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Lecture 7. Derivative of the exponential  function

The exponential function is an infinite  power series

exp(x) = 1 + x + x2 / 2   + x3 /(2 ∙3) +   …. xn / n!        (6.1 )

 where n! is factorial of n.  

We invite you to download FORTRAN Force 2.0.8 from  the following site

http://www.download.com/Force/3000-2069_4-10067832.html?tag=lst-0-1
The following code in FORTRAN

calculates exp(1.).

c calculation of exponential function

      x=1.

      sum=1.

      factor=1.

      do 10 i=1,20

      factor=factor*float(i)

      sum=sum + x**i/factor

10    continue

      print*,'exp(1.), sum= ',exp(1.) , sum

      stop

      end

exp(1.), sum=   2.71828175  2.71828198

The derivative of exp(x) , is the exponential itself ,as we can verify 

d (exp(x) )/ dx = 0 + 1 + x + x2 / 2   + x3 /(2 ∙3) +   …. xn / n!   .

So     the rule is         

                               d {exp(x) } /dx = exp(x)     

Example: Let   y = A exp( - βx2 ) = exp( u (x) ) , (β is a constant).Suppose  x~ (m/s)2 , i.e. speed  in meters/second,squared,  then β ~ 1/(m/s)2 . Suppose also that  A~ adimensional   then y ~ A ~ adimensional . 

Apply the chain rule to obtain

dy/dx .

  dy/dx= (dy/du) (du/dx)   .

We have  ,dy/du =A exp(u)      and  du/dx = d( -βx2 ) /dx = -2 βx . 

Substituting in the chain rule

        dy/dx=A exp(-βx2) (-2 βx) , 

i.e.           = (-2 βx)A exp(-βx2)  .

  Part II : Derivative of the logarithmic function

      The natural logarithm of  x is expressed here as a function of y ,       

                                  x = exp(y)           (1)

or what is the same   ln (x) = y             (2)  
Take the derivative of (1) with respecto to x and employ the chain rule 

d (x) /dx   = d exp(y) /dx = exp(y) dy/dx 

         1=                             x (dy/dx)

or    dy/dx  = d (ln(x) )/ dx  =  1/x         .

That is     

                      d ln(x) /dx = 1/x            .      (3)   

In general     if u =u(x)     and y= ln (u) then ,

   dy/dx   =   d ln(u) /dx = [ 1/u(x) ] du/dx            (4).

Example : Let   u = 3x 2 +1   

du/dx = 6 x      and d ln(3x 2 +1) /dx = [1/( 3x 2 +1)] (6x)   

Example worked with MATLAB  

% derivatives
syms x;
y = log(3*x^2+1); 
dydx=diff(y,x)
dydx =

6*x/(3*x^2+1)
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