 More on “THE CHAIN RULE” (or “FUNCTION OF A FUNCTION”).
It will not possible to reach the ACHIEVEMENT LEVEL without this skill because it is needed in MOST questions!

The SHORT version is what you need to master fully:    
It is useful to remember it in “words”.                            

You need to be able to apply this idea to all of the following functions.
A.     If y =  ex  then  y ( = ex
   1.           If  y = e(5x)       then   y ( =  e(5x)   × 5           


  2.          If   y = e                      then   y (  = e                            × (2x + 3)         
________________________________________________________________
B. If  y = sin x  then y( = cos x   and if  y = cos x then y(  = – sin x

eg    1. If y = sin(4x)  then  y (  = cos (4x)   ×  4       or     4cos(4x)
       2.  If  y = sin (x2 + 3x + 5)    then  y (  =  cos (x2 + 3x + 5)    ×   (2x + 3)
       3.  If  y =  sin (ex)    then     y (  =  cos (ex)  ×  ex
       4.   If  y =  e sin x      then y (  =  e sin x  ×  cos x
    Special Note  :  The following 2 ideas are too often confused.

Special Note :     A triple chain.   

If    y =  sin 7(4x)  =  (something)7 =  sin 4x   7 
             then    y ( =  7 (something)6  ×  (derivative of the “something”) 


                             =  7   sin 4x  6    ×         cos(4x)  × 4
          
C.  If y =  ln(x)  then  y (  =  1
                                                                        x 


1. If  y = ln (x2 + 3x + 5)  then  y ( =        1             × (2x + 3)    or     (2x + 3)       
                                                            (x2 + 3x + 5)                           (x2 + 3x + 5)  

2. If    y = ln(7x + 2)   then   y ( =     1   × 7     or     =      7
                                                      7x + 2                      7x + 2
3.  If    y = ln ( sin x)   then    y ( =     cos x    =  cot x       

                                                            sinx
________________________________________________________________
Problems involving the PRODUCT and QUOTIENT rules usually involve the CHAIN rule as well so the CHAIN rule MUST be mastered first!
eg.1.   Product rule.

        If    y =  e4xtan(x2)   

               y ( =1st  × deriv of 2nd        +   deriv of 1st × 2nd 
  then      y ( = e4x × sec2(x2) ×2x      +         4e4x     ×   tan(x2)
eg.2.    Quotient rule.
            If  y =  sin(6x)

                        (x3 + 2)    
                y ( =  bottom  × deriv of top    –    top × deriv of bottom 
                                                    (bottom)2   

      then   y ( =  (x3 + 2) × 6cos(6x)    –    sin(6x) × 3x2
                                             (x3 + 2)2
___________________________________________________________
                                 y  = ( “something” )7 = ( x2 + 3x + 5)7


                       so      dy =  7 × ( the same thing )6 × (the derivative of the “something”)


                                dx


                                 dy  =  7 ( x2 + 3x + 5)6 × (2x + 3)         


                                 dx








Using “words”, if     y = e (something)     


                      then  y ( = e ( same thing) × (derivative of the “something”)





(x2 + 3x + 5)





(x2 + 3x + 5)





 Using “words”, if  y = sin(something)  


                     then y ( =  cos(same thing) × (derivative of the “something”)    








a)      If y = sin (x4)                                          (b)  If y = (sin x)4  or  sin 4 x


                = sin (something)                                          = (something)4


   then y ( =  cos (x4)  × 4x3                              then y ( =  4 (sin x)3 × cos x    











Using “words”     y = ln (something)  


Then                    y ( =           1             ×   (derivative of the “something”)


                                         ( same thing)








The FULL version is never needed in a test but this is it…


Consider                  y = ( x2 + 3x + 5)7


Let                           y = t7     where      t = x2 + 3x + 5


Differentiating       dy  =  7 t 6       and     dt     =  2x + 3         


                               dt                              dx





Using                       dy =  dy    ×    dt


                                dx      dt           dx





we get                      dy =  7 t 6   ×   (2x + 3)         


                                dx      





                                     = 7 ( x2 + 3x + 5)6 × (2x + 3)     





This is often forgotten.








