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ALGEBRA, EQUATIONS AND INEQUALITIES 
 

 

Working with fractions 

• Multiplication and division of fractions 

Example 1 

Simplify 

 
5

2
×

2

3
=

5×2

2×3
=

10

6
=

5

3
= 1

2

3
 

 

 Example 2 

 
5

2
÷

2

3
=

5

2
×

3

2
=

5×3

2×2
=

15

4
= 3

3

4
 

 

• Addition and Subtraction of fractions 

Example 1 

Simplify 

 
5

2
+

2

3
=

5

2
×

3

3
+

2

3
×

2

2
=

15

6
+

4

6
=

15+4

6
=

19

6
= 3

1

6
 

 

 Example 2 

 
5

2
−

2

3
=

5

2
×

3

3
−

2

3
×

2

2
=

15

6
−

4

6
=

15−4

6
=

11

6
= 1

5

6
 

 

Exponents and Surds 

 Laws of exponents 

 (𝑎, 𝑏 > 0 𝑎𝑛𝑑 𝑚, 𝑛 ∈ 𝑍) 

  

 

 

 

 

 

 

 N.B  𝑎0 = 1       [𝑎 ≠ 0] 

  𝑎−𝑛 =
1

𝑎𝑛        [𝑎 ≠ 0] 
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Surds 

 

Take note that: 

 

Exponential equations 

The unknown is in the exponent, e.g. In the equation:  

2𝑥 = 8, 𝑡ℎ𝑒 𝑢𝑛𝑘𝑛𝑜𝑤𝑛 𝑥 𝑖𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑒𝑥𝑝𝑜𝑛𝑒𝑛𝑡 

N.B 𝑎𝑥 > 0      [𝑎 > 0 𝑎𝑛𝑑 𝑎 ≠ 1]  

 

Example 1 

2𝑥 = 8  

Solution 

2𝑥 = 23  

𝑥 = 3  

Example 2 

2 12 15.2 8x x+ + =  

Solution 

22𝑥+1 + 15. 2𝑥 = 8  

∴ 22𝑥.  21 + 15. 2𝑥 = 8  

∴ 2(2𝑥)2 + 15(2𝑥) − 8 = 0  

∴ (2. 2𝑥 − 1)(2𝑥 + 8) = 0  

∴ 2. 2𝑥 = 1   or  2𝑥 = −8  
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∴ 2𝑥 =
1

2
      𝑜𝑟         no solution  

∴ 2𝑥 = 2−1  

∴ 𝑥 = −1  

Alternatively: 
2 12 . 2 15.2 8x x+ =  

Let 2xk =  
2 22 xk =  

22 15 8 0k k + − =  

 

          

(2 1)( 8) 0

1
   or   8

2

1
2    or  2 8

2

1         no solution

x x

k k

k k

x

 − + =

 = = −

 = = −

 = −

 

Equations with rational exponents 

Example 1 

Solve for 𝑥 

 

Solution 

3 (𝑥
1

5)
2

− 5𝑥
1

5 − 2 = 0  

𝑙𝑒𝑡 𝑘 = 𝑥
1

5  

3𝑘2 − 5𝑘 − 2 = 0  

(3𝑘 + 1)(𝑘 − 2) = 0  

𝑘 = −
1

3
     or     𝑘 = 2  

𝑥
1

5 = −
1

3
  

(𝑥
1

5)
5

= (−
1

3
)

5
  

𝑥 = −
1

243
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Quadratic Equations 

Solving equations of the form 𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄 = 𝟎 

• Solving quadratic equations by factorisation 

Example 

Solve for 𝑥: 

Solution 

 𝑥2 + 5𝑥 + 6 = 0 

 (𝑥 + 2)(𝑥 + 3) = 0 

 𝑥 = −2  𝑜𝑟  𝑥 = −3 

• Solving quadratic equations by using the general quadratic formula 

General quadratic formula is given by 𝑥 =
−𝑏±√𝑏2−4𝑎𝑐

2𝑎
 

Example 

Solve for 𝑥: 

 𝑥2 + 2𝑥 − 5 = 0 

 Solution 

 𝑎 = 1, 𝑏 = 2, 𝑐 = −5 

 𝑥 =
−𝑏±√𝑏2−4𝑎𝑐

2𝑎
 

 𝑥 =
−(2)±√(2)2−4(1)(−5)

2(1)
 

 𝑥 =
−2±2√6

2
 

 𝑥 =
−2+2√6

2
  or 𝑥 =

−2−2√6

2
 

 

 𝑥 = −1 + √6 or 𝑥 = −1 − √6 

 𝑥 = 1,45   or 𝑥 = −3,45  [Rounded to TWO decimal places] 
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Equations With Fractions 

Example 1 

Solve for 𝑥 

2 2
1 0

1

x x

x

+ −
+ =

−
 

Solution 

 Restrictions: 𝒙 − 𝟏 ≠ 𝟎     , ∴ 𝒙 ≠ 𝟏 

𝑥2+𝑥−2

𝑥−1
+ 1 = 0 ∴ 

𝑥2 + 𝑥 − 2 + 𝑥 − 1 = 0  

∴ 𝑥2 + 2𝑥 − 3 = 0  

 ∴ (𝑥 + 3)(𝑥 − 1) = 0 

∴ 𝑥 = −3   or   𝑥 = 1 But 𝑥 ≠ 1  

∴ 𝑥 = −3  

Alternatively: 

𝑥2 + 𝑥 − 2

𝑥 − 1
+ 1 = 0 

∴
(𝑥 + 2)(𝑥 − 1)

(𝑥 − 1)
+ 1 = 0 

∴ 𝑥 + 2 + 1 = 0  
∴ 𝑥 = −3 
 

 

Example 2 

Solve for 𝑥 

2

2 1

1 2 2 14 1

x

x xx
+ =

− +−
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Solution 

Restrictions: 𝒙 ≠
𝟏

𝟐
   𝒂𝒏𝒅  𝒙 ≠ −

𝟏

𝟐
    

2

2

2

2 1

4 1 1 2 2 1

2 1

(2 1)(2 1) (2 1) (2 1)

2 (2 1) (2 1)

2 2 1 2

0 2 1

0 (2 1)( 1)

1
   or   1

2

x

x x x

x

x x x x

x x x

x x x

x x

x x

x x

+ =
− − +

 − =
+ − − +

 − + = −

 − − = −

 = + −

 = − +

  = −

 

Using 𝒌-method to solve equations 

You may use the 𝑘-method to solve equations with repeated expressions 

Example 1 

Solve for 𝑥 

2 210 2x x x x+ + = + −  

 

Solution 

 

 

 

2 2

2

2

2

10 2

Let  

10 2

10 4 4

0 5 6

0 ( 6)( 1)

6  or  1

x x x x

k x x

k k

k k k

k k

k k

k k

+ + = + −

= +

 + = −

 + = − +

 = − −

 = − +

 =  −

2

2

But 1

6

6

6 0

( 3)( 2) 0

3  or  2

k

k

x x

x x

x x

x x

 −

 =

 + =

 + − =

 + − =

 = − =
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Example 2 

Solve for 𝑎 

𝑎2−𝑎−3

𝑎2−𝑎
+ 𝑎2 − 𝑎 + 1 =

5

𝑎2−𝑎
  

 

Solution 

𝐿𝑒𝑡 𝑎2 − 𝑎 = 𝑘  

𝑘−3

𝑘
+ 𝑘 + 1 =

5

𝑘
  

 𝑘 − 3 + 𝑘2 + 𝑘 = 5 

𝑘2 + 2𝑘 − 8 = 0  

(𝑘 − 2)(𝑘 + 4) = 0  

𝑘 = 2   𝑜𝑟   𝑘 = −4  

𝑙𝑒𝑡 𝑘 = 𝑎2 − 𝑎  

𝑎2 − 𝑎 = 2    𝑜𝑟    𝑎2 − 𝑎 = −4  

𝑎2 − 𝑎 − 2 = 0    𝑜𝑟    𝑎2 − 𝑎 + 4 = 0  

(𝑎 − 2)(𝑎 + 1) = 0   𝑜𝑟    𝑎 =
−(−1)±√(−1)2−4(1)(4)

2(1)
  

𝑎 = 2  𝑜𝑟 𝑎 = −1       𝑜𝑟    𝑎 =
1±√−15

2
  

    No Real Solution 
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Equations With Surds 

When we can't simplify a number to remove a square root (or cube root etc.) 

then it is a surd. 

When there are square roots in an equation, isolate the surd part, then square 

both sides to get rid of the square root. You may have introduced an extra 

solution, which is not valid, when you squared both sides, therefore it is 

important to check all your solutions if they satisfy the original equation. 

Example 1 

Solve for 𝑥 

7 3 1 0x x− − + =  

Solution 

2

2

7 3 1 0

1 7 3

2 1 7 3

5 6 0

( 6)( 1) 0

6   or   1

But 6

1

x x

x x

x x x

x x

x x

x x

x

x

− − + =

 + = −

 + + = −

 + − =

 + − =

 = − =

 −

 =

 

 

Example 2 

Solve for 𝑥 

6
2 1

2
x

x
− − =

−
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Solution 

2

2

6
2 1

2

Let 2

6
1

6

6 0

( 3)( 2) 0

3   or   2

2 3    or    2 2

2 9         no real solution

11

x
x

k x

k
k

k k

k k

k k

k k

x x

x

x

− − =
−

= −

 − =

 − =

 − − =

 − + =

 = = −

 − = − = −

 − =

 =

 

Alternatively: 

2

2

2

2

6
2 1

2

( 2) 6 2

2 6 2

8 2

( 8) 2

16 64 2

17 66 0

( 11)( 6) 0

11   or    6

But 6

11

x
x

x x

x x

x x

x x

x x x

x x

x x

x x

x

x

− − =
−

 − − = −

 − − = −

 − = −

 − = −

 − + = −

 − + =

 − − =

 = =



 =
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Quadratic Inequalities 

 

The form: 

𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄 < 𝟎    𝒐𝒓  𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄 > 𝟎   𝒐𝒓  𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄 ≤ 𝟎   𝒐𝒓  𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄 ≥ 𝟎  

 

Example 1 

( 1)( 2) 20x x+ +   

Solution 

2

2

( 1)( 2) 20

3 2 20

3 18 0

( 6)( 3) 0

6 3

x x

x x

x x

x x

x

+ + 

 + + 

 + − 

 + − 

−  

 

Or interval notation -  𝒙 ∈ (−𝟔; 𝟑) 

 

Example 2 

Solve for 𝑥 

2

4

x
x  

Solution 

2

2

2

4

4

4 0

( 4) 0

0   or  4

x
x

x x

x x

x x

x x



 

 − 

 − 

  

 

Or interval notation -  𝒙 ∈ (−∞; 𝟎] ∪ [𝟒; ∞) 
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Simultaneous Equations 

Equations in two unknowns, one of which is linear and the other quadratic. 

 

Example 1 

Solve for x and y: 

 

 2 23 4 0    and     3x y xy x y− + = + − =          

Solution 

2 2

2 2 2

2 2 2

2

3 4 0

3 4

3 (3 4) (3 4)

3 3 4 (9 24 16)

3 3 4 9 24 16

0 7 20 13

0 (7 13)( 1)

13
   or   1

7

13
3 4   or   3(1) 4

7

11
     or     1

7

x y

x y

y y y y

y y y y y

y y y y y

y y

y y

y y

x x

x x

− + =

 = −

+ − − − =

 + − − − + =

 + − − + − =

 = − +

 = − −

 = =

 
 = − = − 

 

= = −

 

 

Example 2 

Solve for x and y: 

 
 5x y+ =  

 2 221xy x y= − −    
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Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 2

2 2 2

2 2 2

2

5

5

(5 ) 21 (5 )

5 21 (25 10 )

5 21 25 10

5 4 0

( 1)( 4) 0

1   or   4

4  or   1

x y

y x

x x x x

x x x x x

x x x x x

x x

x x

x x

y y

+ =

 = −

 − = − − −

 − = − − − +

 − = − − + −

 − + =

 − − =

 = =

 = =
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Nature of Roots: Quadratic equations 

The nature of roots depends on the value of the discriminant, ∆. 

∆ = 𝒃𝟐 − 𝟒𝒂𝒄 Roots 

∆ < 0 Non-real 

∆ ≥ 0  Real 

∆ > 0 𝑎𝑛𝑑 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑠𝑞𝑢𝑎𝑟𝑒  Real, Rational and Unequal 

∆ 

> 0 𝑎𝑛𝑑 𝑛𝑜𝑡 𝑎 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒 𝑠𝑞𝑢𝑎𝑟𝑒 

Real, Irrational and Unequal 

∆ = 0  Real, Rational and Equal 
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Example 1 

Without solving the equation 2 2 6 0x x− − = , determine the nature of its roots. 

                  

Solution 

2

2

2 6 0

( 2) 4(1)( 6)

28

Real, irrational and unequal.

x x− − =

 = − − −

 =
 

 

Example 2 

The roots of a quadratic equation are 
2 13 2

3

k
x

−  −
= . 

  

a. For which values of k will the roots be real?              

 

b. Determine the smallest positive integral value of k for which the solutions 

will be rational.    

 

Solution 

a.   

 

 

 

 

b. 2k =  
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Examination Guidelines (Algebra, Equations and Inequalities) 

Source: Mathematics Examination Guidelines Grade 12, 2021 
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PATTERNS AND SEQUENCES 
 

N.B 𝒏  𝑵  

Quadratic Number Patterns  

The general formular: 𝑇𝑛 = 𝑎𝑛2 + 𝑏𝑛 + 𝑐 For any quadratic number pattern:  

 

N.B First differences of a quadratic number pattern form an 

arithmetic sequence  

 

Arithmetic Sequence And Series  

General term of an arithmetic sequence: 𝑇𝑛 = 𝑎 + (𝑛 − 1)𝑑   

Where:   𝑎 - first term of the sequence  

               𝑑 - common/constant difference   

      𝑛 – position of a term / number of terms  

                𝑇𝑛 – 𝑛𝑡ℎ term / last term  

Sum formular for an arithmetic series:  𝑆𝑛 =
𝑛

2
[2𝑎 + (𝑛 − 1)𝑑] 

OR 

                                              𝑆𝑛 =
𝑛

2
[𝑎 + 𝑙] where 𝑙 is the last term  

 

 

 

 

𝑎 + 𝑏 + 𝑐 ;  4 𝑎 + 2 𝑏 + 𝑐 ;  9 𝑎 + 3 𝑏 + 𝑐 ;  16 𝑎 + 4 𝑏 + 𝑐 ;  25 𝑎 + 5 𝑏 + 𝑐 ;…   

  

  

    

  

a+b 3   a+b 5   a+b 7   a+b 9   
Firs t   differences   

a 2   a 2   2 a   
Second  difference is constant   

differences   
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Arithmetic Series Proof:  

𝑆𝑛 = 𝑎 + [𝑎 + 𝑑] +. . . +[𝑎 + (𝑛 − 2)𝑑] + [𝑎 + (𝑛 − 1) 𝑑] . . . (1)  

rewrite equation (1) in reverse:  

𝑆𝑛 = [𝑎 + (𝑛 − 1)𝑑] + [𝑎 + (𝑛 − 2)𝑑]+. . . +[𝑎 + 𝑑] + 𝑎 . . . (2)  

  

Adding equation (1 ) and equation (2)  

2𝑆𝑛 = [2𝑎 + (𝑛 − 1)𝑑] + [2𝑎 + (𝑛 − 1)𝑑]+. . . +[2𝑎 + (𝑛 − 1)𝑑] + [2𝑎 + (𝑛 − 1)𝑑]  

2𝑆𝑛 = 𝑛 × [2𝑎 + (𝑛 − 1)𝑑]  

∴ 𝑆𝑛 =
𝑛

2
[2𝑎 + (𝑛 − 1)𝑑] 

 

Geometric Sequence and Series  

General term of a geometric sequence:        𝑇𝑛 = 𝑎𝑟𝑛−1  

Where:   𝑎 - first term of the sequence  

              𝑟 - common/constant ratio  

   𝑛 – position of a term / number of terms  

              𝑇𝑛 – 𝑛𝑡ℎ term  
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   = 𝑏 − 𝑎 + 1 

 

Examination Guidelines (Patterns and Sequences) 

Source: Mathematics Examination Guidelines Grade 12, 2021 
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FUNCTIONS AND GRAPHS 
 

Important Terminology 

 

 

 

The concepting of increasing and decreasing in functions: all functions 

 

• The function is INCREASING when the value of 𝑦 increases as 𝑥 is 

increasing from left to right  

o THE GRAPH GOES UP  

  

• The function is DECREASING when the value of 𝑦 decreases as 𝑥 

is increasing from left to right  

o THE GRAPH GOES DOWN  

 

 

 

 

 

 

  

For all functions   

See the parabola   

See the parabola   

See the hyperbola and  

parabola   

See the hyperbola and  

exponential function   
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Hyperbolic Functions (Hyperbola) 
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The equations of the axis of symmetry 

The hyperbola has two equations of symmetry  

𝒎 = 𝟏 𝒎 = −𝟏 

 

𝒚 = 𝒙 + 𝒄 

 

 

𝒚 = −𝒙 + 𝒄 

N.B the equations of the axis of symmetry of the hyperbola passes through 

the point of intersection of asymptotes (−𝒑; 𝒒)  

 

In general, for the hyperbola, the equations of the axis of symmetry are given 

by the following formulae:  

𝒎 = 𝟏  𝒎 = −𝟏  

𝒚 = (𝒙 + 𝒑) + 𝒒  

  

 𝒒  

𝒚 = −(𝒙 + 𝒑) + 𝒒  

  

 𝒒  

 N.B Ensure that the hyperbola is in standard form before applying the 

formula  

 

 

 

 

 

 

 

 

 

 

http://www.jenntc.co.za/


JENN TRAINING AND CONSULTANCY www.jenntc.co.za 
 

2025 Mathematics Last Push Study Guide             Page 26 of 169 

 

Quadratic Function (Parabola) 

 

 

The graph has the axis of symmetry at  𝑥 = −𝑝 

 

The graph has the turning point by (−𝑝 ;  𝑞) 

 

Domain: 𝑥 ∈ 𝑅 

 

Range: 𝑦 ≥ 𝑞        (WHEN a > 0)  

         or   

           𝑦 ≤ 𝑞          (WHEN a < 0) 

N.B The parabola changes from increasing to decreasing or decreasing to increasing at 

the turning point. 

 

 

 

 

 

 

 

Minimum  

turning point 

Maximum  

turning point 

𝐰𝐡𝐞𝐧 𝐚 > 𝟎 

𝟏. 𝑻𝒉𝒆 𝒈𝒓𝒂𝒑𝒉 𝒊𝒏𝒄𝒓𝒆𝒂𝒔𝒆𝒔 𝒇𝒐𝒓: 𝒙 >  −𝒑 

𝟐. 𝑻𝒉𝒆 𝒈𝒓𝒂𝒑𝒉 𝒅𝒆𝒄𝒓𝒆𝒂𝒔𝒆 𝒇𝒐𝒓: 𝒙 <  −𝒑 

𝐰𝐡𝐞𝐧 𝐚 < 𝟎 

𝟏. 𝑻𝒉𝒆 𝒈𝒓𝒂𝒑𝒉 𝒊𝒏𝒄𝒓𝒆𝒂𝒔𝒆𝒔 𝒇𝒐𝒓: 𝒙 <  −𝒑 

𝟐. 𝑻𝒉𝒆 𝒈𝒓𝒂𝒑𝒉 𝒅𝒆𝒄𝒓𝒆𝒂𝒔𝒆 𝒇𝒐𝒓: 𝒙 >  −𝒑 

 

N.B 

1. 𝒒 is the minimum of the 

parabola when 𝒂 > 𝟎  

 

2. 𝒒 is the maximum of the 

parabola when 𝒂 < 𝟎  

 

3. We obtain the maximum 

or the minimum at 𝒙 = −𝒑 
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The quadratic function can also be represented in the form: 

 

 𝑓(𝑥) = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 

 

 

 

The graph has the axis of symmetry at  𝑥 = −
𝑏

2𝑎
 

 

The graph has the turning point by (−
𝑏

2𝑎
 ;  𝑓(−

𝑏

2𝑎
)) 

 

Domain: 𝑥 ∈ 𝑅 

 

Range: 𝑦 ≥ 𝑓(−
𝑏

2𝑎
)        (𝑾𝑯𝑬𝑵 𝒂 >  𝟎)  

         or   

           𝑦 ≤ 𝑓(−
𝑏

2𝑎
)          (𝑾𝑯𝑬𝑵 𝒂 <  𝟎) 

 

 

 

 

 

Standard form of 

parabola 

Minimum  

turning point 

Maximum  

turning point 

N.B 

 

𝟏. 𝒇 (−
𝒃

𝟐𝒂
) is the 

minimum of the parabola 

when 𝒂 > 𝟎  

 

2. 𝒇 (−
𝒃

𝟐𝒂
)  is the 

maximum of the parabola 

when 𝒂 < 𝟎  

 

3. We obtain the 

maximum or the 

minimum at 𝒙 = −
𝒃

𝟐𝒂
 

 

 

http://www.jenntc.co.za/


JENN TRAINING AND CONSULTANCY www.jenntc.co.za 
 

2025 Mathematics Last Push Study Guide             Page 28 of 169 

 

Exponential Function 

 

The graph of 𝒚 = 𝒂. 𝒃𝒙+𝒑 + 𝒒 where 𝑏 > 0 and 𝑏 ≠ 1  

The equation of an asymptote is 𝒚 = 𝒒  (horizontal asymptote) 

Domain: 𝒙 ∈ 𝑹 

Range: 𝒚 > 𝒒  [if 𝒂 > 0] or 𝒚 < 𝒒  [if 𝒂 < 0] 

 

 

 

(Source: MATHS MADE EASY – A comprehensive guide to Grade 12 Mathematics) 
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Transformation Of Functions 

 

Reflections And Translations 
 

𝐆𝐢𝐯𝐞𝐧 𝒇(𝒙) =
𝟐

𝒙 + 𝟏
− 𝟑 

 

𝐆𝐢𝐯𝐞𝐧 𝒇(𝒙) = 𝟐. 𝟑𝒙−𝟐 + 𝟒 

 

𝐆𝐢𝐯𝐞𝐧 𝒇(𝒙) = 𝒙𝟐 + 𝟓𝒙 + 𝟔 

 

a. The graph of 𝑔(𝑥) is obtained 

by shifting the graph of 𝑓(𝑥) 2 

units up and 3 units to left. 

Determine the equation of 𝑔(𝑥). 

 

Solution 

𝑔(𝑥) = 𝑓(𝑥 + 3) + 2 

 

          =
2

𝑥 + 3 + 1
− 3 + 2 

          =
2

𝑥 + 4
− 1 

 

b. The graph of ℎ(𝑥) is obtained 

by reflecting the graph of 𝑓(𝑥) in 

the 𝑥 − 𝑎𝑥𝑖𝑠. Determine the 

equation of ℎ(𝑥). 

 

Solution 

ℎ(𝑥) = −𝑓(𝑥) 

 

          = − (
2

𝑥 + 1
− 3) 

          = −
2

𝑥 + 1
+ 3 

 

c. The graph of 𝑚(𝑥) is obtained 

by reflecting the graph of 𝑓(𝑥) in 

the 𝑦 − 𝑎𝑥𝑖𝑠. Determine the 

equation of 𝑚(𝑥). 

 

Solution 

𝑚(𝑥) = 𝑓(−𝑥) 

 

           =
2

−𝑥 + 1
− 3 

          =
2

−(𝑥 − 1)
− 3 

         = −
2

𝑥 − 1
− 3 

a. The graph of 𝑔(𝑥) is 

obtained by shifting the 

graph of 𝑓(𝑥) 2 units up and 

3 units to left. Determine the 

equation of 𝑔(𝑥). 

 

Solution 

𝑔(𝑥) = 𝑓(𝑥 + 3) + 2 
          = 2.3𝑥+3−2 + 4 + 2 
          = 2.3𝑥+1 + 6 

 

b. The graph of ℎ(𝑥) is 

obtained by reflecting the 

graph of 𝑓(𝑥) in the 𝑥 −
𝑎𝑥𝑖𝑠. Determine the equation 

of ℎ(𝑥). 

 

Solution 

ℎ(𝑥) = −𝑓(𝑥) 
          = −(2.3𝑥−2 + 4) 
          = −2.3𝑥−2 − 4  
 

c. The graph of 𝑚(𝑥) is 

obtained by reflecting the 

graph of 𝑓(𝑥) in the 𝑦 −
𝑎𝑥𝑖𝑠. Determine the equation 

of 𝑚(𝑥). 

 

Solution 

𝑚(𝑥) = 𝑓(−𝑥) 
           = 2.3−𝑥−2 + 4 

           = 2.3−(𝑥+2) + 4 

           = 2. (
1

3
)

𝑥+2

+ 4 

 

 

a. The graph of 𝑔(𝑥) is obtained 

by shifting the graph of 𝑓(𝑥) 2 

units down and 3 units to right. 

Determine the equation of 𝑔(𝑥). 

 

Solution 

𝑔(𝑥) = 𝑓(𝑥 − 3) − 2 
           = (𝑥 − 3)2 + 5(𝑥 − 3) + 6 − 2 
           = 𝑥2 − 6𝑥 + 9 + 5𝑥 − 15 + 4 

          = 𝑥2 − 𝑥 − 2 

 

b. The graph of ℎ(𝑥) is obtained 

by reflecting the graph of 𝑓(𝑥) in 

the 𝑥 − 𝑎𝑥𝑖𝑠. Determine the 

equation of ℎ(𝑥). 

 

Solution 

ℎ(𝑥) = −𝑓(𝑥) 
          = −(𝑥2 + 5𝑥 + 6) 
          = −𝑥2 − 5𝑥 − 6 

 

 

c. The graph of 𝑚(𝑥) is obtained 

by reflecting the graph of 𝑓(𝑥) in 

the 𝑦 − 𝑎𝑥𝑖𝑠. Determine the 

equation of 𝑚(𝑥). 

 

Solution 

𝑚(𝑥) = 𝑓(−𝑥) 
           = (−𝑥)2 + 5(−𝑥) + 6 
           = 𝑥2 − 5𝑥 + 6 
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Inverse Functions 

The concept of a function 

 

 

 

(Source: MATHS MADE EASY – A comprehensive guide to Grade 12 Mathematics) 
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Take Note That: 

 

Determine and sketch graphs of the inverses of the functions defined by: 

1. 𝑦 = 𝑎𝑥 + 𝑞 

2. 𝑦 = 𝑎𝑥2 

3. 𝑦 = 𝑏𝑥  ; (𝑏 > 0, 𝑏 ≠ 1) 
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Combination of Functions 

 

Take note of the following when working with combination of functions: 

 

Consider the graphs of 𝒇 and 𝒈 below 

 

 
 

For 𝒇(𝒙)  >  𝟎 𝒐𝒓 𝒇(𝒙)  < 𝟎 For 𝒇(𝒙) > 𝒈(𝒙) 𝒐𝒓 𝒇(𝒙)  < 𝒈(𝒙) For 𝒇(𝒙). 𝒈(𝒙)  > 𝟎 𝒐𝒓 𝒇(𝒙). 𝒈(𝒙)  < 𝟎 

Focus on the 𝑥 − 𝑎𝑥𝑖𝑠. 𝑓(𝑥)  >
 0 means where the graph of 

𝑓(𝑥) is positive, which will be 

above the 𝑥 − 𝑎𝑥𝑖𝑠. 

 

 And 𝑓(𝑥) <  0 means where the 

graph of 𝑓(𝑥) is negative, which 

will be below the 𝑥 − 𝑎𝑥𝑖𝑠. 

  𝑓(𝑥)  >  𝑔(𝑥) means where 

the graph of 𝑓(𝑥) is above the 

graph of 𝑔(𝑥).  

 

And  𝑓(𝑥) <  𝑔(𝑥) means 

where the graph of 𝑓(𝑥) is 

below the graph of 𝑔(𝑥).  

𝒇(𝒙). 𝒈(𝒙)  > 𝟎 means where the 

product of 𝒇(𝒙) and 𝒈(𝒙) is positive. 

 

And 𝒇(𝒙). 𝒈(𝒙) < 𝟎 means where the 

product of 𝒇(𝒙) and 𝒈(𝒙) is negative. 

 

 

Examination Guidelines (Functions and Graphs) 
Source: Mathematics Examination Guidelines Grade 12, 2021 
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FINANCE, GROWTH AND DECAY 
 

Simple Growth 

Formula: 𝑨 = 𝑷(𝟏 + 𝒏. 𝒊)  

A   = The final amount 

P   = The initial amount 

n   = number of years / 

i   =  interest rate in decimals 

 

Compound Growth 

Formula: 𝑨 = 𝑷(𝟏 + 𝒊)𝒏 

A   = The final amount 

P   = The initial amount 

n   = number of years  

i   =  interest rate in decimals 

 

Simple Decay (Straight line depreciation) 

Formula: 𝑨 = 𝑷(𝟏 − 𝒏. 𝒊) 

A   = The final amount 

P   = The initial amount 

n   = number of years  

i   =  interest rate in decimals  

N.B the initial amount is bigger than the final amount 
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Compound Decay (reducing balance depreciation) 

Formula: 𝑨 = 𝑷(𝟏 − 𝒊)𝒏 

A   = The final amount 

P   = The initial amount 

n   = number of years  

i   =  interest rate in decimals  

N.B the initial amount is bigger than the final amount 

 

Nominal and Effective Interest rates 

Nominal Rate 

The rate quoted, and compounding periods are different: 

e.g. 10% p.a. compounded quarterly 

 

Effective Rate 

The rate quoted, and compounding periods are the same: 

e.g. 10% p.a. compounded annually 

       5% per month compounded monthly 

 

Formula to convert from nominal rate to effective annual rate (and vice 

versa) 

1 1
m

nom
eff

i
i

m

 
 
 

+ = +
  

effi
 = effective annual rate 

nomi  = nominal rate 

m  = number of compounding periods per year 

 

 

http://www.jenntc.co.za/


JENN TRAINING AND CONSULTANCY www.jenntc.co.za 
 

2025 Mathematics Last Push Study Guide             Page 35 of 169 

 

 

Solving for 𝒏  

 

 

                          N.B 

 2,3456 years = 2 years 5 months  

 How to get 5 months: [𝟐, 𝟑𝟒𝟓𝟔 − 𝟐] × 𝟏𝟐 = 𝟓 𝒎𝒐𝒏𝒕𝒉𝒔  
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Future Value Annuity 

 

Formula: 𝑭 =
𝒙[(𝟏+𝒊)𝒏−𝟏]

𝒊
 

  𝑭 =  Future value 

𝑥 =  fixed regular payments 

𝑛 =  number of payments 

𝑖 =  interest rate in decimals  

 

When there is “𝒙 “ immediate payment made, and the last payment is made at the end 

of the period: 

 Use the following formula: 𝑭 =
𝒙[(𝟏+𝒊)𝒏+𝟏−𝟏]

𝒊
 

 

When there is an immediate payment made of an amount that is not 𝒙 , say 𝒕 , and the 

last payment is made at the end of the period: 

 Use the following formula: 𝑭 = 𝒕(𝟏 + 𝒊)𝒏 +
𝒙[(𝟏+𝒊)𝒏−𝟏]

𝒊
 

 

When payments are made at the beginning of each period or when payments are made 

at the end of each period and the last payment is made, for an example 1 month before 

the end of the period if interest is compounded monthly: 

 Use the following formula: 𝑭 =
𝒙[(𝟏+𝒊)𝒏−𝟏]

𝒊
× (𝟏 + 𝒊)𝒏 

 

Sinking Fund 

Sinking fund is an amount that is invested to replace something (e.g. Vehicle, 

Machinery) in future. We use future value annuity to save money in regular 

intervals for the money to be used in future. 

N.B Sinking fund = New price after inflation  −  Book value 
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Present Value Annuity 

 

Formula: 𝑷 =
𝒙[𝟏−(𝟏+𝒊)−𝒏]

𝒊
 

  𝑷 =  Present value (loan amount) 

𝑥 =  fixed regular payments 

𝑛 =  number of payments 

𝑖 =  interest rate in decimals  

 

Interest paid 

Interest amount paid = All payments made −  loan amount 

 

Balance on the loan 

Balance = 𝑃(1 + 𝑖)𝑛 −
𝑥[(1+𝑖)𝑛−1]

𝑖
             

OR 

Balance = 
𝒙[𝟏−(𝟏+𝒊)−𝒏]

𝒊
 

 

Examination Guidelines (Finance, Growth and Decay) 
Source: Mathematics Examination Guidelines Grade 12, 2021 

 

 

 

 

 

 

 

𝒏 → number of payments left 
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DIFFERENTIAL CALCULUS 
 

First Principles 

The formula 𝑓′(𝑥) = lim
ℎ→0

𝑓(𝑥+ℎ)−𝑓(𝑥)

ℎ
 is used to find any of the following from 

FIRST PRINCIPLES  or by USE OF THE DEFINITION :  

• The derivative of f at any point.  

• The gradient of the tangent to graph 𝑓 at any point.  

• The instantaneous rate of change of a function at any point.  

• The gradient of a function at any point.  

You must be able to find the derivatives, FROM FIRST PRINCIPLES of the 

following types for exam purpose:  

𝑓(𝑥) = 𝑐,     𝑓(𝑥) = 𝑎𝑥2 + 𝑏𝑥 + 𝑐,    𝑓(𝑥) = 𝑎𝑥3,  𝑓(𝑥) =
𝑎

𝑥
 

 

Rules of Differentiation 

In grade 12 we use one rule, the power rule /constant multiple rule:   

 

…which means differentiating the function (𝑎𝑥𝑛) with respect to 𝑥.  
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Equation of a Tangent 

The slope of the tangent line to the graph at a point is equal to the derivative of 

the function at that point. So, to find the equation of the tangent line to 

 f(x) at x = a, we must:  

a) Find the derivative f ´(x)  

b) Work out the derivative at x = a → i.e calculate f ´(a) to get the gradient 

of the tangent line.  

c) Calculate the y value at x = a →i.e calculate f(a).  

d) The tangent line is a straight line. We can find the equation of a straight 

line using  𝑦 − 𝑦1 = 𝑚(𝑥 − 𝑥1)   

N.B To calculate the equation of a tangent, you need to the point of contact 

and the gradient. 

 

Sketching the Cubic Function 

 

 

Take note of different terminology used for turning points (stationary points) 
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Concave down: 𝒇′′(𝒙) < 𝟎 

 

Concave up: 𝒇′′(𝒙) > 𝟎 

 

 

Steps to follow when sketching cubic functions:   

 

(N.B: Sometimes, if not most of the time, you will be directed by the 

question as to where to start or how to start sketching)  

   

1. Shape→ 

 

 

2. Determine the 𝑥 𝑎𝑛𝑑 𝑦 − 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡𝑠   

a. 𝑥-intercept  

i. Let 𝑦 =  0 and simplify   

ii. Find the factor   

iii. Solve for 𝑥   

b. 𝑦-intercept   

i. Let 𝑥 = 0 and solve for 𝑦  

 

3. Determine the turning points (stationary points)   

a. Find the first derivative, 𝒇′(𝒙)  

b. Equate first derivative to zero   

c. Solve for 𝑥 (these are 𝑥-values of the turning points)  

d. Substitute the 𝑥-values into the original function, 𝒇(𝒙), to find 

the corresponding 𝑦-values)   

 

4. Sketch the cubic function 

5. (N.B When asked to find the point of inflection (P.O.I), you must Find 

the second derivative, 𝑓′′(𝑥)→ Equate the second derivate to zero → 

Solve for 𝑥 to get the 𝑥-value of P.O.I → Substitute 𝑥  value into the 

original function, 𝑓(𝑥), to get the corresponding 𝑦-value). 

 

Concavity (Concavity Changes at the P.O.I) 
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The characteristics of the graph of 𝒇(𝒙) = 𝒂𝒙𝟑 

Shape 

 

 

 

 

 

 

 

Stationary Point and P.O.I 

 

 

 

 

 

 

 

 

 

The point of inflection is the same as the stationary 

point. 

 

Applications 

Optimisation and rate of change, including calculus of motion 

Maximum and minimum occur at the turning points, thus when maximizing or  

minimizing, find the first derivative, equate the derivative to zero and solve for  

the unknown, 𝑥 in most cases. The value(s) of 𝑥 found after solving is/are where 

the maximum or the minimum occurs. Check the value(s) whether they give 

maximum or minimum values by substituting into original equation. 

 

Examination Guidelines (Differetial Calculus) 
Source: Mathematics Examination Guidelines Grade 12, 2021 

 

 

Concave Down 

𝒇′′(𝒙) < 𝟎 

 

Concave Up 

𝒇′′(𝒙) > 𝟎 
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COUNTING PRINCIPLE AND PROBABILITY 
 

General Probability 

Probability refers to the likelihood or chance of an event taking place.  

 

𝑻𝒉𝒆 𝒑𝒓𝒐𝒃𝒂𝒃𝒊𝒍𝒊𝒕𝒚 𝒐𝒇 𝒂𝒏 𝒆𝒗𝒆𝒏𝒕 =  
𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒇𝒂𝒗𝒐𝒖𝒓𝒂𝒃𝒍𝒆 𝒐𝒖𝒕𝒄𝒐𝒎𝒆𝒔

𝒕𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒐𝒖𝒕𝒄𝒐𝒎𝒆𝒔
  

 

This ratio can be expressed as a common fraction, a decimal fraction or a 

percentage. So a probability of 5 out of 8 can be written as 
5

8
 or as 0,625 or as 

62,5%. 

 

 

Notations that are used are to find probability of an event: 

• 𝑃(𝐴) means the probability of event A occurring 

• 𝑃(𝐴′) 𝑜𝑟 𝑃(𝑛𝑜𝑡 𝐴)  means the probability of event A not occurring. 

• 𝑃(𝐴 𝑜𝑟 𝐵)  =  𝑃(𝐴 ∪  𝐵) means the probability of A or B occurring.  

∪ is the symbol for or, it is also known as union. 

• 𝑃 (𝐴 𝑎𝑛𝑑 𝐵)  =  𝑃 ( 𝐴 ∩  𝐵 ) means the probability of A and B 

occurring. 

 ∩ is the symbol for and, it is also known as intersection. 

 

 

 

http://www.jenntc.co.za/


JENN TRAINING AND CONSULTANCY www.jenntc.co.za 
 

2025 Mathematics Last Push Study Guide             Page 43 of 169 

 

The Identity  

For any two events A and B: 

 

𝑷(𝑨 𝒐𝒓 𝑩)  =  𝑷(𝑨) +  𝑷(𝑩) −  𝑷(𝑨 𝒂𝒏𝒅 𝑩) 

 

The Addition Rule for Mutually Exclusive Events 

Two events are called mutually exclusive if both events cannot take place at the 

same time.  

When events A and B are mutually exclusive, 𝑷(𝑨 𝒂𝒏𝒅 𝑩)  =  𝟎 

then 𝑷(𝑨 𝒐𝒓 𝑩) = 𝑷(𝑨) + 𝑷(𝑩) 

 

The Complementary Rule: 

For two events A and B: 

𝑷(𝒏𝒐𝒕 𝑨 ) = 𝟏 − 𝑷(𝑨) 

 

The Product Rule for Independent Events  

When two events A and B are independent, then  

𝑷(𝑨 𝒂𝒏𝒅 𝑩)  =  𝑷(𝑨) × 𝑷(𝑩) 
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Venn Diagrams 

The shaded regions represent the events above the Venn diagrams. 
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Tree Diagrams 

A tree diagram is a picture that helps you to list all possible outcomes of the 

events. A tree diagram is a tool that is very useful for questions about 

replacement and non-replacement.  

Here is the tree diagram for P(H and H) if you flip a coin twice: 

 

In a tree diagram (once it is complete), to find the probability of an outcome we 

multiply across the branches. If more than one outcome matches the results 

required, then addition of the answers gained from the multiplication is used. 

Remember that each ‘clump’ of branches should add up to a probability of 1. 
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When more than one event takes place consecutively or simultaneously, it is 

useful to represent them as a tree diagram. We represent each event by a column 

of branches, and the number of branches is determined by the number of 

possible outcomes for that event. For example, if a die is thrown, there are six 

possible outcomes, numbers 1 to 6, which we represent by six different line 

(branches) drawn from the same starting point. If a coin is the tossed (with two 

possible outcomes , head or tail), we draw the tree diagram as shown below: 
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Two-Way Contingency Tables 

Two-way contingency tables are tools used to organize and display data 

involving two categorical variables. They help learners analyze and calculate 

probabilities based on real-world or survey data. 

 𝐴1 𝐵1 TOTAL 

𝐵1 p q 𝒑 + 𝒒 

𝐵2 r s 𝒓 + 𝒔 

TOTAL 𝒑 + 𝒓 𝒒 + 𝒔 𝒑 + 𝒒 + 𝒓 + 𝒔 = 𝒏 

 

Below are the few examples on how to find probabilities using contingency 

table. 

𝑃(𝐴1) =
𝒑 + 𝒓

𝑛
 

𝑃(𝐵2) =
𝒓 + 𝒔

𝑛
 

𝑃(𝐴1 ∩ 𝐵2) =
𝑟

𝑛
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Fundamental Counting Principle 

 

 

Source: Counting Since 2014 – Pat Tshikane 
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Source: Counting Since 2014 – Pat Tshikane 

 

 

 

 

 

 

 

 

Examination Guidelines (Counting Principle and Probability) 
Source: Mathematics Examination Guidelines Grade 12, 2021 
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SECTION 2: Paper 1 – Activities 
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PAPER 1 ACTIVITIES 
 

Algebra, Equations and Inequalities 

(May/June 2024) 
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(May/June 2023) 

 

 

(May/June 2022) 
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Patterns and Sequences 

(May/June 2024) 
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(May/June 2023) 
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(May/June 2022) 
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Functions and Graphs 

(May/June2021) 
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(May/June 2019 
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(May/June 2024) 
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Finance, Growth and Decay 

(May/June 2024) 
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(May/June 2022) 
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Differential Calculus 

(May/June 2021) 
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Counting Principle and Probability 

(May/June 2021) 
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(May/June 2018) 
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SECTION 3: Paper 2  

Content and Examination Guidelines 
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STATISTICS AND REGRESSION 
 

Measures of Central Tendency for Ungrouped Data 

 

N.B Data must be arranged in ascending order before calculating the median 

 

Range as a Measure of Dispersion 

𝑅𝑎𝑛𝑔𝑒 =  𝐵𝑖𝑔𝑔𝑒𝑠𝑡 𝑉𝑎𝑙𝑢𝑒𝑠 −  𝑆𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑉𝑎𝑙𝑢𝑒 

 

Measures of Central Tendency for Grouped Data 

Estimated Mean = 
∑ 𝑓.𝑥𝑖

∑ 𝑓
 

𝑓 →frequency 

𝑥𝑖→the class midpoint 

 

Calculating 𝑥𝑖 

𝑥𝑖 =
1

2
(𝑙𝑜𝑤𝑒𝑟 𝑐𝑙𝑎𝑠𝑠 𝑙𝑖𝑚𝑖𝑡 + 𝑢𝑝𝑝𝑒𝑟 𝑐𝑙𝑎𝑠𝑠 𝑙𝑖𝑚𝑖𝑡) 

 

 

 

Modal Class 

 

 

The class with the highest frequency 
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Class With Median • Position of median for grouped data →
1

2
𝑛 

• Calculating class with median → add the 

frequencies from the top to locate the class with 

the median: 

 

 

 

 

 

 

N.B position of median =
1

2
𝑛 =

1

2
(32) = 16 

  

Five Number Summary and Box and Whisker Plot 

FIVE NUMBER SUMMARY  
  

1. Minimum value  

2. Lower quartile 𝑄1  

3. Median 𝑄2 

4. Upper quartile 𝑄3  

5. Maximum value  

BOX AND WHISKER PLOT 
A box and whisker plot is a visual representation of the five 

number summary.  

                                
 

  

Identifying Outliers 
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Histograms 

 

Frequency Polygons 
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Distribution of The Data 

Symmetrical Positively Skewed 

(Skewed to The Right) 

Negatively Skewed 

(Skewed to The Left) 

 

 
 

 

 

  
 

 

   
Mean = Median Mean > Median Mean < Median 
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Ogives (Cumulative Frequency Curves) 

To find the cumulative frequency,   

• Add up the frequencies as you go down the frequency table.  

• The last value of cumulative frequency must be equal to the total 

sum of all frequencies. 

Always remember when drawing cumulative frequency curve, points to be 

plotted are the upper-class boundary against the cumulative frequency. 
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Variance and Standard Deviation of Ungrouped Data 

• Standard deviation is a measure of dispersion (spread of data) about the mean. 

• Standard deviation = √𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 

o Therefore, Variance is the (𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛)2   

We use the following symbol for standard deviation → 𝜎 

N.B Always use a calculator to calculate variance or standard deviation 

Interpretation of Standard Deviation 

• The bigger the standard deviation → The more data is spread out 

• The smaller the standard deviation → The less data is spread out 

• One Standard Deviation Interval → (𝑥̅ − 𝜎; 𝑥̅ + 𝜎) 

• Two Standard Deviation Interval → (𝑥̅ − 2𝜎; 𝑥̅ + 2𝜎) 

 

Example (Calculating mean and standard deviation (Ungrouped data)) 

Given data in the table below, determine the mean and standard deviation: 

𝒙 2 5 7 

Solution 

In the following steps we used the calculator CASIO fx-82ZA PLUS II 
Step 1 Press Mode button 

 
Step 2 Press number 2 for STAT 

 
Step 3 Choose 1-VAR by pressing number 1 

 
Step 4  In the X-column, enter all x-values, one after the other by 

pressing = after each entry. 
 

Step 5 Press AC button →Press SHIFT button→Press the number 1 

 
Step 6 Choose Var by pressing the number 4 

 
Step 7 Press the number 2 followed by = to get the mean and press 

the number 3 followed by = to get the standard deviation. N.B 

After getting each value, you need to repeat steps 5 – 6 to 

get the value in step 7. Press the AC button after getting 

each value. 

Mean = 4,67 

Standard Deviation = 2,05 

N.B to get back to the normal (Comp.) mode, press MODE button followed by 

number 1 
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Example (Calculating mean and standard deviation (Grouped data)) 

Given data in the table below, determine the estimated mean and standard deviation: 

Class Frequency 

𝟓 < 𝒙 ≤ 𝟏𝟎 4 

𝟏𝟎 < 𝒙 ≤ 𝟏𝟓 5 

𝟏𝟓 < 𝒙 ≤ 𝟐𝟎 8 

 

Solution 

Class Frequency 𝒙𝒊 (class midpoint) 

𝟓 < 𝒙 ≤ 𝟏𝟎 4 7,5 

𝟏𝟎 < 𝒙 ≤ 𝟏𝟓 5 12,5 

𝟏𝟓 < 𝒙 ≤ 𝟐𝟎 8 17,5 

 

In the following steps we used the calculator CASIO fx-82ZA PLUS II 
Step 1 Since we are dealing with grouped data, we must first turn on the frequency feature as follows: Press 

SHIFT →MODE→Down Arrow (from REPLAY button)→ 

Choose STAT by pressing 3→ B Choose ON by pressing 1.  

Step 2 Press MODE → Choose STAT by pressing 2 

 
Step 3 Choose 1-VAR by pressing number 1 

 
Step 4  In the X-column, enter all class midpoint values, one after the 

other by pressing = after each entry. Then move to the 

Frequency column and enter corresponding frequencies. 
 

Step 5 Press AC button →Press SHIFT button→Press the number 1 

 
Step 6 Choose Var by pressing the number 4 

 
Step 7 Press the number 2 followed by = to get the estimate mean 

and press the number 3 followed by = to get the estimate 

standard deviation. N.B After getting each value, you need 

to repeat steps 5 – 6 to get the value in step 7. Press the AC 

button after getting each value. 

Estimate Mean = 13,68 

Estimate Standard Deviation = 4,03 

N.B to turn off the frequency follow Step 1 (but choose 2 to turn OFF) 

N.B to get back to the normal (Comp.) mode, press MODE button followed by 

number 1 
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Regression Line (Line of Best Fit or The Least Squares Line) 

 

Formula to find the predicted 𝑦 −value (𝑦̂): 𝒚̂ = 𝒂 + 𝒃𝒙 

N.B Use a calculator to find the value of 𝒂 and 𝒃. 

 

Example (Finding the equation of regression line) 

Given data in the table below, determine the equation of line of best fit: 

𝒙 2 5 7 

𝒚 5 9 13 

 

Solution 

In the following steps we used the calculator CASIO fx-82ZA PLUS II 
Step 1 Press Mode button 

 
Step 2 Press number 2 for STAT 

 
Step 3 Choose option 2: A+BX by pressing the number 2 

 
Step 4 In the X-column, enter all x-values, one after the other 

by pressing = after each entry. 

Then move to the Y-column, enter all y-values, one after 

the other by pressing = after each entry. 

 
 

Step 5 Press AC button →Press SHIFT button→Press the 

number 1 

 
Step 6 Choose 5:Reg by pressing the number 5 

 
Step 7 Press the number 1 followed by = to get the value of A, 

and press the number 2 followed by = to get the value of 

B. You can also get the value of r (correlation 

coefficient). N.B After getting each value, you need to 

repeat steps 5 – 6 to get the value in step 7. Press the 

AC button after getting each value. 

A = 1,63 

B = 1,58 

r = 0,99 

The equation of line of best fit is then 𝒚̂ = 𝟏, 𝟔𝟑 + 𝟏, 𝟓𝟖𝒙 

 
N.B to get back to the normal (Comp.) mode, press MODE button followed by 

number 1 
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Drawing the line of best fit 

 

Approach 1 

Substitute any two 𝑥 −values from the table to get the predicted 𝑦 −values. 

Then plot the two points and join them. 

N.B Ensure that your line is long enough to cover the  

 

Approach 2 

Determine the mean point and the y-intercept, then join the two points. 

 

To determine the mean point, use the example on the previous page, follow 

steps 1 – 5, then the following steps: 
Step 6 Choose 4:Var by pressing the number 4 

 
Step 7 Press the number 2 followed by = to get the 

mean for 𝒙, and press the number 5 

followed by = to get the mean for 𝒚. N.B 

After getting each value, you need to 

repeat steps 5 – 6 to get the value in step 

7. Press the AC button after getting each 

value. 

𝒙̅ = 𝟒, 𝟔𝟕 

𝒚̅ = 𝟗 

∴ 𝒎𝒆𝒂𝒏 𝒑𝒐𝒊𝒏𝒕 𝒊𝒔 (𝟒, 𝟔𝟕 ;  𝟗) 

 

 

 
N.B When drawing the line of best fit, ensure that the line is long enough to cover 

the grid, see below: 
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Correlation Coefficient 

• Correlation coefficient (r) indicates the strength of the relationship 

between the two variables. Use calculator to calculate r (See example 

on page 80) . 

• –1 ≤ r ≤ 1 

 

Reading/Describing Correlation Coefficient 

 

 

 

 

 

Examination Guidelines (Statistics) 

Source: Mathematics Examination Guidelines Grade 12, 2021 
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ANALYTICAL GEOMETRY 
Straight Lines 
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Collinear points → Two or more points are called collinear if all points lie on 

the same straight line. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

                 𝜽 = 𝐭𝐚𝐧−𝟏(𝒎)                                              𝜽 = 𝐭𝐚𝐧−𝟏(𝒎) + 𝟏𝟖𝟎° 

 

 

 

 

 

 

 

 

 

∴ 𝒎𝑨𝑩 = 𝒎𝑩𝑪 = 𝒎𝑨𝑪 

𝑰𝒏𝒄𝒍𝒊𝒏𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝒂 𝒍𝒊𝒏𝒆 

𝒎 > 𝟎 𝒎 < 𝟎 
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Properties of Quadrilaterals 
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Equation of A Circle 
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Examination Guidelines (Statistics) 

Source: Mathematics Examination Guidelines Grade 12, 2021 
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TRIGONOMETRY 

 

Right-Angled Triangle 

 

 

 

 

 

 

 

 

 

 

SohCahToa 
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Theorem of Pythagoras 
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Reduction Formulae 
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Special Angles 
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Identities 
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Cartesian Plane 
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Ratios With a Letter 
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Trigonometric Equations 
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Trigonometric Functions 

Summary of The sine function 𝑦 = 𝑎𝑠𝑖𝑛𝑘(𝑥 + 𝑝) + 𝑞 
                                                                                                                     Vertical 

translation 

                           helps to find amplitude    helps with period        horizontal translation      

 
• Shape 

𝒂 >  𝟎 
 

 
 

𝒂 <  𝟎 
 

 

• Amplitude – halfway between the maximum and the minimum → 
𝒎𝒂𝒙−𝒎𝒊𝒏

𝟐
. 

o If  𝑦 = 2𝑠𝑖𝑛𝑥, 𝑡ℎ𝑒𝑛 𝑡ℎ𝑒 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 𝑖𝑠 2 

o If 𝑦 = −3𝑠𝑖𝑛𝑥, 𝑡ℎ𝑒𝑛 𝑡ℎ𝑒 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 𝑖𝑠 3 

• 𝑷𝒆𝒓𝒊𝒐𝒅 =
360°

𝑘
 

• 𝒑 → 𝑡ℎ𝑒 ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑠ℎ𝑖𝑓𝑡 

o If 𝑦 = sin (𝑥 + 45°)   → 𝑠ℎ𝑖𝑓𝑡𝑠 45° 𝑡𝑜 𝑡ℎ𝑒 𝑙𝑒𝑓𝑡 

o If 𝑦 = sin (𝑥 − 30°)   → 𝑠ℎ𝑖𝑓𝑡𝑠 30° 𝑡𝑜 𝑡ℎ𝑒 𝑟𝑖𝑔ℎ𝑡 

• 𝒒 → 𝑡ℎ𝑒 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑠ℎ𝑖𝑓𝑡 

o If 𝑦 = sin 𝑥 + 3 → 𝑠ℎ𝑖𝑓𝑡𝑠 3 𝑢𝑛𝑖𝑡𝑠 𝑢𝑝 

o If 𝑦 = sin 𝑥 − 2 → 𝑠ℎ𝑖𝑓𝑡𝑠 2 𝑢𝑛𝑖𝑡𝑠 𝑑𝑜𝑤𝑛 
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Example 1 

 

𝑠𝑘𝑒𝑡𝑐ℎ 𝑡ℎ𝑒 𝑔𝑟𝑎𝑝ℎ 𝑦 = 𝑠𝑖𝑛𝑥     𝑓𝑜𝑟 𝑥 ∈ [−360°; 360°] 
 

Solution 

 

 
 

Take note of the following key aspects of the graph of 𝒚 = 𝒔𝒊𝒏𝒙     𝒇𝒐𝒓 𝒙 ∈
[−𝟑𝟔𝟎°; 𝟑𝟔𝟎°] 
 

1 Maximum Value 1   (at 𝒙 = −𝟐𝟕𝟎° 𝒂𝒏𝒅 𝒙 = 𝟗𝟎°) 

 Minimum Value −𝟏   (at 𝒙 = −𝟗𝟎° 𝒂𝒏𝒅 𝒙 = 𝟐𝟕𝟎°) 

2 Domain 𝒙 ∈ [−𝟑𝟔𝟎°; 𝟑𝟔𝟎°], 𝒙 ∈ 𝑹 

 Range 𝒚 ∈ [−𝟏; 𝟏], 𝒚 ∈ 𝑹 

3 x-intercepts −𝟑𝟔𝟎°, −𝟏𝟖𝟎°, 𝟎°, 𝟏𝟖𝟎°, 𝟑𝟔𝟎° 

 y-intercept 0 

4 Amplitude 1   {
𝒎𝒂𝒙−𝒎𝒊𝒏

𝟐
→

𝟏−(−𝟏)

𝟐
= 𝟏} 

5 Period 𝟑𝟔𝟎°      {𝒑𝒆𝒓𝒊𝒐𝒅 =
𝟑𝟔𝟎°

𝒌
→

𝟑𝟔𝟎°

𝟏
= 𝟑𝟔𝟎°}   
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Summary of The cosine function 𝑦 = 𝑎𝑐𝑜𝑠𝑘(𝑥 + 𝑝) + 𝑞 
                                                                                                                                vertical 

translation 

                              helps to find amplitude    helps with period        horizontal translation      

 

• Shape 

𝒂 >  𝟎 
 

 
 

𝒂 <  𝟎 
 

 
 

• Amplitude – halfway between the maximum and the minimum → 
𝒎𝒂𝒙−𝒎𝒊𝒏

𝟐
. 

o If  𝑦 = 2𝑐𝑜𝑠𝑥, 𝑡ℎ𝑒𝑛 𝑡ℎ𝑒 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 𝑖𝑠 2 

o If 𝑦 = −3𝑐𝑜𝑠𝑥, 𝑡ℎ𝑒𝑛 𝑡ℎ𝑒 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 𝑖𝑠 3 

• 𝑷𝒆𝒓𝒊𝒐𝒅 =
360°

𝑘
 

• 𝒑 → 𝑡ℎ𝑒 ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑠ℎ𝑖𝑓𝑡 

o 𝑦 = cos (𝑥 + 45°)  → 𝑠ℎ𝑖𝑓𝑡𝑠 45° 𝑡𝑜 𝑡ℎ𝑒 𝑙𝑒𝑓𝑡 

o 𝑦 = cos (𝑥 − 30°)   → 𝑠ℎ𝑖𝑓𝑡𝑠 30° 𝑡𝑜 𝑡ℎ𝑒 𝑟𝑖𝑔ℎ𝑡 

• 𝒒 → 𝑡ℎ𝑒 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑠ℎ𝑖𝑓𝑡 

o 𝑦 = 𝑐𝑜𝑠 𝑥 + 3 → 𝑠ℎ𝑖𝑓𝑡𝑠 3 𝑢𝑛𝑖𝑡𝑠 𝑢𝑝 

o 𝑦 = cos 𝑥 − 2 → 𝑠ℎ𝑖𝑓𝑡𝑠 2 𝑢𝑛𝑖𝑡𝑠 𝑑𝑜𝑤𝑛 
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Example 2 

 

𝑠𝑘𝑒𝑡𝑐ℎ 𝑡ℎ𝑒 𝑔𝑟𝑎𝑝ℎ 𝑦 = 𝑐𝑜𝑠𝑥     𝑓𝑜𝑟 𝑥 ∈ [−360°; 360°] 
 

Solution 

 

 
 

Take note of the following key aspects of the graph of 𝒚 = 𝒄𝒐𝒔𝒙     𝒇𝒐𝒓 𝒙 ∈
[−𝟑𝟔𝟎°; 𝟑𝟔𝟎°] 
 

1 Maximum Value 1   (at 𝒙 = −𝟑𝟔𝟎°, 𝒙 = 𝟎° 𝒂𝒏𝒅 𝒙 = 𝟗𝟎°) 

 Minimum Value −𝟏   (at 𝒙 = −𝟏𝟖𝟎° 𝒂𝒏𝒅 𝒙 = 𝟏𝟖𝟎°) 

2 Domain 𝒙 ∈ [−𝟑𝟔𝟎°; 𝟑𝟔𝟎°], 𝒙 ∈ 𝑹 

 Range 𝒚 ∈ [−𝟏; 𝟏], 𝒚 ∈ 𝑹 

3 x-intercepts −𝟐𝟕𝟎°, −𝟗𝟎°, 𝟗𝟎°, 𝟐𝟕𝟎° 

 y-intercept 1 

4 Amplitude 1   { 
𝒎𝒂𝒙−𝒎𝒊𝒏

𝟐
→

𝟏−(−𝟏)

𝟐
= 𝟏} 

5 Period 𝟑𝟔𝟎°      {𝒑𝒆𝒓𝒊𝒐𝒅 =
𝟑𝟔𝟎°

𝒌
→

𝟑𝟔𝟎°

𝟏
= 𝟑𝟔𝟎°} 
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Summary of The cosine function 𝑦 = 𝑎𝑡𝑎𝑛𝑘(𝑥 + 𝑝) + 𝑞 
                                                                                                                     vertical translation 

                                 helps with slope point    helps with period        horizontal translation      

 

• Shape 

𝒂 >  𝟎 
 

 
 

𝒂 <  𝟎 
 

 
 

• Amplitude – tangent graph does not have maximum or the minimun VALUE, thus 

THERE IS NO AMPLITUDE for the tangent function. 

• Asymptotes  

o Positions of the first asymptotes are at  𝟎° ±
𝒑𝒆𝒓𝒊𝒐𝒅

𝟐
 

o Then, other asymptotes are found every period. 

• 𝑷𝒆𝒓𝒊𝒐𝒅 =
180°

𝑘
 

• 𝒑 → 𝑡ℎ𝑒 ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑠ℎ𝑖𝑓𝑡 

o 𝑦 = tan (𝑥 + 45°)  → 𝑠ℎ𝑖𝑓𝑡𝑠 45° 𝑡𝑜 𝑡ℎ𝑒 𝑙𝑒𝑓𝑡 

o 𝑦 = tan (𝑥 − 30°)   → 𝑠ℎ𝑖𝑓𝑡𝑠 30° 𝑡𝑜 𝑡ℎ𝑒 𝑟𝑖𝑔ℎ𝑡 

• 𝒒 → 𝑡ℎ𝑒 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑠ℎ𝑖𝑓𝑡 

o 𝑦 = 𝑡𝑎𝑛 𝑥 + 3 → 𝑠ℎ𝑖𝑓𝑡𝑠 3 𝑢𝑛𝑖𝑡𝑠 𝑢𝑝 

o 𝑦 = tan 𝑥 − 2 → 𝑠ℎ𝑖𝑓𝑡𝑠 2 𝑢𝑛𝑖𝑡𝑠 𝑑𝑜𝑤𝑛 

Asymptote line 
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Example 3 

 

𝑠𝑘𝑒𝑡𝑐ℎ 𝑡ℎ𝑒 𝑔𝑟𝑎𝑝ℎ 𝑦 = 𝑡𝑎𝑛𝑥     𝑓𝑜𝑟 𝑥 ∈ [−180°; 360°] 
 

Solution 

 
 

 

Take note of the following key aspects of the graph of 𝒚 = 𝒕𝒂𝒏𝒙     𝒇𝒐𝒓 𝒙 ∈
[−𝟏𝟖𝟎°; 𝟑𝟔𝟎°] 
 

1 Maximum 

Value 

N/A 

 Minimum 

Value 

N/A 

2 Domain 𝒙 ∈ [−𝟏𝟖𝟎°; 𝟑𝟔𝟎°], 𝒃𝒖𝒕 𝒙 ≠ −𝟗𝟎°, 𝟗𝟎°, 𝟐𝟕𝟎° 

 Range 𝒚 ∈ (−∞; ∞), 𝒚 ∈ 𝑹 

3 x-intercepts −𝟏𝟖𝟎°, 𝟎°, 𝟏𝟖𝟎°, 𝟑𝟔𝟎° 

 y-intercept 0 

4 Amplitude N/A 

5 Period 𝟏𝟖𝟎°      {𝒑𝒆𝒓𝒊𝒐𝒅 =
𝟏𝟖𝟎°

𝒌
→

𝟏𝟖𝟎°

𝟏
= 𝟏𝟖𝟎°} 

 

6 Equations of 

asymptotes 

𝒙 = −𝟗𝟎°, 𝒙 = 𝟗𝟎°, 𝒂𝒏𝒅 𝒙 = 𝟐𝟕𝟎 

7 Slope points (−𝟏𝟑𝟓°; 𝟏), (−𝟒𝟓°; −𝟏), (𝟒𝟓°; 𝟏), (𝟏𝟑𝟓°; −𝟏), (𝟐𝟐𝟓°; 𝟏), (𝟑𝟏𝟓°; −𝟏) 
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Solution of Triangles (2-D and 3-D) 

3-dimensional space takes up 3 planes (horizontal, vertical and inclined/slanted).  

 

The 3-dimensional diagram below is split such that you can work separately on each 2-D plane. 

  

The 3-D diagram below has 4 planes: 

• Vertical plane → ∆𝐴𝐷𝐶 

• Vertical plane → ∆𝐵𝐷𝐶 

• Horizontal plane → ∆𝐴𝐷𝐵 

• Inclined plane → ∆𝐴𝐵𝐶 

 

 
 

Take note that: 

• You cannot add two angles from different planes to get the sum, from the 3-D 

diagram, 𝜽 + 𝜶 ≠ 𝑪𝑨 ̂𝑩 

Angle of elevation vs Angle of depression 

Angle of depression (measured from horizontal going down) 

 

 

 

 

 

 

 

Angle of elevation (measured from the horizontal going up) 

 

vertical 

horizontal 

vertical 
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For right-angled triangles 

Soh Cah Toa 

 

 

 

 

 

 

 

 

 

To calculate the area of a right-angled triangle PQR above, use the formula 𝐴𝑟𝑒𝑎 ∆ =
1

2
𝑏 × ℎ 

 

                                                                                                       ∴ 𝐴𝑟𝑒𝑎 ∆𝑃𝑄𝑅  =
1

2
𝑅𝑄 × 𝑃𝑅 

For triangles that are not right-angled triangles 

 

N.B Only use area formula when you are asked to calculate the area or when you are 

given the area. 
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2-D & 3-D Approach 
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EUCLIDEAN GEOMETRY 
 

Examinable Theorems: Know How to Prove the Following Theorems 

1. The line drawn from the centre of a circle perpendicular to a chord 

bisects the chord 

 
2. The line drawn from the centre of a circle that bisects a chord is 

perpendicular to the chord 
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3. The  angle  subtended  by  an  arc  at  the  centre  of  a  circle  is  

double  the  size  of  the  angle subtended by the same arc at the circle 

(on the same side of the chord as the centre) 

 
 

4. The opposite angles of a cyclic quadrilateral are supplementary 
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5. The angle between the tangent to a circle and the chord drawn from 

the point of contact is equal to the angle in the alternate segment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.jenntc.co.za/


JENN TRAINING AND CONSULTANCY www.jenntc.co.za 
 

2025 Mathematics Last Push Study Guide             Page 118 of 169 

 

 

6. A line drawn parallel to one side of a triangle divides the other two 

sides proportionally 

If   KL||YZ, prove that 
XK

KY
=

XL

LZ
  

 
Proof: 
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7. Equiangular triangles are similar. 

 

 
 

Proof:  
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Acceptable Reasons: Euclidean Geometry 

Source: Grade 12 Mathematics Examination Guidelines, 2021 
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Examination Guidelines 

Source: Grade 12 Mathematics Examination Guidelines, 2021 
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SECTION 4: Paper 2 – Activities 
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PAPER 2 ACTIVITIES 
 

Statistics and Regression 

(May/June 2021) 
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ANSWER QUESTION 2.4 HERE: 
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(May/June 2019) 
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ANSWER QUESTION 1.2 HERE: 
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ANSWER QUESTION 2.1 AND 2.2 HERE: 

 

 

 

 

http://www.jenntc.co.za/


JENN TRAINING AND CONSULTANCY www.jenntc.co.za 
 

2025 Mathematics Last Push Study Guide             Page 133 of 169 

 

(May/June 2023) 

 

 

 

 

 

 

 

 

 

http://www.jenntc.co.za/


JENN TRAINING AND CONSULTANCY www.jenntc.co.za 
 

2025 Mathematics Last Push Study Guide             Page 134 of 169 

 

 

ANSWER QUESTION 2.3 HERE: 
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ANSWER QUESTION 1.2 AND 1.3 HERE: 
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