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Question 1(15 Marks)

a) Let z; =1—i and zy =—1+i/3 4
iy Find zjzyp intheform a+ib.
if) Find |zlzz| and Arg(z 2, ). Hence write zjz in modulus - argument form.
ii1) Hence or otherwise show that coss—ﬂ = E
' | 12 242
b) z is a complex number such that [z[ =1. Using an Argand diagram or otherwise show that: 3
) 1<|z+2]<3
.. 7 T
N 1) ——<argiz+2}<—
Q_/ ) 6 g(z ) 6

c) If L, and @, are the cube roots of unity, prove that
) o =o, =a,?
1) @y +ay=-1
i) ooy =1

d) Letz=x + iy be any non-zero complex number.

1) Express z~1—l in the form a+ib
z

1@ ' ii) ‘Given that z +l =k , where k is real show that y=0 or X2+ y2 =]
Z

iii) Show also that if y = 0 then [k 2 and thatif x*+y* =1then[k|<2
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Question 2 (15 Marks) Start a new page

a) _ 7
. . .3 3 1 |
i) Prove the identity cos” 4 7 cosd = 7 cos34

ii) Show that x = 242 cos 4 satisfies the equation x° —6x = —2 provided cos34 = 1

242

X iii) Find the three roots of the equation x° —6x +2 = 0, leaving your answers to four decimal
places.

b) Let x = a be a root of the polynomial P(x)=x* + Ax* + Bx? + Ax +1, where (2+ B} # 44> 8

i) Show that c.cannotbe 0, 1 or-1.

N
i1} Show that x = 1 is aroot. C,
«

- iii) Deduce that if o is a multiple root, then its multiplicity is 2 and 4B = 8+ A

Question 3(15 Marks)' Start a new page

a) 3
i) Show that {(x +2) is a factor of the polynomial P(x) = 2x° +19x* +22x ~16

ii) Find the zeros of the function P(x) =2x° +19x* +22x—16

b) Let P(x) be a polynomial where P(x) = x3 —x2 — 8x + 12. 7 C/‘:

i) Factorize P(x), given .that the equation P(x) = 0 has roots ¢, o and
11) Sketch the graph of P{x).

iif) Let Q(x) be another polynomial where Q(x) = P(x) (x + ) and a is a constant chosen so
that Q(x)>0 for all x. Find the value(s) of a.

32
¢) Using part (b) above or otherwise find the area under the curve y = - zx +13 from

x = 3tox = 4, leaving your answer correct to three significant figures. 4

END OF PAPER




Question 1

a)
i)
ii)

iii)

b)

i)

zlz2:(\/§-1)+i(\/§+l)
=2, |z|=22|72]=242
arg(zl)z-—%, arg(zz):z?jr:>arg(z]z2):i—}2r
L2z = Zﬁ{cos?—;{-ﬁsin%]

Y2 ﬁi

S5x
22 cos 2 =3 -1= cos e =
- 12 12 242

z+2 lies on a circle with centre (2, 0) and radius 1

1=04<|z+2|<OB=3

_%:4COQ‘Sarg(z+2)S LPOQ =f65_

27 .. 27 4z . 4z

wlog let @] =cos—+isin— , @y = CcoS——+isin—
3 3 3 3

— 4z, . 4w 2 . . 2%

then @, =cos———isin— = cos—+isIn—
3 3 3 3

2 8r .. 8x 27, . 2w
and @, =cos——+isin—=cos——+isin—
3 3 3 3

1, @ , @y are the roots ofz> — 1= 0
. the sum of the roots = I+ @) +@, =0
.". the product of the roots = ayw, =1

1 ; 1 ] x—iy X , y
Z+—=x+iy+ =xtlyt = Xt |4} Y-y
z Xty x“+y 4ty x4y

=0=>y=0 or x2+y2:1

Fromi) y—
X+ y2

ify=0 thenx+l= k = x% —Jx+1= 0 has real solution =a> 0= Ik! >2
: P

ifx2+y2=1 then 2x =k and since lxl <1 then |k| <2
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Question 2
a)
i) cos3A+isin3d =(cosA-+isind)

=cos® A+3i cos® Asin A—3cos A sin? A —isin3 A

cos34 = cos® A—3cos Asin? 4
= cos® A—3003A—30053A
lcos 34 = cos” A—%cosA

ii) ifx= 22 cos A satisfies x° —6x+2=0 then,
1672 cos® 4-12+/2cos A =-2

.'.cos3A§cosA=—L
4 82
1
SLeos3d=——f+
22
- 1
1) ~.34A==cos W~ |+2ax

) ( 2J§]

o A=0.64405, 2.73845, 4.83284
sox=0.64405, 2.73845, 4.83284

b)

iy P(0)=1=0
P(1)=24+B+2#0 as 24B=-2A
P(-1}=-24+B+220 as 2+B=2A

ii) P(l)=i+i+—'8—+i+1=L4(1+AR+BCZ2 +Aa3 +a4)=

4 3 2

a) g o a o @«

1
iii) Notethat a =— as a=1,-1
¢

- P(x) =(x-'a)2(x-a1-)(ax+b)

sa=1 and —ab:l-_—;»b:._.l_

1
— P(ax)=0
L r(e)
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-

. 2 ;
0 Jj[(x~2x)—(2x+3)+xi2]dx={x—;’-+£22——'6x+ln(x+2)}

Question 3

2)
) P(-2)=0
i)
2 19 22 -16
D) -4 30 16
2 15 -8 0
 P(x)=(x+2)(27 +15x-8) = (++2) (2x-1)(3+8)
Lx==2, —1-_, -8
PA
b)

i) Lettherootsbe a, a, B

2a+pB=1 and o +2a8=-8
al+2a-4a*=-8 = a=2 or -% = f=-3 or%

but a?f=-12 = a=2, f=-3

if)
i) O(x)=(x-2)" (x+3)(x+a)20 Vx

ox?+(3+a)x+3a=0

~(3+a)? ~12a<0=(a-3)’ <0 a=3

3

=-S§+1n2 =10.5
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