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SECTION 1 : CUBIC FUNCTION 

 

1. SKETCHING CUBIC FUNCTION 

You must be able to sketch the cubic function, giving the special attention to the following key features: 

• Intercepts (both 𝑥 and 𝑦 intercepts) 

• Turning points (stationary points) 

Clearly indicating the intercepts with the axis as well as the turning points, every time you are asked to 

sketch a cubic function. 

 

Follow the following steps when finding the key points of the cubic functions : 

• 𝑦 intercept 

Let 𝑥  =  0 and simplify. 

• 𝑥 intercept 

Let 𝑦  = 0 and solve a third-degree polynomial by inspection, long division or 

synthetic method. The latter will require you to use FACTOR THEOREM to find the 

divisor (factor). 

NOTE: there can be one, two or three x intercepts depending on the given function. 

• Stationary / turning points of a function 𝑓(𝑥) 

▪ Determine the derivative 𝑓′(𝑥) 

▪ Equate the derivative to zero,  𝑓′(𝑥) = 0 

▪ Solve for 𝑥, then substitute the obtained values of x into the original function 

𝑓(𝑥) to obtain the corresponding y values. 

Plot the points and join them. 

 

WORKED EXAMPLE 1 

Given the function  𝑓(𝑥) = −2𝑥 3 +12𝑥2 − 18𝑥 + 8: 

1. Determine the 𝑦 intercept of 𝑓. 

2. Show that 𝑥  −  1 is a factor of 𝑓. 

3. Hence, determine the 𝑥 − 𝑖𝑛𝑡 of 𝑓. 

4. Determine the coordinates of the turning points. 

5. Sketch the graph of 𝑓, clearly indicate the intercepts with the axis as well as the turning points. 
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Solutions  

 

    1. 𝑓(0) = −2(0) 3 +12(0)2 − 18(0) + 8 

                 = 8 

(0 ; 8) 

    2.   𝑓(1) = −2(1) 3 +12(1)2 − 18(1) + 8 

                  = 0                                                        (1 ; 0) 

    3.  0 = (𝑥 − 1)(−2𝑥2 + 10𝑥 − 8) 

𝑥 − 1 = 0 or −2𝑥2 + 10𝑥 − 8 = 0 

𝑥 = 1 or 𝑥2 − 5𝑥 + 4 = 0 

𝑥 = 1 or (𝑥 − 4)(𝑥 − 1) = 0 

𝑥 = 1 or 𝑥 = 4  or 𝑥 = 1 

(1 ; 0) and (4 ∶ 0) 

 

   4.   𝑓′(𝑥)   =   −6𝑥2 + 24𝑥 − 18  

                  0 = −6𝑥2 + 24𝑥 − 18 

                  0 = 𝑥2 − 4𝑥 + 3 

                0 = (𝑥 − 3)(𝑥 − 1) 

               𝑥 = 3  or 𝑥 = 1 

𝑓(3) = 8 and 𝑓(1) = 0 

(3: 8)  and (1; 0) 

 

  5.   
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2. FINDING THE EQUATION OF CUBIC FUNCTION  

      2.1   When given 3  𝑥 − 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡𝑠 and another point, then use: 

             𝑦 = 𝑎(𝑥 − 𝑥1)(𝑥 − 𝑥2)(𝑥 − 𝑥3) 

      2.2   If the graph has a two 𝑥-intercepts, use the equation: 

             𝑦 = 𝑎(𝑥 − 𝑥1)(𝑥 − 𝑥2)2 

 

WORKED EXAMPLE 2 

 

1.   The sketch below represents the graph of 𝑓 defined by 𝑓(𝑥) = −𝑥3 + 𝑎𝑥2 + 𝑏𝑥 + 𝑐.  𝑃 𝑎𝑛𝑑 𝑇 are the 

turning points of 𝑓. The x-intercepts of the graph are −3, −1 𝑎𝑛𝑑 2. The graph has a y-cut at 6. Determine 

the values of 𝑎, 𝑏 𝑎𝑛𝑑 𝑐. 

 
 

2.   The sketch below represents the graph of f defined be 𝑓(𝑥) = 𝑎𝑥3 + 𝑏𝑥2 + 𝑐. A and B are the turning 

points of f . B (3;0) is also the x – intercept of f. C is a point with coordinates (2;2). The graph passes 

through the origin. 

 
 



Page 7 of 44 

 

 

 

Solutions  

 

   1.  

 

  2.   
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ACTIVITIES 

ACTIVITY 1 
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ACTIVITY 2 
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ACTIVITY 3 

 

ACTIVITY 4 
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SECTION 2 : INTEGRATION 

You should be able to understand the concept of integration as both a definite integral and an indefinite 

integral and apply standard form of integrals as a converse of differentiation. 

 

1. Indefinite integrals  

 

You should be able to integrate functions of the following forms : 

                        

And this equations are provided in the formular sheet.                                                  

 WORKED EXAMPLE 3 

Determine : 

   1.  ∫ 6𝑥5 𝑑𝑥  

   2.  ∫
1

2
𝑥 𝑑𝑥  

   3.  ∫(2𝑥3 − 3𝑥2 −
7

𝑥
)𝑑𝑥  

   4.  ∫(3𝑥 +
3

𝜋
) 𝑑𝑥  

   5.  ∫ (𝜋𝑥
2

3) 𝑑𝑥 

    6. ∫ (
𝑡

𝑥
− 𝑥2. √𝑡2) 𝑑𝑡 

    

SOLUTIONS 

   1. ∫ 6𝑥5 𝑑𝑥 =
6𝑥5+1

5+1
+ 𝐶 

                        =
6𝑥6

6
+ 𝐶 

                        = 𝑥6 + 𝐶 

 



Page 13 of 44 

 

 

   2.  ∫
1

2
𝑥 𝑑𝑥 =

1𝑥1+1

2(1+1)
+ 𝐶  

                      =
𝑥2

4
+ 𝐶 

   3.   

  

  4.  

 

 5.  

 6.  
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2. Definite Integrals  

You must be able apply integration to determine the magnitude of an area included by a curve and the x-

axis or by a curve, the x-axis and the ordinates x = a and x = b where a, b ∈ Z . If 𝑓 and 𝑔 as continuous 

functions, then the following properties holds : 

 

 

 WORKED EXAMPLE 4 

The diagram below shows the shaded area bounded by the curve defined by 𝑓(𝑥) = 𝑥3 − 6𝑥2 + 11𝑥 − 6. 

 

Determine the area of the shaded region of the graph of 𝑓 bounded by the graph and the 𝑥 −axis between 

𝑥 = 2 and 𝑥 = 3. 
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SOLUTION  

 

 WORKED EXAMPLE 5 

The sketch below represents the area bounded by the function 𝑔 defined by 𝑔(𝑥) = 3𝑥2 and the points 

where 𝑥 = 𝑘 and 𝑥 = 4 

 

Determine the value of 𝑘 if bounded area is 56 square units. 
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SOLUTION  

 

 WORKED EXAMPLE 6 

The sketch below shows the shaded area bounded by the curver of the function defined by 𝑓(𝑥) = 𝑥3 − 𝑥 

and the 𝑥 −axis between pointts 𝑥 = −1 and 𝑥 = 1. 

 

Determine (showing ALL calculations) the shaded are bounded by the curve 𝑓 and the 𝑥 −axis between 

the points where 𝑥 = −1 and 𝑥 = 1. 
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SOLUTION  

 

 WORKED EXAMPLE 7 

The sketch below represents the function defined by 𝑓(𝑥) = 4𝑥3. The shaded area that is bounded by the 

curve of f, the x-axis and the ordinates 𝑥 = 𝑘 and 𝑥 = 2𝑘 is equal to 36 015 square units.  

 

It was claimed to a Technical Mathematics class that the value of 2k lies between 10 and 20. Determine, 

showing ALL calculations, whether the claim is valid.  
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SOLUTION  
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ACTIVITIES 

ACTIVITY 1 
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ACTIVITY 2 
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ACTIVITY 3 
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ACTIVITY 4 
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ACTIVITY 5 
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SECTION 3 : CIRCLE, ANGLES AND ANGULAR MOVEMENT  

 

3.1 Parts of the circle  

When working with circles, there is some terminology (words) that help us to identify different parts of 

the circle. These are: 
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3.2 Degrees and Radians 

A complete revolution is: 360∘ = 2𝜋 radians 

Sometimes we may need to convert between degrees and radians: 

• to convert from degrees to radians , multiply the number of degrees by  
𝜋 𝑟𝑎𝑑𝑖𝑎𝑛𝑠

180°
 

• to convert from radians to degrees , multiply the number of radians by 
180°

𝜋 𝑟𝑎𝑑𝑖𝑎𝑛𝑠 
 

 WORKED EXAMPLE 8 

1. Convert the following to radians  

1.1  30° 

1.2   75° 

2.  Conver the following to degrees : 

2.1  
𝜋

3
 𝑟𝑎𝑑𝑖𝑎𝑛𝑠  

2.2  
2𝜋

9
𝑟𝑎𝑑𝑖𝑎𝑛𝑠 

Solutions  

1.   

1.1  30° ×
𝜋  𝑟𝑎𝑑𝑖𝑎𝑛𝑠

180°
=  

𝜋

6
 𝑟𝑎𝑑𝑖𝑎𝑛𝑠 

1.2   75° ×
𝜋  𝑟𝑎𝑑𝑖𝑎𝑛𝑠

180°
=

5𝜋

12
 𝑟𝑎𝑑𝑖𝑎𝑛𝑠  

2 

2.1  
𝜋

3
 𝑟𝑎𝑑𝑖𝑎𝑛𝑠 ×

180°

𝜋 𝑟𝑎𝑑𝑖𝑎𝑛𝑠 
= 60° 

2.2  
2𝜋

9
𝑟𝑎𝑑𝑖𝑎𝑛𝑠 ×

180°

𝜋 𝑟𝑎𝑑𝑖𝑎𝑛𝑠 
= 40° 

Radian measures and arc length 

To measure an angle, we mostly use degrees. The circumference of the circle is divided into 360 equal 

parts. We call each of these equal parts a degree. Another common measure to measure an angle is the 

radian. The radian uses the relationship between the radius of a circle and the length of an arc of the circle. 

The distance travelled along the circumference of a circle is called the arc length. Formula: 𝑠 = 𝑟𝜃 

where:  𝑠= arc length  

• 𝑟= radius  

• 𝜃= central angle in radians 
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 WORKED EXAMPLE 9 

An enclosure is in the shape of a 72° sector of a circle with a radius of 80 m. 

Calculate the cost of fencing the enclosure, if fencing costs R360 per metre.  

Solution : 

To calculate the cost of fencing, first calculate the perimeter.  

Perimeter = twice the radius plus the arc length 

 

3.3 Area of a Sector 

A sector is the region enclosed by two radii and an arc. 

Formula:  𝐴 =
1

2
𝑟2𝜃 
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 WORKED EXAMPLE 10 

In the diagram below EC and BG are arc lengths of circle sectors with different radii, that both subtend an 

angle of 30°. The radii, AG, of the smaller sector is 4cm and BE is 5cm. 

 

1. Convert 𝐴̂ to radians. 

2. Determine the arc length of BG. 

3. Determine the area of sector AEC. 

4  Hence, determine the area of the shaded area BECG 

Solution  

1. 𝐴̂ = 30° ×
𝜋 𝑟𝑎𝑑𝑖𝑎𝑛𝑠

180°
  

        =
𝜋

6
 𝑟𝑎𝑑𝑖𝑎𝑛𝑠  

2.  𝑠 = 𝑟. 𝜃 

        = (4) (
𝜋

6
) 

𝐵𝐺 =
2𝜋

3
 𝑐𝑚 

3. Area of sector AEC =
𝑟2.𝜃

2
 

                                =
(9)2.(

𝜋

6
)

2
 

                                =
27𝜋

4
𝑐𝑚2 
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4. Area of sector ABG =  
𝑟2.𝜃

2
 

                             =
(4)2.(

𝜋

6
)

2
 

                             =
4𝜋

3
𝑐𝑚2 

Area of BECG =
27𝜋

4
−

4𝜋

3
 

                    =
65𝜋

12
𝑐𝑚2 

3.4 Circumferential (Linear) Velocity and angular velocity 

Angular velocity ω (omega) can be determined by multiplying the radians in one revolution (2πr ) with the 

revolutions per seconds (n). Thus we can say: ω = 2πn 

Circumferential velocity is the speed of an object moving along a circular path. 

Formula:  𝑣 = 𝑟𝜔 , Units: metres per second (m/s) 

 WORKED EXAMPLE 11 

1. A ceiling fan rotates 30 times per minute. Calculate the angular 

velocity of the fan in 

degrees per hour. 
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2. The Earth rotates on its own axis once every 24 hours. Calculate the Earth’s angular velocity of rotation in 

degrees per hour. 

Solution: 

1.  

The angular velocity = 2𝜋𝑟 × 30 𝑟𝑎𝑑𝑖𝑎𝑛  

                                  =
60𝜋 𝑟𝑎𝑑𝑖𝑎𝑛𝑠

𝑚𝑖𝑛
× 60 ×

𝑚𝑖𝑛

ℎ𝑜𝑢𝑟
 

                                  = 3600
𝜋 𝑟𝑎𝑑𝑖𝑎𝑛𝑠

𝑚𝑖𝑛
×

𝑚𝑖𝑛

ℎ𝑜𝑢𝑟
  

                                  =
3600𝜋 𝑟𝑎𝑑𝑖𝑎𝑛𝑠

ℎ𝑜𝑢𝑟
(

180

𝜋
) 

                                  = 648° 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟  

2. The complete circle is 2π radians, therefore, the angular velocity of the Earth’s rotation equals 

2𝜋

24
 radians per hour. 

=
2𝜋

24
  (

180

𝜋
) 

= 15° 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟  

3. 5 The relationship between a segment’s height, diameter and its width 

 

We use the following formula to determine the relationship between the diameter, the width and the height 

of the segment : 4ℎ2 − 4𝑑ℎ + 𝑥2 = 0;  where ℎ is the height of the segment, 𝑑 is the diameter and 𝑥 is the 

width of the segment. 
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 WORKED EXAMPLE 12 

 

The diagram below shows a broken plate. 

 

Use the given information to calculate the diameter of the original plate. 

ℎ = 2 𝑐𝑚 and 𝑥 = 7 𝑐𝑚  

4ℎ2 − 4𝑑ℎ + 𝑥2 = 0 

4(2)2 − 4𝑑(2) + (7)2 = 0 

16 − 8𝑑 + 49 = 0 

65 = 8𝑑 

𝑑 = 8,125 𝑐𝑚 
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SUMMARY 
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ACTIVITIES 

ACTIVITY 1 
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ACTIVITY 2  
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ACTIVITY 3   
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ACTIVITY 4   

 

ACTIVITY 5   

 

ACTIVITY 6   
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ACTIVITY 7   
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ACTIVITY 8   
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ACTIVITY 9 
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ACTIVITY 10 
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  d = 8 , 125   c m


  d = 8 , 125   c m


  65 = 8 d


  65 = 8 d


  16 − 8 d + 49 = 0


  16 − 8 d + 49 = 0


  4   ( 2 ) 2 − 4 d ( 2 ) +   ( 7 ) 2 = 0


  4   ( 2 ) 2 − 4 d ( 2 ) +   ( 7 ) 2 = 0


  4  h 2 − 4 d h +   x 2 = 0


  x = 7   c m


  h = 2   c m


  x


  d


  h


  4  h 2 − 4 d h +   x 2 = 0 ;  


  = 15 °   p e r   h o u r  


  = 15 °   p e r   h o u r  


  =   2 𝜋 24      (  180  𝜋 )


    2 𝜋 24  


  = 648 °   p e r   h o u r  


  =   3600 𝜋   r a d i a n s  h o u r  (  180  𝜋 )


  = 3600   𝜋   r a d i a n s  m i n ×   m i n  h o u r  


  =   60 𝜋   r a d i a n s  m i n × 60 ×   m i n  h o u r


  = 2 𝜋 r × 30   r a d i a n  


  v = r 𝜔  


  =   65 𝜋 12   c m 2


  =   27 𝜋 4 −   4 𝜋 3


  =   4 𝜋 3   c m 2


  =     ( 4 ) 2 .  (   𝜋 6 ) 2


  =       r 2 . 𝜃 2


  =   27 𝜋 4   c m 2


  =     ( 9 ) 2 .  (   𝜋 6 ) 2


  =     r 2 . 𝜃 2


  B G =   2 𝜋 3   c m


  = ( 4 )  (   𝜋 6 )


  s = r . 𝜃


  =   𝜋 6   r a d i a n s  


    A ^ = 30 ° ×   𝜋   r a d i a n s  180 °  


    A ^


  30 °


  A =  1 2   r 2 𝜃


  𝜃


  r


  s


  s = r 𝜃


    2 𝜋 9 r a d i a n s ×   180 °  𝜋   r a d i a n s   = 40 °


    𝜋 3   r a d i a n s ×   180 °  𝜋   r a d i a n s   = 60 °


  75 ° ×   𝜋     r a d i a n s  180 ° =   5 𝜋 12   r a d i a n s  


  30 ° ×   𝜋     r a d i a n s  180 ° =     𝜋 6   r a d i a n s


    2 𝜋 9 r a d i a n s


    𝜋 3   r a d i a n s  


  75 °


  30 °


    180 °  𝜋   r a d i a n s  


    𝜋   r a d i a n s  180 °


   360 ∘ = 2 𝜋  radians


  x = 2 k


  x = k  


  f  ( x ) = 4   x 3


  x = 1


  x = − 1


  x −


  f


  x = 1


  x = − 1


  x −


  f  ( x ) =   x 3 − x


  k


  x = 4


  x = k


  g  ( x ) = 3   x 2


  g


  x = 3


  x = 2


  x −


  f


  f  ( x ) =   x 3 − 6   x 2 + 11 x − 6


  g


  f  


  =     x 2 4 + C


   ∫   1 2 x   d x =   1   x  1 + 1  2 ( 1 + 1 ) + C  


  =   x 6 + C


  =   6   x 6 6 + C


   ∫  6   x 5   d x   =   6   x  5 + 1  5 + 1 + C


   ∫   (   t  x −   x 2 .    t 2 ) d t


   ∫   ( 𝜋   x   2 3 ) d x


   ∫  (  3  x +  3  𝜋 )   d x  


     ∫  ( 2   x 3 − 3   x 2 −  7  x ) d x  


   ∫   1 2 x   d x  


   ∫  6   x 5   d x  


  f  ( x ) = a   x 3 + b   x 2 + c .


  a ,   b   a n d   c .


  − 3 ,   − 1   a n d   2 .


  f .


  f  ( x ) = −   x 3 + a   x 2 + b x + c .     P   a n d   T  


  f


  y = a ( x −   x 1 ) ( x −   x 2  ) 2


  x


  y = a  ( x −   x 1 )  ( x −   x 2 )  ( x −   x 3 )


  x − i n t e r c e p t s


  ( 1 ; 0 )


  ( 3 : 8 )


  f  ( 1 ) = 0


  f  ( 3 ) = 8


  x = 1


  x = 3


  0 = ( x − 3 ) ( x − 1 )


  0 =   x 2 − 4 x + 3


  0 = − 6   x 2 + 24 x − 18


      f ′  ( x )   =   − 6   x 2 + 24 x − 18  


  ( 4   : 0 )


  ( 1   ; 0 )


  x = 1


  x = 4


  x = 1


  ( x − 4 ) ( x − 1 ) = 0


  x = 1


    x 2 − 5 x + 4 = 0


  x = 1


  − 2   x 2 + 10 x − 8 = 0


  x − 1 = 0


  0 = ( x − 1 ) ( − 2   x 2 + 10 x − 8 )


  = 0


  f  ( 1 ) = − 2 ( 1 )    3     + 12  ( 1 ) 2 − 18 ( 1 ) + 8


  ( 0   ; 8 )


  = 8


  f  ( 0 ) = − 2 ( 0 )    3     + 12  ( 0 ) 2 − 18 ( 0 ) + 8


  f


  f


  x − i n t  


  f


  x   −   1


  f


  y


  f  ( x ) = − 2 x    3     + 12 x 2 − 18 x + 8


  f  ( x )


  x


      f ′  ( x ) = 0


    f ′  ( x )


  f  ( x )


  y   = 0


  x  


  x   =   0


  y


  y


  x

