Precalculus — 3.3 Notes
L ogarithmic Functions

Question: What is the inverse of an exponential function? How do you solve for avariablethat isin an
exponent?
Find theinverseof f (x)=2".

1. Replace f(x)withy. y=2"

2. Interchangex andy. x=2Y

3. Solvefory. y = the exponent to which weraise 2 to get x.

4. Replacey with f(x) f () = the exponent to which we raise 2 to get x.

We need anew symbol to replace the words:. “ The exponent to which we raise 2 to get X"
log, x means “the exponent to which weraise 2 to get x.”

Pronounced “thelogarithm, base 2, of X" or “log, base 2, of x”

*LOGARITHMS ARE EXPONENTS! %

Logarithm: log, a means the exponent to which weraise b to get a.

e b iscalled the base of the logarithm (the number being raised to the exponent).
e a iscalled the argument of the logarithm (the number you get when you raise the base to the exponent).

The logarithmic function of base a, where a> 0 and a#1 isdenoted by y =1log, x and is defined by
y=log, x if and only if x=a’.

Example: Change each exponential expr an equivalent expression involving alogarithm.
a 5=62 b) X'z c) F=x

) 5 =6: ) X 3P4 )

fO@.S Gas= X IOQXGC}: 3 ’Oﬂgx:;?

Example: Change each logarithmic expression to an equivalent expression involving an exponent.
a) log, x=5 b) log,5=x c) log,,2=n

56;>< szg m" =2

Evaluating L ogarithms: It is helpful to replace “log” with the word “power”.
* Instead of “ log, 8,” think “ power, 8.” Ask yourself, what power of 2 equals 8?

o The answer would be 3 because 2° =8.

Example: Find the exact value of

8 log,9=(2] b) log,32-[5] ¢ log,1-[] d) |ogsEl5 (2] o log,N7 @

519 2'=22 &= | 7L 1@
125 G
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Domain of a L ogarithmic Function
Thelogarithmic function y = log, x istheinverse of the exponential function y = a*.
Domain of the logarithmic function = Range of the exponentia function

Range of the logarithmic function = Domain of the exponential function = (e, )
y =log, x (defining equa‘tr'|"(V_3)‘\r"19:\:$>é'<";'\{—y—_)eL
Domain: (0, ) Range: all real numbers

* You can't takethelog of zero or of a negative because it isimpossible to get zero or a negative by raising
a positive base to an exponent.
* Theargument of alogarithmic function must be greater than zero.

—_—

Example: Find the domain of each logarithmic function
a) f(x)=log,(x+3) b) g(x)=1logs (10~ 2x) 0) h(x):log%|x|

X+3>p
{x(x > —5%
(-3,°°)

Graphsof Logarithmic Functions
f(x)=log,x, a>1 f (x)=log, x, 0<a<1

Properties of the Logarithmic Function f (x) = log, X

1. Thedomainisthe set of all positive real numbers; the range is the set of all real numbers.
. Thex-intercept is 1. Thereis no y-intercept.

2
3. They-axis (x = O) iIsavertical asymptote of the graph.

4. Thelogarithmic function is decreasingif 0<a<1 andincreasingif a>1. Thefunction is one-to-one.
5

6

. Thegraphof f containsthe points (1,0), (a,1), and (i,—lj.

. Thegraph of f issmooth and continuous, with no corners, gaps, or cusps.

* Note: It isoften easier to graph alogarithmic function if you rewrite it as an exponential function first.

Graphing Logarithmic Functions:
1. Solvethe equation for x by rewriting it as an exponential function. y=log, x < a’=Xx
*  When you do this, get the logarithm by itself on one side of the equation first, then rewrite.

2. Choose y-values, and plug them in to find the x-values.
3. Plot your points and connect them to form a smooth curve.
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x>0

x>0
Examples: éraph the following functions. State the domain and range, and Iz'dbel any asymptotes.
a y=log, X b) y=-logy, X .
? . Q=% pick these v |\ (et foj by Itself:
% / ‘?/z log s
g'%Jq- -a Iz«eu)n-\—Q .
= =L L - -
S SR p e canm] I : s (3) =X
23| | «
0 4 L 1 11.=,_, 2 U 4 > t | H‘ z
(7) :;7(- —2
Domain- (o,) A (—L)*i-’g— L, Dovmain:
e g L (—L)‘t | |O (o, "“)
Range: Co ) (17)'[3 ' Range:
xl—:o xeo (5% ? (o)

Gek |oj by itself:
Y2 = legy
Rcvo('\""t=

(\7°%
(£) = x
pick \'s 2 higher
Fhan wnormal
becavse T wacll
Colshrast 2 from y
before usnm answer
nt

0% expo
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Natural Logarithms: If the base of alogarithmic function is the number e, then we have the natural logarithm

function (abbreviated In). Thatis, y=Inx means y=log, x. y=Inx if andonly if x=¢’. '\G>' 6”‘/’5
A £
Example: f(x)=~-In(x+3) Vi
a) Find the domain of the logarithmic function. [
b) Graph f (x).
¢) Find the range and vertical asymptote of f. \2
d) Find f ™, theinverseof f. N 4@:-!&**'9
e) Graph f™. T BRI
3 ) ) ZAY\ﬂCS (-"w/"a)
&) Dowvnann: X4+3>0 -
o (-3, =) V. Reymp: X= -2
B Y= —la e+ X3
Gk log =Y = [n (x+B) (ﬂ nexrse @) X
by Hredlt: ) G N =X -3(4-4
Rewcikes el = w3 e ‘1C CX>: e - 3 - [-.3
xX=e"-3 Ol-2
| -6
2|29
6WQFY

Common Logarithmic Function: If the base of alogarithmic function is the number 10, then we have the
common logarithmic function. If the base of the logarithmic function is not indicated, it is understood to be 10.

That is, y=logx means y =log,, x. y=logx if and only if x=10. AD({‘Z@__IDMQ_{_S
Example: f (x)=2log(x-3)
a) Find the domain of the logarithmic function. x ;3:; (2,000 i
b) Graph f (x). y=3 &£ T 2
¢) Find the range and vertical asymptote of f. ®* C":':’> v i T
. -1 . o 412 f t .é.l(-()’
d) Find f™, theinverseof f. moj(f-f;)
e) Graph f™. ]
V= 2 leg (x->)
x 1Y Y
. =3
e Lo e O 0% 53”1 /e
E\T » - X P -
9 lO"‘/:e*g:Blo L CD ,F Zx);/o fFB
Rewrite |0 Tz xX-3 [D%+5:4 ©
Y/a =213 B
X=[0"+3 o=+
¢ 14
«. [D%33
beaa.uga'_tvxo.ad
{o dwvide Hom

by QU
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