ARITHMETIC OF COMPLEX NUMBERS

1 5= Lyt x 5= Ux(-)x(A1) =

A 1 B -l @—i

2 Solve the following equations.
(@ Z+9=0 (b) Z+25=0

a} Z.Z:"'q :"—[31)2 Ao zZ =31

D -i

(©) Z2+2z+17=0

or =z =—3¢

J>)Z2'=—25-:[5i)2 VL) Z_::.SL oV Z:—SC

) AL P2 bxlF = -6k = (8)°

z = - | +4t
3 Simplify:
(@ i (b) i () . @7
o) PcPxi= -4 b) L= Ux i

. -6
RN TRX) S B VAAER

4 Ifz=5-2} find:

o 2e =2 LG

2

@ i
[’ X("\ =

:(.-I)x\=-l e) Le()z

by 27 = (525 +2) < 25 10 +10i ~4i2 =25+ 4 = 29

o 2 = (5-0)=(5-2)5-2)= 25-20i+(2)'=25-20i -k = 21-20;

g (2-2)= (\‘)—-Zi -(5-}2}))1___ {_44‘)7-: Ki%o

z=1_ 5-2-1 _4-2i _(4-2)5+3)

e) <~ i 5—2,1-—-( S -2 {5—51){5-1—5])
_ 0+ -10i —6i* _2046+20 _26+L0 _ 13 +1_
o 25 +14 34 EV
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ARITHMETIC OF COMPLEX NUMBERS

g = _ (5+20) - S+2i _ 5 + 2
5-20 (5-2005+2) 25 -(2) 25+ 4
z7'_ S+2 .5 +Z1:
2.1 29 2.9
5 Simplify:

AB+5)+7-20=3+F+F+ 5 -21 =10 +31

@ +7)-(—2+9=4+2 +F1 -9 =6 - 2L

G +20B —4)= 15201+ 6L + 2ux (-4i)
= |15 -4t +38

D -3 +3=43-31)"=49+9 =58

oe-50°= 4 — 200 +(5)
=4 2005
—_— =2l = 20

o= Ukl = (B)3xi =(-N%xi = ¢

OB+ 2)(B-2)=3 + 4 = 7

=23 - 2-31

—

1
VI T a02-3) 4+ g
- :_g‘_:_l%_g——- - _2-___ —-?3' {,

— e

1% 15 13
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ARITHMETIC OF COMPLEX NUMBERS
85 _ (8450 (4431) _ 32+200 + 241 — S

Y T )b +a) 16+ 9
1F + 4t _ 13 o+ 441
15 25 25

yiy 2 3i2-5)+ 202450
P 2450 T 2-si (2+5:) (2-51)
_Gi+ IS+ +10c 19+ 16 ¢

L +25 29 2.9

6 Find real numbers x and y such that:

(@ ((x+iy)(2-3i)=-13i (b) (1+idx+(2-3)y=10

Y 2x +3y +i(Y-3x) = - B (jH(%—«%J
SogZuLSJ =0 [Q‘f‘“mfj’“o“‘l ve ol MQM&MMEK Adas.

x+2_J——|O
X — 35_0 m = 35

() —dx=-15 ® o e y=
"( 3 eyl g2
@@—_lf:_c_SL—’5 mh . & =3x2 =06
3
o ~DBx - -13 v =6 Ma-——-z
2
mA=3
oy = -2 x3=-2
T
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ARITHMETIC OF COMPLEX NUMBERS

7 1fz,=3+iandz,=2 - 3, find:

@ -z = [(3H) - (2-30]F = [1+ 4% = | =45 + 81
— = -15+38¢

© x5 = (3-1)x(2+31) = 6 -2 + i -t x (3)
— —g+3 +Fi= Tt F

© 7 = (3+i)(2-31) = (6+2i-9i+3) =(9-7Fi)

— = 9+ F
-z, _ (B41) —(2-3) - 3-24+{+31 _ )+ 41
@i T 2-3)  s+i-a 5 =2
. [l+4)/5+215 S t2i-8 _ 3 422
(5-20)(5+21) 25+ 4 29 29

8 Find the linear factors of the following expressions.

(@ #+9 (b) z*+36 © (z=3)'+16 (d) (2z+3)+8

4) 2249 — 22 — (30) = (z-2)(z +31)

}) 22436 = = 2 _(§0) (260 (= +61)

) (2-3)'4 16 - [2-3- (4= [2-3)-bi][le-2)+ i 3

[ -3~ L][_z 3-1—_1/-&_] J,&_]

(y Zz+3 +8 (Zz+3) (/8-)2 [z+5—(§uj[21+3+ L
_[22+3- o[22+ + 20T
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ARITHMETIC OF COMPLEX NUMBERS

@ e B =-seem (@ 25°+2z+4 (h) z'+1000
0 A=l -bx26- -100=(IDi)*
b z=—2E 01 o =] E B¢
f NIk z+1-&il[z+ 1+ 51)
TR P A pane) W b

) A 62 bx20 = — bt = (2NTE)
So Z.. 6 X Z_J_ _ 3t NTH
. z? 6;-{-20 iz_ [3+F)JLZ (2~ J—-LJ z -J——J[Z—yrrl

5) Nz b4 ~lxbx) = -28 =(Zﬁa

1 | £ {F(
SO Z.:—Z-_tz—ﬁ(' :-‘Z >

 2erbant. oferesd) -2+ (1 E]F (12 ]

|
N
N
+
‘\_, -
\
NiE
.
™
+
N j—
+._
W\*H N
—

ﬁ) (IO) o o cbiiowmy Amb, /7O Z3+|06D_—.{z+!0)/zz—loz+loo)

Now we saed to @mﬁjm&w.
A - 6"~ bx [0 & -3 = (DFE)

__Ipx 0B _5+25/3¢
. + 5 _ \/:Q;L)]

R RT S (z+|o) s 5J”)][ [5-5 |

- (L+|o)[z%_5-5f&][z-5+5(§t]
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ARITHMETIC OF COMPLEX NUMBERS

9 Solve the equation: (a) 2z-1=(4-i) (b) Z_'Z:_Z,___1+i
) 4> 2z-1=16-8L-I
= 2z-| =15 -8t

s=p Jz=16-8¢

q=D Z=8‘—4—j’

Y

& Z -2 = Z./I—/—L)

= Z—Z:Z—“‘LZ-

<o —Z_:iZ
4= 1z = -2
L= Z:-—Z-
L

2

L

J=> Z__Z_(,
(-)

ro z =)

Section 1 - Page 6 of 10



ARITHMETIC OF COMPLEX NUMBERS

12 (a) Show that J3 —iis a root of the equation =3 -0)Z+9z-9V3+9i=0.
(b) Find the other two solutions of the equation.

(c) Use your answer to part (b) to verify that the results for the sum of roots, for the sum of products of pairs

of roots and for the product of roots of a cubic equation are true when the coefficients and roots are
complex numbers.

) (Bi) (BB (B i) - 90 490 = (BT +aRA

~9(3 +4¢
S0 indied, |
(\g —i) g foob {Féo_ Qﬁm};& zb_/\fg—i)z+‘?z—‘fﬁ+qtzo

‘ achoiee. b —-(—5—{))
b w (2-) & amof, v o € . (}/Z- ((;_ela{z—ﬁﬁ))

72 (fo-i) 2+ 92 - WB 49 :ZZ[Z-/ﬁ-i):)H[Z_/}; vy
— =[]
— :[Z-—(JB'~L)] [z -3z +31]

$ B b o kB e 3 ad(=30)

: (5ot + 31+ (-3) =3¢

)uﬁfQ:]Be:‘Lmi to (i_) m;&/(&; I‘R cubic P%Mmak il nsall coaﬂ'u‘m‘;.

o p oty +pY = (B-i)3 B (31 3ix (30)
_aBi+3 -3BEL-3 = 9

di o equl T 6.[) M/MFSWRW mmwﬂ%ﬁ@_
() B0 B
w&i o ec(mﬁwto [—d) wdad , Bl [o» .3 Ft%uy\(a.o MM&J@WWQ

a
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ARITHMETIC OF COMPLEX NUMBERS

13 Solve the following quadratic equations.

(a) z‘-(3 2i)z+(1=-3i)=0 (b) ZZ-z+(4+2i)=0
J A = (3-20=4(1-3) A | = b (b+2)
A= §-I0i—h~h H1i Ao 15 -8
A,___l +\U0 Acol - ‘ \N&M&{‘O \ ]Q],_/Ame_ l‘u’)\LﬁA
- Z_':(:-]"'Z'i)"l ==t |e . number l-‘-ta /()\lLa.@:J'
g . (M Yo —15-8¢
MZ:.-—B—Z—L"'l:Z—“L Q¢
= o-—ct T 5 =3¢
/L_/_/)d_o xE— 32+Z(9¢J ,
N =4 J=" /x
. 2(1_31:—}5 s 2Cj . {1 ( ) |5
Zxdq == 4= AR
2 =0
W m&e u’wfm O <= xq + 151 6

{WQ oﬁa&ﬂ&;ﬁa,\mwk,m%@
T = ) Fe o xin afed mmbed]
7 2 2w P@‘\‘e'/

e 8= (15 h)
. ’} 80 o =) = (1 2 0
oo - oA

L sgiolivwy
FOG'X:—-l /JzéL A8

id o oz = |- (—Hlf') |-2i of z=l+/-zl+l+i5—;lt

So hwo odiaw  are ZL O Zl
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ARITHMETIC OF COMPLEX NUMBERS

14 Letz=a+ ib where a, b are real. Prove that there are always two square roots of z except when a = b = 0.

e Gol ec)x Ko awmber 9L+(3 el Hat (;L-Ha)l_—: o+ (b

= xz_gl +Zixg = atib
::__b__
‘a - G=D J 2z
2x pr— b —a euela O
Ga*

2
— =0
Dol — b* = ba XV o= byt~ bax* - b
i z Rve
=D 14—&%2——2_—:-0 A:—.Oz +b aQ\»suaA pe
| o+ Jor +b*

a odla 2 OE .
cg @ fﬂap{bk}cﬁ{g\&/@l’.m "‘”“'QJ




ARITHMETIC OF COMPLEX NUMBERS

15 Ifz, =x, + iy and z,= x, + iy,, show that the following equations are true.

(@ =z, +Z =2xRe(z) ‘ (b) z, -z =2xIm(z)xi

Z,-’-‘_Z—l.zll+‘l|+1‘l—lgl Z_l X_‘]‘J /X, g

_— = 2_ y & e— —-Z(gl

— =2 Re(zl) — =L __.TM(Z-I)

© IF5=T+5 @ F=E=%-3

Z|+ZZ={X,+i§,)+('Xz+y,_) Z,—Z, = xﬁjl' *(Xﬁ l(Tz)

— = X, tXa +i76‘j|+gz) - = ;[,—-XL"'((gl"(‘j‘)

p + 3 —_— = 9(..,"12-—[{ l—j})

P :9("4-1'2'—"9'\31 ‘ J :

L X,—i + 2L 1(7 I x,—(j, '—-X—Z'I'léi—
_Z, + Z, —=Z - %
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