MATH 30 - Precalculus. Homework 8. Due Tu. 04/18/2019. Professor Luis Fernédndez

SOLUTION

. Use the properties of logarithms to expand the following expressions.

a) logg(5y) =logy 5 + logy y b) logg 2" = Tlogg x
1
2 1
c) log,(32%y3) = log, 3 + 2log, x + 3log, y d) logg % =3 logg © — 3logg ¥
Y
Sx? 1 L Vx3  1/(3 3
e) log; ? = 3(2 logs x — logy) f) log; 4—\/y—3 =7 (5 logs 2 — 1 logg y)
4 / 2 3
g) In l% =4Inz + %ln(:c2 +3) —5In(x +3)
x

237 =
B) log lmx VT—z

T 1)2 1 =log 10+ 2logx + %log(l —z) —log7—2log(x + 1)

. Use the properties of logarithms to condense the following expressions.

a) logz +logh = logbx b) logg x + 3logg y = logg(xy?)
6)4 23
c) 41n(x+6)—51n(x+1)=1n<(x+ )r> d) 2logx + 3logy — 4logz = log (:vi/ )
(x+1)° z
3/t
Ty
e) %(logﬂc—i-logy) = log \/Zy f) %(10g7$+410g7y) —3log;(x +y) = log7m
(z +6)°

2 —
g) %(5 In(z +6) — Inz — In(2? — 25)) = ¢ h) logz + log(x? — 4) — log 15 — log(z + 3) = log (M)

(
z(z? — 25) 15(x + 3)

. Use the change of base formula to write the following logarithms as logarithms in the indicated base.

log 12
a) log, 12; write it in base 10. Solution: log, 12 = loogg7
In12
b) logy 127; write it in base e. Solution: logy 127 = I; 97
n
log: 9 logs 9
c) logys 9; write it in base 5 and simplify. Solution: log; 9 = 9857 _ %8s
logs 25 2
s o . log, 8 3
d) log% 8; write it in base 2 and simplify. Solution: log% 8 = =1~ -3
oo, L~
082 2
1
. If logy b = 7, use the change of base formula to find log, 8 = 08,8 = §
logo b
. Solve the following equations.
a) 4% = 32. b) 277 = 81.
1
222-1 = 32 d) 5277 = —
X 22 ) 125
e) 7T =T f) 81-% = 4x+2

Solutions:



a)

b)

d)

f)

d)

4® = 32. Write both sides as powers of 2: (22)% = 25, so using the rules of exponents we have 22* = 25 so 2z = 5,

_9
SO T = '2
27% = 81. Write both sides as powers of 3: (3%)* = 3%, so using the rules of exponents we have 33% = 3%, so 3z = 4,
sox =4

=3

222=1 — 8. Write both sides as powers of 2 and proceed as in the previous exercises. An alternative way follows:

take log, of both sides, log, 22*~! = log, 8, and simplify: 2 — 1 = 3. Therefore 2z = 4, so z = 2.

1

52— Proceed as in exercises a) and b) or as in ¢: Take logy of both sides and simplify: logs 52~% = logs 25

1
125
so 2 — x = —3. Then solve the equation: 2=z — 3, s0 5 = .

z—2

755 = /7. As before, take log; of both sides and simplify: log; 7% = log; /7 so & 5 2 _ % Solve this equation:
multiply both sides by 6 to get xt —2 =3, s0o x = 5.

81=% = 42+2 Take log, of both sides (why base 2? Because 2 divides the bases of the exponentials in both sides):
log, 817 = log, 4**2. Use the properties of logarithms and simplify: (1 — x)log, 8 = (z + 2)log, 4. Now, log, 8 = 3
and log, 4 =2, so we get 3(1 —x) =2(x+2),803 -3z =2x+4s0o —bx=1,s0 z = —%.

. Solve each exponential equation. Express each solution using natural logarithms (i.e. in base e) or logarithms in

base 10. Then use a calculator to find a decimal approximation, correct to two decimal places.

a) 5e” =7 b) 4e™ = 10,273

C) 3% = 02 d) 729071 — 3z+2

e) e —2e* —3=0 f) 22¢ 4 97 _ 12 =0
Solutions:

5¢* = 7. Take In of both sides: In(5¢*) = In7. Use the properties of logarithms to expand: In5 4 Ine* = In7. Now,
Ine®* = x, so we get In5 4+ x =In7. Therefore z =In7 —Inb ~ 0.34.

4e™ = 10,273. Take In of both sides: In(4e™) = In10,273. Use the properties of logarithms to expand: In4+Ine™ =
In10,273. Now, Ine™ = Tz, so we get In4+7z = In 10, 273. Therefore 7z = In10,273—1n4, so z = w ~
1.12.

37 = 0.2. Take In of both sides: In(37) = In0.2. Use the properties of logarithms to expand: ZIn3 =1n0.2. Divide

both sides by In3 to get 7 = l’ilnof. Multiply both sides by 7 to get x = %2'2 ~ 10.25.

72=1 = 32+2_ Take In of both sides and use the properties of logarithms to get (22 —1)In7 = (z+2) In 3. Distribute:
(2In7)z—In7 = z1n34+21n 3. Subtract zIn 3 from both sides and add In 7 to both sides: (2In7)z—z1n3 =In74+21n3.

Factor x out in the LHS: z(2In7 —In3) = In7 + 2In3 and finally divide both sides by (2In7 — In3) to get = =

In74+2In3
o7 —Ing3 ~ 148

e?® — 2¢® — 3 = 0. Before finding z, let us first find e®. Write e = t. Then e%* = (e%)? = 2, so the equation can
be written as t? — 2t — 3 = 0. This is an easy quadratic equation, so we solve it: (¢t —3)(t +1) = 0,80t = —1 or
t = 3. Now we find z: the two solutions are the values of x that give e* = —1 and e” = 3. The first one (e* = —1) is
impossible (exponentials are always positive). To find z in the second one, take In of both sides to get Ine® = In 3,

and since Ine* = z we have £ = 1In3 ~ 1.10.



f)

d)

f)

g)

h)

227 2% — 12 = 0. Before finding x, let us first find 2%. Write 2% = ¢t. Then 2%* = (2%)? = 2, so the equation can
be written as t? +¢ — 12 = 0. This is an easy quadratic equation, so we solve it: (t —3)(t +4) = 0, so t = —4 or
t = 3. Now we find z: the two solutions are the values of = that give 2 = —4 and 2* = 3. The first one (27 = —4) is
impossible (exponentials are always positive). To find x in the second one, take In of both sides to get In2* = In 3,

and since In2* = xIn2 we have xIn2 =1n3, so x = %E—% ~ 1.58.

. Solve the following logarithmic equations.

a) logsx =3 b) log,(x —7)=3

¢) 5ln2zx =20 d) logsz +logs3 =2

e) 2logsx =4 f) 3logz =log125

g) logoVz+4=1 h) logy(z — 1) +logy(z +1) =3

i) log(z 4+ 7) —log3 =log(7x — 1) j) log(xz + 3) + log(z — 2) =log 14
Solutions:

logy z = 3. Write it in exponential form: = = 5% = 125.

Check the solution: logs 5 = 3: YES.

log,(r — 7) = 3. Write it in exponential form: x — 7 = 4% = 64. Then add 7 to both sides to get = = 71.
Check the solution: log,(71 — 3) = log, 64 = 3: YES.

5In 2z = 20. Divide both sides by 5 to get In 2z = 4. Write this in exponential form: 2z = e* and divide by 2 to get
4
T = %— ~ 27.30.

4
Check the solution: 51n (2 . %) =5lne* =5-4=20: YES.

logs « + logs 3 = 2. Use the properties of logarithms to condense the LHS: logs (3x) = 2. Now write it in exponential
form: 3z = 5? = 25. Finally divide by 3 to get x = %?
Check the solution: logs %? + logs 3 = logs 25 — logs 3 + logs 3 = logs 25 = 2: YES.

2log; = 4. Divide both sides by 2: logs x = 2, then write it in exponential form to get z = 52 = 25.
Check the solution: 2logs 25 =2-2 =4: YES.

3logx = log125. Use the properties of logarithms to condense the LHS: logx® = log125. Then we must have
23 =125, s0 x = 5.
Check the solution: 3logh = log5® = log 125: YES.

logy & +4 = 1. Write it in exponential form: /x + 4 = 2. Then square both sides to get rid of the VR 4 =4.
Therefore, z = 0.
Check the solution: log, /0 + 4 = log, v/4 = log, 3 = 1: YES.

logy(z — 1) +logy(x + 1) = 3. Use the properties of logarithms to condense the LHS: logy(z — 1)(x + 1) = 3. Then
write it in exponential form: (z — 1)(z + 1) = 23 = 8. Now solve this equation. First expand the LHS to get
22 —-1=8,s022=9,s0x=—-3orx=3.
Check the solution: Check the solution x = —3: logy(—3 — 1) + logy(—3 + 1) = log,(—4) + log,(—2) which is NOT
DEFINED, so = —3 is NOT a solution. Now check z = 3: log,(3 —1) +1log,(3+1) = log,(2) +1logy(4) = 1+2 = 3:
YES. Therefore the only solution is = 3.



i)

J)

log(z+7)—log3 = log(7x—1). Use the properties of logarithms to condense the LHS: log x—'éi = log(7x—1). Remove

the log’s in both sides: a:_—3|i = 7x — 1. Then solve this equation: multiply both sides by 3 to get x + 7 = 21x — 3,
so —20z = —10,s0 z = %

Check the solution: The LHS is log (% + 7) —log3 =log % —log3 =log l()é = log % The RHS is log (7- % — 1) =
log (% — 1) = log %: YES.

log(z + 3) + log(x — 2) = log 14. Use the properties of logarithms to condense the LHS: log(z + 3)(x — 2) = log 14.
Remove the log’s in both sides to get (z + 3)(xz — 2) = 14. Now solve this equation: expand the LHS to get
22+ 2 —6 =14, so 22 + x — 20 = 0. Factor the LHS: (x + 5)(x — 4) = 0 so the possible solutions are x = —5 and
r =4.

Check the solution: First check x = —5: log(—5+3) +1log(—5—2) = log(—2) +log(—7) which is undefined, so x = —5
is NOT a solution. Now check x = 4: log(4 + 3) + log(4 — 2) = log(7) + log(2) = log(7 - 2) = log 14: YES. Therefore

the only solution is x = 4.

. Do exercises 17, 19, 21, 23 from Section 4.5 in the book.

Solution: Find the solutions at the back of the textbook.



