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Math 111 Lecture Notes

SECTION 4.6: LOGARITHMIC AND EXPONENTIAL EQUATIONS

—0.4h

Example 1. Suppose the formula D = 5e can be used to find the number of milligrams D of a

certain drug in a patient’s bloodstream h hours after the drug was administered. When the number of
s 2

milligrams reaches 1.5, the drug is to be administered again. What is the time between injections?

In this problem, we solve the equation 1.5 = 5e %4 We isolate the exponential expression and then

LS =Fe ™ [soldde A
T ?‘ ' Q*Pol’\ewhﬂ-/Q
, % - '_-"H’\ Showkﬁt/

€
J e ol et

2)=—.'th orS -
S St

convert to logarithmic form:

What if the base was not 10 or e? What if we/\lzad the following instead: 1.5 = 5. 270442
|s=g. M (5 = g yh
> 7 s ¥
~th WSE
3= 0L o= 2~-‘+k 106/
= Yl Y
/ojg\(‘gj :;ib ﬂOj(lg> :@p Dﬂw
= —~. 4 ‘ .
& Aoy (B = >4 Leg 2
Loy = STl o
=4

oy, A3 _ h
—.LHOJ?_ o

1
b
2
=

_L( ;
=%, O = 4,
4,34 ® h s

nowr’y



Math 111 Lecture Notes Section 4.6: Logarithmic and Exponential Equations

" Example 2. A population of fruit flies initially has 2 fruit flies and grows exponentially. The population
P of fruit flies after ¢ days can be modeled by P = 2(1.2)®. When will the population reach@mit
flies? A

19_0_«——,0.5' P
A A |

St =L} @ t = AnSP
©n(s0Y =%Un LT en Ll

_ tx al.H4b Aﬂa &
. %ﬂ%?— Nnuw 1 T -
Example 3. Julie and Mia eacli thade investments in 1999." Let J(t) be Julie’s investment ¢ years

after 1999 and let M(t) be Mia’s investment ¢ years after 1999. Their respective investments can be
modeled by the functions o S)fKV’C\W value A=+

a
J(t) = 50000(1.092)" and  M(t) = 45000°%% r= .01 L

(a) When will Julie’s investment have doubled in value? q ?’?
— e

|OD,000 — S‘DODD(].DC]ZSC
Sp, 000 Soeee N [ 5
(| ')t ; K o( 1)

= L. 01(),0

% QO*;\%ZQ 12 91

. c
Ao joj 2 = /D (1‘0‘123 .| 7a8€ ‘axeA.VS
/ﬁ = :? 9L)

(1.012) LW 1)
(b) When will ’rh value of Mia’s investment reach $100, 0007 Solve this equation algebraically and
then using your graphing calculator.

o

[ ] r“——.‘
M (£) = 4seoo g1 qTo
oo = tesboet®Tt

B e gn()= o

!2’% — e"D‘rt ,C)ﬁl' ¢07‘

0?{: 887 =<+t
(‘lL/) =Yne G P Ine I

IThis was the year when Mla Hamm, Jalie Foudy, and Brandi Chastain wo I&he Women s World Cup and netted $50,000
bonuses, but this problem is otherwise fictional.

Instructor: A.E.Cary Page 2 of 8




Math 111 Lecture Notes

Section 4.6: Logarithmic and Exponential Equations

~ Example 4. Solve the following exponential equations for z. Express irrational solutions in exact

g | form. K — USe bﬂ-—é{, | © Wbﬁ(%&
A

(a) 3% =15 lda
2
n3 = NS
AxLx3 = An\S
P9I s 2Ln 3
X = An\s
24n %
ust,, & ,insWS
S = 3
o
(b)) 4(2*) =5
T
N 5
A=A

() 2°=14
bj 9:%'—'/(03\‘-\
“XIQOSR = 2031‘*\
= — o4 l-
Loty 07
foy&%

-
/&33)(: /eo%\

X/(fo\} 3 = (X+ og,f§

Xzﬁos?u = ”/““J‘g*’ /éoy?

xLen 3 ——,%oa IS = log IS

x(lca%—-,fo ) = Ay IS
§ ’”51{1 9((/"/5;3 “ %3%

/oa(‘ffs
Joq (S
loarC‘(S')

Instructor: A.E.Cary
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Math 111 Lecture Notes Section 4.6: Logarithmic and Exponential Equations

Example 5. Solve the following exponential equations for . Express irrational solutions in exact form
and rounded to three decimal places.

2$+3 e 521:—|—1

= AnS
(X)L A = (2x+0) AnS
X A A+ 33U = A<ANS +L4nS

244+ \

XA} —mxLnS = AnS =380 3

X (42 -34S = Ans~(Fn L

T lnA-2Ans Ln ) -—@fn?
>
AnS—Anl
Lnl — LnS
A (9‘/953

X

\

A8

X
¢

Instructor: A.E.Cary Page 4 of 8




Math 111 Lecture Notes Section 4.6: Logarithmic and Exponential Equations

- Example 6. Solve the following logarithmic equations for z. Clearly state the solution set.

| (a) log,(z + 1) = log,(25) Sawt (b) 20logy(z) =10
baSe s EL P"W; mkpov“*

_ Lo
X¥L =A% a "ba)t-
X:Q’L‘ L.f =

%9‘%13 ﬁ:'-)(

X+|70 Q= X

Domativ ‘-?ﬂ{)( 7-[7) 3 ZB
DDYNV"" ~ {X 70‘5
Example 7. The loudness L(z) (in decibels) of a sound of intensity = (measured in watts per square

meter) is defined by L(z) = 10log (f—o), where L= 10! watts per square meter and represents the
least intense sound that a human ear can detect.

(a) Normal conversation has an loudness level of 60 dB. What is the intensity of this sound?

g 'Ob\)(‘lf?‘“ |07 waths P

nave W e,
b = /@od,ﬁf‘--z ‘1

( lc:r"ﬁlo(’= Tgﬂ?—('o"‘z> X =10°°

(b) A jet takeoff has an loudness level of 140 dB. What is the intensity of this sound?
LA

):f_(z::_lg_ﬂp Téﬁ‘b Sourd. o4 dc’rhm
= (o
‘ r'\‘—
It‘l' :/epar(}%‘:b Sque
4_ * & x=Io

VL= | .
ID 12 = oAt

Instructor: A.E.Cary Page § of 8




Math 111 Lecture Notes Section 4.6: Logarithmic and Exponential Equations

~ “Example 8. Solve the following logarithmic equations for z. Clearly state the solution set.

(a) logg(z +4)+logg(z+3)=1 % Check: ) |
- 63
103[0((,44-4)(;({5\3 = | P 2 /03‘9( er%)rwjb( u:l! ._
Ny 04640) +log ) = | |
t A e
G =(>Q+LI'SC)H'7>3 S\"‘&g’\ \(D_,Q oo
b= /(L+3><*r‘+>c+\’3\ BT e i _
L =X +7x+1'L X+4 70 ank X370 |
_ Xl*"])(#(o X744 and x »-7 '
o = Ot Yok D ixiar—gy
A+b=0 o X+I|=0O 2\/42_1 -4y ©
X =k or ~|
A A 7-1
(b) logq(x —1) —logs(z +5) =1

by el doparnes
__3 = —|

X—| 70 andk X4+S 70

X 7| A X 5§
—- . X- D: 2Xx7-5
S x- g

Instructor: A.E.Cary Page 6 of 8



Math 111 Lecture Notes Section 4.6: Logarithmic and Exponential Equations

Example 9. Solve the following logarithmic equations for z. Clearly state the solution set.

(a) logy(z+1)+logy(z+7)=3
fojz((xﬁ)(x +7% =72 Lt m

- Sl - SR

Ao.

9= (DT

i 8 ”
R = X‘l‘7)4+7(+7 O owtr
5 = K’LP S — | %ﬂ?o avd. X+770
; X 7""\ a.h-i./x 7—7
X = -] * ‘o""-‘“f(‘)(“‘)
- — | H—
-7 -
g +9:]<:€ Donai e}
T —— | ~4-("1

2
= g4 =
=N

- ’5\‘(’;‘”:/
(b) In(5z+1)—In(3z) =2 {’_ ,_1_ _l_mg ,y‘,,%.\']/ |

sx4+\\ _
Lo (——3':“’) =71

35 &2':-_ Sx+) ., 3x
A
7 Domar—
€= SX 4+
35- S Syt | 7O awd 3y 7O
8 =
dKe —SA T | SX 7~ X >0
-1
x(gel__g‘B :__L X7 ¢ *7o
T 3e%S
MBS 5 Jx 74 §
X = 3et-5
e
e
Page 7 of 8
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Math 111 Lecture Notes Section 4.6: Logarithmic and Exponential Equations

Example 10. Solve the following logarithmic equations for x. Clearly state the solution set.
(a) logs(x+3) =1~ logs(z —1) Put Hlee [ojs on flhe
Sawe. side.

Aoge (43 thog (4 0) = |
/QOJS_ (ﬂrB\(%—-D}: \

5! = (%43 )
$ = X K+3c-3
© = x%+2x-%
O = (X+4)x-2)

X+yY =0 oy X-2L=

Domain K';zi o X=72_
X4350 amd X-] 56 ey

-
X7-3 arel ¢ < | 2 B

{13

1

Example 11. The following equations cannot easily be solved algebraically. Use your graphing calcu-
lator solve each equation, rounded accurately to three decimal places.

- = 4 otz
(a) logy(z—1) —logg(z +2) =2 (b) e®*=z+2 Cfﬁ .
% | = 19;@4_, log(wﬂ) gy = @1* iv\W

2 leq
a j 37_, T“X"'_Q\ )(.f"'\,’a"\octg'l

M wirdow % g
Instructor: A.E.Cary Y [_. 2_3‘: ll \ l Page 8 of 8
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