Homework Answer
Chapter 3 Logarithms

3A Introducing logarithms

log,(64) = log,(25) =2 <« log,(0.1) = log,(16) =
6 <« 20-64 5 =25 -1 & W'= 2 & 4£2-16
0.1
logg(3) = . logg(64) =2 <« logl.ﬁ(Z) = :11 Py logs(81) =
3 oe 9P=3 g =04 1644 =2 4 < 3=sl
log,;(5) = . logy6(4) = i e log,(8) = I e log,(+) =
e 25— 167 =4 492 =8 -2 & 4’ =L
5
4# =64 23=1 « 3°=} & 10" =10 <
log,(64) = 3 logy(£) = —3 logy(3) = —2 log,(10) =1
92-3 o 5= o 87216 o (})?=16 <
logy(3) = % logs(&) = —3 logs(16) = 3 log: (16) = —2
=49 o 2532 ~ 125 < 67 =36 <« 2'=16 <«
log,(49) =2 log,s(125) = % log;(36) = 2 log,(16) = 4
log,(32) = 5 logg(1) =0 log,,(100) = 2 logy(&) = —2
log,(81) = 4 logy(3) = 1 logy;(125) = 2 log,(243) = 5
logy(2) = -3 log,(2) = 3 log,(1024) = 10 logy;(3) = &
logs(6) = 5 logy(7) = % logyy(144) = 2 loge(0.1) = —%
lﬁf{:,(,.‘{,) =-1 logg(4) = -2; loggy(8) = é lOHm(%) = —i
log;(16) = = log(125) = = log,(64) = = log,(81) =2
=4 x =3 r =3 (already 3
logy(1) = = log; (z) = 2 logg(z) = 5 logy () = —3
r=—3 =25 x =243 ;.*:—%
logg(216) = x logp(z) = —2 logy(3) = log,(z) = }
logy(+) =z logg(z) = 2 logo(256) = = logg(z) =1
z— 2 =64
10{%3(31;) =& logyps(z) = 1 logy(3) = = log;(1) =«
z =125 z=1 =0



3B. Laws of logarithms

logs(4) +log,(8) =2+3=5

log=(25) + logﬁ[%] =2+
(-1)=1

logE(é) + log,(8) = —1 +
3=2

log,(32) + log,(64) = 5+
6=11

logs(8) —logs(4) =3 —-2=1

log:(125) — log-(25) = 3 —
2=1

log,(1) — lagJ(ﬁ) —0-
(-1)=1

log,,(100) — log,,(0.01) =
2 (—2) =4

2log,(3) + log,(4) =

log, (36)

2log.(5) + logs(25) = 4
3log,(2) +log:(4) =
log:(32)

2log;(4) — logy(2) =
log;(8)

5logs(3) — 2log,(9) = 1
2log;(7) + log,(49) = 4

logs(3) +log,(9) = 1+
2=3

logg(36) + logg(6) = 2 +

1=13

logs(1) + log4(3) = 0+
1=1

logs(9) +logy(3) =2+
(-1) =1

log,(27) — logs(3) = 3 —

1=2

log,,(1000) — log,,(100) =

3—2=1

log;(25) — logy(3) =2 —

(-1) =3

log,(64) — 10{12(%) =6—

(—3)=9

log,(8) + 2log4(9) =
log,(648)

2log,(2) + log,(8) = 3

2log,(5) + log,(5) =
log,(125)

3log,(25) — 2logs(5) = 4

2log,(16) — log,(4) = 3
log;(125) + 2logy(3) =1

log,(2) + logy(8) = 5 +
3=2
7

log,(4) + log,(16) = 1 +
2=23

logs(8) + logg(64) = 1 +
2=3

log,,(10) + log,,(100) =
1+2=3

log,(64) — log,(16) = 3 —
2=1

logs(32) — log,(8) =5 —
3=2

log,(3) —logy(4) = —1—
(—2) =1

log;(9) — logy(3) =2 -
(—1) =3

3log,(2) + log,(8) =6

3logs(3) + log,(9) =5

4log,(10) — log,(100) =
log,(100)

4log,(2) — log,(16) = 0

3log;(6) — logg(36) = 1

2log,(8) + logy(2) = 7



2 =7

r = 2.807
5 =12
r=21.544
3F=2

r = 0.631
(L5)* =3
x == 2,709
(0.6)* = 0.2
x == 3.151

(0.7)" = 0.49
& = 2.000

10 = 2° = 80

2 = 8= =
3.000

2.5 x (1.5)° = 12

(1.5)" = 4.8=
x =z J.871

27 =20
T~ 4.322

97 =27
x = 1.500

5 =10
r = 1.431

(2.3)* = 10
x == 2.764

(0.8)* = 0.64
& = 2.000

(1.01)* = 1.3
o ~ 26.385

3 x 5° =90

5° = 30= z ~
2.114

7 x (1.4)* =70
(1.4)° = 10=
o ~ 6.842

3C. Solving exponential equations using logarithms

3 =50
x == 3.560

8% = 1000
r == 3.322

7 =12
x == 1.232

(0.4)° = 0.2
x = 1.757

(1.2)" = 4
x = 7.606

(25)° =5
z ~ 1.757

0.5 x4 =8§
4% = 1= x =
2.000

2 % (0.7)° = 1
(0.7)* = 0.5=
x == 1.944

4% =100
x == 3.322

107 =30
x = 1477

9 =18
x = 1.315

(0.5)° = 0.25
x = 2.000

(2.7)° = 6
r =~ 1.804

(6.3)" = 8.8
z =~ 1.182

4 % (0.8)° = 0.8
(0.8)° = 0.2= z =~
7.215

3 % (0.3)° = 0.1
(0.3)° = 0.0333=
r =~ 2.826



3D Introducing polynomials

4r — 1
Degree — 1

3 — 82 + 1027

Degree — 7

—2t° + 9t
Degree — 6

e. 18x™4

f. -6x"8

e. -6x"3

f. 9x°8

3

r+r—T
Degree — 3
4y +3y+1
Degree — 2

Ju* + 8u® — 10
Degree — 4

22° + 9
Degree — 5

Tzt —2249

Degree — 4
11v — 17
Degree = 1



(a) P(2)

P(2) = —10(2) + 5(2%) + (2%) =20 + 5(8) + 4=-20 + 40 + 4=24.
(b) P(—2)
P(-2) = —10(-2) + 5((-2)%) + (-2)°=20 + 5(-8) + 4=20 — 40 + 4= 16
(c) P(a)
P(a) = —10a + 5a* + &%
(d) P(—a)
P(—a) = —10(—a) + 5((—a)*) + (—a)* = 10a + 5(—a’) + &* =10a — 5a° + o’.
(e) P(—2a)
P(—2a) = —10(—2a) + 5((—2a)*) + (—2a)® =200 + 5(—8a") + 4a® = 20a — 40a® + 4a®.
# P(y)
P(y) = —10y + 5y + %
(g) P(ab)
P(ab) = —10(ab) + 5((ab)’) + (ab)* = —10ab + 5a°b* + a’b’.
(h) P(—ab)
P(—ab) = —10(—ab) + 5((—ab)*) + (—ab)® = 10ab + 5(—a’b*) + @%b = 10ab — 5a*b’ + a%b%
(a) P(1)
P(1) =1 — 2(1) + 3(1%) + 2(1%)=1 — 2 + 3 + 2=4.
(b) P(—1)
P(-1) = 1 — 2(-1) + 3((-1") + 2((-1))) =1+ 2+ 3 - 2=4.
(c) P(2)

P(2) =1 - 2(2) +3(2%) +2(2%) =1 — 4+ 3(4) + 2(8) =1 — 4 + 12 + 16 = 25.
(d) P(—2)
P(-2) =1 —2(-2) +3((-2)%) + 2((-2)") =1 + 4 + 3(4) + 2(-8) =1 +4 + 12 — 16=1
(e) P(a)
Pla) = 1 — 2a + 3a® + 24"

) P(—a)

P(—a) =1 — 2(—a) + 3((—a)?) + 2((—a)’) =1 + 2a + 3a® — 2d%.
(@) P(ab)

P(ab) = 1 — 2(ab) + 3((ab)’) + 2((ab)’) =1 — 2ab + 3a’b* + 227"
(h) P(—ab)

P(—ab) = 1 — 2(—ab) + 3((—ab)®) + 2((—ab)*) =1 + 2ab + 3B — 24%".



3E Adding, subtracting and multiplying polynomials

1.
1(@) (22° + 3z — 4) + (2® + 52* — 1) = ) (z+2*+1)+(z'—2+2)=2"+ 2% +
St + 3%+ 32— 5 3
W) (52 — 2+ 1) + (2% —42* + 2) = Wd) (Te? — 32 +5)+ (2" + 29 - 1) =2" +
6t —dx® — 2+ 3 Tzt + 2y — 32° + 4
e) (dz? + 322 —2) — (2 — 22 +1) = 1) (22 + 2 — 1) — (32 — 5z +4) = —22% +
—z' 42’ L 42 — 3 Gr — 5
1g) (62" + 22 — 1) — (2* + 32" — 2) = 1h) (2! + 42 —5) — (22" — 2" +3) = —2' +
Srt — 327 + 22 + 1 5z’ — 8
2.
2@ (z — 2)(z+3)(z + 1) = 2 + 227 — 20) (z + 1)(z + 2)(z + 3) = 2* + 62% +
dr— 0 11z + 6
2(c) (2 — 1)(z — 2)(z + 1) = 2 — 22 — 2d) (z — 1)(z + T)x = 2* + 62* — Tz
r+2
2(e) (22 + 1)(z — 3)(z — 2) = 22 — 2(f) (32 — 2)(z + 2)(z + 5) = 32* + 1927 +
9z + Tr + 6 16z — 20
3.
3@z +1) =2 +32° + 32+ 1 3(b) (x — 2)* = 2 — Ga* 4 122 — 8

3(0) (z + 5)° = ¥ + 152% + 75z + 125 3(d) (z — 6)* = z* — 182" + 108z — 216



(@) P(z) + Q(z)
P(x) + Q) = (2* — 22+ 1) + (2® + 22)
—a? et (22 +22) +1
=2z% + 1.

b) Q(z) — P(z)

Q(z) — P(z) = (2 +22) — (2 — 22 + 1)
—a? 2221
=4r — 1.

@ P(z) Q(z)
Multiply each term of P () by each term of Q(x):
P(z)Q(z) = (2* — 22 + 1) - (2 + 2z)
—z? 2+ a2 22 — 222" — 22-2¢ +1-2° + 1.2z
—a* 422 — 2" — 4 4 2 4 2
=2+ (20° — 22%) + (—42® +2°%) + 22

=t — 327 + 22

@ (P(z))* - (Q(z))
Use the difference of squares identity:

A —B? = (A— B)(A+ B).
where A = P(z)and B = Q(z).

1. Compute P(z) — Q(z):

Plz) —Q(z) = [:-:2—2a:+1) - (:r:z+2:r:)_:a‘:z—.'rg—2:r:—2:r:+1_—4:c+1.
2. Compute P(x) + Q(z) (we already have it from part (a)):
P(z) +Q(z) = 227 + 1.
3. Multiply [P(z) — Q(xz)] [P(x) + Q(x))]:

(—dz+1) (22 +1) = —dz - 222 + (—4a) - 1+1-222 +1-1 = —82° — 4o + 227 + 1.

Thus,

(P(2))” - (Q(z))* = | —8a° + 22" — 4z + 1|




3F Division of polynomials

4+ 22° 546
r—1

20t — 32?2 —2

41

et + 2 —dr+1
r— 2

: )
—ap? 1

r—1

dpd — 1242 4+ B + 1
r—3

S5zt + 222 — 3z — 14
r+ 2

¥ — 227 — 92 4+ 18
r—3

274 —5x? 4 4x — 7

r—1

3zt —4x? — 22 + 8
r4+1

Baxd + 22— 22— 3
r— 2

Quotient: ¢ + 3z — 2

Remainder: 4

Quotient: 22? — 5¢ + 6
Remainder: — 8

Quotient: 32 + Tz + 10
Remainder: 21

Quotient: #2 — 1

Remainder: 0

Quotient: 422 + 5
Remainder: 16

Quotient: 522 — 8¢ + 13
Remainder: —4()

Quotient: 2° + 2 — 6
Remainder: ()

Quotient: 22° — 3z + 1
Remainder: —G

Quotient: 32° — Tz + 5
Remainder; 3

Quotient: 62° + 13+ + 24
Remainder: 45

Provide the remainder of the following polynomial divisions are 0



3G The remainder and factor theorems

(@ x»—1 — —12

b)) z+2 — 0

) =—3 — 50

d)y =+5 — —60

) + — —16

f z—k — k' +5k>—2k— 16

(@ +n — —n’+5n°+2n— 16
(h) =+ 3¢ — —27c* +45c% + 6ec — 16.

Qlfa): z* — 62? + 11z — 6
One Iinearfactor.
qifer 2’ — 32> — 2 +3
One Iinearfactor.
qife): z* — 227 + »

One Iinearfactor.

(Also z — 1is a factor of the quadratic part.)

Qlg): 2t — 5rf L 8 — 4

One linear factor:

Qe+ 227 —x—2

= (z—1)(z+1)(z+2)
Q23 =z — 3x? — de + 12
= [z —2)(x — 3)(z+2)
Q2(5) 2% — 2? —dx + 3
= (z—1)*(2z + 3)
Qi Tz +6

= [z —1){z+ 3)(z —2)
Qz2(9): 22 — 4x? — 2x + 4
= 2z — 1)z —2){z+1)

al(b): z* + 322 — 4z — 12
One linear factor:
Qi(d): 22* — 327 — 2+ 2
One linear factor:

Qiff): 2% + 2% — dr — 4

One linear factor:

aith): 2 + 62 + 11z + 6

One linear factor:

Qz@yz’ + 227 — 52— 6

— (z—2)(z +1)(z+3)
Qz2(4): x* — 13z + 12

— (2 — 1)(z + 4)(z - 3)
Qz(6): 22" — 52’ + 2 + 2

= (z—1)(2z2 4+ 1)(z - 2)
Qzig): 2 — 2* — 8r + 12
= (2 —2)*(=+3)

Qz2(10): 2x* — 42% — 10z + 12
= 2z —1)(z - 3)(z+2)



3H Solving polynomial equations

1.
a) (z+4)(z—1){z—-T)=0 =
|;zr=—4,;r:1_.3::?|
o) (2 —B)(z+6)(z—-T)=0 =
|.‘I.’=ﬂ,.’£=—ﬂ,.’£=7|
1(e) (m+§)(2r+7}(3m—5} —0 —
z:—%ﬂr:—%__m:ﬁ

2.

20z — 62 4+ 11z — 6 —
(z - 1)(z - 2)(x—3)

2()2z% 52 +tr+2 —
(z —1)(22° — 3z + 2)

232t + 27 —dr -4 —
(2 —2)(z+1)(z+2)

22t — 208+ -2 — [m—E}(:r2+1}

250 2% + 327 —4r — 12 —
[(z —2)(z +2)(x +3)|

2(6) 2* — 207 — 41z + 42 —
[(z - 1)(z - T)(= +06)|

222t — 2 —2r+1 —

1b) (z +4)(z+2)(z-3)=0 =
|z=—4_.:n:—2_.:n:3|

1(d) (z+§)[m—2}(m+%) =0 =
2 2
z, —

r=—s,r=2,r=

2t + 22 — 2 -2 —

(z—1)(z+1)(z+2)

22832+t —x — 2 =

(z +2)(3z" — 1)

234z + 82 — 32 - 6 —
(z + 2)(42” — 3)

2(4) 62 — 2 — 192 + 14 —
(z—1)(6z — T)(z+2)

25) e —da? 4+ hr — 2 —
(2 — 1)*(z — 2)

2(6)2x* — 32! — B+ 6 —
(= — 1)(22 + 3)(= — 2)|

2022 — 322 +1 —

(z-1)(22° +z—1) = (z — 1)(2z — 1)(z + 1)

(z-1)(22° —z - 1) = (z - 1)*(22 + 1)




