Pure Math 30:

ooal®
lesson 3

Algebraically Solving Logarithm Equations




Logerithms lessom 3

Peart | — Reiving Reciprocals

EQUATIONS WITH X AS THE BASE:

‘Example 1: Solve for x in: x> =2

Reciprocal Exponents

To get x by itself, raise both sides
to the reciprocal exponent.

‘Example 5: x* =%

x> =

L
3

<i-()

x=0.577

‘Example 6: If log,,.,,5=10, then what is x?

log,.,5=10
(x+2)°=5

1 1
[(x+2)° o = (5
x+2=1.175
x=-0.825

‘Example 4: (3x)* =2
2

(3x)% =2
3
2

When you
see the terms expand

2 3 and condense, you can
((3)()3] =(2) ; leave a logarithm in the
final answer.
When you see the word

solve, you must get x
x=0.9428 by itself.

3x=2.8284
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Logerithms lessom 3

Peart | — Reiving Reciprocalrs

GUESTIONS: SOLVE FOR X

1)x°=4 6) If logx + 34 = 19, then what is x?

3

4) (2x)> =3

ANSWERS.

1) 1.32
2) 343

3) 0.0814
4) 1.04
5) 1.41
6) -1.92
78
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@V

Legaritihms Lessom
Lant ll — Conmmeon Barer

EQUATIONS WITH COMMON BASES:

‘Example 1: 2* = 8%
2x — 83x—1

9% = (23 )3)(—‘1

/ Common Base

#

poonce the, # THESE EQUATIONS CAN BE SOLVED BY
e U & FINDING A COMMON BASE AND THEN
can set the N, SOLVING FOR THE EXPONENTS.
exponents b Y
equal to each

other and
solve for x

Example 4:

T ‘Example 6:

227y =4
(27)<" = 4fo*

Example 2: 9% = 27*
92X—4 — 27X

() ()

163X — 6L|’X A 83x—1

()" = +(2)"

34X—8 - 33X
4x -8=3x

X=8

Z‘IZX — 26X A 29X—3

2’12){ — 26x+9x—3

12x=15x-3

1
3
1
3
1

4x x-2 -3x=-3
‘Example 3: (2] = (ij "

4 27 x=1
2)4){ =(ijx—2
4 27

‘Example 5: qIf
X=16™8"",
then log,x is:
X=16" 8"

X=(2) (2"
When you X =2 e 2"
R
e x-2
exponent. logZX — logz 910m-3
=(10m-3)log, 2
=10m-3
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Logerithms lessom 3

Pt Il — Commeon Barer

GUESTIONS: SOLVE FOR X

1) 33x = 92x-1 4) 96X = 818x o 272x-5

5) If A = 32™ x 64°™ | then log,A =

2X 3x-7 1 X-6 4 ax
6) —(8 =4
3) (16) :(287j ) 2( )=

81

ANSWERS:
1) 2

28

3) 21

4) 0.577

5) 23m-6
6) 7.6
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Logerithms lessom 3

Peart Ml — Mo Commeon Bares

EQUATIONS WITHOUT COMMON BASES:

‘Example 1:
3 =4

3 =14
log3™ =logk
xlog3 =logs

Example 2:
2e5x2=7

254 =7
X+2=Z
2

5
7
logs** =log—
0g 0g 9
7
(x+2)logh = logg
7
xlogh+2logh = loga
7
xlogh = log§—210g5

7
log=-2logh
_ ng og

logh
x=-1.22

‘Example 3:
2¢32=6

Example 4:
x=.9

logs™ =log(-2)
‘No Solution

‘Example 5: (Z ’

5

‘Example 6:
a’x+3 = b—‘l

ax+3 — b—l

loga®*® =logb™

(x+3)loga =-logb

xloga +3loga = -logb

‘= -logb - 3loga
loga

1
3

Loqg Both Sides

EQUATIONS WITHOUT
COMMON BASES CAN BE
SOLVED BY TAKING THE LOG
OF EACH SIDE,

THEN SIMPLIFYING.

‘Example 7: 1f
log x +log x +log x = 6,
solve for x

logx +logx +logx =6
3logx =6

logx =2

10> =x

x =100

‘Example 8:
log, (x*+1)-log,6=1log,5

log,(x* +1)-log,6=1o0g,5

2
X

LS Y

|
0g, 6

When you arrive at
a step where you
have a log on one
side and a log on
the other (with no
extra terms) you

can cancel the logs

and keep going.
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Logerithms lessom 3

Peart Ml — Mo Commeon Bares

GUESTIONS: SOLVE FOR X

4 2x-3 1
X _ 5 — _
1) 4*=5 ) (5} 2

2) 3e7°° =8

3) 34 =2 7) If logxa + logya = 8, then x =

ANSWERS:

1) 1.16
8) logs(x® + 5) — logs8 = logs3 2) -4.50

3) -6.29

4) Undefined

5) 4.61

6) -5logb - 2loga
loga
1

7) x=a*

8) +4.36
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Logerithms lessom 3

SOLVE BY GROUPING:

‘Example 1:
65x = 32x—1

65x - 32x—1
log6™ =1log3*"
5xlogb =(2x-1)log3
5xlog6 = 2xlog3 -log3
5xlog6-2xlog3 =-log3
x(5log6-2log3) = -log3
<= -log3
5log6-2log3
x=-0.1625

Example 2:
2x+3 = 32x—‘l

2X+3 — 32)(-1
log2*? =log3*"
(x+3)log2 =(2x-1)log3

Padt IV — Solving By Creuping

Factoring X

THESE EQUATIONS WILL REQUIRE
YOU TO BRING THE TERMS
INVOLVING X TO ONE SIDE,

FACTOR THEM, AND THEN SOLVE.

‘Example 3:

2x-1

L
1 =logh*
og 5 og

logs™" -log3 = log5*
(2x-1)logk-log3 = xlogh
2xlogZ -logs -log3 = xlogh
2xlogZ - xlogh =logh +log3
x(2log#-logb) =logs +log3

‘Example 5: 32423 =742

3 A Z+ZX+3 — 74x—2
log(3+4”")=log7"”

log3+loga™"® =log7*?
log3+(2x +3)logk = (4x - 2)log7
log3+2xlogk + 3logk = 4xlog7 - 21og7
2xlogk - 4xlog7 = -2log7 -log3 - 3logk
x(2logh -4log7) =-2log7-log3 - 3logh
<= -2log7 -log3-3logs

2logh - 4log7

‘= log4 +log3
2logk-logh
x=2.14

xlog2 +3log2 = 2xlog3 -log3
xlog2 - 2xlog3 = -log3-3log2
x(log2-2log3)=-log3-3log2
<= -log3-3log2

log2-2log3
x=2.11

x=1.826

‘Example 6:
log,(x)-log,2=1og,7

‘Example 4:
2 ° 3x+3 = 63x

9033 = g3
log(Z . 3’”3) =log6™

log,(x)-log,2 =log,7

X
log.| = |=log.7
log2 +log3*"* =log6™ & (2) &

log2 +(x + 3)log3 = 3xlogb

X
log2+xlog3+3log3=3xlog6 9 Y

xlog3-3xlogb=-log2-3logd x =12
x(log3-3log6) =-log2 - 3log3

_ -log2-3log3

~ log3-3log6
x=0.9327
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Logerithms lessom 3

Pert IV - Solving By Crouping
GUESTIONS: SOLVE FOR X

. 53X-1 B

- 5% = Q2x-1 3: _6X
1:6™ =3 5

6: log,(x)-log,4 =log,6

ANSWERS.

1) -0.16
2) 0.52
3) 0.76
4) -2.91
5) 1.94
6) 24
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Logerithms lessom 3

Part V -
SOLVING USING LOG ROLES:

‘Example 1: 3logx+5=8
3logx+5=8

3logx =3

logx =1

10" =x

x=10

‘Example 2: 3log,x=12
3log,x =12

log,x =24

2" =x

x=16

‘Example 3: log,(x-2)=1og,(3x+2)
log,(x-2)=1log,(3x+2)
X-2=3x+2

-2x =4

X = ’2 Reject - 2 since it would make the original logarithm undefined

‘Example 4: 2log.3=1og,(x+1)
2log, 3 =log,(x+1)

log. 3% =log,(x+1)
9=x+1
x=8

‘Example 5: 2log,x +log,16=10g,9
2log,x +log,16=10g,9

log,x” +log,16 =1log,9
log,16x* =log,9

X = — Reject - 5 since it would make the original logarithm undefined

Solving Using Llog Rulers

‘Example 6: 5log,x = 2log,b
5log,x =2log,b

log,x* =log,b’

<5 =b?

() =(b)?

X=b§

‘Example 7
log,(x+1)+log,(x-2)=3
log,(x+1)+log,(x-2)=3
log,(x+1)(x-2)=3

2° = (x+1)(x-2)

8=x*-x-2

— 2
O =X -X- 1 O Solve by graphing and finding the x - intercepts

X = 3 . 70 Reject - 2.70 since it would make the original logarithm undefined

‘Example 8: log,(x-1)=2-log,(x +2)
log,(x-1)=2-log,(x +2)
log,(x-1)+log,(x+2)=2
1og3(x 1)x+2)=2
=(x-1)(x+2)
9=x"+x-2
0=x>+x-11

X = 2 5 8 5 Reject - 3.85 since it would make the original logarithm undefined

‘Example 9: log,x =3-log,(x+2)
log,x=3-log,(x+2)
log,x+log,(x+2)=3

log,x(x+2)=3

8=x(x+2)

8=x"+2x

0=x"+2x-8

X = 2 Reject - 4
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Logerithms lessom 3

Pert V — Solving Using log Rulers

‘Example 10: logx-log(x+5)=1 ‘Example 13: log(x_1)25 =2
logx -log(x+5)=1 log,.,,25=2

log| =X x-1)*=25
Og(x+5j x-1)

. Jx-1) =25

1
10_X+5 x-1=45

X X=06 Reject - 4

10=
xX+5

10x+50 =x ‘Example 14:
9x = -50 2log(x-3)=1ogk +log(6-x)

x=-5.56 Reject, sonosolution.

2log(x-3)=log4 +1og(6-x)
‘Example 11: log,(2x+1)-log,(x-1)=1 log(x-3)" = log#(6-x)
log,(2x+1)-log,(x-1)=1 (x-3)° =4(6-x)
(2X+1] x?-6x+9=24-4x
log, =1
x*-2x-15=0

(‘Factor, or graph and find x - intercepts)

x-1
_2x+1
Cx-1
3x-3=2x+1
X=4 ‘Example 15:
(logx)?-4logx-5=0
(logx)” - #logx-5=0
a’-%4a-5=0
(a-5)(a+1)=0
(logx-5)(logx+1)=0

3
X = 5 Reject - 3

‘Example 12: logx*+log3=1log2x
logx® +1log3 =log2x

log3x* =log2x
3x* = 2x
3x*-2x=0

x(3x-2)=0 logx-5=0 [

Replace logx
with “a” to see
100000 = x the quadratic
equation better.
Once factored,

put logx back
logx+1=0 in to complete
the question.

2 logx =5

X=— Reject 0

logx =-1
x=0.1
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Logerithms lessom 3

Peart V — Solving Using log Rulers
GUESTIONS: SOLVE FOR X

1) Slogx+4=2 5) 3log,x + 109225 = log,16 9) log,(x-3)=4-log,(x+3)

2) 4logyx = 24 6) 4logsx = 8logsb

10) logzx = 5 — loga(x+3)

3) log,(x-1)=log,(2x+2) /) l0gz(x-2) =4

11) logx-log(x+4)=1

4) 2|0955:|095(2X+1) 8) |Og(X+2)+|Og(X-1):1
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Logerithms lessom 3

Pert V — Solving Using log Rulers

12) logs(5x+1)-logs(3x-1) =1 15) 2log(x-2) = log5 + log(5-x) 17) (logx)® +logx® =-2

13) logx® +log4 =log3x 16) 3logx-logx =2 \
18) (logx) -16=0

14) Iog(x-3)36 =3

ANSWERS:

1) 0.398 7) 18 13) 0.866

2) 64 8) 3 14) 6.3

3) No Solution 9) 9.49 15) 4.11

4) 12 10) 4.35 16) 10

5) 0.862 11) No Solution 17) 0.01, 0.1
6) b? 12) 1 18) 0.01, 100
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Logarithms Lesson 3
Part VI — Djplome /tyle

DIPLOMA STYLE EQUATION QUESTIONS

‘Example 1: The graph of y =log, x

goes through the point (3, 7).
“What is the value of a?
y =log,x
7=1log,3
a’=3
1
a=37"

a=1.17

Example 2: Determine the
x-intercept of y =log,(x + %)

y=log,(x+4)

0 =log, (x+4) At the x-intercept,
2°=x+4 y-0

1=x+4 At the y-intercept,
x=-3 x=0

‘Example 3: The y-intercept
of y=log,(x+4) is

y =log,(0+4)

y =log, %

y=2

Example 4: Determine the
equation of an asymptote of
y=log,(3x-8)+4

y =log,(3x-8)+4 To find the
Q= asymptote,

3x-8=0 determine

3x=8 the value of

x which
8 makes the
— brackets
3 become
zero.

X =

‘Example 5: An exponential

function is defined

as: f(x)=5(1.2)**.

qf f(k) = 83, then the value of k is?

f(x)=5(1.2)**

83=5(1.2)*

16.6=(1.2)~*

log16.6=1og(1.2)"*

log16.6 = (k -3)log1.2

log16.6=klog1.2-3log1.2

log16.6+3log1.2 =klog1.2

k= log16.6+3log1.2
log1.2

k=18.41
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Logerithms lessom 3

Part VI — Diplomea /tyle

‘Example 6: Given the functions f(x) = log,(x-2)-2 & g(x) = log,(3x+1),
determine the x-value at the point of intersection.

f(x) = g(x) 16= xX-2

To find th int of
log,(x-2)-2=1log,(3x+1) 3x+1 irgrerZecﬁ:npgntw%

B = 48x+16=x-2 functions, set them
log, (x-2)-log, (3x+1)=2 B7x=-18 equal to each other
X and solve for x.

x=-0.383 (Reject)
‘No Solution ‘Exists
‘Example 7: The point (27, 3) lies on the graph of y =log,x . If the
point (%, k) lies on the graph of y =b*, then what is the value of k?
y =log, x
3=log,27 First solve for

b =97 k=3" the b-value, then
k=81 use it to find k.
b=3

X

y=b

‘Example 8: Determine the ‘Example 10: The ordered pair
equation of the inverse of (3, 81) lies on the inverse of
f(x) = loghx y =log,x . Find the value of a.
y =logbx y =log,x
x =logby x =log.y

3=log,81

a’ =81

a=4.33

‘Example 9: The ordered Example 11: Determine the
pair (k, 1.23) lies on the y-intercept of the function
inverse of y =2*. y=a*?

The value of k is: =a*
y=2" g

x=2Y

3

-3

1
k = 9123 y=F
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Logerithms lessom 3

Part VI — Djplome /tyle
GUESTIONS:

1) The graph of y =log_x goes through the point (3, 6). What is the value of a?

2) Determine the x-intercept of y = loga(x+7)

3) The y-intercept of y = logs(x-2) is

4) Determine the equation of an asymptote of y = logs(2x — 6) + 3

5) An exponential function is defined as f(x) = 3(2.4)x2 . If f(k) = 65, then the value of k is?

6) The graphs of f(x) = logs(3x-3) & g(x) = logs(2x -1) intersect at a point. What are the

coordinates of that point?

7) The point (64, 4) lies on the graph of y = logpx. If the point (5, k) lies on the graph of

y = bx, then what is the value of k?
8) Determine the equation of the inverse of f(x) = logax

9) The ordered pair (k, 4.11) lies on the inverse of y = 3x.

The value of k is:

ANSWERS:

10) The ordered pair (4, 64) lies on the inverse of y = logax. 1) 1.2
Find the value of a. 2) -6 .
3) Undefined
4) x =3
11) The graph of y = bx-4 has a y —intercept of 5)5.51
6) (2,1)
7) 181.02
8) y =3*
9)91.4
10) 2.83

1
1) =
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