TEACHING EXAMPLES FOR FINDING WHERE GRADIENT IS ZERO.
(We are not yet determining whether the points are maxima or minima but these simple forms of the graphs make it obvious. The graphs can be easily seen on the graphics calculator.)

1.             y = ⅓x3 – ½ x2 – 6x + 4

Gradient y( = x2 – x – 6 = 0

                (x + 2)(x – 3) = 0  

So x =  – 2 and 3

_______________________________

2.              y = x(x – 6)2
                    = x(x2 – 12x + 36)

                    = x3 – 12x2 + 36x

  Gradient y( = 3x2 – 24x + 36 = 0

                       3(x2 – 8x + 12)  = 0

                       3(x – 2)(x – 6)   = 0

So x = 2 and 6
                                       2      6

_______________________________

3.             y = x3 + 2x2 – 5x + 1

Gradient y( = 3x2 + 4x – 5 = 0

This equation does not factorise so we may just find approximate x values from the graphics calculator.

(We do not require the exact surd values for problems like this.)

So x = 0.786 and  – 2.12

_______________________________
4.             y = x2(x – 2)2
                   = x2(x2 – 4x + 4)

                   = x4 – 4x3 + 4x2 

Gradient y( = 4x3 – 12x2 + 8x = 0

                      4x(x2 – 3x + 2)  = 0

                      4x(x – 1)(x – 2) = 0

So x = 0, 1 and 2
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5.            y =    x2
                     x – 4 
Gradient y( = (x – 4)×2x – x2×1 = 0
                               (x – 4)2
                              2x2 – 8x – x2 = 0

                                  (x – 4)2
                                      x2 – 8x  = 0

                                      (x – 4)2

                                     x(x – 8)  = 0
     So x = 0 and 8 


_______________________________

6.             y = xe2x
Gradient y( = 2xe2x + e2x = 0
                      e2x(2x + 1) = 0
Since e2x cannot be zero, 
the only solution is x =  – ½ 

                                          ½ 
_______________________________
7.             y =  12ln(x + 5) – x2
Gradient y( =  12       – 2x  = 0 
                       x + 5
                                12       = 2x  

                               x + 5

                                     12  = 2x2 + 10x

                   2x2 + 10x – 12 = 0
                   2(x2 + 5x – 6) = 0
                  2(x + 6)(x – 1) = 0
So x =  – 6 and 1 

(but x = – 6 is not valid because ln( – 1) does not exist)
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