Math 8 Handout (Stewart) Section 6.4*: General Logarithmic and Exponential Functions I. Lai

For b>0 and r arational number, we can use known properties to write the following:
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So therefore, |b" =e"™|. Thisis true for all rational r.

We will extend this idea to all real numbers, and use this relationship to define b*.
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Recall the expression V3 ? Now, we can use this definition to write 2V
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The function f(X) =b” is called the exponential function with base b .

Additionally, with this definition, the power rule for the In function (Inb" =rInb for rational r) can
now be extended to be true for all real numbers.
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Therefore, Inb* =xInb for any real number X.
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If X and y are real numbersand a,b >0, then

@M (Product Law) e Pmﬁg(}f@;

b* . .
2. o b*Y (Quotient Law) L
3. (b*) =p¥ Power Law b
(b) ( ) L.
4. (ab)"=a*p* (Product-to-power Law) \Q - €

3 b
(V=127
=9




Proof of (1) Product Law:

Given: b>0and x,yeR

(try-for-yourself: prove the other three laws)

Goal: To prove: b*b’ =b*
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Derivative of the exponential function with base b:
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Integral of the exponential function with base b:
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General Logarithmic Functions

Since b* is one-to-one, it has an inverse function. Its inverse function is called the logarithmic
function with base b .
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Laws of Logarithms
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(1) log, (xy)=log, x+log, y
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Proof of (1):

(try-for-yourself: prove the other two laws)
Let u=log,x and v=log,y

Then x= bv and y= IDV
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Derivative of log, x
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Example 3 Find the equation of the tangent|line|to the graph of y=e“""log, (3tanx) at x= z.

Recall: The equation of a line with slope m and passing through the point (X1, Y1) is|ly—-Yy,= m(x—xl)

The equation of a tangent line to the graph of y= f(x) atthe point X=a is given by
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Step 2: Find the derivative of the function at the given point. (this is the slope of the tangent line at
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Example 3 cont’d:

Find the equation of the tangent line to the graph of y=e***log, (3tanx) at x= %

 ——
The equation of a tangent line to the graph of y= f(x) atthe point Xx=a is given by

y—f@)=f'(a)(x-a) Yy -y =m (x-7)

Step 3: Find the equation of the tangent line using the point and the slope of the tangent line at that
point. (if it’s not given, you'll need to first find the y-value at the given point, i.e. find f(a))
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