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(x —\\g = (w1 )(x- D -1
Math 111 . Section 4.4 Logarithms

Solve each equation. Look for similarities and differences in the processes.

1. 3x%2 + 4 = 52 e 2. A= (x=1)3=0 3. m‘le)"\'
T ~ (- B ) :
o -840 w44 =240}
5 —‘E 3f(x-1Y* A X = 2397
%=X
- = 3
)& \— J‘I ia’b‘B’f?S
pEug X =14 3%
i\*éﬁ\?}

Similarities:
enporents fs vrootg
~N 7
\nverse Funions

Differences:
even roots —» 4wo solufions ( I\

Inverse Functions:

y=x%x20 y=vxx=z0

Input: a number Input: the square of a number
Output: the square of the number Output: the number

y = ?\/E P x3
Input: the cube of a number Input: @ number
Output: the number Output: the cube of the number

y =10* y = logsox
Input; an exponent Input: a power of the given base (ex: 100)
Output: a power of the given base Qutput: the exponent that gives that power

Logarithms are Exponents! Logarithms are Fun!

Cara Lee Page 1



Logarithmic Scales: The Richter Scale, pH Levels and Decibels

]
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Math 111 Lecture Notes

SECTION 4.4: LOGARITHMIC FUNCTIONS

We looked at equations such as 2%~ = 32 in the last section by rewriting 32 with a base of 2:
23z—1 — 25 But what if we have an equation such as 2% = 107 We know intuitively that 3 < z < 4,
but can we give an ezxact answer? We will need functions that are inverse functions to exponential

2-\0 — x‘—“\osz(\o\

functions in order to solve such equations.

The logarithmic function to the base c& }vhere a>0 i&si@g # 1, is denoted by y = log,(z)

and is defined by x ¢ - w?nn@"«'
et —y =log,(z) if and only if z =a’
Tose Ropore

The common logarithmic function is the logarithmic function with base 10 given by
f(z) =log(z). We write
log(z) to represent logy(x)

The natural logarithmic function is the logarithmic function with base e given by

f(z) =1In(z). We write —_—

In(z) to represent log, ()

Example 1. Solve the equation 2% = 10 by converting from exponential form to logarithmic form.

- Seofurs
X =log,(10) ¢ exack sohuion

\oa \OD »* Sechion
% = __S_— & VLR -
log 2 “Chnonge ol o ave” Roermlia

% DL
2‘-3.32 = 9 99

loo Cona . o—()



Math 111 Lecture Notes

Section 4.4: Logarithmic Functions

Example 2. Change the exponential statement to an equivalent statement using logarithms.

(] =5

o \033(5\

X = =\og le)

(c) 10m=7

22a % \03 (1)

Example 3. Change the logarithmic statement to an equivalent statement using exponents.

(a) logs(h) ==

3'=5

(b) logy(y+1) = -

2_3 :\j-’c\

(c) log(z) =

Yol

Instructor: A.E.Cary
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Math 111 Lecture Notes

Section 4.4: Logarithmic Functions

Example 4. If f(z) = 2°, then the inverse function of f is given by [~1(z) = log,(z).

(a) Complete Table 1 and then sketch the graph of y = f(z) in Figure 1.

(b) Use the properties of inverse functions to graph y = f~'(z).
(c) Use the properties of inverse functions to complete Table 2.
)

(d) Identify the domain, range and any asymptotes for each function.

& 2F TABLE 1 -
FIGURE 1 '&S‘y
Ve _\,,"l" y o1
4 \/“a
1

-3 /a
-3 \/q
-1 Va

.y
0 )
L 1 2
i ) e M "
D (o, o)
R (Q, )

Horizortol foymeteie

=0

TABLE 2
T log, ()
& 1~%
: -3
' -2
1 =\
2
1 o
2 \
4 2.
8 3
-D . (O /] CDB
R (=D, )
Veetrical
X=0

Example 5. State the domain of the following functions using interval notation.

(a) fl(z) = logg(z —3)
Clajnt o) D
X-3%0
B3 ,00\ X3

(b) g(z) =log(8 — z)
AK) = \05('3("'?)\

%) = ey (x 8|
wiget B, %c\;_?x

2-%%0
SR

(c) h(z) = logs (¢* — 4)

iapuY 50O

-4 >0

& SH

X>2 or X2
C"‘CI})"?-\ U (’LlCD)

Instructor: A.E.Cary
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Math 111 Lecture Notes Section 4.4: Logarithmic Functions

Example 6. Find the exact value of each logarithmic expression without using a calculator.

(a) {logs(25))= % (d) logy(32)= 5 (8) log(1000) = 7
mhi;*;t‘{'\;} 5 <05 109, (32) = X 13" =000
o ¥ e 254 _

S 3 - - ox=3

w =%

(b) log, (372) “.‘.-2 (e) log, (%) = -’-\- (h) log,(1) = O
=x log,(2") 4% =14

3w
X =-2
(c) In(e®) = 5 (f) I (2) :'-X:-"'\ (i) Togs (v6) :\/2_,
e =Y G =Vb
w = -1 v = V2
- \ '
e\: E_ J_(;: (o/z

Group Work 1. Find the exact value of each logarithmic expression.

(a) log (64) = 3 (b) logs () = =2 (¢) log(100)= 2. (d) In(e) =4

47 = (o A = \O* =100 €1=—C’l

Instructor: A.E.Cary Page 4 of 6
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Math 111 Lecture Notes

\S;-? )(:c:'.,y

Section 4.4: Logarithmic Functions

Example 7. Solve the following equations

state the solution set.

(a) e—2x+1 =13

W)= - 2%+ )
WAy =1 T 2%
_ )=\
T g

n(13) - \}
i
Check
(\n(\ﬂ \\-H :
6 —

> ‘5\3\/

(b) 8-10°" =3
o™=
\03(1\ = 5%

\oq (3le)
X =779

. Check all proposed solutions in your calculator and

(c) logy(5z—4) =2

Bx-4 = 3
5x-4 =9
5% =13
\3/5

(d) logy(z?+1) =3

X% 4\

1

i
J] 8 N

yf‘-\—l

o X)
1 g
|+
vy

4+
3]
o)

Instructor: A.E.Cary
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Math 111 Lecture Notes W bﬂ.y‘ Section 4.4: Logarithmic Functions

Example 8. Let p(h) be the atmospheric pressure on an object (measured in millimeters of mer-
cury) that is & kilometers above sea level. The function p can be modeled by

p(h) — 7606—0'145h'

Find the height of a mountain where the atmospheric pressure is 620 millimeters of mercury.
pl) "y
Lac = 76D e 't T e
766 Teo & M
3 = —a4S he
33 ¢

An (BN =~ 4S e = An (3'/3@_\)
g s —. 145
led km

Example 9. The pH of a chemical solution is given by the formula
pHl = —logyq [H*]

where [H*] is the concentration of hydrogen ions in moles per liter. Values of pH range from 0
(acidic) to 14 (alkaline).

(a) What is the pH of a solution for which the concentration of hydrogen jons ([H*]) is 0.017

PH = ‘Dju, (‘OD “5?"\: O\

= "
ot=01 (1%

ph=14

(b) What is the concentration of hydrogen ions ([H*]) in a banana with a pH of 4.57

§ = -loq [[H]
4.5 = -leg,f*D)

2

o, D)
o LH +’X

00003 2= [#T)

Instructor: A.E.Cary Page 6 of 6




