7.5 Answers
Further A-Level Pure M athematics, Core 2
Complex Numbersl|

Answer 1
27
i 2= £
(i) 5
. . 27 27 . .
Begin by observing that = e 0 = % SOwW = ?I is better expressed,as

e g (oo 3] ion( )

From the Complex Roots Theorem, the roots will be given by,

X + 27k X + 27k
(5 (o 2 =)

3

%(COS(M) + isin(%%k)) fork =0, 1, 2

6
3 T 7T 3v3 3.
or 0: 7 > cos 5 +i9n 5 4 4|
For k=1: 2z i(cos(i)+|sm(ﬂ)) ——£+§|
N T2 6 6 N 4 4
. 3 3 3 B i.
For k—2.22—2(cos(2)+|sm(2)) = 2|

[ 6 marks]

[ 5marks]



Answer 2

B=av2 —av2i=4av2(1-1i)

Observe that = 8and 6 = —% sow = 4v2 — 42 i becomes

w =8| 2 ) isn(- 2

From the Complex Roots Theorem, the roots will be given by,

— & + 27k — & + 27k
zk=’°{/§(cos( 4 +isn 47))
= 2(003(%)+i9n(%)) fork = 0, 1, 2

[ 6 marks]

Answer 3
2 =-32-32V3 =32(-1-V3i)

Observe that = 64and 6 = —% sow = —32 — 32i1v/3 becomes

W = 64(008(—%) + id”(‘%))

From the Complex Roots Theorem, the roots will be given by,

—%+2nk —%+2ﬂk
Z = V64| cos 3 +1d9n B a—
=4(cos(@)+is‘n(M))fork=o, 1, 2
_ _ _2n
For k = 0 : 20=4(cos(—2n)+|sin(—)) — 4¢ 9!
9 9
A
For k=1 21=4(cos(4?ﬂ)+|sm(%t)) = 4e9I
For k=2:2 = 4(cos(ﬁ)+isin(ﬁ))
9 9
8 8n _8aj
ool v ) -
S 5 +ig 5

[ 6 marks]



Answer 4

(i)

2-1=0o22=1

Observe thar = 1and 6 = 0 sow = 1 becomes

w = 1(cos(0) +isn(0))

From the Complex Roots Theorem, the roots will be given by,

For

For
For

For

For

(i)

s o] 22| (S22

= (cos(znTk)+isin(%)) fork =0, 1, 2, 3 4

=0:2 = (cos(0)+isin(0))
1= e 2 o2
2= e 2 2
5= e S
(o 25) - 1onf- 5
el el

[ 6 marks]
The sum of the 5 roots is zero.
This means the real part of the sum must be zero and the imaginary
part of the sum must also be zero.
Focussing on the real part,

27 4 4 271
cos(0) + cos(?) + cos(?) + cos(— ?) + cos(——) =0

5
21 4 4 2

1+ cos(—) + cos(—) + cos(—) + cos(—) =0
5 5 5 5

...the last line is becausesd is an even functian
ZCOS(E) + 2cos(4—ﬂ) =-1
5 5
1

() o)
cos|—| + cos| —| = —— O
5 5 2

[ 3marks]



Answer 5

(1) Let v=z+ 1 in which case the equation becomes,
V= -
Observethatr = 1land ¢ = 7 sow = —1 becomes

w = 1(cos(x) +isin(x))
From the Complex Roots Theorem, the roots will be given by,

Vi = 3\/T(cos(ﬂ)+isin(ﬂ)) fork = 0, 1, 2

3 3
L 7 . 7 1 V3.
Fork_O.vo_(cos(3)+|sm(3)) =3 2|
_ 1 vs,
2= T T
For k:1:v1:(cos(£)+isin(£)) :i+£i
3 3 2 2
1 V3.
Z = —— + —i
2 2
For k=2 :v, = (cos(x)+isn(x)) = -1
L =-2
[ 6 marks]
(i)
[ 2marks]

(iii) Centre(-1, 0) Thatis,—1 + 0i and radius1
[ 1mark ]



Answer 6
(a)
A =8(V3 +i)

Observe thar = 16and 6 = % sow = -8(V/3 +i) becomes

JT .. JT
w = 16(003(—) + |sm(—))
6 6
From the Complex Roots Theorem, the roots will be given by,

X+ 27k X+ 27k
zk:‘§/16(cos(GT +isn GT))
=2(cos(%127ﬂ()+isin(%i%())fork=o,1,2,3
SARCIEEE G E R B
or 0: 1z cos 24 + 18N 24 e
. Zo = 1.98 + 0.26i
137 .. [ 137 L3rj
o 1= 2 L) an[ ) - e
or y2) cos >4 +idn >4 e

. z7 = —026+ 1.98

For k=2 :2 = 2(cos(ﬁ)+ isin(ﬁ))
24 24
_231j
= Z(COS(—&) + isin(—&)) = 2e 24
24 24
. b = —1.98 - 0.26i
3 . 37n
For Kk =3: 2z = 2(005(7)+ |sn(7 )
_1xj
:2(003(—ﬁ)+isin(—ﬁ)) = 2e 24
24 24

. 73 = 0.26 - 1.98

[ 5marks]



(b)

[ 2marks]
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