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the graph of f(z) = 2.

Comprehension Check 10.1.
1. Sketch the graph of f(z) == €® on o new set of azes.
2. Sketch the graph of flz) =e=,
8. Sketch the graph of flzy=e""+1.

10.1.4 Solving Simple Exponential Equations

We can see that the graphs of the exponential functions pass the Horizonta] Line Test. This means
that the functions must be one-to-one. From this we immediately get the following result: {

Important Idea 10.1.2. .
If a® =a¥, then z = Y. AND If 2 = Y, then a® = qV. “}kf\

We can use this idea to solve equations that involve simple exponential functions. In each example
below we want to solve for z.

Example 10.1.1.

107 1000
) rlo"" = 10% ]
t z = 3 |
Example 10.1.2.
1
2¢ = =
4

Example 10.1.3.

8etl /o
’EEEII’" =T
1

3z+1 = 3 ,f
1

3z = =3

» — 1

- 6

Sometimes we will need to rewrite the exponential term so that it can be used with previously
learned equation solving methods. The next two examples use The Property of Zero; the second one
is a quadratic “in disguise.”

Example 10.1.4,
m2(5m+2) _ 9(5“’) =0

22(525%) — 9(5%) = 0
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2522 (5%) — 9(5%) = 0
(5°)(2522 — 9) = 0
(5%) (52 + 3)(5z — 8) = 0

So, we get: (5%) =0 or (524 3) =0 or (5z — 3) =0.
Since there are no values for x where (5%) = 0, our final solutions are z = —Lorz=

o¥jee

Example 10.1.5.
4742 -2=0

(%) 49" —2=0
(2% 4 (2%) —2=0
If we let u = 2% we get:
u2+u—‘2=0
(u+2){u—1)=0

So, u=-—2 oru=1. This gives: 2° = —2 or 2% =1,
There are no solutions for 2° = —2, so our only solution is x = 0.

10.2 Logarithmic Functions

10.2.1 Definition

We notice that the graph of the exponential function f (z) = o passes the Horizontal Line Test.
Therefore, it is a one-to-one function and so has an inverse function, f _1(:0),

The definition of inverse function tells us that f(f~(z)) = = and f~1(f(z)) = =. For fz)=a®
this means o’ ® = g and f-! (a®) = x. This inverse funtion for the exponential function has a
special name. It is called the logarithm function. We write it as f~1(z) = log,(z) and read it “log,
base a, of z.” Using this notation, a’ M=) = 2 and f~1(a®) = 2 become the following important
statements:

Important Idea 10.2.1.
a8® =z AND log,(a®)=z

The notation for the logarithm function is rather strange and we will get back to it, but first
let us look at some of the characteristics of the logarithm function. We can make some statements
simply from what we already know about exponential functions and what we know about inverse
functions in general. Recall that if two functions are inverses of each other then if one contains the
ordered pair (z,y) then the other contains the ordered pair {y,z). This leads directly to some facts.

Important Idea 10.2.2, ‘ -
The following are true concerning the logarithm function:

1. The domain for log, @ is (0,00) because (0,00) is the range for a®.
2. The range for log, = is R because R is the domain for a®.

3. vloga  contains the point (1,0) because a® contains the point (0,1). Thus, the logarithm Sfunction
has an z-intercept, a root.
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4. logg 2 has no y-intercept because a® has no x-intercept.
5. log, z has a vertical asymptote z = 0 because a® has a horizontal asymptote y = Q. l

The graph of the logarithm function is a reflection of the graph of the corresponding (same base)
exponential function about the line y = 2. Below we show the graphs for y = a® and y = log, z
when a > 1. It will be explained later why we do not need to be concerned separately for values of
a between 0 and 1.

1
/ //

10.2.2 Getting a Grasp on Logarithmic Notation

Students often find the notation for logarithms to be a bit confusing. This section attempts to help
you learn to work with it.

Important Idea 10.2.3.
log,z =y meansa¥ =z
Learn this ezample to help you remember: logy 8 = 3 means 2% = 8

The two equations, log, # = y and a¥ = z, mean exactly the same thing. They are two ways of
expressing the same relationship between 2 and y. The first is called the logarithmic expression and
the other is called the exponential expression.

Important Idea 10.2.4.
A logarithm IS an exponent.

In the expresssion above, the ¥ is equal to the logarithm expression. The y is also the exponent in
the exponential expression. This says that the value of a logarithm function represents the exponent.
So, for example, logy, 1,000 mmst equal 3 because 3 is the exponent where if 10 were the base the
resulting value would be 1,000. 10% = 1,000

Example 10.2.1.
1. logs 9 = 2 because 32 =9
2. logs 1 = 0 because 5° =1

3. logy § = —2 because 272 = §

4. log, /e =% because e¥ = /e
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10.2.3 Common Logs, Natural Logs and Logs with base less than 1

Logarithms can be written with any base o where 0 < a < 1 or a > 1, but two bases occur so
frequently that we give these logarithms special names.

A common logarithm is a logarithm with a base of 10. It is fairly standard notation, and we will
use if from this point on, that we do not bother to explicitly write the subscript “10” when we mean
a common logarithm. So, when we write “logz” we will mean “logyo z”.

A natural logarithm is a logarithm with a base of e. This logarithm is used extensively in calcu-
lus. The shortcut special notation for the natural logarithm is to just write “In” instead of “log,”.
So, we write “lnz” when we mean “log, z”. Y \

For all logarithms with bases different from 10 or e it is important that you write the base specif-
ically as the function subscript. The equations log 100 = 2 and ln(—i;) = —] are both correct. The
equation log8 = 3 is not correct. One might have meant a base of 2 for this last equation but what
was written is a common logarithm, and it certainly isn’t true that 10% = 8.

Let us now address the statement made earlier that while we can have logarithms with base
between 0 and 1, we only need to concern ourselves with logarithms that have base a > 1. Any
number between 0 and 1 can be written as % where a is some number greater than 1. So, suppose
we have y = log% x This says the same thing as (%)y = g, This is the same thing as a~¥ = z, which
in turn is the same as log, * = —y. If we combine the first and last expressions, substituting for y,
we get log_;_ @ = — log, . So, anything that we need to do with logarithms that have a base between
0 and 1 we can do by using the reciprocal base (which is greater than 1) if we negate the logarithin,
Actually, if you ponder this, it shouldn’t be too surprising: Logarithms are exponents and if you
egate the exponent of a number what happens?

omprehension Check 10.2.

1. Rewrite the following logarithmic equations into their equivalent ezponential forms:
logz 81 =4 log .01 = -2 Ine =5 logr; 183 ==z

2. Rewrite the following ezponential equations into their equivalent logarithmic forms:
2 l=1 et=9e  102=100 3=y
8. To graphically illustrate the idea that log% z = —log, T we will use a = 2. Sketch the following
graphs:
(a) Sketch y = logy x by first drawing y = (3)2, and then reflecting this about the line y ==
to get the desired inverse y = log 1z
(b) Sketch y = —log, by first drawing y = log, z, and then reflecting this about the z-azis
to get y = —logy x.
(c) Compare your two resulting graphs. They should be the same,

10.2.4 Properties of Logarithms

Logarithms are exponents, so the algebra associated with logarithms follows the same rules that one
uses when dealing with exponents. However, the notation for logarithms can make this somewhat
difficult to see. Often it is useful to rewrite the logarithmic expression into its exponential equivalent
in order to understand the properties of logarithms. Several of the most important properties are
listed next, followed by an explanation and examples for each one.
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. log,e=1
. log,a? =p
a8 ™ = ’
. log, mn = log, m + log, n
. log, & =log, m —log, n
. log, mP =p-log, m
. log,1=0
log, 1 = 0 because a® = 1
Examples: logs1 =0 Inl1=0
.logaa=1
log, a = 1 because a' = a
Examples: log,2=1 ne=1
clog,dP =p

log;, o = p because a® = a”

This is really just part of the original definition that the logarithm function is the
inverse of the exponential function.

Examples: log, 16 = log, 42 =2 InJ/e=1%

Notice that when p = 1 we just have the special case that is Property 2 above.
aloga m_

Since log, m represents “the exponent where if @ were the base the resulting value
would be m” it makes sense that if we use this log, m as the exponent for a then our expression
should be equal to m.

This is really just the other part of the original definition that the logarithm function
is the inverse of the exponential function.

Examples: 69817 = 17 elnd — 4

. log, mn = log, m +log, n

Here we will have to rewrite two logs into exponential form. So, we introduce names
for them. Let u = log, m and let v = log, n. This means that ¢ = m and a¥ = n. So, the
product mn is equal to a%a® = a®*t. If we substitute a**? for mn in the original logarithm
expression, we have log, mn = log, a**? which is equal to u + v (by Property 3). But u +v
is just log, m + log, n, so we have proven our claim that log, mn =log, m + log, n.

Examples: 3 = log, 8 =logy(4:2) =loga4+logy2=24+1=3
log,(3z) = log, 3 + log, =
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6. log, & = log, m — log, nn
This argument is left as an exercise for the student.
Examples: 3 = log, 8 =logy 3 =log, 32 —logp4=5—-2=3
logy -_,‘2; = logg 2 — logg

7. log, mP =p log, m
We will give an argument here for p a positive integer. We can give a rigorous proof
for this property using an argument similar to that used for the two preceding properties.
However, that argument is a tad more difficult to see and the integer argument has some
instructional value so that is done here: ‘

log, m? =log,(m-m-... - m)=log,m+log, m+...+log, m=p log,m
Nemssamsmnan, s’ N v
p times p times

Examples: 6 = log, 64 = log, 8% = 2log, 8 =23 =6
6 =Iog264;log243 =3log,4=3:2=6
log, ¥/a? = log, ()% = 2logy =

As is always a good idea, we have to be careful to only use the Properties when we have the
proper domains for our functions. Sometimes this requires us to be alert. For example, we could
easily misuse Property 7. If simply given the function f(z) = log, z* we would be tempted to say
that it is equal to function g(z) = 2log, 2. It is not. The domain of f is {z : 2 # 0}. The domain
for g is {&: £ > 0}. So, these two functions are not the same. Property 7 claims equality of the
expressions because it restricts the domain, only allowing m to be positive.

That having been said, in all further examples and in the homework problems we will assume
that the given variables are consistent with the domains of the Properties above.

‘We will now do a few examples where we take a single logarithmic expression and expand it into
an equivalent expression that could use multiple logarithims.
Example 10.2.2.
logy (422y) = logy 4 + log, 2% +logy y = 2+ 2logy = +logy ¥

Example 10.2.3.

6 - - 2 = _i_l. 2
hl(m>—MG Invzt+1=In6 21n(:1: +1)

Example 10.2.4.

4
mz m2
log <y5z3> =4log <y5z3> = 4(logz? — log(y°2%)) = 4(logz® — log y° — log 7°)

= 4(2logx — 5logy — 3log z) = 8logz — 20logy — 12log 2
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Next are a few examples where we go the other way. We take a combination of logrithmic ex-
pressions and condense them into a single expression with a coeflicient of 1.

Example 10.2.5.
z+ 2y

-y

logs(z + 2y) — loga(z — y) = logg

Example 10.2.6.

2%/

z

logz® + -;—logy —log z =log 2® + log /¥ — log z = log

Example 10.2.7.
1 1 & 5 ‘ ' .
-3-(11111:——21ny)+5lnz—§1n<3—/5>+1n; ' |

=11113/%+1nzs=1n<zf’5y—m2 v |

When using the Properties to combine or expand logarithms be careful to obey the usual rules of
algebra and order of operation. Look at the following set of expressions. Make sure you understand

how they are different.

Example 10.2.8.

1.
%logw +logy — log(2z) = log 2% +logy — log(22)- i
= log v + logy — log(2z) = log %‘1‘1 o
2. L

1
%(loga: +logy) — log(22) = 3 log(zy) — log(22)

= 1og(a:y)§ — log(22) = log /zy — log(22) = log -—';y

Or, you could use the distributive property on the %:

1 1 1
—2-(loga: +logy) — log(22) = 3 logz + 3 logy — log(22)

=logz? +log y¥ —log(22) = log vz + log \/§ — log(22)

VBT _ |
= log-—22— = log P

1 1 zy
—i(logm -.}-log y —log(22)) = 5 (log 55)

= log (%)% = log i d

2z




CHAPTER 10. EXPONENTIAL AND LOGARITHMIC FUNCTIONS 343

We can use the Properties of Logarithms to rewrite and simplify logarithmic expressions.

Example 10.2.9. _
loge 9 -+ logg 4 = logg(9 - 4) = log 36 = 2

Example 10.2.10.
logg 25 — logg 75 = logg %_ logg 1__1
75 3 2

Example 10.2.11.
§m27+ 2In2—1n3=1n27% +In2% —In3

b

=h19-l-1n4—ln3:lng—t;’-ZE =1nl2

Comprehension Check 10.3.

1. Baplain in words the difference between {log, z){log, y) and log, (zy). Which one is used in
Property 5%
L . log, @ , . )
2. Explain in words the difference between Tog. 7 and log, Z . Which one is used in Property 6%
. a

8. Eaplain in words the difference between (log, 2?) and (log, z)?. Which one is used in Property 7?2

10.2.5 Changing Bases

Suppose you would like to know the approximate value of o for 22 = 100. You know that the number
is somewhere between 6 and 7 (why)?, but you need to be more precise than that. You are looking
for an exponent value. So, you are looking for a logarithm. In particular, you want to know the
value of log, 100. This is good so far. But when you then go to your calculator you realize that
it doesn’t handle logarithms with a base of 2. The only logarithm buttons on your calculator are
“log” (common logs, base 10) and “In” (natural logs, base e). You need to be able to change a base
2 logarithm into a base 10 or base e logarithm.

There is a straightforward way to change from one base to another. It uses the algebra that we
already know for logarithms, and the following fact:

Important Idea 10.2.5.
Ifz=y, thenlog,x =log,y AND Iflog,z=log,y, thenz=y.
Follow the steps as we change from a base a logarithm log, = into an expression involving base
b logarithms.

We will call our base g logarithm y. So,

y=log,z
¥ =z
logy a¥ = log, z
ylogya =log, z

_logyz
" logya
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Now, substituting back for y we get:
logy z

! =
8a @ log, a

This is the “Change of Base Formula for Logarithms”, restated below.

Change of Base Formula for Logarithms

_logyw '

log, & =
o & logy, a ‘

Look carefully at the placement of the a’s, b’s, 2’s.

log 100

For our particular example we can change log, 100 into og 2

. A calculator will give approxi-

mate values: = 6.64386

2
0.30103
In100 _ 4.60517
“In2 ~ 0.69315

The intermediate values in these calculations were different but the end result was the same, and
was indeed a number between 6 and 7.

We could also change to natural logs: log, 100 = = 6.64386.

In the example above we found it useful to change a base 2 logarithm into a common log or
natural log. However, the change of base formula works for changing to any base. log, 100 is in fact
log, 100 log;3 100 and loggg 100

log;2 ' logg2 ' loggg 2

equal to . All of these fractions are approximately 6.64386.

Example 10.2.12.
Change logs 25 into o buse 7 logarithm.

Using the Change of Base for Logarithms formula we apply: a = 3,b="7 and z =25

10g7 25
25 = —=1 =2
logs 25 log, 3
Example 10.2.13.

Show that In10 = —l—
loge

Inl0 = }gg_l() = !

loge loge

It would be reasonable to ask if there is-a change of base formula for exponential expressions. In
other words, if we are given the expression a? is there some y so that a® = b¥ for a desired base b?
Yes. We find it by simply solving the equation ¢® = b¥ for y. '

a® =b
log, a® = log,, &Y

zlogra=1y
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Thus we have the following result:

Change of Base Formula for Exponential Expressions

a® = p® log, a

Look carefully at the placement of the a’s, b’s, z’s.

Since most calculators can handle expressions of various bases
exponential expressions is not as critical as the chan

-

a® = emlna
Example 10.2.14. ,
Change the Junction f(z) = 2% to an equivalent function that uses e as its base,

f(w) =97 eln2m = ¢®fln2

10.2.6 Solving Logarithmic and Exponential Equations

We can use the idea that logarithm functions and exponential functions are inverses when we try to |
solve equations that include these fmctions, Just like when we use subtraction to undo addition,

and we use multiplication to undo division and we use cosine to undo arccosine we will now use |
logarithms to undo exponential functions and vice-versa. We will start with some examples of using
logarithms to solve exponential functions. In all examples we will solve for z.

Example 10.2.15.
Solve for z: y = 3e*

y=3e". So, (¥) =e¢”, : |

Now we “take the natural log” of both sides: In (%) =Ine-,

But Ine* = 2 so we are finished, In (4) =2

Example 10.2.16.
Solve for z: 2(14+4%)=6 and 2(1+4%) =12
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21+4°)=6 2(1-+4%) =12
1447 =3 144%=6
47 =2 4% =5
z=3 log, 4® = log, 5
x=logyb

Notice that in the second problem of Example 10.2.16 we leave our answer in terms of a base 4
logarithm. While that is correct, it is not very useful for giving us an idea of the value of the answer.
In Example 10.2.17 we show three ways of solving an exponential equation. All of the answers are
equal. The prefered method will depend on the desired application and the capabilities of your
calculator.

Example 10.2.17.
Solve for z: 8 = 4(325+1)

¢

8 = 4(3%=+1) 8 = 4(3%=+1) 8 = 4(3%+1)
9 = 32z+1 2 = 32:z:+l 2= 32z+1
logz 2 = log, (3%2+1) log 2 = log(3%=*1) In2 = In(822+1)
logs2=2z+1 log2 = (2x+1)log3 In2=(2z+1)In3
: log2 In2
10g32—-1——22, @)’—2.‘1/—!—1 m——2$+1
logs2—1 log2._ In2
—e3l - =22 1 =192 ——1=
2 z log 3 =22 In3
og — n —
5 =°¢ 5 z

When you “take the log” of both sides of an equation you must use the same-based log on
both sides. If you have an exponential equation with multiple bages then you need to decide which
logarithm base you wish to use. You could choose any of the bases that are in the problem or you
could choose something completely different, such as a common log or a natural log. Again, we offer
an example with multiple, but equivalent, solutions.

Example 10.2.18,
Solve for z: 5% = %1

5% = 6z—1 5% = 6:1:——1 5% — 6:1:—1
logg 5% = logg 6771 logg 5% = logg 67} In5% = Ing*—!
z=(z—1)log;6 zloggb=a—1 zlnb = (z—1)In6
z =z logs 6 — logy 6 zloggb—z=—1 zlnb=zmh6—-m6

z—zlogy 6 = —logy 6 z(logg5—1)=-1 zlnb—aznb=—Inb
-1 :
=— — =—In6
Tog5—1 z{ln§ — In6) n
. _—logs6 m___—ly_ﬁ___
" 1—logs6 T In5—Iné

Finally, we have an example that reminds us that we can still use all of the creativity of algebra.
We are simply now including the logarithm to help us with the exponential pieces of equations.

Example 10.2.19.
Solve for z: 2(3%*)—3*-3=0

z(1 — log; 6) = —log; 6 z

2(3%%) — 8% —3 =0
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2(3%)? - (3%) -3=0
Now let u” = (3%)
Ww?—u—3=0

2u—3)(u+1)=0

—

Y = % or u=-—1
3% = % or 3 =-1
z =logs % is the only solution because 3% = —1 has no solution.

-
We now start with some logarithiic equations and will use the inverse operation of raising the
expression to a power in order to solve for z.

Example 10.2.20.
Solve for x: logs(z + 3) = 2
. logs(z +3) =2

510g5(a:+3) = 5?2
z+3=25
T =22
Notice that the base we choose for the “raising both sides” is the same as the logarithm base.

Example 10.2.21.
Solve for 2: 2+ 3In(zx — 10) =0

2+3n(z—10)=0

3In(z — 10) = —2

=2

K
:Z

—=e 8

In{z — 10)
eln(m—lO)
-2
z—10=e7
z=e% +10
Notice that we isolate the logarithm before applying the “raising both sides” operation. If you
have more than one logarithmic expression you should combine them first.
Example 10.2.22.
Solve for z: loggx +logg(z+2) =1

logy z +logg(z +2) =1

logs(z - (¢ +2)) = 1
logs(2? +22) =1
310g3(22+2m) — 31

2?4+ 22 =3
2?2 +2—-3=0
(z+3)(z—-1)=0
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z=—3 and . =1 appear to be solutions. However, z = —3 is not a solution because it is not in
the domain of the original problem.

Important Idea 10.2.6.

When solving logarithmic equations always check your solution in the original problem to make
sure that you have no domain violations.
Remember that the domain for a logarithm function can only be values thai make its argument
positive.

In Example 10.2.22 neither logg 2 nor logz(z--2) can accept 2 = —3 as input. However, you only
need to have one given logarithmic expression undefined by your “solution” to make that “solution”
invalid. ’

Go back to Examples 10.2.20 and 10.2.21 and make sure that the solutions presented are valid.

10.3 Exercises

Problems for Section 10.1

Problem 1. Use the methods of Section 10.1 to solve each equation for .

+3 .
(a) 2(1+-4*)=6 (b) 2718 =471 () =—=25 (d) z%* —e®=0

Problem 2. Without using a table of values and plotting points, sketch the graph of each of the

following exponential functions. On your graph label the y-intercepts, and give the equation of the
asymptote.

(8) f(z)=2"-3 (b) f@)=(3)° (¢) fl@)=—-3"+1 (d) fle)=57"

Problem 3. For what values of z is (%)m < (4)®7 Use graphs to help you decide.

Problems for Section 10.2

Problem 1. Change each logarithmic statement to its equivalent exponential form.
(a) b=logy2 (b) y=m27 (€) 12=1log,5
Problem 2. Change each exponential statement to its logarithmic equivalent form.
(a) 32 =2 (b) =y Ce) 2t=9
Problem 3. Evaluate the following numbers without using a calculator.
(a) In1 (b) log(.01) (c) logg81

(d) log,2 (e) logs 37 (f) logz8

(g) logy2+log, 16 (h) log, v/ ¥2 (i) 2Ine® 4 lne=% 4 eln3
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Problem 4. Without using a calculator, find the value of z.

() loggz =1 (b) log,11=1 (c) log,27=3% (d) logga =—2
Problem 5. Which is larger: logg 37 or log; 487 Why? Do not use a calculator.

Problem 6. Without making a table of values and plotting points, sketch the graph of each of the
following logarithmic functions. Give the equation of the asymptote.

(a) f(z)=logzz+38 (b) f(w) = logy(z +3) © fl@)=-Ina
Problem 7. Find the domain for each of the following functions.
(8) f(z)=logy(x—7)—logz(z +2) (b) f(z)=1log3
(¢) f(z)=In(e—=) (d) f(z)=In(2?® —2~2)
Problem 8. Given f(z) = logg(z + 2) find its domain, find its inverse JS71(z), end give the range
of f~(=z).

Problem 9. Use the Properties of Logarithms to condense each of these expressions into a single
logarithmic expression with a positive exponent and a coefficient of 1.

(a) logzz +logy 2 (b) log,9—logyy {c) 2logz — 5logy
(d) Llog,(z+5) (e) —4logg(2z) (f) 8Inz+4Iny—4lnz

(8) 3llog, = +logy(z + 1)]

Problem 10. Use the Properties of Logarithms to expand each of these single logarithms into
expressions with multiple logarithms having single character arguments.

(a) logs (¥) (b) log(10z) {c) logg (&) (d) log,(4z%y)
(e) logy(dny)? (5 log (L5 (&) n{/z (h) log, &

Problem 11. Use the Properties of Logarithms to evaluate the following:
(a) logg12 +logg3—1Inl (b) %log, 8+ Llog, 9~ log, 6
Problem 12. |
(a) Use Property 6 to show that log, L= _log,n

(b) Use Property 7 to show that log, % =—log,n

Problem 13. Prove Property 6. Use the argument done for Property 5 as a model and make the
necessary adjustments. (C'mon, do it! It's not bad).
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Problem 14. In Example 10.2.13 we showed that In10 = lo;e'

(a) How large would you expect the number In 10 to be {make a reasonable guness, Temeimbering
that you are looking for an exponent which will give you 10 if e is the base)?

(b) How large would you expect the mumber loge to be (make a reasonable guess, remembering
that you are looking for an exponent which will give you e if 10 is the base)?

{(c) Use a calculator to find the approximate values for In10 and loge. How close were your
estimates?

(d) Check (still using your calculator) that these numbers are indeed reciprocals).

-

Problem 15. Rewrite log, 9 as an equivalent logarithm using:

(a) baseb (b) base10 (c) basee

1
logya

Problem 16. Use the Change of Base Formula to show that log, b=
Problem 17. Use the Change of Base Formula to show that log, 5 = 2log, 5

Problem 18. Use the Change of Base for Exponential Expressions to change each expression below
to its equivalent expression in base e.

(a) 3° (b) 6° (c) 10°

Problem 19. Given: In2 = 0.69 and In3 = 1.10 and 1n5 = 1.61, find approximate values for the
following numbers without using a calculator:

(a) In15 (b) In(1.5) (¢) mv2 (d) 1n(0.9)
Problem 20. Given: log3 =~ 0.477, find approximate values for the following numbers without

using a calculator:
(a) log30 (b) log 3000 (c) logg 10
Problem 21. Given the number logg 21:
(a) Rewrite it as a ratio of common logs

(b) Rewrite it as a ratio of natural logs
(c) Show that it is equal to logg +/21

Problem 22. Solve the following exponential equations for z

(2) 29-% = 32 (b) 2(5%) = 32
(c) 6% +10 = 47 (d) 7(452-2) + 13 = 41
(e) 3%* —5(3%)~6=0 (f) 4°=3%"1 Use a natural log

(g) 2° =2(5%) Use a common log
Problem 23. Solve the following logarithmic equations for
(a) 2logg(3z) =4 (b) 3+2logz =15 (c) In{luz)=2

(d) logg(z+1)—loggz =2 (e) logia(z —6)—log,4=1 (£) loge(z+2) +logg(z+T7)=2
(g) logz(22—1)=2loggz
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10.4 Answers to Exercises

Answers for Section 10.1 Exercises

Answer to Problem 1.

(a) 3 (b) 5 (c) 1 (d) 1 )
Answer to Problem 2. |

|
. |

(a') (0’ *2)> y= —3 (b) (07 1), y=0 (C) (0’ 0)7 y= 1 (d) (Oal), y=0
Answer to Problem 3.

z2<0 ' : |

Answers for Section 10.2 Exercises

Answer to Problem 1.

(a) 2®° =2z (b) e¥ =27 (c) a'?=5
Answer to Problem 2.

(a) logz2=g= (b) Iny=5 {c) log,9=4

Answer to Problem 3.

(@) 0 ® -2 @4 @i (@ -3

®-3 @2 5

Answer to Problem 4.

@s L ©9 (@
Answer to Problem 5.
logg 37
Answer to Problem 6.
(a) 2=0 (b) z=-3 (¢) =0
Answer to Problem 7.
(2) {zeR:z>T7) (b) ® () {reR:z<e} (d) {zeR:z<-1orz>2}

Answer to Problem 8.




