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Chapter 7

Exponential and Logarithmic Functions
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7.1 Composition and Inverse Functions

LEARNING OBJECTIVES
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TOPIC EXERCISES

PART A: COMPOSITION OF FUNCTIONS
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Given the functions defined by G'Y Y 1 HY Y
and | 'Y 9 Ycalculate the following.
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PART B: INVERSE FUNCTIONS

< 5
<

Are the given functions one-to-one? Explain.
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Given the graph of a one-to-one function, graph its inverse.

?=@7?C9D9?> 1>4 I>F5BC5 E>3D9?>C



81@D5B H@?>5>D91< 1>4 #?71B9D8=93 E>3D9?>C

?=@7?C9D9?> 1>4 I>F5BC5 E>3D9?>C



81@D5B H@?>5>D91< 1>4 #?71B9D8=93 E>3D9?>C

Verify algebraically that the two given functions are inverses. In other

words, show that @G Y Yad G QG Y Y
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Find the inverses of the following functions.
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Graph the function and its inverse on the same set of axes.
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7.2 Exponential Functions and Their Graphs

LEARNING OBJECTIVES
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Figure 7.1

Leonhard Euler (1707D1783)
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Annual compounding —
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PART A: EXPONENTIAL FUNCTIONS

TOPIC EXERCISES

Evaluate.
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GY 1Y 68B5Gl G 154G
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HY 1Y GesBsSH1 H1 1>4H
HY 1 1YeesBsH1 H 1>4 H

Use a calculator to approximate the following to the nearest
hundredth.
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| Y Y G8sB5l =2
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GY Y 85B5G

GY _ ! G8585G 1

GY - "1 GcesBsG

Sketch the function and determine the domain and range. Draw the
horizontal asymptote with a dashed line.
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Y
GY —
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| Y —
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GY I
GY i v

PART B: NATURAL BASIE

Find G1 , G ,and G- for the given function. Use a calculator
where appropriate to approximate to the nearest hundredth.

GY F

GY F1
GY 1 F
GY PY
GY BY
GY 1 FY
GY R
GY FY1

Sketch the function and determine the domain and range. Draw the
horizontal asymptote with a dashed line.
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Y 1F
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PART C: COMPOUND INTEREST FORMULAS
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ANSWERS
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7.3 Logarithmic Functions and Their Graphs

LEARNING OBJECTIVES
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145>D961 D85 3?7==7>1>4 >1DEB1< <?71B9D8=
*:5D38 D85 7B1@8 76 <?71B9D8=93 6E>3D9?>C

Definition of the Logarithm
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Figure 7.2

John Napier (1550D01617)
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Example 1
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AW N R

*?<ED97?>

MPH 2531EC5
MP H 1 2531EC5t — -

MPH -2531EC5 9 (
MPH 2531EC5

A W N R

%7?D5 D81D D85 B5CE<D 7?6 1 <?71B9D8= 31> 25 >571D9F5 ?B 5F5> J5B? ?G5F5E
1B7E=5>D 76 1 <?71B9D8= 9C >?D 4569>54 67B >571D9F5 >E=25BC ?B J5B?

MPH > 1
MPH >

+85B5 9C >? @?G5B ?6 DG? D81D B5CE<DC 9> U ?B  %571D9F5 >E=25BC 1>4 J!
9> D85 47=19> 76 D85 <?71B9D8= D D89C @?9>D 9D =1I 25 EC56E< D? 7? 213; 1>
1<< ?6 D85 BE<5C ?6 5SH@?>5>DC
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Example 2

9>4 x

1 MP¥
2 MPH -
3 MPH 1

*?7<ED9?>

?>F5BD 5138 D? 5SH@7?>5>D91< 67B= 1>4 D85> C9=@<96| EC9>7 D85 BE<5C ?6
S5H@?>5>DC

1 MP¥Y 9C5AE9F1<5>D D? Yi>4 DSE%«

2 MPH —-9C5AE9F1<5>D D? Y?B9 Y1>4 DS8EC
Y

3 MPH 1 9CBAE9F1<55DD? V2B Yi>4 DSEC
Y

Try this! F1<E1D5M P(H?)

>CG5B 1-

3<93; D? C55 F945?

The Common and Natural Logarithm

<?71B9D8= 31> 81F5 1> @?C9D9F5 B51< >E=25B ?D85B D81> 1C 9DC 21C5 !€
9C D85 <?71B9D8= 9C 31<<binD&in logarithm

+85 <?71B9D8=21C5  45>?0)54
M PH
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GY MPH MPWH $PNNPOVHBSUN

.85>1 <?71B9D8= 9C GB9DD5> G9D8?ED 1 21C5 9D 9C 1CCE=54 D? 25 D85 3?7==7
<?71B9D8-Note +89C 3?>F5>D9?> F1B95C G9D8 B5C@53D D? D85 CE2:53D 9> G&

1@@51BC ?B5H1=@<5 3?=@ED5B C395>DIdBHOBEB@B5E€55D D85 <?71B9D8=
21C5

Example 3

F1<E1D5

1 MPH
I ((
3 MPH

*?7<ED97?>

MPH 2531EC5
M Pg-l(«( —2531EC5 9 «

MPH MP H— 1 2531EC5
1

+85 B5CE<D ?6 1 <?71B9D8=9C >?D 1<G1IC 1@@1B5>D 7B 5HM-@+b 37>C945k

MPH
MPH
MPH
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.5 31> C55 D81D D85 B5CEMIP?BRC C?=5G85B5 25DG55> 1>4 &>=?CD
C395>D9693 31<3E<1D?BC D85B5 9C 1 3?7==?> <?71B9DE=|2EB»D>D? 69>4
D85M P HIC 67<<?GC

-0(

+85B56?B5 B?E>454 766 D? D85 >51B5CD DSRERH4D8 C13853; G5
31> EC51 31<3E<1D?B D? F5B961 81D R

16 D85 21C5 76 1 <?71B9BB&E<?71B9D8= 9C 31<<mtup&blogarithm

GY MPH MO |/ BYBWBSUN

+85 >1DEB1< <?71B9D8= 9C G945<| EC54 1>4 9C ?6D5>NIZ#B5F91D54

+85 <?71B9D8= 2 ECE6>?D54
MO
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Example 4
F1<E1D5

M®©
Mol

3MOF

*?<ED97?>

1 M® 2531ECMEe MPH 1>4F F
2 MO9 g(( —2531ECH 9

3 MO< 1 2531ECH =

&> 1 31<3E<1D?B I?E G9<< 69>4 1 2EDD?> 6?7B D85 >1DHB41k £?71B9D8=

+85B56?B5 B?E>454 766 D? D85 >51B5CD DSREO1>408 C 13853;
G5 31> EC5 1 31<3E<1D?B D? F5B96 D81D R
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Example 5

9>4x )?E>4 1>CG5BC D? D85 >51B5CD D8?EC1>4D8

1 MPWH
2 M@ 1
3 MPH 1-

*?7<ED9?>

?>F5BD 5138 D? 5SH@?>5>D91< 6?B= 1>4 D85> EC5 1 31<3E<1D?B D? 1@@B?+
1>CG5B

1 MPW 9C 5AE9F1<5>D D? VYi>4 DSECYR
2 M® 1 9C5AE9F1<5>B'D? Yi>4 DSEYR
3 MPY 1-9C5AE9F1<5>D B? Yi>4 DSECYR

.

Try this! F1<E1D5M O— ﬁ

g-Fll
>CG5B 1-

3<93; D? C55 F945?

Graphing Logarithmic Functions

.5 31> EC5 D85 DB1>C<1D9?>C D? 7B1@8 <?71B9D8=93 6E>3D9?>C .85> D85 21(
D85 7B1@8 &Y M R¥31C D85 67<<?G9>7 75>5B1< C81@5
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B51< >E=25BC1l +85y 1H9C 78 9C 1 F5BD931< 1CI=@D?D5x1>4 D85
9>D5B35@D 9C !> 1449D97%5 C MRE 1>4C? C 9C1@?9>D ?>D85
7B1@8 >? =1DD5B G81D D85 21C5 9C
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Example 6

*,5D38 D85 7B1@8 1>4 45D5B=9>5 D85 4?=19> 1>4 B1>75
GY MPH 1

*?<ED9?>

579> 21 945>D9619>7 D85 21C93 7B1@8 1>4 D85 DB1>C6?B=1D9?>C

Z MP¥ #BIDHBAQ
Z MPH 41 BNGJ) VAT
Z MPH 1 41 J3EPXO VAU

%7?D935 D81D D85 1CI=@D?D5 G1C C896D54 E>9DC D? D85 <56D 1C Gb<< +8
<?G5B 2?E>4 ?6 D85 4?=19> +8569>1< 7B1@8 9C @B5C5>D54 GO9D8?ED D85
9>D5B=5491D5 CD5@C
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2=19> 1 )1>75 1

Note 9>49>7 D85 9>D5B35@DC ?6 D85 7B1@8 9> D85 @B5F9?EC 5H1=@<5 9C <
C53D9?> 9> D89C 381@D5B ?B >?G G5 1B5 =7?B5 3?>35B>54 G9D8 D85 75>5B1<
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Example 7

*,5D38 D85 7B1@8 1>4 45D5B=9>5 D85 4?=19> 1>4 B1>75
GY 1MPHN1

*?<ED9?>

579> 21 945>D9619>7 D85 21C93 7B1@8 1>4 D85 DB1>C67B=1D9?>C

Z MPH #BIDHBAQ
Z 1MPH 3 FADIPOBCPMUI FY BYJT
Z 1MPHN1 413J8BHU VOO
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<?G5B 27E>4 76 D85 47=19>
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?=19> )1>75 1

Try this! *;5D38 D85 7B1@8 1>4 45D5B=9>5 D85 4?=19> 1>4 B1>75
HY MQOLY

>CG5B

?=19> UN )1>75 UN N

3<93; D? C55 F945?

%5HD 3?>C945B 5H@?>5>D91< 6E>3D9?>C G9D8 6B13D9?>1< 21C5C CE38 1C
Y

4569>54 2IGY —  +8547=19> 3?>C9CDC ?6 1<< B51< >E=25BC 8??C5 C?=5

F1<E5C 6°2B>4 D85> 69>4 D85 3?BB5C@PH4SELC
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S (M
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C81@5
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Example 8

*,5D38 D85 7B1@8 1>4 45D5B=9>5 D85 4?=19> 1>4 B1>75
GY MPHY

*?<ED9?>
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Z MPH #BIDHBAQ
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Z MPHY 41 BWQ VAT
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Try this! *;5D38 D85 7B1@8 1>4 45D5B=9>5 D85 4?=19> 1>4 B1>75
GY MPHY1

>CG5B

3<93; D? C55 F945?

KEY TAKEAWAYS

L

L

+85 21CH <?71B9D8=93 6E>3D9?> 9C 4569>54 D? 25 D85 9>F5BE5 26 D85 2
5H@?>5>D91< 6E>3D9?> !> ?D85R/G?BMAR W6 1>4 2><1 96
C  Y68585C  1>4 C/

+85 <?71B9D8= 9C 13DE1<<| D85 5H@?>5>D D? G8938 D85 21C5 9C B19C5
22D19> 9DC 1B7E=5>D

+85 <?71B9D8=21C5 9C 31<<54 D85 3?==?> <?71B9D8= 1>4 9C 45>?D54
M PYH

+85 <?71B9D8= 2HYE 31<<54 D85 >1DEB1< <?71B9D8= 1>4 9C 45>?D54
M®

#271B9D8=93 6E>3D9?>C GID8 4569>9D9?>CE6YD85 4B M

81F5 1 4?=19> 3?>C9CD9>7 76 @?CIDIF5 B51< >E=258Q B1>75

37>C9CD9>7 ?6 1<< B51< >E325BC  +85y 1H9C 78 9C1

F5BD931< 1CI=@D?D5 1»8:#B35@D 9C

+? 7B1@8 <?71B9D8=93 6E>3D9?>C G5 31> @<?D @79>DC ?B 945>D96I D¢
6E>3D97?7> 1>4 EC5 D85 DB1>C67B=1D9?>C 5 CEB5 D? 9>4931D5 D81D D8
F5BD931< 1CI=@D?D5 21 EC9>7 1 41C854 <9>5 +89C 1Cl=@D?D5 4569>5C
2?7E>41BI 76 D85 47=19>

#?71B9D8=93 E>3D97?>C 1>4 +859B B1@8C


http://www.youtube.com/v/0oEVfInCAXw

81@D5B H@?>5>D91< 1>4 #?71B9D8=93 E>3D9?>C

TOPIC EXERCISES

PART A: DEFINITION OF THE LOGARITHM

Evaluate.
MPH
MPH
MPH
MPH
MPH
MPH
MPe—I—)
P
MP{—I—)
NP
MPH
MPH
MPQI«
MPQI((
! $
#
MPH—#
9((??*
M P H—¢
(9%
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M P H
M P H

MPH —
PR
M P H
M P H

I\/IP{-I—)
P
MPH
MPI—%—)

Find x.

MPMW

MPM

MPWM 1

MPM 1

MPH

MPM 1

MPHY 1

M P HY

MPHY -

MPHY -
MPHY 1
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M P HY

PART B: THE COMMON AND NATURAL LOGARITHM

Evaluate. Round off to the nearest hundredth where appropriate.

MP H
MP H
MP H
MP H
MP H
MP H
MP H
MP H
M 8
M O

MPE)
MO
MO
MO
MO

Find x. Round off to the nearest hundredth.

M PYH
M PYH
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MPH 1
MPWH 1
M®
MO
MO 1
MO 1

Find a without using a calculator.

MP H- B

ME B

MPB
MP9I« B

MPH B

M8

MPH— B

MPB 1
MB —
MPH - B

I>  81B<5C )938D5B 45F5<?@54 1 C31<5 EC54 D? =51CEB5 51BD8AE1;5C ?>
C59C=?7B1@8 +85 =17>9DE4H1> 51BD8AEL;5 9C 79F5> 2| D85 6?B=E<1

M P(H;)
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5B5 | BS@B5C5>DC D85 9>D5>C9DI| ?6 D85 51BD8AE1;5 1C =51CEB54 ?> D85
C59C=?7B1@8 :=6B?=D855@935>D58A6D85 =9>9=E= 9>D5>CIDI

EC54 6?B 3?=@1B9C?> ?B 5H1=@<5 96 1> 51BD8AE1;5 9>D5>C9DI 9C =51CE
25 D9=5C D81D ?6 D85 =9>9=E= D85> *1>4

*
MPH—— MPH

+85 51BD8AEL;5 G?E<4 25 C194 D? 81F5 1 =17>9DE45 ?> D85 )938D5B C31<5
5D5B=9>5 D85 =17>9DE45C ?6 D85 6?<<?G9>7 9>D5>C9D95C ?> D85 )938D5B
)?E>4 7?66 D? D85 >51B5CD D5>D8

9C =9<<9?> D9=5C D81D ?6 D85 =9>9=E= 9>D5>C9DI
9C =9<<9?> D9=5C D81D ?6 D85 =9>9=E= 9>D5>C9DI
| 9C D85 C1=5 1C D85 =9>9=E= 9>D5>C9DI

9C =9<<9?> D9=5C D81D ?6 D85 =9>9=E= 9>D5>C9DI

I>385=9CDBI @ 9C 1 =51CEBS5 ?6 13949DI 1>4 9C 79F5> 2| D85 67B=E<1

Q) 1MPH

5B5 ) B5@B5C5>DC D85 814B?75> 97> 3?>35>DB1D9?> =51CEB54 9> =?7<5(
814B?75> @5B <9D5B ?6 C?<ED9?> 5D5B=9>5D85 @ 79F5> D85 6?7<<?G9>7
814B?75> 97> 3?7>35>DB1D9?>C
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1DD5BI 394 )
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PART C: GRAPHING LOGARITHMIC FUNCTIONS

Sketch the function and determine the domain and range. Draw the
vertical asymptote with a dashed line.

GY MPHY

GY MPHr1
GY MPM1

GY MPMW

GY MPHr1
GY MPHY 1
GY 1MPM
GY 1MPHY
GY MPHY
GY 1MPHY
GY MPWH

GY MPWH

GY MPH 1
GY MPHI1
GY 1MPH
GY 1MPH1
GY MOr1

GY MO

GY MOr1

GY MOY

GY 1MO
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GY 1MOrl
GY MPHY
GY MPHY

GY MPHY1
GY MPHY 1
GY 1 MPHY

GY MPH1Y
GY 1MPHY1
GY MPH1Y

PART D: DISCUSSION BOARD

)5C51B38 1>4 49C3ECC D85 ?B979>C 1>4 89CD?BI ?6 D85 <?71B9D8= ?G 49
CDE45>DC G7B; G9D8 D85= 256?B5 D85 37==7> 1F19<129<9DI 76 31<3E<1D?

)5C51B38 1>4 49C3ECC D85 89CD?BI 1>4 EC5 ?6 D85 )938D5B C31<5 .81D 47
E>9D ?> D85 )938D5B C31<5 B5@B5C5>D

)5C51B38 1>4 49C3ECC D85 <965 1>4 3?>DB92ED9?>C ?6 "?8> %1@95B
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ANSWERS
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o

?2=19> 1 175 1
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?2=19> y1>75 1

?2=19> )y1>75 1
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?2=19> )y1>75 1

?=19> 1 y1>75 1
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?2=19> y1>75 1

?2=19> 1 y1>75 1
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?2=19> 1 y1>75 1

?2=19> y1>75 1
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?2=19> y1>75 1

?2=19> )y1>75 1
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?2=19> y1>75 1

?2=19> y1>75 1
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?2=19> y1>75 1
?2=19> y1>75 1
>CG5B =1 F1BI
>CG5B =1 F1BI
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7.4 Properties of the Logarithm

LEARNING OBJECTIVES

@@<I D85 9>F5BC5 @B?@5BD95C 76 D85 <?71B9D8=

H@1>4 <?71B9D8=C EC9>7 D85 @B?4E3D AE?D95>D 1>4 @?G5B BE<5 6
<?71B9D8=C

?=29>5 <?71B9D8=C 9>D? 1 C9>7<5 <?71B9D8= G9D8 3?5669395>D

Logarithms and Their Inverse Properties

)531<< D85 4569>9D9?7> 7?6 DBx21089D8= 79F6> G85B5C"

Z MRHY JBOEQ@MGY C
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Product, Quotient, and Power Properties of Logarithms
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+89C 79F5C EC DG? 5CC5>D91< @B ymiRiodpropesy of logarithms

MBRHZ MPRW MRH

1>4 D8%uotient property of logarithms

MB(H—; M R¥L M RH

I>G?B4C D85 <?71B9D8= 76 1 @B?4E3D 9C 5AE1< D? D85 CE= ?6 D85 <?71B9D8
613D?BC *9=9<1B<I| D85 <?71B9D8= ?6 1 AE?D95>D 9C 5AE1< D? D85 49665B5>3
<?71B9D8= 76 D85 >E=5B1D?B 1>4 D85 <?71B9D8= ?6 D85 45>?=9>1D?B
Example 4
BOD51C1CEMPHY

*?<ED97?>

@@<I D85 @B?4E3D @B?@5BDI ?6 <?71B9D8=C 1>4 D85> C9=@<96I

MRHYZ MRWM MRHA

D85 <?71B9D8= 76 1 @B?4E3D 9C MPHY MPH MP¥Y

5AE1< D? D85 CE= ?6 D85

<?71B9D8= 76 D85 613D?BC MPH MP¥Y
MP¥

MRH, MRWLMRH

D85 <?71B9D8= 26 1 AE?D953D 9C

SAE1< D? D85 49665B5>35 26( D85

<?71B9D8= 26 D85 >E=5B1D?B . >cG58 M P ¥
1>4 D85 <?71B9D8= ?6 D85
45>7=9>1D?7B

'‘B?@5BD95C ?6 D85 #?71B9D8=



81@D5B H@?>5>D91< 1>4 #?71B9D8=93 E>3D9?>C

Example 5
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Quotient property of Y
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H@1>4 3?=@<5DMIO Y
*2<ED9?>

)531<< D81D D85 >1DEB1< <?71B9D8= 9C 1 <? & BdiB= NIEY
+85B567B5 1<< ?6 D85 @B?@5BD95C 76 D85 <?71B9D8= 1@ @<l

MOY MO M® 1FEVOBMNMESVMHBSIUNT
MO MO 1PXFSSMNGSNHBSIUNT

>CG5B M O MY

'‘B?@5BD95C ?6 D85 #?71B9D8=



81@D5B H@?>5>D91< 1>4 #?71B9D8=93 E>3D9?>C

Example 8
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TOPIC EXERCISES
PART A: LOGARITHMS AND THEIR INVERSE PROPER

Evaluate:
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PART B: PRODUCT, QUOTIENT, AND POWER PROPER
OF LOGARITHMS

Expand completely.
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Gven MPWM BMPH Cand MPH Duwrite the following

logarithms in terms of a, b, and c.
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Given M R H , MRH ,and MR H ,
calculate the following. (Hint: Expand using sums, differences, and
quotients of the factors 2, 3, and 7.)
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M
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Expand using the properties of the logarithm and then approximate
using a calculator to the nearest tenth.
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Write as a single logarithm with coefficient 1.
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MP W1 MP H

MPH MPW MPH
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MPHLIMPWML MPH - MPH

Express as a single logarithm and simplify.
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ANSWERS
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7.5 Solving Exponential and Logarithmic Equations
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LEARNING OBJECTIVES
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Solving Exponential Equations
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of exponential functions
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Solving Logarithmic Equations
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TOPIC EXERCISES
PART A: SOLVING EXPONENTIAL EQUATIONS

Solve using the one-to-one property of exponential functions.
Y

1Y

Yl

F YL 1F

Solve. Give the exact answer and the approximate answer rounded to
the nearest thousandth.

Y

Y
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Y

Y

Y1

Y

Y

Y1

Y
L

FY 1

FY 1
v
1 Y
1FY
FY
1 BY
1 BY

Y

Y 1lY
FY
FY

Ry
- RY

Find the x- and y-intercepts of the given function.
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Gy Y 1
GY Lo
GY v
GY Y1
GY F*
GY F 1

Use au-substitution to solve the following.

Vg v oD #50V "

Use the change of base formula to approximate the following to the
nearest hundredth.

M P H
M P H

M P H—)
M P H—)
M P H

M P H
((

((

M P 8
M P 8
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@?@E<1D9?>D? 7B?G D?  @5?@<5

PART B: SOLVING LOGARITHMIC EQUATIONS

Solve using the one-to-one property of logarithms.

MPHY MPHY1
MPHY MPHY

MPH1 1MPHY1

MO Y1l MOY

MP H 1 MPHY

M OY Y M OY

MPH MPM MPHY1
MPH MPH

M OY M OY MO

MP Hr1 MP HY1 MPH

Solve.

MPHY1
MPHY
M P HY
MPHY -
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MPMW

MPH Y
MOY 1

M P HY 1

MP HY1 MP HY1
M P HY MP HY
MPM MPHY1
MP¥M MPHY1
MPHY 1 MPHY1
MP HY 1 MPHY1
M®1l MOrl

MOY 1MO
MPM MPHY1

MPMW MP HY1

MP HY1 1MPM

MP HY MP HY 1
MPYH MP KN

MP HY MPH1Y MP HY

Find the x- and y-intercepts of the given function.
GY MPHN 1
GY MPHN1
GY MPHY1
GY MPHY 1
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GY MOY 1
GY MOy

Find the inverse of the following functions.

GY MPHY
GY M P M
GY MPN 1
GY MOr1
GY MOYVY1
GY MPHY 1
HY FY
HY %7
HY Y
HY Y
HY Y 1
HY F?
Solve.
M P HY MP 1
M P HY MP H
F% 1 FY
Y1
Y1
M P HY M P HY1

MOY1l 1 M®
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MPH Y M PYH
FY

FlY

FY I:Y

M PYH M P

MPYH MP M1 M PYH

MO M MOY

I>385=9CDBI @ 9C 1 =51CEB5 ?6 13949DI 1>4 9C 79F5> 2| D85 6?B=E<1
Q) 1MPH  G85B5) 9C D85 8I4B?75> 97> 3?7>35>DB1D9?7>

=51CEB54 9> =?<5C ?6 814B?75> @5B <9D5B 76 C?<ED9?> 5D5B=9>5 D85 ¢
97> 37>35>DB1D9?>96 D85 @ ?6 1 C?<ED9?>9C

+85 F?<E=5 76 C?E+®> 453925<C 4 9C 79F5> 2| D85 6?B=E<1
- MPH 1 GssBs B5@B5C5>DC D85 9>D5>C9DI ?6 D85 C?E>4

G1DDC @5B CAE1B5 =5D5B 5D5B=9>5 D85 9>D5>C9DI ?6 1> 1<1B= D81D 5=
?6 C?E>4

PART C: DISCUSSION BOARD

)5C51B38 1>4 49C3ECC D85 89CD?BI 1>4 EC5 76 D85 C<945 BE<5
)5C51B38 1>4 49C3ECC B51< G?B<4 1@@<931D9?>C 9>F?<F9>7 <?71B9D8=
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ANSWERS

1-
| —
U
M P H
e R
MPH
e R
MPH MPH _
M P H
MPH MPH
R1
M P H
M
M
__MO,
1MPH
—— R
M P H
M
MO o,
M OR
0
MpH !
1X° R1

*?<F9>7 H@?>5>D91< 1>4 #?71B9D8=93 AE1D9?>C



81@D5B H@?>5>D91< 1>4 #?71B9D8=93 E>3D9?>C

1MOR1

MPHAMPH

x9>D5B35@B— " — y9>D5B35@D 1

x9>D5B35@D %?98D5B35@D

x9>D5B35@D %?95D5B35@D TF

M P H
M O

@@B?H9=1D5<| 41IC

((
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F1

((

M

x9>D5B35@D y9>D5B35@D M P H

x 9>D5B35@B- y 9>D5B35@D %7?>5

x 9>D5B35@E— y9>D5B35@D M O1
G Y Y1
G Y W

=}
G Y
MO
H v —
H Y MPHM1
H Y MPHN 1
MP H
T1F
MO
MO1
M
1 —»<5c @5B <9D5B
>CG5B =1| F1Bl
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7.6 Applications

LEARNING OBJECTIVES

,C5 D85 37=@7?E>4 1>4 3?>D9>E?EC 9>D5B5CD 6?B=E<1C
1<3E<1D5 4?E2<9>7 D9=5

,C5 D85 5SH@?>5>D91< 7B?GD8 45311 =745<

1<3E<1D5 D85 B1D5 7?6 45311 79F5> 81<6 <965

Compound and Continuous Interest Formulas

)531<< D81D 3?=@7?E>4 9>D5B5CD ?33EBC G85> 9>D5B5CD 133E=E<1D54 6?7B ?>
14454 D? D85 @B9>39@1< 9>F5CD=5>D 256?B5 31<3E<1D9>7 9>D5B5CD 6?B D8
+85 1=7E>MA 133BE54 9> D89C =1>>5B ?F5BTWY=B45<54 2| D85 37?=@?E>4
9>D5B5CD 67B=E<1

5B5 D85 9>9D91< @BPBO@BBE=E<1D9>7 3?=@7?E>4 9>D5B5CD 1D 1>1>>E1< B]
G85B5 D85 F14H85@B5C5>DC D85 >E=25B 7?6 D9=5C D85 9>D5B5CD 9C 3?=@?E=
I151B
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Example 1

*EC1> 9>F5CD54 9> 1> 133?E>D 51B>94%2>E1< 9>D5B5CD D81D 9C
3?7=@?E>454 =?>D8<I

1 7?G=E38G9<<259>D85 1337E>D 16D5B [51BC
2 ?G<?>7 (G9<< 9D D1;56?7B D85 1=7?E>D D? 7B?G D?

*?7<ED97?>

I> D89C 5H1=@<5 D85 @B9>39@1< D85 9>D5B5CD 81D5-

1>4 2531EC5 D85 9>D5B5CD 9C 3?7=@7?E>4543?>D8<B5 9>F5CD=5>D 31>
25 =?45<54 2] D85 6?<<?G9>7 6E>3D97?>

1 ,C5D89C =?45< D? 31<3E<1D5 D85 1=?E>D 9> D85 13BPE>D 16D5B
151BC

)?E>454 ?66 D? D85 >51B5CD 35>D 16D5B 151BC D85 1=?E>D
133E=E<1D54 G9<< 25

2 +? 31<3E<1D5 D85 D9=5 9D D1;5C D? 133E=E<1B5U C5D
1>4 C?<F5 6?B
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+89C B5CE<DC 9> 1> 5H@?>5>D91< 5AE1D9?> D81D 31> 25 C?<F54
9C?<1D9>7 D85 5SH@?>5>D91< 5H@B5CC97?>

D D89C @?9>D D1,;5 D85 3?==7?> <?71B9D8= 76 2?D8 C945C 1@ @<l
@7?G5B BE<5 6?7B <?71B9D8=C 1>4 D853 C?<F5 6?B

MPH MPH v
MP H WMPH

M P H /W
MP H  MPH—

M P H
M P H

U

,C9>7 1 31<3E<1D?B G5 31> 1@@B?H9=1D5 D85 D9=5 9D D1;5C

Uu MPH MPH R Z8BST
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>CG5SB
1

2 @@B?H9=1D5<I 151BC

+85 @5B974 ?6 D9=5 9D D1;5C 1 AE1>D9DI D? 4?E2<5l6Gblihg<tbAcD85.5
>5HD ?ED<9>5 1 D538>9AE5 6?7B 31<3E<1D9>7 D85 D9=5 9D D1;5C D? 4?E2<5 1>
9>F5CD=5>D 51B>9>7 37?=@?E>4 9>D5B5CD

+85 @5B9?4 ?6 D9=59D D1;5C 1
AE1>D9DI D? 4?E2<5
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Example 2

$1B9? 9>F5CD54 9>1>133?E>D 51B>9>7 1>>E1<9>D5B5CD D81D 9C
3?=@7E>454 C5=9 1>>E1<<| ?G <?>7 G9<< 9D D1;5 D85 9>F5CD=5>D D? 4?E2<

*?7<ED97?>

5B5 D85 @B9>391@1< D85 9>D5B5CD 81D5 1>4
2531EC5 D85 9>D5B5CD 9C 3?=@7?E>454 C5=®1>>E488C 9>F5CD=5>D 31>
25 =745<54 1C 67<<?GC

*9>35 G5 1B5 <??7;9>7 67B D85 D9=5 9D D1,5C D? 4?E2<5 CE2CD9DEDS5
D85 B5CE<D9>7 1=7E301>4 D85> C?<F567B
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MPHMPH
MPH WPH

MP H
MP H

,C9>7 1 31<3E<1D?B G5 31> 1@@B?H9=1D5 D85 D9=5 9D D1;5C

Uu MPH MPH R ZFBST

>CG5B @@B7?H9=1D5<I I51BC D? 4?E2<5 1D

16 D85 9>F5CD=5>D 9> D85 @B5F9?EC 5H1=@<5 G1C ?>5 =9<<9?> 4?7<<1BC 87G
9D D1;5 D? 4?E2<5 +? 1>CG5B D89C G5 G2E<4 EC5 1>4
11 U
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5>35 D85 B5CE<D G9<< 25 D85 C1=5 127ED I51BC !> 613D 4?E2<9>7 D9=59
9>45@5>45>D ?6 D85 9>9D91< 9>P5CD=5>D

I>D5B5CD 9C DI@931<<I 3?=@7?E>454 C5=N1>>BEL8D5B<h  =?>D8<I| n
?B 419<I n ?G5F5B 96 9>D5B5CD 9C 3?=@?E>454 5F5BI| 9>CD1>D G5 ?2L
1 6?B=E<1 6?B 3?>D9>E?EC<I| 3?=@?E>49>7 9>D5B5CD
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9>D5B5CD B1D5% B5@B5C5>DC D85 D9=5 9> 151BC D85 9>F5CD=5>D 9C 1<<?G54
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Example 3

$1BI 9>F5CD54 9> 1> 133?E>D 51B>9>71>>E1< 9>D5B5CD D81D 9C
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531EC5 D89C 5SH@?>5>D91< & G23888?C5 D? D1,;5 D85 >1DEB1< <?71B9D8= 7€
2?7D8 C945C 1>4 D85> C?<F5 67B

MO MB Y "QMUFQPXFSSMGSWHBSUNT
MO UM ©3FBWIBUM ©
MO u
M O
U

,C9>7 1 31<3E<1D?B G5 31> 1@@B?H9=1D5 D85 D9=5 9D D1;5C

>CG5B D G9<< D1;5 1@@B?H9=1D5<I 151BC

.85> C?<F9>7 1@ @<931D9?>C 9>F?<F9>7 3?=@7?E>4 9>D5B5CD <?7?; 67?B D85 ;5|
R3?>D9>E?EC S ?B D85 ;5|1G?B4C D81D 9>4931D5 D85 >E=25B 76 1>>E1< 3?=@7I
ID 9C D85C5 ;51G?B4C D81D 45D5B=9>5 G8938 6?B=E<1 D? 38??C5

Try this! $1B9? 9>F5CD54 9> 1> 133?E>D 51B>9>7 1>>E1<9>D5B5CD D81
9C 3?7=@7?E>454 3?>D9>E?EC<I| ?G <?>7 G9<< 9D D1;5 D85 9>F5CD=5>D D? 4?

>CG5B @@B7?H9=1D5<I 151BC

3<93; D? C55 F945?
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Modeling Exponential Growth and Decay

I> D85 C395>35C G85>1 AE1>D9DI 9C C194 D? 7B?G ?B 45311 5H@?>5>D91<<I| 9
C@5396931<<I =51>D D? 25 =?45<54 EXponérttial growth/decay formula
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5H@7?>5>D91<kI9® >571D9F5 D85> D85 6E>3D9?> =?45<C 5H@?>5>D91< 4531] ¢
D81D D85 6E>3D9?> <?7?;C F5BI C9=9<1B D? D81D ?6 3?>D9>E?EC<I 3?=@?E>409:
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Example 4

ID 9C 5CD9=1D54 D81D D85 @?@E<1D9?> ?6 1 35BD19> C=1<< D?G> 9C @
1> 1>>E1< 7B?GD8 B1D5 ?6 16 D85 @?@E<1D9?> 3?>D9>E5C D? 9>3B51C5
5H@?>5>D91<<I| 1D D89C B1D5
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2 CD9=1D5 D85 D9=5 9D G9<< D1;5 6?B D85 @?@E<1D9?> D? B5138
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Example 5

,>45B ?@D9=1< 3?>490L&Herichia coli (E. cliBD5B91 G9<< 7B?G
S5H@7?>5>D91<<| G9D8 1 4?E2<9>7 D9=5 ?6 =9>EDBQdB5<<C 1B5 @<1354
9> 1'5DB9 49C8 1>4 =19>D19>54 E>45B ?@D9=1< 37>49D9?&CcBBE<IC|
G9<< 25 @B5C5>D 9> 8?EBC

Figure 7.3

Escherichia coli (E. c@Njkipedia)
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Example 6
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TOPIC EXERCISES

PART A: COMPOUND AND CONTINUOUS INTEREST
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7.7 Review Exercises and Sample Exam
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Are the given functions one-to-one? Explain.
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Verify algebraically that the two given functions are inverses. In other

words, show that @G Y Yand G QG Y Y
GY Y1 G Y -Y -

oy o g v v1 y,

Y Y
GY —~ G Y —

GY 9@«««1 G Y Y 1

Find the inverses of each function defined as follows:
GY 1Y
GY -Y1l-
HY Y 1 Ya

HY Y1
HY
Y =
Yy 2
oy o

IRV ((
BN (@

EXPONENTIAL FUNCTIONS AND THEIR GRAPHS

Evaluate.
GY Ye»4G1 G 154G
GY - '6924G1 G 154G1

HY WeosaH1 H 154 H

)5F95G H5B39C5C 1>4 *1=@<5 H1=



81@D5B H@?>5>D91< 1>4 #?71B9D8=93 E>3D9?>C

HY 1 Y6954H1 H 154 H

Sketch the exponential function. Draw the horizontal asymptote with a

dashed line.
Gy "
cy "1
GY 1 "'1
Gy Y
Y
GY —
( )
Y
GY — 1
()
GY 1Y
GY i, 4

Use a calculator to evaluate the following. Round off to the nearest
hundredth.

GY F 694Gl G1 1>4G-
HY 1 Feo>aH1 H 1>4H-
QY 1 FYe9>4Q1 Q 1- 154Q
SY F Y1 692451 S- 1>4S

Sketch the function. Draw the horizontal asymptote with a dashed line.

GY F
GY
GY F
GY FY

"5BBI 9>F5CD54 9> 1> 133?E>D 51B>9>71>>E1< 9>D5B5CD D81D 9C
3?=@7?E>454 =?>D8<| ?G =E38 G9<< 25 9> D85 133?E>D 16D5B [51BC
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"?C5 9>F5CD54 9> 1> 133?E>D 51B>9>71>>E1< 9>D5B5CD D81D 9C
3?7=@?E>454 3?7>D9>E?EC<| ?G =E38 G9<< 25 9> D85 1337E>D3I5B

7B1= C1l=@<5 ?6 B149?13D9F5 9?749>5 9C 133945>D<I| B5<51C54 9>D? D85
1D=?C@85B5 +85 1=?E>D ?6 D85 CE2CD1>35 9> 7B1=C 9C 79F5> 2| D85 6?7B

1U = UcssBs B5@B5C5>DC D85 D9=5 9> 41IC 16D5B D85 C1=@
B5<51C54 ?G =E38 B149?13D9F5 9?749>5 G9<< 25 @B5C5>D 9> D85 1D=?C@
411C 16D5B 9D G1C B5<51C54

+85 >E=25B ?6 35<<C 9> 1 213D5B91 C1=@<5 9C 79F5> 2| D85 67B=E<1

/ U —F—, G858 B5@B5C5>DC D85 DI=5 9> 87EBC C9>35 D85 9>9D

@<135=5>D 76 35<<C ,C5 D85 6?B=E<1 D? 31<3E<1D5 D85 >E=25B ?6 35
D85 C1=@<5 8?EBC <1D5B

LOGARITHMIC FUNCTIONS AND THEIR GRAPHS

Evaluate.

M P H
M P H

M P H—,
M P, H—
M P H

MPH -

M P H
M P HL
M P H

MP H
((

(((

MP 8
MP 8
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M®©

M P H
M P H

Find x.
MPM
MPM 1
M P HY

MPM -
MPH 1

MO -—

Sketch the graph of the logarithmic function. Draw the vertical
asymptote with a dashed line.

GY MPHY1
GY MPM1
HY MPHY

HY MPHY1 1

'Y MPHLY
Y 1MPMW
HY MOr1l

HY MOY 1

+85 @?@E<1D9?> 26 1 35BD19> C=1<< D?G> 9C 7B?G9>7 133?B49>7 D? D85
U
1U G85B3 B5@B5C5>DC D9=5 9> I51BC C9>35 D85 <
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35>CEC ,C5 D85 6E>3D9?> D? 5CD9=1D5 D85 @<= @EBIDIBDSB D85 35>CEC
G1C D1:;5>

+85 F?<E=5 ?6 C?Eb®> 453925<C 4 9C 79F5> 2| D85 6?B=E<1
- MPH 1 G85B3 B5@B5C5>DC D85 9>D5>C9DI 7?6 D85 C?E>4

G1DDC @5B CAE1B5 =5D5B 5D5B=9>5 D85 F?<E=5 ?6 1 C?E>4 G9D8 1> 9>C
G1DDC @5B CAE1B5 =5D5B

PROPERTIES OF THE LOGARITHM

Evaluate without using a calculator.

MP H
MP H
MP H

M P H-
FMO

M P H

M &
MP H

Expand completely.

MPH Y
MPHY
MP H—
()
M)
MP H—
CZD)
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Write as a single logarithm with coefficient 1.

MPH MPA1 MPH
MPHL MPM MPH
1 MPM MPHA1L MPHY1
M®PL1MOYlLTL 1MOY
MPM - MPH1- MPH

- MPH MPH - MPH
MPH MPWl- MPHE MPH
M®l- M@l Mp

SOLVING EXPONENTIAL AND LOGARITHMIC EQUATIO

Solve. Give the exact answer and the approximate answer rounded to
the nearest hundredth where appropriate.

Y
Yl

Yl
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v
FYI.

woq

YL

1FY

FY

FY
SO

Use the change of base formula to approximate the following to the
nearest tenth.

M P H
M P H
M P H
M P H

M P H

MPBI((

Solve.

MPHY1 MPHY
MOY MOY

MPHL MP¥M MPH

MP HY MPH MPH
MPHY1

MPHY1
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MPHY 1 1MPH

MPH1  MPHY
MPM MP Hr1
M P HY M P HY

MPHY 1MPHN1

MP1 MOY1
MP HY MP HY
MPMW MP HY

MP HY 1 MPMW
MPHY MPHr1

APPLICATIONS

Solve.

>1=?E>D 7?6 9C 9>F5CD54 9> 1> 1337E>D D81D 51B>C  1>>E1< 9>D5B¢
D81D 9C 3?=@?E>454 =?>D8<| CD9=1D5 D85 >E=25B 76 I51BC 6?B D85 1="7E
D85 133?E>D D? B5138

>1=?E>D 7?6 9C 9>F5CD54 9> 1> 1337E>D D81D 51B>C  1>>E1< 9>D5B~
D81D 9C 37?=@?E>454 3?>D9>E?EC<| CD9=1D5 D85 >E=25B ?6 I51BC 6?B D¢
1=?E>D 9> D85 1337E>D D? B5138

?G <?>7 4?5C 9D D1;5 D? 4?E2<5 1> 9>F5CD=5>D =145 9> 1> 133?E>D D81D
— 1>>E1<9>D5B5CD D81D 9C 3?=@?E>454 3?>D9>E?EC<I

?G <?>7 4?5C 9D D1;5 D? 4?E2<5 1> 9>F5CD=5>D =145 9> 1> 133?E>D D81D
— 1>>E1<9>D5B5CD D81D 9C 3?=@7?E>454 C5=9 1>>E1<<I|

I>D85151B 135BD19> C=1<<D?G> 8141 @?@E<1D9?> ?6 @5?@<5 I>
151B D85 @?@E<1D9?> G1C 5CD9=1D54 D? 81F5 7B?G> D? @5?@<5 !
@?@E<1D9?> 3?>D9>E5C D? 7B?G 5H@?>5>D91<<| 1D D89C B1D5 5CD9=1L
@?@E<1D9?> 9> D85 I151B
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6<55D F1> G1C @EB381C54 >5G 6?7B 1>4 [51BC <1D5B 9D G1C F1<E54
16 D85 F1<E5 ?6 D85 F1> 3?>D9>E5C D? 453B51C5 5H@?>5>D91<<| 1D C
45D5B=9>5 9DC F1<E5 151BC 16D5B 9D 9C @EB381C54 >5G

G52C9D5 D81D 81C 255> 9> 453<9>5 B579CD5B54  E>9AE5 FO9C9D?BC <1
1>4  E>9AE5 F9C9D?BC D89C =?>D8 16 D85 >E=25B ?6 E>9AE5 F9C9D?BC
3?>D9>E5C D? 453<9>5 5SH@?>5>D91<<| 8?G =1>| E>9AE5 F9C9D?BC G?E<4
5H@53D >5HD =?>D8

>9>9D91< @?@E<1D9?>?6 B1229DC G1C 9>DB?4E354 9>D? 1 G9<4<965 (
>E=25B ?6 B1229DC 4?E2<54 9> D85 69BCD I51B !6 D85 B1229D @?@E<1D9"
D? 7B?G 5H@7?>5>D91<<| 1D D89C B1D5 8?G =1>1 B1229DC G9<< 25 @B5C5:
16D5B D85I G5B5 9>DB?4E354

+85 81<6 <965 ?6 C?49E= 9OC 127?ED 8?EBC 7?7?G<?>7G9<<9D D151
=9<<97B1= C1=@<5 D? 45311 D? =9<<97B1=C

+85 81<6 <965 ?6 B149E= 9C 127ED I51BC ?G <?>7 G9<< 9D D1;5 1> 9>¢
Cl=@<5D? 45311 D? 7?6 D85 ?B979>1< 1=?E>D

> 1B3857<?79CD 49C3?F5B54 1 2?>5 D??< 1BD9613D 6D5B 1>1<IC9C D85 1
6?E>4 D? 3?>D19> 7?6 D85 31B2?> >?B=1<<|6?E>4 9> 2?>56B?=D85 C1=t
1>9=1< 9F5>D81D 31B2?> 81C 1 81<6 <965 ?6 I51BC 5CD9=1D5 D85 17
D85 1BD9613D

+85 81<6 <965 ?6 B149?13D9F5 9?49>5 9C 12?ED 41IC .81D @5B35>D175
9>9D91< C1=@<5 133945>D1<<I| B5<51C54 9>D? D85 1D=?C@85B5 4? G5 5H¢
B5=19>16D5B 41IC
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ANSWERS

@®@H Y Y HG Y Y1

®H Y Y Y1
HG Y Y Y1
®H Y «g
oo v o M

Y1Y

Y1

®@H Y 1

HG Y

Y Y1l
%? 619<C D85 #+

/5SC @1CC5C D85 #+

'‘B?7?6

'‘B?7?6

G Y 1-Y -

0oy 9gg(((((((((

H v %

It Y 1

1ty 2%

G1 - G G

H 1 H H —
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@5?@<5

M PYH
MPWL MPH
MP¥L MPHBLMPH

MO MO -MB1 MD

MP H
MP H

R

MPH MPH
R

MP H
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151BC
151BC
2?ED @5?@<5
E>9AES FOC9D?BC
8?EBC

2?ED  151BC ?<4
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SAMPLE EXAM

gF5>GY Y 1Y 1>4aHY Y1 6954 QH Y

8?26 D810GY 9 ((W««l>4 HY —Y— 1B59>F5BC5C

Find the inverse of the following functions:
GY -Y1

l' Y Y G85B5Y a

Sketch the graph.
GY F1
HYy 7

"?5 9>F5CD54 9> 1> 133?E>D 51B>9>7 1>>E1<9>D5B5CD D81D 9C
3?=@7E>454 =?>D8<| ?G =E38 G9<< 259> D85 1337E>D 1D D85 5>4 7?6 [51E

$1BI 81C 9> 1 C1F9>7C 133?E>D 51B>9>71>>E1< 9>D5B5CD D81D 9C
3?7=@?E>454 3?7>D9>E?EC<| ?G =E38 G9<< 25 9> D85 1337E>D 1D D85 5>4 ?
151BC

Evaluate.

M P H
M P H-

M P H
M &

M P H
M P H-

M &
M P H

B w N R

A w N -

Sketch the graph.
GY MPHY

GY 1MOr1
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! $

vz %

H@1>4 M PH—z
ol *

.B9D5 1C 1 C9>7<5 <?71B9ID8= GID8 3?75669395>D
MPM - MPHL MPH

Evaluate. Round off to the nearest tenth.

1 MPH
2 MO
3 MPH-

Solve:

Yl

Y

MPHYL  MPHY
M P HY

MPM MPHY

M P HY MP M

"?5 9>F5CD54 9> 1> 133?E>D 51B>9>7 1>>E1<9>D5B5CD D81D 9C
3?7=@7?E>454 =?>D8<I| ?G <?>7 G9<< 9D D1;5 D? 133E=E<1D5 1 D?D1< ?6
D85 1337E>D

$1BI 81C 9> 1 C1F9>7C 133?E>D 51B>9>71>>E1< 9>D5B5CD D81D 9C
3?=@7E>454 3?>D9>E?EC<I| ?G <?>7 G9<< 9D D1;5 D? 4?E2<5 D85 1=?E>D ¢
133?E>D
EB9>7 D85 5SH@?>5>D91< 7B?GD8 @81C5 35BD19> 213D5B91 31> 7B?G 1D
@5B 8?EB 16 35<<C 1B5 9>9D91<<| @B5C5>D 9> 1 C1=@<5 3?>CDBE:

5H@?>5>D91< 7B?GD8 =?45< 1>4 EC59D D? 1 CD9=1D5 D85 @?@E<1D97?>
9> B8?EBC 2 CD9=1D5 D85 D9=5 9D G9<< D1;5 D85 @?@E<1D9?> D? 4?E2.

+85 81<6 <965 ?6 315C9E= 9C 12?ED 151BC @@B?H9=1D5 D85 D9=5 9D (
1 =9<<97B1=C1l=@<5 ?6 315C9E= D? 45311 D? =9<<97B1=C
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ANSWERS

A W DN PR

MPH MPAH - MPH
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2
3 U

MPHMPH
MPH

@)
1-—
I51BC

I51BC
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