot 
see all the values in a table. 

• The fourth representation is a graph. We draw a graph by plotting the pairs 
of values that we can see in a table.  

o The input values are plotted against the horizontal axis and the output 
values against the vertical axis. The point where the lines in line with the 
input value and output value meet represents the input-output pair. 

Answers 
1. See the answers on LB page 64 alongside. 

2. See the answers on LB page 64 alongside. 

3. See graph of the function discussed in questions 1 and 2 on TG page 77. 
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Answers 
3. See the answer to question 3 alongside. 

Teaching guidelines 
Show learners how to draw the horizontal (x-axis) and vertical (y-axis) axes and to 
number the axes with evenly spaced values, starting with 0 at the origin (where the 
two lines cross). 

Help learners to read the coordinate pairs from the table and plot them on the 
graph. 

At this stage, all learners need to know how to plot the points. They do not need to 
know all the features of the graphs. 

Make special mention of the position of the points we get when x = 0 and when  
y = 0; these are the points at which the graph cuts the axes. 

Misconceptions 
Learners find it difficult to plot points when they are not familiar with this work. To 
plot (–3; 5) for example, they will make a dot at x = –3 and another dot at y = 5. They 
typically plot the values on the axes.  

Show them how to plot a point by drawing a line through x = –3, parallel to the  
y-axis and another line through y = 5, parallel to the x-axis. The point where the two 
lines cross represents the coordinate pair. 
	  

Answer: to question 3 on LB page 64 

 
 

0	
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Answers 
4. See the completed graph on LB page 65 alongside. 

Teaching guidelines 
Learners can gain experience in finding function and input values from graphs. Let 
them choose points where the graph crosses grid lines, for example where x = –5. 
They choose a point and find the corresponding x-value and y-value.  

Help them to read off the answer correctly from the axes. 
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7.3 Different representations of the same relationship 

Teaching guidelines 
As shown on the following pages, learners can:  

• complete the flow diagrams 

• draw up the tables of values 

• draw the graph to represent the given expressions from questions 1 to 7. 

Teach learners to write the formula of the function on the graph next to the line, in 
other words, to name the graph.  

They should also label the axes. Vertical axis: y and horizontal axis: x. 

Notes on Answers to Questions  
For question 4, discuss with learners why the graph is slanted in the opposite 

direction to the previous graphs. (The function values become smaller as the input 
values become bigger.) 

With question 6, let learners note that as the input values increase, the function 
values also increase. 

With question 7, let learners note that the function values decrease as the input 
values increase. 

Answers 
Please see answers to questions 1 to 7 on the following TG pages 80 to 83. Suggest to 
learners to use input values {–5; –2; 0; 2; 5} for the flow diagrams. 
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Answer: to question 2 on LB page 66. 
 

 

 
Answer: to question 1 on LB page 66. 
 

 

0	

0	
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  Answer: to question 3 on LB page 66. 

 

 

Answer: to question 4 on LB page 66. 
 

 

0	

0	
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Answer: to question 6 on LB page 66. 
 

 

Answer: to question 5 on LB page 66. 
 

 

0	

0	
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Answer: to question 7 on LB page 66. 
 

 

0	
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Grade 9 Term 1 Chapter 8  Algebraic expressions 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

8.1 Algebraic language The meaning of the words used in algebra: algebraic expression, 
polynomial, variable, coefficient, constants, equivalent expressions; 
conventions used in algebra, order of operations 

Pages 67 to 72 

8.2 Properties of operations Distributive, commutative and associative properties Pages 72 to 74 

8.3 Combining like terms in algebraic expressions Using the properties of operations to rearrange and add like terms Pages 74 to 76 

8.4 Multiplication of algebraic expressions Using the distributive property to multiply a polynomial by a 
monomial; finding squares and square roots of monomials 

Pages 76 to 79 

8.5 Dividing polynomials by integers and 
monomials 

Using the right-distributive property of division to divide 
polynomials by monomials 

Pages 79 to 82 

8.6 Products and squares of binomials Extending the knowledge of multiplying a binomial by a monomial 
to multiplying by a binomial; finding the square of a binomial 

Pages 82 to 83 

8.7 Substitution into algebraic expressions Finding values of equivalent expressions thereby finding reasons to 
simplify expressions for easier calculation 

Page 84 

 

CAPS time allocation 4,5 hours 

CAPS content specification Pages 130 to 131 

 

Mathematical background 
The manipulation of algebraic expressions to get equivalent expressions is done by understanding and using the conventions and the properties of operations 
such as the order of operations; using brackets to indicate that a particular calculation has to be done before others; and the distributive, commutative and 
associative properties (refer to TG pages 92 and 94). 

Expressions are simplified for easier calculation, for example:  

• by rearranging terms in order to combine like terms 
• by multiplying polynomials by monomials and binomials 
• by finding the square of a binomial 
• by dividing polynomials by integers and monomials.  

In the process it may be necessary to find squares or square roots of monomials. 
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8.1 Algebraic language 

WORDS, DIAGRAMS AND EXPRESSIONS 

Background information 
Algebra at school level mainly involves describing and analysing relationships 
between variables. An algebraic expression, for example 3x + 5, is a description of 
calculations performed on values of a variable (represented by the symbol x) to 
produce the values of another variable. For example, the algebraic expression 3x + 5 
“tells us” that: 

• if x = 6, the value of the other variable is 3 × 6 + 5 which is 23 
• if x = 4, the value of the other variable is 3 × 4 + 5 which is 17 
• if x = 2,6, the value of the other variable is 3 × 2,6 + 5 which is 12,8 
• if x = −2,6, the value of the other variable is 3 × −2,6 + 5 which is −2,8  
• and the same for infinitely many other values of x, in fact for all numbers. 

We could symbolise this information more completely by representing the 
dependent variable (the numbers at the ends of the above sentences) with a letter, 
for example, by writing y = 3x + 5. The algebraic expression 3x + 5 and the formula  
y = 3x + 5 represent exactly the same mathematical situation.  

Teaching guidelines 
Understanding algebraic expressions as descriptions of sequences of calculations is 
critical for learners to understand what they actually do mathematically when they 
perform algebraic manipulations. 

Explain the order of the operations and how to use brackets to change the meaning 
of the calculation instruction. 

Misconceptions 
Learners might not know how to use brackets to write an expression so that it is clear 
which calculation should be done first. 

Answers 
1. See the answers on LB page 67 alongside. 

2. (a) (10x − 5) × 3   or    3(10x − 5) 
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Answers 
2. (b) (x − 5) × 10 × 3  or  (10(x − 5)) × 3  or  3(10(x − 5)) 

3. (a) 200 − 5 × 10 = 200 − 50 = 150 (b) 195x = 195 × 10 = 1 950 

 (c) 5 × 10 + 40 = 50 + 40 = 90 (d) 5 × (10 + 40) = 5 × 50 = 250 

 (e) 40 + 5 × 10 = 40 + 50 = 90 (f) 5 × 10 + 5 × 40 = 50 + 200 = 250 

SOME WORDS WE USE IN ALGEBRA 

Teaching guidelines 
Learners need to understand and learn the language we use in Mathematics. The 
words they need to know at this stage are discussed on LB page 68. 

It is always useful to use the correct terminology in discussions with learners about 
any mathematical content. For example, refer to “polynomials”, “coefficient of x in 
the first term”, “the constant”, “variables”, and so on. 

Misconceptions 
Learners are sometimes confused between the use of the words “coefficient” and 
“constant”. They use the latter when they mean the former. 

Answers 
1. See the answers on LB page 68 alongside. 

2. (a) 1 

 (b) 1 

 (c) Yes. It will be −3x0, which is simply −3. 

EQUIVALENT ALGEBRAIC EXPRESSIONS 

Teaching guidelines 
The mathematical meaning of manipulating an expression is to replace a given 
expression. For example, replacing 3x2 + 13x + 7 + 2x2 − 8x – 12 with a different 
expression that describes an alternative way of calculating the output numbers, such 
as the expression 5x2 + 5x − 5, or the expression 5(x2 + x − 1). Such a replacement with 
an equivalent expression may be useful. In this particular case it is much less work to 
evaluate 3x2 + 13x + 7 + 2x2 − 8x − 12 for x = 8 by substituting into the expression  
5(x2 + x − 1) rather than into the original expression, even if you use a calculator. 

Learners need to experience the equivalence of expressions and the possible 
advantages of using one expression rather than another. Consolidate these 
experiences by having class discussions after the learners have completed these 
questions. 
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Answers 
1. See the answers on LB page 69 alongside. 

2. 2x − 3 and (3x + 2)(2x − 3)
3x + 2  and 6x2 − 5x −6

3x + 2   

 3x + 2 + 2x − 3 and 2x − 3 + 3x + 2 and 5x − 1 

 (3x + 2)(2x − 3) and 3x(2x − 3) + 2(2x − 3) and 6x2 − 5x − 6 

3. See the answers on LB page 69 alongside. 

4. See the answers on LB page 69 alongside. 

5. (a) Yes, they have the same numerical value for any given value of x. If you 
simplify the longer expression by combining the like terms, it gives you the 
shorter expression. 
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Answers 
5. (b) First simplify the expression by combining the like terms, then substitute 

for x. 

CONVENTIONS FOR WRITING ALGEBRAIC EXPRESSIONS 

Teaching guidelines 
Discuss the conventions for writing algebraic expressions and recognition of 
coefficients, exponents and different types of polynomials as covered in this section. 
For example, explain to learners that writing 3x is the correct, conventional way of 
writing an expression even though 3 × x or x3 give the same instruction. 

In the last part of this section, we revise the conventions about brackets and order 
of operations because this is often a stumbling block for many learners in the higher 
grades. 

Make sure learners understand that brackets are used to show which calculations 
should be done first. Brackets are usually introduced when certain additions or 
calculations have to be done before others, for example 3(x + y) + 2(x + 3y). 

Misconceptions 
Learners get confused when they are working with algebraic expressions that do not 
follow the order of operations. 

Answers 
1. (a) 4x + xy − 3y     

 (b) 70 − 7x + 50x + 30 

2. 60; 60 and 40 

3. (a) 13 

 (b) 13 

 (c) 6(5) − 3(10) + 5(2) = 10   or   10(5) − 3(10) + 5(2) – 4(5)= 10 

 (d) 14(5) − 5(2) = 60   or   10(5) – 3(10) − 5(2) + 4(5) +3(10) = 60 
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Teaching guidelines 
Use the information on LB page 71 alongside about using brackets in calculations to 
help learners understand when and how to insert brackets.  

Brackets are used if there are calculations that have to be done first, for example, if 
the intention is that 4 be subtracted from 20 and the answer be multiplied by 2, it is 
incorrect to write 20 – 4 Í 2 because according to the convention, multiplication 
should be done first. Therefore, learners should learn that a bracket dictates that the 
operations inside it should be done first. The correct instruction would be: 2(20 – 4). 

Explain the correct way to write an expression with brackets, namely 2(20 – 4) and 
not (20 – 4) Í 2 or (20 – 4)2.  

Answers 
4. See the answers on LB page 71 alongside. 

5. 4 × 3 + 5 

 5 + 4 × 3 

6. See the answers on LB page 71 alongside. 

7. See the answers on LB page 71 alongside. 
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Answers 
8. (a) 120 (b) 120 

 (c) 80 (d) 20 

 (e) 3(6) + 2 = 20 (f) 10(12) + 3(10) = 150 

 (g) 250 − 10(20) + 35 = 85 (h) 40(10) = 400 

 (i) 240(20) + 35 = 4 835 (j) 20 + 20(10) = 220 

 (k) 200 + 100(40) = 4 200 (l) 300(30) + 5 = 9 005 

9. (a) 52 (b) 70 

 (c) 20 (d) 70 (like (b)) 

 (e) 48 (f) 30 

 (g) 0 (h) 40 

 (i) 13 (j) 7 

 (k) 3 (l) 3 (like (k)) 

 (m) 13 (like (i)) (n) 7 (like(j)) 

8.2 Properties of operations 

Teaching guidelines 
Learners are discovering that in algebraic language they need to know the properties 
that go with the operations on numbers and how to use them. These properties help 
us to simplify expressions and make them easier to work with.  

The distributive property over addition means that if a term is multiplied by terms 
in brackets, we need to "distribute" the multiplication over all the terms inside the 
bracket, for example: 3x(2 + y) = 6x + 3xy. Even though order of operations says that 
we must add the terms inside the parenthesis first, with the distributive property we 
can simplify the expression by multiplying every term inside the brackets by the 
multiplier.  

(Teaching guidelines are continued alongside LB page 73 and on the following 
page.) 

Answers 
1. See the answers on LB page 72 alongside. 
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Answers 
2. (a) 10       (b) 10 

 (c) 350       (d) 350 

 (e) 45       (f) 45 

3. Yes. 5(3 − 2) = 5(3) − 5(2) 

 2(6 − 4) = 2(6) − 2(4) 

4. No. 10 − 3 ≠ 3 − 10 

5. 16 + 14 = 30 and 33 + 17 = 50 and 30 + 50 = 80 

Teaching guidelines and mathematical background (continued) 
The commutative property applies to addition and multiplication and it says that we 
can add or multiply numbers in any order without changing the result, for example: 
for addition 7x + 9 = 9 + 7x, and for multiplication 2 × 5 × 3x = 3x × 2 × 5 = 5 × 3x × 2. 

The associative property means that we can group numbers in a sum or a product 
in any way we want and still get the same answer. This is because we can only add or 
multiply two numbers at a time. So if there are more numbers in the expression, we 
can decide which two to add or multiply first. For example, in the case of addition 
(2x + 5x) + 9x = 2x + (5x + 9x) where we work out the brackets first; and in the case of 
multiplication (2x × x) × 5y = 2x × (x × 5y). 

These properties often lie at the heart of the manipulations and “laws” we use. For 
example, when we manipulate (a.b)3  to a3.b3 we can do it because of the definition of 
a power (an = a.a.a.… for n factors) and the commutative property:  
(a.b)3 = (a.b) × (a.b) × (a.b) = a × a × b × b × a × b = a × a × b × a × b × b = a.a.a × b.b.b = 
a3.b3. The shaded parts show where the commutative property was applied. 

The long, detailed explanation of why the rule (a.b)3 = a3.b3 is true, shows that 
using the properties of the operations reduces the number of calculations.  
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Answers 
6. (a) 17 × (43 + 57)  (43 + 57 make a convenient 100) 

 (b) (5 + 12)(8 × 4 × 7) − 9 × 5 × 8 × 4 = ((5 + 12)(7) − 9(5))(8 × 4) 

 (c) (43 + 57) × 17  (43 + 57 make a convenient 100) 

 (d) 100x    (100 multiplies conveniently) 

7. (a), (c) and (d) − distributive (reversed) 

 (b) − associative, distributive (reversed) 

8.3 Combining like terms in algebraic expressions 

REARRANGE TERMS, THEN COMBINE LIKE TERMS 

Teaching guidelines 
Show learners that the commutative property (discussed in Section 8.2) allows us to 
rearrange terms. We do this so that we can manipulate the expressions to form 
simpler expressions when circumstances require. 

At this stage learners should be familiar with the concept of like terms. Work 
through the examples on LB page 74 to remind learners why they can add like terms.  

Work through an example using all the properties previously discussed to show 
learners how everything we do is justified by some or other property of numbers or 
operations. See LB page 75 for more information on the mathematical background 
relating to this topic. 

Misconceptions 
Learners remove brackets incorrectly when they apply the distributive property. 
Discuss the values in the tables given in question 1 to help learners see the correct 
way of applying the distributive property. 

Answers 
1. (a) See the answers on LB page 74 alongside. 

  The two expressions are not equivalent. The table below shows the answers 
for each input number. 

 (b) See the answers on LB page 74 alongside. 

  The two expressions are equivalent. The table below shows the answers for 
each input number. 
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Answers 
2. See the completed table at the top of LB page 75 alongside. 

3. (a) See the answers in the table on LB page 75 alongside. 

 (b) The answers are the same. 

 (c) Both have the same terms; they are just arranged differently. 

 (d) 5x2 + 5x − 5 

 (e) It depends on the learners’ answers for (d). If they answered 5x2 + 5x − 5, the 
values should be 545, 25 and 145. 

 (f) Help learners who do not understand the question yet. 

  A learner who justifies equivalence by pointing out that the answers 
obtained in (e) are the same as those in (a) clearly knows what equivalence 
means. 

4. (a) 8x2 + 6x + 12 (b) 9x2 + 2x + 3 

 (c) 10x2 − 2x + 1 (d) −3x2 − 3x − 8 

 (e) −5x2 − 4x + 2 (f) 2y2 

Mathematical background (continued) 
The example below shows how we can use the properties to justify a simplification. 

Simplify 4x – 6y + 9x.  

Step 1: apply the commutative property  4x + 9x – 6y  

Step 2: apply the associative property   (4x + 9x) – 6y  

Step 3: apply the distributive property  x(4 + 9) – 6y  

Step 4: simplify within the bracket   x(13) – 6y 
Step 5: apply the commutative property  13x – 6y   

Normally we will simply add 4x and 9x to get 13x. The explanation above shows 
exactly why we may do it.   

 



MATHEMATICS GRADE 9 TEACHER GUIDE  95	

Answers 
5. See the completed table on LB page 76 alongside. 

It is of little value if learners can simplify expressions, but do not use this 
capacity to simplify the work required by questions like these. The two 
expressions simplify to 10x + 10 and x + 20 respectively, which can be calculated 
mentally with ease. 

6. (a) 9r2 − 5r − 17      (b) −5r2 + 11r + 7 

 (c) −10x + 7xy + 8y     (d) 14x + 3xy − 2y 

7. (a) 2x3 − 2x2 − 2x + 10x3 + 15x2 − 25x − 3x3 − 6x2 − 3x = 9x3 + 7x2 − 30x 

  x = 3: 9(27) + 7(9) − 90 = 216   x = –2: 9(−8) + 7(4) − 30(−2) = 16 

  x = 5: 9(125) + 7(25) − 30(5) = 1 150 x = –3: 9(−27) + 7(9) − 30(−3) = −90 

 (b) x2 − 10x + 20 

  x = 3: (9) − 10(3) + 20 = −1   x = –2: (4) − 10(−2) + 20 = 44 

  x = 5: (25) − 10(5) + 20 = −5   x = –3: (9) − 10(−3) + 20 = 59 

8. (a) 3x4 − x2 − 2x      (b) 3x4 − x2 + 2x 

 (c) 3x4 + x2 − 2x      (d) x − y − z + t 

9. (a) 2y2 + y2 − 3y = 3y2 − 3y    (b) 3x2 + x2 + 5x = 4x2 + 5x 

 (c) 6x2 − 3x2 − x4 = −x4 + 3x2   (d) 2t2 − 3t2 + 5t3 = 5t3 − t2 

 (e) 6x2 − 4x2 + 3x − 5x = 2x2 − 2x  (f) 2r2 + 3r2 − 5r − 7r + 7 − 8 = 5r2 − 12r − 1 

 (g) 5x2 + 2x2 + 5x + 6x = 7x2 + 11x  (h) 2x2 + 5x2 − 6x + 10x = 7x2 + 4x 

10. (a) 3x2 + x2 + 3x = 4x2 + 3x   (b) 5x + 7x − 2x2 = −2x2 + 12x 

 (c) 6r2 − 2r2 + 10r = 4r2 + 10r   (d) 2a2 + 6a + 5a2 − 10a = 7a2 − 4a 

 (e) 6y2 + 6y − 3y2 − 6y = 3y2   (f) 8x2 − 12x − 3x2 − 6x = 5x2 − 18x 

 (g) 2x3 − 10x2 − 3x3 + 2x = −x3 − 10x2 + 2x 

 (h) x2 − x + 2x2 + 3x − 6x2 − 2x = −3x2 

8.4 Multiplication of algebraic expressions 

MULTIPLY POLYNOMIALS BY MONOMIALS 

Teaching guidelines 
The distributive property is used when learners expand expressions by multiplying a 
polynomial in a bracket by a monomial. This section develops the expansion of 
expressions thoroughly. Let learners work through it in detail. 

   



MATHEMATICS GRADE 9 TEACHER GUIDE  96	

Answers 
1. (a) Learners can use any method, for example:  

  3 × 38 = (3 × 30) + (3 × 8) = 90 + 24 = 114 

  3 × 62 = (3 × 60) + (3 × 2) = 180 + 6 = 186 

  114 + 186 = 300 

 (b) 38 + 62 = (30 + 60) + (8 + 2) = 90 + 10 = 100   

  100 × 3 = 300 

2. See the answers on LB page 77 alongside. 

3. (a) Sample answer: 12 = x; 2 = y  x + y = 14  3(x + y) = 3 × 14 = 42 

 (b) Sample answer: 3 × x + 3 × y = (3 × 12) + (3 × 2) = 36 + 6 = 42 

4. See the completed table on LB page 77 alongside.  
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Answers 
5. (a) 8(x + y) = 8(10 + 20) = 8 × 30 = 240 

 (b) 8(x + y) = (8 × 10) + (8 × 20) = 80 + 160 = 240 

6. 20(x − y) = 20(5 − 3) = 20 × 2 = 40;  20(x − y) = (20 × 5) − (20 × 3) = 100 − 60 = 40 

7. (a) ab + ac       (b) ab + ac + ad    

 (c) x2 + x       (d) x3 + x2 + x    

 (e) x4 + x3 + x2 + x     (f) x4 − x3 + 3x2 

 (g) 6x4 + 4x2       (h) 6x5 + 12x4 − 15x3  

 (i) −2x7 + 4x6 + 8x5 − 10x4   (j) a5b − a4b + a3b + a2b 

 (k) 3x4y4 + x3y5 − x2y4     (l) −2x4 + 2xy3  
 (m) 6a4b + 4a4b3 + 8a2b3    (n) 6a4b2 − 2ab2 

8. (a) 5x − 10 + 3x + 12      (b)  x2 + 4x − 4x − 16 

  = 8(5) + 2 = 42       = 52 − 16 = 9 

 (c) x2 − 4x + 4x − 16     (d) x3 + 3x2 + 9x − 3x2 − 9x − 27 

  = 52 − 16 = 9        = 53 − 27 = 98 

 (e) x3 − 3x2 + 9x + 3x2 − 9x + 27  (f) x4 − 3x3 + 4x2 − x4 − 4x3 − 2x2 − 3x 

  = 53 + 27 = 152       = −7(53) + 2(52) − 3(5) = −840 

9. (a) x3 + 2x2y + xy2 + x2y + 2xy2 + y3 = x3 + 3x2y + 3xy2 + y3 

 (b) x4y − 2x3y2 + x2y3 − 2x3y2 + 3x2y3 + xy4 = x4y − 4x3y2 + 4x2y3 + xy4 

 (c) ab4c3 − a2b2c2 + a2b2c4 + ab3c6 

 (d) p3q3 + p3q + p2q2 + p2q − pq3 

SQUARES AND CUBES AND ROOTS OF MONOMIALS 

Teaching guidelines 
Learners often omit to apply the exponent to the coefficient when they work with 
brackets, for example, for (3x) 2 they write as 3x2 instead of 9x2. Doing exercises 
should help them avoid making this mistake. 

Answers 
1. (a) 9x2 ∴ 36; 225; 900   (b) 9x2 ∴ 36; 225; 900 

 (c) 4x2 ∴ 16; 100; 400   (d) 4x2  ∴ 16; 100; 400  

 (e) 8x3 ∴ 64; 1 000; 8 000   (f) 8x3  ∴ 64; 1 000; 8 000 

 (g) 25x2 ∴ 100; 625; 2 500  (h) 9x2 ∴ 36; 225; 900 

2. (a) 25x2    (b) 125x3    (c) 400x2 

 (d) 1 000x3    (e) 81x2    (f) 343x3   
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Teaching guidelines 
Finding the square roots of algebraic expressions works in the same way as finding 
the square root of numbers without algebraic extensions. At this stage, learners 
should only have to find the square root of expressions such as 25x2 or (5x)2.  

Remind learners that we cannot find the square root of a sum or a difference of 
terms. We first have to add (or subtract) the terms, for example question 3(f).  

Work through a few examples to help learners understand. 

Answers 
3. (a) 7x     (b) 3x     (c) 20x  

 (d) 10x     (e) 5x     (f) 5x 

 (g) 5x     (h) 5x 

4. (a) 7x     (b) 3x     (c) 20x    

 (d) 10x     (e) 5x     (f) 5x 

8.5 Dividing polynomials by integers and monomials 

Teaching guidelines 
Dividing by a number or an expression can also be seen as multiplication by its 

reciprocal. For example, dividing by 2 can be seen as multiplying by 12. Therefore, if 

there is a bracket divided by an expression, the distributive property applies, but the 
division sign should be on the right-hand side of the bracket.  

Answers 
1. See the completed table on LB page 79 alongside. 

 The expressions are equivalent. The top expression simplifies to the bottom 
expression, so all values for x yield the same results. 

2. (a) R240 ÷ 20 = R12 each 

 (b) Yes 

 (c) No 

3. (a) LHS = 12. RHS = 12. True 

 (b) LHS = 12. RHS = 20 + 30. False 

 (c) LHS = 12. RHS = 12. True 
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Teaching guidelines 
The distributive property for division applies to terms that are added in the brackets 
and terms that are subtracted, refer to the LB page alongside where this is described.  

Answers 
4. (a) 2x2 + x;  10; 210     (b) 2x2 + x;  10; 210 

 (c) 2x2 + x;  10; 210     (d) 2x + 1;  5; 21 

 (e) 2x + 1;  5; 21      (f) 2x + 1;  5; 21 

5. (a) 2x2 + 4x – 3 

 (b) (10x2 + 20x − 15) ÷ 5 = 2x2 + 4x − 3 

6. (a) x + y       (b) x + 2y 

 (c) 5y + 4       (d) 7x − 1 

 (e) 28x2 − 7x + 1      (f) 3x + 2 

 (g) 10x − 8 

7. (a) 9x
y  + 1       (b) 24 − 15b + 8b2 

 (c) 3a + 1       (d) 13 − 17b 

 (e) 3a + 5a2       (f) 39a + 13 + b 

Teaching guidelines 
Introduce the division notation. This notation may help some learners to see clearly 
what the division instruction looks like. 

Inform learners that when they use this notation they must make sure that they 
draw the “division line” underneath the whole expression; from the coefficient of 
the first term to the end of the last term. Often learners are untidy in their writing 
and write a division like this                               instead of this                           .  

Misconceptions 
When a division is given in the form discussed above, learners will typically divide 
only 10x2 by 5. Using the distributive property of division may clear up this 
misconception. 
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Answers 
8. (a) 4x − 3      (b) 4x2 − 3 

 (c) 4x2 − 3x      (d) 4x − 3 

 (e) 8x2 − 6x      (f) 2x2 − 11
2  

9. See the answers on LB page 81 alongside. 

10. (a) LHS simplifies to RHS using distributive property. Division by 0 is not 
allowed. 

 (b) LHS simplifies to RHS using distributive property. Division by 0 is not 
allowed. 

11. See the completed table on LB page 81 alongside. 

12. See the answers on LB page 81 alongside. 
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Answers 
13. (a) x + 5 = 20     (b) 5 − 3x = 2 

         x = 15         x = 1 

14. See the completed table on LB page 82 alongside. 

15. (a) 15x2 + 12x + 30x2 + 18x
5x     (b) 2x − 4 + 8 − 6x = −4x + 4 

  45x2 + 30x
5x  = 9x + 6 

8.6 Products and squares of binomials 

Teaching guidelines 
Learners have learnt to apply the distributive property for multiplying a binomial by 
a monomial, for example, a(b + c) = ab + ac. Extend this expansion to a 
multiplication of a binomial by a binomial by changing a to a binomial, for example 
(x + y), as follows: 

  a(b + c) = ab + ac 

(x + y)(b + c) = (x + y)b  + (x + y)c  Then apply the distributive property again. 

(x + y)(b + c) = xb + yb  + xc + yc   

The expansion leads to four terms. The expressions on either side of the equal sign 
are equivalent. 

Now we can investigate special cases of the products of two binomials, for 
example:   

1. the algebraic parts of the terms in the two brackets are the same but the 
coefficients differ, for example:  
(3x + 2)(x + 4) = (3x + 2)x + (3x + 2)4 = 3x2 + 2x + 12x + 8 = 3x2 + 14x + 8 

2. the two brackets are exactly the same: (x + y)(x + y) = x2 + 2xy + y2, the product 
can be written as a square of the binomial: (x + y)2. 

Answers 
1. Replace x with various values in both expressions and check whether the 

outputs are the same. 

2. See the answers in the table on LB page 83 on the following page. 
  

 



MATHEMATICS GRADE 9 TEACHER GUIDE  102	

Answers 
3. (a) x(x + 4) + 3(x + 4) (b) x(4 − x) + 3(4 − x) 

  = x2 + 4x + 3x + 12   = 4x − x2 + 12 − 3x 

  = x2 + 7x +12   = –x2 + x +12 

 (c) x(x − 5) + 3(x − 5) (d) 2x2(3x − 4) + 1(3x − 4) 

  = x2 − 5x + 3x − 15   = 6x3 − 8x2 + 3x − 4 

  = x2 − 2x − 15 

 (e) x(x + 2y) + y(x + 2y) (f) a(2a + 3b) − b(2a + 3b) 

  = x2 + 2xy + xy + 2y2   = 2a2 + 3ab − 2ab − 3b2 

  = x2 + 3xy + 2y2   = 2a2 + ab − 3b2 

 (g) k2(k2 + 2m) + m(k2 + 2m) (h) 2x(2x − 3) + 3(2x − 3) 

  = k4 + 2k2m + k2m + 2m2   = 4x2 − 6x + 6x − 9 

  = k4 + 3k2m + 2m2   = 4x2 − 9 

 (i) 5x(5x − 2) + 2(5x − 2) (j) ax(ax + by) − by(ax + by) 

  = 25x2 − 10x + 10x − 4   = a2x2 + abxy − abxy − b2y2 

  = 25x2 − 4   = a2x2 − b2y2 

4. (a) a2 + 2ab + b2 (b) a2 − 2ab + b2 

 (c) x2 + 2xy + y2 (d) x2 − 2xy + y2 

 (e) 4a2 + 12ab + 9b2 (f) 4a2 − 12ab + 9b2 

 (g) 25x2 + 20xy + 4y2 (h) 25x2 − 20xy + 4y2 

 (i) a2x2 + 2abx + b2 (j) a2x2 − 2abx + b2 

5. (a) m2 + 2mn + n (b) m2 − 2mn + n2 

 (c) 9x2 + 12xy + 4y2 (d) 9x2 − 12xy + 4y2 

6. (a) a2x2 + 2abx + b2 (b) a2x2 − 2abx + b2 

 (c) 4s2 + 20s + 25 (d) 4s2 − 20s + 25 

 (e) a2x2 + 2abxy + b2y2 (f) a2x2 − 2abxy + b2y2 

 (g) 4s2 + 20rs + 25r2 (h) 4s2 − 20rs + 25r2 

7. (a) 24x2 + 16x + 18x + 12 + 24x2 + 15x + 16x + 10 = 48x2 + 65x + 22 

 (b) 24x2 + 16x + 18x + 12 − 24x2 − 15x − 16x − 10 = 3x + 2 
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8.7 Substitution into algebraic expressions 

Teaching guidelines 
Discuss the fact that the expressions that are simplified, equivalent versions of other 
expressions, are easier to work with, for example 2(b) and 2(f). 

Let learners discuss their answers and find the simplified version of the expressions 
in question 3, for example. 

Answers 
1. Learners’ own work 

2. See the completed table on LB page 84 alongside. 

3. See the completed table on LB page 84 alongside. 

4. All the answers for question 3 have a constant increase every time x increases  
by 1. This is because all the expressions simplify to expressions where x is simply 
multiplied and added to, as all the higher powers of x fall away. 

5. See the completed table on LB page 84 alongside. 
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Grade 9 Term 1 Chapter 9  Equations 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

9.1 Solving equations by inspection Using a table of given values with values of different expressions to find 
equivalent equations 

Page 85 

9.2 Solving equations using additive 
and multiplicative inverses 

Understanding that inverse operations undo the original operations; using flow 
diagrams; solving equations using inverse operations 

Pages 85 to 87 

9.3 Setting up equations Constructing equations by writing sets of equivalent equations, starting with a 
value as a solution and building up an equation; solving equations using the 
equivalent equations; recognising the ordered pairs of number patterns as 
solutions to equations 

Pages 87 to 89 

9.4 Equations and situations Describing real situations in algebraic terms by making an equation to describe 
the situation; solving the equations to find solutions to the problem 

Pages 89 to 90 

9.5 Solving equations by using the 
laws of exponents 

Finding an unknown if it is an exponent in an exponential equation; finding an 
unknown if it is the base in an exponential equation 

Pages 90 to 91 

 

CAPS time allocation 4 hours 

CAPS content specification Page 133 

 

Mathematical background 
Solving an equation means finding the value of the unknown that makes the equation true. 

We can solve equations by inspection, for example, by finding the solution to 3x – 4 = 17 from a table of values. 

If we use a table of values for different expressions, we can find (by inspection) the value of x for which, for example, 3x – 2 and x + 4 have the same value, in 
other words, for which 3x – 2 = x + 4.  

The idea of equivalent equations (different equations with the same solution) helps us understand how we use inverse operations (and later factoring) to solve 
equations.  For example: Start with a simple solution and build up an equation by performing the same operation on both sides of the equation. 

                    x = 4     multiply both sides by the same number 

                    3x = 12    add or subtract the same number from both sides 

                   3x + 5 = 17 

To solve the equation, the inverse operations will be performed on the equation – i.e. subtract five from both sides and then divide by three on both sides. 

Setting up equations to describe situations is easier if we first analyse the situation and consider how we would calculate what we want to know, and then try to 
describe the calculations algebraically. This is the process of creating a mathematical model in the form of an equation or equations by which we describe the 
situation, and then solve the equations, test the solutions against the situation and improve it if need be. 
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9.1 Solving equations by inspection 

Teaching guidelines 
Solving equations by inspection requires the learners to consciously ask the 
question, “For what value of x will the equation be true?” It is a valuable exercise at 
the beginning of this chapter to ensure that learners know what solving equations is 
really about. You could set the following as a diagnostic task: 

(a) Solve the equation 20x − 12 + 4(5 − 3x) = 64 

(b) How much is 20x − 12 + 4(5 − 3x) for x = 7? 

(c) Are you sure you worked correctly in question (a)? If not, do it again and 
check whether you now get the correct answer. 

Learners who solve the equation incorrectly in (a) and then find that  
20x − 12 + 4(5 − 3x) is 64 for x = 7 when they do (b), should realise that they have 
made a mistake in (a) and try to correct it when they do (c). If they do not, it suggests 
they may not realise that to solve the equation (question (a)) means to find the value 
of x. 

Some learners may even solve the equation correctly in (a) but then laboriously 
evaluate 20x − 12 + 4(5 − 3x) for x = 7 in (b), and make mistakes. It may be interesting 
to hear how such learners respond to the question, “Why do you do these 
calculations, don’t you already know the value of the expression if x = 7?” 

In this case learners can ask, “For what value of x will the left-hand side of the 
equation be equal to the right-hand side?” 

Answers 
1. (a) x = 0 (b) x = 1 (c) x = 1 (d) x = 2 (e) x = 3 (f) x = 2 

2. (b) and (c) have the same solution, x = 1 ; (d) and (f) have the same solution, x = 2. 

9.2 Solving equations using additive and multiplicative 
inverses 

Teaching guidelines 
Follow the development given in the LB on pages 85 to 87 for learners to understand 
what is meant by using the inverse operations. 

Learners should see that an inverse operation undoes the original operation. When 
we solve equations, we want to get back to the number or value we started with 
when the equation was set up. Flow diagrams help to make this clear. 

Answers 
1. (a) x = 3 from 10 – 7  (b) x = 5 from 13 – 3 then dividing the answer by 2   
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Answers 
2. See the answers on LB page 86 alongside. 

3. See the answers on LB page 86 alongside. 

4. Multiply a number by 2 and add 3 to the answer: 2x + 3 

5. See the answers on LB page 86 alongside. 

6. The input numbers in question 2(b) are the output numbers in question 5 and 
the output numbers in question 2(b) are the input numbers in question 5. 

7. (a) You get the number you started with. 

 (b) You get the number you started with. 
	  

 



MATHEMATICS GRADE 9 TEACHER GUIDE	 108	

Answers 
8. (a) 2x = 18     (b) 3x = 21 

     x = 9          x = 7 

 (c) 5x = 55     (d) 1
3 x = 8 

     x = 11           x = 24 

 (e) 10x + 30 = 88   (f) 2x − 26 = 14 

    10x = 58      2x = 40 

         x = 5,8         x = 20 

9.3 Setting up equations  

CONSTRUCTING EQUATIONS 

Teaching guidelines 
Constructing equations may help learners to understand what is achieved when an 
equation is solved. They start with a solution, as demonstrated on LB page 87 and 
build up the equation with each step. As each new operation is performed on both 
sides of the equation, the original solution holds, which means the set of equations 
have the same solution and are therefore equivalent. 

The idea of equivalent equations (different equations with the same solution) 
helps learners understand how we use inverse operations and factoring to solve 
equations. 

Answers 
1. x = 5 

2. Learners’ answers will differ. Below is a sample answer: 

           x = 3 

  Subtract 5 on both sides      x − 5 = −2 

  Multiply both sides by −5       −5x + 25 = 10 

3. See Bongile’s completed working on LB page 87 alongside. 

4. (a) 15 

 (b) x = 5 
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Answers 
5. See the steps taken by Bongile on LB page 88 alongside.  

SOLVING EQUATIONS 

Teaching guidelines 
Learners should apply the inverse operations to the equation to isolate the 
unknown. Flow diagrams can help them decide what should be done first (that 
which was done last in the build-up of the equation). 

Answers 
1. (a) 5x = 21 − 2x     (b) 2x = −13 

  7x = 21          x = −61
2  

    x = 3 

 (c) −x = x − 6     (d) 12x + 6 = 0 

        −2x = −6                        12x = −6 

     x = 3            x = −1
2  

2. (a) 4 − 8x = 12 − 7x    (b) 8 − 24x = 20x + 30 

    4 − x = 12           −24x = 20x + 22 

         −x = 8           −44x = 22 

          x = −8                   x = −1
2  

 (c) 4x − 10 = 7     (d) 1,6x = 3,5x − 3,8 

   4x = 17             −1,9x = −3,8 

             x = 17
4                       x = (−3,8)

(−1,9)  

             x = 41
4                                            x = 2 

NUMBER PATTERNS AND EQUATIONS 

Teaching guidelines 
Learners make a table of ordered pairs by substituting into an expression. This means 
that for each value of y, an equation like 7n – 34 = y has a different solution, the value 
of n. 

Answers 
1. (a) Rule E produces the number pattern in the second row of the table. 

 (b) 5n + 3 =143, hence 5n = 140, hence n = 28. 

 (c) Term value = 5n + 3, so term 28 = 28 × 5 + 3 = 140 + 3 = 143.   
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Answers 
2. (a) The rule is: Term value = 3n + 2. 

 (b) 3n + 2 = 221, hence 3n = 219, hence n = 73. 

3. (a) See the completed table on LB page 89 alongside. 

 (b) 4n + 11 = 7n − 34, hence 3n = 45, hence n = 15 (not seen in this table). 

9.4 Equation and situations 

Teaching guidelines 
A big challenge in Mathematics education all over the world is for learners to 
describe real situations in algebraic terms, i.e. to make “mathematical models” such 
as equations of real situations. This translation from reality to mathematics may be 
easier if learners first consider how they would calculate what they need to know, 
and then try to to describe the calculations algebraically. This is the aim of questions 
1 and 2 on LB page 89. 

Answers 
1. (a) R80 × 10 + R400 = R800 + R400 = R1 200 

 (b) R80 × 15 + R400 = R1 200 + R400 = R1 600 

2. C. Total cost = 80 × number of days + 400 

3. Different methods can be used. 

 For example, R2 800 − R400 = R2 400, then R2 400 ÷ R80 = 30, or 

 Let x = number of days.  Then   80x + 400 = 2 800  
      so           80x = 2 400 
      so        x = 2 400 ÷ 80  
                = 30 days 
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Answers 
4. (a) Let x = number of days. 

  Then 120x + 300 = 1 740, so 120x = 1 440, so x = 1 440 ÷ 120 = 12 days. 

 (b) 120 × 10 + 300 = R1 500 

  120 × 11 + 300 = R1 620 

  120 × 12 + 300 = R1 740 

 (c) 120x + 300 = 3 300 

  so      120x = 3 000 

  so      x = 3 000 ÷ 120 = 25 days 

 (d) 120x + 300 = 3 000 

  so      120x = 2 700 

  so      x = 2 700 ÷ 120 = 22,5. Answer: 22 days 

5. Let the number be x. 

 Then 5x + 12 = 9x − 16, and so x = 7. 

6. Work out how many days you have rented the car for if you had to pay R2 910.  
x = 10 days 

7. Let the number of days be x. 

 Then 70x + 320 = 150x, and x = 4. 

9.5 Solving equations by using the laws of exponents 

Teaching guidelines 
The two sides of the equation have the same value. Therefore, the side that does not 
contain the unknown should be changed to the exponential form with the same 
base as the other side, for example, 5x = 125.  

The right-hand side can be written as a product of its prime factors: 53. Therefore, 
5x = 53. Since the bases are the same and the powers are the same (by the = sign), the 
exponents have to be the same. Therefore,  5x = 125 

           5x = 53, and we can write: x = 3 
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Answers 
1. (a)  5x − 1 = 53 (b)  2x + 3 = 23 

x − 1 = 3   x + 3 = 3 
       x = 4          x = 0 

 (c) 10x = 104 (d) 4x + 2 = 43 
    x = 4   x + 2 = 3 
         x = 1 

 (e)  7x + 1 = 70 (f) x can be any number except 0. 
x + 1 = 0 
       x = −1 

2. (a) 7x = 7−2 (b) 10x = 10−3 
 x = −2       x = −3 

 (c) 6x = 6−3 (d) 10x − 1 = 10−3 
x = −3      x − 1 = −3 
            x = −2 

 (e) 4−x = 4−2 (f) x = −3 
−x = −2 
   x = 2 

SOLVING EQUATIONS WITH A VARIABLE IN THE BASE 

Teaching guidelines 
The two sides of the equation have the same value. Therefore, the side that does not 
contain the unknown should be changed to an exponential form with the same 
exponent as the other side.  

Since the powers are the same (by the = sign) and the exponents are the same, it 
follows that the bases have to be the same. For example, x3 = 23, the x = 2. 

Answers 
1. See the completed table on LB page 91 alongside. 

 (a) x = 4     (b) x = 2    (c) x = 4  

 (d) x = 2     (e) x = 2    (f) x = 5 

2. (a) x = 6     (63 = 216) (b) x = 18      (182 = 324) 

 (c) x = 10  (104 = 10 000) (d) x = 3        (83 = 512) 

 (e) x = 2     (182 = 324) (f) x = 3        (63 = 216) 
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WORKSHEET 

Answers 
1. 5x + 3 − x = 11 
       4x = 8 
          x = 2 

2. (a) 3x − 6 = 4x + 4    (b) 5x + 10 = −6 + 3x 
  −x − 6 = 4       2x + 10 = −6 
         −x = 10         2x = −16 
           x = −10           x = −8 

 (c) 0,8x = −24     (d) no solution 
      8x = −240       impossibility 
         x = −30 

 (e) 2,5x = 0,5x + 5    (f) 7x – 14 = 14 – 7x 
      2x = 5               14x = 28 
        x = 2,5           x = 2 

 (g) 2x – 3 = 10     (h) 2x − 9 − 3x = 5x + 9 
         2x = 13        −x − 9 = 5x + 9 

            x = 13
2              −6x = 18 

            x = 61
2                  x = −3 
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Grade 9 Term 2 Chapter 10  Construction of geometric figures 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

10.1 Constructing perpendicular 
lines 

Using circles to construct a line, perpendicular to another line, from a point outside the 
line and from a point on the line 

Pages 93 to 96 

10.2 Bisecting angles Using circles to understand how to bisect angles Pages 96 to 97 

10.3 Constructing special angles 
without a protractor 

Constructing angles of 30°, 45°, 60° as special angles and using construction to find 
multiples of these angles 

Pages 98 to 99 

10.4 Angle bisectors in triangles Constructing angle bisectors in a triangle; finding that they intersect at one point Page 100 

10.5 Interior and exterior angles 
in triangles 

Identifying interior and exterior angles of a triangle; investigating their properties Pages 101 to 103 

10.6 Constructing congruent 
triangles 

Finding the minimum conditions for congruency; constructing congruent triangles Pages 103 to 105 

10.7 Diagonals of quadrilaterals Drawing diagonals of quadrilaterals and investigating their properties Pages 105 to 107 

10.8 Angles in polygons Drawing diagonals to investigate the sum of the angles in polygons Page 107 to 108 

 

CAPS time allocation 9 hours 

CAPS content specification Page 134 

 

Mathematical background 
In any two circles that overlap, intersecting at two points, is a line segment with a perpendicular bisector. We can use this property of circles to construct 
perpendicular lines (TG page 119). 

If the centre of a circle lies on the edge of another circle with the same radius, equilateral triangles with angles of 60° are formed. The line that joins the points 
of intersection of the two equal circles bisects any angle with its vertex on the line of intersection, and its arms going through the centres of the circles. We can 
use this property of circles to bisect any angle with compasses (TG pages 121 and 123). 

The bisectors of the angles in triangles intersect at a point (TG page 125). 
An exterior angle of a triangle equals the sum of the opposite interior angles (TG page127). 

The minimum conditions for two triangles to be congruent are: three sides are equal; two sides and the angle between them are equal; two angles and a side in 
the corresponding position are equal; a right angle, the hypotenuse and a right-angle side are equal (TG page 128). 
The diagonals of any parallelogram (which includes squares, rectangles and rhombi) bisect each other; those of a rectangle and a square are also the same 
length; those of a square, a rhombus and a kite are perpendicular (TG page 130). 
The sum of the interior angles of a polygon with n sides is given by (n – 2)180° (TG page 132). 
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10.1  Constructing perpendicular lines 

REVISING PERPENDICULAR LINES 

Teaching guidelines 
Learners should be quite clear that perpendicular lines are lines that cut each other at 
a 90° angle. We can also say that perpendicular lines cut each other “at right angles”. 

You can use question 2(a) alongside to point out to learners that the lines may 
seem to be perpendicular, but we can only be sure that they are if we measure them 
or if the markings on the drawing indicate that they are perpendicular. 

Answers 
1. Two lines are perpendicular when the angle of intersection is a right angle. 

2. (a) The angles are 103°, 77°, 103° and 77°. The lines are not perpendicular. 

 (b) The angles are all equal to 90°, so the lines are perpendicular. 

LINES THAT FORM WHEN CIRCLES INTERSECT 

Teaching guidelines 
Learners worked with these constructions in Grade 8.  

Mathematical background 
The lines are perpendicular because  
PM = QM and PN = QN, so PMQN is a kite. 
The diagonals of a kite are perpendicular. 

Answers 
1. (a) Learners’ own work 

 (b) Learners’ own work 

 (c) Learners’ own work  

 



MATHEMATICS GRADE 9 TEACHER GUIDE 119	

Answers 
1. (d) 90° 

 (e) If all the angles at the point of intersection are equal, then they are all right 
angles, and the lines are perpendicular to each other. 

2. Learners’ own work 

3. The two lines are perpendicular to each other. 

USING CIRCLES TO CONSTRUCT PERPENDICULAR LINES 

Teaching guidelines 
Case 1: Learners use the construction in the previous section to construct a line 
perpendicular to a given line from a point that is not on the line. The two circles 
should go through the point that is not on the line. 

Start with the line on which the perpendicular line has to be drawn. Mark off the 
points M and N, if they are given or arbitrarily if they have not been given.  

Follow the instructions step by step. 
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Teaching guidelines 
Case 2: The first circle sets the points on the line from where the second set of circles 
should be drawn. The midpoints of these circles are the same distance from the point 
where the line should be drawn and they have the same radius, therefore joining the 
points where they intersect will give a perpendicular line through the given point. 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTISE USING CIRCLES TO CONSTRUCT PERPENDICULAR LINES 

Teaching guidelines 
The constructions explained above should be used in the following constructions. In  
question 1, the point is not on the line and in question 2 it is on the line. 

Answers 
1. See the construction on LB page 95 alongside.  
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Answers 
2. In this case, point P corresponds to the midpoint of the first circle drawn to 

determine the midpoints of the two equal-sized interlocking circles.  
To find the midpoints, centre the compass at P and construct a circle that cuts 
segment CD twice. 

10.2  Bisecting angles  

USING CIRCLES TO BISECT ANGLES 

Teaching guidelines 
The circle numbered 1 is drawn with B as the centre. 

Where circle 1 cuts the arms of the angle at D and E, we draw circle 2 (at D) and circle 
3 (at E), both of which have the same radius. Where circle 2 and 3 intersect at P, join 
P and B to construct the bisector of the angle. 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

Answers 
See the completion of the construction on LB page 96 alongside and LB page 97 on 
the following page.  
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PRACTISE BISECTING ANGLES 

Teaching guidelines 
Let learners explain which point on the system of three interlocking circles 
corresponds with the vertices of the angles. Let them explain how they will find the 
centres of the interlocking circles. 

Answers 
See the constructions on LB page 97 alongside. 
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10.3  Constructing special angles without a protractor  

CONSTRUCTING A 45° ANGLE 

Teaching guidelines 
To construct a 45° angle, learners construct a right angle and bisect the right angle, 
using the system of intersecting circles as they did before. 

CONSTRUCTING 60° AND 30° ANGLES 

Teaching guidelines 
The radii of circles A and B are equal, therefore, the triangle that is formed is 
equilateral and results in a 60° angle. Remind learners that AB is the length of the 
radius of both circle A and circle B. 

 

 

 

 

 

 

 

 

 

Once learners have the 60° angle they use the constructions explained in the 
sections above to construct the 30° angle. 

Answers 
1. The sides are equal and all angles are equal to 60°. 

2. Learners’ own work 

3.  Learners’ own work 

4. All are equal, since they are radii of circles that are the same size. 
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Answers 
5. It is an equilateral triangle. 

6. Each angle is equal to 60°. 

7. Learners’ own work 

8. Learner’s own work. See the answer on LB page 99 alongside. 

CONSTRUCTING THE MULTIPLES OF SPECIAL ANGLES 

Teaching guidelines 
Learners can construct a right angle. From that they can construct a 45° angle by 
bisecting the right angle. Now they can construct any multiple of 45° and 90°. 

Learners know how to construct an angle of 60° and they can bisect it to construct 
a 30° angle. From these constructions, and using the fact that a straight line is 180° 
and a revolution is 360°, they can construct any multiple of 30° and 60°. 

Answers 
1. See the answers on LB page 99 alongside. 

2. (a) Draw a circle and draw its diameter. At the centre, construct an angle of 60° 

using another circle with the same radius.  The supplementary angle of the 
60° angle is 120°. 

 

 (b) Draw a line and mark a point on it. Construct 
a right angle and bisect it to get 45°.  
The supplementary angle is 135°. 

 

 (c) Construct an angle of 90°. The outer angle is the 270° angle. 

 

 (d) Construct two 60° angles adjacent to each other making a 120° angle.  
The outer angle is the 240° angle. 

  

 (e) Draw a line and mark a point on it. Construct 
an angle of 60°, bisect it to get 30°. The 
supplementary angle to 30° is the 150° angle. 
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10.4  Angle bisectors in triangles 

Teaching guidelines 
The questions in this section give learners ample opportunity to practise the 
constructions they learnt in the previous sections. Any problems they still have can 
be addressed now. 

Background information 
The point at which the angle bisectors intersect is the centre of the inscribed circle. If 
a perpendicular line is drawn from that point to any of the sides of the triangle, a 
circle with that distance as radius can be drawn. It will touch each of the three sides 
inside the triangle. 

Answers 
1. (a) See the constructions on LB page 100 alongside. 

 (b) See the constructions on LB page 100 alongside. 

 (c) The bisectors all intersect at the same point. 

2. (a) See the constructions on LB page 100 alongside. 

 (b) The bisectors all intersect at the same point. 

3. Learners’ own work 

Extension 
Let learners construct the perpendicular line from the point of intersection to any 
side of the triangle. With the point of intersection as centre and length of the 
perpendicular line as radius, let them draw a circle. It should touch each of the sides. 
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10.5  Interior and exterior angles in triangles 

WHAT ARE INTERIOR AND EXTERIOR ANGLES? 

Teaching guidelines 
Use drawings to help define the concepts “interior angle” and “exterior angle”. 

IDENTIFYING EXTERIOR ANGLES AND INTERIOR OPPOSITE ANGLES 

Teaching guidelines 
In question 1(c), make sure that learners do not name angle 10 as an exterior angle to 
the triangle that contains angles 13, 14 and 15. 

Answers 
1. See the answers on LB page 101 alongside. 

  

 



MATHEMATICS GRADE 9 TEACHER GUIDE 127	

Answers 
2. (a) ∠ABC, ∠BCA and ∠CAB. Learners could also label the angles with a number 

to indicate ∠A1; ∠B1; ∠C1 

 (b) ∠MBC, ∠LBA, ∠BAG, ∠NAC, ∠ACK, ∠HCB 

 (c) It does not comply with the definition: an exterior is an angle between a 
side of a triangle and another side that is extended. 

 (d) ∠GAN and ∠HCK 

INVESTIGATING THE EXTERIOR AND INTERIOR ANGLES IN A TRIANGLE 

Teaching guidelines 
Learners should know that the sum of the angles in a triangle is 180°. So by 
reasoning they could see that:  

  68° + (45° + 67°) = 180°  (sum of angles of a triangle) 

and              68° + 112° = 180° (angles on a line) 

so         45° + 67° = 112°  (an exterior angle equals the sum of the  
opposite interior angles) 

Answers 
1. to 3. See the answers on LB page 102 alongside. 

4. They are equal. 
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Answers 
5. (a) a = 85°  (ext. ∠ of △) 

 (b) b = 127° − 23° = 104° (ext. ∠ of △) 

  c = 127° (vertically opposite angles are equal) 

 (c) d + f = 180° − 78° = 102° (sum of ∠s of △) 

  d = f  (angles opposite equal sides) 

  Therefore d = 51° = f 

  e = 78° + 51° = 129°  (ext. ∠ of △) 

10.6  Constructing congruent triangles 

MINIMUM CONDITIONS FOR CONGRUENCY 

Teaching guidelines 
Remind learners what we mean by congruent triangles. 

Answers 
1. (a) Learners should get congruent triangles. 

  

 

 

 

 

 

 

 

 

 (b) No sides are given, so learners should get 
similar shapes, but they won’t necessarily 
be congruent.  
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Answers 
1. (c) Learners should get congruent 

triangles. 

  

 

 

 

 (d) Learners should get congruent 
triangles. 

  

 

 

 (e) The triangles will not be 
congruent. 

  

 

 

 

 

 

 (f) The triangles should be 
congruent. 

  

 

 

 

 

 

 (g) The triangles will not be congruent. 
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2. Triangles (a), (c), (d) and (f) are congruent. 

 Triangles (b), (e) and (g) are not congruent. 

3.  Learners’ own work 

4. See the answers on LB page 105 alongside. 

10.7  Diagonals of quadrilaterals 

DRAWING DIAGONALS 

Teaching guidelines 
Point out that a diagonal is a line drawn in a quadrilateral from a vertex to the 
opposite vertex. 

Answers 
2. See the answers on LB page 105 alongside. 

3. Four 

4. Four 

5. Two 
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DIAGONALS OF A RHOMBUS 

Teaching guidelines 
Remind learners that a rhombus has all four sides equal. Therefore, they can 
construct a rhombus using two equal circles (radii form the sides of the rhombus). 
From the previous work they can deduce that the diagonals are perpendicular and 
that they bisect each other. 

Learners can also use congruent triangles to show that the diagonals bisect each 
other. 

Answers 
1. See the answer on LB page 106 alongside. 

2. The lines are the diagonals of the rhombus. 

3. Yes 

4. …intersect at 90° and will bisect each other. 

DIAGONALS OF A KITE 

Teaching guidelines 
The construction is the same as for bisecting the angle D, therefore DE bisects the 
line joining the points of intersection of the circles. The long diagonal bisects the 
short diagonal. 

Learners can also use congruent triangles to show that the long diagonal of the kite 
bisects the short diagonal. 

Answers 
1. to 3. See the answers on LB page 106 alongside. 
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Answers 
4. Yes 

5. No. Only one of the diagonals is bisected. 

6. The diagonals of a rhombus both bisect each other. 

DIAGONALS OF PARALLELOGRAMS, RECTANGLES AND SQUARES 

Teaching guidelines 
Learners can use the properties of these quadrilaterals (for example, opposite sides 
are parallel and equal) that they have learnt before to draw the quadrilaterals. 

Answers 
1. to 3. Learners’ own work 

4. See the completed table on LB page 107 alongside. 

10.8  Angles in polygons 

USING DIAGONALS TO INVESTIGATE THE SUM OF THE ANGLES IN POLYGONS 

Teaching guidelines 
If learners complete the table correctly, they should see the pattern. The number of 
triangles in a polygon is two less than the number of sides. The sum of the interior 
angles of a triangle is 180°. 

The number of triangles in a polygon with n sides is n – 2. Therefore, the sum of the 
angles of a polygon with n sides is given by (n – 2)180°.  

Learners may get confused when they have to draw the diagonals. Show them that 
when you draw the diagonals from the same vertex to every other vertex, you are 
sure to find the least number of triangles. 

 

 

 

 

 

 

 

 

Answers 
1. See the answers on LB page 107 alongside and LB page 108 on the next page.   
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Answers  
2. Beware that learners may want to draw triangles that share the centre of the 

polygon as a vertex. In that case, they have to subtract 360° (the central angle) 
from the sum of the angles of all the triangles. 

 

 
	  

 



MATHEMATICS GRADE 9 TEACHER GUIDE 134	

WORKSHEET 

Answers 
1. See the answers on page 109 of the LB alongside. 

2. …the sum of the opposite two interior angles. 

3. (a) 

  

  

 

 

 

 

 

 

 

 

 

 

 (b) Yes, all sides and angles of such triangles will be equal. The triangles may be 
in different positions. This is because the third angle = 90°. 
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Grade 9 Term 2 Chapter 11  Geometry of 2D shapes 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

11.1 Revision: Classification of triangles Angles of triangles; sides of triangles Pages 110 to 111 

11.2 Finding unknown angles in 
triangles 

Unknown sides and angles of triangles Pages 112 to 113 

11.3 Quadrilaterals Properties of quadrilaterals; unknown sides and angles of quadrilaterals Pages 113 to 116 

11.4 Congruent triangles Definition and notation of congruent triangles; minimum conditions for 
congruent triangles; problem solving 

Pages 116 to 120 

11.5 Similar triangles Properties of similar triangles; application of properties of similar triangles; 
minimum conditions for similarity; problem solving 

Pages 120 to 125 

11.6 Extension questions Multi-step problem solving Page 126 

 

CAPS time allocation 9 hours 

CAPS content specification Page 136 

 

Mathematical background 
• In this chapter, learners work with 2D shapes that they have already encountered in previous years. They now focus on the properties of different 

types of triangles and quadrilaterals. Although learners should be able to identify and classify triangles and quadrilaterals, it is best to revise the 
basic properties of each type of figure. They need a solid understanding of the properties of these figures, as they need to start using these properties to 
work out information which may be unknown. 

• Learners have established the difference between congruent and similar figures in previous grades. In this grade, their study becomes more 
formalised, as they now consolidate their understanding of the minimum conditions for congruent and similar triangles, which they started 
investigating in the previous chapter.	

• Once learners have a good grounding in the properties of triangles and quadrilaterals, as well as in congruency and similarity, they should be able to 
solve geometric problems. Make sure that learners provide reasons for their statements to justify their reasoning. (Note: this will take practice and 
you may need to model this method for learners until they know what is expected.) 
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11.1  Revision: Classification of triangles 

Background information 
• Triangles are 2D figures enclosed by three straight sides which form three 

interior angles. In any triangle:  

o the sum of the interior angles is 180° 

o any exterior angle is equal to the sum of the opposite interior angles. 

• Triangles are classified according to the sizes of their interior angles, 
or the lengths of their sides, or both. A triangle with: 

o three acute interior angles is an acute-angled triangle. 

o one right interior angle is a right-angle triangle. 

o one obtuse interior angle is an obtuse-angled triangle. 

o three sides equal is an equilateral triangle. 

o two sides equal is an isosceles triangle. 

o no sides equal is a scalene triangle. 

• An equilateral triangle has: 

o all three sides equal in length 

o all three interior angles equal to 60° each. 

• An isosceles triangle has two sides equal. 

o The two interior angles opposite the equal sides are equal. 

• A right-angled triangle has one right interior angle. 

o The hypotenuse is the longest side of a triangle and lies opposite the 
right angle. 

o The area of the square on the hypotenuse is equal to the sum of the areas 
of the squares on the other two sides (Theorem of Pythagoras). 

Teaching guidelines 
Learners can only solve geometric problems on triangles if they know all the 
properties of triangles listed above. 

Answers 
1. See the answers on LB page 110 alongside. 

2. See the answers on LB page 110 alongside and LB page 111 on the following 
page. 
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Answers 
3. See the answers on LB page 111 alongside. 

4. See the table on LB page 111 alongside. 
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11.2  Finding unknown angles in triangles 

FINDING UNKNOWN LENGTHS AND ANGLES 

Background information 
• The sum of the interior angles of a triangle is 180°. 

• In an equilateral triangle each interior angle is equal to 60°. 

• In an isosceles triangle the interior angles can be found when the size of: 

o one base angle is given, or 

o the angle between the equal sides is given. 

• In a scalene triangle the interior angles can be found when: 

o the sizes of two interior angles are given, or 

o the proportional sizes of the interior angles are given. 

Teaching guidelines 
Discuss the layout of the solution provided on LB page 112. Point out that a reason 
should be provided for every statement that is made. 

Answers 
1. In ∆DEF: a = 49° (sum ∠s Δ) 

 In ∆JIG:  b = 105° (sum ∠s Δ) 
    c = 75° (ext. ∠s Δ or ∠s on a str. line = 180°) 

2. In ∆STU: d = 76° (isos. Δ,	∠s opp equal sides) 
    e = 28° (sum ∠s Δ) 
    f = 284° (∠s around a point) 

 In ∆MON: g = 51° (ext. ∠s Δ) 
     h = 51° (isos. Δ,	∠s opp equal sides or ∠s on str. line or sum ∠s Δ) 
     z = 102° (∠s on str. line or ext. ∠s Δ) 
    MO = 8 m (MN = MO) 
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Answers 
3. In ∆PQR:  PRQ = 360° − 344° = 16° (∠s around a point) 
         2y = 180° − (26° + 16°) (sum ∠s Δ) 
           y = 69°   

 In ∆ABC:  6x = 180° (sum ∠s Δ) 
       x = 30° 

11.3  Quadrilaterals 

PROPERTIES OF QUADRILATERALS 

Background information 
• Quadrilaterals are 2D figures enclosed by four straight sides which form 

four interior angles. In any quadrilateral the sum of the interior angles  
is 360°. 

• Squares have the following properties: 

o opposite sides are parallel 

o all four sides are equal 

o each interior angle is equal to 90° 

o diagonals are perpendicular 

o diagonals bisect each other 

o diagonals are equal. 

• Rhombi have the following properties: 

o opposite sides are parallel 

o all four sides are equal 

o opposite angles are equal 

o diagonals are perpendicular 

o diagonals bisect each other. 

• Rectangles have the following properties: 

o opposite sides are parallel 

o opposite sides are equal 

o each interior angle is equal to 90° 

o diagonals bisect each other 

o diagonals are equal. 
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• Parallelograms have the following properties: 

o opposite sides are parallel 

o opposite sides are equal 

o opposite angles are equal 

o diagonals bisect each other. 

• Trapeziums have one pair of opposite sides parallel. 

• Kites have the following properties: 

o two pairs of adjacent sides are equal 

o diagonals are perpendicular 

o one diagonal bisects the other diagonal. 

Teaching guidelines 
To solve geometric problems on quadrilaterals, learners must know all the properties 
of quadrilaterals listed above. 

Note on question 2 
The completed table on LB page 114 can be used to find those properties which will 
confirm statements such as the following: 

• A rectangle is a special kind of parallelogram. 

• A rhombus is a special kind of parallelogram. 

• A square is a special kind of rectangle. 

• A square is a special kind of rhombus. 

Answers 
1. See the answers on LB pages 113 on the previous page and LB page 114 

alongside. 
2. See the table on LB pages 114 alongside and LB page 115 on the following page. 
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Answers 
3. (a) No. A square and a rhombus share the property that all four sides are equal. 

A square has right angles at the vertices, but a rhombus does not. The only 
angle property they share is that the opposite angles are equal. A square has 
equal diagonals and a rhombus does not. 

 (b) Yes. The properties of a rhombus are shared by a square (see question 2). 

 (c) See the answers on LB page 115 alongside. 

4. (a) No. A rectangle does not have equal sides, diagonals that intersect at 90°, or 
diagonals that bisect the angles at the vertices. 

 (b) Yes. A square has all the properties of a rectangle as well as additional 
properties. 

 (c) See the answers on LB page 115 alongside. 

5. (a) Yes. A rectangle has all the properties of a parallelogram, and additional 
properties. 

 (b) No. A parallelogram does not have to have equal diagonals, or angles of 90°. 

 (c) See the answers on LB page 115 alongside. 

6. Yes. A rhombus has all the properties of a parallelogram as well as additional 
properties. 

7. A kite does not have the following properties, which are needed for it to be a 
parallelogram: opposite sides equal, both pairs of opposite sides parallel and 
both diagonals bisect each other. 

8. A trapezium does not have the following properties, which are needed for it to 
be a parallelogram: equal opposite sides, both pairs of opposite sides parallel and 
the diagonals do not bisect each other. 
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UNKNOWN SIDES AND ANGLES IN QUADRILATERALS 

Background information 
• The sum of the interior angles of a quadrilateral is 360°. 

• In a parallelogram, rectangle, rhombus and square the opposite 
angles are equal. 

• In a parallelogram and rhombus all interior angles can be found if the 
size of one interior angle is given because pairs of co-interior angles are 
supplementary. 

• In a rectangle and square each interior angle is equal to 90°. 

• In a trapezium two pairs of co-interior angles are supplementary. 

• In a rhombus and square all sides are equal in length. 

• In some quadrilaterals the Theorem of Pythagoras can be applied to find 
the length of some line segments: 

o In rectangles and squares all interior angles are right angles. 

o In rhombi, squares and kites the diagonals are perpendicular to each 
other. 

Teaching guidelines 
• Determine the minimum information that will enable learners to find the 

sizes of all interior angles of different types of quadrilaterals. 

• Remind learners that they need to provide a reason for every statement that 
they make. 

Answers 
1. a = 90° (angle of square) 

 b = 45° (diagonals of square bisect ∠s) 

 c = 145° (∠s round a point, int. ∠s quad = 360°) 

 d = 45° (opp. ∠s parallelogram) 

 e = 135° (opp. ∠s and int. ∠s quad = 360°) 

2. In ABCD: AD = 72 cm (Pythagoras, diagonals of a kite) 
   CD = 136 cm (Pythagoras) 
    Perimeter of ABCD = 40,29 cm 

 In FGHI: FI = 10  units (Pythagoras) 
     Perimeter of FIHG = 16,32 units 
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11.4  Congruent triangles 

DEFINITION AND NOTATION OF CONGRUENT TRIANGLES 

Background information 
• Congruent triangles have the same shape and size. 

• The symbol º means “is congruent to”. 

• If ∆ABC º ∆XYZ:  

o the corresponding angles are equal: A = X, B = Y and C	= Z, and 

o the corresponding sides are equal: AB = XY, BC = YZ and CA = ZX. 

Teaching guidelines 
Discuss the definition and notation of congruent triangles. Point out that the letters 
of the corresponding vertices between the two triangles must appear in the same 
position. 

Answers 
1. See the answer on LB page 117 alongside. 

2. See the answer on LB page 117 alongside. 

MINIMUM CONDITIONS FOR CONGRUENT TRIANGLES 

Background information 
There are four conditions for congruency: 

• SSS: all corresponding sides are equal 

• SAS: two corresponding sides and the angle between the two sides are equal 

• AAS: two corresponding angles and any corresponding side are equal 

• RHS: both triangles are right-angled and have equal hypotenuses and one 
    other side equal. 

Teaching guidelines 
Revise the condition for congruent triangles. 

Answers 
1. See the answer on LB page 117 alongside.  

2. See the answer on LB page 117 alongside. 
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Note on question 3 
Start with the pair of vertices of the obtuse angles, then the pair of vertices of the 
given acute angles and then the pair of vertices of the unknown angles. 

Note on question 5 
Start with the pair of vertices opposite 3 cm, then the pair of vertices opposite 2 cm 
and then the pair of vertices opposite 4 cm.  

Note on question 6 
Start with the pair of vertices opposite the given equal sides, then the pair of vertices 
opposite the common side and then the pair of vertices opposite the unknown side.  

Answers 
3. to 6. See the answers on LB page 118 alongside. 

PROVING THAT TRIANGLES ARE CONGRUENT 

Background information 
A proof for congruency must contain the following: 

• You must give three statements to prove any two triangles congruent. 

• You must provide a reason for each statement. 

• Finally, you must give the reason for congruence. 

Teaching guidelines 
Use the example on LB pages 118 and 119 to explain the layout of a proof for 
congruency. 
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Mathematical notes 
• It is good practice, but not compulsory, to do the following: 

o At the start of the proof, write down the names of the two triangles in 
the correct order. 

o During the proof, write down the three statements in the same order 
as the reason for congruency. 

o At the end of the proof, write down the reason for congruency. 

 Example: Refer to the example on LB pages 118 and 119. 

  In ∆ABD and ∆CED: 

  1) ADB = CDE  (vert. opp. Ðs) 

  2) BAD = ECD  (alt. Ðs; AB || EC) 

  3) AD = CD  (given) 

  \ ∆ABD º ∆CED (AAS) 

Answers 
1. to 2. See the answers on LB page 119 alongside. 
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Note on question 3 
Once the two triangles are proven congruent it can be deduced that all 
corresponding pairs of sides are equal, therefore QR = SP. 

Note on question 4 
Once the two triangles are proven congruent it can be deduced that all 
corresponding pairs of angles are equal, therefore QPM = 41°. 

Answers 
3. to 4. See the answers on LB page 120 alongside. 

11.5  Similar triangles 

PROPERTIES OF SIMILAR TRIANGLES 

Background information 
• Similar triangles have the same shape, but may vary in size. 

• The symbol ||| means “is similar to”. 

• If ∆ABC ||| ∆XYZ:  

o the corresponding angles are equal:  A= X, B = Y and C = Z 

OR 

o the corresponding sides are in proportion: AB : XY = BC : YZ = CA : ZX 

Teaching guidelines 
• Discuss the definition and notation of similar triangles. Point out that the 

letters of the corresponding vertices between the two triangles must appear 
in the same position. 

• By the end of question 3 on LB page 121 learners should be able to: 

o formulate the properties for similar triangles 

o explain the notation for similar triangles. 
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Answers 
1. (a) See the first table on LB page 121 alongside. 

 (b) The corresponding angles in each triangle are equal. 

2. (a) See the second table on LB page 121 alongside. 
 (b) The corresponding sides are in proportion. In this case, ΔDEF’s side lengths 

are 11
3 times as long as those of ΔBAC. 

3. For similar triangles, the order of the letters in the notation indicates which 
angles and sides correspond. The equal angles must be in the same position for 
both triangles. Writing “ΔBAC” and “ΔDEF” correctly indicates that B = D, A = E 
and C = F. 
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WORKING WITH PROPERTIES OF SIMILAR TRIANGLES 

Teaching guidelines 
Learners determine whether the corresponding sides of each pair of triangles are in 
proportion. 

Notes on question 1(a) 
• For the two triangles, first find the ratio of the pair of longest sides EF

LN , then 

the ratio of the pair of shortest sides  EG
LM  and then the ratio of the pair of 

remaining sides GF
MN . If the three ratios are equal, the triangles are similar. 

• Write down the triangles by starting with the vertices opposite the longest 
sides, then the vertices opposite the shortest sides and then the vertices 
opposite the remaining sides.  

Answers 
1. See the answers on LB page 122 alongside. 
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Answers 
2. (a) Learners construct ∆ABC similar to a given ∆EFG. 

 (b) Learners construct ∆PQR similar to a given ∆MNO. 

 (c) Learners construct ∆VWX similar to a given ∆RST. 

 (d) Learners construct ∆XYZ similar to a given ∆KLM. 

INVESTIGATION: MINIMUM CONDITIONS FOR SIMILARITY 

Background information 
Triangles are similar when:  

• their corresponding angles are equal 

OR 

• their corresponding sides are in proportion. 

Teaching guidelines 
Learners determine whether some given conditions are minimum conditions for 
similar triangles. 

Answers  
1. See the answers on LB page 123 alongside. 
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SOLVING PROBLEMS WITH SIMILAR TRIANGLES 

Background information 
A proof for similarity must contain the following: 

• You must give three statements to prove any two triangles similar: 
EITHER that the three corresponding angles are equal or that the three 
corresponding sides are in the same proportion. 

• Each statement must be accompanied by a reason. 

• Finally, you must give the reason for similarity. 

Teaching guidelines 
Use the table on LB page 124 to explain the layout of a proof for similarity. 

Answers 
1. See the table on LB page 124 alongside. 

2. (a) Yes. Angles are equal (same proof as in question 1). 
 (b) ΔABE ||| ΔDCE; ΔFGJ ||| ΔHIJ 

 (c) Yes. If there are parallel lines, the pairs of alternate angles will always be 
equal. So, you have similar triangles. 
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Mathematical notes 
• It is good practice, but not compulsory, to do the following: 

o At the start of the proof, write down the names of the two triangles in 
the correct order. 

o During the proof, write down the three statements in the same order 
as the reason for similarity: either, three pairs of equal angles or, three 
pairs of proportional sides. 

o At the end of the proof, write down the reason for similarity. 

 Example: Refer to question 4 on LB page 125. 

  In ∆ADE and ∆ABC: 

  1) A = A   (common) 

  2) ADE = ABC  (corr. Ðs; DE || BC) 

  3) AED = ACB  (corr. Ðs; DE || BC) 

  \ ∆ABD ||| ∆CED (AAA) 

Answers 
3. See the answer on LB page 125 alongside. 

4 See the answer on LB page 125 alongside. 
5. In ΔSTW and ΔUVW: 

 1) W is common 

 2)  STW = UVW = 90° (context of problem) 

 3)  TSW = VUW (sum ∠s Δ) 

	 ∴  ΔSTW ||| ΔUVW (AAA) 

	 ∴  proportion = 5,1 : 1,7 = 1 : 3 

	 ∴  ST = 3 × UV = 3 × 1 = 3 m 

6. See the answer on LB page 125 alongside. 
  

 



MATHEMATICS GRADE 9 TEACHER GUIDE 152	

11.6  Extension questions 

Teaching guidelines 
Learners solve multi-step problems on congruency and similarity. 

Answers 

1. (a) B = 60°     (ABC is equilateral, given) 

  BA = BC     (ABC is equilateral, given) 

	 	 ∴ BD = BE    (D and E are midpoints) 

  BDE = BED    (isos. Δ) 

  ∴ BDE = BED = 60°  (sum ∠s Δ) 

	 	 ∴ ΔBDE is equilateral 

 (b) In ΔBDE and ΔADF: 

  1)  DBE = FAD = 60°   (ΔABC is equilateral) 

  2)  BD = AD    (D is midpoint, given) 

  3)  BE = AF     (BC = AC equilateral ∆ABC; BE = EC = CF = AF  

         midpoints) 
	 	 ∴	  ΔBDE ≡ ΔADF   (SAS) 

  Similarly, ΔBDE ≡ ΔCFE hence ΔADF ≡ ΔCFE. 

  DE = EF = AF     (ΔBDE is equilateral, proved in 1(a)) 

	 	 ∴ ΔBDE ≡ ΔDEF 

	 	 ∴ ΔBDE ≡ ΔDEF ≡ ΔADF ≡ ΔCFE 

 (c) ΔABC ||| ΔBDE ||| ΔDEF ||| ΔADF ||| ΔCFE (all equilateral) 

 (d) For ΔABC ||| ΔBDE, the sides are in the proportion 2 : 1. 

 (e) BAC = 60°     (ΔABC is equilateral) 

  BDE = 60°     (ΔBDE is equilateral) 

  DE ≠ AC     (BAC = BDE, Corr. ∠s) 

 (f) Yes. Similar reason as 1(e). 

2. (a) The radii are equal, therefore FJ = FL, FI = FK and FG = FH. Therefore, the 
sides of each triangle are in proportion. F is shared in all three triangles. 
Therefore, the triangles are similar (SAS, or sides in proportion and a shared 
angle). 

 (b) Each triangle shares U. Each triangle has a 90° angle. Therefore, they are 
similar (AAA).  
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Grade 9 Term 2 Chapter 12  Geometry of straight lines 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

12.1 Angle relationships Defining supplementary angles; angles formed by perpendicular lines; vertically 
opposite angles; corresponding, alternate and co-interior angles; angles formed by 
parallel lines 

Pages 127 to 133 

12.2 Identify and name angles Identifying conditions for corresponding angles and alternate angles to be equal and co-
interior angles to be supplementary 

Pages 133 to 134 

12.3 Solving problems Using the knowledge gained about angles and lines to solve problems relating to angles 
that are equal to given angles, giving reasons for the answers 

Pages 134 to 135 

 

CAPS time allocation 9 hours 

CAPS content specification Page 137 

 

Mathematical background 
When straight lines meet or intersect, angles are formed. Some of these concepts are: 

• Supplementary angles are angles that add up to 180o. The word “supplementary” gives information about the 
numerical value of angles. Supplementary angles can share a vertex (be part of the same figure). Any number of angles 
may be described by the phrase “supplementary angles”, and the angles need not be elements of the same figure.  
For example, angles of 40°, 60° and 80° are supplementary, but they need not be part of the same figure.  

• Perpendicular lines form right angles. 
• Vertically opposite angles share a vertex, but not sides. The word “vertically” gives information about the spatial arrangement 

of the angles as well as implicit information about their sizes – i.e. they are equal. 
• Corresponding, alternate and co-interior angles are formed when two lines are cut by a transversal. The names only indicate 

how the angles are positioned in relation to each other in an arrangement of straight lines.  
Angles can only be corresponding, alternate and co-interior if they are elements of the same figure, and specifically if they 
have one common side. 
If the lines that are cut by the transversal are parallel, corresponding and alternate angles are equal and co-interior angles are 
supplementary.  
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12.1  Angle relationships 

Background information 
Learners need to acquire the correct terminology, phrases and language usage to 
communicate effectively about geometry. The role of language in learning is not just 
to communicate with other people. Language also provides the framework in which 
personal knowledge is formed, and if learners do not have a command of the 
necessary language, they cannot learn geometry effectively. 

Teaching guidelines 
The words “supplementary angles” describe something about the sizes of the angles,  
i.e. the sum of the angles is 180°. Note that any number of angles may be described 
by the words “supplementary angles”, and that the angles need not be elements of 
the same figure. Three angles of 40°, 60° and 80° are supplementary angles 
irrespective of where these angles occur. But only two of these angles are not 
supplementary: for example, angles of 40° and 60° are not supplementary because 
they do not add up to 180°. 

Answers 
1. (a) smaller 

 (b) bigger 

2. (a) 105° 

 (b) CMA + CMB = AMB = 180° 
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Teaching guidelines 
Remind learners what that when two lines are perpendicular, they form right angles. 

Answers 
3. (a) 105° − 40° = 65° 

 (b) CMP + PMB = 105° = CMB 

4. (a) 90° 

 (b) AMC + BMC form straight line AMB. If they are equal, each angle must be 90°.  

  (90° + 90° = 180°) 

5. (a) Yes 

 (b) Yes, by using the angle definition of a straight line. 

  CMA + CMB = 180° and BMD + CMB = 180° 

  If CMB is subtracted on both sides, it follows that CMA = BMD. 

 (c) 180° 

  They are angles on straight line CD. 

 (d) 180° 

  They are angles on straight line AB. 
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Teaching guidelines 
Make sure that learners understand the difference between angles that are vertically 
opposite in that they share a vertex but not a side, and angles that are opposite each 

other in a shape. Opposite angles do not share a common vertex. 

 

Answers 
5. (e) Yes 

 (f) CMA 

6. Each side of the equal equation has one angle that is the same size, so the other 
two angles have to be equal to each other. 

7. (a) 125° 

 (b) It is vertically opposite BMC. 

LINES AND ANGLES 

Background information 
Although the phrase “corresponding angles” sounds similar to supplementary 
angles, it has an entirely different kind of meaning. The term “corresponding” does 
not contain any information about the sizes of the angles; it only indicates the 
position of the angles in relation to each other in an arrangement of straight lines. 
Angles can only be corresponding if they are elements of the same figure, and 
specifically if they have one common arm. Corresponding angles are not necessarily 
equal – they are only equal if the non-shared arms are parallel. 

Teaching guidelines 
Remind learners what a transversal is.  

Talk about “corresponding”, “alternate” and “co-interior” angles, and explain that 
these words only say something about the positions of the angles. 

Discuss the conditions under which the corresponding angles and alternate angles 
will be equal (if the lines are parallel), and when co-interior angles will be 
supplementary. 

Misconceptions 
Learners think that angles are equal simply because they are corresponding or 
alternate.  
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Answers 
1. No, some of the angles look bigger or smaller than others. 

2. Only d = e 

3. (g, i, k); (o, r, t, v); (u, s, q, p) 

4. Angles on the same side of the transversal and either all angles left of the other 
lines, or angles on the right-hand side of the other lines. 

5. Yes 

6. Yes, they are equal and they are angles on lines AB and CD, which are parallel to 
each other. 

7. m and u; h and q; f and p 

8. They are on alternate sides of the transversal and between the other lines. 

9. Corresponding angles are also equal when AB is parallel to CD. 

10. g and p; j and r; m and t; v and n 

ANGLES FORMED BY PARALLEL LINES 

Teaching guidelines 
We have already established that corresponding angles are only equal if the 
transversal that forms them cuts parallel lines. 

Discuss with learners that this also provides a way to show that two lines are 
parallel. If we can prove that corresponding angles are equal, we know the lines cut 
by the transversal are parallel. 

Background information 
By convention, the definition of parallel lines is that if corresponding angles are 
equal when two lines are cut by a transversal, the lines are parallel. 
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Answers 
1. (a) Yes 

 (b) They are equal. 

2. Yes. These angles are corresponding angles and equal because AB‖CD. 

Teaching guidelines 
Learners should remember that alternate angles are only equal if the transversal that 
forms them cuts parallel lines. 

Discuss with learners that this also provides a way to show that two lines are 
parallel. If we can prove that alternate angles are equal, we know that the lines cut by 
the transversal are parallel. 
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Answers 
3. Yes, they are on different sides of transversal EF and between lines AB and CD. 

4. They are equal if AB‖CD. 

5. ∠GHD = corresponding ∠EGB but ∠EGB = vertically opposite ∠AGH, so  
∠AGH= alternate ∠GHD. In general, an angle is vertically opposite to the 
alternate angle of its equal corresponding angle. 

6. Yes. They are in the same positions if the lines are crossed by a transversal and 
they are equal if the lines are parallel. 

7. (a) They are supplementary (their sum is 180°) angles, because AB is a straight 
line. 

 (b) They are supplementary (their sum is 180°) angles, because CD is a straight 
line. 

 (c) Yes, because the sums on either side of the equal sign are both equal to 180°. 

 (d) Yes, because CHG is vertically opposite and equal to DHF, which is in turn 
corresponding to BGH, because AB and CD are parallel (see question 6). 

8. Corresponding angles are equal if parallel lines are intersected by a transversal. 
Alternate angles will also be equal, because their vertically opposite angles are 
equal. 

Teaching guidelines 
Learners should remember that co-interior angles only add up to 180° if the 
transversal that forms them cuts parallel lines. 

Discuss with learners that this also provides a way to show that two lines are 
parallel. If we can prove that co-interior angles are supplementary, we know the lines 
cut by the transversal are parallel. 
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Answers 
9. (a) They are supplementary (their sum = 180°) because CD is a straight line. 

 (b) They are supplementary (their sum = 180°) because AB is a straight line. 

 (c) They are alternate angles and they are equal, because AB‖CD. 

 (d) They are also supplementary (their sum = 180°). This is because we have 
already shown that: 

  CHG is equal to BGH (alt. ∠s AB‖CD) 

  BGH is supplementary to AGH (∠s on a str. line). 

12.2  Identify and name angles 

Teaching guidelines 
Learners should be able to identify and name pairs of corresponding angles and 
alternate angles, and determine whether they are equal. They should also be able to 
identify and name co-interior angles, and determine whether or not they are 
supplementary. The questions in this section help learners to realise that they need 
to make sure that lines are parallel to establish which angles are equal or 
supplementary. 

They can only be sure that lines are parallel if they are marked as parallel or if they 
are told that one of the conditions apply, for example if they are shown that 
corresponding angles are equal. 

Answers 
1. (a) Not necessarily, as we don’t know whether AB‖CD. 

 (b) There are many possibilities: RPB and BPQ (on str. line RF); angles BPQ and 
GPQ (on str. line AB); AGE and EGP (on str. line AB); angles AGE and AGH (on 
str. line EF). 

  Co-interior angle pairs AGH and CHG, PGH and GHQ, GPQ and PQH, BPQ 
and PQD will be supplementary only if AB‖CD. Remember that 
supplementary angles are angles that add up to 180°, they do not have to be 
adjacent angles. 

  

 



MATHEMATICS GRADE 9 TEACHER GUIDE 161	

Answers 
1. (c) Co-interior angles AGH and CHG, PGH and GHQ, GPQ and PQH, BPQ and PQD 

 (d) EGP and GHQ; PGH and QHF; BPQ and DQF; RPB and PQD (there are four 
other possibilities as well) 

 (e) AGH and QHG; PGH and CHG; GPQ and PQD; BPQ and HQP 

  (Note that learners can also list the alternate exterior angles in the figure.) 

2. (a) Yes, AB‖CD, therefore RF will be perpendicular to CD because HQP and GPR 
are corresponding angles and thus HQP will also be 90°. 

 (b) Because it is stated that AB‖CD, the co-interior angles will also be 
supplementary: PGH and GHQ; GPQ and HQP; BPQ and DQP; AGH and CHG 

  Other angles that are supplementary are adjacent angles on a straight line: 

  CHF and FHQ on line CD; HQP and HQF on line RF; etc. 

 (c) GHC = EGA = x (corr. ∠s; AB‖CD); PGH = EGA = x (vert. opp. ∠s);  
QHF = GHC = x (vert. opp. ∠s);  
EGP = 180° − EGA (suppl. adj. ∠s or ∠s on str. line) = 180° − x;  
AGH = EGP = 180° − x (vert. opp. ∠s); GHQ = EGP = 180° − x (corr. ∠s; AB‖CD) 
and CHF = GHQ = 180° − x (vert. opp. ∠s); QFH = 90° − x (HQF = 90°; sum of 
∠s of Δ). 

  (Other valid reasons may be given in various places, such as alternate angles 
that are equal etc.) 

12.3  Solving problems 

Teaching guidelines 
Impress on learners that if two angles are equal because they are corresponding, this 
will always be the case because the lines that are cut by the transversal, are parallel 
and that fact should be part of the answer. So they should never write:  
∠A = ∠D (corr. ∠s), but ∠A = ∠D (corr. ∠s, AB||DE).  

Answers 
1. (a) CHF = GHD (vert. opp. ∠s); DLK = GHD (corr. ∠s, EF‖IJ); 

   AGH = GHD (alt. ∠s, AB‖CD); EGK = GHD (corr. ∠s, AB‖CD); 

   HLJ = GHD (alt. ∠s, EF‖IJ) 

  (b) AKJ = AGH (corr. ∠s, EF‖IJ); EGK = AGH (vert. opp. ∠s); 

   IKM = EGK (corr. ∠s, EF‖IJ) and EGK = AGH (proven above); 

   CHF = AGH (corr. ∠s, AB‖CD); GHL = AGH (alt. ∠s, AB‖CD)   
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2. Learners should be able to find all 23 of the angles from the information given: 

KML = 80° (vert. opp. ∠) 

NMK = 100° and BML = 100° (∠s on str. lines AB and NF) 

MLD = 80° (AB‖CD, corr. ∠s equal) 

MLH = 100° (∠s on str. line CD)   DLK = 60° (vert.opp.to HLK) 

HLF = 80° (vert. opp. to MLD)    DLF = 100° (vert. opp. to MLH) 

MLK = 40° (vert. opp. to JLF)    HLK = 100° − 40° = 60°  

IKG = 60° (corr. ∠ to HLK)     LKM = 60° (vert. opp. to IKG) 

GKL = 120° (∠s on a str. line IJ)    IKB = 120° (vert. opp. GKL) 

EGK = 120° (corr. ∠ to IKB)     AGH = 120° (vert. opp. EGK) 

EGA = 60° (∠s on str. line AB)    KGH = 60° (∠s on str. line AB) 

GHL = 120° (corr. ∠ with EGK)    GHC = 60° (∠s on str. line CD) 

CHF = 120° (vert. opp. GHL)    FHL = 60° = GHC (vert. opp. ∠s) 

∴ HFL = 180° − (HLF + FHL) (sum of ∠s of triangle) 

∴ HFL = 180° − (80° + 60°) = 40° 

3. (a) Challenge learners to find the sizes of all the angles in the figure. In most 
instances, there are also other valid reasons. 

N1 = 50° (vert. opp. RND); N2 = 130° (∠s on str. line); N4 = 130° (∠s on str. line); 
P1 = 50° (corr. to N1, AB‖CD); SPB = 130° (∠s on str. line); P4 = 50° (vert. opp. P1); 
OPN = 130° (vert. opp. SPB); S1 = 50°	(corr. to P1, EF‖AB); S2 = 130° (∠s on str. 
line); S3 = 50° (vert. opp. S1); S4 = 130° (∠s on str. line); H2 = 130° (co-int. ∠ with 
S1, GH//JR); H1 = 50° (∠s on str. line); H4 = 130° (vert. opp. GHS); H3 = 50° (vert. 
opp. H1); O2 = 130° (corr. to H2, EF‖AB); O1 = 50° (∠s on str. line); O4 = 130° 
(vert. opp. O2); O3 = 50° (∠s on str. line); M1 = 50° (co-int. with O4, AB‖CD);  
M4 = 50° (vert. opp. M1); NMO = 130° (∠s on str. line); CMH = 130° (vert. opp. 
NMO); Q2 = P3 = PMN = 60°  (corr. ∠s, EF‖AB and AB‖CD); Q1 = 120° (∠s on str. 
line), QPO = PMC = Q1 = 120° (corr. ∠s, EF‖AB and AB‖CD); Q4 = 60° (vert. 
opp. Q2); Q3 = 120° (vert. opp. Q1); P6 = 60° (corr. to Q4, SQ || PO); BPM = 120° (∠s 
on str. line); P2 = QPO − P1 = 120° − 50° = 70°; M2 = P2 = 70° (corr. ∠s, JR‖GH);  
QPN = 110° (∠s on str. line); M5 = M2 = 70° (vert. opp. ∠s); M6 = M3 = 60° (vert. 
opp. ∠s); P6 = 60° (vert. opp. P3); P5 = 70° (vert. opp. P2) 

 (b) Yes, corresponding angles JSH and MNP are equal. 

  Also, if AB‖CD and AB‖EF, then it follows that EF‖CD. 
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Grade 9 Term 2 Chapter 13  Pythagoras’ Theorem 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

13.1 Investigating the sides of 
a right-angled triangle 

Definition of a theorem; the hypotenuse of a right-angled triangle; Theorem of Pythagoras Pages 136 to 137 

13.2 Checking for right-angled 
triangles 

Definition of the converse of a theorem; the converse of the Theorem of Pythagoras Pages 137 to 138 

13.3 Finding missing sides Surds; finding the length of the hypotenuse; finding the length of a right-angle side; 
Pythagorean triplets 

Pages 139 to 142 

13.4 More practice using 
Pythagoras’ Theorem 

Multi-step solutions; classification of triangles using the converse of the Theorem of 
Pythagoras 

Pages 142 to 143 

 

CAPS time allocation 5 hours 

CAPS content specification Page 138 

 

Mathematical background  
• Pythagoras’ Theorem states that, in a right-angled triangle, a square formed on the hypotenuse will have the same area as the sum of the areas of 

the two squares formed on the other two sides of the triangle. 

o Pythagoras’ Theorem provides information about physical situations.  

Example: If the lengths of two sides of a right-angled triangle are known, the length of the other side can be calculated by using the theorem. 

o Pythagoras’ Theorem provides a meaningful context for finding square roots. 

Example: The length of the hypotenuse of a right-angled triangle with right-angle sides 3 m and 4 m is the square root of 25 m2, which is 5 m. 

o Pythagoras’ Theorem provides a context for the idea of irrational numbers, i.e. numbers that cannot be expressed either in the common 
fraction notation or as finite or recurring decimals.  

Example: The length of the hypotenuse of a right-angled triangle with right-angle sides of 1 m each, is 12  + 12  = 2 m. 

• The electronic calculator is an enormously useful tool. However, it has certain disadvantages from a teaching viewpoint and these should be 
properly managed in the classroom. 

  Example: A calculator will produce a finite decimal as an answer for 2 , like 1,414213562. For the square of this number, the calculator will 
produce 2, creating the impression that 1,414213562 squared is exactly 2, i.e. that 2 can be expressed as a finite decimal. If learners are left with this 
impression, their understanding of irrational numbers will be seriously undermined. One way to help them to understand that the calculator answers 
for 2 and 1,414213562 are inexact is to ask them what the last digit of the answer will be if 1,414213562 × 1,414213562 is calculated by hand. Clearly, 
the answer will be of the form 1, …, 4, with 4 as the last digit, and hence cannot be equal to 2,00000000000000000000… which is 2. Spending some 
time in class on this will reinforce learners’ understanding of irrational numbers.	  



MATHEMATICS GRADE 9 TEACHER GUIDE 164	

13.1  Investigating the sides of a right-angled triangle 

INVESTIGATING SQUARES ON THE SIDES OF RIGHT-ANGLED TRIANGLES 

Background information 
A theorem is a rule or statement that has been proved through reasoning. 
Pythagoras’ Theorem is a rule that applies to only right-angled triangles. 

• A right-angled triangle has one interior angle of 90°. 

• The longest side of a right-angled triangle always lies opposite the right 
angle and is called the hypotenuse. 

 Similar figures have the same shape but may differ in size. 

• Similar figures can be formed with corresponding sides on the sides of a 
right-angled triangle. 

• If similar figures are drawn on the sides of a right-angled triangle, the area of 
the figure drawn on the hypotenuse is equal to the sum of the areas of the 
two figures drawn on the other sides. 

 
• The easiest similar figure to form on the sides of a right-angled triangle is a 

square. 

Pythagoras’ Theorem states that, in a right-angled triangle, a square formed on 
the hypotenuse will have the same area as the sum of the areas of the two squares 
formed on the other two sides of the triangle. 

Teaching guidelines 
At the end of question 3 on LB page 137, learners should be able to interpret and 
formulate Pythagoras’ Theorem. 

Answers 
1. (a) See the answers on LB page 136 alongside. 

 (b) 9 + 16 = 25 square units 

 (c) Area of square B + Area of square C = Area of square A 
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Answers 
2. (a) See the answer on LB page 137 alongside. 

 (b) See the answers on LB page 137 alongside. 

 (c) The sum of the areas of the two squares formed on the sides of the right-
angled triangle is equal to the area of the square formed on the hypotenuse. 

  Yes, it is similar to the answer in 1(c). 

3. (a) 15 cm × 15 cm = 225 cm2 

  8 cm × 8 cm = 64 cm2 

  Area of square along hypotenuse = 225 cm2 + 64 cm2 = 289 cm2 

 (b) Length of hypotenuse = 289 cm = 17 cm 

13.2  Checking for right-angled triangles 

Background information 
• A theorem is a statement which has been proved to be true. 

• A converse is a statement that swaps around what is given in a theorem and 
what must be determined. 

• Pythagoras’ Theorem states the following: If any triangle is a right-angled 
triangle, then the square of the length of the hypotenuse is equal to the sum 
of the squares of the lengths of the other two sides.  

  Example: If a triangle is right-angled, the sides will have the following 
relationship: (Hypotenuse)2 = (Side 1)2 + (Side 2)2 

• The converse of Pythagoras’ Theorem states the following: If the sum of 
the squares of the lengths of two sides of a triangle is equal to the square of 
the length of the longest side, then the triangle is a right-angled triangle.  

  Example: If the sides have the relationship:  
(Longest side)2 = (Side 1)2 + (Side 2)2, then the triangle is right-
angled. 

Teaching guidelines 
Discuss the difference between a theorem and its converse. 
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ARE THESE RIGHT-ANGLED TRIANGLES? 

Teaching guidelines 
• Use the example on LB page 138 to illustrate how the converse of 

Pythagoras’ Theorem is used to determine whether a triangle is right-angled 
or not. 

• At the end of question 3 on LB page 138, learners should be able to: 

o determine whether a triangle with three given sides is right-angled or not 

o state the converse of Pythagoras’ Theorem. 

Answers 
1. (a) (Longest side)2 = 292 = 841 mm2 

  (Side 1)2 + (Side 2)2 = 202 + 212 

  400 + 441 = 841 mm2 ∴ The triangle is right-angled. 

 (b) See the marked angle on LB page 138 alongside. 

2. (a) 42 + 42 = 16 + 16 = 32; 62 = 36; not right-angled 

 (b) 42 + 122 = 16 + 144 = 160; 152 = 225; not right-angled 

 (c) 52 + 32 = 25 + 9 = 34; 72 = 49; not right-angled 

3. (a) 72 = 49; 92 = 81; 122 = 144; 49 + 81 = 130; not right-angled 

 (b) 72 = 49; 122 = 144; 142 = 196; 49 + 144 = 193; not right-angled 

 (c) 162 = 256; 82 = 64; 102 = 100; 100 + 64 = 164; not right-angled 

 (d) 62 = 36; 82 = 64; 102 = 100; 36 + 64 = 100; right-angled 

 (e) 82 = 64; 152 = 225; 172 = 289; 64 + 225 = 289; right-angled 

 (f) 162 = 256; 212 = 441; 252 = 625; 256 + 441 = 697; not right-angled 
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13.3  Finding missing sides 

FINDING THE MISSING HYPOTENUSE 

Background information 
• Pythagoras’ Theorem enables us to find the length of the hypotenuse of a 

right-angled triangle if the lengths of the other two sides are given. 

• A surd is the square root of a whole number, or a simple fraction which 
produces an irrational number. 

Examples: 7 is a surd but 9 is not a surd because 9 = 3  

     3
5  is a surd but 9

16  is not a surd because  9
16  = 

3
4 

Teaching guidelines 
Use the examples on LB page 139 to explain: 

• how to find the missing hypotenuse of a right-angled triangle if the other 
two sides are given 

• when the length of the hypotenuse is a surd. 

Misconceptions 

• A calculator will produce a finite decimal as an answer for 2 , like 
1,414213562. For the square of this number, the calculator will produce 2, 
creating the impression that 1,414213562 squared is exactly 2, i.e. that 2 
can be expressed as a finite decimal. If learners are left with this impression, 
their understanding of irrational numbers will be seriously undermined.  

• One way to help learners to understand that the calculator answers for 2 
and 1,414213562 are inexact is to ask them what the last digit of the answer 
will be if 1,414213562 × 1,414213562 is, calculated by hand. Clearly, the 
answer will be of the form 1, …, 4, with 4 as the last digit, and hence cannot 
be equal to 2,00000000000000000000… which is 2. Spending some time in 
class on this will provide learners with a better understanding of the idea of 
irrational numbers. 

Mathematical note 
Remember, when taking the square root, the length is always positive. 
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Answers 

1. (a) KM2 = 82 + 62 = 64 + 36 = 100 cm2; KM = 100 cm = 10 cm 

 (b) NO2 = 552 + 482 = 3 025 + 2 304 = 5 329 m2; NO = 5 329 m = 73 m 

 (c) SR2 = 12 + 12 = 1 + 1 = 2 m2; SR = 2  m 

 (d) XZ2 = 72 + 122 = 49 + 144 = 193 units2; XZ = 193  units 
2. See the answer on LB page 140 alongside. 

3. BC2 = AB2 + AC2 = 32 + 52 = 9 + 25 = 34 cm2; BC = 34 cm  

 

4. (a) HC2 = HG2 + CG2 = 162 + 82 = 256 + 64 = 320 cm2; HC = 320  cm 

  AH2 = DH2 + AD2 = 82 + 102 = 64 + 100 = 164 cm2; AH = 164  cm 

  AC2 = AB2 + BC2 = 162 + 102 = 256 + 100 = 356 cm2; AC = 356  cm 
 (b) 320 cm2 + 164 cm2 = 484 cm2 

  No, ∆ACH is not a right-angled triangle. 
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FINDING ANY MISSING SIDE IN A RIGHT-ANGLED TRIANGLE 

Background information 
Pythagoras’ Theorem enables us to find the length of the missing side of a right-
angled triangle if the lengths of the hypotenuse and another side are given. 

Teaching guidelines 
Use the examples on LB page 141 to explain: 

• how to find a missing side if the hypotenuse and another side of a right-
angled triangle are given 

• when the length of the missing side is a surd. 

Answers  

1. (a) x2 = 252 − 242 = 625 − 576 = 49; x = 49  = 7 

 (b) y2 = 202 − 152 = 400 − 225 = 175; y = 175  

 (c) z2 = 262 − 242 = 676 − 576 = 100; z = 100  = 10 
2. (a) AC2 = 182 − 122 = 324 − 144 = 180 cm2 

  \ AC = 180  cm ≈ 13,42 cm 
 (b) EF2 = 582 − 412 = 3 364 − 1 681 = 1 683 cm2 

  \ EF = 1683  cm ≈ 41,02 cm 
 (c) JL2 = 1192 + 1672 = 14 161 + 27 889 = 42 050 m2 

  \ JL = 42 050  m ≈ 205,06 m 
 (d) PR2 = 22 + 82 = 4 + 64 = 68 cm2 

  \ PR = 68 cm ≈ 8,25 cm 
3. (a) height against wall = h 

  h2 = 52 − 12 = 25 – 1 = 24 m2 

   h = 24 m ≈ 4,90 m 

  The ladder reaches 4,9 m up the wall. 

 (b) 52 = 4,52 + d2; 25 = 20,25 + d2; 4,75 m2 = d2; d = (4,75) ≈ 2,18 m 
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PYTHAGOREAN TRIPLES 

Background information 
Pythagorean triples are sets of three numbers that that can be used as the sides of 
a right-angled triangle because they match the requirements of Pythagoras’ 
Theorem. 

Examples: 3; 4; 5 because 32 + 42 = 52    5; 12; 13 because 52 + 122 = 132 

   7; 24; 25 because 72 + 242 = 252  8; 15; 17 because 82 + 152 = 172 

   9; 40; 41 because 92 + 402 = 412  11; 60; 61 because 112 + 602 = 612 

   12; 35; 37 because 122 + 352 = 372  13; 84; 85 because 132 + 842 = 852 

Teaching guidelines 
Learners find as many Pythagorean triples as they can without using multiples of 
another one. Here are a few more examples: 

15; 112; 113  16; 63; 65  17; 144; 145  19; 180; 181  20; 21; 29 

21; 220; 221  23; 264; 265  24; 143; 145  25; 312; 313  27; 364; 365 

13.4  More practice using Pythagoras’ Theorem 

Background information 
Pythagoras’ Theorem can be used to calculate lengths such as the following: 

• the length of a diagonal of a rectangle if its dimensions are known 

• the length of the sides of a square if the length of any diagonal is known 

• the length of the sides of a rhombus if the length of both diagonals are known. 

Teaching guidelines 
Learners use Pythagoras’ Theorem to solve multi-step problems.  

Answers 
1. See the answers on LB page 142 alongside. 

2. (a) 6 cm × 4,5 cm = 27 cm2 

 (b) KM2 = 62 + 4,52 = 36 + 20,25 = 56,25 

  KM = (56,25)  = 7,5 cm 
   Perimeter: 6 + 4,5 + 7,5 = 18 cm 
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Answers 
3. (a) QD = 4 – 1,5 = 2,5 cm 

 (b) PQ2 = 4,22 + 1,52 = 17,64 + 2,25 = 19,89 cm2; PQ = (19,89)  ≈ 4,46 cm 

 (c) AQ2 = 72 + 2,52 = 49 + 6,25 = 55,25 cm2; AQ = (55,25) cm ≈ 7,43 cm 

  A = 12 b × h = (7 × 2,5)
2  = 8,75 cm2 

4. (a) 1
2 b × h = 9 × 12

2  = 54 mm2 

 (b) MN2 = 92 + 122 = 81 + 144 = 225 mm2; MN = 225  = 15 mm 
  Perimeter = 2(15 + 9 + 30) = 2 × 54 = 108 mm 

PYTHAGORAS’ THEOREM AND OTHER TYPES OF TRIANGLES 

Background information 
The converse of Pythagoras’ Theorem enables us to determine whether a triangle is: 

• an acute-angled triangle  

• a right-angled triangle, or 

• an obtuse-angled triangle. 

Teaching guidelines 
Learners discuss how to use the converse of Pythagoras’ Theorem to classify a 
triangle if the lengths of all its sides are known. 

Misconceptions 
Ensure that learners do not develop the common misconception that the Theorem 
of Pythagoras applies to all triangles. In this regard it may help to engage learners in 
working on questions such as the following: 

∆ABC has B = 90° with AB = 8 cm and AC = 17 cm. D is a point on BC so that BD = 8 cm. 

(a) Calculate the length of AD.   (Answer: AD = 11,3 cm) 

(b) Calculate the length of DC.  (Answer: DC = BC – BD = 15 – 8 = 7 cm) 

Answers 
See the table on LB page 143 alongside.	  
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WORKSHEET 

Answers 
1. Sample answer: In a right-angled triangle, a square formed on the hypotenuse 

will have the same area as the sum of the area of the two squares formed on the 
other sides of the triangle. 

2. (a) DF2 = 42 + 62 = 16 + 36 = 52 cm2 

  DF = 52 cm = 4 × 13 cm = 2 13 cm 
 (b) QR2 = 132 − 122 = 169 − 144 = 25 m2 

  QR = 25 cm = 5 cm 
3. (a) AD2 = 225 – 144 = 81 m2 

  AD = 9 m 

  Perimeter = 2(9 + 15) = 48 m 

 (b) A = b × h 

  … = 9 × 12 

  … = 108 m2 

 



MATHEMATICS GRADE 9 TEACHER GUIDE 173	

Grade 9 Term 2 Chapter 14  Area and perimeter of 2D shapes 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

14.1 Area and perimeter of squares and 
rectangles 

Revising calculations of area and perimeter of squares and rectangles Pages 145 to 146 

14.2 Area and perimeter of composite figures Breaking up shapes to make calculations easier Pages 146 to 147 

14.3 Area and perimeter of circles Calculating area and perimeter of circles Pages 148 to 149 

14.4 Converting between units Converting between units of length and area; mm to cm, mm2 to cm2, etc. Page 149 

14.5 Area of other quadrilaterals Deriving formulae for parallelograms, rhombi, kites and trapeziums; 
calculating areas of composite shapes 

Pages 150 to 153 

14.6 Doubling dimensions of a 2D shape Investigating the effect on the perimeter and area if the dimensions of a 
shape are doubled 

Pages 154 to 155 

 

CAPS time allocation 5 hours 

CAPS content specification Pages 139 to 140 

 

Mathematical background 
The following formulae are used to calculate the perimeter of 2D shapes: square  

rectangle  
the circumference of a circle  

P = 4s 
P = 2(l + b) or P = 2l + 2b 
c = 2πr or πd 

The following formulae are used to calculate the area of 2D shapes: square 
rectangle 

triangle 

circle  

A = l2 
A = l × b 

A = 12(b × h) 

A = πr2 

The areas of more complex polygons can be worked out by breaking them up into 
known shapes such as squares, rectangles and triangles. The following formulae are 
used to calculate for the area of rhombi, kites, parallelograms and 
trapeziums: 

rhombus 

kite 

parallelogram 

trapezium  

A = l × h 

A = 12(diagonal1 × diagonal2) 

A = base × h  

A = 12(sum of parallel sides) × h 

If the dimensions of a shape are doubled, the perimeter of the new shape is doubled and the area is four times larger than the original shape.  
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14.1  Area and perimeter of squares and rectangles 

REVISING CONCEPTS 

Teaching guidelines 
Learners should understand the difference between the perimeter and the area of a 
figure. The questions in this section serve to refresh their memories. 

You could write a formula on the board without giving an explanation to remind 
learners about the formulae they used in Grade 8 to calculate area and perimeter.  
For example:  

P = 4s 

P = 2(l + b) or P = 2l + 2b 

A = l2 

A = l × b 

Answers 
1.  See the answers on LB page 145 alongside and LB page 146 on the following 

page.  
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Answers 
2. (a) 20. There are four rows of five squares each, so that is 4 × 5 = 20 squares.  

(Six squares are hidden.) 

 (b) 20 cm2 

3. Sipho’s area: l × b = 4 m × 10 m = 40 m2   
Theunis’s area: l × b = 5 m × 8 m = 40 m2 

 The areas they paint are the same size, so they should be paid the same. 

4. Area = l2 = l × l = 12 mm × 12 mm = 144 mm2 

5. Area = length × breadth 

 72 cm2 = 8 cm × breadth 

 Breadth = 72 cm2 ÷ 8 cm = 9 cm 

14.2  Area and perimeter of composite figures 

BREAKING UP FIGURES AND PUTTING THEM BACK TOGETHER AGAIN 

Teaching guidelines 
There are two ways for learners to calculate the areas of shapes like these: 

 

1. They can divide the shape into two 
rectangles, as in question 1 on LB page 146. 
They calculate the areas of the two rectangles 
separately and then add the two answers. 

 

 

2. They can draw a rectangle into which the 
shape fits perfectly, calculate the area of the 
whole rectangle and then subtract the 
additional piece (which is a smaller 
rectangle). For example, the added piece has 
measurements of length = 22 – 8 =14 cm; 
breadth=15–9= 6 cm. 

 Area of grey shape = 22 × 15 – 14 × 6 = 246 cm2 

Point out to learners that if they divide the shape according to the first method 
above, that the division line does not form part of the perimeter of the shape. 

The second method explained above, gives a quick way to find the perimeter and 
shows that for rectangles like these, the formula for calculation of the perimeter is as 
before.   
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Answers 
1. (a) From question (a): wooden floor area = 126 m2; carpeted area = 120 m2 

 (b) Area of the room = Area of top rectangle + Area of bottom rectangle 

  = (l × b) + (l × b)  

  = (8 × 6) + (22 × 9) 

  = 48 + 198 

  = 246 m2 

 
 
 
2. Area of figure A: 1 × 4 + (3 − 1) × 1   Area of figure B: 0,5 × 5 + 3,5 × 3 

           = 4 + 2 = 6 cm2             = 2,5 + 10,5 = 13 cm2 

 or: 1 × (4 − 1) + 3 × 1 = 3 + 3  
            = 6 cm2 

3. The first three are equivalent expressions and correct, while the last one is not 
correct as it calculates only half of the perimeter. 

4. P = 2(1 + 4) + 2(2 + 1) − 2(1) 

    = 10 + 6 − 2  

    = 14 cm  

 Note: The two rectangles share a 1 cm side, which does not form part of the 
perimeter. 

5.    P = 2l + 2b 

 28 = 2l + 2(6) 

  2l = 16 

    l = 8 cm 
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14.3  Area and perimeter of circles 

REVISING CONCEPTS FROM PREVIOUS GRADES 

Teaching guidelines 
Revise these concepts by asking questions such as: “What do we call the perimeter of 
a circle?” “What do we mean by the diameter of a circle?”, and so on. 

Write the formulae for calculating the circumference and the area of a circle on the 
board. 

c = 2πr or πd 

A = πr2 

Remind learners that the diameter of a circle is twice the radius: d = 2r. 

CIRCLE CALCULATIONS 

Teaching guidelines 
Learners apply their knowledge of circles when answering these questions.  

Take care that learners use the correct value for the radius, for example if the 
diameter is given. Note that units are only included in the final answers. 

Answers 
1. (a) P = 2πr  (b) P = 2πr 

     = 2(3,14)5      = 2(3,14)9 [r = 12d = 9 mm] 

     = 31,4 m          = 56,52 mm 

  A = πr2               A = πr2 

      = 3,14(52)                  = 3,14(92) 

      = 78,5 m2                  = 254,34 mm2 

2. (a)    c = 2πr      (b)       c = 2πr 

  53 = 2(3,14)r      206 = 2(3,14)r 

  53 = 6,28r       206 = 6,28r 

     r ≈ 8,44 cm             r ≈ 32,8 mm 

3. A: A = πr2       B: A = πr2  

      = 3,14(152)          = 0,5(3,14)(21,52) [r = 12d = 21,5] 

      = 3,14 × 225          = 0,5 × 3,14 × 462,25 

      = 706,5 cm2          ≈ 725,73 cm2   
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Answers 
4. (a) A = πr2     (b) A = πr2  

  r2 = 200 ÷ 3,14    r2 = 1 000 ÷ 3,14 

  r2 ≈ 63,69     r2 ≈ 318,47 

  r ≈ 7,98 m      r ≈ 17,85 m 

  [length is always positive]  

  d = 2r = 15,96 m    d = 2r = 35,7 m 

5. See the answers on LB page 149 alongside. 

14.4  Converting between units 

CONVERTING BETWEEN UNITS USED FOR PERIMETER AND AREA 

Teaching guidelines 
To convert from a larger unit to a smaller unit for perimeter, we multiply by the 
conversion factor and from a smaller unit to a larger unit, we divide by the 
conversion factor. For example, to change centimetres (the larger unit) to 
millimetres (the smaller unit), multiply by 10, etc. 

Pay particular attention to conversion of square units. 

Misconceptions 
Learners become confused about the relative size of units and, for example, divide 
centimetres by 10 to get millimetres. Encourage them to ask the question, “If I 
change this unit, for example, from centimetres to metres, will the number be more 
or less than it is?” In this case the answer is less, so learners divide centimetres by 100 
to get metres.  

Answers 
2. (a) 650(0,1)(0,1) cm2 = 6,5 cm2  

 (b) 1 200(0,1)(0,1) cm2 = 12 cm2 

 (c) 18(100)(100) cm2 = 180 000 cm2 

 (d) 0,045(100)(100) cm2 = 450 cm2 

 (e) 93(0,1)(0,1) cm2 = 0,93 cm2  

 (f) 177(100)(100) cm2 = 1 770 000 cm2 

3. (a) 93(0,001)(0,001) cm2 = 0,000093 m2 

 (b) 0,017(1 000)(1 000) cm2 = 17 000 m2 
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14.5  Area of other quadrilaterals 

PARALLELOGRAMS 

Teaching guidelines 
You can let learners draw a parallelogram on squared paper and change it into a 
rectangle on the same base and between the same parallel lines. The length of a 
rectangle can also be called the base and the breadth can be called the height. 

The opposite sides of a parallelogram are parallel and equal. An altitude (or height) 
of a parallelogram is a line drawn perpendicularly between two opposite, parallel 
sides. 

Any parallelogram, for example ABCD, can be changed into a rectangle if we cut it 
along the line FB (an altitude) and move the triangle we cut off to the opposite side 
so that the original side AB lies along the side CD. The result is rectangle FBCE, 
which has the same base and the same height as the parallelogram. The areas of the 
two shapes are equal.  

The area of a rectangle is given by A = l × b or A = base × height = b × h. Therefore, 
the formula for the area of any parallelogram is the same: A = base × height. 

 

 

 

 

 
 

 

Answers 
1. Learners’ own work 

2. Area of parallelogram = base × perpendicular height 

 Area of A = 10 × 6  Area of B = 10 × 12  Area of C = 20 × 12 

    = 60 cm2     = 120 cm2       = 240 cm2 
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Answers 
3. A: height2 + 32 = 52 [Pythagoras] B: height2 = 82 − 22 

  height2 + 9 = 25      height2 = 64 − 4 

  height2 = 25 − 9      height = 60 cm (keep this value in  
  height2 = 16           your calculator) 

  height = 4       Area = (5 + 2) × height 

  Area = (8 + 3) × 4        = 7 × height 

            = 44 cm2        ≈ 54,22 cm2 

 C: Area = base × height   D: height2 + (15 − 10)2 = 82 [Pythagoras] 

    = 12 × 8       height2 + 25 = 64 

    = 96 m2       height2 = 39 

          height ≈ 6,24 

          Area = base × height 

            = 15 × 6,24 

            ≈ 93,67 cm2 

RHOMBI 

Teaching guidelines 
The area of a rhombus can be found by working 
with the base and the height (as we did for the 
parallelogram), or by working with the diagonals. 
Look at the second drawing on the right of ABCD 
in PQRS, as follows:  
Area ABCD = 12 Area of PQRS = 12 PQ × QR = 12 AC × BD and (AC = PQ; BD =QR) 

         = 12  × product of the diagonals. 

The method used will depend on the information given. 

Answers 
2. A: Area = length × height B: Area  = length × height 
            = 10 × 8             = 15 × 11 
            = 80 m2             = 165 cm2 
 C: height2 + 22 = 72 [Pythagoras] D: height2 + (9 − 6)2 = 92 [Pythagoras] 
  height2 = 49 − 4   height2 = 81 − 9 = 72 
  height ≈ 6,71   height ≈ 8,49 
  Area = 7 × height   Area = 9 × height = 9 × 8,49 
    = 46,96 cm2    = 76,41 cm2  
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KITES 

Teaching guidelines 
The diagonals of a kite bisect each other at right angles. If we draw a rectangle 
around the kite, the diagonals of the kite divide the rectangle into four smaller 
rectangles, each of which has a diagonal which is a side of the kite. Notice that the 
area of the kite is half of the area of the rectangle.  

Area of kite ABCD: 

 = 12  Area PQRS  

 = 1
2  PQ × QR and PQ = AC; QR = BD 

 = 1
2  AC × BD 

 = 1
2  × the product of the diagonals     

In words: The area equals half of the diagonal product. 

Answers 

1. (a) Area = 12(diagonal1 × diagonal2) (b) Area = 12(diagonal1 × diagonal2) 

            = 12(150 × 200)                 = 12(25 × 40) 

            = 15 000 mm2                  = 500 cm2 

            = 0,015 m2                     = 0,05 m2 

2. See the answer on LB page 152 alongside. 

TRAPEZIUMS 

Teaching guidelines 
We can divide the trapezium ABCD into two triangles with the same perpendicular 
height AE, namely ∆ABC and ∆ ADC. Then: 

Area of trapezium ABCD:  

 = Area ∆ABC + Area ∆ADC 

 = 12  AB × AE + 12  DC × AE 

 = 12  AE(AB +DC) 

In words: The area equals half of the sum of 
the parallel sides multiplied by the height. 

Remember: The area of a rectangle is given by length × breadth.  
 



MATHEMATICS GRADE 9 TEACHER GUIDE 182	

Answers 

1.  A: Area   = 12 × 19(20 + 10)   B:     Area = 12 × 52(65 + 105)  

    = 12 × 19 × 30       = 12 × 52 × 170 

    = 285 mm2       = 4 420 cm2 

AREAS OF COMPOSITE SHAPES 

Teaching guidelines 
Remind learners that “height” always refers to “perpendicular height”, and make 
sure that they know how to work out the perpendicular heights of the various 
polygons. 

Answers 

1. (a) EC2 = 52 − 42 [Pythagoras] (b) Total area = 12(12 + 10) × h + l × h 

EC2 = 25 − 16 = 9                       = 12(22 × 6) + 7 × 6 

EC = 3 cm                        = 12 × 132 + 42 

Total area = l × h + 12(b × h)                        = 66 + 42 

   = 12 × 4 + 12(3 × 4)                        = 108 m2 

        = 48 + 6 = 54 cm2 

 (c) OM = PO = 5 cm [kite] (d) FO2 = 102 − 62 [Pythagoras] 
  ON2 = 132 − 52 [Pythagoras]            = 100 − 36 = 64 
           = 169 − 25 = 144     FO = 8 
  ON = 12 cm   HO2 = 82 − 62 [Pythagoras] 
  OL2 = 202 − 52 [Pythagoras]             = 64 − 36 = 28 
           = 400 − 25 = 375     HO ≈ 5,29 

    OL ≈ 19,36 cm   Area = 18 × 8 + 12(18 + 9)HO 

  Area = 12(OL + 12)(5 + 5)              = 215,42 m2 

            = 156,8 cm2 
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14.6  Doubling dimensions of a 2D shape 

Teaching guidelines 
You can show learners how doubling dimensions influences the perimeter and the 
area. For example: 

• A rectangle: length l and breadth b; area = lb. Now double the dimensions to 
2l and 2b, then the area becomes A = 2l × 2b = 4lb which is four times the 
original area. 

• A kite: let the diagonals be a and b. The area = 12 ab. Double the dimensions, 

then the area becomes A = 12 × 2a × 2b =  12 × 4 × ab = 4 × 12 ab; four times the 

original area.  

Answers 
1. See the answers on LB pages 154 alongside and LB page 155 on the following 

page. 

2. None; the shapes in column 3 are similar to those in column 1. 

3. See the answers on LB page 154 alongside. 
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Answer 
4. See the answers on LB page 155 alongside. 

The pattern in the table on LB page 155 alongside shows that if both dimensions 
of a shape are doubled, its perimeter is doubled and its area is four times bigger.  
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WORKSHEET 

Answers 
1. See the answers on LB page 156 alongside. 

2. (a) d = 2r = 12 cm  
  P = 4(12) = 48 cm    
  Area = l2 − πr2    
            = 122 − π62    
            = 144 − 113,04    
           = 30,96 cm2    
 (b) JO = OL = 3 m; JM = LM = 7 m; JK = KL = 5 m [kite]  

  OM2 = 72 − 32 = 49 − 9 [Pythagoras]  

  OM ≈ 6,32  

  OK2 = 52 − 32 = 25 – 9 = 16 [Pythagoras]  
  OK = 4 

  A = 12(diagonal1 × diagonal2)  

      = 12(3 + 3)(4 + OM)  

      ≈ 30,97 m2 
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Grade 9 Term 3 Chapter 15  Functions 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

15.1 From formulas to words, tables 
and graphs 

Translating mathematical instructions for a calculation from words to flow 
diagrams and formulae and vice versa; completing tables using formulae 

Pages 157 to 159 

15.2 Tables and graphs Completing tables to produce ordered pairs of input and output numbers; 
plotting points on graphs to represent the ordered pairs; changing the scales on 
the axes and comparing the resulting graphs; matching a formula to a table of 
values; investigating pattern differences  

Pages 159 to 164 

 

CAPS time allocation 5 hours 

CAPS content specification Page 141 

 

Mathematical background 
A function is a relationship where each input has a single output.  

A relationship exists between two quantities where the one quantity, the input value (independent variable), is substituted into a formula to give another 
value, the output value (dependent variable).  

A function can be represented in the following different, but equivalent ways: 

• in a flow diagram: input value               × 3            + 5                 output value 
• verbally: for example, multiply the input number by 3 and then add 5 to get the corresponding output number  
• y = 3x + 5 
• a table of values that shows the input and corresponding output values as pairs of numbers 
• a graph on which the ordered pairs of numbers are plotted as points.	

We can switch from one representation to another. 

The scales on one or both of the axes of a graph can change, which will change the appearance of the graph, but not the information in the graph. 

The graphs of relationships show clearly what the patterns are that the output values show. Some patterns show:  

• increases in the output values as the input values increase, for example in y = 10 + x 

• decreases in the output values as the input values increase, for example in y = 10 – x 

• both decreases and increases in the output values as the input values increase, for example y = x2.  
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15.1  From formulae to words, tables and graphs 

THE SAME INSTRUCTIONS IN WORDS AND IN SYMBOLS 

Teaching guidelines 
Revise the substitution of input numbers in formulae to get the corresponding 
output numbers. You can use a table to organise the answers. 

Learners have worked with translations between the different representations of 
functions before. Concentrate on the change from formulae to words and the 
translation from words to formulae.  

Learners will recognise equivalent formulae, namely those that give the same 
output values for the same input values. 

Answers 
1. (a) 5; 8; 11; 35 (b) 15; 18; 21; 45 (c) 0; 8; 16; 80 

 (d) 5; 8; 17; 305 (e) 0; 8; 22; 350 (f) 0; 18; 42; 450 

2. (a) Multiply the input number by 3 and add 5 to get the output number. 

 (b) Add 5 to the input number and multiply the answer by 3. 

 (c) Multiply the input number by 3, multiply the input number by 5 and add 
the two answers. 

 (d) Square the input number, multiply the answer by 3 and add 5 to that 
answer. 

 (e) Square the input number and multiply the answer by 3. Also, multiply the 
input number by 5 and add to the previous answer. 

 (f) Add 5 to the input number and multiply the answer by the input number. 
Multiply this answer by 3. 

3. See the answers on LB page 157 alongside. 

4. See the answers on LB page 158 on the following page.   
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Answers 
5. (a) Formula: y = 3x + 17 

  To get the output number, multiply the input number by 3 and add 17. 

 (b) Formula: y = 3(x + 5) + 2  

  To get the output number, add 5 to the input number, multiply by 3 and then 
add 2. 

 (c) Formula: y = 3(x – 2) + 23 

  To get output number, subtract 2 from the input number, multiply by 3 and 
add 23. 

 (d) Formula: y = 5(2x + 3) + 4 

  To get the output number, multiply the input number by 2, then add 3, 
then multiply that answer by 5 and add 4. 

 (e) Formula: y = 5[2(x + 3) + 4] 

  To get the output number, add 3 to the input number, then multiply by 2, 
then add 4 to that answer and multiply the last answer by 5. 

 (f) Formula: y = 10x + 19 

  To get the output number, multiply the input number by 10 and add 19. 

 (g) Formula: y = 10(x + 5) 

  To get the output number, add 5 to the input number and then multiply  
by 10. 

6. (a) See the answers on LB page 158 alongside. 

 (b) Learners’ own work 
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Answers 
7. See the answers on LB page 159 alongside. 

8. The formula for (b) is y = 3(x + 5) + 2 = 3x + 15 + 2 = 3x + 17, as in (a). 

 The formula for (c) is y = 3(x − 2) + 23 = 3x − 6 + 23 = 3x + 17, as in (a). 

15.2  Tables and graphs 

Teaching guidelines 
Learners often find it difficult to plot ordered pairs because they do not understand 
how to read off points on a graph. Looking at the graph on LB page 159 alongside, 
any point on the blue line is six units away from the origin to the right in the 
horizontal direction. In the same way, any point on the red line is nine units upward 
from the origin in the vertical direction. The ordered pair (6; 9) is represented by the 
point where the blue line and the red line cross. 

If learners can read off the coordinates of the other given points correctly, you can 
assume that they understand how to plot points. 

Hand out graph paper to learners to plot the ordered pairs in questions 7, 8 and 9 
on LB page 161. 

Misconceptions 
When learners start working on graph paper to plot points, they forget that it is an 
ordered pair of which the first number is plotted along the horizontal axis and the 
second number along the vertical axis. They easily switch the numbers in their 
efforts to plot them. Or they plot the one number on the x-axis and the other on the 
y-axis, so that they have two points, one on each axis. 

Notes on the questions  
The set of yellow and blue squares at the top of LB page 160 on the following page 
are used to make the table below it. The independent variable is the blue squares and 
the dependent variable is the yellow squares. 

Answers 
1. See the answers on LB page 159 alongside. 

2. (a) (8; 13) 

 (b) (2; 1) 
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Answers 
3. The same data, because the output numbers associated with each input number 

are the same. For example, the output number associated with 3 is 12 on both 
graphs. This is true of all the points on the graphs. 

4. The scales are different on the axes that represent the input numbers. 

5. 30 

6. No – there is a different relationship between input and output numbers, 
because the output numbers associated with the input number 5 are different. 
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Teaching guidelines 
The table in question 7 gives the ordered pairs that will plot a parabola. Learners do 
not know this yet; they will only plot the points. Learners may be able to see what 
the shape of the graph will be if the points are joined. 

The ordered pairs generated in question 8 will be plotted in a straight line with a 
positive gradient.  

The ordered pairs generated in question 9 will be plotted in a straight line with a 
negative gradient. The point (0; 15) belongs to y = 15 + x and to y = 15 – x.  

Answers 
7. (a) See the answers on LB page 161 alongside.  

 (b) See the answers on LB page 161 alongside. The coordinates of the points 
have been written next to the point on the answer sheet.  

Let learners use different colours for the answers to questions 7, 8 and 9. 

8. The points have been plotted on the graph on LB page 161 alongside. 

9. The points have been plotted on the graph on LB page 161 alongside. 
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Answers 
10. (a) For y = x2 the rate at which the output values increase and decrease is not 

constant, but for y = 15 + x, the output values increase at a constant rate. 

 (b) The graph of y = x2 is a curve and the graph of y = 15 + x is a straight line. 

11. (a) For y = 15 + x the output values increase by 5, for y = 15 − x they decrease  
by 5. In both cases the input values increase by 5. 

 (b) Both are straight lines but their directions differ: y = 15 + x goes upwards 
from left to right as the input values increase, and y = 15 − x goes downwards 
from left to right as the input values increase. 

12. See the answers on LB page 162 alongside. 

13. The output numbers in (a) increase by double the amount in (b). The graph  
of (a) is steeper than the one in (b). 

14. (a) See the completed tables on LB page 163 on the following page. 
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Answers 
14. (b) Sample answers are given for the descriptions to produce more output 

values. 

 A: y = 3x + 2; add three to each consecutive answer, or multiply the input 
number by three and add two 

 B: y = −2x + 3; subtract two from each consecutive answer, or multiply the 
input number by minus two and add three 

 C: y = 5x – 10; add five to each consecutive answer, or multiply the input 
number by five and subtract ten 

 D: y = 2x – 5; add two to each consecutive answer, or multiply the input 
number by two and subtract five 

 E: y = −3x + 6; subtract three from each consecutive answer, or multiply the 
input number by minus three and add six 

 F: y = −x + 3; subtract one from each consecutive answer, or multiply the input 
number by minus one and add three 

 G: y = 2x + 3; add two to each consecutive answer, or multiply the input 
number by two and add three 

AN INVESTIGATION: PATTERNS IN DIFFERENCES 

Teaching guidelines 
Learners could use the first row of the table in question 1, y = x2 to find the other 
values. For example, to find z = x2 + 12 learners need to find z = y + 1, so simply add  
1 to each value of the first row, and w = y + 4, in other words the first row + 4, and for  
s = y + 9, add 9 to every value in the first row. 

Learners should look for the patterns when they work in question 2. For example,  
p = (x + 1)2 can be found from y = x2 by moving each value one column to the left. 

Answers 
1.  See the answers on LB page 163 alongside. 

2. See the answers on LB page 163 alongside. 
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Answers 
3. The output values for the relationships z; w and s have already been calculated in 

question 1, and the values for p, q and r have been done in question 2. 

4. (a) See the answers on LB page 164 alongside. 

 (b) See the answers on LB page 164 alongside. 

5. (a) See the answers on LB page 164 alongside. 

 (b) 2, 4 and 6 respectively 

 (c) Learners should be allowed to make their own conjectures. 

 (d) See the answers on LB page 164 alongside. 

6. (a) The expression 2x + 1 has the same values as (x + 1)2 − x2 for all values of x. 
This can be explained by expanding the right-hand side: 

  (x + 1)2 − x2 = x2 + 2x + 1 − x2 = 2x + 1 and similarly for the other cases. 

 (b) 8x + 16 and 10x + 25 
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Grade 9 Term 3 Chapter 16  Algebraic expressions 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

16.1 Introduction Writing a polynomial as a product of its factors; expanding a product; an 
identity formed by an expression and its factorised form 

Pages 165 to 166 

16.2 Factors of expressions of the form 
ab + ac 

Finding the greatest common factor in an expression Pages 166 to 168 

16.3 Factors of expressions of the form 
x2 + (b + c)x + bc 

Terminology relating to quadratic trinomials; finding the factors of trinomials 
using the factors of the last term and the middle term, also using grouping of 
terms to factorise expressions 

Pages 168 to 170 

16.4 Factors of expressions of the form 
a2 – b2 

Finding the factors of a difference of two squares a2 – b2 as (a – b)(a + b); using 
this knowledge to simplify calculations with areas 

Pages 170 to 172 

16.5 Simplification of algebraic 
fractions 

Simplifying algebraic fractions using factorisation; division by 0 is undefined; 
further practice in factorising expressions and simplifying fractions 

Pages 172 to 175 

 

CAPS time allocation 9 hours 

CAPS content specification Pages 142 to 143 

 

Mathematical background 
Expanding factors of an algebraic expression creates an identity where a single term, consisting of factors, is manipulated to a polynomial, for example: 

(x + 3)(x + 4) = x2 +7x + 12. It is an identity because the two expressions have the same value for all values of x. Changing from more than one term to a single 
term is called factorisation. Factorising expressions can be done according to the following structure:  

1. Find and remove any common factors from all the terms. Once that has been done, inspect the bracket.  

2. Look for a difference between two squares and factorise it. If there is not a difference between two squares, move to the next step. 

3. If the content of the bracket is a quadratic trinomial, factorise it.   

4. If none of the above steps apply, try grouping terms that have a common factor in order to create a common factor with which to start from step 1 again. 

For example: 3x2 – 6xy – 9y2 = 3(x2 – 2xy – 3y2) = 3(x – 3y)(x + y)        (steps 1 and 3) 
                    or:  ax – 3by + bx – 3ay = ax + bx– 3ay – 3by = x(a + b) – 3y(a + b) = (a + b)(x – 3y)   (steps 4 and 1) 

To simplify algebraic fractions, we must factorise the denominator and the numerator and use the fact that the quotient of two equal factors = 1, keeping in 
mind values of the variable that could make the denominator 0, as division by 0 is not defined.  

 For example: (x2 – 4)
x – 2  = (x – 2)(x + 2)

x – 2  = x + 2; x ≠ 2, because we know that x – 2
x – 2  = 1.  
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16.1  Introduction 

MANIPULATING EXPRESSIONS 

Teaching guidelines 
In Chapter 8 we used the distributive property to multiply a polynomial by a 
monomial and a binomial by a binomial. That was called expansion of a product. In 
this chapter, we will do the reverse – i.e. we factorise an expression to end up with a 
product of factors. 

We factorise expressions in order to make calculations easier. Whether factorising 
will make a calculation easier or not depends on what we have to do in the 
calculation.  

The instruction to simplify can mean different things in different situations. 
Sometimes we have to expand an expression in order to simplify it and at other 
times we need to factorise an expression. For example: 

1. Add (x + 3)(x + 2) and 2x2 – x + 1. We cannot add unless we expand the first 
expression: 

  x2 + 5x + 6 + 2x2 – x + 1 = 3x2 + 4x + 7. 

2. Simplify x
2 – 9

 x + 3. We cannot simplify unless we first factorise the numerator: 

         x
2 – 9

 x + 3 = (x – 3)(x + 3)
 x + 3  = x – 3. 

An identity makes it possible for us to manipulate expressions for easier calculation 
without changing the value of the expression.   

Misconceptions 

Learners simplify fractions incorrectly, for example, in  x
2 – 9

 x + 3  they will divide x2 by x 

and 9 by 3, in other words, divide terms by terms instead of dividing factors by factors. 

Answers 
1. Learners who do not simplify but get the correct answers are not wrong, but 

should be made aware that they did unnecessary work. 

 (a) x + 5 = 12 + 5 = 17    (b) x − 3 = 12 − 3 = 9 

 (c) x = 12       (d) x + 5 = 12 + 5 = 17 

2. (a) (x + 3)(x − 3) = x2 − 9    (b) (x + 3)(x − 2) = x2 + x − 6 

 (c) (x + 3)(x + 1) = x2 + 4x + 3   (d) x(x + 3) = x2 + 3x 

3. See the answers on LB page 165 alongside.  

4. (a) x − 3    (b) x − 2   (c) x + 3   (d) 1  
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Answers 
5. (a) x – 3 

 (b) Learners should be sure. Let them try both expressions to make sure. 

16.2  Factors of expressions of the form ab + ac 

THE GREATEST COMMON FACTOR 

Teaching guidelines 
Removing a common factor is the first step in factorising an expression. 

Make sure that learners can factorise expressions where a negative sign is involved, 
for example: 

• 2(a – b) –  y(a– b) = (a – b)(2 –  y)  

• (a – b)x + (b –  a)2y = (a – b)x – (a –  b)2y =  (a – b)(x –  2y) with the switch from 
b – a to – (a – b)  

Misconceptions 
Learners tend to make mistakes when they factorise something like 6x2 + 9x + 3, they 
write 3(2x2 + 3x) instead of 3(2x2 + 3x + 1). A strategy to correct this is to let learners 
decide what the common factor is and then to divide each term by the common 
factor to see what will remain in the term from which they removed the common 
factor (i.e. take the common factor 3 then divide by 3 to see what remains:  
6x2

 3  + 9x
 3  + 33 = 2x2 + 3x + 1). 

Answers 
1. (a) Yes, 4 × 5 = 20 (b) Yes, 6 × 5 = 30 

 (c) Yes, 10 × 5 = 50 (d) Yes, 2 × 5 = 10 

2. (a) Yes, a × b = ab (b) Yes, a × c = ac 

 (c) Yes, a × (b + c) = ab + ac (d) b + c 

 (e) ab + ac
a   = b + c except for a = 0 

3. See the answers on LB page 166 alongside. 
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Answers 
4. (a) (a − b)x + (a − b) (b) (a − b)x − (a − b) 

  = (a − b)(x + 1)  = (a − b)(x − 1) 

 (c) (a + b)(a + b) − (a + b) (d) (a + b)x − (a + b) 

  = (a + b)(a + b − 1)   = (a + b)(x − 1) 

 (e) 3x(2x − 3) + (2x − 3) (f) y(y − 4) + 3(y − 4) 

  = (2x − 3)(3x + 1)   = (y − 4)(y + 3) 

SOMETHING IN BETWEEN 

Background information 
This is a method to factorise a quadratic trinomial. If we expand x2 + (b + c)x + bc, we 
get x2 + bx + cx + bc.  

We can factorise this expression by grouping. We get: x(x + b) + c(x + b) = (x + b)(x + c). 
So the coefficient of the middle term is the sum of the last terms in each bracket, 
while their product is the last term of the expanded form. 

We can use this strategy when we want to factorise an expression such as  
x2 + 16x + 63. We find the factors of 63 (the last term) that add up to 16 (the 
coefficient of the middle term). 

Teaching guidelines 
Point out that we find the sets of factors of the last term in a trinomial and choose 
the factors of which the sum gives the coefficient of the term in x (or the middle 
term). 

Answers 
1. See the answers on page LB 167 alongside. 

2. (a) 3 and 10 (b) −2 and −15 

 (c) −5 and −6 (d) 5 and 6 

3. (a) −15 and 2  (b) −10 and −3 

 (c) −2 and 15  (d) 5 and −6 

 (e) −5 and 6 

4. (a) 3 and 12     (b) 20 and 2     (c) 18 and 2  

 (d) 20 and −2    (e) −18 and −2    (f) −20 and 2 

5. (a) value is 0 for x = 2, x2 + 3x − 10  (b) value is 28 for x = 2, x2 + 7x + 10 

 (c) value is 0 for x = 2, x2 − 7x + 10  (d) value is −12 for x = 2, x2 − 3x − 10 
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Teaching guidelines 
Show learners that the expansion can happen as follows:  
       (x + 3)(x+ 8) = x2 + 3x + 8x + 3 × 8 = x2 + (3 + 8)x + 3 × 8.  

In reverse this makes it possible and easy to factorise an expression. 

Misconceptions 
When learners start using short methods too soon, they usually leave out the middle 
term when they expand a bracket, for example: (x + 3)(x+ 8) = x2 + 24. Be on the 
lookout for this mistake. 

Answers 
7. See the answers on LB page 168 alongside. 

16.3  Factors of expressions of the form x2 + (b + c)x + bc 

TRY TO FIND THE FACTORS 

Teaching guidelines 
Introduce the terminology learners have to use, for example: quadratic trinomial; 
what the different terms are called and how to recognise them as the middle term 
and the last term. 

Show learners that factorising an expanded expression is the inverse of the 
expansion of the factors of the expression. See page LB 168 alongside. 

Question 2 illustrates the effect that negative signs have on the answers. Let 
learners work through the exercise so that they can become aware of the influence of 
the negative sign.  

Answers 
1. (a) 6        (b) 9   

 (c) 6        (d)  (x + 3)   

 (e) x2 – x – 6 = (x – 3)(x + 2)  
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Answers 
2. See the answers on LB page 169 alongside.   

3. (a) (x + 2)(x + 6)      (b) (x – 2)(x − 6) 

PRACTICE MAKES PERFECT 

Teaching guidelines 
Learners can practise the method learnt in the sections above to factorise these 
expressions. 

Answers 
1. (a) (a + 7)(a + 2) (b) (x − 3)(x + 6) 

 (c) (x − 17)(x − 1) (d) (y + 15)(y + 2) 

 (e) (y − 15)(y + 2) (f) (y + 10)(y − 3) 

 (g) (x + 5)(x − 3) (h) (m + 7)(m − 3) 

 (i) (x − 3)(x − 3) = (x − 3)2 (j) (b + 7)(b + 8) 

 (k) (a − 9)(a + 7) (l) (a + 5b)(a − 6b) 

 (m) (x − 8y)(x + 3y) (n) (x − 8)(x − 5) 

Teaching guidelines 
Grouping in order to create common factors is one of the methods of factorising. 
This method is usually used if: 

• there is not a common factor that appears in each term in the expression 

• the expression is not a quadratic trinomial  

• the expression is not a difference between two squares.  

This method can also be used to break up a trinomial into four terms by splitting 
the middle term, grouping and then removing the common factor from each group 
(see question 3). 
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Answers 
2. (a) p(x + y) + q(x + y) (b) 9x2(x − 3) + (x − 3) 

  = (x + y)(p + q)   = (x − 3)(9x2 + 1) 

 (c) 4(a + b) + 3p(a + b) (d) a3(a + 1) + 3(a + 1) 

  = (a + b)(4 + 3p)  = (a + 1)(a3 + 3) 

 (e) x(y + 1) + (y + 1) (f) a(c − d) − b(c − d) 

  = (y + 1)(x + 1)   = (c − d)(a − b) 

3. (a) (x + 3)(x + 4) (b) (x − 4)(x − 3) 

16.4  Factors of expressions of the form a2 – b2 

PRELIMINARY WORK 

Teaching guidelines 
Learners develop the process of factorising the difference between two squares by 
completing the table of values. The table shows the expression of the difference 
between two squares (the expanded expression); the factors separately; and the 
product of its factors. 

The numerical values should help learners to see the connections between the 
factors and the expanded expression: a2 – b2 = (a + b)(a – b). 

Answers 
1. See the answers on LB page 170 alongside.  
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Answers 
2. The answers in column 1 are the same as the answers in column 4: 

 a2 − b2 = (a + b)(a − b) 

3. (a) (17 + 13)(17 − 13) = 30 × 4 = 120 

 (b) (54 + 46)(54 − 46) = 100 × 8 = 800 

 (c) (28 + 22)(28 − 22) = 50 × 6 = 300 

4. a2 – b2 = (a + b)(a – b) 

5. The signs need to differ as it is actually: 
(a + b)(a – b) =  a2 + ab – ab − b2 = a2 + 0ab − b2 = a2 − b2 

FACTORISING DIFFERENCE BETWEEN TWO SQUARES’ EXPRESSIONS 

Teaching guidelines 
When we factorise we should always keep the following in mind: 

• remove any common factors first 

• factorise completely 

• 1 is a square, for example 16x2 – 1 = (4x + 1)(4x – 1). 

Answers 
1. (a) (2a + b)(2a − b) (b) (m + 3n)(m − 3n) 

 (c) (5x + 6y)(5x − 6y) (d) (11x + 12y)(11x − 12y) 

 (e) (4p + 7q)(4p − 7q) (f) (8a + 5bc)(8a − 5bc) 

 (g) (x + 2)(x − 2) (h) (4x + 6y)(4x − 6y) 

2. (a) (x2 + 1)(x + 1)(x − 1) (b) (4a2 + 9)(2a + 3)(2a − 3) 

 (c) (1 + abc)(1 − abc) (d) (5x5 + 7y4)(5x5 − 7y4) 

 (e) 2(x2 − 9) = 2(x + 3)(x − 3) (f) 2(100 − b2) = 2(10 + b)(10 − b) 

 (g) 3x(y2 − 16a2) = 3x(y + 4a)(y − 4a) (h) 5(a4 − 4b2) = 5(a2 + 2b)(a2 − 2b) 
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IN EACH CASE CALCULATE THE AREA OF THE SHADED PART 

Teaching guidelines 
Both drawings consist of a square within a square, so the area of the smaller square 
must be subtracted from the larger square. This produces a difference between two 
squares. 

It is easier to add and subtract than to calculate squares and then subtract. 

Answers 
(a) 252 – 92 = (5 + 3)(5 – 3) = 8 × 2 = 16 square units 

(b) 362 – 42 = (6 + 2)(6 – 2) = 8 × 4 = 32 square units 

16.5  Simplification of algebraic fractions 

WORKING WITH ALGEBRAIC FRACTIONS 

Teaching guidelines 
If we manipulate the expressions by factorising, we reduce the number of 
calculations and thereby the possibility of making mistakes. 

We can simplify the expression (x + 2)(x + 3)
x + 2   to x + 3 for example, because (x + 2)

x + 2   = 1. 

Misconceptions 
Avoid using the term “cancel” as many learners interpret the term incorrectly. Some 

will say that in (x + 2)(x + 3)
x + 2  , “x + 2 falls away” or even that it is 0. 

Furthermore, learners are often confused about the meaning of “cancel” and see  
x – x as cancelling with an answer of 0, and then x ÷ x as cancelling with an answer  
of 0 as well. 

Answers 
1. Madodo’s solution is simple and does not require many calculations. 

2. (a) (x + 2)(x + 3)
x + 2       (b) (x + 2)(x + 3)

x + 2   = 19 

  = x + 3              x + 3 = 19  

  = 23 + 3            x = 16 

  = 26   
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Answers 

3. (a) (x + 3)(x − 3)
x + 3   (b) (x + 3)(x − 2)

x + 3   

  = x − 3   = x − 2 

  = 36 − 3 = 33   = 36 − 2 = 34 

HOW IS IT POSSIBLE THAT 2 = 1? 

Answers 
a = b, so in step 3 we already have 0 = 0, as well as in step 4. In step 5 an attempt is 
made to divide by 0, which will not work as division by 0 is undefined. 

DIVIDING BY ZERO CANNOT BE DONE 

Teaching guidelines 
Learners must be convinced that division by 0 is not possible as it is not defined. Let 
learners experience that there may be some values of the variable for which an 
expression is undefined. These values are called “excluded values”.  

Answers 
1. See the answers on LB page 173 alongside. 

2. It is undefined. 

3. There is no such value. 

4. “Math Error”. Division by zero is not possible as noted in question 3. 

DEFINING THE UNDEFINED 

Teaching guidelines 
Let learners work through the exercise and correct the statements where needed. 

Answers 

1. (a) It is not true for all values of x because if x = 0 then xx is undefined, corrected 

statement:  xx  = 1 if x ≠ 0. 

 (b) It is not true for all values of x because if x = 0 then x
3

x2 is undefined, corrected 

statement:  x
3

x2  = x if x ≠ 0. 

 (c) It is not true for all values of x because if x = 3 then x − 3
x − 3  is undefined, 

corrected statement:  x − 3
x − 3  = 1 if x ≠ 3. 

	   



MATHEMATICS GRADE 9 TEACHER GUIDE 209	

 (d) If x(x + 1) = 0, x = 0 or −1. The given statement is not true for all values of x 

because if x = 0 or −1 then x2 + x
x(x + 1) is undefined, corrected statement: 

x2 + x
x(x + 1)  = 1 if x ≠ 0 or −1. 

2. See the answers on LB page 174 alongside. 

SIMPLIFYING ALGEBRAIC FRACTIONS 

Teaching guidelines 

Remind learners that when we divide, we make use of the property of numbers that 
when a number is divided by itself the answer is 1.  

We can only divide if we have factors in both the numerator and the denominator. 
Therefore, we have to factorise the numerator and, if needed, the denominator as well.  

For example: x
2 –  x – 6
2x − 6  =  (x + 2)(x – 3)

2(x − 3)   = (x + 2)
2  , where  x – 3

x – 3 = 1. 

Misconceptions 
Learners do not factorise and try to simplify by dividing terms by terms. 

Answers 

1. (a) y(3x + y)
3x + y  = y    (If 3x + y ≠ 0) (b) ab(a + b)

a + b  = ab    (If a + b ≠ 0) 

 (c) 3xy(x − 2xy)
3xy  = x − 2xy  (If 3xy ≠ 0) (d) 5x2(2x2 + 3x)

5x2  = 2x2 + 3x (If 5x2 ≠ 0 ∴ x ≠ 0) 

2. (a) (x + 2)(x + 3)
x + 2  = x + 3  (If x ≠ −2) (b) (x − 2)(x + 4)

x − 2   = x + 4  (If x ≠ 2) 

 (c) (x + 5)(x – 10)
x + 5  = x − 10  (If x ≠ −5) (d) (x − 15)(x − 1)

x − 15  = x − 1  (If x ≠ 15) 

3. (a) (x − 2)(x + 2)
x − 2  = x + 2  (If x ≠ 2)  (b) (2x − 1)(2x + 1)

2x + 1  = 2x − 1 (If x ≠ −1
2 ) 

FACTORISATION CAN REDUCE CALCULATIONS 
(a) Area = π222 – π182 = π(222 – 182) = 3,142(22 – 18)(22 + 18)  

           = 3,142 × 4 × 40 = 502,72 square units 

(b) a2 = 612 – 112 = (61 – 11)(61 + 11) = 50 × 72 = 2 × 25 × 2 × 36 = 22 × 52 × 62;     

 a = 22 × 52 × 62 = 2 × 5 × 6 = 60     OR     a2 = 50 × 72 = 3 600 =  36  × 100;   

 a = 3 600 = 60   
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MORE PRACTICE 

Teaching guidelines 
Learners need to understand the structure for the process of factorising: 

• first look for common factors; if there are none, or if they have been 
removed, then 

• check whether the expression is a difference between two squares, or if not 

• check whether the expression is a quadratic trinomial, or if not 

• check whether you can group in order to make a common factor and start 
from the first point again. 

Answers 
1. (a) 2(2a + 3b)      (b) (x + 7)(x + 1)   

 (c) (c + 3)(c − 3)      (d) (y − 5)(y − 3)  

 (e) b(−3a + 1) or –b(3a – 1)   (f) (b − 1)(−3a + 1)  

 (g) dg(fg + d − f2)      (h) (x + 4)(x + 2)  

 (i) (a + 3)(a + 2)      (j) (x − 10)(x + 2) 

 (k) x3y3(x2 − y2) = x3y3(x + y)(x − y)  (l) xy(x2 − y2) = xy(x + y)(x − y) 

 (m) (2 − y)(2 − y)      (n) 3(a2 + 6a – 7) = 3(a + 7)(a − 1) 

 (o) 6(a2 − 9) = 6(a + 3)(a − 3)   (p) −(a2 + 11a + 30) = −(a + 5)(a + 6) 

 (q) 2(a2 + 5a − 36) = 2(a + 9)(a − 4)  (r) 5x(x2 − 3x − 40) = 5x(x − 8)(x + 5) 

 (s) (x + 2 + y)(x + 2 − y)    (t) (x + y + a)(x + y − a) 

 (u) (a −1)2 − b2 = (a − 1 + b)(a − 1 − b) (v) 1 − (a − b)2 = (1 + a − b)(1 − a + b) 

 (w) (a – b)x − (a − b)y = (a − b)(x − y) (x) a(2x − y) − (2x − y) = (2x − y)(a − 1) 

 (y) 2x2y2(y8 − 4x8)     (z) (a + b)[(a + b)2 − 4] 

  = 2x2y2(y4 + 2x4)(y4 − 2x4)    = (a + b)(a + b + 2)(a + b − 2) 

 (aa) (a + b)(a + b) − (a + b)    (ab) (x + y)(a – b) − (x + y)(b – a) 

  = (a + b)(a + b − 1)       = (x + y)[a − b − (b − a)] = (x + y)(2a − 2b) 

           = 2(x + y)(a − b) 

2. (a) (4 + 3x)(4 − 3x)
4 + 3x  = 4 − 3x (If x ≠ −4

3 ) (b) (5x + 6)(5x − 6)
x(5x + 6)  =  

5x − 6
x     (If x ≠ −6

5 ) 

 (c) x(x + 6)(x − 5)
x + 6  = x2 − 5x  (If x ≠ −6) (d) (2x + 3)(x + 1)

2x + 3  = x + 1    (If x ≠ −3
2 ) 

 (e) b(a + c)
abc  =  a + c

ac    (If b ≠ 0)  (f) p(a + b)
a + b  =  p       (If a + b ≠ 0) 
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Grade 9 Term 3 Chapter 17  Equations 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

17.1 Introduction Finding solutions by inspection; defining an equation, an identity and an 
impossibility; understanding how inverse operations are used to solve equations 
by creating a set of equivalent equations 

Pages 176 to 178 

17.2 Solving by factorisation (Part 1) Defining the zero-product property; solving equations by removing common 
factors; understanding factorisation as the inverse of expansion of products  

Pages 178 to 180 

17.3 Solving by factorisation (Part 2) Solving equations by factorising trinomials; solving equations by factorising the 
difference between two squares  

Pages 180 to 181 

17.4 Solving by factorisation (Part 3) Solving equations by using properties of exponents   Pages 181 to 182 

17.5 Set up equations to solve problems Understanding how the modelling process works Pages 182 to 184 

17.6 Equations and ordered pairs Generating input and output numbers and writing them as a set of ordered pairs; 
solving the equation obtained by equating the formulae of two functions to find 
the ordered pair that satisfies both 

Pages 184 to 186 

 

CAPS time allocation 9 hours 

CAPS content specification Page 144 

 

Mathematical background 
Solving an equation means to find the value of the unknown that makes the equation true. 

The number of different solutions to an equation is not more than the degree of the equation, where the degree is the highest power of the unknown. 

The zero product property means that if a product equals 0, at least one of the factors (or all of them) are 0. 

To solve a quadratic trinomial we need to have a factorised quadratic expression equal to zero. We then use the zero product property to solve linear 
equations, for example x2 + 5x + 6 = 0; (x + 2)(x + 3) = 0, then x + 2 = 0, so x = –2 , or x + 3 = 0, so x = –3. 

A quadratic equation can also be a difference between two squares. The procedure is the same as for a trinomial. For example: 

                 4x2 – 25 = 0; (2x + 5)(2x – 5) = 0; so 2x + 5 = 0 or 2x – 5 = 0; x = – 52  or  52 . 

Setting up equations to describe situations is called mathematical modelling. A situation is described in mathematical terms. The mathematical problem is 
solved and the solution is interpreted and tested to see if it fits the original situation.   

A function is a set of ordered pairs of numbers. The input value is the first element and the output value is the second element of the ordered pair. When we 
set the formulae of two functions equal, we can solve the equation and find the ordered pair that belongs to both functions.  
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17.1  Introduction 

SOLUTION BY INSPECTION 

Teaching guidelines 
An equation is a mathematical statement with two expressions, one on the left-hand 
side (LHS) and one on the right-hand (RHS) side of an equal sign, for example  
7x – 4 = 4x + 11. 

Some statements are true for only certain values of the unknown (refer to top of LB 
page 177). They are called equations. There are various ways to solve an equation. 

Some statements, called identities, are true for all the values of the unknown. 
When learners try to solve an identity they usually end up with something like 0 = 0. 

For some statements there are no values for which they are true. They are called 
impossible. 

We can use a table of values to solve an equation by inspection. Point out that we 
test a potential answer by substituting it first into the LHS and then into the RHS.  
If the two answers are equal, the value is a solution to the equation. 

Answers 
1. See the answers on LB page 176 alongside. 

2. See the answers on LB page 176 alongside. 
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SOLVING EQUATIONS THROUGH INVERSE OPERATIONS 

Teaching guidelines 
A second method of solving equations is by using inverse operations. 

Learners have already worked with equivalent equations. Remind learners that a 
set of equations is equivalent if every equation in the set has the same solution. 
When we build up a set of equations, we create a set of equivalent equations.  

Using inverse operations to solve an equation in turn also creates a set of 
equivalent equations until we reach the solution, for example, x = c. 

Explain what we mean by the degree of an equation. It is the highest power of the 
unknown that appears in the equation, for example x3 + 5 = 13 is an equation of the 
third degree, while x2 + 5x + 6 = 0 is an expression of the second degree, and  
2x + 9 = 14 is an equation of the first degree. 

Even if an expression is written as a product of factors, as in (x + 2)(x – 1)(x + 1), it is 
an expression of the third degree, because the highest power of x we will get will  
be x3. 

Misconceptions 
Learners do not understand that the inverse operation has to be performed on both 
sides of the equal side and either do it only on one side or do opposite operations on 
the two sides, for example subtract 2 on the LHS and add 2 on the RHS. 

Answers 
1. (a) 0   (b) 0   (c) 0   (d) 0 

2. Using the inverse operation for addition or subtraction produces zero as the 
answer. 

3. (a) 1   (b) 1   (c) 1   (d) 1 

4. Using the inverse operation for multiplication or division produces 1 as the 
answer. 
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Answers 
5. (a) 2x + 8 + 9 = 15 (b) 5x − 10 = 14 − 7x 

    2x + 17 = 15          12x = 24 
              2x = −2               x = 2 
                 x = −1 

 (c) 2x − (2 × 3) = (12 × 3) (d) 3(3y − 3) + 3(5) = 2(5y) 
          2x − 6 = 36            9y − 9 + 15 = 10y 
                 2x = 42                             −y = −6 
                   x = 21                               y = 6 

17.2  Solving by factorisation (Part 1) 

DEVELOPING A STRATEGY: MULTIPLYING BY ZERO 

Teaching guidelines 
The principle by which it is possible to solve a quadratic equation is that if a product 
of two numbers equals 0, then one or both of the numbers must be 0. This is the 
zero-product property. 

Some quadratic expressions are given as a product of two factors equal to 0, which 
means we can use the zero-product property.  

For example,           (x – 3)(x + 2) = 0 
Use the zero-product property:   (x – 3) = 0 or (x + 2) = 0 
Solve the two simple equations:                          x = 3 or  x = –2      

 Or              5x(x – 7) = 0 
                    x = 0  or     x – 7 = 0 
                 x = 7 

Misconceptions 
The learners sometimes incorrectly apply the zero-product property to general 
equations like a × b = 6 by arguing that if a × b = 6 then the only solutions are a = 6 or  
b = 6. They do not consider other possibilities. 

Answers 
1. One or both the factors must be zero. x = 0 OR y = 0; or  

               x = 0 AND y = 0. 
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Answers 
2. See the answers on LB page 179 alongside. 

TAKING OUT THE HIGHEST COMMON FACTOR 

Teaching guidelines 
In the previous chapter learners practised removing a common factor. 

Remind learners how to look for a common factor and to remove the highest 
possible common factor from all the terms. This is a way to simplify an expression 
which makes it possible to solve equations of the type x2 – 4x = 0. 

Factorise (common factor x):  x(x – 4) = 0 
Use the zero-product property: x = 0 or x – 4 = 0, so x = 4   

Misconceptions 
Be aware that if learners have to solve for x in x2 = 5x, some learners will divide by  
x on either side or get x = 5. Show learners that this is not allowed, because one of the 
values of  x = 0 (that they have eliminated), and division by 0 is undefined. They 
have to change the equation to get it equal to 0.  

So          x2 = 5x 
       x2 –  5x = 0 
             x(x – 5)  = 0   Factorise (common factor) 
           x = 0 or x = 5 Zero-product property 

Answers (to questions at the top of LB page 180 on the following page) 
1.   x2 + 3x = 0       2.  3x2 − 6x = 0 
 x(x + 3) = 0         3x(x − 2) = 0 
     x = 0 or x + 3 = 0           3x = 0 or x − 2 = 0 
     x = 0 or x = −3               x = 0 or x = 2 

3.       6x + 3x = −12x2     4.      x = 2x − x2 
   12x2 + 9x = 0            x2 − x = 0 
 3x(4x + 3) = 0        x(x − 1) = 0 
         3x = 0 or 4x + 3 = 0          x = 0 or x − 1 = 0 

   x = 0 or x = −3
4                x = 0 or x = 1 
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17.3  Solving by factorisation (Part 2) 

SOLVING BY FACTORISING TRINOMIALS 

Teaching guidelines 
The fact that we can usually factorise a quadratic expression to get a product of two 
factors means we can use the zero-product property. But this means that the RHS  
(or the LHS) of the equation must be 0.  

There may be some manipulation needed to get the equation in to that form. 

For example,              (x – 3)(x + 2) = 6 
Expand the brackets on the LHS:                    x2 – x – 6 = 6 
Add – 6 to both sides:       x2 – x – 12 = 0 
Factorise:             (x – 4)(x + 3) = 0 
Now use the zero product property: (x – 4) = 0 or  (x + 3) = 0 
Solve the two simple equations:    x = 4 or      x = –3      

Misconceptions 
Learners forget to make sure that the quadratic expression equals 0 and simply 
ignore the number on the RHS. 

Answers 
1.          x2 + 9x + 14 = 0     2.   x2 + 3x − 18 = 0 
        (x + 7)(x + 2) = 0       (x − 3)(x + 6) = 0 
        x + 7 = 0 or x + 2 = 0             x − 3 = 0 or x + 6 = 0 
       x = −7 or  x = −2             x = 3 or   x = −6 

3.     x2 − 18x + 17 = 0     4.  x2 − 11x + 30 = 0 
  (x − 17)(x − 1) = 0        (x − 6)(x − 5) = 0 
            x − 17 = 0 or x − 1 = 0      x − 6 = 0 or x − 5 = 0 
                                    x = 17 or  x = 1                        x = 6 or  x = 5 

5.     x2 − 13x − 30 = 0     6.           x2 + 7x − 30 = 0 
  (x + 2)(x − 15) = 0           (x − 3)(x + 10) = 0 
    x + 2 = 0 or x − 15 = 0      x − 3 = 0 or x + 10 = 0 
                 x = −2 or x = 15                x = 3 or x = −10 

SOLVING BY FACTORISING THE DIFFERENCE BETWEEN TWO SQUARES 

Teaching guidelines 
The pattern for factorising the difference of two squares is a2 – b2 = (a – b)(a + b). 
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Answers 
1.                      x2 − 4 = 0     2.            x2 − 16 = 0 
        (x + 2)(x − 2) = 0       (x + 4)(x − 4) = 0 
 x + 2 = 0 or x − 2 = 0               x + 4 = 0 or x − 4 = 0 
        x = −2 or     x = 2              x = −4 or x = 4 

3.                   4a2 – 9 = 0     4.                81 − 9n2 = 0 
 (2a + 3)(2a − 3) = 0       (9 + 3n)(9 − 3n) = 0 
    2a + 3 = 0 or 2a − 3 = 0       9 + 3n = 0 or 9 − 3n = 0 

              a = −3
2 or         a = 32                 n = −3 or  n = 3 

5.              25x2 − 36 = 0     6.                  121x2 − 144 = 0 
 (5x + 6)(5x − 6) = 0       (11x + 12)(11x − 12) = 0 
    5x + 6 = 0 or 5x − 6 = 0            11x + 12 = 0 or 11x − 12 = 0 

              x = −6
5  or       x = 65           x = −12

11 or  x = 12
11  

7.          16p2 − 49 = 0      8.             64a2 − 25 = 0 
 (4p + 7)(4p − 7) = 0       (8a + 5)(8a − 5) = 0 
    4p + 7 = 0 or 4p − 7 = 0       8a + 5 = 0 or 8a − 5 = 0 

      p = −7
4 or        p = 74         a = −5

8 or  a = 58  

17.4  Solving by factorisation (Part 3) 

SOLVING BY USING PROPERTIES OF EXPONENTS 

Teaching guidelines 
Both sides of the equation have to be written as powers of the same base, to which 
end the number not written as a power is written as a product of its prime factors. 

Answers 
1. (a) 27 (b) 35 (c) 53 (d) 74 

2. (a) x = 7 (b) x = 5 (c) x = 3 (d) x = 4 

3. (a) 2x = 27 (b) 3x = 35 (c) 5x = 53 (d) 7x = 74 
    x = 7     x = 5             x = 3     x = 4 

 (e) 2x = 16 (f) 3x = 19 = 3−2 

  2x = 24   3x = 3−2 
    x = 4     x = −2  
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MIXED EXERCISES FOR MORE PRACTICE 

Teaching guidelines 
Remind learners of the following when complete the questions: removing a 
common factor; factorising a quadratic equation; using the zero product property; 
and the properties of exponents.   

Answers (to questions starting from LB page 181 on the previous page) 
1.        6x + 3x = −12x2    2.              x = 2x − x2 
    12x2 + 9x = 0           x2 − x = 0 
  3x(4x + 3) = 0       x(x − 1) = 0 
         3x = 0 or 4x + 3 = 0         x = 0 or x − 1 = 0 

    x = 0 or  x = −3
4          x = 0 or x = 1 

3.   x2 + 2x − 15 = 0     4.    m2 + 4m − 21 = 0 
 (x − 3)(x + 5) = 0        (m + 7)(m − 3) = 0 
         x − 3 = 0 or x + 5 = 0      m + 7 = 0 or m − 3 = 0 
         x = 3 or x = −5               m = −7 or m = 3 

5.      x2 − 4x + 3 = 0     6.   b2 − 16b + 15 = 0 
 (x − 3)(x − 1) = 0       (b − 15)(b − 1) = 0 
         x − 3 = 0 or x − 1 = 0            b − 15 = 0 or b − 1 = 0 
          x = 3 or  x = 1               b = 15 or  b = 1 

7.                a2 − 1 = 0     8.      25x2 − 72 = 0 
 (a + 1)(a − 1) = 0         (5x + 7)(5x − 7) = 0 
         a + 1 = 0 or a − 1 = 0         5x + 7= 0 or 5x − 7 = 0 

         a = −1 or a = 1          x = −7
5 or x = 75  

9. 2x = 16       10. 3x = 1
27  

2x = 24         3x = 3−3 
  x = 4           x = −3 

17.5  Set up equations to solve problems 

THE MATHEMATICAL MODELLING PROCESS 

Teaching guidelines 
Work through the notes on LB page 182 and explain the steps in the process. Explain 
that we work with numbers, so we solve problems that can be quantified. We 
describe the quantities we want to calculate in terms of unknowns, for example x.  
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PRACTISE YOUR MODELLING SKILLS 

Teaching guidelines 
Learners should decide what the unknown quantity is and consign a variable to it, 
for example: let the age be x, or let the number of days be x. 

Remind learners to always make an interpretation. 

Answers 
1. See the answer on LB page 183 alongside. 
2. See the answer on LB page 183 alongside. 
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Answers 
3. See the answers on LB page 184 alongside. 

4. (a) Cost = 500 + 30t 
Cost = 500 + 30(10) if t = 10 
Cost = 800 
Firm A will charge R800 for a job that takes ten days. 

 (b) Cost = 260 + 48t 
596 = 260 + 48t if Cost = 596 
336 = 48t 
     7 = t 

  If Firm B charges R596, then the job will take them seven days. 

 (c) If the jobs cost the same: 

  Cost (A) = Cost (B) 
Hence: 260 + 48t = 500 + 30t 
   18t = 240 

        t = 131
3  

This job will take 131
3  days to complete. 

17.6  Equations and ordered pairs 

WHEN UNKNOWNS BECOME VARIABLES 

Teaching guidelines 
If the value of the expression (output number) is also expressed as a variable, y, it 
means we could choose values for y, for example 27, and solve the equation  
27 = 5x + 2.  

For each value of x, we can generate a value for y. The sets of values are called 
ordered pairs meaning there is a first value, the input value, and a second value, the 
output value. 

Answers 
1. Two letter symbols: x and y. 

2. No, there are two variables; you need the value of the one to get the other value. 

3. See the answers on LB page 184 alongside. 
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FUNCTIONS AS SETS OF ORDERED PAIRS 

Teaching guidelines 
We already know that a function can be represented in different forms.  

A function is the set of all the ordered pairs that satisfy the description of the 
function. In the case of a relationship that is a function, there is only one unique  
y value for every x value. 

The ordered pairs represent all the input values and their corresponding output 
values given either in a table  

x 1 2 3 4 … 

y 2 4 6 8 … 

 

or as a set of brackets, for example: (1; 2), (2; 4), (3; 6), … and so on.  

Answers 
1. (a) See the answers on LB page 185 alongside and learners’ own answers. 

 (b) See the answers on LB page 185 alongside and learners’ own answers. 

 (c) See the answers on LB page 185 alongside and learners’ own answers.  
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Teaching guidelines 
Explain that in order to answer question 3, learners can assume that the y values are 
the same, and therefore, the expressions that gave these y values will also be equal. 
Point out that we need to solve the equation we get by setting the expressions equal. 
For example, the ordered pair that belong to y = 3x – 2 and to  
y = 5x – 4 will be calculated as follows: 

5x – 4 = 3x – 2 
       2x = 2 
          x = 1, therefore y = 3(1) – 2 = 1 

So the ordered pair is (1; 1). 

Answers 
1. (d) See the answers on LB page 186 alongside and learners’ own answers. 

 (e) See the answers on LB page 186 alongside and learners’ own answers. 

 (f) See the answers on LB page 186 alongside and learners’ own answers. 

2. (a) (1; 1) 

 (b) (2; 6) 

3. If 5x + 7 = 3x + 25, then 2x = 18 and x = 9. 
 For x = 9, 5x + 7 = 3x + 25 = 52. The pair (9; 52) belongs to both functions. 
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Grade 9 Term 3 Chapter 18  Graphs 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

18.1 Global graphs Discussing discrete and continuous variables; how increase and decrease is shown on 
graphs 

Pages 187 to 194 

18.2 Changes at different rates Discussing how some graphs decrease or increase slower than others, depending on the 
rate of change 

Pages 195 to 197 

18.3 Draw graphs from tables of 
ordered pairs 

Making tables to generate ordered pairs to plot on graphs; drawing graphs of functions 
with constant differences 

Pages 197 to 199 

18.4 Gradient Developing the concept of gradient; determining the gradient Pages 199 to 203 

18.5 Finding the formula for a 
graph 

Using tables to find formulae; the gradient and y-intercept; finding the equation of a 
straight line from given points and from sketches of graphs 

Pages 203 to 207 

18.6 x- and y-intercepts Coordinates of intercepts with axes; equations of vertical and horizontal lines Pages 207 to 208 

18.7 Graphs of non-linear 
functions 

Identifying non-linear relationships by making tables of values and comparing with 
given plotted points 

Pages 208 to 209 

 

CAPS time allocation 12 hours 

CAPS content specification Page 145 

 

Mathematical background 
When discrete data is plotted the points are not joined, but sometimes joining the points can give greater clarity to the situation. 

The rate of change of a function is shown on the graph by the shape of the graph. A line indicates a constant rate of change. 

We can make tables of ordered pairs from formulae and plot the ordered pairs on graph paper to represent the function or relationship graphically. 

Graphs of linear functions have constant differences between the function values. These differences give the gradient of the graph, which is a measure of the 
steepness with which the graph increases or decreases, as well as a measure of the rate of change of the graph. 

The gradient is calculated between any two points on the line and is given by m = 
y2 – y1
x2 – x1

  where the two points are (x1; y1) and (x2; y2). 

The equation of a line is given by y = mx + c, where c represents the y-intercept of the line. 

Lines parallel to the y-axis have equation x = k and lines parallel to the x-axis have equations y = p. 

Lines with a positive value of m are increasing and lines with a negative value of m are decreasing. 
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18.1  Global graphs 

DISCRETE AND CONTINUOUS VARIABLES 

Teaching guidelines 
Let learners explain what they understand by continuous variables and discrete 
variables. 

Make sure learners understand that continuous variables are usually those 
variables that can be measured while discrete variables can be counted. 

Point out that when discrete data is plotted the points are not joined, for example 
in the graphs of the number of workers against the number of jars filled. The number 
of workers can only be shown by isolated points, as we cannot have half a person. 
We don’t usually join the points by a line, but in some instances it is useful to draw a 
line between the points to make a trend clear. 

Answers 
1. (a) 12 workers 

 (b) 30 jars 

 (c) He would need five workers, because one cannot have four and a 12  people. 

 (d) The number of workers employed and the number of jars filled in a week. 

2. Yes we can use the graph: 9 workers and 12 workers respectively. 
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Answers 
3. See the answer on LB page 188 alongside. 

4. (a) discrete 

 (b) continuous 

 (c) continuous 
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Answers 
5. (a) It is discrete. Cars and months are both natural numbers. 

 (b) 30 

 (c) maximum: December; minimum: September 

 (d) Five cars 

 (e) During September and during November 

 (f) Yes. The trend is that the car sales increased. 

6. (a) It decreased 

 (b) Between 1960 and 1970; 1990 and 2000 
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Answers 
6. (c) 1970 

 (d) It is discrete. The number of elephants and years are natural numbers. 

 (e) 20 elephants 

 (f) See the graph on LB page 189 on the previous page. 

 (g) No. They only had more elephants before about 1967 and after about 2002. 
The rest of the time they had fewer. 

SHOWING INCREASE AND DECREASE ON GRAPHS 

Teaching guidelines 
Explain that the independent variable is always shown on the horizontal axis and 
the dependent variable on the vertical axis. Time is usually the independent variable 
and is shown on the horizontal axis. 

Explain what it means if a graph increases (or decreases). Draw a system of axes on 
the board to help learners understand. We look at what happens to the values of the 
dependent variable as the independent variable increases. On the graph, the 
independent variable increases from left to right. 

• If the dependent value becomes smaller as the independent value becomes 
bigger, the graph will be decreasing.   

• If the dependent value becomes bigger as the independent value becomes 
bigger, the graph will be increasing. 

Misconceptions 
Learners often cannot relate the concepts “increase” and “decrease” to graphs 
correctly, even though they know the meaning of the words.  

Answers 
1. (a) The temperatures shown on the graph would be in summer rather than in 

winter in the Free State. 

 (b) The highest temperature was 23°C recorded at 15:00. 

 (c) The temperature rose between 01:00 and 15:00, and dropped between 15:00 
and 24:00. 

 (d) Between 13:00 and 15:00 
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 (e) Between 18:00 and 20:00 

  The main purpose of the above and the following questions in this section is 
to develop an awareness of rate of change (gradient), and how the rate of 
change is visible in the graph. 

2. See answers on LB page 191 alongside. 
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Answers 
3. (a) On Wednesday, Thursday, Friday and Saturday 

 (b) On Thursday, it increases from 1,5 million to 1,8 million litres. 

 (c) The amount of change is different each day. 

 (d) The water level increases by 0,2 million litres each day. 

 (e) The water level remains constant at 1,2 million litres. 
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Answers 
4. Graph B 

5. See the answers on LB pages 193 alongside and LB page 194 on the following 
page. 
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Answers 
6. See the answers on LB page 194 alongside. 

7. (a) By 6°C 

 (b) By 5°C 

 (c) The 6°C drop from 13:00 to 19:00 took six hours, while the 5°C drop from 
19:00 to 21:00 happened in only two hours. The temperature dropped more 
rapidly (sharply) in the period 19:00 to 21:00 than in the period 13:00 to 
19:00. 

8. (a) By 4°C 

 (b) By 4°C 

 (c) The 4°C increase from 07:00 to 09:00 took two hours, while the 4°C increase 
from 09:00 to 13:00 took four hours. In the period 07:00 to 09:00, the 
temperature increased twice as fast as during the interval 09:00 to 13:00. 

9. (a) By 4°C 

 (b) By 5°C 

 (c) The temperature drops more rapidly from 16:00 to 18:00 than from 18:00 to 
22:00. 5°C in four hours is slower than 4°C in two hours. 
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18.2  Change at different rates 

Teaching guidelines 
Explain that as the unit on the horizontal axis grows, if the unit on the vertical axis 
increases as well, it is a graph of an increasing situation. 

Use the table in question 4 to explain what we mean by a constant rate of change. 

Answers 
1. (a) B, C, E and F 

 (b) A and D 

2. Tank A: 34 kl  Tank B: 5 kl  Tank C: 3 kilolitres 

 Tank D: 25 kl  Tank E: 0 kl  Tank F: 0 kilolitres 

3. (a) Tank A. Different explanations are possible. For example: Tank A loses 
almost 35 kilolitres in less than 20 hours while tank D lost only 10 kilolitres 
after 20 hours. 

 (b) Tank B. Different explanations are possible. For example: Tank B gains  
15 litres in 30 hours while the other tanks that gain water gained 15 litres in 
much less time.  
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Mathematical notes 
4. See the answers on LB page 196 alongside. 
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Answers 
5. (a) See the graph on LB page 197 alongside. 

 (b) See the graph on LB page 197 alongside. 

6. See the answers on LB page 197 alongside. 

18.3  Draw graphs from tables of ordered pairs 

Mathematical background 
A set of ordered pairs defines a relation or a function. The word “ordered” means 
there is a first and a second number.  

• The first number is always the input number (or x, the independent 
variable). 

• The second number in the ordered pair is always the output number (or y, 
the dependent variable). 

A graph is another way of representing the relationship between the input and 
output values of a relationship.  

If we let a horizontal and a vertical number line cross each other at right angles at 
the point 0, we can describe the position of any point in terms of both lines. We call 
these lines axes (singular: axis). 

The position of each point on the coordinate plane created by the axes is described 
by an ordered pair. The first number is called the x-coordinate and the second is 
called the y-coordinate. 

To describe the position of a point (3; 6), we find the numbers on the axes. On the 
horizontal axis the point lies in line with 3 and on the vertical axis it lies in line  
with 6. Therefore, we describe the position of the point by the ordered pair (3; 6).   

Misconceptions 
Learners switch the order of the pair when plotting the points, reading the first 
coordinate on the vertical axis and the second on the horizontal instead of the other 
way around. Or they write down the coordinates in the wrong order and thus make a 
mistake. 
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GRAPHS OF FUNCTIONS WITH CONSTANT DIFFERENCES 

Teaching guidelines 
The constant difference of a function is determined by finding the difference 
between two consecutive function values. It can also be determined between any 
two function values by then dividing by the difference between the corresponding 

values of the independent variable. For example, 8 and 81
2  are consecutive function 

values for function A, as are 81
2  and 9. The difference in each case is 12 . If we only had 

the values for x = 2 and x = 8, namely 9 and 12, the difference between the function 
values would be 12 – 9 = 3. The constant difference between consecutive function 

values could then be calculated by 12 – 9
8 – 2   = 12 . 

Answers 
1. See the answers on LB page 198 alongside. 

2. See the answers on LB page 198 alongside and LB page 199 on the following 
page. 
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Answers 
3. (a) The bigger the constant difference, the steeper the graph. 

 (b) Learners’ own answer (for example, it is like climbing stairs – the bigger the 
“steps” the steeper the stairs.) 

4. (a)  See the answers on LB page 199 alongside. 

 (b) The differences between the consecutive terms are the same as the 
coefficient of x in the expression. 

 (c) The difference will be 4. 

18.4  Gradient 

Mathematical background 
The gradient is defined as the quotient of the vertical change between any two 
points on the graph divided by the horizontal change between the same two points. 

In the case of linear functions, the gradient is constant, meaning it is the same over 
any interval or between any two points on the graph. 
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Teaching guidelines 
Learners should get used to the concept of the gradient as vertical change over 
horizontal change. Let them try to determine how to find the vertical and horizontal 
differences. 

Stress that the horizontal direction is always read from left to right, in direction of 
the increasing x values, and taken as positive. 

Misconceptions 
Learners find the gradient the wrong way around, dividing the horizontal change by 
the vertical change.   
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Answers 
1. (a) This is an open question, with the purpose of inducing learners to think. 

Some learners may actually succeed in finding the gradient, which is 2. 

 (b) See the answers on LB page 201 alongside. 

 (c) The horizontal change is from 2 to 8, that is six units to the right. 

  The vertical change is upwards from 3 to 15, which is 12 units. 

 (d) gradient = 15 − 3
8 − 2  = 12

6  = 2 

2. See the answers on LB page 201 alongside. 

3. The gradients are 2 and −2. Let learners compare the correct gradients with the 
formulae of the functions to see where they can see the gradient in the formula. 
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Teaching guidelines 
Explain to learners that the gradient is measured between any two points on the 
graph and that it is indicated by the symbol m. 

It is defined as the vertical change between any two points divided by the 
horizontal change between the same two points. This means that if we have any two 
points (x1; y1) and (x2; y2), the gradient between the points will be given by: 

gradient, m = y2 – y1
x2 – x1

 . 

It does not matter which points are used to calculate the gradient, as long as the 
two points lie on the line of which we are calculating the gradient. 

Work through the examples with learners. Stress that they should make sure to 
divide vertical change by horizontal change and not mix them up. 

Talk about graphs that have m = 0 and that this happens when the line is parallel to 
the x-axis. All the y values are the same, so y2 – y1 = 0 for all y values, therefore m = 0. 
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Answers 

1. (a) mAB = 12 − 10
6 − 2  = 24 = 12  

 (b) mCD = −3 − 3
−2 − 1 = −6

−3 = 2 

 (c) mEF = −1 − 3
4 − 0  = −4

4  = –1 

 (d) mGH = 4 − 2
4 − 5 = 2

−1 = −2 

  mGI = 8 − 2
2 − 5 = 6

−3 = −2 

2. See the answers on LB page 203 alongside. 

18.5  Finding the formula for a graph 

TABLES AND FORMULAE 

Teaching guidelines 
Discuss with learners that the equations of all the straight lines are similar; in the 
simplified form they all have one term in x and a constant value: y = mx + c. 

Learners would know by now that m represents the gradient of the function. Take 
them back to LB page 201, question 2 and let them try to find what the constants  
3 and 5 represent. Show them where the lines intersect the y-axis. The x–value on the 
vertical axis is 0. So if 0 is substituted into the equations we get 3 and 5, the values 
where the vertical axis is crossed. 

Answers 
1. (a) See the answers on LB page 203 alongside and LB page 204 on the following 

page. 
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Answers 
1. (b) A. Add 3 to previous term or multiply x by 3 and add 2.    y = 3x + 2 

  B. Subtract 2 from previous term or multiply x by −2 and add 3. y = −2x + 3 

  C. Add 5 to previous term or multiply x by 5 and add −10.   y = 5x − 10 

  D. Add 2 to previous term or multiply x by 2 and add −5.   y = 2x − 5 

  E. Subtract 3 from previous term or multiply x by −3 and add 6.  y = −3x + 6 

  F. Subtract 1 from previous term or multiply x by −1 and add 3.  y = −x + 3 

  G. Add 2 to previous term or multiply x by 2 and add 3.    y = 2x + 3 

Teaching guidelines 
Spend time making sure that learners understand the concepts gradient and  
yy-intercept and that they can recognise them in the equation of a straight line. 

Talk about the standard form of an equation and the other ways in which the 
equation could be given: 

 ax + by + c = 0 
 by = ax  + c 
 ax + by = c  

Show learners how to change the equation to the standard form and that the 
gradient and y-intercept can be read from the standard form directly. 
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Teaching guidelines 
Discuss what the gradient will look like if the lines are: 

• increasing 

• decreasing 

• parallel to the horizontal axis 

• parallel to the vertical axis. 

Explain that the gradient is undefined if the line is vertical because in that case all 
the x values on the line are the same, which means that when we determine the 
gradient by the formula for the gradient, we will have to divide by 0, which is 
undefined. 

Answers 
2. See the answers on LB page 205 alongside. 

3. (a) y = −2x + 5 (b) y = −3x −4 (c) y = 3x – 4 
  m = −2   m = −3   m = 3 
  (0; 5)   (0; −4)   (0; −4) 

 (d) y = 13x − 2 (e) y = x + 4 (f) y = 3x – 2 

  m = 13  m = 1   m = 3 

  (0; −2)   (0; 4)   (0; −2) 

 (g) y = 14x + 6 (h) y = −12 (i) x = 15 

  m = 14  m = 0   m = undefined 

  (0; 6)   (0; −12)   no y-intercept 

DETERMINE THE EQUATION OF A STRAIGHT LINE 

Teaching guidelines 
To determine the equation of a straight line we only need to find the values of m, the 
gradient and c, the y-intercept. How easy this will be will depend on the information 
we have. We could have: 

• the gradient and the y-intercept, for example, the line goes through (0; 5) 
and has gradient 3. Then the equation is y = 3x + 5. 

• the gradient and a point on the graph, not the -intercept. For example, the 
line has gradient 2 and goes through (1; 4). We substitute the point into y = 
2x + c so we get 4 = 2(1) + c and solve for c. So y = 2x + 2. (See also, example 3 
on LB page 206.) 

• We could have any two points as in examples 1 and 2 on LB pages 205 and 206.   
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Answers 
1. (a) y = 5x − 5  

 (b) y = 5  

 (c) y = −2x 

 (d) y = −4x + 10  

 (e) y = 12x + 52   

 (f) y = 12x + 3 

2. (a) y = 5x − 8 

 (b) y = −2x 

 (c) y = −10x + 7 
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Answers 
3. See the answers on LB page 207 alongside. 

18.6  x- and y-intercepts 

Teaching guidelines 
Learners should know by now that all points that lie on the vertical axis have an  
x-coordinate equal to 0 as the point has not moved to the left or the right of the 
origin, in other words, they are all at 0 in the horizontal direction. 

In the same way, all the points on the horizontal axis have their y-coordinate equal 
to 0. 

These facts mean that the y-intercepts will all be (0; y) and the x-intercepts (x; 0). 

Answers 
1. See the answers on LB page 207 alongside. 

2. They all have y = 0. 
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Answers 
3. They all have x = 0. 

4. (a) (−4; 0) and (0; 12)   (b) (3; 0) and (0; −3) 

 (c) (−2; 0) and (0; −4)   (d) (−2; 0) and (0; 6) 

 (e) (5; 0) and (0; l0)    (f) (−1
2; 0) and (0; 13) 

VERTICAL AND HORIZONTAL LINES 

Teaching guidelines 
Work through the questions with learners and explain again why m = 0 for horizontal 
lines and m is undefined for vertical lines. 

Answers 
1. They all have x = 2. 

2. Accept any points with x = 2, for example, (2; 5) 

3. Yes 

4. Accept any five points, for example, (−1; 3) 

18.7  Graphs of non-linear functions 

Teaching guidelines 
Learners should simply calculate function values for x-values from –10 to 10 in a 
table and compare them with the given points. For example: 

x –7 –6 –5 –4 –3 –2 –1 0 1 2 3 4 5 6 7 8 
x2 49 36 25 16 9 4 1 0 1 4 9 16 25 36 49 64 
x2 + 130 179 166 155 ...             

Answers 
See the answers on LB page 208 alongside. 
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Grade 9 Term 3 Chapter 19  Surface area, volume and capacity of 3D objects 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

19.1 Surface area Revising the surface area of prisms; investigating the surface area of cylinders; calculating 
the area of cylinders 

Pages 210 to 212 

19.2 Volume Revising formulae for calculating the volume of prisms; calculating the volume of 
prisms; formulae for calculating the volume of cylinders 

Pages 212 to 215 

19.3 Capacity Revising the concept of capacity; calculating the capacity of a hollow block Pages 215 to 216 

19.4 Doubling dimensions and 
the effect on volume 

Investigating the effect of doubling the dimensions of a prism on the volume; 
investigating the effect of doubling the dimensions of a cylinder on the volume 

Pages 216 to 218 

 

CAPS time allocation 5 hours 

CAPS content specification Page 146 

 

Mathematical background 
The surface area of an object is the sum of the areas of all the faces and is measured in square units. A formula that can be used to calculate the surface area of 
a prism or a cylinder is: 

 Surface area = 2 × area of the base + the perimeter × the height of the prism.  

The volume of an object is the amount of space it takes up. The formula to calculate the volume of a prism or a cylinder is: 

 Volume = area of base × height. Three dimensions are involved (namely length, breadth and height), so volume is measured in cubic units, such as cubic 
centimetres (cm3) and cubic metres (m3). 

• A cubic centimetre is a cube with sides that are 1 cm each.  

• A cubic metre is a cube with sides that are 1 m each.  

The difference between volume and capacity is:  

• volume is the amount of space an object takes up 

• capacity is the amount of content a container can hold if it is filled to capacity.  

An object can have both volume and capacity. 

If volume is measured in cubic centimetres (cm3) the measure of capacity is millilitres. A millilitre is the content of a cube with sides 1 cm.  
If the dimensions of an object are doubled, the volume increases by a factor of eight.  
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19.1 Surface area  

SURFACE AREA OF PRISMS 

Teaching guidelines 
Learners can either calculate the sum of the areas of all the faces or use the formula: 

Surface area (SA) = 2 × area of the base + the perimeter × the height of the prism. 

Learners should keep the following in mind:  

• in the case of a cube, it is easy to simply multiply the area of a face by six. 

• the formula to calculate the area of a triangle = 12 bh. 

• the hypotenuse of a right-angled triangle is calculated using the Theorem of 
Pythagoras. 

Answers 
1. SA = 6 × area of face    2. SA = Sum of area of all faces 
           = 6 × 102 cm2             = 2(12 × 8 + 8 × 5 + 5 × 12) cm2 
       = 600 cm2                = 2(96 + 40 + 60) = 392 cm2 

3. SA = 2 × 252 + (4 × 25 × 100)  4. SA = 2(1
2 × 60 × 40) + 2(50 × 70) + (60 × 70) 

       = 1 250 + 10 000             = 2 400 + 7 000 + 4 200 
       = 11 250 mm2                = 13 600 mm2 

5. x = (102 + 102) = 200 = 14,14… 6. x = (22 + (1,5)2) = (6,25) = 2,5 m 

 Area bases = 2 × 12 × 10 × 10 = 100 m2 Area bases = 2 × 12 × 2 × 1,5 = 3 m2 

 Area lateral faces       Area lateral faces 
 = 3 × (14,14… + 10 + 10)     = 4 × (1,5 + 2 + 2,5) 
 = 102,43 m2        = 24 m2 
 Total SA = 100 + 102,43 = 202,43 m2  Total SA = 3 + 24 = 27 m2 
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Answers 
7. Area front and back faces  8. Height isosceles triangle 

 = 2(12 × 14 + 5 × 6) cm2   = (102 − 62) = 64 = 8 cm 

= 396 cm2    Area front = 2 × (144 + 12 × 12 × 8) 

 Area side faces = 2 × 12 × 6                          = 384 cm2 

                                = 144 cm2    Area side face = 2[25 × (12 + 10)] 

 Area top and base = 2 × 6 × 20                                 = 1 100 cm2 

                                       = 240 cm2    Area base = 12 × 25 

 Total SA = 396 + 144 + 240                        = 300 cm2 

                   = 780 cm2    Total SA = 384 + 1 100 + 300 

                       = 1 784 cm2 

INVESTIGATING THE SURFACE AREA OF CYLINDERS 

Teaching guidelines 
Take a rectangular piece of paper and roll it up to form a cylinder. Let learners 
imagine a base and a top. The rolled-up paper forms the curved surface of the 
cylinder. Unroll the piece of paper to demonstrate that the curved surface of a 
cylinder is a rectangle of which the length equals the circumference of the base. 

The formula used above to calculate the surface area of a prism can also be used for 
a cylinder. Simply replace the perimeter of the prism with the circumference of the 
cylinder: 

Surface area = 2 × area of the base + the circumference × the height of the cylinder 

          = 2πr2 + 2πrh which can be factorised to give 

          = 2πr(r + h) 

The only information we need is the height of the cylinder and the radius of the 
base. 
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CALCULATING THE SURFACE AREA OF CYLINDERS 

Teaching guidelines 
The questions in this section require learners to think about what they need to apply 
the formula. In questions 2 and 3 they need to calculate the radius first. There may 
be learners who don’t realise that they can find r by solving the equation  

r = circumference ÷ 2π. Remind learners to use either 3,14 or 22
7  for π. 

They also need to think carefully about using the formula. In question 4, they need 
not add the area of the base, which will change the formula. 

Answers 
1. A. SA = 2πr(r + h)     B. SA = 2πr(r + h) 

        = 2 × 3,14 × 6 × (6 + 6)           = 2(3,14) × 4 × (4 + 8) 

        = 452,16 cm2             = 301,44 m2 

2. r = 25,12 ÷ (2π) = 4 cm 

 SA = 2πr(r + h) = 25,12(4 + 60) = 1 607,68 cm2 

3. r = 12,56 ÷ 2π = 12,56 ÷ (2 × 3,14) = 2 m 

 SA = 2πr(r + h) = 12,56(2 + 5) = 87,92 m2 

4. SA = 2πr × h + πr2 = 2 × 3,14 × 3,5 × 8 + 3,14 × (3,5)2 = 214,305 m2 

 22 litres of paint are required. The calculation results in 21,43 litres; 21 litres will 
not be enough. 22 litres will allow for enough paint including any wastage or spills. 

19.2  Volume  

FORMULAE FOR VOLUME OF PRISMS 

Teaching guidelines 
Remind learners how to calculate the volume of a cube or cuboid (prism),  i.e. area of 
the base times the height.  

How the area of the base is calculated depends on the shape of the base, for 
example: 

 

but make sure that learners differentiate between the height of the base of the 
triangular base and the height of the prism.  

In the same way, the area of any polygonal base has to be calculated first and then 
multiplied by the height of the prism.  

Volume is measured in cubic units, for example centimetres (cm3) and cubic 
metres (m3).  

• a square: A = s2 • a rectangle: A = lb • a triangle: A = 12 bh 
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CALCULATING THE VOLUME OF PRISMS 

Teaching guidelines 
In question 1 the calculations are straightforward applications of the formulae. 

In question 2(b) learners have to solve the equation V= s3 where V is known, 
therefore they have to think about how to find s. They should know that the cube 
root of V has to be calculated.  

In question 3 they divide the prism into two parts, calculate the volumes and add 
them. They should get: V = 14 × 6 × 12 + 6 × 6 × 5 = (14 × 12 + 5 × 6) × 6 when 
factorised. They could also see the object as a prism with length 20, breadth 6 and 
height 12 from which a piece 6 by 6 by 7 has been cut. Then the calculation would 
be: V = 20 × 6 × 12 – 6 × 6 × 7. 

Learners should see that on LB page 214 in question 3B the base of the prism is a 
combined figure consisting of a square and an isosceles triangle. The height of the 
triangle has to be calculated using the Theorem of Pythagoras. The hypotenuse of 
the triangle is 10 and the one right-angled side is 6. Learners may know without 
calculation that the third side is 8. This is a good opportunity to discuss and revise 
the 3, 4, 5 right-angled triangle. 

Answers 
1. A. V = 12 × 8 × 5  

      = 480 cm3  

 B. V = 12 × 2 × 1,5 × 4 

      = 6 m3 

 C. V = 15 × 15 × 15  

      = 3 375 m3  

 D. V = 12 × 60 × 40 × 70  

        = 84 000 mm3 

2. (a) V = 32 × 12  

      = 384 m3 

 (b) Length of edge = 
3

216  

                                  = 6 m 
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Answers 
3. A. V = Area of base × height B. V = Area of base × height 

    = (14 × 12 + 5 × 6) × 6       = (144 + 12 × 12 × 8) × 25 

    = 1 188 cm3       = 4 800 cm3 

VOLUME OF CYLINDERS 

Teaching guidelines 
Remind learners how to calculate the volume of a cube or cuboid (prism), i.e. area of 
the base times the height.  

Explain that the same formula must be applied to find the volume of a cylinder:  
            V = area of base × height where the area of the base = πr2. 

Learners must be careful that they do not inadvertently use the diameter and not 
the radius. If the diameter is given, they must divide it by 2. 

Answers 
1. A. V = πr2 × h 

      = 3,14 × 5 × 5 × 15  

      = 1 177,5 cm3  

 B. V = πr2 × h  

      = 3,14 × 9 × 12 

      = 339,12 cm3 

 C. V = πr2 × h 

      = 3,14 × 7,5 × 7,5 × 10  

      = 1 766,25 m3  

 D. V = πr2 × h 

      = 3,14 × 7 × 7 × 9 

      = 1 384,74 m3  
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Answers 

2. (a) V = 22
7  × 14 × 14 × 20  (b) V = 22

7  × 7 × 7 × 35 

    = 22 × 2 × 14 × 20       = 22 × 7 × 35 

      = 12 320 cm3       = 5 390 cm3 

 (c) V = 22
7  × 14 × 14 × 50  (d) V = 22

7  × 72  × 72  × 35 

    = 22 × 100 × 14       = 11 × 7 × 5 

      = 30 800 cm3       = 385 cm3 

3. See the answers on LB page 215 alongside. 

19.3  Capacity  

Teaching guidelines 
The volume is the amount of space that an object takes up, while capacity is the 
amount of content that a container can hold if it is filled to the brim.  

An object can have both volume and capacity. 

Volume is measured in cubic centimetres (cm3) and capacity is measured in 
millilitres. A millilitre is the content of a cube with sides that are 1 cm each. So  
1 ml = 1 cm3 and 1 000 ml = 1 ℓ. 

The following conversions apply: 

1 m3 = 100 × 100 × 100 cm3     1 m = 100 cm 

      = 1 000 000 cm3    

          = 1 000 000 ml      1 cm3 = 1 ml  

          = 1 000 ℓ       1 000 ml = 1 ℓ 

     = 1 kilolitre (kl)      1 000 ℓ = 1 kl 

  

 



MATHEMATICS GRADE 9 TEACHER GUIDE 254	

Answers 
1. V = 96 ml 

2. Capacity = 5 × 9 × 3,5 cm3 = 157,5 ml 

3. Capacity = 9 × 4 × 2 m3 = 72 kl 

19.4  Doubling dimensions and the effect on volume 

DOUBLING THE DIMENSIONS OF A PRISM 

Teaching guidelines 
You can show learners how doubling dimensions influences the volume of a prism.  

For example, for a cuboid: length l, breadth b and height h; V = lbh.  

• Double the length to 2l, then the new volume is V1 = 2lbh = 2V. 

• Double the length to 2l and the breadth to 2b, then the new volume is  
V2 = 2l × 2b × h = 4lbh = 4V. 

• Double all the dimensions to 2l, 2b and 2h, then the new volume is  
V3 = 2l × 2b × 2h = 8lbh = 8V. 

Misconceptions 
Learners think that doubling the dimensions will lead to doubling of the volume. 

Answers 
1. V = 3 × 5 × 2 = 30 cm3 V = 3 × 10 × 2 = 60 cm3 

 V = 6 × 10 × 2 = 120 cm3 V = 6 × 10 × 4 = 240 cm3 

2. See the answers on LB page 216 alongside.  
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Answers 
3. See the answers on LB page 217 alongside. 

DOUBLING THE DIMENSIONS OF A CYLINDER 

Teaching guidelines 
The same principles apply to the doubling of the dimensions of a cylinder. For a 
cylinder with radius r and height h, the volume is V = πr2h. 

• Double the height to 2h, then the new volume is V1 = πr2 × 2h = 2πr2h = 2V. 

• Double the radius to 2r, then the new volume is V2 = π(2r)2 × h = 4πr2h = 4V. 

• Double the height to 2h and the radius to 2r, then the new volume is  
V3 = π(2r)2 × 2h = π × 4r2 × 2h = 8 πr2h =  8V. 

Misconceptions 
Learners think that doubling the dimensions will lead to doubling of the volume. 

Answers 

1. V = 22
7  × 7 × 7 × 2 = 308 cm3 V = 22

7  × 7 × 7 × 4 = 616 cm3 

 V = 22
7  × 14 × 14 × 2 = 1 232 cm3 V = 22

7  × 14 × 14 × 4 = 2 464 cm3 

2. See the answers on LB page 217 alongside. 

3. See the answers on LB page 217 alongside. 
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Answers 
4. (a) See the answers on LB page 218 alongside. 

 (b) I looked at how the dimensions changed and worked out the new volume. 
The volume changes depending on which measurements change:  

• doubling the height gives twice the volume  

• doubling the radius gives four times the volume, and  

• doubling the height and the radius gives eight times the volume. 
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Grade 9 Term 3 Chapter 20  Transformation geometry 
Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

20.1 Points on a coordinate system The Cartesian coordinate system; origin; coordinates; ordered pairs; quadrants Pages 219 to 220 

20.2 Reflection (flip) Reflection of points in the x-axis, y-axis and the line y = x; reflection of geometric 
figures in the x-axis, y-axis and the line y = x 

Pages 220 to 223 

20.3 Translation (slide) Translation of points on a coordinate system; translation of geometric figures on a 
coordinate system 

Pages 223 to 227 

20.4 Enlargement (expansion) and 
reduction (shrinking) 

Scale factor; influence of scale factor on perimeter and area of geometric figures; 
the origin as centre of enlargement and reduction 

Pages 227 to 234 

 

CAPS time allocation 9 hours 

CAPS content specification Page 147 

 

Mathematical background  
• Transformation geometry deals with the operations that may be used on a figure to affect its position, size or shape, or any combination thereof. 

• The figure (also referred to as the object) is the original shape before transformation is applied. 

• The image is the shape which appears after transformation has been applied to the figure. 

• Transformations that affect the position of a figure are translations, reflections and rotations: 

o During a translation every point in the figure is shifted in the same direction over the same distance.  

o During a reflection every point in the figure is flipped perpendicularly over a line of reflection (mirror line) so that the point and its image 
are the same distance from the line of reflection. 

o During a rotation every point in the figure is turned clockwise or anti-clockwise through the same angle about a fixed point, the centre of 
rotation, so that the point and its image are the same distance from the centre of rotation. 

• Transformations that affect the size of a figure are enlargements and reductions: 

o During an enlargement every side of a figure is multiplied by a positive number bigger than 1 to produce an image larger than the figure. 

o During a reduction every side of a figure is multiplied by a positive number smaller that 1 to produce an image smaller than the figure. 

• Transformations that affect the shape of a figure are shears and stretches: 

o During a shear all points along a fixed line remain fixed while all other points are shifted parallel to the fixed line, for example, turning a square 
into a parallelogram. 

o During a stretch all points along a fixed line remain fixed while all other points are stretched away from the fixed line, for example, turning a 
square into a rectangle.  
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20.1  Points on a coordinate system 

Background information 
• A coordinate system consists of numbered horizontal and vertical lines 

that are used to describe position. 

o The point of intersection of the numbered lines is called the origin. 

o The horizontal numbered line is called the xx-axis. 

o The vertical numbered line is called the yy-axis. 

o The coordinate system is divided into four quadrants by the system of 
axes.  

  first quadrant: x > 0 and y > 0  second quadrant: x < 0 and y > 0  

  third quadrant: x < 0 and y < 0  fourth quadrant: x > 0 and y < 0 

Teaching guidelines 
• The position of a point in a coordinate system is described by using an 

ordered pair of coordinates (xx; yy). Refer to LB page 219 alongside. 

• The ordered pair of coordinates A(4; 3) indicates that: 

o the value of the x-coordinate of point A is 4, which means that point A 
lies four units to the right of the y-axis, and 

o the value of the y-coordinate of point A is 3, which means that point A 
lies three units above the x-axis. 

• The ordered pair of coordinates B(4; –3) indicates that: 

o the value of the x-coordinate of point B is 4, which means that point B 
lies four units to the right of the y-axis, and 

o the value of the y-coordinate of point A is –3, which means that point B 
lies three units below the x-axis. 

Misconceptions 
Learners often plot the coordinates of a point the wrong way around. The problem 
can be solved if the following strategy is followed: 

• ALWAYS start at the origin. 

• From the origin, perform the horizontal translation: If x is positive, 
move to the right. If x is negative, move to the left. 

• From that point on the xx-axis, perform the vertical translation: 

If y is positive, move upwards. If y is negative, move downwards.  
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Answers 
1. See the answers on LB page 220 alongside. 

2. See the points given on first coordinate system on LB page 219 on the previous 
page. 

20.2  Reflection (flip) 

REFLECTING POINTS IN THE xx-AXIS, yy-AXIS AND THE LINE yy = xx 

Background information 
• Transformations are operations that may be used on a figure to affect its 

position, size or shape, or any combination thereof. Figures can, without 
changing their size or shape, be moved around by using reflection, 
translation or rotation. 

• A reflection is a “flip-over” across a mirror line called the line of 
reflection. These are the properties of reflection: 

o An object and its image lie on opposite sides of the line of reflection. 

o The distance from the original point to the line of reflection is the 
same as the distance from the image point to the line of reflection. 

o The line that connects the original point to its image point is always 
perpendicular to the line of reflection. 

o When a figure is reflected, the figure and its image are congruent. 

• Any line on the coordinate system can be a line of reflection, including the xx-
axis, the yy-axis and the line yy = xx. 

Teaching guidelines 
• Learners recall the properties of reflection listed above.  

• Remind learners the symbol ^ means “is perpendicular to”. 

Answers 
1. See the answers on the coordinate system on LB page 220 alongside. 
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Background information (continued) 
• For a reflection in the xx-axis, the x-coordinate stays the same and the sign 

of the y-coordinate changes. We write: (x; y) → (x; –y) or x¢ = x and y¢ = –y. 

   Example: (4; –3) → (4; 3) 

• For a reflection in the yy-axis, the sign of the x-coordinate changes and the 
y-coordinate stays the same. We write: (x; y) → (–x; y) or x¢ = –x and y¢ = y. 

   Example: (4; –3) → (–4; –3) 

• For a reflection in the line yy = xx, the values of the x- and y-coordinates are 
interchanged. We write: (x; y) → (y; x) or x¢ = y and y¢ = x. 

   Example: (4; –3) → (–3; 4) 

Teaching guidelines (continued) 
At the end of question 3, learners should be able to interpret the background 
information listed above. 

Answers 
2. See the first table on LB page 221 alongside. 

3. (a) See the coordinate system on LB page 221 alongside. 

 (b) J'(5; −1) 

  K'(−4; −2) 

  L'(−2; 1) 

 (c) The x- and y-values are interchanged. 

 (d) See the second table on LB page 221 alongside. 
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Answers 
4. For a reflection in the line y = −x, the coordinates of the image of the point (x; y) 

are y' = −x and x' = −y. 
  For example: (−3; 4) → (−4; 3) 

5. (a) (−5; −2) (b) (2; −5) 

 (c) (−2; 5) (d) (5; 2) 

REFLECTING GEOMETRIC FIGURES 

Teaching guideline 
Refer to the background information above. The same principles apply when 
geometric figures are reflected. 

Answers 
1. (a) See the coordinate system on LB page 222 alongside. 

 (b) See the table on LB page 222 alongside. 

 (c) They are exactly the same size and shape. They are congruent. 
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Answers 
2. See the coordinate system on LB page 223 alongside. 

3. (a) A'(1; −4), B'(−6; −1), C'(−2; 1), D'(7; −2) 

 (b) A''(−1; 4), B''(6; 1), C''(2; −1), D''(−7; 2) 

 (c) A'''(4; 1), B'''(1; −6), C'''(−1; −2), D'''(2; 7) 

4. See the answers on LB page 223 alongside. 

20.3  Translation (slide) 

Background information 
• A translation is a “slide” in a certain direction over a certain distance. 

These are the properties of translation: 

o The line segments that connect any original point in the object to its 
image are all equal in length. 

o The line segments that connect any original point in the object to its 
image are all parallel. 

o When a figure is translated, the figure and its image are congruent. 

Teaching guidelines 
• Learners recall the properties of translation.  

• Remind learners that: 

o parallel lines are marked with arrowheads on the line segments 

o equal line segments are marked with tally marks on the line segments. 
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TRANSLATING POINTS HORIZONTALLY OR VERTICALLY ON A  
COORDINATE SYSTEM 

Background information 
A translation can take place in the following directions: 

• horizontally to the left or to the right 

• vertically upwards or downwards 

• horizontally to the left/right and vertically upwards/downwards. 

Teaching guidelines 
Discuss how to translate a point from the origin so that it ends up: 

• on the x-axis 

• on the y-axis 

• inside the first quadrant 

• inside the second quadrant 

• inside the third quadrant 

• inside the fourth quadrant. 

Answers 
1. (a) See the coordinate system on LB page 224 alongside. 

 (b) See the coordinate system on LB page 224 alongside. 

 (c) See the answers on LB page 224 alongside. 

 (d) See the answers on LB page 224 alongside and LB page 225 on the following 
page. 
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Background information (continued) 
• For a horizontal translation through the distance pp, the: 

o x-coordinate increases by p units and the y-coordinate stays the same if 
the slide is to the right (p > 0) 

o x-coordinate decreases by p units and the y-coordinate stays the same if 
the slide is to the left (p < 0). 

  We write (x; y) → (x + p; y) or x¢ = x + p and y¢ = y 

• For a vertical translation through the distance qq, the: 

o x-coordinate stays the same and the y-coordinate increases by q units if 
the slide is upwards (q > 0) 

o x-coordinate stays the same and the y-coordinate decreases by q units if 
the slide is downwards (q < 0). 

  We write (x; y) → (x; y + q) or x¢ = x and y¢ = y + q 

Teaching guidelines (continued) 
At the end of question 3 on LB page 225, learners should be able to interpret the 
background information listed above. 

Answers 
2. See the first table on LB page 225 alongside. 

3. See the second table on LB page 225 alongside. 
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TRANSLATION OF GEOMETRIC FIGURES ON A COORDINATE SYSTEM 

Teaching guidelines 
Refer to the background information above. The same principles apply when 
geometric figures are translated. 

Answers 
1. (a) See ∆P¢Q¢R¢ on the first coordinate system on LB page 226 alongside. 

 (b) See ∆P¢¢Q¢¢R¢¢ on the first coordinate system on LB page 226 alongside. 

 (c) Yes 

2. (a) See ∆D¢E¢F¢ on the second coordinate system on LB page 226 alongside. 

 (b) See ∆D¢¢E¢¢F¢¢ on the second coordinate system on LB page 226 alongside. 

  (c) Yes 

3. (a) K'(2; 4), L'(3; 0), M'(8; −1), N'(11; 5) 

 (b) K'(0; 0), L'(1; −4), M'(6; −5), N'(9; 1) 

 (c) K'(−9; −1), L'(−8; −5), M'(−3; −6), N'(0; 0) 

 (d) K'(−7; 9), L'(−6; 5), M'(−1; 4), N'(2; 10) 
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Answers 
4. (a) Two units down 

 (b) Ten units to the left and seven units up 

 (c) Thirteen units to the right and nine units up 

 (d) Six units to the right and two units down 

 (e) Ten units to the left and eight units up 

20.4  Enlargement (expansion) and reduction (shrinking) 

WHAT ARE ENLARGEMENTS AND REDUCTIONS? 

Background information 
• Some transformations change the size but not the shape of a figure. 

o An enlargement is the image of a figure which was made bigger by 
multiplying the lengths of all its sides by a number. 

o A reduction is the image of a figure which was made smaller by 
multiplying the lengths of all its sides by a number. 

• A figure is only an enlargement or reduction of another figure if all the 
corresponding sides between the two figures are in proportion. This means 
that all the sides of the original figure are multiplied by the same number. 

• The number by which the sides of a figure are multiplied is called the scale 
factor. Scale factor = side length of image

length of corresponding side of original figure 

o If the scale factor is a positive number bigger than 1, the image is an 
enlargement of the original figure. 

o If the scale factor is a positive number smaller than 1, the image is a 
reduction of the original figure. 

• The original figure and its enlarged image are similar. 

• The perimeter of the image is equal to the product of the perimeter of the 
original figure and the scale factor. 

• The area of the image is equal to the product of the area of the original 
figure and the square of the scale factor. 

Teaching guidelines 
Use the diagrams on LB page 227 to revise the background information listed above.  
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Background information (continued) 
• “Enlarge a figure by a scale factor of 2” means the following: 

o Side of image = 2 × side of original figure. 

o Each side of the image will be two times longer than the 
corresponding side of the original figure. 

o The perimeter of the image will be two times longer than the 
perimeter of the original figure. 

o The area of the image will be 22 = four times bigger than the area 
of the original figure. 

• “Reduce a figure by a scale factor of 2” means the following: 

o Side of image =  12 × side of original figure 

o Each side of the image will be two times shorter than the 
corresponding side of the original figure. 

o The perimeter of the image will be two times shorter than the 
perimeter of the original figure. 

o The area of the image will be 22 = four times smaller than the area 

of the original figure, i.e. 14 of the area of the original figure. 

Teaching guidelines (continued) 
Use the diagrams on LB page 227 to explain the background information listed 
above. 

Misconceptions 
Some learners misinterpret the meaning of “reduce a figure by a scale factor  
of 2”. When calculating, they multiply the side of the original figure by 2 instead  

of 12. 

PRACTISE WORKING WITH ENLARGEMENTS AND REDUCTIONS 

Teaching guidelines 
Learners find the scale factor of some original figures and their images. 

Answers 
1. (a) See the answer on LB page 228 alongside.  
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Note on question 2 
Learners use the scale factor to: 

• express the perimeter of the image as a fraction of the perimeter of the 
original figure 

• calculate the perimeter of the image. 

Note on question 3 
Learners use the scale factor to: 

• express the area of the image as a fraction of the area of the original figure 

• calculate the area of the image. 

Answers 
1. (b) See the answer on LB page 229 alongside. 

 (c) See the answer on LB page 229 alongside. 
2. (a) The perimeter of ΔA'B'C' is half of ΔABC. Perimeter ΔA'B'C' = 18,5 cm. 

 (b) The perimeter of D'E'F'G' is one fifth of DEFG. Perimeter D'E'F'G' = 20 cm. 

 (c) The perimeter of J'K'L'M' is 21
2  times JKLM. Perimeter J'K'L'M' = 70 cm. 

3. (a) The area of ΔA'B'C' is one quarter or (1
2 )2 of ΔABC. Area ΔA'B'C' = 14 cm2. 

 (b) The area of D'E'F'G' is one twenty-fifth or (1
5 )2 of DEFG. Area D'E'F'G'  = 22 cm2. 

 (c) The area of J'K'L'M' is 6,25 [or (5
2 )2 = 25

4  ] times JKLM. Area J'K'L'M' = 300 cm2. 

4. 60 cm 

5. (a) 6 cm 

 (b) 2 cm2 

6. (a) 3
2 = 11

2  

 (b) 31,5 cm2 

7. (a) 1
2  

 (b) 11 cm 
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INVESTIGATING ENLARGEMENT AND REDUCTION 

Background information 
• If an enlargement or reduction is drawn on a coordinate system and the 

corresponding vertices of the original figure and the image are joined by 
straight lines, all those lines cross at a common point called the centre of 
enlargement or reduction. 

• The centre of enlargement or reduction can be any point on the coordinate 
system. 

• In this chapter the origin is always used as the centre of enlargement or 
reduction. 

Teaching guidelines 
Use the diagram on LB page 230 to explain the concept of the centre of enlargement 
or reduction. 

Answers 
1. (a) Yes. It is enlarged by a factor of 2. 

 (b) Yes. The scale factor is 12 . 

2. (a) See the drawing on LB page 230 alongside. 

 (b) They pass through the corresponding points on ABCD, A'B'C'D' and 
A''B''C''D''. 
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Background information (continued) 
• When an enlargement is drawn on a coordinate system: 

o the line that joins the centre of enlargement to a vertex of the original 
figure also passes through the corresponding vertex of the enlarged 
image 

o the coordinates of the vertex of the enlarged image are equal to the 
scale factor × the coordinates of the corresponding vertex of the original 
figure. We write:  

   (x; y) → (kx; ky) or x¢ = kx and y¢ = ky where k is the scale factor and k > 1 

• When a reduction is drawn on a coordinate system: 

o the line that joins the centre of reduction to a vertex of the original 
figure also passes through the corresponding vertex of the reduced image 

o the coordinates of the vertex of the reduced image are equal to the 
scale factor × the coordinates of the corresponding vertex of the original 
figure. We write:  

(x; y) → (kx; ky) or x¢ = kx and y¢ = ky where k is the scale factor and 0 < k < 1 

Teaching guidelines (continued) 
At the end of question 3 on LB page 231 learners should be able to interpret the 
background information listed above. 

Answers 
3. (a) See the table on LB page 231 alongside. 

 (b) The x- and y-values of A'B'C'D' are half of those of ABCD. 

  The x- and y-values of A''B''C''D'' are double those of ABCD. 
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PRACTISE 

Teaching guidelines 
Learners use the origin as the centre of enlargement or reduction to solve problems 
on enlargement and reduction. 

Answers 
1. (a) See the first coordinate system on LB page 232 alongside. 

 (b) See the second coordinate system on LB page 232 alongside. 
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Answers 
1. (c) See the first coordinate system on LB page 233 alongside. 

 (d) See the second coordinate system on LB page 233 alongside. 

2. A'(−4; 8), B'(−8; −4), C'(8; −6), D'(4; 2) 

3. P'(−16; 0), Q'(10; 18), R'(24; −9), S'(8; −16) 
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Answers 
4. D'(3; −2 ), E'(2; −3), F'(−2; 1), G'(−1; −1) 

5. K'(2; −1
2 ), L'(1; −3

2 ), M'(−2; −1) and N'(−3
2 ; 52 ) 

6. (a) Move two units to the right and five units up. 

 (b) Reflection in the y-axis OR move eight units to the right. 

 (c) Reflection in the line y = x OR move one unit to the right and one unit down. 

 (d) Reflection in the x-axis OR move two units down. 

 (e) Enlargement, scale factor = 2 OR move four units to the right and two units 
down. 

 (f) Reduction, scale factor = 14  OR move nine units to the left and 12 units up. 

 (g) Move five units to the left and four units down. 

7. (a) Reflection in the y-axis. 

 (b) Move five units to the right and one unit down. 
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Grade 9 Term 3 Chapter 21  Geometry of 3D objects 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

21.1 Classifying 3D objects Classification of prisms, pyramids, cylinders, spheres and cones Pages 235 to 237 

21.2 Nets and models of prisms and pyramids Nets and models of prisms and pyramids Pages 237 to 238 

21.3 Platonic solids Tetrahedron; hexahedron; octahedron; dodecahedron; icosahedron Pages 238 to 241 

21.4 Euler’s formula Number of faces + number of vertices – number of edges = 2  Pages 242 to 243 

21.5 Cylinders Properties of cylinders; nets of cylinders Pages 243 to 245 

21.6 Spheres Properties of spheres; approximated nets of spheres Pages 245 to 247 

 

CAPS time allocation 9 hours 

CAPS content specification Page 148 

 

Mathematical background  
• A 3D object takes up space. The family of 3D objects can be classified into different groups, for example 3D objects with: 

o only flat surfaces, which include prisms, pyramids and the Platonic solids (such objects are called polyhedra) 

o flat and curved surfaces, which include cylinders and cones 

o only curved surfaces, which include spheres (balls). 

• A face is any flat surface of a 3D object.  

• A polyhedron has faces which are all polygons (2D figures), an edge where two faces meet and a vertex where three or more edges meet.  

o Prisms have two identical parallel faces, called the bases and between them lateral faces that join the two bases. The base can be any polygon. The 
lateral faces are parallelograms. A right prism is one where the lateral faces are all rectangles perpendicular to the base.  

o Pyramids have only one base that can be any polygon. The lateral faces are triangles that meet in a point called the apex. A right pyramid is one 
where all the lateral faces are identical isosceles triangles. 

o Platonic solids are polyhedra that have all their faces identical regular polygons. There are only five Platonic solids.   

• Euler’s formula gives the relationship between the number of faces (F), vertices (V) and edges (E) of a polyhedron: F + V – E = 2 or F + V = 2 + E.  

• A net of an object is the 2D pattern obtained when an object is cut open and flattened out. There may be more than one net for a given polyhedron.  
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21.1  Classifying 3D objects 

Background information 
• A polyhedron is a 3D object with only flat surfaces. 

o A flat surface of a polyhedron is called a face. 

o An edge of a polyhedron is formed where two faces meet. 

o A vertex of a polyhedron is formed where three or more edges meet. 

• Prisms have two identical parallel faces (called the bases) and between them 
lateral faces that join the two bases. 

o Irregular prisms have different types of parallelograms as laterals faces. 

o Right prisms have only rectangles as lateral faces, for example: 

 
• Pyramids have only one base that can be any polygon. The lateral faces are 

triangles that meet in a point called the apex.  

o Irregular pyramids have different types of triangles as lateral faces. 

o Right pyramids have only isosceles triangles as lateral faces, for 
example:  

 
• Cylinders have two identical circular faces that are parallel to each other, 

with a curved surface formed by lines that join corresponding points on the 
two circles. 

• Cones have a circle as their base. The curved surface between the apex 
(vertex at the top) and the circle is formed by lines joining the apex and the 
circle. 

• Spheres have one curved surface with every point on its surface the same 
distance from its centre.   
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Teaching guidelines 
Revise the features of polyhedra, cylinders, cones and spheres listed under 
background information on the previous page. 

Point out that prisms and pyramids can be named in two different ways, for 
example: 

• an octagonal prism is also referred to as an octagon-based prism 

• a pentagonal pyramid is also referred to as a pentagon-based 
pyramid. 

Point out that: 

• a hexahedron (cube) is a rectangular prism with all its faces identical 
squares 

• a tetrahedron is a triangular pyramid with all its faces identical triangles. 

CLASSIFYING AND DESCRIBING 3D OBJECTS 

Teaching guidelines 
Learners classify different 3D objects according to their types of faces, number of 
faces, number of edges and number of vertices. 

Answers 
1. See the answers on LB page 236 alongside. 

2. See the completed table on LB page 236 alongside. 
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Answers 
3. See the answers on LB page 237 alongside. 

21.2  Nets and models of prisms and pyramids 

Background information 
• A net is an arrangement of polygons (2D figures) connected at their edges to 

form a flat pattern which can be folded up to make a model of a 3D object. 

• A variety of nets can be constructed for a particular 3D object. 

• Nets of right prisms may consist of a column of rectangles (or squares) 
with two identical polygons attached on either side. 

  
o Number of rectangles = Number of sides of the polygon 

o Width of a rectangle = Length of a side of the polygon 

o Length of a rectangle = Height of the prism 

• Nets of regular right pyramids may consist of a “sector” of identical 
triangles with a polygon attached to the base of one triangle. 

  
o Number of triangles = Number of sides of the polygon 

o Base of a triangle = Length of a side of the polygon 

o Height of a triangle = Slant height of the pyramid 

• Refer to the nets of the triangular prisms and the rectangular pyramid above. 
If the net is constructed with the lateral faces surrounding the 
polygon, adjacent sides of adjacent lateral faces must be equal in length.   
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Teaching guidelines 
Learners discuss how to construct nets of right prisms and regular right pyramids. 

Answers 
1. See the answers on LB page 237 on the previous page.  

2. (a)   (b)
  

 

 

 

 

 

 

 

 (c)  

 

 

 

 

 

 

 

 

 

 

3. Learners construct models of the objects in question 2, but double all the 
measurements. 

21.3  Platonic solids 

Background information 
• A polygon is a 2D figure completely enclosed by three or more straight 

sides.   
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• A regular polygon is a 2D figure with all its sides equal in length and all its 
interior angles equal in size. 

• A Platonic solid is a 3D object with all of its faces identical regular 
polygons. 

  

Teaching guidelines 
Make sure that learners understand the definition of a Platonic solid. 

Answers 
1. See the answer on LB page 238 on the previous page. 

2. Four 

ONLY FIVE PLATONIC SOLIDS? 

Background information 
• The five Platonic solids are named after their number of faces. 

• Each polyhedron has at least three faces that meet at each vertex. 

• To form a shape like a pyramid at each vertex, the sum of the angles at 
each vertex must be less than 360°. 

Teaching guidelines 
The ideal would be for the learners to draw, cut and fold the different objects. 
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What 3D objects can you make from squares? 

• Each interior angle of a square is 360° ÷ 4 = 90°. 

• Three squares around a vertex will form a hexahedron (cube). 

• Four squares around a vertex will form a flat surface. 

• See the answers to questions on LB page 240 alongside. 

What 3D objects can you make from regular pentagons? 

• Each interior angle of a regular pentagon is 3 × 180° ÷ 5 = 108°. 

• Three regular pentagons around a vertex will form a dodecahedron. 

• Four regular pentagons around a vertex will exceed 360°. 

• See the answers to questions on LB page 240 alongside. 

What 3D objects can you make from regular hexagons? 

• Each interior angle of a regular hexagon is 4 × 180° ÷ 6 = 120°. 

• Three regular hexagons around a vertex will form a flat surface. 

• See the answers to questions on LB page 240 alongside. 

Mathematical notes 

Circles can be used to construct nets for tetrahedrons, octahedrons and icosahedrons. 
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PROPERTIES OF THE PLATONIC SOLIDS 

Background information 
The following are properties of a Platonic solid: 

• the shape of its faces 

• its number of faces (which will determine the name of the solid) 

• its number of edges 

• its number of vertices. 

Teaching guidelines 
• The shapes of the faces of the five Platonic solids are triangles, squares, 

triangles, pentagons and triangles respectively. Learners could 
memorise this sequence. 

• The number of faces can be deduced from the names of the Platonic solids: 

o “tetra” means four     

o “hexa” means six 

o “octa” means eight     

o “dodeca” means twelve 

o “icosa” means twenty. 

• The number of edges can be found if the number of faces and their shapes 
are known: 

 Number of edges = (Number of faces × Number of sides per face) ÷ 2 

 Example: An octahedron has eight triangular faces. 

Number of edges = (8 faces × 3 sides per triangle) ÷ 2  

    = 24 ÷ 2  

    = 12 edges 

Note: If the net of an octahedron is constructed, two sides of two separate 
triangles are joined together to form one edge of the solid, therefore we 
divide by two. 

• The number of vertices is always two more than the difference between 
the number of edges and the number of faces. 

 Example:  An octahedron has 12 edges and 8 faces. 

    Number of vertices = (12 – 8) + 2  

            = 6 vertices 

Answers 
1. to 5. See the answers on LB page 241 alongside.  
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21.4  Euler’s formula 

EULER’S FORMULA AND PLATONIC SOLIDS 

Background information 
Euler’s formula states that, for any polyhedron: 

• number of faces (F) + number of vertices (V) – number of edges (E) = 2 

• F + V – E = 2 or F + V = E + 2 

Teaching guidelines 
Learners investigate whether Euler’s formula applies to Platonic solids. 

Note on question 1 
If all variables in Euler’s formula are written down on one side of the equals sign, the 
variable E, as in Euler, is the one to be subtracted from the sum of others to get an 
answer of 2. 

Answers 
1. See the completed table on LB page 242 alongside. 

2. See the answer on LB page 242 alongside. 

3. (a) E = F + V − 2 = 25 + 13 − 2 = 36 

 (b) F = E − V + 2 = 23 − 11 + 2 = 14 

 (c) V = E − F + 2 = 12 − 8 + 2 = 6 

EULER’S FORMULA AND OTHER POLYHEDRA 

Background information 
Euler’s formula applies to all other polyhedra. 

Teaching guidelines 
Learners investigate whether Euler’s formula applies to all polyhedra. 

Answers 
1. (a) See the answer on LB page 242 alongside. 

 (b) See the answer on LB page 242 alongside.  
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Answers 
1. (c) See the answer on LB page 243 alongside. 

 (d) See the answer on LB page 243 alongside. 

2. See the completed table on LB page 243 alongside. 

3. (a) 12 

 (b) 20 

 (c) 90 

 (d) 60 

 (e) Yes: F + V − E = (12 + 20) + 60 − 90 = 2 

21.5  Cylinders 

PROPERTIES OF CYLINDERS 

Background information 
• Cylinders have two identical circular faces that are parallel to each other, 

with a curved surface formed by lines that join corresponding points on the 
two circles. 

• A cylinder has the following properties: 

o it has two circular faces and one curved surface 

o it has no vertices 

o it has two edges. 

• Right cylinders are cylinders with two parallel circular bases joined 
perpendicularly by a curved surface. 

Teaching guidelines 
Learners discuss the properties of right cylinders. 

Answers 
1. See the answer on LB page 243 alongside. 
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Answers 
2.  See the answer on LB page 244 alongside. 

3. See the answers on LB page 244 alongside. 

NETS OF CYLINDERS 

Background information 
• The curved surface of a right cylinder is the rectangle which could be 

bent around to form a pipe which fits the two circular faces at its ends. 

• Nets of right cylinders consist of a rectangle with two identical circles 
attached on either side. 

o length of the rectangle = circumference of a circle 

o breadth of the rectangle = height of the cylinder 

Teaching guidelines 
Learners investigate features of the net of a cylinder. 

Answers 
1. See the answer on LB page 244 alongside. 

2. See the answers on LB pages 244 alongside and LB page 245 on following page. 
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Answers 

3. (a) Length of rect. surface = Circumference of base = 2πr = 2 (22
7  )(3) = 18,86 cm 

 (b) Length of rect. surface = Circumference of base = 2πr = 2 (22
7  )(5) = 31,43 cm 

 (c) Length of rect. surface = Circumference of base = 2πr = 2 (22
7  )(4) = 25,14 cm 

 (d) Length of rect. surface = Circumference of base = 2πr = 2 (22
7  )(4,5) = 28,29 cm 

 

4. (a) 

 

 

 

 

 

 

 

 

 

 (b)  
	
	
	
	
	
	
	
	
	
	
	
	
	
5. Learners’ own work   
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21.6  Spheres 

Background information 
• Spheres have one curved surface with every point on its surface the same 

distance from its centre. 

• A sphere has the following properties: 

o it has one curved surface 

o it has no vertices 

o it has no edges. 

Teaching guidelines 
At the end of question 2 on LB page 246, learners should be able to define a sphere 
and list its properties. 

Answers 
1. See the answer on LB page 245 on the previous page. 

2. See the answer on LB page 246 alongside. 

3. See the answers on LB page 246 alongside. 

4. See the answers on LB page 246 alongside. 
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Answers 
5. (a) None of them. They are all on the surface and are therefore the same 

distance away from the centre. 

 (b) Diameter = 100 km ∴ radius = 50 km; so person C is 50 km away from M. 

NET OF A SPHERE 

Background information 
A sphere curves in two directions, therefore it is impossible to design a flat net for a 
sphere. 

Teaching guidelines 
Learners use copies of the net on LB page 247 to make an approximated model of a 
sphere. 
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WORKSHEET 

Answers 
1. See the answers on LB page 248 alongside. 

2. See the table on LB page 248 alongside. 

3. Learners follow the instructions given on LB page 248 alongside. 
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Grade 9 Term 4 Chapter 22  Collect, organise and summarise data 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

22.1 Collecting data Random sampling; development of a questionnaire Pages 249 to 251 

22.2 Organising data Tally tables; frequency tables; class intervals; stem-and-leaf displays; grouped data Pages 251 to 254 

22.3 Summarising data Mode; median; mean; range; comparison of sets of data; outliers (extreme values) Pages 254 to 256 

 

CAPS time allocation 4 hours 

CAPS content specification Page 149 

 

Mathematical background  
Data handling is the part of Mathematics that deals with numbers and facts that we collect about the world around us. Data can be many different things, 
for example, people’s opinions on politics or the success rates of treating people with a certain kind of medicine. We use data to help us make decisions and 
solve problems about the world around us. 

The data handling cycle consists of the following phases: 

• Pose a question: Identify a real-life problem and pose (formulate) a question that requires the collection of data. 

• Collect data: Identify the data source (the population), which is the whole group you are asking the question about. If the population is too large to 
handle, select a smaller group (the sample) to represent the population. Find the most suitable method to collect the data, for example, through 
observation (by watching something closely) or by using a questionnaire (a list of questions) or data bases. Decide whether to use a data collection 
sheet (during observation) or a questionnaire (during interviews) to collect the data. In Grade 9, learners need to decide which data collection methods 
are best in certain situations and they need to justify their choices. 

• Classify and organise data: Identify whether the data is categorical (words) or numerical (numbers) and whether the numerical data is discrete 
(fixed numbers) or continuous (measurements). Sort the data into categories or into ungrouped or grouped intervals. Organise the data using tallies in 
frequency tables as well as stem-and-leaf displays. 

• Summarise data: Find the mode, median and mean, which are measures of central tendency (balance), the range, which is a measure of spread 
(width) and outliers (extremes) of the data set. 

• Represent data: Draw a graph of the data, for example a bar graph, double bar graph, histogram, pie chart, broken-line graph or scatter plot. 

• Interpret and analyse data: Ask questions about the data and identify and describe trends or patterns in the data in order to draw conclusions 
about the data. 

• Report on the data:  Explain what the data tells about the problem or question and predict how the data can be used to solve problems about the 
world around us.   
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22.1  Collecting data 

Background information 
The population of a statistical investigation is the whole group of people or things 
that you want to find out about. 

• The size of a population depends on what you need to find out.  

• The larger a population, the more difficult it becomes to involve every 
member of that population in the data collection process. In such cases a 
sample (smaller group) can be chosen from the population to represent the 
whole population. 

• The sample should represent all the features of the whole population 
and should be chosen with care. 

A random sample usually reflects all the features of a whole population. During 
random sampling every member of the population has an equal chance of being 
chosen. The following are random sampling methods: 

• Simple random sampling: Choose the sample by drawing names from a 
bag that contains the names of all the learners in the school. 

• Systematic random sampling: Choose a number from 1 to 20 at 
random, say 14. Then choose every fourteenth name on an alphabetical list 
of all the learners in the school. 

• Stratified random sampling: Determine the ratio of boys to girls in the 
school. Now choose a random sample from the whole school in that ratio. 

• Cluster random sampling: Divide the learners in the school into grades 
and each grade into classes. Choose one class at random from each grade. 

Bias is a term which refers to how far the information gained from a sample lies 
from the information hidden by the population. During the data handling cycle, 
bias can already surface during the sampling process. The following are biased 
sampling methods and usually lead to the collection of unreliable data: 

• Convenience sampling: Choose only your friends to be part of the sample. 

• Self-selection sampling: Ask who in school would like to be part of the 
sample. 

• Quota sampling: Choose only boys in Grade 12 to be part of the sample. 

Teaching guidelines 
• Discuss the concepts of population and sample. 

• Discuss the random sampling methods listed above. 

• Discuss the concept of bias as well as the biased sampling methods listed 
above.  
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Background information (continued) 
A questionnaire is a sheet with questions used to collect data. The person who 
answers these questions is called the respondent. When a questionnaire is 
constructed, different types of questions can be asked: 

• close-ended questions with “yes” or “no” responses (answers) 

• closed-ended questions with multiple responses (multiple choice questions)  

• closed-ended questions that ask for a rating such as “never”, “sometimes”, 
“always”  

• open-ended questions where the respondents may enter their own view or 
information. 

If you use the wrong method or instrument for collecting data, the data may be 
flawed. This could lead to unreliable conclusions and predictions. 

The type of questions that you choose depends on the data you want to collect. 
These are hints to construct a questionnaire: 

• Ask clear, short and accurate questions. 

• Start with easy questions. 

• Avoid leading questions which tell the respondent what the answer should be. 

• Avoid biased questions which favour someone or something. 

• Avoid offensive questions which are too personal or upsetting. 

• Give clear instructions. 

• Make the questionnaire as short as possible. 

Multiple choice questions should have the following features: 

• The options should not overlap. 

• There should be no gaps between the options. 

• The options should cover all possible answers. 

THINK ABOUT DATA COLLECTION AND DEVELOP A QUESTIONNAIRE 

Teaching guidelines 
Learners discuss the information on questionnaires provided on LB page 250 
alongside. 

Answers 
1. (a) Anonymous questionnaires may be distributed and collected. This 

information could inform the school policy regarding support for the 
learners and the community in terms of school lunches. 
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Answers (continued) 
 (b) A questionnaire could be administered that asks the tellers to complete the 

pertinent questions about their conditions. Following the questionnaire, 
some interviews could be conducted. 

 (c) A questionnaire could be administered to clients as they enter the clinic. 
Every tenth person could be sampled. Another sampling procedure is to 
interview a client who arrives at the clinic every 20 minutes during one day. 

 (d) Observations of the pre-school children during their free time would be 
useful. A schedule and a tally table to record how many children engage 
with each activity would be appropriate. 

 (e) This information can be obtained from a database, for example, the 
statistics department of the Department of Basic Education. 

2. A possible answer: 

Put a tick next to your age 
group. 

□ 12–14 

□ 15–18 

□ 19–20 

□ older than 20 

Male or female? □ male □ female 

What kind of food do you eat 
after school? 

□ chicken 
□ hamburger 
□ chips 
□ toasted sandwich 
□ other (please specify) ____________ 

What type of music would 
you like to hear in a fast-food 
shop? 

□ hip hop 

□ house 

□ pop 

□ rock 

□ other (please specify) ____________ 
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22.2  Organising data 

Background information 
The way data is organised depends on the type of data and what we want to find 
out from the data. 

• Categorical data is data in the form of words, for example, your birth 
month. 

• Numerical data is either discrete data, which are fixed numbers, for 
example the number of siblings per family, or continuous data, which are 
measurements, for example your height or weight. 

Before data is organised it has to be: 

• classified as categorical, discrete or continuous data 

• sorted into categories or class intervals. 

Data can be organised in ordinary tables, tally tables, frequency tables and stem-
and-leaf displays. 

• Ordinary tables show raw data, which is data as it is collected, before 
any sorting is done. 

• Tally tables show categories or intervals of data in column 1 and 
tally marks ( | ) in clusters of five ( | | | | ) in column 2. 

• Frequency tables show categories or intervals of data in column 1 
and frequencies (total number of counts per category) in column 2. 

• A stem-and-leaf display shows numerical data listed in two columns 
separated by a vertical line. The stem column (on the left of the vertical 
line) shows the tens and hundreds of all the data values in numerical order, 
including those which are missing from the sequence. The leaf column (on 
the right of the vertical line) shows the units of all the data values in 
numerical order and in line with their relevant stems, which means that 
something like 23 | 0 5 represents the data values 230 and 235.  

Teaching guidelines 
Learners discuss the following ways to organise data: 

• tally tables, which can be used to collect data during observations (watching 
something and recording the data as it becomes available) 

• frequency tables 

• stem-and-leaf displays. 
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WORKING WITH GROUPED DATA 

Background information 
• Sets of numerical data are usually grouped when the set contains a large 

number of data values or the data values are very different in magnitude 
(size). 

• A class of data is one of the groups in a collection of grouped data. 

• The class limits are the two values which define the two ends of a class. 

• The class interval is the width of a class, i.e. the difference between the 
two class limits.  

• The class interval can be chosen in different ways, for example in the answer 
to question 1 the upper limit was chosen to be excluded, but this is not 
always the case. 

• Data is grouped into intervals to make it easier to handle.  

• Class intervals should neither overlap nor have any gaps between 
them. 

• Once data is grouped, the original data values cannot be found again. 

Teaching guidelines 
Learners revise the information on grouped data provided at the top of LB page 253 
alongside. 

Answers 
1.  

Number of calls Tally marks Frequency 

0–40 / 1 

40– 80 //// 5 

80–120 ////   ////  // 12 

120–160    ////  /// 8 

160–200 //// 4 

200–240 / 1 

Total  31 
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Answers 
2. (a) 7 + 9 + 10 + 4 = 30 handspans were measured altogether. 

 (b) 7 + 9 = 16 handspans are less than 21 cm wide. 

 (c) 9 + 10 + 4 = 23 handspans are 18 cm or wider. 

 (d) In the interval 18–21 cm. 

22.3  Summarising data 

Background information 
We summarise data by finding a few numbers that, together, show us more about 
the whole data set. Some of these numbers involve all data values. Others involve 
only a few. 

Measures of central tendency tell us more about the balance in a data set. 

• The mode shows the most common data value in an ordered data set. It is 
equal to the data value with the highest frequency. A data set can have more 
than one mode. If the frequencies of all data values are equal, the data set 
has no mode. 

• The median separates an ordered data set into an upper half and a lower 
half. If the data set consists of an odd number of data values, the median is 
the data value in the middle of the ordered data set. If the data set consists 
of an even number of data values, the median is the value between the 
two data values in the middle of the ordered data set. 

• The mean is the “average” of a data set and is calculated by adding all the 
data values and dividing the total by the number of data values. 

Measures of spread tell us how far apart the data values in an ordered data set lie. 

• The range is the difference between the largest and smallest data values in 
an ordered data set. 

An outlier is a data value that is much lower or higher than any other data values 
in the data set. It lies an abnormal distance from other values in a random sample 
taken from a population. 

ORGANISE, SUMMARISE AND COMPARE SOME DATA 

Teaching guidelines 
Learners revise the concepts of mode, median, mean and range. 
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Answers 
1. Type A: Key: 4 | 9 means 49 years 

 3 

 4  9 

 5  9 

 6  0 2 

 7  5 8 9 

 8  0 2 4 6 7 8 9 

 9  4 

• range: 94 – 49 = 45 years 

• mean = 76,8 years 

• median = 80 years 

The data is not evenly spread out – the data values are clustered around the ages 
in the 70s and 80s. The range is 45 years, but there are only a few values less than 
70 years of age. This type of virus affects mostly elderly people. 

 Type B: 

 1 4 

 2 5 7 9 

 3 3 6 6 9 

 4 1 3 5 6 

 5 4 6 

 6 6 

 7 0 

• range: 70 – 14 = 56 years 

• median = 40 years 

• mean = 41,25 years 

The data is evenly spread out, and the data values are clustered in the middle. 
People in their 30s and 40s are the most affected by this virus, but it also affects 
older and younger people. 
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Answers (continued) 
 Type C: 

 1  5 8 9 

 2  0 0 1 1 3 9 

 3  1 3 

 4  8 9 

 5  7 

 6  4 

 7  0 

• range: 70 – 15 = 55 years 

• mean = 33,63 years 

• median = 26 years 

The data is not evenly spread out, as it is closely clustered in the 10s and 20s, and 
there are a few higher values. Type C of the virus affects mostly young people. 

2. See the table on LB page 255 alongside. 

EXTREME VALUES OR OUTLIERS 

Teaching guidelines 
Learners revise the concept of outlier. 

Point out to learners that the table indicates the total population to the nearest 
1 000 so their answer should also be to the nearest 1 000. 

 
	  

(LB page 255 repeat) 
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Answers 
1. (a) 17 909 000 people 

 (b) See the dot plot on LB page 256 alongside. 

 (c) 84 000; 1 185 000; 1 288 000; 1 950 000; 2 067 000; 2 171 000; 12 523 000;  
12 935 000; 15 263 000; 18 498 000; 22 894 000; 43 739 000; 50 110 000;  
66 020 000 

  The median is (12 523 000 + 12 935 000) ÷ 2 = 12 729 000 

 (d) 66 020 000 − 84 000 = 65 936 000 

 (e) The median, as there are many countries clustered below 20 000 000 and 
only a few above that value. 

2. There is a very wide spread of values from 170 to 19 650. Most of the values are 
below 10 000. 
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Grade 9 Term 4 Chapter 23  Representing data 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

23.1 Bar graphs and double bar 
graphs 

Revision of bar graphs and double bar graphs; drawing bar graphs and double bar graphs Pages 257 to 259 

23.2 Histograms Revision of histograms; representing data in histograms Pages 259 to 260 

23.3 Pie charts Drawing pie charts Pages 260 to 261 

23.4 Broken-line graphs Drawing broken-line graphs Pages 262 to 263 

23.5 Scatter plots Understanding and constructing scatter plots; positive correlation; negative correlation; 
no correlation; the relationship between arm span and height 

Pages 263 to 268 

 

CAPS time allocation 3 hours 

CAPS content specification Page 150 

Mathematical background 
• In Chapter 22 we covered the following phases in the data handling cycle: 

o Pose a question about a real-life problem that requires the collection of data. 

o Collect and record data on data recording sheets during observations and on questionnaires during interviews. 

o Classify, sort and organise data in categories or intervals on frequency tables and stem-and-leaf displays. 

o Summarise data by finding the mode, median, mean and range of the data set and taking note of outliers. 

• In this chapter the focus is on representing data, which is the next phase in the data handling cycle. 

• Data is represented by drawing a picture of the tabulated data. This is done for the following reasons: 

o A picture makes information easier to understand.  

o It is easier to identify patterns and upward, downward and cyclic trends in a picture than in a table.  

o People pay more attention to visual information that is presented in an aesthetically pleasing manner in the media.  

• A large variety of statistical displays are used by statisticians and in the media to convey information, for example: 

o dot plots, pictographs, bar graphs, double bar graphs, pie charts, line and broken-line graphs and scatter plots 

o histograms, frequency polygons, ogives (cumulative frequency polygons), regression functions, normal distributions, and so on. 

• Graphs focused on here are bar graphs, double bar graphs, histograms, pie charts, broken-line graphs and scatter plots. 
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23.1  Bar graphs and double bar graphs 

REVISING BAR GRAPHS AND DOUBLE BAR GRAPHS 

Background information 
A bar graph usually shows categories of data along the horizontal axis, and the 
frequency of each category along the vertical axis. Here are some features of a bar 
graph: 

• It represents only one set of data. 

• It represents either categorical or ungrouped numerical data. 

• It never represents grouped numerical data. 

• It uses bars to show the frequencies of the different categories. 

• The heights or lengths of the bars represent the frequencies of the different 
categories. 

• The title (heading) tells what the bar graph is about. 

A double bar graph shows two sets of data with matching categories on the 
same set of axes. Here are some features of a double bar graph: 

• It represents two sets of data with matching categories. 

• It represents either categorical or ungrouped numerical data. 

• It never represents grouped numerical data. 

• It uses separate pairs of bars to show the frequencies of matching categories. 

• The heights or lengths of the bars represent the frequencies of the matching 
categories. 

• The title (heading) tells what the double bar graph is about. 

• The key explains the colours used to distinguish the two sets of data. 

Vertical bar graphs are usually used to show change over time at discrete times, 
for example, absentees per day of the week. 

Horizontal bar graphs are usually used to compare or rank items at one point 
in time, for example, absentees per grade on a specific day. 

Teaching guidelines 
Learners revise the properties of bar graphs and double bar graphs. 
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DRAWING BAR GRAPHS AND DOUBLE BAR GRAPHS 

Background information 
Bar graphs are suitable to compare frequencies in a set of data, identify patterns 
in the data and describe trends shown by the data. When drawing a bar graph, 
remember the following: 

• All bars should be equally wide. 

• Gaps between bars should be equally wide, but narrower than the bars, 
unless a bar is missing from the sequence. 

• The first bar should not touch the frequency axis. 

• A title should explain what the bar graph is about. 

Double bar graphs are suitable to compare frequencies of matching categories 
in two data sets, identify similar and different patterns in the two data sets and 
describe similar and different trends shown by the two data sets. When drawing a 
double bar graph, remember the following: 

• All bars should be equally wide. 

• Gaps between pairs of bars should be equally wide, but narrower than the 
bars, unless a bar is missing from one or both sequences. 

• The first bar should not touch the frequency axis. 

• A title should explain what the double bar graph is about. 

• A key (legend) should explain the colours used to distinguish the two sets of 
data. 

Teaching guidelines 
Learners discuss important facts to remember when they draw bar graphs and double 
bar graphs. 

Answers 
1. (a) Data such as the rates for males and females, data for different countries 

within the areas, the level of obesity, the number of diseases related to 
obesity that are common in the areas, factors which cause the obesity. Data 
for some parts of the world are excluded, for example, high-income 
countries in north Asia. 

 (b) Learners’ own answers, for example: the highest figure is 70% for North 
America in 2008. So obesity seems to be related to high income. 

 (c) See the double bar graph at the top of the next TG page. 
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Answers 
1. (c)  

 

 

 

 

 

 

 

 

 

 (d) Learners’ own answers. They should notice that the comparison between 
the two years is more noticeable between parts of the world such as North 
Africa and Latin America, which are developing countries. In fact, these 
areas have almost caught up with the relatively wealthy Europe and North 
America. Also, the figures for sub-Saharan Africa are low, but have almost 
doubled since 1980! Use this for a class discussion, focusing on what the 
double bar graph helps us to analyse in the data. 

 (e) Sample answer: The highest obesity figures are for wealthy western 
countries such as those in Europe and North America. However, the rate of 
increase of obesity in poorer countries has increased dramatically: from 33% 
to 58% (25%) in North Africa and the Middle East. The data shows a 
worrying increase (almost doubling) in sub-Saharan Africa, which indicates 
a problem for the future. 

23.2  Histograms 

REVISING HISTOGRAMS  

Background information 
A histogram shows grouped numerical data on the horizontal axis and the 
frequencies of data in different class intervals on the vertical axis. Here are some 
features of a histogram: 

• It represents only one set of data. 

• It represents numerical data, which is grouped in class intervals. 

• Each class interval is used for a range of data values. 
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• The different class intervals are consecutive and cannot have values that 
overlap. This means that either the upper boundary or the lower boundary of 
each class interval is excluded from that interval. 

• It uses bars to show the frequencies of the different class intervals. There are 
no gaps between the bars because the class intervals are consecutive. 

• The heights of the bars represent the frequencies of the different class intervals. 

Teaching guidelines 
Learners revise the properties of histograms. 

REPRESENTING DATA IN HISTOGRAMS 

Background information 
Histograms are suitable to compare frequencies of categories of grouped 
numerical data, identify patterns in grouped numerical data and describe trends 
shown by grouped numerical data. When drawing a histogram, remember the 
following: 

• All bars should be equally wide if all class intervals are equally wide. 

• There are no gaps between bars unless the frequency of a specific class 
interval is equal to 0. 

• The first bar should not touch the frequency axis. 

• The title should explain what the histogram is about. 

Teaching guidelines 
Learners discuss important facts to remember when they draw histograms. 

Misconceptions 
“The upper class limit is always excluded from an interval.” This is NOT the case. In 
some cases, the lower class limit is excluded. The strategy used is determined by the 
question we want to answer, for example: 

• If we want to know how many learners scored 50% or more in a test, 50 
should be the lower class limit of the class interval 50–60. 

• If we want to know how many learners scored 50% or less, 50 should be the 
upper class limit of the class interval 40–50. 

Answers 
1. (a) See the histogram on LB page 259 alongside. 

 (b) See the histogram, labelled as 1(b), at the top of the next TG page. 

 (c) The second tree produces fewer small plums (less than 40 g) and more 
plums that are bigger than 50 g. So the second tree should be kept and the 
first one should be replaced.  

(LB	page	259	repeat)	
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Answers 
1. (b)  

 

 

 

 

 

 

 

2. (a) See the histogram on LB page 260 alongside. 

 (b) Mean = (57,33)
28  = 2,0475 ≈ 2,05. Median = (1,91) + (1,99)

2  = 1,95 

 (c) In this data the mean and median birth weights are below the population 
mean and median. 

23.3  Pie charts 

Background information 
A pie chart consists of a circle divided into sectors (slices). Here are some features of 
a pie chart: 

• It represents only one set of data. 

• It can be used to display any type of data. 

• It uses sectors of the same circle to compare the frequencies of the different 
categories within a data set. Bigger categories of data have bigger slices of the 
circle. 

• It shows how the data set is divided up into different categories and what 
fraction of the data set each category represents. The whole chart shows how 
much each category contributes to the whole. 

• The sizes of the sectors are proportional to the frequencies of the different 
categories, i.e. the fraction or percentage of the whole that the category forms. 

• It works best if the frequencies of the different categories in the data set are 
expressed as percentages. 

• The title (heading) shows what the data set is about. 

• The key (legend) shows the category that each sector represents. 

Teaching guidelines 
Learners revise the properties of pie charts.  
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DRAWING PIE CHARTS 

Background information 
Pie charts are suitable to compare frequencies of categories of any type of data 
within a data set. They are not suitable to identify patterns in the data or describe 
trends shown by the data. When drawing a pie chart, remember the following: 

• The first category on the pie chart usually starts at a vertical line at 12 o’clock 
and turns in a clockwise direction.   

• To divide a circle into ten equal slices using estimation, first divide it into 

quarters and then divide each quarter into 21
2  slices. 

   
• To draw an accurate pie chart, each fraction can be converted to degrees by 

multiplying it by 360°. A protractor can then be used to construct the 
different sectors accurately, starting at 12 o’clock and moving in a clockwise 
direction. 

• If a key is not provided, each sector should be accompanied by a 
description of the category and the percentage it represents. 

Teaching guidelines 
Discuss important facts to remember when drawing pie charts. 

Answers 
1. (a) See the first table on LB page 261 alongside.  

 (b) 50 000 000 or 50 million 

 (c) See the second table on LB page 261 alongside.  

 (d) The pie chart drawn above is a difficult one to draw, as some sectors are tiny, 
and shows learners the  drawbacks of drawing a pie chart with many sectors. 

 (e) The bar graph shows the populations in each province as numbers and not 
as percentages or fractions. It is easy to compare the numbers by the height 
of the bars and to see that the highest population is in Gauteng at close to 
12 million, and the lowest in Northern Cape at around 1 000 000. The pie 
chart shows how each population makes up the total of the country’s 
population. It isn’t possible to read off the numbers (but the numbers could 
be given on the bar chart). It is difficult to see the figure for the Northern 
Cape, as it is only 2% of the population. Which graph is better? Learners 
must provide a reason for their choice.  
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23.4  Broken-line graphs 

BROKEN-LINE GRAPHS 

Background information 
A broken-line graph uses successive points, joined by line segments, to show the 
frequencies of different categories in a set of data that changes continuously over 
time. Here are some features of a broken-line graph: 

• It represents only one set of data. 

• It represents numerical data collected at specific moments in time over a 
period of time, for example, per month over a period of one year. 

• The horizontal axis shows categories of moments in time in consecutive 
order.  

• The vertical axis shows the frequencies of the different categories by using 
points. The heights of these points above the horizontal axis match the 
frequencies of the different categories. 

• The order of the categories is indicated on the graph by joining successive 
points using line segments. 

• The title shows what the broken-line graph is about. 

Teaching guidelines 
Learners use the information provided on LB page 262 to revise the properties of 
broken-line graphs. 

Background information (continued) 
Broken-line graphs are suitable for identifying patterns in a data set and describing 
trends shown by the data set. When drawing a broken-line graph, remember the 
following: 

• All categories of time, from start to end, should be shown at equal distances 
from each other on the horizontal axis. 

• The heights of the points above the horizontal axis should match the 
frequencies of the different categories of time. 

• The first category should not lie on the frequency axis. 

• A title should explain what the broken-line graph is about. 

Teaching guidelines 
Learners discuss important facts to remember when they draw broken-line graphs. 
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Answers 
1. May, June, July, and August 

2. January, February, March, October, November, and December 

3. June or July 

4. Temperature, wind, other precipitation (snow, hail, etc.) 

5.  

 

 

 

 

 

 

 

 

 

 

6.  

 

 

 

 

 

 

 

 

 

 

 

 

7. In Ceres, the high rainfall period is during the winter months (May – 
September). In Mahikeng, the high rainfall period is during the summer months 
(November – March). The high rainfall months in Ceres have more rainfall than 
the high rainfall months in Mahikeng. 
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Note on question 8 
A combined broken-line graph shows two or more sets of data in the same 
categories on the same set of axes. Some features of a combined broken-line graph are: 

• It represents two or more sets of data with matching categories. 

• It represents numerical data collected over a period of time. 

• The horizontal axis shows categories of moments in time in consecutive 
order. 

• The vertical axis shows the frequencies of the different categories by using 
points. The heights of these points above the horizontal axis match the 
frequencies of the different categories for each data set. 

• The order of the categories of the different data sets is indicated on the 
graphs by joining successive points using line segments. 

• The title shows what the combined broken-line graph is about. 

• The key explains the colours used to distinguish the sets of data.  

Teaching guidelines 
Discuss important facts to remember when drawing combined broken-line graphs. 

Answers 
8.  

 

 

 

 

 
 

 
 

23.5  Scatter plots 

UNDERSTANDING AND CONSTRUCTING SCATTER PLOTS 

Background information 
A scatter plot uses ordered pairs of numerical data, which are plotted as points on a 
coordinate system, to show how two sets of data are related. Here are some features 
of a scatter plot: 

• It shows two sets of related numerical data as a cloud of points across the   

(LB	page	263	repeat)
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coordinate system. 

• The horizontal axis represents the data values of the first data set. 

• The vertical axis represents the data values of the second data set. 

• Each point on the coordinate system represents two related data values 
obtained from the two data sets. 

Teaching guidelines 
Use questions 1 to 5 on LB page 263 on the previous page and LB page 264 alongside 
to discuss the features of a scatter plot. 

Answers 
1. Learners study the information in the table on LB page 263. 

2. See the two dot plots on LB page 264 alongside. 

3. See the scatter plot on LB page 264 alongside. 

4. See the dot labelled “S” on the scatter plot on LB page 264 alongside. 

5. See the dots labelled “Z”, “P”, “J” and “M” on the scatter plot on LB page 264 
alongside. 

Background information (continued) 
Correlation show whether and how strongly pairs of matching data values in two 
data sets are related. This relationship between the two sets of data is described in 
terms of the shape, direction and strength shown by the cloud of points on the 
scatter plot. 

• The shape of the cloud is described by using words such as: 

o “linear” when the points are scattered around an imaginary line called 
the trend line 

o “curved” when the points are scattered in the shape of a curve. 

• The direction shown by the cloud is described by using words such as: 

o “positive” when an increase in a data value from one data set matches 
an increase in the corresponding data value from the other data set 

o “negative” when an increase in a data value from one data set matches 
a decrease in the corresponding data value from the other data set. 

• The strength of the relationship shown by the cloud is described by using 
words such as: 

o “weak” when the points are scattered wide around the trend line 
o “strong” when the points are scattered closely around the trend line 
o “perfect” when all the points lie on the trend line. 

• When there is no correlation between two data sets the points are 
scattered all over the coordinate system.  
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Teaching guidelines (continued) 
Discuss the concept of correlation as explained in the background information on 
the previous page. Point out that the scatter plot on LB page 264 on previous page 
shows: 

• a linear correlation between Mathematics marks and Natural Sciences 
marks because all the points are scattered around an imaginary line 

• a positive correlation between Mathematics marks and Natural Sciences 
marks because a higher mark in Mathematics corresponds to a higher mark 
in Natural Sciences 

• a strong correlation between Mathematics marks and Natural Sciences 
marks because all the points lie relatively close to the imaginary trend line. 

Answers 
6. Learners study the table on LB page 265 and the first scatter plot on LB page 266. 

7. See the dot labelled “E” on the first scatter plot on LB page 266. 

8. See the dot labelled “S” on the first scatter plot on LB page 266. 

9. Eric has 20 for Mathematics and 10 for Art, and Samuel’s marks are the other 
way around. 

10. See the labelled dots “Z”, “E”, “M”, “F”, “S” and “Ma” on the first scatter plot on 
LB page 266 on the next page. 
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Answers 
11. Lower Art marks correspond to higher Mathematics marks. 

Teaching guidelines (continued) 
Point out that the first scatter plot on LB page 266 shows: 

• a linear correlation between Mathematics marks and Art marks because 
all the points are scattered around an imaginary line 

• a negative correlation between Mathematics marks and Art marks 
because a higher mark in Mathematics corresponds to a lower mark in Art 

• a strong correlation between Mathematics marks and Art marks because 
all the points lie relatively close to the imaginary trend line. 

Point out that the second scatter plot on LB page 266 alongside shows no 
correlation because the points are scattered all over the coordinate system. 
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Answers 
12. Learners study the second scatter plot on LB page 266 on the previous page and 

the data table on LB page 267 alongside. 

13. See the labelled dots “Z”, “E”, “M”, “L” and “Ma” on the second scatter plot on 
LB page 266 on the previous page. 

14. There is no pattern that we can see in the relationship, there seems to be no 
correlation between the Mathematics marks and the Life Skills marks. 

THE RELATIONSHIP BETWEEN ARM SPAN AND HEIGHT 

Background information 
To draw a scatter plot, remember the following: 

• Scatter plots show two related data sets on a coordinate system. 

• The horizontal axis represents the first data set. 

• The vertical axis represents the second data set. 

• To avoid misleading scatter plots, start each axis at 0 and use similar scales on 
both axes. 

• Plot each point by starting at the origin and moving to the right to find the 
first data value on the horizontal axis. From that point, move upwards to 
find the point in line with the second data value on the vertical axis. 

Teaching guidelines 
Learners discuss important facts to remember when they draw scatter plots.  
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Answers 
1. Learners draw the scatter plot such as the one shown on LB page 268 alongside. 

2. There is a positive correlation between height and arm span (but the correlation 
is not very strong). 

 
	  

 



MATHEMATICS GRADE 9 TEACHER GUIDE 318	

 



MATHEMATICS GRADE 9 TEACHER GUIDE 319	

Grade 9 Term 4 Chapter 24  Interpret, analyse and report on data 
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

24.1 Which graph is best? Advantages of statistical graphs; the best representation for given situations Pages 269 to 271 

24.2 The effects of summary statistics 
on how data is reported 

Advantages and disadvantages of the mean, median and mode as summary 
statistics 

Pages 272 to 273 

24.3 Misleading graphs Strategies used to create misleading graphs; analysis of graphs Pages 273 to 276 

24.4 Analysing extreme values and 
outliers 

The influence of outliers on data sets; finding outliers Pages 276 to 279 

 

CAPS time allocation 3,5 hours 

CAPS content specification Page 151 

 

Mathematical background 
In this chapter the focus is on interpretation and analysis of data and reporting on findings. By looking at reported data and analysing the whole data handling 
cycle for the data, learners will develop and practise some critical data analysis skills. 

• To interpret data means to extract information directly from the data. 

• To analyse data means to investigate the given data in order to find patterns and trends shown by the data. 

o Patterns can be cyclic, for example, data may show that learners tend to be absent from school on Mondays. 

o Trends are increasing or decreasing patterns, for example, the percentage of girls per grade increases in higher grades. 

• To report on data means to summarise the most important findings from the data in a short paragraph. 

• Bias is a term which refers to how far the information gained from a sample lies from the information hidden by the population. During the data 
handling cycle bias can already surface during the sampling process.  

o A biased sampling method is a method that tends to give non-representative samples. Such samples under-represent or over-represent some 
characteristics of the population. For biased sampling methods, refer to the background information provided for LB page 249. 

o An unbiased sampling method is a method than tends to give representative samples. Such samples give a true reflection of the characteristics 
of the population. For unbiased sampling methods, refer to the background information provided for LB page 249. 

• Misleading data is data which is manipulated in order to favour a specific opinion. This usually occurs when statistical displays in newspapers and 
financial reports are presented in such a way that the data reflects a positive picture of one party and/or a negative picture of the opposition. It can be 
done in a variety of ways, for example, starting the scale on the frequency axis at a point other than 0; using three-dimensional displays to give a better 
impression of a specific category; or using different scales on the frequency axes of two displays.  
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24.1  Which graph is best? 

Background information 
Learners need to be able to choose the most suitable data representation in a given 
situation. Here are some examples of the advantages and disadvantages of 
using tables and different types of graphs. 

 

 Advantages Disadvantages 

Tables 
They can show any type of data. 
They show more information 
than graphs. 

Patterns and particular trends 
are not as easy to see. 

Pie charts 

They can show any type of data. 
They show how categories relate 
to each other and how 
categories relate to the whole. 

They do not show the 
quantities involved. 

Bar graphs 

They can show categorical or 
discrete data. They show the 
amount of quantities involved. 
They allow us to compare the 
quantities of different 
categories. 

They cannot show grouped 
numerical data. They do not 
show the relationship 
between categories very 
clearly. They can be easily 
manipulated to give false 
impressions. 

Double bar 
graphs 

They compare quantities for two 
or more data sets, for example, 
related data for males and 
females. 

They can be easily 
manipulated to give false 
impressions. 

Histograms 

They represent numerical data 
that is grouped into equal class 
intervals. They show the way 
the data is spread out. 

They can only be used to 
represent grouped numerical 
data. 

Broken-
line graphs 

They show patterns or trends in 
quantities over time. 

They can be easily 
manipulated to give false 
impressions. 

Teaching guidelines 
Learners discuss the advantages and disadvantages of different statistical displays.  
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CHOOSE THE BEST REPRESENTATION 

Teaching guidelines 
Learners choose the best way of representing data in a variety of situations and 
explain their answers. 

Answers 
1. (a) A broken-line graph – shows trends over time 

 (b) A double bar graph – compares two categories of data 

 (c) A pie chart shows proportions. You could also use a bar graph if there are 
many categories. 

 (d) A bar graph would show the quantities effectively. A pie chart would show 
the percentage (of all the crops produced) that each crop represents. 

 (e) A pie chart shows parts of the whole. You could also use a bar graph if there 
are many categories. 

 (f) Broken-line graph – shows trends over time 

2. (a) The two surveys show very similar results, and they are only one year apart, 
but it does show that the data is likely to be reliable. 

 (b) Yes, it is useful to see which items most people regard as the most important 
items to buy; in this case electric stoves and television sets. 

 (c) Yes, it is useful, particularly to manufacturers and sellers, to see that only 
30% of people own a vehicle, 30% own a washing machine and around  
20% own a computer. This shows that there is room for increased sales of 
these items. 

 (d)  

 
Percentage of people 

(census 2011) 
Percentage of people 

(GHS 2012) 

Vehicle 30% 30% 

Computer 25% 20% 

Television 75% 80% 

Refrigerator 68% 70% 

Washing machine 31% 31% 

Electric stove 77% 78% 

 (e) It is not as easy to see the differences between the numbers in the table at a 
glance.   



MATHEMATICS GRADE 9 TEACHER GUIDE 322	

Answers 
3. (a) A pie chart is a good way to compare the percentages. 

 (b) A broken-line graph will show the change over time effectively. 

 (c) A pie chart is a good way to compare the parts or proportions. 

 (d) A double bar graph would show the different divisions of the categories at 
the three time periods.  
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24.2  The effects of summary statistics on how data is reported 

Background information 
In summarising data, some measures are more appropriate for different types of data. 
Here are some advantages and disadvantages of some summary statistics: 

Mean: This is the “average” of a data set. 

• Advantages: It is useful for describing any type of numerical data. It involves 
all values in a data set. 

• Disadvantages: It can only be used for numerical data. It is not reliable if the 
data set is too spread out. It is affected by extreme values (outliers) in the  
data set. 

Median: This is the middle value of an ordered data set. 

• Advantage: It is not affected by extreme values (outliers) in the data set. 

• Disadvantages: It can only be used for numerical data. It takes a long time to 
calculate for large sets of numerical data. 

Mode: This is the most common value in a data set. 

• Advantage: It can be used for categorical and numerical data. 

• Disadvantages: Some data sets have more than one mode, while other data 
sets may have no mode. 

Teaching guidelines 
Learners use the example on LB page 272 to discuss advantages and disadvantages of 
measures of central tendency. 
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USING DIFFERENT SUMMARY STATISTICS 

Teaching guidelines 
Learners answer some questions involving the mean, median and mode. 

Answers 
1. (a) mean (b) mode (c) mode 

 (d) mean (e) mode 

2. (a) The mean tends to be shifted upwards if there are extreme values. In this 
case, there are a few higher salaries, so the mean is shifted upwards, while 
the median shows that half of the salaries will be below R5 000. 

 (b) The median is generally a better indicator of the real situation when the 
data is not evenly spread out. 

24.3  Misleading graphs 

Background information 
Information represented in graphs is often manipulated to emphasise a particular 
result because the writer simply wants to make an argument more obvious to the 
reader. Here are some examples of techniques that can be used to create 
misleading graphs. 

Changing the scale of the frequency axis: 

• Expanding the scale on the frequency axis increases the spaces between the 
numbers. This results in bigger differences between frequencies of categories 
and more dramatic patterns and trends shown by the graph. 

• Compressing the scale on the frequency axis decreases the spaces between 
the numbers. This results in smaller differences between frequencies of 
categories and less dramatic patterns and trends shown by the data. 

Starting the frequency scale at a point other than 0:  

• This technique is often used to magnify patterns and trends shown by the 
data. 

Using 2D figures or 3D objects to represent data: 

• Frequencies of categories are represented by height. Using 2D figures 
emphasises area rather than height. 

• Frequencies of categories are represented by height. Using 3D objects 
emphasises volume rather than height. 
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Teaching guidelines 
Use the example on LB pages 273 and 274 to illustrate how changing the scale on the 
frequency axis and/or starting it at a point other than 0 can be used to create 
misleading graphs. 

Mathematical notes 
The scale on the frequency axis of the first broken-line graph on LB page 274 starts at 
0 and increases in increments of 100 per block. The graph shows a moderate increase 
in sales over the period of six months. 

The scale on the frequency axis of the second broken-line graph on LB page 274 
does not start at 0 and increases in increments of 100 per two blocks and therefore 
the graph shows a steeper increase in sales over the period of six months.  
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ANALYSING GRAPHS 

Teaching guidelines  
Learners analyse graphs in order to identify techniques that are used to mislead. 

Answers 
1. (a) The axis does not show zero and emphasises small changes in the 

percentages over ten years. The large spaces between percentage points 
make the increases appear large. However, Statistics SA is not misleading the 
reader, because increases in access of nearly 6% over ten years indicates that 
progress has been made. 

 (b) The scale could be increased so that the increases are even steeper. 

 (c) The scale on the vertical axis could be reduced so that the graph is flatter. 

2. The graph is misleading because the overall size of the 2014 house gives the 
impression that the sales have increased more than they actually have. The 
height of a house represents the number of sales; the three-dimensional pictures 
of the houses emphasise volume rather than height. 
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Answers 
3. Graph B is drawn correctly because the pictures are spaced out so that they line 

up, showing that there are four of each kind of fruit. Graph A is misleading 
because there appear to be more apples than bananas and pears. 

24.4  Analysing extreme values and outliers 

Background information 
• An outlier is a data value that is very different from all (or most) of the other 

data values in a data set.  

• When data is displayed on scatter plots, outliers become clearly 
noticeable. 

Teaching guidelines 
Learners interpret outliers that appear on some scatter plots. 

Note on question 1 
The scatter plot on LB page 276 shows: 

• a linear correlation between Mathematics marks and History marks 
because the majority of points are scattered around an imaginary line 
running from top left to bottom right 

• a negative correlation between Mathematics marks and History marks 
because a higher mark in Mathematics corresponds to a lower mark in 
History and vice versa 

• a weak correlation between Mathematics marks and History marks 
because the points are widely scattered around the imaginary trend line 

• outliers at the points that represent marks scored by Sara and Raphael 
because these points lie noticeably further away from the trend line. 
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Answers 
1. Sara and Raphael’s performances can be regarded as outliers. Most people who 

did well in History, fared poorly in Mathematics. Most people who did well in 
Mathematics, fared poorly in History. Sara is the only one who did well in both 
Mathematics and History. Raphael is the only one who did poorly in both 
Mathematics and History. 

Note on question 2 
The scatter plot on LB page 277 shows: 

• a linear correlation between load weight and fuel consumption because 
the majority of points are scattered around the trend line 

• a positive correlation between load weight and fuel consumption 
because a higher load weight corresponds to a higher fuel consumption and 
vice versa 

• a strong correlation between load weight and fuel consumption because 
the points lie closely around the trend line 

• an outlier one point below the trend line which lies noticeably further 
away from the trend line than the other points. 

Answers 
2. (a) The load weight and the fuel consumption 

 (b) Job number 7: 5 357 kg and 58,7 litres/100 km 
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Answers 
3. (a) Greater load weights cause higher fuel consumption. 

 (b) The fuel consumption in the case of job 7 is considerably lower than for 
other jobs with comparable load weights. 

4. It is possible that the driver drives differently to the other drivers, and manages 
to achieve a lower fuel consumption. 

FIND OUTLIERS 

Teaching guidelines 
Learners find outliers in the tabulated data on LB page 278 alongside and LB  
page 279 on the following page. 
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Answers 
1. The variables are: population of the country, the country’s income per person 

and the percentage of the income spent on health. 

2. The populations of the different countries vary considerably. A high income per 
person makes the demand on the state less. 

3. See the scatter plot on LB page 279 alongside. 

4. There is a general increase in the percentage spent on health with the increase in 
per person income, but this is not very strong. Some of the lower-income 
countries spend fairly high percentages on health. This could be because health 
is a priority. The Seychelles is an outlier, with a low percentage spent on health 
even though personal incomes are the highest of all the countries. This may be 
because there is mostly private health care in a wealthy country. 
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Grade 9 Term 4 Chapter 25  Probability  
 

Learner Book Overview 

Sections in this chapter Content Pages in Learner Book 

25.1 Simple events Events; trials; experiments; frequency of an event; relative frequency of an event; 
probability of an event; equally likely outcomes 

Pages 280 to 284 

25.2 Compound events Compound events; independent events; two-way tables; tree diagrams Pages 284 to 286 

 

CAPS time allocation 4,5 hours 

CAPS content specification Pages 152 to 153 

 

Mathematical background  
• An event is something that may or may not happen when an action is performed. 

• A trial is an action which may lead to a result, for example, rolling a die. 

o A possible outcome is any of the possible results of a trial, for example, scoring a 1 or 2 or 3 or 4 or 5 or 6 when a die is rolled. 

o A favourable outcome is any of the possible outcomes which favour a specific event, for example, scoring a factor of 6 when a die is rolled has 
four favourable outcomes: 1 or 2 or 3 or 6. 

o An actual outcome is the actual result of a single trial, for example rolling a die and scoring 3. 

o Equally likely outcomes of an event are outcomes of which any is as readily to occur as another, for example, scoring less than 7 when rolling a die. 

• An experiment is a series of trials performed one after the other, for example, rolling a die ten times in a row. 

• The frequency of an outcome is the number of times it happens, for example, the number of times 3 was scored when a die was rolled ten times. 

o The expected frequency of an outcome is the number of times one expects the outcome to occur during an experiment. 

o The actual frequency of an outcome is the number of times the outcome actually occurs during an experiment. 

• The probability of an outcome is a measure of how likely that outcome is. 

o The (theoretical) probability of an outcome is given by the ratio number of favourable outcomes
number of possible outcomes , for example, the theoretical probability of 

scoring a prime number when rolling a die is 36 =  12, or 0,5 or 50% because there are three favourable outcomes (2, 3, 5) and six possible outcomes  

(1, 2, 3, 4, 5, 6). 

o The experimental probability (relative frequency) of an outcome is given by the ratio    number of times the outcome happens
total number of trials  and can be 

expressed as a fraction, a decimal number or a percentage. 
• It takes many trials before the relative frequency of an outcome approaches the probability of the outcome.  
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25.1  Simple events 

REVISION 

Background information 
• An event is something that may or may not happen when an action is 

performed. 

• A trial is an action which may lead to a result, for example, drawing a 
button from a bag without looking. 

• An experiment is a series of trials performed one after the other, for 
example, drawing a button from a bag without looking and recording its 
colour before putting it back, and repeating the same action eight times. 

• The frequency of an event is the number of times that event occurs 
during an experiment (a set of trials). 

• The relative frequency (experimental probability) of an event is 

given by the ratio number of times the event occurs
total number of trials  and can be expressed as a 

fraction of the total number of trials. 

Teaching guidelines 
Revise the concepts of probability listed above. 

Answers 
1. (a) No 

 (b) One eighth of the trials. It is in order if some learners do not give this 
answer. The issue is addressed in the text and questions below. 

2. Each colour will be drawn five times if Archie’s theory is correct. 

3. One eighth of the total number of trials. 

4. See the answers on LB page 281 on the following page. 
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Background information (continued) 
• The probability of an outcome is a measure of how likely that outcome is. 

• The (theoretical) probability of an outcome = 
number of favourable outcomes

number of possible outcomes  

    Example: The probability of scoring a prime number when rolling a die is  
3
6 =  12, or 0,5 or 50% because there are three favourable outcomes (2, 3, 5) and 

six possible outcomes (1, 2, 3, 4, 5, 6). 

• Equally likely outcomes have an equal chance of occurring. Outcomes 
are said to be equally likely when there is no reason to believe that any 
outcome will occur more often than any other outcome. 

• If all the outcomes of a trial are equally likely, the following 
statement is true:   

   Probability of an outcome = 1
total number of equally likely outcomes 

    Example: If a yellow, a green, a pink, a blue, a red, a brown, a grey and a 
black button are put in a bag and one button is drawn from the bag at 

random, the probability that the button will be green is 18.  

Teaching guidelines (continued) 
At the end of question 6 on LB page 281 learners should realise that Archie’s theory is 
incorrect. 

Answers 
5. (a) Learners follow the instructions on LB page 281 alongside. 

 (b) Learners follow the instructions on LB page 281 alongside. 

6. (a) 40 

 (b) If the total is not 40, the learner has made a mistake somewhere. 
	  

 



MATHEMATICS GRADE 9 TEACHER GUIDE 334	

Background information (continued) 
It takes many trials before the relative frequency of an outcome approaches the 
probability of the outcome. 

Teaching guidelines (continued) 
At the end of question 8 on LB page 282 learners should realise that Bettina’s theory 
is correct. 

Answers 
7. No, the results will show that it is not correct. 

8. (a) Learners complete the first table on LB page 282 as instructed. 

 (b) Bettina’s theory is correct. 

INVESTIGATE WHAT HAPPENS WHEN MORE TRIALS ARE DONE 

Background information 
• The expected frequency of an outcome is the number of times one 

expects the outcome to occur during an experiment. 

• The actual frequency of an outcome is the number of times the 
outcome actually occurs during an experiment. 

• The more trials are performed, the closer the relative frequency 
(experimental probability) will get to the (theoretical) probability of an 
event. 

Teaching guidelines 
Learners complete questions 1 to 5 of the investigation on LB pages 282 to 283 to 
determine whether Jayden’s theory is correct. 

Answers 
1. Learners complete the second table on LB page 282 as instructed. 
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Background information (continued) 
• The range of the relative frequencies of all the different outcomes of an 

experiment is the difference between the largest and smallest relative 
frequencies.  

• When only a small number of trials are done, the actual relative 
frequencies for different outcomes may differ a lot from the probabilities of 
the outcomes. This means that, for only a few trials, the range of the relative 
frequencies of equally likely outcomes could be equal to a large number. 

• When many trials are done, the actual relative frequencies of the 
different outcomes are quite close to the probabilities of the outcomes. This 
means that, for many trials, the range of the relative frequencies of equally 
likely outcomes should be equal to a small number. 

Teaching guidelines (continued) 
At the end of question 5 on LB page 283, learners should realise that Jayden’s theory 
is correct. 

Note on question 5 
If all the different outcomes of a trial are equally likely, the range of their relative 
frequencies will approach the value of 0 if many trials are performed because all the 
relative frequencies will approach the same value. 

Answers 
2. Learners follow the instructions on LB page 283 alongside. 

3. Learners follow the instructions on LB page 283 alongside. 

4. Learners follow the instructions on LB page 283 alongside. 

5. The range for the 200 trials will be smaller than the ranges for most or all of the 
five sets of 40 trials. This would support Jayden’s theory. 
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Note on question 6 
The purpose of this question is to illustrate the usefulness of tree diagrams. 

Answers 
6. 333; 335; 353; 355; 533; 535; 553; 555 – that is eight different numbers. 

25.2  Compound events 

TOSSING A COIN AND GIVING BIRTH 

Background information 
• Compound events are two or more events happening at once. 

    Example: Two coins are tossed together. 

• Independent events are events such that the probability of one event 
occurring in no way affects the probability of the other event occurring. 

    Example: A die is rolled and a coin is flipped simultaneously. 

Teaching guidelines 
Discuss the concepts of compound events and independent events. 

Answers 
1. (a) heads or tails 

 (b) 1
2  

 (c) heads or tails 

 (d) 1
2   

2. (a) 1
4  

 (b) No it does not mean that. 

 (c) No, it only means that each of the four outcomes will happen 
approximately 25 times. 
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Background information 
• A two-way table is used to organise the outcomes of two independent 

events in a table. 

• A tree diagram is a statistical display that uses branches to show all the 
possible outcomes of a trial or an experiment. 

Teaching guidelines 
Discuss the concepts of two-way tables and tree diagrams. 

Note on question 3 
• The headings of the rows show the possible outcomes of the first event. 

• The headings of the columns show the possible outcomes of the second 
event. 

Note on question 4 
• The first column shows the possible outcomes for the first coin. 

• The second column shows the possible outcomes for the second coin for 
each outcome of the first coin. 

• The third column shows the possible outcomes for the third coin for each 
outcome of the first two coins. 

Answers 
3. (a) See the answers on LB page 285 alongside. 

  (b) They are equally likely. 

 (c) 1
4  

 (d) 1
2  

4. See the completed tree diagram on LB page 285 alongside. 

5. (a) They are equally likely. 

 (b) 1
8  

 (c) 3
8  
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Answers 
6. (a)   

   

 (b) 2
16  

 (c) 6
16  

7. (a) See the answers on LB page 286 alongside. 

 (b) BB; BG; GB; GG 

 (c) 2
4 or 12  

 (d) 1
4 There is only one “boy first, girl second” option. 

8. 1
2  The first event has already occurred. The second event is independent of the   

first and has only two possible outcomes, either boy or girl. 

9. (a) 1
4      (b) 1

8  
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