Chapter 5

The Zeros of a Polynomial Function

5.3 Complex Numbers; Quadratic Equations with a Negative
Discriminant

1. (2- 3)+(6+8i)=(2+6)+(-3+8)i =8+5i

2. (4+5i)+(- 8+2i) =(4+(- 8)) +(5+2)i =- 4+7i

3. (-3+2i)- (4- 4i)=(-3- 4 +(2- (- 4)i = -7+6i

4. (3- 4i)- (-3- 4i)=(3- (-3))+(-4- (-4)i=6+0i=6

5. (2- 5i)- (8+6i)=(2- 8) +(-5- 6)i =- 6- 11i

6. (-8+4i)- (2-21)=(-8-2)+(4- (- 2)) =- 10 +6i

7. 3(2- 6i) =6- 18i

8. - 4(2+8i)=-8- 32i

9. 2i(2-3)=4i-6i°=4i-6(-1)=6+4i

10. 3i(-3+4i)=-9i +12i° = -9 +12(- 1) =- 12 - 9i

11. (3- 4i)(2+i)=6+3- 8i- 4i°=6- 5i- 4(- 1) =10- 5i

12. (5+3i)(2- i) =10- 5i +6i - 3i* =10+i - 3(- 1) =13+

13. (-6+i)(-6-i)=36+6i- 6i-i°=36-(-1) =37

14. (- 3+i)(3+i)=-9- 3 +3i+i°=-9+(-1)=-10

15 10 _ 10 3+4i _ 30 +40i _ 30+40i _ 30+ 40i
©3- A T 3-A3+A T 9+12i-12i- 1612 9-16(-1) ~~ 25
_30+40._6+8.
-7 55 =57 5!
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Section 5.3 Complex Numbers; Quadratic Equations
with a Negative Discriminant

13 _ 13 5+12i _ 65 + 156i _ 65+156i _ 65+156i
5-121 ~5-121 '5+121 ~ 25+60i - 60i - 144i> 25- 144(-1) ~ ~ 169
_ 65 156. 5 12.
"1 1o T3 13

240 _2+i -i _-2i-i* _-2i-(-1) _1-2 _ .
T ST "——¢n T 12
2-i _2-ij_2i-i?_2i-(-1)_1+2 _1 .
T T Tz T "z T2
6-i _6-id-i_6-6i-i+i’_6-7i+(-1)_5-7_5 7.
T+T " IT+TT-7T 1-i+i-i2  I-(-) 2 2 2
2+3 _2+3i 1+i _2+2i+3i+3% _2+5i+3(-1) _ -1+5i _ 1+5i
-7 " T-1 I+1° "1+i-i-¢ _I-¢L) ~~—2 272

J3.6 1. . ds@®BE6.3, 1. J3..3, .. -1 43
2%*7',5 —zr+2ez@§*/z:'g+z' =gt 7tz )=zt

2

3 1.6 _3 30ad .. 12_3 J3..1, .,_1 3.
§7 7, -Z'Zggézwz' =7- 7' *z((D=3-
(A+i)? =1+2i +i°=1+2i +(-1) = 2i
(1- i)’ =1-2i+i°=1-2i+(-1)=-2i
i23 — i22+1 — i22>q' — (i2)11>1' — (_1)11i :_i
14:(i2)7:(_1)7:_
..15_&_1_1_ 1 _ 1 —1—1x.!-—L— P
S R e A (1 LA 5 L Ry R el I
..23_i_1_1_ 1 1 —1—1x-!-—L— P
! _i23_i22+1_i22>1'_(i2)11xi_(_111i___i'___i' |__i2_ﬂ_l

i°-5=(i?)- 5= (-1)*- 5=-1-5=-6
A+’ =4+i°4=4+(-1)i=4-1i

6i°- 4i° =i%(6- 4i°) =i°%(6- 4(-1)) = - 1% (10) = - 10i
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32, 4i°- 2P +1=4i°X- 2% +1=4(-Di- 2(- ) +1=-4i+2+1=3- 4i

33.

34.

35.

36.

37.

38.

39.

45.

46.

47.

48.

49.

(A+0)% = (@+i)(@+i)(A+1) = (L+2i +i®)(@A+i) = (1+2i - 1)(1+i) = 2i(1+i)
=2i+2I° =21 +2(-1)= - 2+ 2i

(F)* +1=81"+1=8() +1=82

i"(1+i%) =i'(1+(- 1)) =i'(0)=0

2%(1+i%) =21 +(-1))=2(0) =0

i®+i* +i2+1= (i2) +(i?)’

i7+i%+i% i = (%) 04+ (i

+i2+1=(-1°+(-1)*+(-1)+1=-1+1- 1+1=0

)5 +i%% 40 = (- 1%+ (- 1P (- 1)

=-i+i-i+i=0

J-4=2i 40. J9=3i 41. J25=51 42 J- 64 =38i

JEFAN@i- 3) = J12i - 9+16i%- 12i = J-9+16(- 1) = - 25 = 5i

JA+3N@E - 4) = Y12i- 16+9i%- 12i = J-16+9(-1) = - 25 =5i

X’ +4=0

a=1b=0,c=4, b>- 4ac=0%- 4(1)(4)=-16

0+ 16_z4i
)

X*-4=0

X

- = #2i The solution set is{+2i} .

(Xx+2)(x-2)=0® x=-20r x=2 Thesolution setis{+2} .

x*-16=0

a=1b=0,c=-16, b?- 4ac=0?- 41 - 16)=64

2 2

x*+25=0

(= 0v64 _+8

= +4 The solution set is {+4}.

x?=-25® x=f-25=45 Thesolution set is{5i}.

X’ - 6x+13=0

a=1b=-6,c=13, b?- 4ac=(- 6)°- 413 =36- 52=-16

(= (6xV16 _6x4i
4 2

=3+2 Thesolution setis{3- 2i,3+2i}.
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50.
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52.

53.

4.

55.

Section 5.3 Complex Numbers; Quadratic Equations
with a Negative Discriminant

X*+4x+8=0
a=1b=4c=8 b’*-4ac=4"- 4(1)(8)=16- 32=-16
_-4xJ-16 _ - 4+ 4i = 242
2(0) 2
The solution setis {- 2- 2i, - 2 +2i}.

x*- 6x+10=0
a=1b=-6,¢c=10, b?-4ac=(-6)>- 41)(10) =36- 40=-4
- (- 6)x 4 _6+ 2|_3+I
2(D) 2
The solution setis {3- i, 3+i} .

X =

X°-2x+5=0
a=lb=-2c=5 b*- dac=(- 2%- 41)(5)=4- 20 =-16
(916 24, o
20 >
The solution setis {1- 2i, 1+2i}.

8x°- 4x+1=0
a=8b=-4c=1 b°-4dac=(-4)"- 48(1) =16- 32=-16

-(-4)+J-16 _ 4J_r4i_1+1-
= ==+ =
2(8) 16 41~ 7
.1 01, 1 1.
Thesolutlonsetls{z- 70 Z+Z'}'

10x* +6x+1=0
a=10,b=6,c=1 b*- 4ac=6"- 410(1) =36- 40=-4
_-6xJ 4 _-6x2i _ 3,1,

TTo0 T2 T I0°10

Thesolutionsetis{- 1% 1%i, - %+%i}.

5x°+1=2x ® 5x*- 2x+1=0
a=5b=-2,c=1, b*-4ac= (2) 451 =4-20=-16

-(-9+v-16 _2+4i 1, 2,
25 10 575
The solution set is H gi ER Zu
I5 55 5%
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56.

S7.

58.

59.

60.

13x°+1=6Xx® 13x*- 6x+1=0
a=13 b=-6c=1 b?- 4ac=(-6)" - 413)(D) =36- 52=-16

_-(-6)iJ-16_6¢4i_§+3i
A13 26 13713
13 2.3 2. u

Thesolutlonsensil—s-ﬁ 1—3 13

X’ +x+1=0

a=1lb=1c=1 b*-4ac=1°- 41Y1) =1-4=-3
-1+ "3 -1+ Bi -1 J§

Ty Tz T 7®

1-1
The solution setis | = -
12

X*- x+1=0
a=lb=-1c=1 b’-4ac=(-1)*- 41 =1- 4=-3

~(DJ3_1248i 1, 4B,
20 -T2 277
egiall W31 JB
Th It %t - 1 *
e solution |s%2 > | -2+T|f\3
x*-8=0
(x- 2)X* +2x+4)=

0

X-2=0 or X’ +2x+4=0
xX=2

a=lb=2c=4, b*-4ac=2"- 41)(4)=4-16=-12
-2+ (12 _-2+23i _ 1+ O

') e

Thesolutionsetis{Z, -1- i, -1+ J§i}.

x> +27=0
(x+3)(x*- 3x+9)=0
X+3=0 or x*- 3x+9=0
Xx=-3
a=1b=-3¢c=09, b2-4ac—(-3)2-4(1)(9):9-36:-27

-(-3) £ J-27 _ 3+3J3i 3./3

O :§

. 1 3 3/3. 3 3J’.u
The solution set - - , .
e solution IS,:\ 3 3 TI E+T|%

w
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62.
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64.

Section 5.3 Complex Numbers; Quadratic Equations
with a Negative Discriminant

x*=16® x'-16=0

(x2 - 4)(x2+4 =0
(x- 2)(x +2)(X’ +4) =0
X-2=0 orx+2=0 orx*+4=0
X=2 or X=-2
a=1b=0,c=4, b’-4ac=0"- 41)(4)=0- 16 =- 16
_- 0+ 16 _*4i _ .,
T 200 T2 T

Thesolutionsetis{- 2 2 - 2i, 2i}.

0
0
=0 or x+1=0 orx’+1=0
1
1

x-1
x=lo x=-1lo x*=-1
x=1 or x=-1or X ==i
Thesolutionsetis{-1 1 -1, i}.

x*+13x* +36 =0
(x2 + 9)(x2 +4) =0
Xx?*+9=0 or X’ +4=0
a=1b=0c=9, b’ -4ac=0°-4(1)(9) =0-36=-36
_-0+y-36 _+6i _ 43
O
a=1b=0c=4, b*-4ac=0"- 4(1)(4)=0-16=-16
(=2 0xV-16 _ x4 _ .,
O

The solution setis {- 3i, 3i, - 2i, 2i}.

+4)=0
+4)=0

X-1=0 or x+1=0 orx*+4=0
x=1 or x=-1or x2=-4
x=1

=1 or x=-1or X==+2i
Thesolutionsetis{- 1 1 - 2i, 2i}.
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65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

17.

78.

79.

3x*- 3x+4=0
a=3b=-3c=4, b*-4ac=(-3)°- 4(3)(4)=9- 48=-39
The equation has two complex conjugate solutions.

2x% - 4x+1=0
a=2,b=-4,c=1 b*-4ac=(-4)- 42)(1)=16-8=8
The equation has two unequal real number solutions.

2x° +3x- 4=0
a=2,b=3c=-4 b*-dac=3-4(2)¢ 4)=9+32=41
The equation has two unequal real solutions.

X*+6=2X® X*-2x+6=0
a=1b=-2,c=6, b’-4ac=(-2)°- 4@ =4-24=-20
The equation has two complex conjugate sol utions.

Ox*- 12x+4=0

a=9,b=-12c=4, b’- dac=(-12)* - 4(9)(4)=144- 144 =0
The equation has arepeated real solution.

4x*+12x+9=0

a=4,b=12,c=9, b*- 4dac=12°- 4(4)(9)=144- 144=0
The equation has a repeated real solution.

The other solution isthe conjugate of 2 +3i, or 2 3i.

The other solution isthe conjugate of 4 - i, or 4 +i.

Z+72=3-4i+3-4i=3-4i+3+4i=6

W- W=8+3i-(8+31)=8+3i- (8- 3)=8+3i- 8+3 = 0+6i =6

7>z = (3- 4i)(3- 4i) = (3- 4i)(3+4i)=9+12i- 12i - 161> =9- 16(-1) = 25

Z-W=3-4-(8+3)=3-4-8-3=-5-71=-5+Ti

z+z=a+bi+a+b =a+bi +a- bi=2a
z-z=a+bi- (@a+bi)=a+bi- (a- bi) =a+bi - a+bi =2bi

+hi=a-bhi=a+bhi=z

Q

N 1

Zrw=(@+ro)FT(crd)=(@a+r0)+ ()i =(a+c)- (b+d)i
=(a-b)+(c-di)=a+bi+c+di=z+w
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Section 5.3 Complex Numbers; Quadratic Equations
with a Negative Discriminant
80. zxw=(a+bi){c+di)=ac+adi +bci +bdf = (ac- bd) + (ad + bc)i
= (ac- bd)- (ad + be)i
zw=a+hix+di=(a- bi)(c- diy=ac- adi- bci+bdf
= (ac- bd)- (ad + be)i

81. Answerswill vary. 82. Answerswill vary.
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