OCR Further Pure 1

Complex Numbers

Section 1: Introduction to complex numbers

Solutions to Exercise

1. (1) z2+25 =0
2

zm =25
z =151

it) 4z*+9=0

Zz_—ﬁ

4,

3,

z=1—1i
2

(tit) z*-2z+2=o0
2+J4—4x1x2
==
2
2+ -4
2
_2t2i
2
=1+0

(iv) 4z*+4z+5=0

—4tJ1e—4x4x5
=z =

g

4t -4
g

_—4tgl

g
=141

nlR

2 (1) (a) Z, +z,=2+3l+1-20=3+1
(b) z,—z,=2+3l—-1+20i=1+51
(c) z,z,=(2+3)(1-2))=2—-4i+3l+6=2-1
(o) z*=2-31
(e) z,*=1+20
o) z, ¥4z, *=2-3l+1+20=3-1
(@) =z, *-z,*=2-3l-1-20=1-51
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(h) z,*z*=(2-3l)+2A)=2+4l-3l+te=2+1

3—1

V_\
Il

+2+

o

L) () z, +z,=—12
) =z -z,==2
(c) z,z,=2l(3+)=-6l+2=2-06l
(o) z,*=2i
(e) z*=3-1
o) z, ¥4z, *=20+3-1=3+1
(9) z,*—z,*=20-(3-1)=-3+31
(h) z,*z*=20(3-)=6l+2=2+06l

—3—-1l=—3-31

o

z, ¥tz *=(z, +z,)*
Zy * _Zz* = (21 _Zz)*

z, *z,*=(2.2,)"

z={(a+i)*
=a* +4a’l+ea’l® +44 +1*
=a*+4a°l-ea® —4ai+1
ifzisveal, 4a°> —4a=o0
4a(a* —1)=0

4a9(a+1)(a—-1)=0
00 =0,-1ord.

) 1 1 3—20+3+20
@ —+ - = - -
2+2f 2-20 (B3+20)(z-20)
6
9+4
&
13

4 , 4(z+1)
=3l
3—1 (z-0)(=+1)
, 2+1
A )
9+1
=3+i+2(3+10)

_* ¢
—§(3+L)
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3 20 3(1+1) 3 2i(2-1)
1-1 241 (L-i)(1+L) (2+1)(2-1)
_3+3’L_4’L+:2
2 5
_15+150—-8L—4
- 10
11+ A

10

Note: if you have covered
chapter 8 on the roots of
polynomial equations you
can do this question by
considering the sum and
product of the roots.

Owne root ls 2 —Lsothe other rootis 2 + 1

Equation is (z-2+1)(z-2-1)=0
(z=2+1=0
Z¥—4z+4+1=0
z?P—4z+5=0

P: _4,, q=5

Owe root Ls 1 — 3{ so the other root s 1 + 3L
Equationis (z—-1+3l)(z-1-31)=0
(z-1)*+9=0
z¥-2z+1+ 9=0
z?—2z+10=0
=-2,4=10

Owne root Ls 2L sp the other root s -21
Equation is (z—21) (z+20)=0

z*+4=0
/D= O, q=.4,
owne voot is 5 - 31 so the other root is 5 + 31
Equation is (z-5+3l)(z-5-3l)=0
(z-5)"+9=0
z® —10z+25+ 9=0

z2 —10z+34 =0
p=-10,9=34
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5 2
6. —+ —=1
a+b 1+31
5 2 1+3l-2 —-1+3i
a+é 1+30 1+3f 1+30
a+o  1+31
5 —1 + 3L

(1 +31) (-1 —231)
(1 +230) (-1 —-231)
—1-&l+ 9

1+ 9
-6l

10
_4-3i

5

a+b=4-31

F. (a+8)* =(a+h)?

a—-b.=a*+2ab-b*
Equating imaginary parts: = = 244

b+2ab=0
o(1+24a)=0
b=0oor a=-%
Equating real parts: a=a-b*
if o= o: a=a
a(1—a)=0
a=0 or 1
fa=-%: —-1=%1-0"
b =2
4
b=z
The possible values of aand bare: a= b= o0
a=1,b=o0
a=-%,b=1tiJz
g 1 (a+b)(2+)=a-3L
p+a+20-b=a-31
Equating real parts: 2a-b=a
a=b
Equating bmaginary parts: 4+20=-3
34=-3
a=-1
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a=-1,b=-1

i) (a+)(4-H)=3b+24
44 —abl +4L+b6=3b+24
Equating real parts: 4a+b=3b

2a=0
—ab+4 =2a

—2a4° +4=2a
Equating lmaginary parts: 4° +a4-2=0
(a+2)(a-1)=0

a=-2o0or a=1
a=2,b=-4ora=1,b=2

9. (1+i)z-iw=06 @
iz+(1-iw=6+3L @

Ox(1-1) (1-D)(x+D)z-i(1t-w=6(1-1)

@xti —z+i(1-Iw=el—-3
Adding: (1-)(x+l)z—z=6—-06l+6l—-3
2z—z=3
z=3
Substituting into O©: 1+ -lw=6

2+3l-lw=6

iw=-=3+3l
Multiplying by i: -w=-3l-3

w=3+3l
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