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1. Use the standard results for Zrz and to show that, for all positive integers n
r=1
C 2 1 2
Zr (r+2)= En(n + 1)(an* + bn + ¢)
r=1
where a, b and c are integers to be determined.
) . )
Syt lre2) s e 2r®
=) r=l
/C&n SPt  summahon
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! - \hth\r 2 out Summahon
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2. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

Given that x =2 + 31 is a root of the equation
2x" —8x’ +29x° — 12x +39=0

(a) write down another complex root of this equation.

(1)
(b) Use algebra to determine the other 2 roots of the equation.

C))
(c) Show all 4 roots on a single Argand diagram.

2

7

There. are 3 possibimes @ 4 e0)  roors
[}

2 feol 0¥ _and 2 complex voors [ onjugase pair)

4 complex roors (& Coqjugade — paseS).
Tre  omer mplex (OOt MUSY e e (OMmplex  topjugaie  of (a+3i)

flp Sign of wmagmary  component

A - i

b, (%-(2-30)(x - (2+3) (o’ o0 +C)
(x—z+3i)(x—z-za)(0m2+ba+c)
(Xq_-Zx—Bﬂ/x—Zx +4+6\+,2ﬁ’x—6'\-Q\i)(aatz+b3t+c)
(X -ax +4 -aln){ax’rox+c)
(% - 42 +13) as rox+c)
oot rooC r e’ - 4a0d - Ao —4ca +1300C +13X +13C
(0) 2% + (b-40) 2+ (C-ab+13¢) x + (-4c+R3) o + (13c)

Compore Coefficents W eg”  above: (1) 0=2
(. b-40-=-8
(3) C-4b +130 =419
(4) -4c +12b = -12
(s) 12c =34

boseas off of M) ppa (), 0= ano 43c= 29

. 34
* 73

c=8
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Question 2 continued

Wb 6= o D) ool sehe for b,

o-40--83
b-4(3):-8
b-8--3
b:0

“ Quodiohe fottr 18 Ao+
b fnok roots

Ax*+3 =0
Ax*= -3

2

[
+ '-.’%'- '2«
:1’—_- 2 =1 2 L
3. 3.
D(.:"'.\I—i "r"‘l? H

. -3
z

2+3;
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3. The rectangular hyperbola H has Cartesian equation xy =9
The point P with coordinates (3t, g), where 1 # 0, lies on H
t

(a) Use calculus to determine an equation for the normal to H at the point P

Give your answer in the form #y — ’x = f(?)

Given that r =2
(b) determine the coordinates of the point where the normal meets H again.

Give your answer in simplest form.

a. Differennale  rectonguiac  Nyperbolo. 04" k- O

Xy =9

Y: gi'-cbt"

oY .2 -4
o c T aAx d

3
Sulo \n  pomnr P2, )

o(v] -9 . -9 .

-
ox z

[3,%) (30" A& ¢

-4
€

anﬂw’
7
Mpsemed * £
z
St uwp e eq” Y-y mlx-x) Wi M L
(X|/31)= {St,% )

y -
y -
ty - 3=t -3
ty -&PoL= 3-3t%

= €% (-3t )

& | W

z 3
‘-{S’DL-S‘(: )x{,

ky-t oL= 3-3¢%  Je)2-3¢7

Sub t=a o npomel  bne eg:

Ry - (aY¥ 2 = 3-3(@)7
Ay- 82 = - 4S
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Question 3 continued

conal » o\ ol e’ W .Samulmnemn@,.

() Ay -8x:=-4S
(&) oy=9

(M Qu-8ax:=-45S

B)-8x:-4s

18 - 8= -4Sa

8of -4Sx-13 =0

(8x +3)(x-6)=0

=-% of x= 6

N 2
l Ths s oo, P (3":?” : P(éz,%)
+:Q
/&4\9 Mo edver (1) or (2)
I Onol solve  for y
YV
xy:= 9
q
3° X
q
Y: () T A4
(— % ) ‘34')
(Total for Question 3 is 7 marks)
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9

o R0 00 S 0 A0 Turm over »
P 7 3 4 8 6 A 0 9 3 2



| 38 | o
4. (1) A= 3 % where £ is a constant
The transformation represented by A transforms triangle 7 to triangle 7" \
The area of triangle 7" is three times the area of triangle 7 %
\m .
Determine the possible values of k \ﬁ
@ =
. a —4 2 51 . \%\
(i1) B = and BC = where a is a constant T
2 3 1 4 2 e
=
Determine, in terms of a, the matrix C Qg’i\
(4) 3o S
1. loer(m)] - orea scote  factor
L X (o o] !
. lee]
i dexlx) = @@ - (b)(c) :
et (A) = (-3)k) - (B)(-3)
= -3k +a4
oer (M= -3k +24
Ao  Scole  focr = ot (A 1= 1-3x + a4 |
Arew of T » 3= Amnof T
3:1-3k+ a4
3= -3k + a4 of 3= - (-3k+a4)
3k =al 3:3k - 34
k=7 3k =T
k=9
K=7 & k-9
\_ y
10
N D OO0 e
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| Question 4 continued
i BrC - (B
2 ®BC=-8(80
s i -\
‘n L e B (]
£:9 9950
R e
T (1) fna &' post
:
ey
= ' x-lo 6]
z @]
o 1 i |
a l l
i ! s (x) = ()@ - (3(c) !
de+ (B = (@) (3) - (2)(-4)
= 3a + 3
oet (8)= 3a+8€
) que 2" momx w0 C= B (&)
<;
; '&‘ -1
< C=8 (a¢)
SN
L
| conpalas
E\ 3o+ 8 |_—2 aJ L1 4 aJ
B
Sl
o i C - 1 ﬁ(ah(ﬂm (3)(S)+ (D)a) ()N + (&) (2D
g 30+ 8 |L;ntas+ (W) [+ @ a1+ ()(3)
Q\
S35
s
g c-_ 1 [0 3 n]
30+8 |0-4 44-10 202
85555\ L J )
1
omm 0FR 1 R0 T O 0
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5. f(x)=x"—6x+3
The equation f(x) =0 has roots a and S
Without solving the equation,
(a) determine the value of
@+ DB+ 1)
“4)
(b) find a quadratic equation which has roots
¢ and p
(a* +1) (p*+1)
giving your answer in the form px” + gx + » =0 where p, ¢ and r are integers to
be determined.
______________________________________ (6)
0. :’X_L— (Sum of roois)or + (product of or) =0

let o, B pe (ool of Qquadianc

- (d+R)oc + (aR) =0

Sum  of (oot X+ @

product of roohy: dff

______________________________________

X+f=6

xf=3

(ot*s 1) (e +1) 0(7-&1"' ar g 41

= (o(ﬁ)z+ (darﬁ)z-o'?a[?: +1

(2)"+ (6] - a(a)+ 1

"

40

(a*+ 1)(g"+1) = 40

14
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Question 5 continued
2
b. oL - (sum of rook) oL + [product of oots) = O
o R * [ .
xz'(dlzl " p"d—l)x *((dz+l)x(g“+| ))_O
o[B8 +1) + pla™+) df
x” - (o +1) (g%+1) )3" * ({a‘n)lp‘n) )= o
\
use ans 4o part (a))
n(ﬁ"ro(+3d"+ﬁ df _
x” - ( (o +1) (g%+1) ) * ((a‘n)lp‘n) )' 0o
n(ﬁtc Ra'+ o +R df _
a” - (a® +1) (8%+1) )3" * ((d’-n)ls‘") )’ °
oAB(Bret) + ok + R ap
a” - (o +1) [g%+1) )3" M ([o(‘ol)lt‘*') )= ©
2
o[ 1300+ @\ +f B \-0
(40) \ @0 )
2 2 3\ .
x - (3—)" * (40)"0
x"- Ex ri6°0
3 3 _
A - SX *36°0 ‘)XA-D
4"05_z - 34'1 + 3 = O & all |IH¢39( coefbeents
40" - %2 +3 =0 P:40,0:-94,1:-3
\ J
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6. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
z;=3+2i z,=2+3i zy=a+bi abeR
(a) Determine the exact value of |z, + z,|
(2)
. z.Z
Given that w = 22
Zl
(b) determine w in terms of a and b, giving your answer in the form x + iy,
where x,y e R
“4)
. 4 58.
Given also that w = — 4+ —1
13 13
(¢) determine the value of a and the value of b
(2)
(d) determine arg w, giving your answer in radians to 4 significant figures.
(2)
a. 1214 32|
[(3+a:) +(a+34)]
15 +5:il
J5)" (5] = 52
' 2 ¥ ‘22 , i S'J?
b. W= 2,23 = [2;)x 22 Work owt [22) hat, ten  muthply by E2  ofter
Z, \'g, \z/ vod
z /(o’?* ?)i)\ x [0+ bi)
\ (3+a1) )
Mulhply +op ond botom
— by tomplex Copjugate of denominator
v ’ !
Ar3i 3-ai - (8231)(3-21)
3+2i 3-ai  (3ra)(3-31)
= 6-4i+ai - 6"
q -6i + 61 —4"7
= 6 -6 (‘l) +* Sh
qQ-4()
L
18
N R 0O O 0 QOO =
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Question 6 continued
12 + S
13
=132 + S i
13 3
/&*31\= 12 + 5 ¢
| 3+ai ) 12 13
/12 + S| x (arbi)
|13 1)
=120+ 12 vi + S i+ S bi©
$ 13 12 13 13
2120+ 80N +[Sa« 120)s
5 13 13 2 1
'—‘/420_ 5\0\+(50+ 12 6)4
| 12 1) \®
W=/12a-5b ) + [ Ba+126); x-[18a-5b) y=[Sas+1b)
13 )\ 13 ) \ 2 /1)
c. [18a-5b) + [Ba¥ize), = 4 .68.
2 ) 1’ ) 13 1%
180.-Sb . 4 = 136 -Sb =4 (1
13 13
S0+ 12 - 53 = Sa +7ab =58 (2)
13 13
A J
RN AR 00 0 0 U A .
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Question 6 continued

ke M anon (D S\mu\mnwustﬁ=

(@) 130 -Sb =4
(2) So 13 =58

(1) x 12 1444 - 60b= 4%

(2) xS aso + 60b: a0 @
169a = 3338
1690 = 338
238
0= S
O: &
186 -Sb = 4
12(8) -Sb =4
34 -Sb=4
AD =Sk
b= 4
0=2,b=4%
d m
Elss.
] 5 rg () - Hor” 7
N\of (= g (w) = 1-501Q3QS3?~C %
I - Re \::; /
3
- g

arg (w) = '\-SOQC (as¢)

o

2
I
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7. f(x):x5+x—3

(a) Show that the equation f(x) =0 has a root, a, in the interval [1, 2]

(2)
(b) Starting with the interval [1, 2], use interval bisection twice to show that o lies in the
interval [1.25, 1.5]
3)
(c) (i) Determine f'(x)
(i) Using 1.375 as a first approximation for a, apply the Newton-Raphson process
once to f(x) to determine a(second approximation for &, giving your answer to
3 decimal places.
3)
(d) Use linear interpolation once on the interval [1.25, 1.5] to obtain a different
approximation for a, giving your answer to 3 decimal places.
3)
3
o F(): M7+« -3 = -1
3
fla): (@)% + () -3 = 1823427185
f(x) s conhnuous  onal Changey  sign 8O, X, Wes [’I.QJ
) (+)
. 1% kol pisechon ! _A+a .S \ , }
2 1 13 o)
3/2
f(as)= (15) "+ (18) - 3= (0 333 MF3021
) (+)
2" \aewal  owechon: 1+ 1S . 4as \ ; }
2 1 185 15
fl43s) = (1:88)"" » (135) -3 - 03584575 141
) (+)
| ]
1-2S 1S
1S S SAES ) novn
" AR A T
P 7 3 4 8 6 A 0 2 2 3 2
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Question 7 continued
Ky

i, $00:o"+ -3

£'(x) > g.'l.i+1

-F'(x): % X + 1

Numericat  SoV’s o €g°s:

Newion - Rnagson  verorion for solving Hx)=0

\An.ﬂ s Xn - F(xﬂ)

$'(x0)

From Newhn- Rhossn  werahon: Ko = Xy - @IXD)

$(x)

(1) sy o Fl%) by suoog n X (178 o flx)

Wi

$rix).

(2) wug  Bno E(X,) by  Ovfferenhatng f(x) 0nd  Swoowmg w X, [13s)

3
(1) £(123s) = (137s) + (13%s) -3 = (-0 01366a58a56

(2) $'(x): 3+ 1

' (12%s)> gJ\-s4s' r1 = Q-¥5890s91

X, = (1-3%5) - -00136eas8ase

2-¥5 840591

X, = 1334599249

J

o R0 0 T 0 A
P 7 3 4 8 6 A 0 2 3 3 2

23

Turn over »



r

Question 7 continued

__________________________________

oti Linear Interpolahon

oz 0f(0) ~bf () dor el Law)

£ (o) - £la)

L}

o= 185 £ (15) - 1S § [425)

f(4s) - flas)

3/
f(1as) = (1-as)  * [185)-3= -0 -2524S 75141

3/
flas)s (15) ~ v (45) -2 = 03371323031

K= 1.95(033?1320%1) -45(- 0- 3524S 75141)

0-33#133071 — -0 2534S %5141

X = 133738633l

:41378 (2a-¢)

24

P 7 3 4 8 6 A 0 2 4 3 2

OmC .

&
K
Polss
osess
pise—
=
s
1
85

T X
ikt

< ‘
X, X2
J <



8. The point P(2p°, 4p) lies on the parabola with equation y* = 8x

2
(a) Show that the point Q (—2, —j , Where p # 0, lies on the parabola.
p

P
(1)
(b) Show that the chord PQ passes through the focus of the parabola.
C))
The tangent to the parabola at P and the tangent to the parabola at Q meet at the point R
(c) Determine, in simplest form, the coordinates of R
(8)
y ok 2
0. To Show et  povr Q hes on  Pofeola, Sub n YT B e Y =8
z
anoh  Snould get X T p
Y= 8x
2
4] 5
16
poa 8
2.
P‘L V4 Showin.
“ Pomt © tes on pocowola,
2z onics
b. Y-=8x :
2 Ellipse Parabola Hyperbola l:;;;';i:ll:r
3 = 4'(2) oC = =2 Standard Form | = + 2 =1 | j2-dax 2 ¥ xy=c
at b a b
e i || Senbed | (o)
Fows. (a'o) Eccentricity bZ:eaZTller) e=1 bz:ea;‘;? b e=+2
. Foci (+ae, 0) (a,0) (+ae, 0) * \/Ec, + ﬁc)
“ Fows ot pofobola: (2,0) Dincrins | 5=t | se-a MR R
Asymptotes none none 5 = t% x=0,y=0
Fna e  eq” of  tord PQ:
| i |
M) fna gradent (Mpq ) E Ciochent = Y2-Y, e {X.,U.) onoh (x2,9.)!
| az—ll :
e o e e e e e e e e e e e e e e e e e, e ——a
4 2
Meg = (49)'(' P) . apr T nr L apaap 220220 . 20l - 2p
(2)-(3) 265 ¢ 22 2@ g el
n _ R L
(2) set up e e YYi= M(x-x) v Mg Ty

A
(*.,!\,)‘-(29'49) € Con Ptk eviver pown P ox

2
Y-4p = g (x-2¢)
ap’

2¢ x
Y-4e s Tt T

26
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Question 8 continued
2p ae®
Y-4e = a1 X -

) ( 4¢3
Y pren x *(4e - P’-ﬂ.)

2 “el@n-ar )
Y= Pred 1"'( -1

e 931 9’.1'(*’*—;'_’1—‘14)

2 x - 4p
Ch P+ e -1 " \ine Qa'n fPa

b N X=3 ,4¥=0

ae a
(0\ - 4 =f"1—| @ - p'.f|

4e 4¢?

-hp = Ty Pl

_ _Ae-4e®
-4 = P+t

- ap (1ep%)
_gp - AL

—4p: - 4p LMS =RUS

“Chotd PO pasys ough  foons of  PORIOIG

c. () Fina g of +ange @ P

Difeerarhote  parabols eq” patg. oL

\/1=8x

ay(g)as

o 8

ax 2y

TN

Sub mn  pont 'P(a"z’ )

oy | 4 = 1

X |(a?l,4p) 4.9 P

Mmgw" P

4
set up e e’ Y-gi= Mix-x) win M P

{XIIHI) = (9(3,4())

Y-ap = [x-3¢)

y-4p>px 20

4

Y : pDL-r&p <

A

J

o R0 0 T 0 A
P 7 3 4 8 6 A 0 2 7 3 2
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Question 8 continued

(3) Fina g of +tonget @ Q:

_ Dhffeerhaie  porabola 4" rfh. oL
\/z=8x
oy
a‘/(a—‘)=3
M, 8 4
ax 2y Y

2
FooF)

sup w pont Q (

oy ) & = -pP

n _ _ s -
-~ Set up lne  eq g-u.- M (x-x,) vt ™m: -fP

|

-4
e

®

[\L”\A,) : ( P

y--%: -o(x- %)

3-\—%:-‘)11—%
Y -px - % X

Solve (M onat (1) simuitOnecusly 4o fnod (oo R

(1) Y- $x+ ap

a8
@& Y= -pax - P

Lo +9p- -
pX * 8P -PX - \ xad

V)
o e &pz= -pza. -

X+ px ;- Apt-Q

x (1+4p%) = -alp™r)

o R

Pal

Sub ot=-3&
WO evtner () of 1) o fna y

y: -2 +3p = 2 rap

R(-a, % +ae)

28
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82" Peowng Doy Resuts
9. Prove, by induction, that for n € Z,n > 2
4"+ 6n—10
is divisible by 18
(5)

(1) Bose Case: Check tme fr nN=2°

f(2): +a+ 6(a)-10
=18

=1(18)  — gmsiole oy 18
“ e for n:= R

(2) Assume 4rue  for  n=K:

P 4"+ e - 10

(3)_Inductve  Siep, Prove dme fr  nak+1:

Flr) = 47 4 6lx41) 10

g +6Kk+6-10

- 4" sy - 4

frm - #60- (4" 5 6u-a) - (4" + 6k -10)
= (&40 + 6k - 4) - (4" + 6k -10)
& (a") v 6% -4 - 4" -6k « 10
*3(a%) + 6
: 3(a* + 6Kk -10) - 18k +36
> 34 (r) +18(a-Kk)

Exn) - £(0) = 3¢00 + 18 (3-K)
fFler) = af0) «18 (2-%)

(1) Contlusion
¥ ons veur 18 Aue for 0K, en % s W for NaK+1. BS MR resud oS been  Shown do ke e for =2

en e feswir & “4ue for ol N

30
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