MAT1339 B - Winter 2018

Lecture - 9

1 Exponential and Logarithmic Functions

1.1 Exponential Functions and the Natural Base ¢

Definition 1.1 Ifa > 0 end a # 1, then the exponential function with base a is given by

flz) = a*.

An important special case is when a = ¢ = 2.71828.. .., an irrational number.

Properties of Exponents

Let a,b > 0. Then,
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Graphs:

1. Exponential: &*
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3. More generally, if a = 1,
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1.2 Logarithms

Note the graph of ¢*
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If f(z) = a”, then we define the inverse function f~! to be the logarithm with base a,

and write

F~H(z) = log,(z)

Note that, since the image of o is only the positive numbers, the domain of log,(x) is all
Y a

positive real numbers. The key property is:

log,r=b<=d"=2

log L0+ (209 —> 1K



Examples:

log;p10 =1 10Y = 10
logy 25 = 2 5t=125
log, = -1 4%=1
log; 735 = —3 g =
T
log equation corresponding

exponential equation

Log Rules

1. log,(zy) = log,(z) + log,(y)
2. log, (%) =log,z —log,y
3. logn(ﬂ"y) = lega('T)

Natural logarithm function

The most important case of logs is when a = e. Log base e has a special name, in fact we

define log, 7 = In(x). So that
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The function In{r) is known as the natural logarithm functlon 2;" '“)) x -F\
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Rewrite the following:

Graph of the function f(z) = In{x):
de = (o)
Lowm W (¥) = oo

A= oo
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,P (0= Ln(x)
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A= —09

Example: Find the value of x.
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3. log — log2 = log 5

Fiesk, 129

4. Inz + In(2z) = 0
3;'\‘3\ pld ZO and 2

Now) L»v\bu) Fla ()= o

'
we accebt x= =

\\\\/

\\\/u

Lw(\t) crosSes w-axis

at (19) - x- inteccep

e (&)

>

o N ow, _,Q/g% (_1) _ \oa (?_,) - O%('ZT)
=) ‘ood‘ (.L)
=)

o5 (5)
% =§ =5 *=10

L O

Ln \ i)L) 0 = LV\(.Z')C,Z) LV\(\
'Z

-—

~ = +)_ 5m6&1ﬁ70



2 Derivatives of exponential and logarithmic functions

2.1 Derivative of exponential functions
fora >0
e (a*) = a*In(a)
o (@) = a9 g'(x) In(a) (for more general case)

Example Find

1 3y = 3. n() 1
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Special case a = ¢

o (¢*) =¢"

o (e9®)) = ) g'(r) (for more general case)
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2.2 Derivative of logarithmic functions

e [In(z)] = % x> 0.

o [In{g(z))]" =

~ (for more general case). Here, g(x) is a positive function.



Examples: Find the derivative of the following functions

1. y =5In(x)
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Example Suppose y = . Find the equation of the tangent line at £ = e.

1-Ilnfe)
e

Plugging in = = e gives us = 0. So the slope is 0, and our equation so far is

y = Oz +b. Plugging in the point (e, 1) gives us b = 1, so the equation of the tangent
1

lineis y = 2.






