Hoofdstuk 8: Complexe getallen.

8.1 Rekenen met complexe getallen.

Opgave 1:
a |1 2x+5=13

2x=8
x=4

II: 2x+5=3
2x=-2
x=-1

I[: 2x+5=8
2x=3
x=15

IV: x*+5=8
x*=3
x=+3 v x=-43

b. lllenlV

Opgave 2:
(V3-v2)(/3++2)=3-2=1dusztinN
(-2)® =-8 dusztinZ

12 zitinQ

\/67%=2% duszitinQ

72 zitinR

Opgave 3:

a x’+x=6
x> +x-6=0
(x+3)(x-2)=0
x=-3 v x=2

b. x*+x=4

x*+x-4=0
—1+
le_T\/ﬁ dus geen oplossingenin Q

c. x*-x=0
x(x* -1 =0
x=0 v x*=1
x=0 v x=-1 v x=1

d x*-2x=0
x(x*-2)=0
x=0 v x*=2
dus x=0
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e x*-9%x=0
x(x*-9)=0
x=0 v x*=9
dus x=0

f. x*-9x*=0
x?(x*-9)=0
x2=0 v x?=9

x=0 v x=3 v x=-3

Opgave 4:
a (x+3°2=7

x+3=~7 v x+3=-7

x=-3+7 v x=-3-47
b. (x+3)*=-7

stel p =x+3 dan p?=-7 , deze vergelijking heeft geen oplossingen

Opgave S:

a 3Ix+5+3=2i—x
dx=-3-3i
x=-3-3

b. 2x*+10=0
2x? =-10
x> =-5
x:i\/g \Y x:—i\/g

c. (x+2%+10=0
(x+2)*=-10
x+2=i4J10 v x+2=—i\/ﬁ

x=-2+iy10 v x=-2-i10
d. x*-10x+40=0

(x—5)*-25+40=0

(x—5)*=-15

x-5=iJ15 v x-5=-i\/15

x=5+iv15 v x=5-iy15
e x*+8x+14=0

(x+4)*>-16+14=0

(x+4)*=2

x+4=+2 v x+4=-42

x=—4+2 v x=-4-2
f. (x+3)°=-16

x+3=4 v x+3=-4i

x=-3+4 v x=-3-4i
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Opgave 6:
a (x-3?+x=0

x*—6x+9+x=0
x*=5x+9=0
(x-24)%-61+9=0
(x—2%)2 =22
x—Z%:%i\/ﬁ % x—Z%:—%i\/ﬁ
x=2%+%i\/ﬂ % x:Z%—%i\/ﬂ
b. (2x+3)?+10=0
(2x+3)*> =-10
2x+3=i10 v 2x+3=-i1/10
2x=-3+i10 v 2x=-3-iy10
x=-11+1iJ10 v x=-11-1/J10
C ix+10+2i=ix+12-5i
Sx=2-Ti
x=24-84i
d. 4x*+4x+7=0
x:—4i\/—_96:—4i4i\/§
8 8
x=—3+3i6 v x=-1-1i/6

Opgave 7:

a (2+i)(10-5) =20-10i +10i -5i* =20+5=25
b. (a+bi)(c+di) = ac+ adi+ bci + bdi* = ac —bd + (ad + bc)i

Opgave 8:
a 2+5+4-6i=6-1i

b. (5-i)(5+i)=25-i>=25+1=26

C. (2+i)?=4+4i+i*=4+4i-1=3+4i
d. i(6+7i)=6i+7i*=-7+6i
e
f

.5 . 2 2 . .
iP=i-i-ic=i--1--1=1i

(A+)(6-1)+(B-i)(B8+2)=6+5—-i>+9+3 - 2i* =
6+5+1+9+3i+2=

18+ 8i

Opgave 9:

2 2 1-i 2-2 2-2
14i 1+i 1-i 1-i2 2
243 2+3i i 2i+3° 2i-3

i i i &

b.

1-i

=3-2i
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2+i 2+ 2+i _ A+4i+i® _ 4+4i-1_ 3+4

_ _ — =344
2—i 2-i 2+i  4-i° 4+1 5 °°
3+5i _ 3+5i 12-5i 36+45i-25"° 36+45i+25 . .
12+5 12+5 12-5i  144- 252 144 +25 11
X . o . 2 .
2i 2i 1-3i 2i-6i —21+6:i+1—20i:%+%i

143 143 1-3 1-9° 1+9 D

. . . - 0;2 .
£ (2+3)- 3 :6+9z:6+91'2 z:12+121291 =12+121+9=4%+2%i
2+1 2+ 2+1 2-1i 4—j 4+1

Opgave 10:

a (3+4)*=9+24i+16i° =9+24i —16= -7+ 24i
3+i _ 3+i 3-4 9-9-4° 9-9+4 , .

3+4i 3+4i 3-4 9-162  9+16 > B

C. (2+i)°-(2-i)=4+4i+i*—(4-4i+i’)=4+4i-1-4+4i+1=8i
d @@ -i"=i®)=-10°-i"-i°)==*+i"+i° =—i-i* +i*-i*+i*-i%i=
=—i-1+-1--1+-1.-1-i=i+1+i=1+2i

5 5 '2—31'_10—151‘_10—151'_1_0_&1,

243 2+3 2-3 4-97 13 BB
f. i+ 4+ 4+ +i%=i-1—i+1+i-1—i+1+i—=-1+i

want i°=-1,°=i*i=—i ,i*=i*-i>=-1.-1=1,i°=i-i* =i etc.
Opgave 11:
a+bi_a+bi_c—di_ac—adi+bci—bdi2_ac+bd+bci—adi_ac+bd—(ad—bc)i
c+di c+di c—di c? —d?? c?+d*? c?+d?
Opgave 12:

a (a+bi)(a—bi)=a’-b%*=a’+b?

b. (3+4i)(3-4i)=9-16i*=9+16=25
(100 - 2007)(100 + 200;) = 10000 — 40000; > = 10000 + 40000 = 50000
(0,4i +0,3)(0,3-0,4i) = —0,16i* + 0,09 = 0,16+ 0,09 = 0,25

Opgave 13:

a z=a+bi z=a-bi
z+z:a+bl+a—bl:ﬁ:a:Re(Z)
2 2 2

b z—z:a+bl—(a—bl):a+bl_a+bl:&:bzlm(z)
2i 2i 2i 2

C. z=(z)=(a-bi)=a+bi=z

Opgave 14:

a zj+z,=a+bi+c+di=(a+c)+(b+d)i=a+c—(b+d)i=a+c—-bi—di=

a-ci+b-di=z +z,
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b. z -z, =(a+bi)(c+di)=ac—bd+(ad + bc)i
z,-z, = ac—bd —(ad + bc)i = ac —bd — adi — bci

2,2, = (a—bi)(c—di) = ac—bd —adi—bci=z, - z,

zy _a+bi _ac+bd—(ad —bc)i
z, c+di ¢’ +d?

zy | _ ac+bd +(ad —bc)i

z, c?+d?

zy _a-bi _a-bi c+di ac+bd+adi—bci ac+bd+(ad—bc)i [z
z, c¢—di c—di c+di c’+d? c’+d? z,

Opgave 15:
a (4+3)°=16+24i-9=7+24i=7-24i
4+3  4+3i 2-i 8+2i-3° 11+2 _

— — a2y
2+i  2+i 2-i 4—i? 5 >0
4+ 3 - .
(43)-5-3-
3+4i _3-4i
3-4i 3-4i
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8.2 Het complexe vlak

Opgave 16:

a [(2)=v2"+1* =5
(L3)| =1 +3* =410

b. tana =3 dus o =27°
tanp =2 dus g =72°

C. nee |(34)=v3"+4% =5
(2] +|@.3)| = V5 ++10

d. tany =% dus y =53°

a+pf

nee, =4971°

Opgave 17:

a . |Zl|=\/12+22 =45
2 o1 |ZZ|: V(_2)2+32 :\/1_3

-2 ] 0 1 2

b. z,=1+2+-2+3=-1+5

C. z3

d z,=1+2i-(-2+3)=1+2i+2-3i=3-i
e z ]

) Z1
2i 4

Z4

-Z2

f. zg=(+2)(-2+3)=-2+3—4i—6=-8i

O |22, = /(-8 + (-)* =JE5 = V5413 = |z ||
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a‘ 3
2
i
1 0 1 2 3 4 5
-
=2i
=3
b. i
2i
3 2 1 [ 1 2 3
-2i
=3i
C. 3
2F
=2i-
-3t
d 3i
2i
Opgave 19:
a
3i
. 1 2 3
-3i
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Gy
P

c. z-z=(a+bi)a—bi)=a®+b? =22

Y
N/

-2i

d. z=z dus b =0 dusdehorizontale as

2i

Opgave 20:
z-z=(a+bi)a-bi)=a®+b* = (Na? +b2)? =||°
Opgave 21:
z,-z, =(a+bi)(c+di)=ac+adi+bci—bd =ac—bd + (ad + bc)i
|zl-22|=\/(ac—bd)2+(ad+bc)2
— Ja?c? - 2abed +b2d? +ad? + 2abed + b
:\/a202+a2d2+b2c2+b2d2
|zl|-|22|=\/a2+b2\/c2+d2
=(a® +b7)(c* +d?)

= \/azc2 +a’d? +b%c? +b%d?
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Opgave 22:
a zz3=0B+4)A+i)=3+3i+4i-4=-1+7i

b.

z3

c. tanz, =% dus £z, =531°
tanz, =7 dus £z, = 45°
tanz, =L =-7 dus £z, =981°
Lzy+ Lz, =Lz,

Opgave 23:
a

3i

2i

b.
Opgave 24:
a |Z4=v22+22=48=22
tanp =2=1
¢ =45°
b. z=(@1-i)°=8i
|2|=8
@ =90°

C. |z/=+cos? 40°+sin?40° =41=1
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_ sin40°
cos40°
@ =40°

d. |z|=+/(5c0s140°)? + (55in140°)2
— /25008 140° + 25sin2 140°

= tan40°

= \/25(cos? 140° + sin? 140°)
=J25=5
o= 5SIN140° _ 1400
5c0s140°
@ =140°
Opgave 25:
a
b. 3
Opgave 26:

a |z+2|=1iseencirkel met middelpunt (-2,0) en straal 1

2i
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b. |z-2i|=3 iseencirkel met middelpunt (0,2/) enstraal 3

[ 1 3
_/‘:
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Opgave 28:

a tang, =L =-1en ¢ inhet 2°kwadrant, dus arg(z,) =135°

-1
2| =\ (D)7 +17 =42

_ J/2.sin135°
2 \/5-003135°
|2, = (/2 COS135%)% + (+/2 - sin135°)?

b. tang

= /200% 135° + 2sin®135°
= \/2(cos? 135° + sin?135°)
=J2.1=42
C. arg(zl) = arg(zz)
|Zl| = | ZZ|
Opgave 29:
a |z|=+10+10? =200 =102
arg(z) = 45°

z =102 (cos45° +i -Sin45°)
b. |z]|=/32+(-4)2 =5

arg(z) =-531°

z=5-(cos(-531°) +i-sin(-531°))
C. | z | =8

= tan135° dus arg(z,) =135°

arg(z) =0°
z=8-(cos0°+i-sin0°)
1+i .
d z="—=i
1-i
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|2[=1

arg(z) =90°

z =c0s90° +i-sin90°
e z=(2+i)*=3+4i

| z | = «/32+742 =5

arg(z) =531°

z=5-(cos531°+i-sin531°)
f. z=-5i

|2[=5

arg(z) = -90°

z =5-(cos(-90°) +i - Sin(—=90°))

g |z|=4(-5)7+12? =13

arg(z) = -22,6°

z =13-(cos(—22,6°) +i - Sin(-22,6°))
h. z= 12__12i =-12-12i

1

|2 =(-12)? + (-12)% =12V2

arg(z) = -135°

z =122 - (cos(—135°) + i - sin(—135°))
Opgave 30:

a 15-(cos30°+i-sin30°) =15 (2+/3+i-1) = 713+ 74;

b. 100-(cos90°+i-sin90°) =100- (0+-1) = 100i

C. /2-c0s135°+i-+/2-5iN185° = /2. —1/2+i-4/2. 12 = —1+i
d. /5 (cos(-90°) +i-sin(-90°)) =/5- (0+i--1) = —iy/5

Opgave 31:
a

|
| 2725 A lm(z <1
1
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4i 4

3iq

2i 4
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8.3 De formule van De Moivre

Opgave 32:
a  €0sl2°-cosl8°—-snl12°-sin18° = 0,866

cos30° = 0,866
b. c0s10°-cos5° —sin10°-sin15° = cos15°

Opgave 33:
a Snl2°-cosl8° + cosl2°-sin18°=0,5

sin30°=0,5
b. sn10°-cos5°+ cosl10°-sin5° = sin15°

Opgave 34:

a  (cosl2°+i-sin12°)(cosl8°+i-sin18°) = 0,866+ 0,5i

cos30° +i-sin30° = 0,866 + 0,5:
b. (cosa+i-sina)(cosp+i-sinf) =

cosa -cosfB +i’sino -SiNB +sine -cosB -i+Cose -SiNS -i =
Cosa -CoSPB —sina -Sin B +i-(Sina - coS B + cosa -Sin f3) =

cos(a + B)+i-sin(a + B)

Opgave 35:

a  |(3-3)@+1)|=[3-3]-L+i=3+(-3? V1?+1* =182 =36 =6

arg((3—3i)(1+1i)) = arg(3—3i) +arg(l+:) = —-45°+45°=0°

—[2-2i 72 =22 +(-2)% V2 =1/8-42=116 =4

b. |(2—2i)-ﬁ-(cos45°+i-s‘n45°)

arg((2—-2i)- V2. (cos45° +i-sin45°)) = arg(2— 2i) + arg(\/i -(cos45° +i-sin45°)) =

— 45° 4 45° = 0°
|8(cos12° +i - sin12°)
2(cos17° +i-sin17°)
8(cos12° +i-sin12°)
( 2(cosl7° +i-Sinl7°)

8_4
2

J =12°-17°= -5°

Opgave 36:
z=1+1

|2 =41% +1% =2
arg(z) = 45°
a [27=2-7=22
arg(2z) = arg(2) + arg(z) = 0° + 45° = 45°
b. |i-z|:|i|-|z|=1-\/§=\/§

arg(i - z) = arg(i) + arg(z) = 90° + 45° = 135°

11 B 1 -
C. —_)=s— == % 2
214 V2
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arg(ij =arg(l) —arg(z) = 0°— 45° = —45°
z

d |==[ =(/2)* =2
arg(z?) = arg(z) + arg(z) = 45° + 45° = 90°
e |2=|4"=(/2)° =42
arg(z®) = 5-arg(z) = 5+ 45° = 225°

2i |2 2

f_ —_—] s —=—= \/E
27 V2
arg(aj =arg(2i) —arg(z) = 90° — 45° = 45°

z

Opgave 37:

lenll

Opgave 38:

a z=1-i
2| = {12+ (D)% =2
arg(z) = -45°
-2 -s

arg(z®) = 6. —45° = —270° = 90°
(1—1)® = 8(cos90° + i - SiN90°)
b. (c0s20°+i-sin20°)* = cos80° + i - Sin80°

c. z=1Ti
|4=7
arg(z) = 90°
|2°|=7° =343

arg(z®) = 3-90° = 270°
(7i)® = 343(cos270° + i - Sin 270°)

Opgave 39:

a  (c0S30°+i-sin30°)% = cos60°+i-sin60° = £ +1iy/3

b.  (c0S45° +i-siN45°)° = c0s225° +i-8in225° = —1/2 - 1y/2

c.  (c0s300° +i-sin300°)° = cos(—60°) +i-sin(—60°) = 1 —1i+/3

d. (£v2-1iv/2)® = (cos(-45°) + i - Sin(—45°))° = cos(—225°) + i - Sin(—225°) =

—1J2+1iy2
e (4v/3+1i)" = (cos30° +i-sin30°)% = cos300° +-5in300° = L —14/3
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Opgave 40:
a (cosx+i-sinx)® =

3 cos’ 3 2 G 3 2 G2 ) 2 gndyo
: x+| [|-C08" x-i-sinx+| _|-COSx-i"-SIN“x+| _|[-i°-SiN"x=
0 1 2 3

cos® x +3i-cos® x-Sinx —3cosx-sinx—i-sin’ x
alsjein deformule van De Moivre n =3 neemt en ¢ = x krijgje
(cosx +i-sinx)® = cos3x +i-Sin3x

i)

c. cos3x =cos’x—3cosx-sin’ x
sin3x =3cos® x-sinx—sin®x
(cosx +i-sinx)? = cos® x + 2i-Cosx-Sinx —sin x

o

(cosx +i-sinx)? = cos2x +i-SiN2x
c0S2x = €os® x —Sin® x
Sin2x = 2cosx-Sinx
e (cosx+i-sinx)* =
cos’ x+4i-cos’® x-sinx —6cos® x-sin” x —4i-cosx-sin® x +sin* x
(cosx +i-sinx)* = cosdx +i-sin4x
cos4x = cos® x —6cos’ x-sin® x +sin® x
sindx = 4co0s’ x-sinx —4cosx-sin® x

Opgave 41:
a 4i=4-(0+i-1)=4(cos90°+i-9n90°) = 4(cos(—270°) + i - Sin(—270°))

b. z*=4i
z= (4i)% = (4(cos90° +i - sin90°))% = 2(cos45° +i-sin45°) = 2(%\/5 + %ix/i) =
V2 +iv2
of z= (4i)% = (4(cos(—270°) +i - sin(—270°)))% = 2(cos(—135°) +i - sin(—135°)) =
2-3N2-1i2)=—2-i2
C. €0s450° = cos90° en sin450° = sin90°
dus dit levert weer +/2 +i/2 op

Opgave 42:
a |23|=|Z|3 =1*=1

arg(z®) = 3-arg(z) = 3-120° = 360°

dus z* =1-(c0s360°+i-sin360°) =1-(1+i-0) =1
b. 240° en 360°

Opgave 43:
a z°=-4i

|22|:4 dus|z|=2

arg(z%) = —90° + k - 360°

arg(z) = —45° + k - 180°

z = 2(C0S(—45°) +i-Sin(—45%) = 2- (242 - Lif2) =2 - iv/2
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of z=2(cos135°+i-sin135°) = 2-(—1+2 +%z\/§) =—J2+i2
b. z?=9
|2°[=9 dus|7=3
arg(z%) = 90° + k - 360°
arg(z) = 45° + k -180°
z=3(c0s45° +i-sin45°) = 3(3+/2 + 1iy/2) =134/2 +11i4/2
of z=3(c0S225°+i-Sin225°) = 3(-1+/2 - 1iy/2) = 1142 -11y/2
c. z°=27
|2°|=27 dus|2|=%/27 =3
arg(z®) = 0° + k - 360°
arg(z) = 0°+ k£ -120°
z=3(cos0°+i-sin0°) =3(1+i-0)=3
of z=3(cos120° +i-sin120°) = 3(-4 + 1i+/3) = -11 +11i+/3
of z =3(C0S240° +i-Sin240°) = 3(—1—1\/3) = -1 —11;/3
d z'=-81
|z*|=81dus|z|=4/81=3
arg(z*) =180° + k - 360°
arg(z) = 45°+ k - 90°
z=3(c0s45° +i-sin45°) = 3(3+/2 + 1iy/2) =134/2 +11i4/2
of z=3(cos135°+i-Sin135°) = 3(-4+/2 + 1i4/2) = —11+/2 + 1142
of z =3(05225° +i-5iN225°) = 3(—1+/2 —1iy/2) = —144/2 -11iy/2
of z=3(cos315° +i-sin315%) = 3(2v/2 - 1iv/2) =142 -144/2

Opgave 44:
a z2=2+i

=2 T =
|Z|=\/E=l,495

arg(z®) = 26,6° + k - 360°

arg(z) =13,3°+ k -180°

z =1,495(cos13,3° +i-sin13,3°) =1,46 + 0,34

of z =1,495(cos193,3° +i-sin193,3°) = —-1,46— 0,34

b. z?*=-4+3i
|2°|=(-4?+3° =5
ERC

arg(z®) =1431° + k - 360°
arg(z) = 71,6° + k -180°
z=+/5-(cOS71,6°+i-Sin716°) = 0,71+ 2,12i
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of z=+/5-(c0S251,6°+i-sin2516°) = —0,71— 2,12
c. z°=-6+3i

|2°|=(-6)* +3° =45

| 2| =3//45 = 1886

arg(z®) =153.4° + k - 360°

arg(z) = 511° + k -120°

z =1,886(c0s511° +i-sin51,1°) = 118+1,47i

of z=1886(cos1711°+i-sin1711°) = -186+ 0,29i
of z=1,886(c0s2911°+i-sin2911°) = 0,68—1,76i

d z*=10
\z“\zlo
4410

arg(z*) = 0° + k - 360°

arg(z) =0°+ k-90°

z=4/10-(cos0° +i-sin0°) = 1,78

of z=4%/10-(cos90°+i-sin90°) = 178i

of z=4%/10-(cos180°+i-sin180°) = —1,78
of z=4%/10-(cos270°+i-sin270°) = —1,78i

Opgave 45:

—z
< P
\ /¥
\ 27
\ /
/ \ / \
/ \ \
/ \
/ \
/ \

\
\/
3

/ \ i

VAR /

N4
b, [2|= (&7 + (@B =T+ =+i=1

arg(z) = 60°
arg(z") =n-60°
M(0,0) enr=1
C. z=%+%i\/§ v oz=—-3-32iyJ/3

d z=21J2+1iW2 v z=-1J2+1ii2 v z=-1J2-1iJ2 v z=31J2-1i2

Opgave 46:

a (z-1)%=1+1iV3
u?=1+1i3
7] =37 + (33" =1

|u|=1
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arg(u’) = 60° + k - 360°

arg(u) = 30° + k -180°

u=1-(cos30°+i-5n30°) =1/3+1; v u=1-(c0s210°+i -5n210°) = —1/3-1;
2113+zvzl——%\/§%

z=1+%\/_+§l vV oz= —%\/5

I'\)|I—‘

b. (z-1-i)
u?=—i
‘uz =1
|ul =1

arg(u?) = 270° + k - 360°
arg(u) = 135° + k - 180°
u=c0s135°+-5in135° = 12+ 12 v u=00s315°+i-sin315° =12 -1y/2
Z—l—i=—%\/§+%i\/§ v z—l—i=%\/§—%i\/§
V240 (1+4V2) v z=1+342+i-(1-142)
C. 22—42-1-4—1—11'\/5

(z-2)2=1-1,3

u =E_E’\/_

0= @)+ (333" =1
|u]=

arg(u?) = 300° + k - 360°

arg(u) =150° + k -180°

u =c0s150°+i-sin150° = —1+/3+1; v u=c0s330°+;-5in330° = 1/3-1;

z—2=- \/_+ i v z-2= ]

Z=2—%\/_+El v z=2+%\/§—%i
d z2-6z+10=iy3

(z-3)2+1=i/3

(z-3)% =-1+i/3

u2:—1+i\/§

N ||—\
&
NNI'_\

arg(u?) = 120° + k - 360°
arg(u) = 60° + k - 180°

u=\/_(cos60°+isin60°)—\/_(1+1iﬁ)=1ﬁ+;i\/_
of u=+/2-(c0s240°+i-sin240°) =~/2- (-4 -1 1iN3)=—-1 —%i\/g
z-3=342+3% z\/_ v z-3=-1 _El\/_
Z=3+%\/_+%l 6 v z= —5\/_—%1'\/6
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8.4 Complexe functies

Opgave 47:
a

7

6 R
|

5

4

b. z=1+i geeft 4+3i
z=3+i geeft 6+3i
z=3+4i geeft 6+ 6i
z=1+4i geeft 4+6i
c. derechthoek is getransleerd over (3,2)

Opgave 48: .

a f(-1+2)=-1+2i
f(B+2i)=13+2i s
f(3+3i) =15 +23i LI

f(-1+3i)=—-3+21i
Dus de rechthoek wordt eerst vermenigvuldigt t.o.v. O
met de factor 5 en daarna getransleerd over (0,1) O P

b. f(x)=3z+i=0

Opgave 49:
a f(2i))=3-i

f(4+2i)=-3~i . \
f(2+4i)=—-4i sl
1. vermenigvuldiging t.o.v. O met factor —14
2. trandatie over (3,2)

b. f(z)=-13z+3+2i=0
-13z=-3-2i
z=2+3i

c f(z2)=-13z+3+2i=z
-23z=-3-2i

=6, 45
Z—5+51
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Opgave 50:
a nulpunt: f(z)=3z+2-4i=0

z=-2+4i
z=—%+3i
dekpunt: f(z)=3z+2-4i=z
2z=-2+4i
z=-1+2i
b. nulpunt: g(z)=3z+5=0

dekpunt: g(z)=%1z+5=z

Opgave 51:
a f(z)=az+5-2i=z

az—z=-5+2;

(a—1)z=-5+2i
Z:_5+Zl dsa=1
a-1

duserisgeen dekpunt als a =1
b. f(z)=az+5-2i=0

az =-5+2i
_ —5+2i
B a
duserisgeennulpuntas a =0

asa=0

z

Opgave 52:
a f(Q+2i)=31+2i)+a+bi=0

3+6i+a+bi=0
3+a+(6+b)i=0
3+a=0

{6+b:0

a=-3 A b=-6

b. f(@+2)=30+2)+a+bi=1+2i

3+6i+a+bi=1+2i
3+a+(6+b)i=1+2i
3+a=1

{6+b:2

a=-2 AN b=-4
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b. z=3+2i geeft —2+3i
z=8+2i geeft —2+8i
z=8+5i geeft —5+8i
z=3+5i geeft —5+3i
c. rotatieom O over 90°
d. ag(3+3iv/3) =60° dusrotatieom O over 60°

Opgave 54:
a

sssssssss

b. z=1+i geeft 2—-2i
z=3+1 geeft 2-6i
z=3+3i geeft 6-6i

c. rotatieom O over —90°
vermenigvuldiging t.o.v. O met factor 2

Opgave 55:
a [2+2]=+22+2% =2)2
arg(2+ 2i) = 45°
rotatie om O over 45°
vermenigvuldiging t.o.v. O met 2/2
b. hetbereikis 2J2<|z|<4/2 A 75° <arg(z) <105°

Opgave 56:

a  f(i)=—3+i
F+i)=1-~/3+i-1++/3)
f(2i)=-2/3+2i

arg(l+ i\/é) = 60°
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‘1+ z\/§‘ =12+ (/3)? =2

rotatie om O over 60°
vermenigvuldiging t.o.v. O met factor 2

b. g(i)=3
gl+i)=3-3i
g(2))=6
rotatie om O over —90°
vermenigvuldiging t.o.v. O met factor 3

Opgave 57:
arg(\/§ —i)=-30°

W3-i]=(3) +(-)* =2

a hetbereikis 20<|z/<40 A 60°<arg(z) <150°
b. hetbereikis|z|>6 A —30°<arg(z)<60°

Opgave 58:
a fO=-2+2i

f(B3+i)=-8+4i
f(2))=-4-4i
arg(-2+ 2i) =135°

[~2+2i|=4(-2?+2? =2V2
rotatie om O over 135°

vermenigvuldiging t.o.v. O met factor 2.2
b. (-2+2i)-z=3+2i

3+2i  3+2i -2-2i -2-10i

T Toi2i —2+2i —2-2i 8
. (-2+42i).z=_2F2
1
z==
z
z2 =1

Opgave 59:
a

b. trandatieover (2,1
C. rotatieom O over 90°
trandatie over (0,1)

ENI
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Opgave 60:
a (-1+i)-z+5+4i=10+i

(-1+i)-z=5-3i

L 5-3i _ 5-3i =1 _ -8-2i
-1+ -1+i -1-i 2

arg(-1+i) =135°

F1+i|= ()22 =2

1. rotatieom O over 135°

2. vermenigvuldiging t.o.v. O met factor V2
3. trandatie over (5,4)

f(2+i)=2+5i

f(-2+i)=6+i

f(-2-i)=8+3i

f(2-i)=4+7i

de vermenigvuldigingsfactor is /2

dus de oppervlakte wordt (\/5)2 = 2x z0 groot

10
Opp(V) == =5

=—4—i
b.

C.

d.

Opgave 61:
a  nulpunt: f(z):(1+i\/§)-z—2+i:0

(A+i3) - z=2—i
2—i

2-i 1-i3 2-43+i(-1-23)

T1vi3 143 1-i3
dekpunt: f(z)=(1+i\/§)-z—2+i:z
a+hﬁ}z—z:2—i

iN3-z=2—-1i
_2-i_2-i W3 _2i3+43 _
W3 W3 W3 -3
g(z)=-2i-z+1-3i=0
—2i-z=-1+3i
_—-1+3i -1+3i i -i-3
T -2i 2 i 2
g(z)=-2i-z+1-3i=z
-2i-z—z=-1+3i
2i-z+z=1-3i
1+2i)-z=1-3i
1-3i 1-3i 1-2i -5-5i
“T1+2i 1+2i1-2i 5

4

z

b. nulpunt:

z

dekpunt:

~3-33+ (-

~143)-i

e

-1-i
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Opgave 62:

b. f(-1+i)=(-1+i)?=1-2i+i* =-2i
f2+i)=2+i)*=4+4i+i*=3+4i
f(2+2i)=(2+2i)* =4+8i+4i* =8i
f(1+2i) = (-1+2i)* =1-4i+ 4i* = -3-4i

C. hee

Opgave 63:

a f(z)=z+2=0
z2=-2

Z=\/—2:i\/§ Vv Z=—i\/§
b. f(z)=z*+2=z
z2-2z+2=0

+ /=
2:1—2 7:%i%i\/7 - L |
L . sy
221437 v oz=1-1i7 |

C. im P

1AL~ h
LA W

a 1 2 3 4

e
~/

d f(@-3i)=-6-6i
f@Q-2i)=-1-4i
f@-i)=2-2i
f@=3
f(l+i)=2+2i
f(@Q+2i)=-1+4i
f(1+3i)=—6+6i
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Opgave 64:
a f(z)=i-z?-4=0
i-z°=4

2 _4_
i

z =

AT_4__y,

i i -1

|=*|=4

|Z|:2

arg(z%)270° + k - 360°

arg(z) =135° + k -180°
z:2(c03135°+i-sin135°):2(—%\/§+%i 2)=—2+iV2
of z=2(cos315° +i-SiN315°) = 2(1+/2 - 1i/2) = /2 /2

b. 1. |z| wordt gekwadrateerd

arg(z) wordt verdubbeld

2. rotatieom O over 90°
3. trandatie over (-4,0)

c. f@-i)=i-Q-0)°-4=i-(1-2i-1)-4=-2i>-4=-2
f(2-i)=i-(2-i)*-4=i-(4-4i-1)-4=3i-4i"-4=3i
f+i)=i-(2+)*-4=i-(4+4i-10)-4=3i+4i*—4=-8+3i
fA+i)=i-A+i)°-4=i-1+2i-1)-4=2i*-4=-6
f(2=i-2°-4=-4+4i |

f(l):i.12_4:_4+l' / : |

v ai
-
2i

|
|
|
£
|

Opgave 65:

a.  het beeld van Re(z) =1 en Re(z) = —Im(z) gaat door —2—2i
dus z=1-i

b. ‘23‘ =|z|3

arg(z*) = 3-arg(2)
Voor ieder punt op een lijn door O wordt het argument 3x zo groot, dus het beeld van
een lijn is dus weer een rechtelijn.

C. voor deze punten moet gelden: arg(z) =60° v arg(z) =—60°

dUSZ:1+i\/§ Vv z=1—i\/§
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