A comment on the treatment of logarithmic laws in Stewart’s Calculus textbook 
On page 68, Stewart says that the properties of logarithmic functions follow from the corresponding properties of exponential functions.  Here are the properties Stewart is referring to:

Three Laws for Exponents

Three Laws for Logarithms
1.
ax+y  =  axay



loga( xy ) = loga( x ) + loga( y )

2.
ax-y  =  ax/ay


loga( x / y ) = loga( x ) - loga( y )

3.
axy  =  (ax)y



loga( xr ) = r loga( x )
Our purpose here is to give details for one such deduction (specifically, law number 3).

To show:


loga( xr ) = r loga( x )
Proof:  We start by letting  u = loga(x), so that  x = au .  We will need to recall that the equality  loga( ay ) = y   holds for every real number  y , because the base a logarithm- function was defined to be the inverse of the base a exponential-function  (page 67).
So now we readily obtain the following chain of equalities:


loga( xr )  =  loga( (au)r )

(by making the replacement:   x = au )



    =  loga( aur )


(by invoking the third exponent law)


    =  ur



(by the property of  inverse functions)



    =  ru



(by the commutativity of multiplication)



    =  r loga(x),


(by making the replacement:  u = loga(x) )

So this chain of equalities has established the third logarithmic law.  QED
Notice in particular that, when the number  e  is chosen as the value for  a , we have this natural logarithm identity: 





  ln( xr ) = r ln( x )
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