Topic 3 Complex Numbers
Level 2,

Problem CO2_1. Find (a) z; +2,; (b) z1 —25; (c) 7125 ; (d) Z—l, when z; =4+i, zp =2+3i.
2

Answer: (a) 6+4i;(b) 2-2i;(c) 5+14i; (d E—%l.
Explanation: (a) z;+zy=(4+i)+(2+3i)=6+4i
®) z,—zp =(4+1)—(2+3))=2-2i
(€) 2z =(4+1)-(2+31) =8+31° +12i +2i = 5+ 14i
4+i (4+i)(2—3i):(8+3)+(2—12)i:E_1_9i

@ 2= e :
z; 2430 (2+3i)(2-30) 449 13 13

Problem CO2_2. Prove the foliowing results above complex conjugates (a) z; +2z, =2 +23; (b)

7\ -2, =7, Z,; (€) 712, =717, ; (d) (1) () (e) 752, =7+ 2, () 52 =52

Explanation: Let zy =X +iy,, 2y =Xy +, X1, W, X2, Yo €R. Then
(a) zy+25 = (xl + xz) + i(yl + y2) = (xl + x2) - i(y1 + y2) =Z1+2Zy

®) 2z -25 = (0 =) +i(y —32) = (- %) - i - y2) =5 %

(0) 125 = (v, — nya) +i(xys + xap) =

(
= (2 = ny2) —i(mys +X01) =

12,
+

© Zl—z _ x1 LV1 x2 1)’2)} ( X S+ N 2]( *2 23’2 2j:
x2+}’2 x2+J’2 xz+ 2 x2+J’2 X t¥

1 ]
(xz +Y2 x2 +Y2j[x2 +J’2 xz +J/2
( 1)’1 )(x2 + ’J’z) —y
x2 + y2 ~iy;

_Zl 22

(d) Identity l) = é follows from (e) with z, =1 and z, =z.

2 (7)

(f) Identity 5z = 57 follows from (c) with zy=5and z =z.

Problem CO2_3. (a) a(oc)2 +bo +c¢=0, where a, b, ceR and a e C . Show that

a(@)’ +bT +c=0.

(b) Deduce that if « is a non-real root of ax® +bx* +c= 0, where a,b, ¢ are real, then @ is the
other root of this quadratic equation.

Explanation: (a) Using the results in problem CO2_2 gives
a@) -b&+c=lao?+bo+T =au’ +ba+c=0=0.
(b) If & is a non-real number, then Ima = 0. Hence @ # o, since Im(&) =-Ima. Thusif a is a

non-real roat of ax? +bx? +¢ = 0, where a, b, ¢ are real, then @ is the other root of this
quadratic equation (see (a)).

Problem CO2 4. zeC suchthat Rez=2Imz , and z2 ~4i isreal Find z .

Answer: 2--i;—2 i,

Explanation:Rez=2Imz = z=2y+iy and 22—4i:(4y2—y2)+i(4y2 —4), yeR
2?4 real = 4)7-4=0 = y=1=],
sLz=24iorz=-2-1i.

Problem CO2_5. Find real x and y such that (x +iy)2 =3+4i,

Answer: .. x=2, y=lorx=-2, y=—

Explanatio: (x + iy)2 =3+4i= (x2 - y2) + (2xy)i =3+4i

Equating real and imaginary parts: x2- y2 =3 and 2xy =4

x4—x2y =3x2 and x2 24

Then x* —3x% -4 = 0:>(x -4)(x2 +1): 0, x real,
x=2, y=lorx=-2, y=-1.

Problem CO2_6. Find the square root of z=—6

Answer: \ﬁi_—iﬁ, —\/§+i\/§.

Explanatior: Let (a + ib)2 =-6i, a, beR. Then (a2 - b2)+i(2ab) =—6i. Equating real and
imaginary parts, a> —4% =0 and 2ab =6
a2~i:():>a4—9=0

a2

(a2 —3)((12 +3) =0, areal => a= x/§, b= —J§ or a= —\/5, b= \/5 Hence —6i has square
roots V3 —iv3; —f3 +i43.

Problem CO2_7. Find the square root of z=-5-12i .

Answer: 2--3i; — 2+ 3i.

Explanation: Let (a + ib)2 =-5-12i, a, b €R Then (a2 - b2) + i(2ab) =—-5-12i. Equating
real and imaginary parts, a® —5* = -5 and 2ab =12




a2~§g:—5:>a4+5a2—36:0

(@* - 4)a® +9): 0, areal =a=2,b=-3 or a=-2, b=3. Hence —5-12i has square roots

2-3i; -2 +3i.
Problem CO2_8. Solve the following quadratic equation 2x2 —4x+3=0,

Answer: 1%i —l—

=

Explanation; A=-8=8i* . x= =1di—e,

Problem CO2_9. Solve the following quadratic equation ix? — Z(i + l)x +10=0.
Answer: —1=3i or 3+7.

Explanation: Find A: 4(1+1) - 40i = -32i.
Find square roots of A: Let (a+ ib)2 =-32i, a, b eR Then <a2 —b2) +i(2ab) = 321,

2
Equating real and imaginary parts, @ -b*=0 and ab=-16. a* ~167 =0 = a*-162=0
a

(a2 —16)(a2 +16) =0, areal = a=4, b=-4 or a=-4, b=4. Hence A has square roots
+{4-4i).
+4(1-1)

. . 2(1+i
Use the quadratic formula: ix* — 2(i + l)x +10 =0 has solutions x = ( )2'
i

>

wox=-1--3i or x =341,

Problem CO2_10. x% +6x+4 =0 has one root « where Im a.=2. If kis real, find both roots of

the equation and the value of k.
Answer: —3+2i; k=13,

Explanatior. Ima=2=a =x+2i,xeR. k real =& = x—2i is the other root of
x2 +6x+k =0, Hence k= (x+2i)(x—2i) and —6 = (x +21)+(x —2i).

s k=x"+4 and - 6=2x. Thus x = -3 and k =13. Hence both roots of the equation are
—-3+2i.

Problem CO2_11. 12/ is one root of x® —(3+1)x+k = 0. Find k and the other root of the
equation.

Answer: 2--3i; k=8-1i.

Explanation: Let z be the other root of x” —(3+i)x+k=0. Then 3+i=(1-2i)+z.
. z=(3+i)~(1-21)=2+3i . Hence k =(1-2i)z = (1-2i)(2+3i) = (2+6)+i(~4+3) =

=8-1,

Problem CO2_12. Express (3+2i)(5+4/) and (3-2i)(5—4/) in the form a-+ib . Hence find the

prime factors of 72 +222.

Answer: 7--22i;7-22i ; (32 +22)(52 +42),

Explanation: Let zy =3+2i and z, =5+ 4i. Then

712y =(3+ 20)(5+ 41y = (15— 8) + (12 +10) = 7 + 224,

7Zy = (3~ 20)(5-4i) = (15-8) - i(12+10) = 7-22i.

Hence |ZIZZ;|2 =7%+22% But l2122|2 = |zl‘2 -|z2|2 = (32 + 22>(52 + 42). Therefore

7?4227 = (32 + 22)(52 + 42) ,

Problem CO2_13. If z=3-2/, plot on an Argand diagram the points representing respectivly

z,Z,iz.
Explanation:
N @3)
z2=3-2 3 b
=3+ ; 3.2
iz=2+3 A [Ra
g ——i
K 1 2 13 X
PR i
G2

Problem CO2_14. If z=1+/, mark on an Argand diagram the points representing z+1, z—2i .

Explanatio.:

_;]_—




Y " z z+1
1 . .
-1 (6] 1 2 X
14 0z-2i

(& z+1=2+1
(b) z—2i=1~i

Problem CO2_15. Find |z| and argz when (a) z=2i; (b) z= —f3-i.
i3 5n
Answer: (a) Iz[ =2argz= E; (b) |z| =2argz= ~?4

Explanation:

(a) z=2i= (cos—+zsm) =lg|=2, argz=%

(b) z:—«/i—i:Z(—ﬁ—%z) 2(cos(~%")+zsm(—l)) lo|=2, argz=- —.

2 6

Problem CO2_16. Find the modulus and principal argument of (a) 5; (b) —5;(c) 2/ ; (d)

—1-43i.
Answer: (a) 5,0;(b) 5,7, (c) V5, ~tan™! 1/2);(d) 2,—2711A

Explanation:. In each case P(a,b) represents the complex number z = a+ib and 8 is the
principal argument of z

®
z=5

2=

f=0=argz=0

Y

P(5,0)
O

(®)

P(-5,0)
5
(c)
v A
0]
-1
(d)

z=-5
Y |z|=5
¢ ag z==m
0O X
z=2~1i
2 IZIZ\/4+ :«/5—
> arg z:~tan*1(1/2)
P21

(0] =¥ z=-1-4/3

P(_la_@

o |z|=w/1+_3=2

5

Problem CO2_17. Express 1-i in modulus/argument form.

Answer: «/fi_cis(— %) .

Explanatio: z=1—i:\/—(J_ J—) fc1s( )

Problem CO2_18. Express —2+/3+2i in modulus/argument form.

Answer: 4cis%n .

Explanation:
r2fy Y
2
\6’
2= 0l X

Let z=-2/3+2i

lz2|=+12+4=4

b
O=mn—-—=>arg z="—
3 g

= 4(cossl+isinsl) = ziciss—7t
6 6 6

O=-m Ir%:>arg z=——

2n




Problem C0O2_19. Write z in the form a+ib when [7|=2; argz= %
Answer: 5.
2 'z

Explanation. z = 2cis(—%) = 2(£ - il) =3-i.

Problem C0O2_20. Find |zlz2| and arg(zlzz) when z, = 2(cos§+isin g)’

Z,= \/E[cos(~ g) +i sin(—g)] .

= T
Answer: 242, —

Explanation: |z)|=2 and argz, :g, 25| = V2 and argz, 2—2.

|z,zz|=|zl|-|22|:2«/5 and arg(zlzz):argz, +argz, :§~£:~.

Problem CO2_21. Use the method of mathematical induction to prove that || = |z[" and

arg(z") =nargz for all positive integers #.

Explanation: Define the statement S(n): [z"

:IZI" and arg(z") =nargz, n=12,... Clearly S(1)

is true. If S(k) is true, then {zk[ = [z]k and arg(zk) =kargz . Consider S(k+1).
‘ ma k

:’z zlzlzk‘-|z|:lz|k 2], if S(k) is true.

k+1

‘Zk+1

|7, if S(k) is true.

arg(z"“) = arg(zk : z) = arg(zk) +argz =kagz +argz, i S(k)is true.

oang(zF 1= (ke 1)argz, if S(k) i true,

Hence for all positive integers &, S(k) true implies S(k+1) true. But S(1) is true, therefore by

induction, S(n) is true for all positive integers 7.

M= |z’" and arg(z") =nargz for all positive integers 7.
Problem CO2_22. z, = 4(cos§+isin g) and z, = 2(cos%+i sin%). Write down the modulus and

3
principal arsument of (a) 213 ;(b) L; () o
2 z

-7 =

Answer: (a) 64, ©; (b) %, -E; 32 o

>

Explanation: (a) lzl| =4= Iz?’ =4 = 64, argz, = g = arg(zf): 3. =1,

r
3
<.z has modulus 64 and principal argument 7.

11 1 T 1 n
0) |zoj=2=>—=—, argz, == = arg| — |=-2
| n| 2T T, 6

1 .
. — has modulus % and principal argument g%.

Z
3
1
L :’213’. Hoealom
© 4= 213 (Lj = & ” ’
22 2 arg| i = arg(z3) + arg[i) —n_2.3"
2 ! z 6 6
213 . St
—- has modulus 32 and principal argument o
22

Problem CO2_23. Write down the moduli and arguments of —+/3+/ and 4+4/. Hence express
«f 3ti

4f

in modulus, argument form -

Answer: 2, 5%; 4\/5, LA cis7—1r

4’22 12

Explanation: Let z)=—3+i and z, = 4+4i. Then

3 1 .
z, =2 ‘\/—+~z —2(coss—n+ism5—n =|z)|=2,argz, =5_1r’
2 6 6 6

z, =42 =t —4«/f(cos—+zsm ) z ﬁ4\/—ar z, ="
(f f] 4 =k 7
—3+i 7 Z lz] 1 St In
=L Byt _lzhlz_ = _ == -
ETE u 2 I [ darg =argz, —argz, P 2AHence
hﬁ“ L +z m
4+ 4 2[

Problem CO2_24. z has modulus » and argument 8. Find in terms of 7 and 6 the modulus and

one argument of (a) l; (b) iz.
z

Answer: (a)

1] 1 1 i . T
;‘ == arg(;) =-0;(b) |ig=r, arg(iz) = ot 0.

- G-




Explanatior:. (a)

‘ —=—and arg( ):—argz=—9
el -
(b) 1—cosz+zsm- |1|—1 and argi = —. Then |zz|—|1| |z| 1-r=r and

arg(iz) = arg(i) + argz = E+ 0.

Problem CO2_25. Write +/3+/ and /3 —i in modulus/argument form. Hence write

10 10
(\/5+i) +(\/§—i) in the form a +ib.
Answer: Z,E; 2, —E; 1024 .
[3 6

NCE |

Explanation: Let z=+3+i. Then z=2-| —+—i |=2| cos—+isin— z|=2,argz = —
, & (Db Afortenin®) o pl-2ume =

Let z =5—i. Then z =7 and |21|:|z|:2, arg z =~argz:—%. Hence

‘ZIO\:|Z|10 - ol0

210l = 1] = o <1024 and arg(z*)=10arg 2 = _53E - zﬂ_g,

arg(zl“)): 10argz, = —5?7: =-2m+ g . Therefore

20420 = 1024(005(— g) +isin(— g)j +1024(cosg+isin 135) =2.1024- cosg =1024.

ﬁ+i = Zcisg,ﬁ—i = 2cis(-—765), (ﬁﬂ)m +(\/§—i)m =1024.

Problem CO2_26. Describe geometrically the transformation z — oz, where o= -2+2i.
Iltustrate on an Argand diagram for z = 3i.

1 1 3n . 3m
Explanation. o = 2\/5(— —+ —ij = Zﬁ(cos— +1isin —j s
V2 2 4 4

o =2+2B, where B = cos%—kisin 3% z —» oz can be expressed as z — Bz — 24/2Bz . Let
P, 0, O represent z, Bz, 2«/5[32 respectively. Then Ile = |ﬁ||z| = |z| = 0Q, =0P
arg(pz)= é?— +argz => ray OQ, makes the angle 3775 with ray OP . Hence 3 — Pz is a rotation
anticlockwise about P through 3% and z — az is the composition of this rotation followed by

an enlargement about O by the factor 2+/2 .

- G -

¥ P(0,3)

3 z=3i, :3andargz:zt—
e , 2 )
[ f ~3and arg(z) =%+ BT
> |Bz| =3 and arg(Bz) Tt

: - _5n

Q-6,-6) loiz] = 6+/2 and arg(az) = "

oz =~6-6i

Problem CO2_27. Obtain in the form a +ib the roots of the equation x2 +2x+3=0. Find the

modulus and argument of each root and represent the roots on an Argand diagram by the points
AandB.

Answer: x| = -1+42i, x, =-1-42i; 3, n-tan"' 2 ; 43, —(n—tan"l \/E),

Explanatior. Using the quadratic formula:

2+12«/—

x2+2x+3=0=>A=-8=x=

—1+/2i . Let x;=—1++/2i and x, = —1—+/2i.
Then || = jra| = v1+2 =3 and argx, =7 —tan” /2 , argx, :*(n—tan" ﬁ)

A-147) Y

.\

J

B(-1,-V1)

Problem CO2_28. Show geometrically how to construct the vectors representing (a) z; +2;;
(b) z;—2,; () zp — 7, when zy =4+2i, zp =1+3i.

Explanation:

-io~-




sl C

B
3_,

)
21 A

2y

Y S

o} 1 4 5 X

-
Let 04, OB represent z;, 2.
-
Then (a) OC represents z; + z,
—
‘b) BA represents z) —z,

N
) AB represents z, —z;.

Problem CO2_29. If |z, + zy| = |z; — 2,|, find the possible values of arg(z—lj .

Z2
Answer: i-;f.
Explanation:
% C
7 -1, z1+2,
AR B
z
1 Z,
.
0O X
- o - —
Let OA4,

OB represent z;, z,. Construct the parallelogram OACB. ThenOC, BA represent

271 +2,, 7) -~ 2, Tespectively. Since |z) + zo| =]z ~ z,|, OC = AB . Hence OACB is a rectangular.

Therefore .ZAOB =7 But LZAOB =argz —argz, (or ZAOB = argz, —argz). Thus

—_—gf -

Problem CO2_30. On an Argand diagram the points P and Q represent z and z+iz respectively.
Show that OPQ is a right-angled triangle.

Explanation:

Y

z+iz

o
<Y

Let R represent iz. We know that the transformation z — iz corresponds to a rotation
anticlockwise about O through the angle g— in the Argand diagram. Therefore OPQP is a
square. Hence OPQ is a right-angled triangle.

Problem CO2_31. Show that |z;|~|z5| =|z; + z,|- State the condition for equality.
Answer: zy=—kzy,k>0,0r zy=0,0r 2, =0.

Explanatior. If z;=0 or z,=0, I

zll—izzl]:|zl +22|. Letnow z #0 and z, # 0. Then
]zli - |ZZ| = |zl +25— zz| —|22| < ]zl + z2| + |—22|f|z2| = IZI +22| with equality if and only if
zZy4 2 :k-(—zz), k>0.
o |zl -lza| <z + 25| with equality if and only if z; = —(1+k)zy, k > 0.
|22| - |le = |22 +2z - ZI{ —|21| < izz + le+ |—zl| —]zl| = |22 +zl| with equality if and only if
Zy--z) = k~(—zl), kE>0.

o |za|=|a| <]z +2o| with equality if and only if z, = _141—k z,,k >0,

Hence “zl|--1z2|]£ IZI +z2| with equality if and only if z; = —kz,, k>0, 0r z, =0, or z, = 0.

Problem CO2_32. Use de Moivre's theorem to solve 25 =1, By grouping the roots in

complex conjugate pairs, show that z° +1= (z+ 1)(22 ~2zcost+ 1)(22 -2z cos%’i + 1) .

Answer: cos%irisinﬁ, cos%"iisinl’r -1

5 57

-2~




Explanation: |-1|=1 and arg(-1) = . Hence the complex Sth roots of -1 all have modulus 1
and by de Aoivre’s theorem one complex 5th root of -1 has argument %, the others being
equally spa:ed around the unit circle in the Argand diagram by an angle 2?" . Therefore the

complex 5t1 roots of -1 are cosﬂirisin%, cos%iisin%", and -1.

Then 2> +1= (z +l)(z - cis%)(z - cis(-%))(z —cis 3T")(z - cis(-%")) . But
(z —cis %)(* - cis(-%)) = ((z —coS %) - isin%)((z —€OoS %) +isin %) = (z — €08 %)2 + (sin %)2 =
=22 - 2zcos Tl and (z - cis%")(z - cis(-%")) =72-2z cos—35£+1 .

L 4l= (erl)(z2 —2zcos§+l)(z2 a22cos3T"+l).

Problem CO2_33. If z=cos8+isin6, show that z” + 27" =2cosn0 . Hence show that
cos* 6 = L(cos 46 + 200520 +3).

Explanation: By de Moivre’s theorem and z” = cosn0 +isinn0 and

z = cos(-—ne) + isin(-ne) =cosnd —isinnb. Then z" +z7" =2cosnd and

z" —z7" =2isinnd .

4 4
2¢c0s0 =z + 2z} Then 16cos* 0 =(z+z‘1) . But (z+z‘]) =z* +422 +6+4z7 427
:(24 +z"4)+4(z2+z“2)+6. Hence 16cos*0 = 2c0s40 +4¢c0s20 +6 and

cos' 6 =1 (cos40 +2c0s20+3).

Problem CO2_34. 1, ® and o are the three cube roots of unity. Simplify each of the

expressions (1 +30+0° )2 and (1 +o+30° )2 and show that their sum is -4 and their product is
16.

Explanation: ®®=1. Since ® is a non-real root of unity, 2+ +1=0 (it follows from the
factorization > —1= (co —1)(602 +o +l) .
2y? 2\?
Let z :(H&n +® ) and z2:(l+o) +3m ) .
_ 2 2 2 . 2 _
Then zl—(1+co+co +2m) =(20) (smcel+m+co —0)
= 4>
2, 5 2\ AT 2
and 22:(l+0)+oo +20 ) :(Zco ) (smce 1+o+o :0)
=co* =40 (since o= 1)
Hence z, +2, = 402 + 40 :4((02+0) +1)—4:—4 (since o’ +o +1:O) and

22, = 40’ 40 =160° =16 (since o3 :1).

-/3=

Problem CO2_35. Indicate on an Argand diagram the locus of the point P representing z when

(@) Imz=1:(b) |z-2-1=2;(c) arg(z+i):%Tn.
Explanatio.:
y=1 v
1
O X

Let z=x-+iy. Then
(@ Imz=1=y=1.

YA

(c—2F+(r-1y =4
4C1)
oINS x

Let P represent z. Then

N
(b) Let A4 represent 2+i. Then AP represents z —(2+i) and ]z —-2- il =2=AP=2,

P lies on the circle with the center A(Z,l) and radius 2.

w Y
=
-1 0) X
y=-x-1
x<0
40,1

- g -




-
(c) Let A represent —i. Then AP represents z+i. AP has gradient tan(%") =-1. Hence the

locus of P istheray y=-x-1, x<0.

Problem C0O2_36. The point P represent the complex number z on an Argand diagram.
Describe the locus of P when |7| =|z—2|.

Answer: x:=1.

Explanatio:
Y
P
z z=2
1
H H -
o 42,0) X

5
Let A represent 2. Then 4P represents z—2, and |z|=|z —2|=> OP = AP. The locus of P is
the perpendicular bisector of OA4. Therefore the locus of P has Cartesian equation x =1.

Problem CO2_37. |z+i|<2 and O<arg(z +1) S%A Sketch the region in an Argand diagram

which contains the point P representing z.

Explanation:

2 B

v A

N
Let 4 represent —/ and B represent —1. Then, if P represents z, AP represents z +/ and
- -

BP represents z+1. Hence AP <2 and BP makes an angle between O and % with the

positive x-exis.

Problem CO2_38. Arg(z+3) =§ . Sketch the locus of the point P representing z on an Argand

diagram. Find the modulus and argument of z when |z| takes its least value. Hence find in the

form a+ib, the value of z for which [z| 1S a minimum.
Answer: 3—\3, 5—7: E(~3 +i\/§).
2 4

Explanation:

e




v A
P ﬂ 51
2 6
A A ™
3 (0] X

N
Let A represent —3. Then AP represents z+3. AP has gradient tan(%) =+/3 . Hence the locus

of P has Cartesian equation ¥ =+/3x +3+3,x >-3. Now OP =|z|. Hence the minimum value

of Jz| is the perpendicular distance from {0,0) to the locus of P . Therefore the minimum value of

LT 3J§ T 1 S5n
z| is AO-sin—=-——. Since AP has gradient tan— = \/?7 OP has gradient ——== tan(——)
i 3 2 ¢ & 3 8 3 6

. . 343 .5
when |z| takes its least value. Hence modulus of z is T\/— and the argument of z is ?n when

|zl is a mimmum. Therefore z = 3~‘§lcis(5i] = Eﬁ[~£— llj = 23‘—(—34- z\/g) .

6 2 2 2

Problem CO2_39. If arg(z - 2)=arg(z + 2)+ g show that the locus of the point P representing

z on an Argand diagram is an arc of a circle and find the center and radius of this circle.

Answer: [O, 2 4

EJ’?/?

N
Explanation: Let A(Z,O), B(—Z,O) and P represent 2, —2, and z respectively. Then AP and
- -

BP represent z—2 and z+2 respectively, and arg(z - 2)= arg(z + 2)+§ requires AP to be

N
parallel to the vector obtained by rotation of BP anticlockwise through the angle of g

~{7-

Y
B(-2,0) Y A(2,0) X\
%2) arg(z -2)
} % z=2
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If P lies below the x-axis, AP must be parallel to a clockwise rotation of BP . This

diagram shows arg(z — 2)=arg(z +2) - 135 Hence P must lie above the x-axis.
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Since alterrate angles between parallel lines are equal, ZBP4 = g as P traces its locus. Hence

P lies on the major arc AB of a circle through 4 and B.

The center C of this circle lies on the perpendicular bisector of 4B, and the chord 4B

subtends ar. angle 2~g:%7£ at C.
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Therefore OC = i and AC = i Thus the center of this circle is C(O, i) and the
V3 NE) V3
radius is A
V3

Problem CO2_40. The complex number is given by z= t+% » where ¢ =r{cos0+isin8). Find

the equation of the locus of the point P which represents z on an Argand diagram when r=2
and 0 varies.

Explanationr. Let P(x, y) represent z = x +iy. Then
x +iy=r(cos8 +isin 9)+l(cose —isin8)= (r + l)cose +i(r - leine ,
r r ¥
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SX= r+—]- cos® and y= r~l sin@. x=32cos® and yzisine‘Henceg—Jriy*:l.
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