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Edexcel A Level FM Revision Questions: Solutions

Complex numbers; complex roots of equations

Solutions

Question 1

letp(x) = x* — 10x3 + 54x% — 130x + 125 =0

If 3 + 4iis aroot of p(x) then sois 3 - 4i = x?—6x+ 25 isa factor of p(x)
Method 1

As 3 + 4iand 3 — 4iarerootsthen (x - 3 - 4i)(x- 3 + 4i) is a factor
(x-3-4)(x-3 + 4i) =x*—6x+25

Method 2

As 3 + 4iand 3 — 4i are roots then sum of roots = 6 and product of roots = 25 = x? —
6x + 25 is a factor.

Now

x* —10x3 + 54x% — 130x + 125 = (x* — 6x + 25 )(Ax* + Bx + C)
Equating x* terms: A =1
Equating x° terms: 125=25C — C=5

Equating x* terms: -130=-6C + 25B — -130=-30+25B —B=-4

x* —10x3 + 54x% — 130x + 125 = (x% — 6x + 25 )(x* —4x +5)

— [p2_ .
Using x = % gives other roots as 2 + i.
Question 2

sin 560 = Im(cos 50 + isin 50)

= Im{(cos 6 + isin 6)5}
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= Im{cos® @ + 5 cos* 0 i sin6 — 10 cos® O sin” & — 10 cos? O i sin® 6 + 5 cos O sin* 6
+ isin® 6}

=5cos*0 sin@ — 10 cos? 0 sin3 0 + sin° @
=5(1—sin? 8)?sin® — 10 (1 — sin? B) sin® O + sin® @
sin50 = 5 sin® — 20 sin30 + 16sin® 6

A=5 B=-20and C=16

Question 3

1
z" + i (cosnf + isinnf) + (cosnf — isinnh) = 2 cosnd

1
z" — i (cosnb + isinnf) — (cosnh — i sinnh) = 2i sinnd
Consider
1)° ¥ s 3 1N/, ., 4 1
<Z+—) (Z——) = (z +3z+—+—3)(z —4z +6——2+—4>
z z z z z°  z

4

(+3) (-3) ~(+30)- (+39) -3+ 5) +3(e+3)
(2cos0)3(2isin)* = (2cos70) — (2cos50) — 3(cos 30) + 3(2 cos )

128 cos3 @sin* 0 = (2 cos76) — (2 cos560) — 3(cos36) + 3(2cosH)

1
cos30sin* 0 = a{cos 70 — cos 560 — 3 cos 360 + 3 cos 6}
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Question 4

(@)

(b)

=

Which is a GP with first term e2¥ and common ratio _%631'9

2 2 2

2

4

—5+ 36
= g T cos

1 1 1
C+iS= COSZQ—ECOSSQ 4+ —cos80 — §C05110+'"

4

1 1 1
+isin29—§isin59 + —isin860 — §isin110+---

4

, 1 _. 1 .. 1 ,
C i S = 2i6 _ — ,5i60 —,8i60 _ — _11i6
+1 e Ze + 46 86 +

ezi@
2 ,3i6
1+ e v
0210 (1 + %e—sie)

> (C+iS= 1 1

(1 +5e3 ) (1 +5e730 )

0210 (1 + le—sie)
> C+is=—— 2

(Z+ cos 39)

420 4 pp~i0

> C(+iS=———
l 54 4cos 360
] 4(cos360 +isin30) + 2(cos B — isinf)
= (C+iS=
5 + 4cos 360
4cos20 + 2cos@ ds 4sin260 — 2sin@
= = =
5+4+4cos30 an 5+4+4cos30
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5 1 1
= —+E(cos39+isin39)+§(cos39—isin39)
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Question 5

() Letz =—2- 2i. Modulus = 2vZ. Argument = — X

3m,
=z=2/2e 4"

Cube roots of z are:

T, 11w, 5w,
V2e #, 2e 12!, +2elZ

(b)
1.5 A
L]
,
M
® 0.5
-15 -1 0.5 0 0.5 1 1
Be@
-0.5
-1 L] c
VZ 1
(c) Modulus of w = =7
3n
Argument of w =
6 3m, 9T,
6 _ 1) 6xi 6 _ 1 —i 6 _
= (= = =-ez = = =
(d) w (ﬁ e w 5 € w i
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Question 6

(a)
Min |z|

Max |z|
(b) Min value of |z| =5 — V13
Max value of |z| =5 + V13
Question 7
|z — 1| = 2|z + 2|
Letz = x + iy
= |x+iy—1|=2x+iy+ 2|
= |(x—-1+iyl =2|(x+2)+iy|
= (x—1D%+y2=4(x+2)? + 4y?
= x?2-2x+1+y?=4x*>+16x+ 16+ 4y?
= 0=3x%+18x+ 15+ 3y?
= 0=x*+6x+5+y?
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> (x+3)2+y2=4

Question 8
(@)

. T, 5w, T,
8i = 8e™/2 = z—3= 2e6, 2e6', 2e 2

= z—-3= V3+i, —V3+i -—2i
= z= 3+V3+i 3—-V3+i 3-2i

(b)

ol mol: A B
! 3-\3+i g ® 3+ 3+i

0 05 1 15 2 25 3 35 4 4.5

(c) METHOD - Find area of surrounding rectangle and subtract 3 triangles

(other approaches are available)

1 1 1
AreaofOABC=(3+\/§)><3—EX(S—\/§)><1 —Exsxz—ixﬁxs

9
=3 + 2v/3 units?
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