(d) Let ¢ = —1.The graph suggesis y = —1 does not
intersect y = |:1 — 4]. Since absolute value is never
negative, |x* — 4] = —1 has no solutions.

(e} There is no other possible number of solutions of ths
equation. For any ¢, the solution involves solving two
quadratic equations, cach of which can have 0,1, or

2 solutions.
—b + D
7. {a) Let D = 5 — dac. The two solutions are —
adding them gives
—hb + \."ﬁ+—b—v"ﬁ=—2b+ vh — D
2a 2a 2a
_=2%_ 5
T la  a
—b + VD
{b) Let D = & — dac_The two solutions are ——-——;
multiplying them gives B
—b+ VD —b = VD _ (=b) — (VD)’
2a 2a 4a*
_bz—fh1—4m:]_£
da a
7L From #7T0{a), x; + x; = —E = 5. Since a = 2, this means

b = —10. From #70{b), xy"x; = £= 3:since @ = 2, this
a
0+ 100 — 48

1
means ¢ = 6. The solutions are f: this

1
reduces to 2.5 = Em or approcimately 00697 and 4,303,

M Section P.6 Complex Numbers

Quick Review P.6
Lx+9
Lx+2y
La+2d

d 5 -4

S r—-x—6
6. 2x" + 5xr— 3
T -1

£ -12

0 —2x—1
1 x" —dx + 1

Section P.6 Exercises

In #1-8, add or subtract the real and imagmary parts separately.
Li2-3)+(6+5)=(2+08)+(3+5)i=8+2
L2-3)+(3-4)=(2+3)+(3-4y=5-T

LT3+ (- =(T+8) +(3-1)i=13—4

A2+ —(H-3)={2+3)+(1-9)i=5—8&

E2-+(3-V=F)=2+3)+(-1-+3)
=5 — {1+ 3

b (VI -3+ (2 + VSR = (VE -2+ (-3 43
={vE-2)+ 0

Section P& Complex Numbers 19

T(F+3) - (T+H)=(-1+3)-(T-0)
=[2-T)+i=-5+i
(VT +A) - (6 -V =(vT-1)
— (=9 =(VvT—-1-6) +9%=({VvVTI-T7) +g
In #9-16, multiply out and simplify, recalling that # = —1.

9. (24 3)(2—i)=4— 2+ 6i — 37
=4+4i+3=T+4i
W (2—i)(1+3)=2+6i —i—3°

=245 +3=5+5

IL (1 - 4)(3 - 2i) =3 —2i— 12 + &
=3-14i—8=—5 — 14

12. (5i— 3)(2 + 1) = 108 + 5i — 6i — 3

=—W—i-3=-13—i
13, (Ti — 3)(2 + 6i) = 14i + 427 — 6 — 18
= 42— 6 —di= 48— &
14, (V73 + i)(6 — 5i) = (30)(6 — 5i) = 18 — 15
= 15 + 1&

15, (=3 — 4)(1 + 2) = =3 — 6i — 4 — &°
=310+ 8&=5— 100

16. (V=2 + 2i){6 + 5i) = (VI + 2)i(6 + 5i)
=602 + VI) + 502 + VIi©
= —{10 + 5v3) + (12 + &vIy

17. v=T6 = 4

18, V=25 = 5

19, =3 = Gi

. V=5 =3

In #21-24, equate the real and imaginary parts

M.rx=2y=373

Rr=3yv=-7

Bor=1ly=12

Mrx=Tyv=-7/2

In #25-28, multiply out and simplify, recalling that i# = —1.

253+ 4 =0+ 12+ 45 =5+ 1%

2. (1-i) = 1—2r+r](1—r}_{ 2i)(1 — i)
=2+ =-2-2

(2B - (o

1 NPT IR PR | __ ,
=;{1+2;+r)1_1(2;}—4(—4] 1+ 0

13 1y
8. (VT§+5£) =(i) (V3 + i)
3+ 20T+ AVI 4 )

1+ v3n(vi+i

dnl = u:-__L—t

=

{1.-’5+r+3;+ Vif) = —l{nh'}='|]+:'

In #2932 recall that (a + W){a — &) = a* + b~
9.7 +3=

3. 5+ 6 =6l
33+ 4 =25
21+ (VIE =
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In #3340, multiply both the numerator and denominator by
the complex conjugate of the denominator, recalling that
(@ + bi)a — bi) =a + I

1 2—0 2-5 2 1
B zoiT s T5F
i +i U4+ F 1 2,
M1+~ "5 ~ 5%
24 240 A+4i+ P 3 4
e e
240 =% —6i— 5

LT3 6 -5 1
T ] 3

- 2+ 1—i @4+ 8=i+)

1+i 1—i 2
G+4-1-i) -3-3-4i-47 1 7.
= 3 = 3 =377
3&{2—i1[1+2.r'}5—2£_f2+4f—r'—21'1}[’5—25}|
5+ 5-3 ]
_ B+ 305 -2 20 - 8 + 15 — 6F
29 29
2T,
BETRET
39‘{1—r"]['2—£']_1+2|‘_{2—r'—2.r'+|‘3}(1+2|‘]
1 -2 1+2% 5
=f1—3~f}(1+2f]=1+2.r'—3£—6r'3=1_lr_
5 5 5 5
1= vE1+i) 1 -5
W—"VF 1
(i = VE - IR - VE)
- 3
_ [+ VI 4 - VB - v
3
1+ VI (VI — VI - (VI-2F
- 3
1+ VI VI -2 4 (2T - 1)
- 3
_2vZ-1 2B+l
3 3

In #41-44, use the quadratic formula.
dLxr=-1+2

1 VI
41.1——;5: ﬁI

VIS,
ﬂ.‘r—gt?

44 x =2+ V5

45, False. Whena = 0,z = @ + bi becomes z = bi, and then
—IT=—(—hi)=bi =z

46. True Because & = =17 = i(i") = —and #* = (*)* = 1,
weoblaini + P+ P+ P =i+ (1) + (=) +1=0

47. (2 + 3i)(2 — 3i) is a product of conjugates and equals
22 + 37 = 13 + (. The answer is E.
11—

48, = = _—_=:=—1+IJ|‘.Th:answ¢|isE.
[ 1

49. Complex, nonreal solutions of polynomials with real
cocfficients always come in conjugate pairs. So another
solution 1s 2 + 3¢, and the answer is A.

S0 (1 — i = (=20l —i)= -2 +2%"= -2 — 2 The

answer is C.
SLia)i=i P=ivit=i
£ =-1 =it =
F=(-l)i=—i {=ft=x
f=(-1)p=1 F=rfif=11=
{h}r—J:l:l.::_r e_5=1_-l_|=1-=—u
I r r I i
- 1 11
r _E=_1 IFﬁ:E.F:_l
11 1 11 1
Fs—.—n.-—:—--=- F?=—l-=—-_
T # i ! PTETR P!
11 11
o =) = o I
i 7 (-1)i-1) i i 1-1
) =1

(d) Answers will vary.

52, Answers will vary. One possibility: The graph has the
shape of a parabola, but does not cross the r-axis when
plotted in the real plane, beacuse it does not have any real
zeros. As a result, the function will always be positive or
always be negative.

53. Let @ and b be any two real numbers. Then (@ + b}

—fa—bi)=(a—a)+ (b+b)i =0+ 2 = 2hi

54, (a + bi){a + Bi) = (a + bi){a — bi) = & + B,
Imaginary park is zero.

55 {a + bi){c + di}) = {ac — bd) + {ad + bchi =
{ac — bd) — (ad + bc)i and [a + Bi) (c + di) =
{a — bi)(c — di) = (ac — bd) — {ad + bchi are equal.

Shhiat+t b)) +(c+dii=latc)+{b+dup=
fa+c)—(b+dliand{a + bi) + {c + di) =
(@ — b} + (c — di) = (o + ) — (b + d)i are equal.

ST(—iy —i(—i) + 2 = 0bu (i)’ — i) + 2 # 0. Because
the cocfficient of x in x* — ir + 2 = 0 is not a real number,
the complex conjugate, 1, of —i, need not be a solution.

M Section P.7 Solving Inequalities
Algebraically and Graphically

Quick Review P.7

L-T=2x—-3=17
—4 = 2¢r = 10
2= x=5
Li5kx—-2=Tx+4
-2x =6
x= -3
Lr+2=3
x+2=3 or x+2=-3
=1 or x==5
4o4x — 9= (2r — 3)(2x + 3)
S —dx=x(—4) = x{x — 2)(x + 2)
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