MA109, Activity 26: Exponential and Logarithmic (Section 5.4, pp. 415-424) Date:
Equations
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(Today’s GO%ELJ We learn how to solve equations that imvolve exponential and logarithmic
functions. In Activity 27, we will use the techniques that we develop here
to solve applied problems.
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(Assignmentszj Homework (Sec. 5.4): # t, 5, 11, 16, 19, 23, 27, 31, 37, 40, 43, 47, 49,
67, 71, T7 (pp.424-426).

> Exponential Equationszj

An exponential equation is one in which the variable l Guidelines for Solving Fxponential Equatlonﬂ

occurs in the exponent. For example,
3::7-—2 =7
We take the (either common or natural) logarithm

of each side and then use the Laws of Logarithins (o
‘bring down the variable’ from the exponent:

1. lsolate the exponential expression on one side of
the equation.

2. Take the logarithm of each side, then use the
Laws of Logarithms to ‘bring down the exponent.’

log(3"7%) =log7 ~ {r=+2)log3=1log7 ~ || 3. Solve for the variable.
r+2= 122; e L= iziz — 2 = —0.228754. 4. Check vour answer.
@ Selve the equations:
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Example 2:| Solve the following exponential equations of quadratic type:

9 - 3¥ =72 134Ty =2
(2)-3=72 wvitidy bt sides by A
Z
2> 272 &)~ 2 = 2(4*)
let =37 Let u=4q*
ut-—uz;tl ulrg.:_ AvY
=
-y - £2=0 w- 2w -3 e
N L 8)"() 6“'33C“+ 0 = .
| (U‘ q) - - . Sa u-‘=5 g€ U\.: e"&“‘)— («Gmﬂ
S0 3728 oc 3 TTE & 43 oc (&= -
h(3)

L castbeet Tl 3 ad X
Tavs 3729 and x=2

~.q21

X

gdddddldddddldddddddddddlddldddedccudu




[U\'l'\'l'l‘\‘UUUUL‘UUUUL‘L]UUUUUUUUUUUUUU-U-U-ULLUUUULH;

Example 3:| Solve the equation

Bv‘?ﬁ‘u& fo..a (‘ﬂ“lfm{

Yacter out ¢ 36’(

72e® 4 re® — 6e* =
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> E)garithmic Equations:
A logarithmic eguation is one in which a logarithm
of the variable occurs. For example,

log,(25 — ) = 3.
To salve for z, we write the equation in exponential
form, and then solve for the variable:

2/ -z =25 ~
Alternatively, we raise the base, 2, to each side of
the equation; we then usc the Laws of Togarithms:
loga(25-2) = 93 o 25w =20

WB—r=8 =~ x=17

o= 17.

Example 4:| Solve the followinyg cquations: (

2log; ¢ = log; 16

Logs (0 )=y, (16)
7 (b, (,el)) . [ic,ﬁ.?_(%)‘)

x“= 16

B =4 or w=1
Vvt Simce we cant teke [

logg(x + b) +loggx = 2

log, [GHS)-)(;( =2
1536&1‘-5%) 2
W 5% = ¢”
e +§X ::'.%
yx “HEx 56 =C
(x*—ﬂ[*‘q): 0
e, (%24

So )('”Ci <2C =4
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rGuidelines for Solving Logarithmic Equations:

I

1.

fsolate the logarithmic term on one side of the
equation; you may first need to combine the
logarithinic terms.

Write the equation in exponential form (or raise
the base to cach side of the equation).

Solve for the variable. Check your answers!
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Example 5:1 Solve the following equdt ions: g nlv ang el

7'

logy (x4 3) = loga(z — 3) + logg 9 + 4logy 3

Frest, fajsc[ 2 awel ‘1
So g, (- loglx-3Y = 2+3
A<+33 5
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5= 32(}-’33

Xt3 =32x -6

log(z?) = (log z)*
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let = logl®
Zu= o
0= w3
g = wluw-3)
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(Example 6 (Genetic Mutation):‘f The basic source of genetic diversity is mutation (that is, changes

in the chemical structure of genes). 1§ genes mutate at a constant rate m (with 0 < m < 1} and if other
evolutionary forces are neglegible, then the frequency F of the original gene after ¢ generations is

F = Fy(1 —m)t,
where Iy is the frequency at £ = 0.
(a) Solve the above equations for £, using log.
{(b) fm =5x 1079, after how many gencrations is F/Fy = 1/27

L) F — 3010}
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> {Compound Interest: i We reeall the formulae we found in Activity 36, I a principal P is invested at an

—

, = . Y A
-é m-= ,OOOOS ,_t‘_‘_,

d\) ._E ::((',M‘_)t

1'05 £ 099555)

interest rate r for a period of £ years, then the amount A{t) of the investment is given by
nt
Ait) = (l + > {if compounded n times per year)

A{t) = Pt (if compounded continuousty).

We can use logarithins to deiermine the time it takes for the principal to inerease 1o a given amount.

Example 7: How long will it take for an investment of 10060 to double in value if the interest rate is
8.5% per year, compaunded continuously?
085 ¢

P=10,000 20,020 = |0,200
- 085 2.:%.0951;
At)= 2o, 02 ln(2) = 085t

we must Lud € t’znc;s) v § 15467

Example 8:| Suppose that $1,000 is invested in an account where the interest is compounded semi-annually.

If the account is worth $1,435.77 in four yvears, then what is the interest rate?
_ 24
F=]000 1435.77 = 1000 (1+%)
= £
=z Mzg??:(ufj
A({): 1/67‘55_. 7‘7 g
[ 13579 =[-8 f

€=4 )
st Bl ¢ 109625 = 1+ 0%25 L

r=0.0%925 o q.25 %
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