Chapter 7 Powers Roots and Radicals

Ex 7.4

Answer le.

& common logarithm 1s denoted by logip or simply log, and it 15 known as a logarithm
with base 10

Thus, the given statement can be completed as
A logarithm with base 10 15 called a common logarithm

Answer 1gp.

The given equation 18 of the form logy vy = x. We know that logs vis defined as loge v =x
if and only if &' =y, where & and y are positive numbers and & = (.

In the given equation, & 15 3, w1z 81, and x 15 4.
Thus,
3t=g1

The given equation can be written in the exponential form as 3t =81

Answer 1mr.

a. The three points on the given graph are (3, 1), (2, 2), and (11, 3).
We lenow that by translating the graph of the parent function y = logex, we get
logarithmic function of the form y=loge(x —E)+ k.

substitute 3 for x, 1for v, and = for & in vy = loge(x — &) + & to get the first
equation.

1=log{a-k1+k  Eguation 1

MNow, substitute D for x, 2 fory, and 2 for & iny = loga(x — &) + k& to get the second
equation.

2=logz(5-k+4  Equation 2
mubtract Equation 1 from Equation 2.
2 = logy (5 %) + k&
1=log,(3-4) + %
1=log,(5—h)—log,(3-4)




TTse the quatient property.

(5-4)

1=1

R ERrY
simplify.
31:ﬂ

3—h
3=ﬂ

3—h
molve for k.
9—-3h =5-1h

4 = 2k

2 =h

substitute 2 for & 1n Equation 1.
1=logs(3-2)+k

Solwe for k&
1=leg, 1+ &
1=£k

substitute the values for b kand b iny=loglx — k) + k&
y=logix -2+ 1

Thus, the equation of the graph s y=logsix - 2) + 1.

h. wwitch the vanables x and v,
x=loggly—2)+1

cubtract 1 from both the sides.
x—1=log(y-21+1-1

Foar || = 1¢g3[y—2)

molve for v
CLIRR VR
Fl+2=y

Thus, the inverse of the function 15 y= 3" ~1 s



since the points on the given graph s (3, 1), (2, 23, and (11, 3, the corresponding
points on its inverse function will be (1, 33, (2, 5, and (3, 11).

FPlot the points on a coordinate plane.
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Diraw a curve that starts just to the right of the y-axis and mowes up through the
plotted points.
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Answer 2e.

By the definition of a loganthm, 1t follows that the loganthmic function
g(x)=log, b" =xis the inverse of the exponential function f(x)=>5". This means

that: g(f{x)) =log, b" = xanﬁf(g{x]} =Y —x

Describing the relationship between y =5 and log; x.

Thus y =5"is the inverse function of log; x.

Answer 2gp.

This definition tells you that the equations log, ¥ =xand 5" = y are equivalent. The first
15 in logarithmic form and the second 1s in exponents form.

Rewriting the equations 1 exponential form

log,81=4
log,3* =4 [Eecause; 81 =3*:|
3* =31 [Eacausr:; log, y=xand 5" = J—’]

Therefore the exponential form is [3* =81

Answer 2mr.

It 1s given that a piece of paper 1s folded in two regions and the area becomes half This
process 1s repeated. As long as the number of fold increases the area decreases.

(a)
For the first folding the regions become two and the area become half to maintain the
total area of 1. Therefore if we fold the paper second times then the number of regions
becomes 4 with equal area. Thus the area of each region will be l
similarly for the third fold of the paper the numbers of regions increase to 8 and the area

of each region become é and for the fourth fold the numbers of regions increase to 16

and the area become 1

Therefore the complete table 1s:

' Fold number 0

Number of regions | 1

[

Fractional area of 1
each regions

b | =

[
T |

oo | —||[e=]| ™
o | =




(b)

As long as the number of folding increases, the numbers of regions increase with the

power of 2 and the area of each region decrease with the power of 1 .

Therefore the number of regions | H:] 1s:

R(m)=""]

And the area of each fractional regions A{n] after n fold 1s:

Answer 3e.

The given equation 15 of the form logy ¥ = x. We know that logs vis defined as logs v ==x
if and only if & =y, where & and y are positive numbers and & = 0.

In the given equation, & 124, viz 16, and x 15 2.
Thus,
42 =16

The given equation can be written in the exponential form as 4% =16,

Answer 3gp.

The given equation 15 of the form logy v = x. We know that logs vi1s defined as loge v=1x
if and only if &' =y, where & and y are positive numbers and & = 0.

In the given equation, & 13 14, v1z 1, and x 15 0.
Thus,
14°=1.

The given equation can be written in the exponential form as 14" =1,

Answer 3mr.

We lnow that if areal life quantity increases by a fized percent each year, the amount ¥
of the quantity after z vears can be modeled by y =a(1 + 7).

Let us assume that the wvalue of » 15 3%,

since the amount of one ttem tncreases by #%4, substitute 0.03 for », 2 for 2, and 100 for v
in the model.

100 = a(1 + 0.03)

molve for a.
100 = (1.03)"
100 = a{1.0609)

9426 = a



In order to find the function, substitute for ¢, and 7 iny =a(1 + 77
y=84 2614003

simplify.
y=984 26(1.03)

Thus, the function is v = %4.26(1.03).

We lenow that if areal life quantity decreases by a fixed percent each year, the amount v
of the quantity after £ years can be modeled by y = a1 — #).

mince the amount of another 1tem decreases by #%, substitute 0.03 for r, 2 for £, a) for a,
and 100 for ¥ in the model.

100 =ay(1 - 0.03)

Solve for a).
100 = & (097
100 = & (0.9409)
106 251

]

In order to find the function, substitute for @1, and 7 in y =a(1 - #1"

y=106.281(1 - 0.03

simplify
y= 1062810097

Thus, the function is y = 106 281(0. 97y

Male atable of values to graph ¥y = 94.26(1.03Y
¢ 0 2 4

» | 5426 | 100 | 106

Flot the points and connect them using a straight line.
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Similarly, graphy = 106.281(0.977 on the same coordinate plane.
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Answer 4e.

This definition tells you that the equations log, ¥ = xand 5" = y are equivalent. The first
15 1n loganthmic form and the second 1s 1n exponents form.

Rewriting the equations 1n exponential form

log,343=3
log, 7 =3 [Because; 343 = ?3]
TP =343 [Because; log, v=xand " = _}J]

Therefore the exponential form is |7° = 343|.

Answer 4gp.

This definition tells you that the equations log, v =xand 5" = y are equivalent. The first
15 1n loganthmic form and the second 1s 1n exponents form.

Rewrnting the equations in exponential form

log,,32=-5
lo [l }_i =—5 Because; 32 = []-]_5
E11 2 2 5
[;} =132 {Because; log, ¥ =xand b =_}.«':|

Therefore the exponential form is [%) =32|.




Answer 4mr.
Continuously Compounded Interest
When interest is compounded continuously, the amount A is an account after t years is given
by the formula
A="Pe"
Where P is the principal and r is the annual interest rate expressed as a decimal.

We are starting with 2000 dollars and earning interest for two years.

Our interest rate is 4% =004 S0 we have,

A=Pe"
= 20002™2 Substitate
= 2000¢"®
= M(l_ﬂﬂﬁfﬂ Apply exponent
= 216660 Munltiply

-

So you have made $166.60 after two years.

To find out how many years it will take to reach or exceed 2250 set with _4> 2250 .

2250 > 2000™™ Substitnte
2230, joou Divide both sides by 2000
2000
1.125 = ™™ Divide
In1.125>1n&"™ Take natnral log
In1.125> 004 Ine=x
R1135 >t Divide both sides by 0.04
0.04
29996 a: Use a cd colahor

-}

Here, ¢#=29446. but we are looking for how many full years it will be so we will have to wait 3

Years.

Answer 5e.

The given equation 18 of the form logs ¥ = x. We know that logs vis defined as loge vy =x
if and only if " =y, where & and ¥ are positive numbers and & = 0.

In the given equation, & 1z &, v 1z % and x 18 —2.
Thus,
62 =L

a6

The given equation can be written in the exponential form as 67 = —.

36



Answer 5gp.

In order to evaluate the logarithim, we need to find a number that gives 32 when 2 15
raised to that number.

The number 2 to a power of 5 gives 32,
27 =132

We know that loge v is defined as logey vy =x if and only if & =y, where & and y are
positive numbers and & = 0

In the given equation, & 15 2, v 15 32, and x 15 5. Thus,
logs 32 =15

Answer 5mr.

a. The amount A 1n an account after ¢ years for a continuously compounded interest
15 given by the formula 4 = Pe™ where P is the principal and # iz the annual
interest rate expressed as a decimal

In the first case, the principal 13 $1500, annual interest expressed in decimal is
0.02, and the tine 15 3 years.

Substitute 1500 for &, 0.02 for #, and 3 for £ 10 the formula
A = 1500043

Mow, evaluate using a calculator.

A = 1500
= 159275

The balance after 3 years is about $15%2.75.

Mow, subtract the principal amount from the balance at the end of 2 years.

159275 - 1500 =5275

Thus, the amount of interest earned in 3 years is about $32.75.

In the second case, the principal 1s $2000, annual interest expressed in decimal 15
0.0%, and the titne 15 5 years.

substitute 2000 for F, 0.03 for », and 5 for £ 1n the formula
A = 2000”4



HMNow, evaluate using a calculator.

A = 20001
= 032367

The balance after 5 years 1z about 232367,

MNowr, subtract the principal amount from the balance at the end of 5 years.

232367 = 2000 =32367

Thus, the amount of interest earned in 5 years 15 about $323.67.

h. "We know that the interest earned by the three-year CD 15 about F92.75 and that by
the five-year CD 13 about $323.67.

Subtract interest earned by the three-year CD 13 about £22.75 from that of the
tive-year CD.

A23.67 - 9275=23092

c. In the first case we are depositing $1500 for 3 vears. After 3 years we get an
interest of 9273, Thus, the benefit 15 that we are getting the invested amount

after 3 years and the drawhback 1s that the interest rate 15 2% and the amount of
interest earned will be only E82.7,

In the second case we are depositing $2000 for 5 vears. After 5 years we get an
interest of $223 67, Thus, the benefit 1= that the interest rate 15 2% and the amount

of interest earned will be $323.67 and the drawback 1z that we are getting the
invested amnount only after 5 years.

Answer 6e.

This definition tells you that the equations log, ¥ =xand 5" = y are equivalent. The first
15 1n loganthmic form and the second 1s in exponents form.

Rewrnting the equations 1n exponential form

log,1=0
log,, 64° =0 {Because; 64° = 1]
64" =1 [Eecausa; log, y=xand 5" = _;L::|

Therefore the exponential form is [64° =1].




Answer 6gp.

Evaluating the logarithm
log,, 3
=log,, 27"* [Because; 27V = 3]
=1/3 [Use the formulalog, 5" = x]

Therefore the answer 1s |1/3|.

Answer 6mr.

It 15 given that the amount of trittum (in milligram) left after ¢ years 1s:
y= lﬁe—ﬂ'.ﬂﬁﬂf

We need to calculate the amount of trittum left after 10 vears.

00384 e have

substituting f by 10 mm y=10e
y= IDE—U.USM-&IU
=10x ™

=10=0.5689

= 5689
y~5.69

Therefore the amount of trittum left after 10 years 1s |5.69 mlligrams| .

Answer 7e.

The given equation 15 of the form logs ¥ = x. We know that logs v 15 defined as loge vy==x
if and only if & =y, where & and ¥ are positive numbers and & = 0.

. . . . il .
In the given equation, & 15 2, v 18 g and x 15 =3,
Thus,

1
log, §=—3.

Therefore, the error 15 that —3 and l hawve been interchanged.



Answer 7gp.

First, press | LOG | key. Enter the number 12 Now, press key and then |[ENTEE
key to display the result.

The display will be 1079181246, This result might vary slightly depending on the
calculator you use.

Therefore,
log 12 = 1.079151246 .

Answer 7mr.

a. Choose some points for x and find the corresponding y-values.
x 1 2 5
y | 4538 | -36.87 | -25.64

How, plot the points on a coordinate plane and connect them using a smooth
curve.
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e
Y
h. substitute 1000 for x 10 the given model

y=1226531n 1000 — 45 351

TTze a calculator to evaluate.

y=239

Thus, after drilling 1000 well you would collect about 29 billion barrels of oils.



c. substitute 20 for v in the given model
50=12263 Inx — 45381

Add 45 381 to hoth the sides.
S50 +45381 = 12263 lnx — 45381 + 45 381

9538 = 12263 nx

Divide both the sides by 12,263
9538  122631nx
12,263  12.263

TH = Inx

Exzponentiate both the sides.

E?.‘?E — E]nx

23923 = x

Thus, to collect 20 billion barrels of o1l wou have to drill about 2392 wells.

Answer 8e.

Evaluating the logarithm
log,. 15
=log,; 15 [Because; 15' = 15]
=1 [Use the formulalog, " = x]

Therefore the answer 1s m .

Answer 8gp.
Using the calculator to evaluate the logarithm
In0.75
=—0.287682072 [ Use calculator |

Therefore the answer is |[—0.287682072].

Answer 9e.

In order to evaluate the logarithm without using a calculator, we need to find a number
that gives 49 when 7 15 raised to that number.

The number 7 to a power of 2 gives 49
74 =49



We know that logs v is defined as logy v =x if and only if & =y, where & and v are
posttive numbers and &= 0

In the gmiven equation, & 15 7, v 1549, and x 15 2. Thus,
log; 43 =2

Answer 9gp.

substitute 120 for & 1n the given model
g = 93log & + 65

g = 93log 150 + 65

TTze a calculator to evaluate.

s ® 93(2.176) + 65
= 267.368

The wind speed near the tornadoe’ s center was about 267 miles per hour.

Answer 10e.

Evaluating the logarithm
log, 216
=log, 6 [Eecause; 6 =21 5]
=3 [Usa the formula log, 5" =x]

Therefore the answer 1s (3.

Answer 10gp.

By the definiion of a logarithm, 1t follows that the loganthmic function
g(x)=log, b" =xis the inverse of the exponmential function f(x)=5b". This means

that: g(f{x}) =log, b =xa.ﬂﬂf{g{x]} =P =y

Simplifying the expression
ghgxx
=X [Use the formula 5" =x:|

Therefore the answer 1s ’_| i



Answer 11le.

In order to evaluate the logarithm without using a calculator, we need to find a number
that gives 64 when 2 15 raised to that number

The number 2 to a power of 6 gives 64
28 =64

We know that logy v is defined as logs v =x if and only if & =y, where & and v are
posttive numbers and & = 0

In the g@iven equation, & 15 2, v 15 64, and x 15 6. Thus,
logy 64 =6

Answer 11gp.
We know that by an inverse property of logarithms, logy 2" =x.
In the given expression, the value of & 15 7 and that of x 12 —3x.

Thus,
logy 7% =3z,

Answer 12e.

Evaluating the logarithm
log, 1
=log, 9" [Bﬂca.use; 9° = l}
= [Use the formula log, 5 =x]

Therefore the answer 1s E :

Answer 12gp.

By the defintion of a loganthm, 1t follows that the loganthmic function
g(x)=log,b" =xis the inverse of the exponential function f(x)=>5b". This means

that: g( f(x))=log, b =xand f(g(x))=b"%"=x



simplifying the expression

log, 64

=log, (2°) [Express 62 as a power with base 2]
=log, 2% [Power of a power property]

=6x [Use the formula " = x]

Therefore the answer 1s i

Answer 13e.

In order to evaluate the logarithm without using a calculator, we need to find a number

: 1. .
that gives 8 when — 12 raised to that number.

The number % to a power of =3 gives 8.

-

We know that logy v is defined as logy v =x if and only if & =y, where & and v are
posttive numbers and &= 0

. . 1 . .
In the given equation, & i3 5 cvis B, and x 15 =3, Thus,

log, 8 = -3,
I

Answer 13gp.
We know that e™* = x. In the given expression, the value of x 13 20

Thus,
2220 =2p



Answer 14e.

Evaluating the logarithm
lo i
g; 27
1 [ 1 1
=log. — Because; —=—
By ] 3 1?]
-3 1 -3
=log,; 3 Because; ? =3 }
=-3 :Use the formula log, 5" = x:l

Therefore the answer 1s _

Answer 14gp.

By the definition of a logarithm, it follows that the logarithmic function
g(x)=log, b* =xis the inverse of the exponential function f(x)=5". This means

that: g( f(x))=log, b =xand f(g(x))=b""=x

Finding the inverse of the function
y=4

y=log,x [Frum the definition of lagaritham]

Therefore the answer 1s |log, x|.

Answer 15e.
In order to evaluate the logarithm without using a calculator, we need to find a number

. 1 o
that gives a1 when 16 15 raised to that number.

We know that the number 16 to a power of —% gIvEes %

16_1 !
1 = —
(6% = 1



We know that loge ¥ is defined as logey vy =x if and only if & =y, where & and y are
positive numbers and & = 0

In the given equation, & 15 16, ¥ 13 3 and x is—%. Thus,
lgg. — = .—=—.
&6 g 2

Answer 15gp.
mwitch the variables x and v
x=lnly—25)

Eewrite the expression in exponential form.

Thus,
g =y—15

Add 5 to both the sides.
" +5=y—-5+5
" +5 =y

An equation for the inverse of the function 1z
y=g" +5

Answer 16e.

Evaluating the logarithm
log,; ;16
=log,, 4  Because: 47 = lﬁ:l
- 1 -1 B 5 1 -2
=lo — Because: 4° =| —
EHLJ (4] }
=2 | Use the formula log, 5" = x:l

Therefore the answer 1s i



Answer 16gp.
Graphing logarithmic function:
y=log. x
Plot several convenient points, such as (1,0), (5.1) and (25,2). The y-axis is a vertical
asymptote.

From left to nght, draw a curve that starts just to the right of the y-axis and moves up
through the plotted points, as shown below.
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The domain 15 x > 0, and the range 1s all real numbers.



Answer 17e.

In order to evaluate the logarithm without using a calculator, we need to find a number
that gives 512 when 8 12 raized to that number.

We know that the number 8 to a power of 3 gives 512
87 =512

We know that loge v 15 defined as logp v =x if and only if &* =y, where & and v are
posttive numbers and & = 0.

In the given equation, & 15 &, w15 512, and x 18 3. Thus,
logs 512 =73,

Answer 17gp.

Choose some values for x and find the corresponding y-values to graph the function.
Organize the results 1n atable.

x |4 6 b 0] 12
y|O|-1[-15]-18| -2

The points are (4, 0), (6, —13, (8, —1.5), (10, —1.8), and (12, —2).

Plot the points on a coordinate plane.
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How, from left to right, draw a curwve that starts just to the right of the yv-axzis and moves
up through the plotted points as shown below.

A
¥
3]

¥=log;(x—3)

3

A

-5

Y

The set of input values is the domain and the set of output walues 15 the range. The
dotnain consists of all nonnegative wvalues of x and the range consists of all values of v

Thus, the domain of the given function 15 x = 0 and the range of the given function 1z all
real numbers.

Answer 18e.

Evaluating the logarithm
log. 625
=log 5* [Because; St = 525]
=4 [Use the formulalog, 5" = x:l

Therefore the answer 15 [4].



Answer 18gp.
Graphing logarithmic function:
y=log, (x—l—l) —2
Step 1
Sketch the graph of the parent function y =log, x. which passes through {1}(}) . [4,1}
and (16.2).
Step 2
Translate the parent graph right 4 unit and up 2 units. The translated graph passes through
(0,-2). (3.-1) and (15.0).

5"‘}'
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The graph’s asymptote 1s x=—2_ The domain 15 x>-2_ and the range 1s all real
numbers.



Answer 19e.

In order to evaluate the logarithm without using a calculator, we need to find a number
that gives 121 when 11 1z raized to that number,

We know that the number 11 to a power of 2 gives 121
¥ =121

We know that loge ¥ iz defined as loge vy =x if and only if & =y, where & and y are
positive numbers and &= 0

In the given equation & 15 11, w15 121, and x 15 2. Thus,
logyy 121 =2

Answer 20e.

Using the calculator to evaluate the logarithm
logl4

=1.146128036 [Use calculator
Therefore the answer is |1.146128036/ .

Answer 21e.

First, press | LN | key. Enter the number 6 Now, press the key and then the

ENTEE | key to display the result.

The display will be 1.791752469. This result might vary slightly depending on the
calculator wou use.

Therefore,
lné = 1791759469

Answer 22e.

Using the calculator to evaluate the logarithm
In0.43

=—0.84397007 [ Use calculator |
Therefore the answer is |—0.84397007 .




Answer 23e.

First, press | LOG | key. Enter the number 6 2135, Mow, press the key and then the

ENTEE. | kev to display the result

The display will be 077922012536, This result might vary slightly depending on the

calculator you use.

Therefore,
log 6.213 = 07933013536

Answer 24e.

Using the calculator to evaluate the logarithm
log27

=1.431363764 [Use calculator |
Therefore the answer is |1.431363764| .

Answer 25e.

First, press | LI | key. Enter the number 238, Now, press the key and then the
ENTEE. | key to display the result.

The display will be 1682688574, This result might vary slightly depending on the
calculator you use.

Therefore,
In 538 = 1682688374 .

Answer 26e.

Using the calculator to evaluate the logarithm
log(0.746

=—0.127261172 [ Use caleulator |
Therefore the answer is |[—0.127261172) .




Answer 27e.

First, press | LI | key. Enter the number 110, Now, press the key and then the

ENTEE.| key to display the result.

The display will be 4 700480566, This result might wary slightly depending on the
calculator you use.

Therefore,
In 110 = 4700480366 .

Answer 28e.

By the definition of a loganthm, 1t follows that the loganthmic function
g(x)=log, b* =xis the mnverse of the exponential function f(x)=5". This means

that- g{f(x}) =log, b" = xandf(g[x}] =p"BT = x

simplifying the expression
fJloeaE
=% [Use the formula 5°%* :x]

Therefore the answer 1s LI i

Answer 29e.

We know that by an inverse property of logartthms, log & =x.
In the given expression, the value of & 15 5.

Thus,
logs 5" =x.

Answer 30e.

By the definiton of a logarithm, 1t follows that the loganthmic function
g(x)=log, b =xis the inverse of the exponential function f(x)=5". This means
that: g( f(x))=log, b =xand f(g(x))=b"%"=x

simplifying the expression
3Dh53n4
=4 [Use the formula 5" =x:|

Therefore the answer 1s E ;



Answer 31le.

We know that by an inverse property of logarithims, e =1

Compare the given expression with B = & We getb=10and x =&

Thus,
10kEf =g

Answer 32e.

By the definition of a logarnithm, 1t follows that the loganthmic function
g(x)=log, b" =xis the inverse of the exponential function f(x)=>5". This means

that: g(f(x))=log, b* =xand f(g(x))=b"="=x

simplifying the expression
log, 36"
=log, (51 :]I [Express 36 as a power with base ﬁ]
=log, 6™ [Power of a power property]
=2x [Use the formula 5"%* = ;r]

Therefore the answer 1s :

Answer 33e.

Eewrite 81 as a power of 3.
logs 81 = logs (3%

Tze the power of a power property.
logs (3N = logs 3

We know that by an inverse property of logarithms, e =

In the given expression, &1z 3 and x 12 4x. Thus,
logs 3% =dx.

The given expression simplifies to 4x.



Answer 34e.

By the definition of a loganthm, 1t follows that the logarnthmic function
g(x)=log,b" =xis the inverse of the exponential function f(x)=>5". This means

that: g( f(x))=log, b =xand f(g(x))=b""=x

simplifying the expression
log, 125
=log. (53 }I [Express 125 as a power with base 3]
=log. 5 [Pr:rwer of a power pmperty]
=3x [UEE the formula 5% = x]

Therefore the answer 15 -

Answer 35e.

Rewrite 32 as 2°.
loga 32 = loga (277"

Use the power of a power property.
logs (277 = logy 2

We lknow that by an inverse property of logarithims, BPEE =1

In theﬁgiven expression, & 15 2 and x 15 Sx. Thus,
logy 277 = 5x.

The given expression can be sumplified as Sx.

Answer 36e.

By the definition of a logarithm, it follows that the loganthmic function
g(x)=log, b" =xis the inverse of the exponential function f(x)=5". This means

that: g( f'(x))=log, b* =xand f(g(x))=b"%"=x



Expression is equivalent to log 100°

log 100"
=log (10" )’ [Express 100 as a power with base 10]
= log10** [Power of a power property]

=2x | Use the formula 5°%* =x |

Therefore the answer 1s option |B_2x| .

Answer 37e.
wwitch the variables x and .
x=logsy

We know that logs p can be defined as loge p =g if and only if %9 =p, where & and p are
posttive numbers and & = 0.

Since the walue of & iz 8, y = 8" An equation for the inverse of the function is

y=a"

Answer 38e.
By the definition of a logarithm, it follows that the logarithmic function
g(x)=log,b* =xis the inverse of the exponential function f(x)=5". This means

that: g( f(x))=log, b =xand f(g(x))=b""=x
Finding the inverse of the function

y=T
y=log.x [Frum the definition of lﬂga.titham]

Therefore the answer 1s (log, x|

Answer 39e.

switch the variables x and ».
x=(04Y

We know that logs p can be defined as loge p =g if and only if 89 =p, where & and p are
posttive numbers and & # 0.

since the walue of & 15 0.4, v =logp 4 x. An equation for the inverse of the function 13

y=logpax



Answer 40e.

By the definittion of a logarithm, it follows that the loganthmic function
g(x)=log,b" =xis the inverse of the exponential function f(x)=5". This means

that: g( f(x))=log,b* =xand f(g(x))=b"%"=x

Finding the inverse of the function
y=log,,x

y=(12) [From the definition of logaritham |

Therefore the answer 1s |(1/ E]I i

Answer 41e.
switch the wariables x and »
x=gt?

We know that logy p can be defined as loge p =¢ if and only if 29 =p, where & and p are
posttive numbers and & = 0.

Thus,
lnx=y+2

Subtract 2 from each side.
hx—-—2=y+2-2
nx—2 =y

An equation for the inverse of the function 1s
y=lnx-2

Answer 42e.

By the definition of a loganthm, 1t follows that the loganthmic function
g(x)=log, b" =xis the inverse of the exponential function f(x)=>b". This means

that: g( f(x))=log, b* =xand f(g(x))=b"%"=x



Finding the inverse of the function

y=2"-3
y+3=2% [Add 3 to each Sidﬂ]
log,(y+3)=x [Definition of logritham |
lugl(x+3)=y [Switchxandy]

y=log,(x+3)
Therefore the answer 15 |y =log, (I+3} ]

Answer 43e.

wwitch the vanables x and .
x=Iniy+ 1)

Eewrite the expression in exponential form.
Thus,
g =y+1.

Subtract 1 from each side.
g —1=y+1-1
gt -1 =y

Ln equation for the inverse of the function 13
X
y=g —1

Answer 44e.

By the definition of a loganthm, it follows that the logarithmic function
g(x)=log,b" =xis the inverse of the exponential function f(x)=5". This means

that: g( f(x))=log, b =xand f(g(x))=b"="=x

Finding the inverse of the function

y=6+logx

x=6+logy [Switchxandy]
x—6=logy [Subtract 6 from each side]
107 = y [Definition of logrithm]

=i

Therefore the answer 1s [105°|.




Answer 45e.

In order to graph the function, choose some values for x and find the corresponding
y-values.

Organize the results in a table.
x|[1] 3 5 7 G
p 0079 (116 [1.40 | 1.58

The points are (1, 01, (3, 0.79), (5, 1.16), (7, 1.40), and (9, 1.58).

Plot the points on a coordinate plane.

A

a{F

2 (9, 1.58)

(5. 1.16) - i
s (7,140

oa e,
p (1)) L
T2 1 32 4 6 8 10

“

-2

-3

1!’

Now, from left to right, draw a curve that starts just to the rnight of the v-axis and mowves
up through the plotted points as shown below.

A
3]k

f

-2

1
%
-



The set of input values 15 the domain and the set of output values 15 the range. The
domain consists of all nonnegative values of x and the range consists of all the values of

)

Thus, the domain of the given function 15 x > 0 and the range of the given function 13 all
real numbers.

Answer 46e.
Graphing logarithmic function:
y=log;x
Plot several convemient poinis, such as [LD) . (6,1} and (36,2}. The y-axis 1s a vertical

asympiote.
From left to right, draw a curve that starts just to the right of the y-axis and moves up

through the plotted points, as shown below.

R

45
4..
351

5

251

Laa
=,
ko

c[? 4 6 B8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

The domain 15 x>0, and the range 1s all real numbers.



Answer 47e.

In order to graph the function, choose some values for x and find the comresponding -
values.

Organize the results 1n a table.
x |13 5 7 G
»|0|-1]-15|-18|-2

The points are (1, 0), (3, —1), (5, -1.5), (7, -1.8), and (%, —2).

Plot the points on a coordinate plane.

A

21}

1

1, X

— DL L) 2 ] I I O el
-2 2 4 B 8 10

4 6.0,

(5. -1.5) o
(1. -1.8)®

2 0, -2)°

a3

=2

ki

HNow, from left to right, draw a curwve that starts just to the right of the y-a=zis and moves
up through the plotted points as shown below.

=




The set of input values 15 the dotmain and the set of output values 15 the range. The
dotnain consists of all nonnegative values of x and the range consists of all the values of

.

Thus, the domain of the given function 1z x > 0 and the range of the given function 1z all
real numbers.

Answer 48e.

Graphing logarithmic function:

y=log :x

Plot several convenient points, such as [LD) (5,—1} and (25,—2)_ The y-axis 15 a

vertical asymptote.
From left to nght, draw a curve that starts just to the right of the y-axis and moves up
through the plotted points, as shown below.

5&-"

0.5 1
\ ‘-C =
- — - =

¢ 4 6 & 10 12 14 16 18 20 22 24 26 286 30 32 34 236 38 40

The domain 15 x > 0, and the range is all real numbers.



Answer 49e.

In order to graph the given function, first graph the parent functicny=logy x cna
coordinate plane.

Choose some values for x and find the corresponding w-walues.
Crganize the results in a table.

x|1]4][8
ylol2]z2

The points are (1, 07, (4, 23, and (8, 3).

Plot the points on a coordinate plane and draw a curve that starts just to the night of the
v-axis and mowves up through the plotted points as shown below.

Iow, translate the graph of v = logs x right by 2 units. The resulting graph passes through
the points (4, O, (7, 2), and (11, 2.

Ay
?.

6]
5




The set of input values 15 the domain and the set of output values 15 the range.

Thus, the domain ofthe given function 15 x > 2 and the range of the given function 1z all
real numbers.

Answer 50e.
Graphing logarithmic function:
y=log,x+4
Step 1
Sketch the graph of the parent function y =log; x, which passes through [I,D} i [3,1} and
(9.2).
Step 2
Translate the parent graph up 4 units. The translated graph passes through (L 4) . {3,5]
and {9,6}_

A,
10+

- g2
31) x
- T - 4
A /1 2 3 4 5s 68 7 8 9 10 11 12 13 14 15 16 17 18 19 20
11/ (L0
o4
-3
_4r
5
£t
Tt
ryl
o4

The domain 15 x >0 and the range 1s all real numbers.



Answer 51e.

In order to graph the given function, first graph the parent functiony=logs x ona
coordinate plane.

Choose some values for x and find the corresponding y-values.
Organize the results in a table.

x|[1]4] 8
ylol[1]1s

The points are (1, 0, (4, 1), and (8, 1.5

Plot the points on a coordinate plane and draw a curve that statts just to the right of the
yv-axis and mowves up through the plotted points as shown below.

A
a{kF

&

1
£al

Iow, translate the graph of ¥ =logq x to the left by 2 units and down by 1 unit. The
resulting graph passes through the points (=1, =13, (2, ), and {6, 0.2).

A
alt

y=log, x

Fixi=log, {x+2)-1

2 4 6 a 10

Y=




The set of input values 15 the domain and the set of output values 15 the range.

Thus, the domain of the given function 15 x = —2 and the range of the given function 1z all

real numbers.

Answer 52e.

Graphing logarithmic function:
y=log, (x—4}+ 2

Step 1

Sketch the graph of the parent function y =log, x. which passes through {Lﬂ'}: {5,1)

and (36,2).

Step 2

Translate the parent graph right 4 unit and up 2 units. The translated graph passes through
(5.2).(10.3) and (40.4).

45
4
35
3
25
2
15
1
05

A
e

X

o

.05.

q5-
24
254

g
35~
4+
45

>
4 6 B 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40

The graph’s asymptote 15 x =4 . The domain 15 x >4 and the range is all real numbers.



Answer 53e.

In order to graph the given function, first graph the parent function y=logs x ona
coordinate plane.

Choose some values for x and find the corresponding y-walues.
Crganize the results 1n atable.

x|1]5[10
yloli[15

The points are (1, 0, (2, 13, and {10, 1.5

Flot the points on a coordinate plane and draw a curve that starts just to the right of the
v-axis and movwves up through the plotted points as shown below,

A

FIR

r=lov,. x (L 1.5)




How, translate the graph of v =logs x left by 1 unit and down by 3 units. The resulting
graph passes through the points (0, =37, (4, =23, and (9, =1.5).

A
5}
4
3
3 . o (10, 1.5)
Vv =log, x 4
(5,1) X
2 5 8 7 8 10
T @ 1)

G laad = logd(x b 1)~ 3

The set of input values 1z the domain and the set of cutput values 15 the range.

Thus, the domain of the given function 15 x > =1 and the range of the given function 15 all
real numbers.

Answer 54e.

Evaluating the logarithm

log,. 9

=log,, 27 [Expre:;s O as a power with base 2?]
=2/3 [Use the formula log, & =x}

Therefore the answer is |2/3

Answer 55e.

Eewrite B and 32 as the powers of 2
logg 32 = logg o’



INow, rewrite 27 as (23)%.

lc:ng 2 = 1¢g23[23)§

Jze the inverse property of logarithms.
logy & =x

In the equation, & 15 23, and x 13 g Thus,

| Ln

5
3 -
]
Therefore, logg 32=§

Answer 56e.

Evaluating the logarithm

log;,; 625

=log,,; 12543 [Exprﬂss 625 as a power with base 125]
=4/3 [Use the formula log, b* = x]

Therefore the answer 1s [4/3

Answer 57e.

Eewrite 4 and 128 as the powers of 2.
logy 128 = log., o7

Mow, rewrite 27 as (22:]%.

B2 -2

lc:-g 27 = lc::uggg (23:]

Tze the inverse property of logarithms.
logs &' =x

In the equation, & 15 2% and x i3 ?E Thus,

[N ]

loggz [Eg:l 5

Therefore, log, 128 = %



Answer 58e.

The altitude s (1n meters) above sea level 1s related to the air pressure P (in pascals) by
the function:

h=—80051n i
101,300
Substitute 57.000 for P to find the altitude above sea level.
h=—80051n 34.050 Substitute
101,300
h=—-8005 In(ﬂ_563} Divide
h=-8005 [—5?5] Use a calculator
h=4.603 Multiply

Thus the altitude above sea level is when the air pressure 1s 37,000 pascals.

Answer 59e.

Substitute 1072 for [H'] in pH =-log [H'].
pH=-log 10727

Tse the inverse property of logarithms.
loge 5 =x

In-log 10723 &is 10 and x is—2.3. Thus,
—og 1072473 =—{=2.3).

simplify.
—(—2.3)=273

The pH wvalue of lemon juice 15 2.5,
Answer 60e.

Biologists have found that an alligator’s length 7 (in inches) and weight w (in pounds) are
related by the function
I=27T1lnw-328

Graphing the function /[ =27 1lnw—32.8

150 }
10[} 1 (281L120)
50 4
50 1 50 100 150 200 250 300 350 400
_5[.} 4
By using the graph:

The weight of an alligator 1s 281 pounds that 1s 10 feet (120 inches) long.



Answer 61e.

a. Substitute 2.5 % 10® for Ein M=0.2%1n 5) - 9.9,
M = 0.29[111 (2.5 % m“j] ~ 9.9

TJze a calculator to evaluate.

M =639

The energy magnitude of the earthquake was about .39

b. Add 99 to each side of the given function.
M+55% =025 [ln E) - 394309

M+99 = 029(ln &)

Divide each side by 0,29,
M+99 0.29[111 Ej

029 029
M4+50 W E
029
Mow, write in exponential form.
M99
E=g'®
M40

Thus, an equation for the inverse of the function iz & = 2 "4

The inverse represents the amount of energy released as a function of the energy
magnitude.

Answer 62e.
Consider the function 1s:
5=30.6—20.5(log.4)+3.5(log A)’

where 5 15 the number of species of fish and A4 1s the area of the pool or lake.



(a)
We need to graph the function in the range 200 < .4 <35 000 .

The graph of the function 5 =30.6—20.5(log 4)+3.5(log A]E 1s shown below:

—
(=)
Il
1

5=30.6-20.5(log 4)+3.5(log 4’

(b)

5000 md'mn I:Sﬂlm m-im z.fdﬂﬂ E-IJIfIIDﬂ 35000

We need to estimate the number of fish species in a lake with an area of 30,000 square

meters.

We will draw a line log(.4)=30000 which will be parallel to y - axis and intersect the
function at point P . Now from the point P, we will draw a line that 1s parallel to x - axis

and extends it so that 1t cuts the y - axis at (J as shown in the graph.

F

3

w4
154
P(30000,9)
104
0(0.9) il

5=30.6—20.5(log 4)+3.5(log 4)°

'l

Log(4
|

5000 mértrn Iiflm zu-ém 25000 30000 35000

From the graph we can verify that the number of fish species in the lake or pool with an

area of 30,000 square meters 1s IE



(c)

We need to estimate the area of a lake that contains 6 species of fish.
We will draw a line s =6 which will be parallel to x - axis and intersect the function at
pomnt P. Now from the point P, we will draw a line that 1s parallel to y- axis and

extends it so that it cuts the x - axis at ( as shown 1n the graph.

F Y
X

15+

10+

P(14500,6)

0(14500,0)

T 5=30.6-20.5(log 4)+3.5(log 4)°

Log{4)

000 10000 15000 20000 25000

0000 35000

From the graph we can verify that the area of a lake that contains 6 species of fish 1s

14_500 square meter| .

(d)

Ags the area of a pool or lake increases the number of species 1s increases which indicate

that a wide will contain more species.

Answer 63e.

subtract 0129 from each side of the given function.
5—0.15% = 0.159 + 0.118(log &) — 0.159

s—0.159 = 0.118(log )

Divide each side by 0,115
s-0.158  0.118(logd)
0118  0.118
s—0.159
0118

= log &

Write in exponential form.
50,159

4 =10 018

5—0.159

An equation for the inverse of the function 1z & =10 ME



In order to estinate the average diameter of the sand particles on a beach with a slope of

0.2, first substitute 0.2 for 5.
02-0159

4 =10 018

TTze a calculator to evaluate.

d = 2.2

The average diameter of the sand particles on a beach with a slope of 0.2 will be about
2.2 .

Answer 64e.

Evaluating the expression

2¢.2

=2 [Because m®-m’ =m™
=9° [Add]

. [
Therefore the answer 1s

Answer 65e.

The property of the power of a power states that for any real number @, and integers
and »,

@™ =™

Lpply the property and simplify.
() - 5%

= g0

. . . » , 1
—m —
How, rewrite the expression with positive exponents using the rule a™ = o a0
1

5*5—5,5

simplify.
1 1

55 15,625

The given expression evaluates to

15.625



Answer 66e.

Evaluating the expression
g.g* .8~
i El+3—i [BE-‘CE!.I.IS-E m - mu’l i = maﬁ—:]
=g [Simplify]
= A [Because m e = 1}
8 8

Therefore the answer 1s

Answer 67e.

In the given expression, a quotient 18 ratsed to a power.

The property of the power of a quotient states that for any real numbers @ and &, and

integers 2 and #,

[5] =2 bz0
b P

Lpply the property by ratsing both the numerator and the denotminator to the power.
02
3@

: : : " : _a
Iow, rewrite the expression with positive exponents using the rule a™ = 0 a = 0

simp ity
3 27

$ 125

The given expression evaluates to 05



Answer 68e.

Evaluating the expression

10¢

10*
=10%-107* |:Be::ause Lﬂ = m'“]

m

=10%* [Eecause m®-m’ =m™*
=10° [Simplify]

=100

Therefore the answer 1s

Answer 69e.

The property of the power of a power states that for any real number @, and inte gers m
and »,

@™ =™

Lpply the property and simplify.
(6_2 )-1 _ U

= &

= 36

The given expression evaluates to 26,

Answer 70e.

Evaluating the expression
42
4
7 -3 1 -z
=4".4 |:Because —=m :l
m
=4 [B-:caus& m®-m® =m*’
=47 [Subtract |
= l} |:Eecanse m = iﬂ:|
4 m
1
64
1

Therefore the answer 15 | —




Answer 71e.

In the given expression, a quotient 18 ratsed to a power.

The property of the power of a quotient states that for any real numbers @ and &, and
integers me and #,

[5] =% bxo0

b &

Lpply the property by ratsing both the numerator and the denomunator to the power.
()

The property of the power of a power states that for any real number @, and integers
and »,

(@™ =4
Lpply the property and sumplify.
[?S:I_g ?3‘:—3}
(?g:l-ﬂ N 292
-—II,|—1l5

= 718

Mow, rewrite the expression with pesitive exponents using the rule @™ = —, ¢ = 0.
&

?—lﬁ ?13
7T = 75

The property of the quotient of a power states that for any real numbers @ and &, and
integers e and #,

M-n
_=ﬂ

Lpply the property and simplify.

?13 B ?13-15
= =

= 7°

= 49

The given expression evaluates to 49



Answer 72e.

Evaluating the expression
K22

— xV2+23 [ Because m* -m” =m*” |
_ X8 [Add]

=9x [ Because " = {/m |

= x¥x [Find sixth roots]

Therefore the answer 1s xu'ﬂ x

Answer 73e.

Multiply the exponents using the power of power property.
146
(mg) ! LY

— 32
: : : . : e
Iow, rewrite the expression with positive exponents using the rule a™ = — a0
1
=32 _
e = 33
B

The given expression evaluates to —
Answer 74e.

Evaluating the expression

={fﬁ-3-3-3-x-x-x-x-x-x-y-y-y [Fac*torl

= szy?:,"ﬁ [Fi:rld cubes mr:-ts]

Therefore the answer is |[3x _}rﬁ

Answer 75e.

Eaise each factor to the power using the power of a product property.

(Hatﬁ_ﬂz,rsfﬁ _ (H4;3)1f5_ (HzgS)lfrE

MMultiply the exponents using the power of a power property.
106 1/8
(4 3)}1° (4215)15 2 819059), 21500 )

_ 248 1S



Add the exponents using the product of power property.
G212 A5 2 94118

_ ares
13 /45

Theretfore, the expression siumplifies to &

Answer 76e.

Evaluating the expression
4y
5211
Xy
V4 _-52 3 _-13 |: 1 —a::l
=x" -X -y -y Because — =m
m

& a+8

Va+{—5/2) _ 3+{-LD}
S SRS T [Eecausem”-m =m

= x4y [Simp]if}r the E}wnnﬂnts]
52
1
= '};—4 |:Btcause m = —a}
X m

I‘E:I«-.-I
<

Therefore the answer 15

HH
By

Answer 77e.

Lpply the quotient property of radicals.

25

gl =

ylﬂ 4y12
simplify
4
4/ 18 4 (x“)

4l 12 - 4 42
¥ 4yt [y )
= g

yoo¥

4
, e x
Therefore, the expression sunplifies to —.



Answer 78e.

Evaluating the expression

(3 3

= (2. | Because ¥/m =m""|
—(2-2) [ Because m®-m’ =m® |
=(2) (@) [ Wite(a-5)" =(a)' (5’ |
=x*.x* [Power to power property|
_ [Because m® -m® = m**

Therefore the answer 1s |xm

Answer 79e.

Eewrite the given expression using the product property of radicals, {f.:z-— = %’E- 3.#':3:
S\f;?- a,f_:? Syx - x
/250 ) 3250x%
_ R
325027

simplify.

sjZ 5y(x)
3502 Fos50

5 x°

350"

2

Sx
Hos0x

Therefore, the given expression simplifies to



