Further Pure Mathematics 1

Complex Numbers

Section 1: Introduction to complex numbers

Solutions to Exercise

1. (i) z*+25=0
z? =25

z=i5\j

(it) 4z*+ 9=0

2=

,4.

3,

Zzi—J
2

(lit) z° —2z+2=0
2EJ4—4x1x2
Z:
2
_2+J-4
2
_2*2]
2
=1t

(v) 4z +4z+5 =0

4t J1e—4x4x5

Z
g

_—4x-e4
g
_—4igj

+ ®

—_1
2

J

2. 0 @ =z +tz,=2+3]+1-2]=3+]
() =z, -z,=2+3j-1+2]j=1+5]
) zz,=(2+3))(1-2))=2-4]j+3j+6=2— ]

d) z*=2-3]
(€) =z, *=1+2]

H z F+z,*=2-3)j+1+2)=3—]
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Further Pure Mathematics 1

(9) =z, *-z,*=2-3j-1-2j=1-5

() z *z*=2-3))@E+2))=2+4]-3]+6=28+]

()(a) =z +z,=-2j+3+]j=3—]
) z,-z,==2]-3-]=—3-3]
) =zz,=—2jE+))=-6j+t2=2-¢]
@ z*=2]
& =z *=3-]
) z *+z,*=2j+3-j=3+]
(@ =z *-z*=2]-(3-j))=-3+3]
) =z *z*=2j(E-j)=ecj+t2=2+06]

z *tz ¥ =(z,+z,)*
Zzy *_Z:z* = (Zl _Zz)ak

z, *z*=(z,z,)*

z=(a+))’*
=a* +4a’jtea”|*+4aj+ |*
=a*+4a°|—ea® —4aj+1
(fzisveal, 44° —4a=0
4a(a® —-1)=o0

4a(a+1)(a—-1)=0
soa=0,-1Lord.

(a+b))*=(a+b))
a-bj=a*+2abj-b

Bquating tmaginary parts:  —b =24
b+2ab=o0
b(1+2a)=0

b=oora=-%

Equating real parts: a=a-b

fb=0 a=a"

a(1—a)=o
a=0 or 1
fa=-ti-t=%-0°
b* =2
b=+1i=
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The possible values of 4 ana b ave: a=b=o
a=1,b=o0
a=-%,b=1%z

O 1 ’+ 1 ’:3—2J,+3+:2J,

2+2) 2-2) (3+2))(3-2))
-
9+4
6
13
. .4 . 4(z+ )
i) 3+ j+——=3+ |+ —————
3—] (z-)(=+))
. A4(z+])
=3+ j+——
9+1

=3+ j+2(z+ )

=Z(z+))

@ = 2j _ 3+) 0 2j=-)
1—-j 2+] @-)PE+]) 2+PE-))
_2+3) 4j+2
T2 s
15 +15j-2)—4
B 10
AL+ F
10

@) (a+b))(2+))=a-3]
2a+aj+2bj-b=a-3]

Equating real parts: Ra-b=a
a==b

Equating imaginary parts: a+20=-3
34=-3
a=-1

a=-1,b=-1

(i) (a+P(4—-b))=3b+2a
4a—-abj+4)+b=3b+24a]
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F.
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Equating real parts: 4a+b=30b
2a=10
—ab+4 =24
24 +4=2a

Equating imaginary parts: a+a-2=0

(a+2)(a—-1)=0
aAa=—22 0or 4=1

a=-2,b=-4ora=1, b= 2.

(a+b)) =2—4]
a*+2abj-b> =3-4]
Bquating tmaginary parts: 246 =-4

Equating real parts: 4% —b* =3

4
at-—=3
2

a
at —4=z47
at—za*—4=0

(@°-4)(@a>+1)=0
Stneealisveal, 4 =12 so b =F1
The square voots of 3 — 4 are 2 — j anod -2+ .

(i) ownerootis 2~J so the other root is 2 +J'
Equation is (z-2+ j)(z—-2- ) =0
(z—-2)P+1=0
z—4z+4+1=0
z®—4z+5=0
/D= _,4,, q=5

(it) owe root is 1 - 3j so the other root is 1 + 3]
Equation is (z-1+2))(z-1-3]j)=0
(z-1)*+9=0
z¥-2z+1+ 9=0
z*—2z+10=0

p=-249=10

(Lit) one root Ls 2) so the other voot is -2]
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Equation is (z-2))(z+2]) =0
z:+4=0
/D = O’ q = ,4,
(iv) one root is 5 - 3] so the other root is 5 + 3
Equationis (z-5+3])(z-5-3]))=0
(z-5)+9=0
z*—10z+25+ 9=0

Zz2 —10z+34 =0
p=-10,9=34

5 2
-+ - =1
a+bJ 1+3]

5 oy 1+3J’—:2 —1+3J’

ﬂ+bJ’ 1+3J’ 1+3J’ 1+3J’

a+b] B 1+3J’

5 —1+3]
_ (1+3))(-1-3))

(1+3))(-1-3))
e
_T
_2-¢]

10
_4-3]

5
a+bj=4-3]
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