Pre-Class Problems 15 for Monday, March 26

These are the type of problems that you will be working on in class.

You can go to the solution for each problem by clicking on the problem letter.

1. 1 $150,000.00 is invested at a rate of 4% per year, then determine the amount
in the investment at the end of 5 years for the following compounding

options.

a. compounded annually b. compounded quarterly

c. compounded monthly d. compounded weekly

e. compounded daily f. compounded continuously

Discussion of Logarithmic Functions

Sketch of the graph of Logarithmic Functions

2. Graph the following logarithmic functions.

a. 9(x) = log,x b. f(x) =log,, X

c. h(x) = log, (- x) d. k(x) = —log, X

e. Yy =1log,(—x) f. f(x) =Inx

g. 9(x) = 3logx h. h(x) =—-2log,,;(— X)

3 1
i T(t) = =7 log,t j. 9(t) = S l0ga, (=)



4.

k. h(t) =5log,,t

Sketch the graph of the following functions. State the domain of the function
and use the sketch to state the range of the function.

a. f(x) =log.(x — 3) b. g(x) =3logx — 4

c. h(x) =log,,.(x +5) + 8 d. f(x) =In(=x) =2

e. 9(t) =-2log,,(t-1) +6 f. h(x) =—-In(x +4) -3
0. T(X) =+/3100,,15(4x +8)  h. g(x)=log,(6 - x) -1
i h(t) = %Iogm(— 3t — 5) + 12

j. f(x)=-4log(8-x)-15

Find the domain of the following functions.

3Xx +5
X — 2

a. f(x)=1In(9 - x? b. 9(x) = log

7
h(x) = log, —— — _ 3)?2
C. (x) Os \/m d. f(x) |Ogl/2 (4x — 3)

Problems available in the textbook: Page 423 ... 45 — 56 and Examples 4 and 5
starting on page 420. Page 438 ... 9 — 50, 55 — 92 and Examples 1 — 9 starting on
page 428.

SOLUTIONS:



r
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la. A= P(l + H] Back to Problem 1.

P = $150,000.00, r = 4% = 0.04, n =1,and t = 5

0.04 \'® : :

A = 150000 1+ == | =150000(1 + 0.04)° = 150000(1.04)" = 182497.94

Answer: $182,497.94

NOTE: The investment made $32,497.94 in 5 years.

r nt

1b. A= P(l + Hj Back to Problem 1.

P = $150,000.00, r = 4% = 0.04, n = 4,and t = 5

0.04 )'®
N _j —~ 150000(1 + 0.01)% = 150000(1.01)% = 183028.51

A = 150000(1

Answer: $183,028.51

NOTE: The investment made $33,028.51 in 5 years.

nt
.
lc. A= P(l + —j Back to Problem 1.

n



P = $150,000.00, r = 4%

0.04, n =12,and t = 5
12(5) 60
A= 150000(1 + %) = 150000(1 + %j = 183149.49

Answer: $183,149.49

NOTE: The investment made $33,149.49 in 5 years.
r nt
1d. A= P(l + —j Back to Problem 1.
P = $150,000.00, r = 4% = 0.04, n = 52,and t = 5
52(5) 260
A = 150000(1 + %j = 150000(1 + %j = 183196.33

Answer: $183,196.33

NOTE: The investment made $33,196.33 in 5 years.

nt
.
le. A= P(l + —j Back to Problem 1.

P = $150,000.00, r = 4% = 0.04, n = 365,and t = 5



1f.

2a.

= 183208.41

365(5)
A = 150000(1 + %j

1825
= 150000[1 + %j

Answer: $183,208.41

NOTE: The investment made $33,208.41 in 5 years.

You will need the topics in calculus to show that as n — oo,

nt nt
(1+£j — e Thus,asn—>oo,A:P(l+£j — Pe"
n n

A= Pe" Back to Problem 1.
P = $150,000.00, r = 4% = 0.04,and t = 5
A = 150000e°%%® = 150000e%? = 183210.41

Answer: $183,210.41

NOTE: The investment made $33,210.41 in 5 years.

g(x) = log, x Back to Problem 2.

Note that the domain of the logarithmic function g is (0O, o). In order to
graph the function g given by 9(X) = log; X we set g(x) = y and graph
the equation Y = log;X. By the definition of logarithm, Yy = log; X if
and only if X = 37,
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The Drawing of this Graph

The x-intercept of the graph of the function is the point (1, 0).

Note that as X — O fromtheright, ¥ = 10g;X — — . Thus, the vertical

line of X = 0, which is the y-axis, is a vertical asymptote of the graph of the
function.

The functions Y = 3" and Y = 109 X are inverse functions of one another:
y=3" = x=1log,y
y =log,x = x =3

We graphed the function f(x) = 3" in Pre-Class Problems 19.

The graph of ¥ = 3" isred and the graph of Y = 109, X is blue:


Spring%202017/Lectures/Lesson10/Example1Animated.gif

2D.

The Drawing of these Graphs

Each graph is a reflection of the other through the line y = X, which is
gray.

f(x) = log,,, X Back to Problem 2.

Note that the domain of the logarithmic function f is (0O, ). In order to
graph the function f given by f(x) = log,,, X, weset f(x) = y and
graph the equation Y = 10g,,, X. By the definition of logarithm,

y
y = l0g,, X ifandonlyif x = (%) .


Spring%202017/Lectures/Lesson10/Example1ExpLogAnimated.gif
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The Drawing of this Graph

The x-intercept of the graph of the function is the point (1, 0).

Note that as X — O from the right, ¥ = l0g,,, X — oo Thus, the vertical

line of X = 0, which is the y-axis, is a vertical asymptote of the graph of the
function.

. 1Y) . .
The functions Y =109,,,X and y = (Ej are inverse functions of one

another:

1 X
y = (Ej = X =log,,y

1\
y =log,, X = x = (E)

. 1),
We graphed the function g(x) = (Ej in Pre-Class Problems 19.


Spring%202017/Lectures/Lesson10/Example2Animated.gif

1 X
The graph of ¥ = (E) is red and the graph of Y = 10g,,, X is blue:

The Drawing of these Graphs

Each graph is a reflection of the other through the line y = X, which is

gray.

2c.  h(x) =log, (- x) Back to Problem 2.

Note that the domain of the logarithmic function h is (-0, 0). In order to
graph the function h given by h(x) = log, (- X), we set h(x) = y and
graph the equation Y = log, (= X). By the definition of logarithm,

y =log,(=X) ifandonlyif —x =4 = x =-47,


Spring%202017/Lectures/Lesson10/Example2ExpLogAnimated.gif
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- 16 2 The Drawing of this Graph

The x-intercept of the graph of the function is the point (-1, 0).

Note that as X — O from the left, Y = 10g,(—X) = — ., Thus, the

vertical line of X = 0, which is the y-axis, is a vertical asymptote of the
graph of the function.

The functions ¥ = 109, (= X) and Yy = — 4" are inverse functions of one
another:
y=1log,(-x) = - x=4" = x=-4"

y=—-4" > —-y=4" = x=log,(-Y)

The graph of ¥ = — 4" is red and the graph of ¥ = log, (— X) is blue:



Spring%202017/Lectures/Lesson10/Example3Animated.gif

2d.

The Drawing of these Graphs

Each graph is a reflection of the other through the line y = X, which is
gray.

k(x) = —log, x Back to Problem 2.

Note that the domain of the logarithmic function k is (0, o). In order to
graph the function k given by k(x) = —log, X we set h(x) =y and
graph the equation ¥ = —10g,X. Since y = —log,x = —y = log, X,
then by the definition of logarithm, — Yy = log, X ifandonlyif x = 477,

X y y
16 -2

4 -1 L

1 0 \\““"‘“-Lﬂ- ’
L] 1
% 2 The Drawing of this Graph

The x-intercept of the graph of the function is the point (1, 0).

Note that as X — 0 fromthe right, ¥ = —10g, X — o Thus, the vertical

line of X = 0, which is the y-axis, is a vertical asymptote of the graph of the
function.


Spring%202017/Lectures/Lesson10/Example3ExpLogAnimated.gif
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The functions k(x) = —log, x and h(x) = 4" are inverse functions of
one another:
y=4% = —-x=1log,y = x=-log,y
y=-log,x = -y =log,x = x=47"

We graphed the function h(x) = 47" in Pre-Class Problems 19.

The graph of Y = 4™ is red and the graph of ¥ = — 109, X is blue:

'| L4

1%

ST x

The Drawing of these Graphs

Each graph is a reflection of the other through the line y = X, which is
gray.

2e. Y =log,s(—x) Back to Problem 2.


Spring%202017/Lectures/Lesson10/Example4ExpLogAnimated.gif

Note that the domain of the logarithmic function is (-, 0). By the

y
definition of logarithm, Y = l0g55(—=X) if and only if —x = (g) —
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_ % 3 The Drawing of this Graph

The x-intercept of the graph of the function is the point (-1, 0).

Note that as X — O from the left, Yy = 100,,5(—X) — . Thus, the
vertical line of X = 0, which is the y-axis, is a vertical asymptote of the

graph of the function.

. 3\ . .
The functions ¥ = 109, (—=X) and y = —(gj are inverse functions of

one another.


Spring%202017/Lectures/Lesson10/Example5Animated.gif

2f.  f(x) =Inx Back to Problem 2.

Recall: In X = log, X, where e =2.718281828....

Note that the domain of the logarithmic function f is (0, o). In order to
graph the function f given by f(X) = In X, we set f(x) = y and graph
the equation Yy = In X. By the definition of logarithm, y = In X if and
onlyif x =e”,

X y

e ® ~ 0.04979 -3 ’
e ? = 0.13534 -2
e ' ~ 0.36788 -1

1 0
e ~ 2.71828 1
e? ~ 7.38906 2
e’ ~ 20.08554 3 The Drawing of this Graph

The x-intercept of the graph of the function is the point (1, 0).

Note that as X — O from the right, ¥ = In X — — oo, Thus, the vertical

line of X = 0, which is the y-axis, is a vertical asymptote of the graph of the
function.

The functions Y = In X and Yy = €” are inverse functions of one another.


Spring%202017/Lectures/Lesson10/Example6Animated.gif

24.

g(x) = 3logx Back to Problem 2.

Recall: logx = log, X

Note that the domain of the logarithmic function g is (-, 0). In order to
graph the function g given by g(x) = 3logx, we set g(x) = y and

graph the equation y = 3logx. Since Y = 3logx = % = log X | then

by the definition of logarithm Y~ logx if and only if x =10""°,

* 3
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The Drawing of this Graph

The x-intercept of the graph of the function is the point (1, 0).

Note that as X — O from the right, ¥ = logx — — . Thus, the vertical

line of X = 0, which is the y-axis, is a vertical asymptote of the graph of the
function.


Spring%202017/Lectures/Lesson10/Example7Animated.gif

2h.

The functions ¥ = 3logx and y = 10*"® are inverse functions of one
another.

h(x) = —21log,,, (- x) Back to Problem 2.

Note that the domain of the logarithmic function h is (-0, 0). In order to
graph the function h given by h(x) = —21og,,;(— X), weset h(x) =y
and graph the equation Y = —210g,,;(—= X). Since Y = —210g,,5 (- X)

= —% = 109,/;(— X) , then by the definition of logarithm, —% = l0g /3 (- x)

1 -yl/2
if and only if 3 X =3 = X =-3"",

1 1
NOTE: h(—§):=-2k@u3§==—2(2)=-—4

1 1
h(—é) - —2|0g1/3§ - —2(1) - —2

h(-1) = —21log,,,1 = —2(0) = 0
h(-3) = —2log,,3 = —2(-1) = 2

h(-9) = —2log,,9 = —2(-2) = 4



21.

X y v
1 _4
_1 —2
3
-1 0
-3 2
-9 4

The Drawing of this Graph

The x-intercept of the graph of the function is the point (-1, 0) .
Note that as X — 0 from the right, ¥ = —210g,,5(— X) — —o0_ Thus,
the vertical line of X = 0, which is the y-axis, is a vertical asymptote of the

graph of the function.

The functions ¥ = —210g,,;(—X) and Yy = — 3% are inverse functions
of one another.

3
f(t) = - 2 log , t Back to Problem 2.

Note that the domain of the logarithmic function f is (0, ). In order to

3
graph the function f given by f(t) = 3 log,t, weset f(t) =y and

3 3
graph the equation ¥ =~ log,t. Since Y = 3 log,t =


Spring%202017/Lectures/Lesson10/Example8Animated.gif

4y _ . 4y .
3 109, T, then by the definition of logarithm, — 3 log,t if and
onlyif t =247

1 3 1 3 9

. fl =1l =—-—=1log.=- = ——(-3) = —
NOTE: (8) 210927 278 =7
1 3 1 3 3
fl2)=-20g,==-2(2)=2

(4) 4 92 1 =5

1 3 1 3 3
fl2]=-2og,==-3(-1) =2

(2] 4 722 Y=

3 3
f(2)=-"1log,2 = ->(1) = ->
(2) 2 092 4() 1

3 3 3
f(4) =-"log,4 = --(2) = -~
(4) 2 092 4() >

3 9
f(8) =-"1log,8=--(3) = -~
(8) 2 90 4() 1
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The t-intercept of the graph of the function is the point (1, 0).

3
Note that as t — O from the right, ¥ =~ log,t — . Thus, the

vertical line of t = 0, which is the y-axis, is a vertical asymptote of the
graph of the function.

3
The functions Y = — 1 log,t and y = 2°*"% are inverse functions of one
another.
1
g(t) = 5 log,, (—t) Back to Problem 2.

Note that the domain of the logarithmic function g is (=, 0). In orderto
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1
graph the function g given by 9(t) = > 095, (1), we set g(t) =y

1 | 1
and graph the equation Y = 7 l0g 5, (—1). Since Y = 5 log,,(-t) =
2y = log,, (—1), then by the definition of logarithm, 2y = log,, (—1t)

3\ 3\
ifand only if —t = (Zj = U= —(Zj .
3"
NOTE: Since (Zj =
9 y
-(38)

64) 1 64 1 3
NOTE: 9(——)=—|09 =-(-3)=-—

9 1 9 1
—-—— | ==1lo — ==(2)=1
g( 16] > 93/416 2( )
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- > The Drawing of this Graph

The t-intercept of the graph of the function is the point (=1, 0).

1
Note that as t — O from the left, Y = 2 log;, (—t) = . Thus, the

vertical line of t = 0, which is the y-axis, is a vertical asymptote of the
graph of the function.

1 3\* 9
i = —1lo —1 = —| = = —| A
The functions Y 5 Jya(—1t) and Y (4) (16} are

inverse functions of one another.
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2K.

h(t) = Slog,,,t Back to Problem 2.

Note that the domain of the logarithmic function h is (0, ©). In order to
graph the function h givenby h(t) = 5log,,t, weset h(t) = y and
graph the equation y = 5109,,t. Since y = 5log,,t =

% = l0g,,,t, then by the definition of logarithm S - log,,,t if and only

"5
1"
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The Drawing of this Graph

The t-intercept of the graph of the function is the point (1, 0).

Note thatas t — O fromthe right, ¥ = 51og,,,t — o Thus, the vertical

line of t = 0, which is the y-axis, is a vertical asymptote of the graph of the
function.


Spring%202017/Lectures/Lesson10/Example11Animated.gif

3a.

1 t/5 )
The functions Yy =5log,,t and Y = (Zj = 47" are inverse

functions of one another.

f(x) = logs(x — 3) Back to Problem 3.

Since we can only take the logarithm of positive numbers, we need that
X — 3 be positive. That is, we need that X =3 >0 = x >3

Domain: (3, «)

To graph the function f, we set f(x) = y and graph the equation
y =logs(x - 3).

The graph of ¥ = log; (X — 3) s the graph of Y = 09X shifted 3 units
to the right.
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3b.

The range of f is (—o0, ). Note that the x-intercept is the point (4, 0).

g(x) =3logx — 4 Back to Problem 3.

Since we can only take the logarithm of positive numbers, we need that X be
positive. That is, we need that X > 0

Domain: (0, )
To graph the function g, we set g(x) = y and graph the equation
y =3log x — 4,

y=3logx —4 = y +4=3log x

The graph of Yy = 3log X — 4 is the graph of Yy = 3log X shifted 4 units
downward.
Ya

A
v
>

v

The range of g is (— o0, ),



3c. h(x) =log,;(x +5) + 8 Back to Problem 3.

Since we can only take the logarithm of positive numbers, we need that
X + 5 be positive. Thatis, we needthat X + 5 >0 = X > -5

Domain: (=5, )

To graph the function h, we set h(x) = y and graph the equation
y =log,,(X +5) + 8,

y =1log,,(Xx+5)+8 = y—-8=1log,,(X +5)

The graph of Y — 8 = log,,;(X + 5) s the graph of Y = 10g,,;X shifted
5 units to the left and 8 units upward.

yA

The range of h is (=, ©).

3d. f(x)=In(—x) -2 Back to Problem 3.



Since we can only take the logarithm of positive numbers, we need that — X
be positive. That is, we need that —X >0 = X <0

Domain: (—<, 0)

To graph the function f, we set f (x) = y and graph the equation
y =In(-x) — 2,
y=In(-x) -2 = y + 2=In(-x)

The graph of ¥ + 2 = In(—X) is the graph of Yy = In(—X) shifted 2 units
downward.

yA

\\1

4

The range of f is (— o0, ).

3e. 9(t) =-2log,,(t-1) +6 Back to Problem 3.



3f.

Since we can only take the logarithm of positive numbers, we need that t — 1
be positive. Thatis, weneedthatt —1>0 = t >1

Domain: (1, )
To graph the function g, we set g(t) = y and graph the equation
y =-2log,,(t-1)+6,

y=-2log,,(t-1)+6 = y-6=-2log,,(t -1)

The graph of ¥ — 6 = —2log;,(t —1) is the graph of ¥y = —21l0gg,t
shifted 1 units to the right and 6 units upward. The graph of Y = —2log,,t

is the graph of ¥ = 2109,,t reflected through the t-axis. That is, flipped
over with respect to the t-axis.

Ya :

4

The range of g is (—o0, ).

h(x) = —-In(x + 4) — 3 Back to Problem 3.



39.

Since we can only take the logarithm of positive numbers, we need that
X + 4 be positive. Thatis, we needthat X + 4 >0 = x> -4

Domain: (-4, )

To graph the function h, we set h(x) = y and graph the equation
y =—In(x + 4) — 3.

y=—-Ih(x+4) -3 =y+3=—-In(x+4)

The graph of Y + 3 = —In(X + 4) s the graph of Yy = —InX shifted 4
units to the left and 3 units downward. The graph of Y = —InX is the graph
of Y = InX reflected through the x-axis. That is, flipped over with respect to
the x-axis.

Ya
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\

v

The range of h is (=0, ©).

f(X) = /3 1095 (4% + 8) Back to Problem 3.



Since we can only take the logarithm of positive numbers, we need that

4X + 8 be positive. That is, we need that 4X + 8 >0 = 4Xx > -8 =
X > -2

Domain: (-2, o)

To graph the function f, we set f (x) = y and graph the equation
y = \/§ |0912/19(4X + 8).

y = \/§ |0912/19(4X + 8) = Y= \/§ |0912/19[4(X + 2)]

The graph of ¥ = /3 1091,,,[4(X + 2)] is the graph of Y = /3 10g,,,,4X
shifted 2 units to the left.

The graph of ¥ = \E log 5,04 X:

yllk

v

A
sl —

The graphof Y = \/§ |0912/19[4(X + 2)]:



3h.
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The range of f is (—o0, ).

g(x) =log,(6 — x) -1 Back to Problem 3.

Since we can only take the logarithm of positive numbers, we need that
6 — X be positive. Thatis, weneedthat 6 — X >0 = 6 > X = X <6,

Domain: (—,6)

To graph the function g, we set g(x) = y and graph the equation
y =log_ (6 - x) -1,

y=1log (6 -x)-1=y+1=log_[-(x - 6)]

The graph of ¥ +1=10g,(6 — X) is the graph of Yy =log, (- X)
shifted 6 units to the right and 1 unit downward.



3i.

L/

The range of g is (— 0, ).

1
h(t) = 3 log,,, (-3t = 5) +12 Back to Problem 3.

Since we can only take the logarithm of positive numbers, we need that
— 3t — 5 be positive. That is, we need that —3t —5>0 = -3t > -5

:>t<§
3"

- (=5
Domain: '3

To graph the function h, we set h(t) = y and graph the equation
y = %Iogl,z(—?;t - 5) +12

y = %Iogl,z(—?)t -5)+12 = y-12 =%Iogl,2{—3(t + §H



1 5
Thegraphof ¥ —12 = 3 |091/{—3(t + 5)} is the graph of

1 5
Yy =3 log,, (—3t) shifted 3 units to the left and 12 units upward.

1
The graph of ¥ = 3 log,,, (- 3t);
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The graph of ¥ —12 = 3 |091/2{—3(t T gﬂ
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The range of h is (-, ),

f(x) =—-4log (8 — x) =15 Back to Problem 3.

Since we can only take the logarithm of positive numbers, we need that
8 — X be positive. Thatis, weneedthat 8 — x>0 = 8 > X = X <8,

Domain: (—,8)
To graph the function f, we set f (x) = y and graph the equation
y =—4log (8 — x) — 15,
y=—-4log(8 —x) —15 = y+15=—-4log[-(x — 8)]

The graph of ¥ + 15 = —4log [- (X — 8)] is the graph of

y = —4log (— X) shifted 8 units to the right and 15 units downward. The
graph of y = —4log (—X) is the graph of y = 4log (—X) reflected
through the x-axis. That is, flipped over with respect to the x-axis.

Ya
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-15




4a.

The range of f is (— o0, ).

f(x) =In(9 - x?) Back to Problem 4.

Want (Need): 9 — x*> 0

Step 1:

9-x’=0=>9=x>= x=+3

2 . .
9 — X“ is defined for all real numbers x.

Step 2: Plot all the numbers found in Step 1 on the real number line.
- + - Sign of 9 — x°
< i i >
-3 3
Step 3: Use the real number line to identify the open intervals determined

by the plotted numbers. Pick a test value for each open interval.

Interval Test Value Signof 9 — x* = (3+x)(3—x)
(=0, —3) ~4 (-)(+) = -
(-3,3) 0 (+)(+) = +
(3, ) 4 (+)(-) = -

Answer: (—3,3)



3Xx +5
X — 2

4p.  9(x) = log Back to Problem 4.

3X +5
Want (Need): >0

Step 1:
SXFS 0 o 3 4+5-0= x=-2
X — 2 3
3X + 5
« _ o undefined = x -2=0 = x=2
Step 2: Plot all the numbers found in Step 1 on the real number line.
3X +5
+ - + Signof 5
< i i >
5
_ g 2
Step 3: Use the real number line to identify the open intervals determined

by the plotted numbers. Pick a test value for each open interval.

3X + 95
Interval Test Value Signof ~ 7"
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4c.  h(x) = log, ﬁ Back to Problem 4.

7
NOTE: The nonlinear expression ﬁ will be defined and will be

positive as long as the linear expression X + 4 is positive.
Want (Need): X +4 >0
X+4>0=x>-4

Answer: (—4, o)

4d.  f(x) = log,, (4x — 3)° Back to Problem 4.



NOTE: The nonlinear expression (4X — 3)% is greater than or equal to zero
for all real numbers x. Since the logarithm of zero is undefined, we need that

4x—3¢0:>x¢%_

Definition The logarithmic function with base b is the function defined by
f(x) =log, X, where b>0and b =1,

Recall that Y = log, X if and only if b’ = X
Recall the following information about logarithmic functions:

1.  The domain of f(Xx) = log, X is the set of positive real numbers. That is,
the domain of f(x) = log, X is (0, ).

2. Therange of f(X) = log, X is the set of real numbers. That is, the range of
f(x) =log, X is (— o, ).,

3. The logarithmic function f(X) =log,X and the exponential function

g(x) = b”™ are inverses of one another:

(fog)(x) = f(g(x)) =log, g(x) = log,b* = xlog,b = x(1) = X,
for all x in the domain of g, which is the set of all real numbers.

(go f)(x) = g(f(x)) = g(log,x) =b"** =x, for all x in the
domain of f, which is the set of real numbers in the interval (0, ).



Definition The natural logarithmic function is the logarithmic function whose base
is the irrational number e. Thus, the natural logarithmic function is the function

defined by f(x) = log, X, where e =2.718281828..... Recall that log, x = In X,

Definition The common logarithmic function is the logarithmic function whose
base is the number 10. Thus, the common logarithmic function is the function

defined by f(x) = log,,X. Recall that log,, x = log X,

Theorem (Properties of Logarithms)

1. log,u" = rlog,u

2. log,uv = log,u + log,Vv
3. |09b% = log,u — log, Vv
4 log, b =

5 log,1 =0

6. b =u

7. log,b" =u

log . u

. log,u =
8.  Change of Bases Formula: '095 log_ b

Proof

1. Let Yy =log,u. Then by the definition of logarithms, b” = u. Thus,
u" = (b’)" =b’ =Db". writing the exponential equation u" = b"’



in terms of a logarithmic equation, we have that log,u" = ry. Since
y = log, u, then we have that log,u" = rlog,u.

Let ¥ =log,u and W = log,V. Then by the definition of logarithms,
b’ =u and Db" =v. Thus, uv=Db"b" =b""" \Writing the

exponential equation uv = b” "™ in terms of a logarithmic equation, we

have that log,uv =y + W, Since Y =log,u and W = log,V, then
log,uv = log,u + log, V.

Let ¥ =log,u and W = log,V. Then by the definition of logarithms,

u b’

bY =u and b" =v. Thus, — = —
Y b

b” ™" Writing the exponential

u _
equation v =b’""" in terms of a logarithmic equation, we have that

u
logb;=y—W. Since y=1Ilog,u and Ww=Ilog,v, then

u
log, — =log,.u — log,. v
b Vv b b .

u . u .
Alternate proof: Since = UV ' we have that |09bg = log,uv ",

1 1

Now, applying Property 2, we have that log,uv™" = log,u + log,v™",

Now, applying Property 1, we have that log,v™* = —log,Vv. Thus, we

u . .
have that 109, = log, uv " =log,u + log,v~" =log,u — log, v,

Let Y = log,u. Then by the definition of logarithms, b’ = u. Since

log,u

y = log,u, then b = u.

Follows from applying Property 1 and then Property 4.



8. Let y=Ilog,u, w=1log,u and z =log,b. Then by the definition of
logarithms, we have that b’ = u, a” =u,and @ = b. Since a’ = b,
then b’ =(a®)” =a’. Since b’ =u and b’ =a’, then
a’ =u. Since a" =u,then a’* =a". Thus, Yz = W. Since
y =log,u, z =1log,b,and w = log,u,then (log, u)(log, b) =
log, U. Since b is the base of a logarithm, then b # 1. Since log,b = 0
if and only if b =1, then log,b # 0. So, we can solve for log,u by
dividing both sides of the equation (log,u)(log,b) = log,u by log,b.

log . u

log,b-

Thus, we obtain that 109, U =

Alternate proof: Let Y = log,u. Then by the definition of logarithms,
b’ = u. Taking the logarithm base a of both sides of this equation, we
obtain that log,b” =log,u. By Property 1, we have that
log,b” = ylog,b. Thus, log,b” =log,u = ylogb=1ogu,
Since b is the base of a logarithm, then b # 1. Since log,b = 0 jf and
only if b =1 then log,b= 0. Solving for y, we obtain that

log, u | log, u
Since y = log, u, then 094 log b

= log, b

Back to Top.




The sketch of the graph of Y = log, X, where b > 1:
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The x-intercept of the graph of the function is the point (1, 0) .

The vertical line X = 0, which is the y-axis, is a vertical asymptote of the
graph of the function.

The sketch of the graph of ¥ = log, X, where 0 < b < 1:

yllk

A
b—
y

\ 4

The x-intercept of the graph of the function is the point (1, 0) .



The vertical line X = 0, which is the y-axis, is a vertical asymptote of the
graph of the function.

The sketch of the graph of Y = log,, (—X), where b >1:
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The x-intercept of the graph of the function is the point (=1, 0).

The vertical line X = 0, which is the y-axis, is a vertical asymptote of the
graph of the function.

The sketch of the graph of Y = log, (—X), where 0 < b < 1
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The x-intercept of the graph of the function is the point (=1, 0).

The vertical line X = 0, which is the y-axis, is a vertical asymptote of the
graph of the function.

Back to the top.




