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Chapter 01: Complex Numbers
EXERCISE 1.1
1. Simplify the following:
@) i%

P=i*xi=(>{*)?xi=(-1)?xi=1xi=1i

P=i*xi=((*)?xi=(-1)?xi=1%xi=1i
(ii) i1®
i16 — (iZ)S = (_1)8 =1

i16 — (i2)8 4 (_1)8 =1
(i) (—=i)~1°

. 1 ~ 1 . 1 B 1 - 1
Tt T @) @D 1 (DD
1 1
G )
N_19 _ 1 A 1 - 1 T 1 3 1
N oy ) FERC At Iy CEL S Rl U () EY) Rt W (@ £y
1 1
S S )

Multiply numerator and denominator by i:
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(iv) 27i72%°
e 27 27 27 27
271 = 12_6 = (i2)13 = (_1)13 = _—1 = =27
e 27 27 27 27
271 = 12_6 = (i2)13 = (_1)13 = _—1 = =27
(v) it +i5

o M=i"%i={?) xi=(-1)°%xi=—i
o P=i*xi=((")?xi=(-1)?xi=i

M+ ==it+i=0

M+t =—i+i=0
vi) (i* + i3 + % + i)?
Simplify the terms inside the parentheses first:

Y ¥

. 13_l -i=-1- —i
o i2=-1
o =1

Inner expression:
1+(-D)+(-D+i=1-i—-1+i=0

1+(-D)+(-D)+i=1-i—-1+i=0

Therefore:
(0)?=0
(0)>=0
-5
(vu)( )
Simplify inside the parentheses:
'8
i
i—5=18‘5 = [
8
i
i—5—18‘5 2(y51 7

Now evaluate the power:
1 1 1 1 1

U e cut s A B s B G ) e

1 1 1 1 1
(_i)_s = = = = [ — p—
) P B 1D 1D =i i
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Multiply numerator and denominator by i:
1-i i i

(viii) i13 x i?°
Using exponent rules:

42

S oS S e

l

l'4-2

2 = (%) = (=1)2! = -1

j13 % j29 — j13+29 —

2 = (%) = (=1)2! = -1
2. Write in terms of i:

()2 +V—4
24+ JAx (D) =2+Va4/-1=2+2i
24+ JAx () =2+Va4/-1=2+2i
(ii)3 —v-7
3—J7x(-1)=3-VW/-1=3-iV7
3—J7x(-1)=3-V7"V/-1=3-iV7
(iii)§+@
2 J16x(-1) 2 4i
5 N N e
2 J1i6x(-1) 2 4i
R 575
(ivyv2 —v-3

V2-/3x (=D =vV2-iV3

V2-3x(-1)=v2-iV3

3. Find the values of xand y:
i) 2x+5)+(@y—-3)i=1+2i
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Equating real and imaginary parts:

o Real parts:

2x+5=1=2x=1-5=—4=>x=-2

2x+5=1=2x=1-5=—4=>x=-2

e Imaginary parts:

y—3=2=y=24+3=y=5

y—3=2=y=2+3=>y=5
x=-2,y=5

x=-2, y=5
(i) 3x+2) — (4—y)i=5+3i
Rearrange the imaginary term: (3x + 2) + (y — 4)i = 5 + 3iEquating real and imaginary parts:

o Real parts:

3x+2=5=3x=3=x=1

3x+2=5=3x=3=>x=1

o Imaginary parts:

y—4=3=y=7

y—4=3=>y=7
x=1,y=7

(i) 2+ Dx+ (1 -2y =3 +4i
Expand the left side:
2x +xi+y—2yi =3+ 4i

2x+xi+y—2yi =3+ 4i
Rx+y)+ (x—2y)i=3+4i

Cx+y)+ (x—2y)i=3+4i
Equating real and imaginary parts:

1. 2x+y=3 =y =3 - 2x--- (Equation 1)
2. x — 2y = 4--- (Equation 2)

Substitute Eq. 1 into Eq. 2:
x—2(3-2x)=4
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x—2(3=-2x)=4
x—6+4x=4=5x=10=>x=2

X—64+4x=4=5x=10=>x=2
Substitute x = 2back into Eq. 1:
y=3-2(2)=3-4=-1

y=3-22)=3-4=-1

x=2,y=-1

ivyBx—-1)+R2y—-3)i=8+7i
Equating real and imaginary parts:

o Real parts:

3x—1=8=3x=9=x=3

3x—1=8=3x=9=x=3

o Imaginary parts:

2y—3=7=2y=10=>y =5

2y —3=7=2y=10=y=5
x=3,y=5

VA-Dx+Q2+Dy=4—-1i
Expand the left side:
X—xi+2y+yi=4-—1i

x—xi+t2y+yi=4-1i
x+2y)+(—x+y)i=4—i

x+2y)+(—x+y)i=4—i
Equating real and imaginary parts:

1. x+ 2y = 4--- (Equation 1)
2. —x+y=-1=y=x— 1--- (Equation 2)

Substitute Eq. 2 into Eq. 1:
x+2x—1)=4

x+2x—1)=4

i S F o S 4 = =S SIS dala s



=3 a3 ol ol
xX+2x—2=4=3x=6=>x=2

X+2x—2=4=3x=6=>x=2
Substitute x = 2back into Eq. 2:

y=2-1=1
y:Z—]_:

x=2,y=1
x=2, y=1
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EXERCISE 1.2
1. Simplify and write in the form a + bi:
(i) (24 5i) + (3 —zi)
24+3)+(5-2)i=5+((5-2)i

2+3)+(5—-2)i=5+((5-2)i
(ii) (16 — 3i) + (9 + 2i)
(16+9)+(—3+2)i=25—1i

(164+9)+(-3+2)i=25—1i
(iii) (9 — 2i) — (7 — 3i)
9—-2i—74+3i=09-7)+(-2+43)i=2+1i

9-2i—743i=0O-=7)+(-2+3)i=2+1i
(iv) (11 + 9i) — (9 — 7i)
1149i—9+7i=11-9)+ (9+7)i =2 + 16i

1149i—9+7i=11-9)+(9+7)i =2+ 16i
v) (3 + 4i)(2 — 3i)
= 3(2—30) + 4i(2 — 3i) = 6 — 9i + 8i — 12i?

= 3(2 — 3i) + 4i(2 — 3i) = 6 — 9i + 8i — 12i?
Since i? = —1:
—6—i—12(-1)=6—i+12=18—i

—6-i—12(-1)=6—i+12=18—i
vi) (5 — 20)(3 — 4i)
= 5(3 — 4i) — 2i(3 — 4i) = 15 — 20i — 6i + 8i?

= 5(3 — 4i) — 2i(3 — 4i) = 15 — 20i — 6i + 8i?
=15 — 26i + 8(—1) = 15 — 8 — 26i = 7 — 26i

= 15— 26i + 8(=1) = 15 — 8 — 26i = 7 — 26:i
(vii) (3 — 5i) + (2 — 4i)
3—5iX2+4i_6+12i—10i—20i2_6+2i—20(—1)_6+20+2i_26+2i
2—4i 2+ 4i 22 — (4i)2 4—16(-1) 4+ 16 20

3—5iX2+4i_6+12i—10i—20i2_6+2i—20(—1)_6+20+2i_26+2i
2—4i° 2+ 4i 22 — (40)2  4-16(-1) = 4+16 20
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(viii) (5 + 2i) = (6 — 3i)

5+21 6 + 3i 30+1&+1%+6ﬂ_30+2ﬁ+604)_24+2ﬁ

6-30 6430 62 — (3i)2 ~ 36-9(-1) 45

5+21 6 + 3i 30+15i+12i+6i2_30+27i+6(—1)_24+27i

6— 3R, 62 — (3i)2  36—-9(-1) 45
24 27 8 3

2. Write additive inverse for each complex number:
The additive inverse of z = x + iyis —z = —x — iy.
(i) 3+ 2i
Additive Inverse = —(3 + 2i) = =3 — 2i

Additive Inverse = —(3 + 2i) = —3 — 2i
(ii) 4 — 3i
Additive Inverse = —(4 — 3i) = —4 + 3i

Additive Inverse = —(4 — 3i) = —4 + 3i
(iii) 5 — 7i
Additive Inverse = —(5 — 7i) = =5+ 7i

Additive Inverse = —(5 — 7i) = -5 + 7i
(V) —3+2i

-~ 2 5. 2_a%8
Additive Inverse = — (— 3 + 2 L> T\
. 2 5. 2 5,
Additive Inverse = — (— 3 + 2 l) =3~ Zl
3. Find multiplicative inverse for each complex number:
The multiplicative inverse of zis z~1 = i = %

()z=4+5i
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__1  4-5i__4-5i 4-5i 4-5i 4 5
T +5i 4-5i 42— 16—(=25) 41 41 41"

L1 4=5i_ 4-50 _ 4-5i _4-5i_4 5
2 T 5. 4—5i #—-(G0)Z 16-(-25) 41 41 41
(i) z = 6 + 2i
1 6-2i__6-2 6-2i 6-2i 6 2 3 1.

-1 — — —_— e — _—

Z T 812 6-2i 62— (2i)2 36— (—4) 40 40 20° =20 20"

L__ 1 6-2 6-2i _ 6-20 _6-2_6 2. _3 1.

BTy - P 62— (20)2 36— (—4) 40 40 40° 20 20
(iii) z = 7 — 3i

o L 7H3i_ 7430 7430 _7+3i_7 3.
7-31 7+3i 72-(30)? 49-(-9) 58 58 58
1o L 7H3i_ 743 7430 _7+3i_7 3.
7-31 7+3i 72-(3D? 49-(-9) 58 58 58
(iv) z = V5 — 4i
b V5+4i V54 V5 + 4i _\/§+4i_§+ii

T e (V) _@pr 5-(16 21 21 2

. \/_+4z V5+4i  V5+4i V5+4i V5 4
“VB—4i Vs+4 (Y _(ap 5-(-16) 21 ~217 21
4.1fz4 = 2 + 5i,z, = 1 — 3i, z3 = 2 + i, then verify that:
i)z1+2z;=2,+24

e LHS:z,+2z,=Q2+5)+(1-30))=2+1)+(B-3)i=3+2i
e RHS:z,+2z,=(1-3i)+@2+5i)=(1+4+2)+(-3+5)i=3+2i

LHS = RHS (Verified)

LHS = RHS (Verified)
(ii) (Zl + Zz) + Z3 = 2721 + (ZZ + Z3)

e LHS: (14+2)+2:=3+20+R2+)=@B+2)+ Q2+ 1i=5+3i
e RHS:z,+2;=(1-30)+Q+i)=3—2i

Zi+ (23 +23) =2 +50)+(3-20)=2+3)+(5—-2)i=5+3i

Z1+(z,+23)=2+5)+B-2)=2+3)+(5-2)i=5+3i
LHS = RHS (Verified)

i S F o S 4 = =S SIS dala s



el oAl il el

LHS = RHS  (Verified)
(iii) Z1Zy) = 2924

e LHS:zz,=Q+5)(1-30))=2—-6i+5{—15i2=2—i+15=17 —1i
e RHS:z,z, =(1-30)(2+5]))=2+5i—6i—15i{2=2—i+15=17—i

LHS = RHS (Verified)

LHS = RHS (Verified)
(iv) (z122)z3 = 21(2,23)

e LHS: (z12)z3=(17-1)2+i)=34+17i —2i —i? =34+ 15i — (—1) =35+
15i
e RHS:z,zz=(1-3))Q2+i)=2+i—-6i—3i?=2-5i+3=5-5i

2,(2,23) = (2 + 50)(5 — 5i) = 10 — 10i + 25i — 25i% = 10 + 15i + 25 = 35 + 15i

z1(2,23) = (2 4+ 5i)(5 — 5i) = 10 — 10i + 25{ — 25i? = 10 + 15i + 25 = 35 + 15i
LHS = RHS (Verified)

LHS = RHS (Verified)
WMz1+(-29)=(21)+2,=0
Here —z; = —2 — 5i.

e z,+(-2)=Q2+5)+(-2-5)=2-2)+(-5)i=0+0i=0
e (—2z)+2z,=(-2-5)+2+5))=(-2+2)+(-5+4+5)i=0+0i=0

Hence verified.

Hence verified.

(1+i)2
5. If =

First, simplify numerator (1 + i)?:
1+D)?=1+2i+i?=1+2i—-1=2i

= x + iy, then find the values of xand y:

(1+)?=1+2i+i2=1+2i—-1=2i
So the expression becomes:
2i
2%

2i
2—1
Multiply numerator and denominator by conjugate (2 + i):
2i2+10)  4i+2i2 4i+2(-1) -2+4 2 4

2-0DC2+0) 22—z 4-(-1D) =5 “5t3!
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212 +1) 4i+2% 4i+2(-1) -2+4i 2+4_
Z-D2+i) 22-i2 4-(-1D 5  5°%'
N2
Since 2 = x + iy:

2—1
PN
Xtiy=—c+gi

. 2aide
X+ly=—§+§l

Equating real and imaginary parts:

- 2 _ 4
*TT5 VTS
_ 2 _ 4
X=7g Y75
6.1f (2x + iy)(1 — i) = 4 + 2i, then find the values of xand y:

Expand the left side:
Rx+iy)A-i)=2x—2xi+iy—iy? =2x—2xi+iy+y=Qx+y)+ (—2x+y)i

Cx+iy)1—-i)=2x—-2xi+iy—iy>?=2x—-2xi+iy+y=2x+y)+ (—2x + y)i
Equating real and imaginary parts with 4 + 2i:

l. 2x+y=4=y =4 — 2x--- (Equation 1)
2. —2x +y = 2--- (Equation 2)

Substitute Eq. 1 into Eq. 2:
—2x+ (4—2x) =2

—2x+ (4—2x) =2

1
—4x+4=2=—4x=—2=x=§

1
—4x+4=2=>—4x=—2=>x=§

Substitute x = %into Eq. 1:
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1
X = E, y= 3
7. Find the values of aand b, if (a + bi)(1 + 3i) = —8 + 11i:
Expand the left side:
(a + bi)(1 + 3i) = a+ 3ai + bi + 3bi? = (a — 3b) + (3a + b)i

(a + bi)(1 + 3i) = a+ 3ai + bi + 3bi? = (a — 3b) + (3a + b)i
Equating real and imaginary parts with —8 + 11i:

1. a—3b =—-8= a = 3b— 8--- (Equation 1)
2. 3a+ b = 11--- (Equation 2)

Substitute Eq. 1 into Eq. 2:
33b—8)+b =11

33b—8)+b =11

9b 4+b= = 10b=35=b = =
2 =11 = = =
b—24+b=11=10b=35= b = =
9 4 = = = =

Substitute b = ginto Eq. 1:

_3() o R0, S
=22 N ="
_3() g2 _21-16_5
=22 ] A 2
i fail
2172
“Sugt
2 e
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EXERCISE 1.3
1. Find the modulus of the following complex numbers:

Formula: |z| = |x + iy| = x% + y?

(i)z=4+3i
lz1=+/42+32=v/16+9=V25=5
|z| =42 +32=V16+9=V25=5
(i) z = —5 — 4i
|z 1= y/(=5)2 + (—4)2 = V25 + 16 = V41
1z| = /(=5)2 + (—4)2 = V25 + 16 = V41
i)z =2—-zi

o= |0 (5 i (B
o= (O (Y - [ [Eie

(iv) z = —2 —/3i

lz1= \/(—\/7)2+(—\/§)2 =V2+3=15

2 2
2l = J(=V2)’ + (~V3)’ =vZF3 = 5
2.1fzy = 2 + 7iand z, = 4 — 3i, then verify that:

Dzy+2z, =21 +2;,

o z1+z,=Q+7)+ @ —30)=6+4i

e LHS:z +2z,=6—4i

e Z,=2-7i,7, =4+ 3i

e RHS:Z{+7,=Q2-7)+ (4 +3i)=6—4i

LHS = RHS (Verified)

LHS = RHS (Verified)
(i) 242, =2z, - 7,

o 2,2,=2+70)(4—30) =8—6i+28i —21i2 = 8 + 22i + 21 = 29 + 22i
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e LHS:Zz,z, =29 —22i
e RHS:Z;-Z; =(2—-7))(4+3i) =8+ 6i—28i —21i* =8 —22i + 21 = 29 — 22i

LHS = RHS (Verified)

LHS = RHS  (Verified)

(i (2) = 2

Z2
Zq 2471 4430 8+46i+28i+21i? —13+34i 13 34,
° —_ = - X - = = = ——4—1
Zy 4-3i 4431 16—(-9) 25 25 25
z 13 34 .
. LHS: (2)=-2-2,
Zy 25 25
Z1 2-7i 4-3i 8—6i—28i+21i? —13-34i 13 34,
e RHS:Z =27, 230 = __13_34,
Zy 4431 4-31 16+9 25 25 25

LHS = RHS (Verified)

LHS = RHS (Verified)
3.If z = 5 — 2i, then verify that:

i)z =

NI| N

512
5+ 2i=5-2i =2z (Verified)

—+

NI
Il

(ii) |z| = |z|

o |z| =452+ (-2)2=+25+4=+/29
e |z| = |5+ 2i] = V52 +22 =25+ 4 =+/29

Hence verified.

Hence verified.
(iii) |z| = | — 2|

o —z=—(5-2i)=-5+2i
o |—z|=(=5)2+22=25+4=+29 = |z| (Verified)

(iv) zz = |z|?

. LHS:zz = (5— 20)(5 + 2i) = 52 — (20)? = 25 — (—4) = 29
. RHS: |z|? = (V29)" =29

LHS = RHS (Verified)

LHS = RHS (Verified)
V) lz| = | - Z|

e —Z=—(5+2i)=-5-2i
o |=Z|=+(=5)2+(=2)2=v25+4=+29 = |z| (Verified)
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4.1f z = 4 — 3i, then verify that |z| = | —z| = |z| = | — Z:

« z=4-3i=|z| =42+ (-3)?=VI6+9=V25=5

e« —z=—4+43i=|-z|=,/(-4)2+32=+25=5

e z=2z=4-3i=|z|=5

e Z=443i=>-7Z=-4-3i=|-2|=/(-4)2+(-3)2=v25=5

Hence | z |=| —z |=| Z |=| — Z |= 5 (Verified)

Hence |z| = | —z| = |§| =|—2z| =5 (Verified)
5.1fzy = 2 + 3i,z, = —1 + i, then evaluate:
First compute z;z,:
212, = (2+3)(-14+i)=-2+2i—3i+3i?=-2—-i+3(-1)=-5-—1i

712, = 2+3D)(-1+i)=-2+2i-3i+3i*?=-2—-i+3(-1)=-5—-1i

(i) Re(z412;)
Re(—=5—1i) = -5

Re(—5 — i) ==5

(i) Im(z, z;)
Im(—529) = —q

Im(-5—-1i) =-1
EXERCISE 1.4
1. Find the real and imaginary parts of the following complex numbers:
(i) (8 —3)?
(8—3i)2 =82 —2(8)(3i) + (3i)> = 64 — 48i + 9i* = 64 — 48i — 9 = 55 — 48i

(8 —3i)2 = 82 — 2(8)(3i) + (3i)2 = 64 — 48i + 9i% = 64 — 48i — 9 = 55 — 48i

e Real part: 55
o Imaginary part: —48

(i) (5 + 3i)71

(54301 = 1 % 5 — 3i _ 5 _3iglSR8»5 -3 5 3
! 5430 (5+30)(5-3i) 52—-(3i)2 25+9 34 34 32"
(54301 = 1 5 — 3i _ 5-3i  5-3i 5-3i 5 3

! 5430 (5+430)(55-3i) 52—-(3i)% 25+9 34 34 32"

5
e Real part: ”

. 3
o Imaginary part: — 2
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(iii) (4 — 5i)71

4ospao_ L __4¥Si__44si 45 45
YT s T2 (502 16+25 41 41 41"
4oyt oL 4450 445 445 4 5
— 51 — — — [ p— —_—

251 #—(50)2 16+25 41 a1 a1’

1
o Real part: a1

. 5
o Imaginary part: -

(iv) (4 — 3i)72

1 1 1
4 —_ 3 -2 — = f—
=30 = 3 " Te—ai o7 724
1 1 1
(4—3i)2 =

(4—30)2 16 —24i +9i% 7 — 24i
Multiply numerator and denominator by (7 + 24i):
7+ 24i 7 + 24i 7+ 24i 7 24

72 (2402 49-576(-1) 625 625 ' 625"

74240 74240 T+24i 7 +24_
72 — (240)2  49—576(—1) 625 _ 625 @ 625'

7
e Real part: T

e Imaginary part: =

625
3+2i\ 1
V) (4+3i)
(3+2i)_1_4+3i_(4+3i)(3—2i)_12—8i+9i—6i2 _12+i+6_18+i

430/, 3+21@+20)@B=2i)  3%3=(2i)? 944 13
18 1

“13t13!

(3+2i)‘1_4+3i_(4+3i)(3—2i)_12—8i+9i—6i2_12+i+6_18+i
4+4+3i)  3+2i (B+2)(3B-2i) 32 — (2i)2 ~  9+4 13
18 1

=E+§l

18
¢ Real part: '

o Imaginary part: 11—3

(vi) (ﬁ)_2

2+i
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(2 - i)_z (2 + i>2
24+ 2—1i
(2 — i)_z (2 + i>2
24+ 2—1i

First simplify g

(2+i)(2+i)_4+4i+i2_3+4i_3+4_
T e 5 NG
(2+i)(2+i)_4+4i+i2_3+4i_3+4_
2-0@+i) 4-i2 5 5'5'

Now square it:
(3+4i)2_9+24i+16i2_9+24i—16_—7+24i_ 7+24_
5 )~ 25 ~ gee 25 b5 25

(3+4i)2_9+24i+16i2_9+24i—16_—7+24i_ 7 24
5 m 25 - 25 - 25 25 25

7
e Real part: T

. 24
o Imaginary part: =

(vii) (1‘2")2

1+i
1-2i
1+i

(1-20)(1—-i) 1-i—-2i+2i® 1-3i—-2 —-1-3i
14+ DA -i) 1—i2 B 2 e

First simplify

(1 — 2 T i 21 + 22 gl iD= — 3;
1+ -i) 1—i2 > 2 2

Now square it:

(—1 = 3i>2 _ D +2DE3D + (307 _1+6i-9  —8+6i_ 3
2 - 4 . \ 4 2
(—1 = 3i)2 _ D H2CDEB0 + (2307 146i-9  —8+6i 3

2 N 4 I R 2

e Real part: —2

o Imaginary part: %

2. Solve the following simultaneous linear equations with complex coefficients for wand z:

(@

1. 3z+ (2+)w = 11— i— (Eq. 1)
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2. 2—-i)z—w=-1+i--(Eq.2)

From Eq. 2, express win terms of z:
w=_2-i)z+1—-1i

w=_Q2—-i)z+1-1i
--- (Eq. 3)
Substitute winto Eq. 1:
3z+2+D[Q2-Dz+1—-i]=11—1i

3z+ 2+ D[R2-i)z+1—-i]=11—1i
Notethat 2 +i)(2—i)=4—i?=5,and 2+i)(1—-i)=2-2i+i—i*=3—1i:
3z+[5z+3—-i]=11—-1i

3z+[5z+3—-i]=11—-1i
8z4+3—i=11=i

8z+3—-i=11—-1i
8z=11-3=8=>2z=1

8z = 11 — 3 S181= zZi=4l
Substitute z = linto Eq. 3:
w=_2-D)D)+1-i=2-i+1-i=3-2i

w=QR-D1)+1-i=2—-i+1-i=3-2i
Solution: z=1, w=3—2i

(i)

. 2z+B+i)w=9—i--(Eq. 1)
2. —iz—iw=-1+i--(Eq.2)

Divide Eq. 2 by —i:

~ 1 R L TR T 1

Z+w= =-1-1i
—i —i? il
—1+i (—14+Di —i+i? ]
zZ+w= S AU = =-1-1i
—i —i 1
z=—1—-i—w
z=-1—-i—-w

--- (Eq. 3)
Substitute zinto Eq. 1:
2-1—-i—-w)+B+i)w=9—1i
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2-1—-i—-—w)+B+i)w=9—1i
—2-2i-2w+(B+iw=9—1i

—2-2i-2w+B+i)w=9—1i
(—2+4+3+DWwW=9—i+2+2i

(-24+3+i)w=9—i+2+2i
A+Dw=11+i

A1+dw=11+1i
1+ Q1+ -0 11-11i+i—i®? 12— 10i

e T A+ - . 1-(D 2z o™

114+i (A14+)(1-i) 11—-11li+i—i® 12 —10i _
e I yo e s e S B

Substitute w = 6 — 5iinto Eq. 3:

z=—-1-i—(6-5))=-1—i—6+5i=—7+4i

z=—-1—-i—(6-5i))=—-1—-i—6+5i=-7+4i
Solution: z= -7 +4i, w =6 —5i
(iii)

1. z—4w =3i = z = 4w + 3i— (Eq. 1)
2. 2z+3w =11 — 5i— (Eq. 2)

Substitute zinto Eq. 2:
2(4w + 3i) + 3w =11 - 5i

2(4w + 3i) + 3w = 11 — 5i
8w+ 6i+3w=11-5i

8w + 6i + 3w =11 — 5i
llw=11-1li=>w=1-1i

liw=11-1li=w=1-i
Substitute w = 1 — iinto Eq. 1:
z=4(1-i)+3i=4—-4i+3i=4—-1i

z=4(1-i)+3i=4—-4i+3i=4-1i
Solution: z=4—i, w=1-i

(iv)
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. z+w=3i=2z=3i—w--(Eq. 1)
2. 2z+ 3w =2---(Eq.2)

Substitute zinto Eq. 2:
2@Bi—w)+3w=2

2Bi—-w)+3w =2
6i —2w+3w=2=>w+6i=2=>w=2—06i]

6i —2w+3w=2=w+6i=2=w=2—6i
Substitute w = 2 — 6iinto Eq. 1:
z=3i—(2-6i)=3i—2+6i=—-24+9i

z=3i—(2-6i))=3i—2+6i=-2+9i
Solution: z= -2 +9i, w=2—6i
\Y)

1. 2z+ 3+ iw =1 (Eq. 1)
2. —z—-(1-iw=2=2z=-2—-(1-i)w---(Eq.2)

Substitute zinto Eq. 1:
2[2-(1-Dw]l+B+iDw=1

2[-2-A-iDw]+B+iw=1
—4-201-iw+@B+i)w=1

—4-21-dw+B+iw=1
—4+[-24+2i+3+ilw=1

—4+[-24+2i+3+iw=1

1+3))w=5
1+3)w=5
5 5(1-3) 5(1-3) 1 3
g R 12— (302 10 ot A
5 5(1-3) 5(1-3) 1 3
YETY3i T 12-@B)2 . 10 2
Substitute winto Eq. 2:
—_2-a _)(1—31’)
zZ = l )
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z=—2—(1—D(1;33

1-DA1-3))=1-3i—i+3i2=-2—4i

1-DA1-3))=1-3i—i+3i2=-2—4i

—2 — 4
z=—2—( > ):—2—@4—20=—2+1+m=—1+m

—2—4i
Z=—2—< )=—2—(—1—2i)=—2+1+2i=—1+2i

Solution: z = —1 + 2i, w=%—%i
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REVIEW EXERCISE 1
1. Choose the correct answer:

1. i?+i*=

o i2=-1i*=1=>-1+1=0
o Correct Answer: (b) 0

2. Real part of (2 — 3i)(2 + 3i)is:

o 22—(3i)*=4—-(-9) =13 + 0i = Real part = 13
o Correct Answer: (d) 13

3. Imaginary part of (2 — i)(2 + i)is:

o 22—i?=4-(-1) =5+ 0i = Imaginary part = 0
o Correct Answer: (a) 0

4. x + iywill be pure imaginary number, when:

o A number is purely imaginary when its real part x = O(and y # 0).
o Correct Answer: (b) x =0

5. What is additive inverse of 5 — 2i?

o —(5—2i)=-5+2i
o Correct Answer: (d) —5 + 2i

6. What is multiplicative inverse of z = 1 + i?

1 1-i 1 1.
—_— ==

1+i 1+1 2 2

11,
o Correct Answer: (c) 551

7. If z=4 —3i, then zz =

o zz=|z|*?=4*+(-3)2=16+9 =25
o Correct Answer: (d) 25

8. Conjugate of 9 — 4iis:

o 9—-4i=9+4i
o Correct Answer: (b) 9 + 4i

9. fz=4+4i,thenz+7z =

o z+z=@A+4))+ (4 —-4i)=38
o Correct Answer: (a) 8

10.If z = 5 + 4i, then |z| =

o |z] =V52+42 =+25+16 =41
o Correct Answer: (d) V41

2. Short Answer Questions:

(i) Is "0" a complex number? Explain.

Answer: Yes, "0" is a complex number. It can be written in standard rectangular form as 0 + 0i,
where both its real part and imaginary part are real numbers equal to 0.

(ii) What is the result of multiplying a complex number by its conjugate?
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Answer: Multiplying a complex number z = x + iyby its conjugate z = x — iyyields a non-
negative real number equal to the square of its modulus:
zZ=(x+iy)(x—iy)=x>+y*=|z|*

zz=(x+iy)(x—iy) =x%2+y? =|z|?
(iii) State the condition for two complex numbers to be equal.
Answer: Two complex numbers z; = x; + iy;and z, = x, + iy,are equal if and only if their
real parts are equal and their imaginary parts are equal, i.e., x; = xy,and y; = y5.
3. Simplify:
(i) i37
=30 0=0)8.i=(-DB-i=1-i=i

37 =i3¢.i=0)H8.i=(-D®B.-i=1-i=i
(ii) i3 x i1t

(1311 = j24 = (j2)12 = (=112 = 1

13411 = j24 = (j2)12 = ()12 = 1

(it (~)~?
~N—Q __ 1 _ 1 _ 1 r 1 B 1 _
S s Rl B v Rk ¢y R
e & : R

(—)° (—D°-i° —-1-G8-) -1-(1-) =i
(iv) (3 — 40)(5 — 6i)
=15 — 18i — 20i + 24i% = 15 — 38i — 24 = —9 — 38i

=15 — 18i — 20i + 24i% = 15 — 38{ — 24 = —9 — 38i
v) (3 +4d) + (5 — 70)
3+4i 5+7i 15+21i+20i+28i> 15+41i—28 —13+41i 13 41

X = = = = —— 4 —
5_7i 5+ 7 52 — (70)2 25 + 49 74 74 T 74"
344 5+7i_ 15421i+20i +28% _15+41i —28 13+ 41i _ 13 41
5-7i 5+7i 52 — (70)2 =T 25449 74 74" 74"

4. Find additive and multiplicative inverse of z = 8 + 9i:

o Additive Inverse:

—z=—(8+9i) =—8—09i

—z=—-(8+9i) =-8-9i

o Multiplicative Inverse:
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1 8-9 8-9 _ 8-9 8-9i 8 9

-1

= X = = = = [
z 8+9i 8-9i 82— (90)2 64+81 145 145 145

1 ><8—91‘_ 8-9i 8-9i 8-9i 8 9
T8+9i 8-9i 82 —(9)2 64+81 145 145 145
5.1fzy = 3 + 4iand z, = 2 + 3i, then verify that:

Dz +2z,=21+2,

-1

e z;+2,=B+41))+(2+3i)=5+7i=LHS=5-7i
e Z;+2,=3—-4i)+ (2 —-3i) =5—7i=RHS (Verified)

(i) z,2;, =z - Z,

o 2,2,=(B+4)(2+3)=6+9 +8i+12i2=—6+17i = LHS = -6 — 17i
e 7Z;-7;=(3B-4)(2=3))=6-9i—8i +12i® = -6 — 17i = RHS  (Verified)

(i) C_:) =

z)
Zq 3+4i x 2—3i 6—9i+8i+12 18—i 18 1 l
[} — -4 e’ —_ ————
Zy 2+3i 2-3i 13 13 13 13
VA 18 1
« LHS: (—1) S,
22 13 13
Z1 3—4i 2+3i 6+9i—8i+12 18+i 18 Il
« RHS:Z=3% - = 15t
Zy 2-—31 2431 13 13 13 13

LHS = RHS (Verified)

LHS = RHS (Verified)

(iv) [z1] = |24

e |zl=VE+2=V25=5
e 2;=—(B-4))=-3+4i=|-7Z]|=+/(-3)2+42=5

LHS = RHS (Verified)

LHS = RHS (Verified)

W)z, =2,

e« 7,=2-3i=2,=2-3i=2+3i=2z, (Verified)

(Vi) 2,71 = |z4|?

e LHS:(3+4i)(3—4i)=9-16i2=9+16 =25
e RHS:|z|?=52=25

LHS = RHS (Verified)

LHS = RHS (Verified)
6.1fz; = 5 + 4i, z, = 3 + 2i, then find:

(i) 212,
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212, = (5 +40)(3 + 20) = 15 + 10i + 12i + 8i% = 15 + 22i — 8 = 7 + 22i

212, = (5 + 40)(3 + 20) = 15 + 10i + 12i + 8i% = 15 + 22i — 8 = 7 + 22i

(ii) 2
z2

5+4i 3-2i 15-10i+12i—8i® 15+2i+8 23 2

- X - = . = = —+ i

3+2i 3-2i 32 — (2i)2 9+4 13 13

5+4i 3-2i 15-10i+12i—8i® 15+2i+8 23 2

: X 5= . = =—+ i

3+2i 3-2i 32 — (2i)2 9+4 13 13

(iii) z; - z

773 =(5—4)(3—=2i) =15—10i — 12i + 8i2 = 15— 22{ — 8 = 7 — 22i

775 = (5 — 40)(3 — 2i) = 15 — 10i — 12i + 8i2 = 15 — 22i — 8 = 7 — 22i
(iv) |z12;]

| 2,2, |=1 7 + 22i |= /72 + 222 = /49 + 484 = V533

|z,2,| = |7 + 22i| = /7% + 222 = V49 + 484 = V533
7. Find real and imaginary parts of z = (2 + 7i)~1:
s 2-7i 1 F - SRR
247 (24702 —70) 22—(7)? 4+49 53 53 53

zZ

1 2—7i - 2-70 2-7i 2 V .

2T 7 T 2+70)(@2—=7) 22—(70)? 4+49 53 53 53

2
¢ Real part: =

, g
o Imaginary part: — =

8. Solve the given simultaneous linear equations with complex coefficients for zand w:

l. iz+2—-i)w=4+i--(Eq. 1)
2. iz+ (3+Dw =3 + 3i-— (Eq. 2)

Subtract Eq. 1 from Eq. 2:
[iz+ B+iDw]—liz+ 2—Dw]=@B+3i) —(4+1)

[iz+ B+iDw]—[iz+ 2—-Dw]=@B+3i))—(4+1)
[B+D)—-Q2-D]w=-1+4+2i

[B+D)—(Q2—-Dw=—1+2i
(14 2)w=—1+2i
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14+20)w=-1+2i

—1+2i_(—1+2i)(1—2i)_—1+2i+2i—4i2_—1+4i+4_3+4i_3+4_
1+20  (+200d-20) 12—@)? _ 1+4 5 ~57%!

w =

—1+2i_(—1+2i)(1—2i)_—1+2i+2i—4i2 —1+4i+4_3+4i_3+4_
1+2i  (+200d-20)  12—-@2)? ___1+4 5 ~5°'5'

Substitute winto Eq. 1:

w =

iz=(4+i)—(2—i)<3-;4i)
u=(4+o—(z—o(gzﬁ)

—i)(3+4i)=6+8i —3i—4i“ =10+ 5i
2= +4i)=6+8i—3i—4i2=10+5i

—i)(3+4i)=6+8i —3i —4i“ =10+ 5i
(2—0)(B+4i)=6+8i—3i—4i2=10+5i

10 + 5i

iz=4+i—( - ):4+i—(2+i)=2
10 + 5i

iz=4+i—( >=4+i—(2+i)=2
2 2(=0) .
_?z -y = —2i
2 2(—i
=— = (_2):_21
i —i

Solution: z = —2i, w=%+§i

9. Solve (3 — 4i)(a + bi) = 1 + Oiand find the values of aand b:

a+ bi =

3—4i

a+ bi =

3—4i
Multiply numerator and denominator by (3 + 4i):
3+ 4i 3+4i 3+4 3 4

32 (4 9+16 25 25125

a+ bi =

3+4i  3+4 3+41 3 N 4
32— (40)2 9+16 25 25 25'
Equating real and imaginary parts:

a+ bi=
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10. Solve the equation for xand y:
B-2D)(x+y)=2(x—-2yi))+2i—1

B-2D)(x+yi))=2(x—-2yi)+2i—1
Expand both sides:
3x + 3yi — 2xi — 2yi? = 2x —4yi + 2i — 1

3x + 3yi — 2xi — 2yi? = 2x —4yi + 2i — 1
Bx+2y)+ By —-2x)i=2x—1)+ (2—4y)i

Bx+2y)+ By —2x)i=2x—1)+ (2 —4y)i
Equate real parts and imaginary parts:

1. Real Parts:

3x+2y=2x-1=x+2y=-1=>x=-1-2y

x+2y=2x—-1=x+2y=-1=>x=-1-2y
--- (Equation 1)

2. Imaginary Parts:

3y—2x=2—-4y= -2x+7y =2

3y—2x=2—-4y= -2x+7y =2
--- (Equation 2)
Substitute Eq. 1 into Eq. 2:
=2(—1-2y)+ 7y.=42

—261 — 7V )i 2
2+4y+7y =2

2+4y+7y =2
1ly=0=y=0

11ly=0=>y=0
Substitute y = Oback into Eq. 1:
x:—1—2(0):>x:_1

x:—l—Z(O):X=—1
Solution: x=-1, y=0
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