Exponential and Logarithmic Functions Lesson #4:
The Logarithmic Function

Warm-Up #1

In Lesson 3, assignment question 6d), we were asked to find the inverse of y = b* and
solve for y. In this lesson we will learn how to do this.

Logarithmic Function

A logarithmic function is the inverse of an exponential function. Remember, to find the
inverse of a function we must switch x and y and then solve for y. But for the inverse of an

exponential function it is difficult to solve for v. For example.to get the inverse of y = 2% the

first step is x = 2", but it is difficult to solve for y. To solve for y we introduce the logarithmic

function as follows:

x=2 = y =log,x

Therefore we write v = log,x rather than x = b to express the inverse of y = b".

The logarithmic function with base b has the equation

v=logyx, x>0,xeR, b>0 and b=1.

Warm-Up #2 Comparing the Graphs of y = 2* and y = log,x

a) Construct the graph of the exponential function y = 2% and its inverse
y =log,x, (or x = 2%), x, v € R, using the grid and tables of values provided below.

Graph of y = 2+ A \ - 35%
x[-3[2[-1]of1[2]34 T
y [ Yol Vg Val VA (419 b ST
Graphof y=log,x,(x=2") // T=tT
Ve W [a[d[g ] T , >
y|-3[-2|-1|0|1]2]3]|4 T 3
X , ’
No*ﬁ =) ey laY=x ; 5
Il L
b) Complete the table below - v
Function Domain Range x-intercept y-intercept Asymptote
y=2' lx\xef?& C’Lg\pom(:@ Nong, \ =0
v-lomr 4|70 6] ylyety | ) None 220
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112 Exponential and Logarithmic Functions Lesson #4:  The Logarithmic Function

¢) Use the table of values to complete the following.

Logarithmic Form | Exponential Form
log,8 = 3 8 =27
log,4 = T ZZ
log,2 = 7= Z’
log,1 = ) = Z°

| | |
log,5 = =z

- 2
1 T
0gr7 = T = 2/

| | -
logy ¢ = q z )

ﬁ@ ¢ The logarithms are the exponents in the function y = 2*.

* Since the logarithmic function y = log,x is only defined for positive values of x, the
logarithm of a negative number cannot be determined.

e loa (-o)

Characteristics of the Graph of the Logarithmic Functiony =log,x

* The x intercept is 1.

* There is no y-intercept.

* The y-axis is a vertical asymptote with equation x = 0.

* Domain = {x | x>0,xER} .

* Range = {y | yER}.

* v=log,x isequivalent to x = b', where x>0and b >0, b= 1.

* b is the base of both the logarithmic function and the exponential function.

3@ * The logarithmic equation y = log,x can be expressed in exponential form as x = b”.

* The exponential equation y = " can be expressed in logarithmic form as log,y = x.
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Class Ex. #1

Class Ex. #2
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Convert each of the following from logarithmic form to exponential form.

a) logx=4 b) log;,1000 =3 ¢) m=logB
4
2=1 10 = oo ("B
d) loga=b" e) S=4dlog6 5 |(,(3 b
b q o4 o

Convert each of the following from exponential form to logarithmic form.

: 3= 64 by 273-= 1 ¢) el=f
i — a) 4 8 '
P L f)
e oo (04 a2 | ( e (
%, ) 3= Iy d= log,
d) x¥=5 e) a=Q2x+4)"
Q = \0 5 " = \0 (a
L 3 f)('.ww
Class Ex. #3 Solve fory.
‘if}!. a) ]ng38[= v b) y= ]ngﬁv’ 125 ¢) ‘_}-=£]0g3512 (’Z_)éﬂ = q 3)
ﬁ—f %\ < 39 5lj = m Zq : ke ’
3 %’i = 512 - 18 é
3‘| ::))') 59’ 5* 3)'9. 1 9V;:
.3 We =1
=4 )= 3
Class Ex. i | a) What is the value of log;, 1?7 Explain. \03 | _ _l) b9; be S ‘ 0O
) 0 =
ks b) What is the value of log;b? Explain. loa b
B = bl lj-l So lDr) l) =
v - b b
ClassEx.#5 || Evaluate.
). ) g ey ot
’r a) ]ng464’.9 b) ]ngz[ﬁ] "j c) 5 35“-5’ g d) q"% & -’0»
,._’;_::-azé}_ qb - ['l{b Ql): EL'L ; 5‘); 52 ?-
9 3 9- = o Y= 2 ﬁ /¥
l‘} - L’ ‘0:5 )\ < a \j- 5 52: 25 )
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Class Ex. #6 Find the inverse of the following equations. Answer in the form y = '\) l()\'t’f C\l\w“)t y 4 fo‘j

=y
[y

a) y=logx i) x= \Oo)'b" b) y=8' D e\

Complete Assignment Questions #1 - #9

“) Colue for J

Warm-Up #3

We have seen how to change forms between the exponential form y = 5" and the logarithmic
form log,y = x.

We now consider how to write the exponential form y = ab™ in logarithmic form.

This can be done using the following procedure: & LJ
1. Write the exponential form v =ab” as % =b". /

fhase "o o exponmjr

2. Change }E = b™* to logarithmic form.

\ l
i r i equnls (
The logarithmic form of y = ab™ (m" % = b") is_ 2= lojb (72> . x ‘} '2‘)

ClassEx.#7 || Change each of the following from exponential form to logarithmic form.

=y
[y

a) y=2(3 b) h=7(4) ¢) Sy=30°
22 N A (5\
AN R N Xz gy,
%:7" x |0‘)32 ‘7"0 "
d)dy =%‘%uo)‘ e) t=r(sy
3 2 o T, \ (%
A ¢
Y o el > L.g P
0‘)‘03 T SS
Ch”ff‘ s | Change each of the following from logarithmic form to exponential form y = ab™.
;}— a) ]ngy(g) =X b(} ]ngm[ﬁ);x ¢) ]ngﬁ(’:'y); X d) lnge[%) =x
L -
DR ‘D% -6)1p =5 By 6™

Complete Assignment Questions #10 - #16
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Assignment

1. Complete the following from the graphs of y = b* and y =log,x, b > 0.

Function Domain Range x-intercept y-intercept Asymptote

y=b*

¥ =log,x

2. Why does x have to be greater than zero in the domain of y =log,x, and not in y =b",
b>07

3. Express each of the following in logarithmic form.

1
, 2_ 5 0_ g o9t
a) 5°=25 b) 3 | ¢) 2 T:
4
l 1 d
d) [2) =16 e) b'=e
4. Express each of the following in exponential form.
: 1
a) log;9=2 b) logs625=4 c) ]ng_1z =-1

d) log,f=i e) log,(0.001 =-3
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116 Exponential and Logarithmic Functions Lesson #4:  The Logarithmic Function

5. Evaluate. .
a) log,64 b) logsy/5 ¢) log;49
y L
d) log,,0.001 e) logg8 f) log, \/ 512
g) log,l h) log.c i) logx®

6. Complete the following table:

Logarithmic Form | Exponential Form | Value of x
loggx =2
7 = 49"
1 ( : 3
og| —| =-3
=1 64
q
X+ 2=4"
I
logs,x = 3
I
X
E = 16

7. Is y =logyx the logarithmic form of y = 3*? Explain your answer.
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8. Solve for x.

a) log, 125 =3 b) log;»,s5=x ¢) logyx=-8

9. Find the inverse of the following equations. Answer in the form y =

a) y=3" b) y=log,x ¢) y=3x2+2

d) y=Ilogsyx e) yv=20" f) x=20"

10. Change each of the following from exponential form to logarithmic form.

a) y=3(2) b) y=10(3)" ¢) Ty=230"
d) y=2(107 =b(c)? f 'J~—?3I
}}’—6( ) e) a=blc) ) 2y= 2

11. Change each of the following from logarithmic form to exponential form y = ab™.

a) ]ngﬂ[}—;) =x b) log,,(6y) =x c) ]nge[%] =x d) log,((0.5y) =x
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118 Exponential and Logarithmic Functions Lesson #4:  The Logarithmic Function

12. Solve the following equations for y.

a) 3= lngg(i—:] b) lngg(%} =-3 ¢) 2=Ilog,32y

Multiple
(@O 3.  If log,(4096x) = 64, then the value of x is

14. If log,x = 3 and log,f = x, then f equals
A. 64
B. 128
C. 256

D. 512

umerical

.then the value of b is to the nearest whole number is:

| b2

umerical ; )
6. Iflog,b=4.5 and log,c = 3.7, then the value of log,| — [ to the nearest tenth is:

7
c

Copyright © by Absolute Value Publications. This book is NOT covered by the Cancopy agreement.



Exponential and Logarithmic Functions Lesson #4: The Logarithmic Function 119

Answer Key

Function Domain Range x-intercept y-intercept Asympltote
1 y=hb* xrE N {v|y=>0,yEMR} none 1 y=10

v = logpx {x|x>0,xEMN} ye R 1 none x=0

2. y=logyx = x=05bY bYmust be greater than zero, so x must be greater than zero.

¥ = b¥ can be determined for all values of x positive, negative, or zero.
1 1)
3. a)logs25=2 bilogal =0 ¢ lngg(ﬁlz -4 d}]oglfﬁlzﬂr el logpe =d
2
\ ) A9 ’

1

4. a) 3¥=9 b) 5%=625 ¢) 47!= " d) al=f e) 1073 = 0001
= . . . . . .9 . . .
5. a)3 b) 3 c) 2 d) -3 e) —4 “T g) O h) 1 i) z
6.
Logarithmic Form Exponential Form Value of x
logax =2 x =42 x=16
) 1
]ﬂf_’_4g? =X T = 4097 X = :
. I
]02‘(—1:—3 — =y x =4
loga(x + 2) =2 x +2 =42 x =14
| 1
logspx = — x= 323 x=2
5
: IR 1 e 1
Uf’mzl—r > - -
A !

No, it is the inverse. The log form of y = Fisx= logay.
1

a) 5 b) 3 c¢) 00000153
X .' X=-2
9. a) y=logix b) y=4" c) y==7
| ‘3
dy y=73" e} v=loggx ) y=720"

=X ¢l ]L‘)g].g(_j"_i'} -

/) ot
Lh.a) loga—|=x b} loga|—
] 3J ) 1()}

6 " 2y
d) logy =x e) log—|=d f) logafj—|=x
b al 7
| :
(1. a) v=98)Y b) y=gt2(}}‘ ¢) v=5(e) d) y=2(10)
5 1
12. a) 32 b) s €) 13. B 14. C 15. 729 16. 0.8
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