DIFFERENTIATING  y = ln(x).
If we try to differentiate y = ln(x) from 1st principles we run into trouble…..
  y( = lim   f(x+h) – f(x)

         h ( 0             h

     = lim       ln(x + h) –  ln(x)
        h ( 0                     h

… but we have no way to simplify this expression.

Another approach would be to change the log equation into its index form.

If y = ln(x) or loge(x)
then   x = ey

therefore   dx = ey 

                  dy

hence       dy =   1   =   1
                dx      ey        x

____________________________________________________________

Now we can apply the chain rule, product rule and quotient rule for differentiating expressions involving loge.

1.  y = ln(x2 + 3x + 5)

     y( =   2x + 3

             x2 + 3x + 5

2.   y = x5ln(x)

      y( =  x5 × 1 +  5x4 × ln(x)

                     x 

3.  y =  ln(x)
            x2 + 4   
     y( =  (x2 + 4)× 1 – ln(x)× 2x
                            x 
                        (x2 + 4)2  
NB
To justify how we can turn dy upside down and get dx , consider the following:
                                            dx                                   dy
     y
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Clearly if dy = 2 then dx = 1
                dx               dy     2
and if x = ey then     dx = ey then dy = 1  =  1
                                dy                dx     ey      x
See this video of WHY grad of ln(x) is 1 over x

http://screencast.com/t/keYAR40PUhuf
y = 2x





Here we have the line y = 2x drawn on normal x, y axes.





The gradient dy = 2   (of course.)


                     dx 





x





Now if we swap the x and y axes, the line y = 2x would now be called 


x = ½ y


so that the gradient  dx = 1


                                 dy    2   





x = ½y 
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