Review: Derivatives of Logarithms - 11/2/16

1 Derivative of Natural Log

Example 1.0.1 We want to find 1n(z). Let In(x) = y. Then ¢¥ = x. Let’s use implicit

. . . . . . . . dy _ 1d dy 1
differentiation on this. Taking the derivative of both sides gives us eV52 = 197, so 32 = <. But we

already know that e¥ = x, so
d In(x) 1
— In(x) = —.
dx x
Note: All points in the domain of the derivative must also be in the domain of the original
function. Thus the domain of - In(z) is (0, 00). It does NOT include negative numbers!

Example 1.0.2 What is d%h;(:)? We can use the quotient rule: let f(x) = In(x) and g(x) = 3z,

13z—3In(x 3—=3In(z —In(x
then f'(z) = L and ¢'(x) = 3. Then %hg(f) = ””3(3;:’)12( )3 311,2( =1 sleE ),

Example 1.0.3 What is - In(z* — 3)? We need to use the chain rule: let f(u) = In(u) and
g(z) = 2* =3, so f'(x) = L and ¢'(x) = 2z. Then LIn(z* — 3) = Z< - 2z. The domain of
the original function is (—oo, —v/3) U (v/3,00). What about the domain for the derivative? If this
were just an ordinary function, then the domain would be all points except x = /3. However, it’s

a derivative, so it can’t have any points in its domain that aren’t in the domain of the original
function. Thus the domain for the derivative is also (—oo, —v/3) U (v/3, 00).

2 Derivative of Logarithms

Example 2.0.4 Find % log,(z). Note that we can rewrite this as %11?1((3;)) using the change of base
formula. Since In(b) is a number, we can pull this outside using the constant multiple rule, so we
have ﬁ% In(z) = whi(b).

From the above calculations, we have found:

d 1
—1 = .
dx o8s(*) xIn(b)

Example 2.0.5 Find -Llog,(z). Here we just substitute in 2 for b to get <L log,(z) = ﬁ@)

szample 2.0.6 Fmil 4 Nogy(x* — 5). We can gse the 2cham rule: l?t f(u) = logs(u) and g(z) =
z® =5, so f'(u) = ;pm and g'(x) = 2z. Then g-logs(2” —5) = mrgimmy - 27

uln



3 Derivative of Exponential Functions

Example 3.0.7 Find dib“”. Recall that b = e™®) since In is the inverse function of e. Then we

can rewrite this as %(eﬁl(b))x = %e(ln(b))x. Now we can use the chain rule to find the derivative:
let f(u) = " and g(z) = In(b)z, so f'(u) = €* and ¢'(x) = In(b). Then Lbp* = Lelnblr =
em®7 . n(b) = b” In(b).

From the above calculations, we have found:

d
b = 0" In(b).
b =" In(b)

Example 3.0.8 Find %2‘”. We just substitute 2 in for b to get (1%25’3 = 27In(2).

Example 3.0.9 Find -£2% arcsin(z). We can use the product rule: let f(z) = 2% and g(z) =

arcsin(x), so f'(x) = 2%In(x) and ¢'(z) = \/1177 Then -2 arcsin(z) = 2% In(z) arcsin(z) + \/57

Example 3.0.10 Find %5%22. We first use the chain rule: let f(u) = 5% and g(r) = T2, so

327

f'(w) =5%In(5). To find the derivative of g, we need the quotient rule: let z(z) = x+ 2 and q(x) =

32%, s0 2'(z) =1 and ¢'(x) = 6x. Then ¢'(z) = %. Then %5%22 = 5t In(5) - %.

Practice Problems
1. Find £ sin(In(z)).
2. Find £ logy(ze®).

3. Find L logs(27).

4. Let logy(z +y) = y*. Find 2.



Solutions

1. We can use the chain rule to get - sin(In(z)) = cos(In(z)) - 2.

2. We can use the chain rule to get - logg(ze”) = — %n(S) - (e® 4 xe®).

3. We can use the chain rule to get Llogs(27) = 5 i@ 2 In(2) = %

4. We can use implicit differentiation. First, find the derivative of both sides: m . (yg—i +

) 2ydy Now we move dy to one side: m = 23/% - (;I;erg)ﬁ—ln(z)%' Now we solve for
% to get
Y
dy e y
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