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Answer ALL questions. Write your answers in the spaces provided.

n n
1. Use the standard results for Zr and for Zr3 to show that, for all positive integers n,

r=1 r=1
gr(ﬁ ~3)= %(n +a)(n+ b)(n + ¢)

where a, b and c are integers to be found.
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2. A parabola P has cartesian equation y? = 28x. The point S is the focus of the parabola P

(a) Write down the coordinates of the point S.

(0))

Points 4 and B lie on the parabola P. The line AB is parallel to the directrix of P and cuts

the x-axis at the midpoint of OS, where O is the origin.

(b) Find the exact area of triangle ABS.

“4)
0. Y -28x
- Conics
vz 4 (P 2 07
Ellipse Parabola Hyperbola l};;::%:lar
Standard Form 3;\+yi%1 3 = dax L\z—zﬂ 1)74 -
a b2 aZ 2
besst ($.0) e uugon | i | 0| faf) |
Eccentricity » :;A\l. 2 e=1 5 :Ba;e217 =2 I
(Pom-(-, S : (?‘, 0) Foci ae,h{ (a, 0) (tae)/) (i\ic,iﬁc)
Directrices /x B t%\ x=-a %i% x +y>\ﬁc
Asymptotes none none g = t% x=0,y= o
b. Dwectme o P:  x:=-%
_3ketth porobola  ond difetinx , wmen  lodoel  Pons: A, R, S
. y2= 28x
|
: Widpont ot OS={0*4,0*0\
: /A\/ a a )
| 1N
| | N i
: _ (2,0
i [¢) v s(0)
: 4
| \;(,\
1 4 .
! 2 A B o
| 3
| (30)
x=-?
z 2
o : (30), bom Aod B o -coon:
3
27y " -
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Question 2 continued

Grophially, y-coomd of A 1S ve. . A(%,242)

Y- tosed of B W -ve. o 8(%,-347)

p(Z,347)

142

<L
L
o
<L
a
o =
s
=
e
=
o
=
=
®)
=
O
=

‘.

4942’ 2
Prea of tangle RRS = 2 Units

(Total for Question 2 is 5 marks) 7
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3.
3
fx)=x>+—-1, x<0
X
The only real root, a, of the equation f(x) = 0 lies in the interval [-2, —1].
(a) Taking —1.5 as a first approximation to a, apply the Newton-Raphson procedure once
to f(x) to find a secondrapproximation to a, giving your answer to 2 decimal places.
S)
(b) Show that your answer to part (a) gives a correct to 2 decimal places.
2
0. X =-18
we or lookng for 2™ opproxmonon (xa)
| Numericot  So"¢ o €qs: :
ENew-)on-Rhapscn wercron  for solving Hx)=0 |
: \An+l s x“ = ‘P(Xn) :
i $'(xa) !
From Newon-Rophson temhon:  R2* X, - H(xi)
$'(%)
(1) wusr  fma £ (%) by Suoory wn X C1S) wo Fi0)
(2) wus  foo #'(X0) by Oipfeenhohrg  F(x) 0nd  Susowg w % [-4S)  wp f10%).
2
(1) $(rs)z [-1s) +_ 3 -4 =8
(-1-s) 4
@) fx): 2"+ 3 -1
X
yewale 0S  InonCes:
fO0: 2%« 3 - 4
M) 2o -3
[ -2
£ 1s)= Q4s) -3 [s) = -8
3
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Question 3 continued

K= () - )

)
Kee B

= -16% (20-0)

b, fird  Lpper ona lower  bound  of (= =46F 1 & oy

LR ug
— ; = J
-+68 T -l67 T -1r66
--67S -1-66S

Fid  F(2)  gna F(ug)

f-1623)= ((Leas)+ 3 - 4= 0014380722388 [LRr)
(-1 63s)

P(-1665)= [-h665)+ 3 1=  _ 6 0057 62018 (ur)
(-1665)

Tree s o Sgn cnange  fom  posee da  negatve and £ 18

CoMMupus , - 0 toF & of=467 [2d-p)

(Total for Question 3 is 7 marks)
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4. Given that
A & - here k1 tant
= , WNnere K 1S a constan
-1 k+2,
(a) show that det(A) > 0 for all real values of £,
3
(b) find A" in terms of k.
O — , 2
[} [}
alx|o v
el
T [}
! det (x) = ()@ - (b)(c) :
det (A1) (K)(k*2) - (3)(-1)
= k2 + Qk - (])
: kErak s
2
det (A = K +2x + 3
K2+ A+ 3
= (ke))*-1+3 (omplele tne  Square
= (k+1)+a
(.,"‘0‘ Ol Volues ¢f Kk, Postve of neqotve k+D*+2>0  Qmoys
“ooer [A)> 0 for o 1l vales  of K.
LT TTTTTTTTTTTTTTTTTTTTTT 1
[} ]
b i""—" o, . 1 [0 @] |
. |ca| e |@al:
@B - -(3) -E%
fo--(1)-@
Al rmz -3 -l
K®+2x+3 I_ 1 K J
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2z + z% = -
T+1

3+ 41

Find z, giving your answer in the form a + bi, where a and b are real constants. You must
show all your working.

oY 2= G+ loi

©))

of Z.

¥
TS R (omples  (ogjugaie

flp Sign of  \magmary

Component

—?.:*= 0 - loi

> _
Qz-i-% T F a4

R+ 4&i

Alasoi)+ (a-ki) = 2
da + Qoi + 0 -bi = B

.. 3+4i
30 + bi = Ty

3+ 40
Rewtte 3-: w

form  arbi

muthply  top onol  bOtom by

o omelex copjugaie of clenomnodocr

344 F-i .

(3+4i)(F-0)

X

F+u F-i

(#+2)(3-0)

A1 -3i+28i-4i°

40 -7 + 3 -t

A\ - & (-1) + 28]

49 - )

Qs ¥ 131

sO

s M(ll*b)

153 (2)

r 13 Lm—1\

e fom G+ bi

~
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Question 5 continued

DO NOT WRITE IN THIS AREA
. w
5 > 8

t
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(Total for Question 5 is 5 marks)
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6. The rectangular hyperbola H has equation xy = 25
. . 5). . 9
(a) Verify that, for # = 0, the point P| 5¢, — | is a general point on H. (@)
t Z
(1) Z
i =
The point 4 on H has parameter t = — ,so
2 =
-]
m
(b) Show that the normal to / at the point 4 has equation 5
s
7
8§y -2x-75=0 >
(C)) m
This normal at 4 meets H again at the point B. et
(¢) Find the coordinates of B.
Q)
o suo o Plse.§) a-se 3'3 o oy =2S e’

) U/
oLy = ?SS SO
(s¥) { 7) = 1S g/

S
o ponr P a8 Q generd  ponr on H e
1 S —i
b. sub . t:z o Porwr P (5,,, T ) 1o find  Coorinaes of  pont A, é
=
. S
ne (sl ) i
S
Al 3,10) e
Dittesnhoke €000gu hyeerbos ,H web- o
xv: zs ,,,,,
BoE s g
Y 2, —1s ,

ax > TS P %
i
Swb oo A (5110) 5
d”} -2S = -4 g
" (%’10) (ﬁs')z S
5
‘Tig;«:
M - _4_ m
e =
Moot = ¥
) BRI
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Question 6 continued

wn

m- s

Set uwp hne eg” Y-y, =mM(X-x)

{X,,fj,) = (—sz-’qo)

Y-10- %‘?(x':) ) musnply_pom_saes vy 4.
4(y-10)> x-3
4y-40: x -2 ) muliply bot _Sdes vy Q.
Qlay- 20): Q(x-3)
By -80: Qx-S
8y-2x -i5-0, Shown,
C. M) nommal eq: 8y-2x-2$=0
(2) _rectangulac  hypereola eq”: xy = as
Solve e 2 ef’s  Simbootously 40 fndl Panb of inseseshon (oo A o ®)
2 xy-2s ) Mulbply oot sl ty 2
a(xy): 32s)
axy = SO

(1) BYy-20-38=0 ) wnforge or 2o
J J
8y -2S=2x
(?\3-9S)g=30 sus 1 (M) nto (2.

332—933 = SO
8y -3y-O -O

(3-10)[&,4 -(-S):O

J

s
Yy:10 o u:"%
Y Y

1

/

)
toxeel-A. /.Sub wio ermer  e4" 1) o (2)
+o  find ot coorat

x[-3):2s

. S
X as-.-"§

X: - 4D

- B:[-40,"F)
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7.
5 12
P = 13 13
12 5
13 13
(a) Describe fully the single geometrical transformation U represented by the matrix P.
3
The transformation V, represented by the 2 x2 matrix Q, is a reflection in the line with
equation y = x
(b) Write down the matrix Q.
1)
Given that the transformation V followed by the transformation U is the transformation 7,
which is represented by the matrix R,
(c) find the matrix R.
Yefers 10 ()
mamnx R
(d) Show that there is a value of k for which the transformation:Z maps each point on the
straight line y = kx onto itself, and state the value of k.
e . )
o. E |_°°s‘9 —sm&—| « Ponclockmse rotawn [ Guen m Formulas. bookiet) E
; LSM& E eogh & obour O :
|—C033 -sm&—| - |— T% -,—’3! —|
ER IR
s a2
Cquate fne enies 1 e maix 088 > 13 snd: 13
2z
NS = & . A2
Mss S s
»x
tond = A2
S
L2
= ton ( '§)
& 6738013508 °
“ Momx P rprewms  0n  omheiockwse rotatn  Thougn  67-47 (3s8) obowt O.
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Question 7 continued

1, o
(+ anwing 0 Coordinate  Axs ond  Marx  toordinates {0) ond (e)
Tren  Honsfom Yom of Mee coocrainates vy  Arans bwahon [ refechen 0 we  y=ot)

y \’l=.1

v
ml (2)

d
o Lo oo [3) ana [7) undege Q\% L
((',) vefiechon acoss Y=o L7 (;)
//,
d
L
7
\denty modnx T renie  modnx buk

s

{nou eplate  Goordmates

Wi thew Hans frmahens

4 8]

Nnew momMx yepreseids  tronspimohen Q ro 1—| W Mms  speuhe  order
=4
1 o

[0 1]

Q-=[0 1]

L1 o]

—
&l |3
alo wls
L 1
1
- O

O PN

| I
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Question 7 continued

(q) -“—';au -%uac ——

S 2 .

-1S S
(1) Xt Rkx =0

Ex(-1545K)= 0

‘X0  -28+8k=0

Sk=1S

k=S

(2) '—sgac~,—'3km,=0

£o(s-®) =0

L= -k =
EX=0  5-%k=0

k=S

%%
progetetstes

Bom ef's  oonfm K-S o

~keS

LK
v
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X
L
= L0
oY%
Q0RIRIEIIREIIIEIRIIREIKIIIKIS

e R I RRRIIIIERK
<

0%

XK
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1005

<K ISRK ISR IR KR
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ot tatatetetotetetototobototototototel
<

%
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0902000009000 90000090 00900.90%:%%
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8.
flz) = z* + 62° + 76z° + az + b
where a and b are real constants.
Given that —3 + 8i is a complex root of the equation f(z) = 0
(a) write down another complex root of this equation.
(1)
(b) Hence, or otherwise, find the other roots of the equation f(z) =0
(6)
(c) Show on a single Argand diagram all four roots of the equation f(z) = 0
O.iFot  a  Quattic  eq” wn form: o rox’ + coC - dx e Thece e 4 mo—bi

4 (complex  Yoots (& eonruaate  oaes)
(. o R o S © Bt~ DD | L - ______ 1

Tre omer complex oot MUSE e e (omples  copjugate  of (=34 8)

flip Sign of imagmary  component

b. (2-(-3+80)(z-(-3-8))(p2*+q2+v)
(% £2-8i) (2 +3 +81) (P2t +42 )
(%L)r 372 +%i2 #3737 « G 2K -3i% - 24 - 64 ) (p2trq2+y)
(2°+62 +q -840 (p2trgz + 1)
(2" r 62 +F3)(p2*1 42 +1)
P2+ 423+ r2® +6pF + 6a3" + by +73p2’ + 1342 4 31
(2% + (g +6p) 2° + (v + 6o, + F2p)2° + (67 +#3g) % + (F3)

equate  coefhcents i F(2) h p-1
W g rép-6
(3) Y +6g +#3p= 76
(@) 6 + 336~ &
S 3I3r-p

N
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Question 8 continued

() g +ép=6

<

o G t6() =6

<

(%3] q +6=56

T

= G=0

£

{18}

=

n;: () r+ 65 +3F3p=7F6
15 Y + 6(0) « 73N =26
g Y r 32

5 rs32

quedihe. fochkr , B3

A
T

P X3

Z = 3

C. '\m
-3+8i
] T
] Re
T k-3
— a3 (NOT DRAWN T Scaw)
\
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9. The quadratic equation
q q
2x*+4x-3=0 5
has roots a and . o
3
Without solving the quadratic equation, ~
=
(a) find the exact value of =
: 2
(i) o +p? -
I
. )
(i) o + B3 s
) m
B
(b) Find a quadratic equation which has roots (a*> + f8) and (8° + ), giving your
answer in the form ax? + bx + ¢ = 0, where a, b and ¢ are integers.
______________________________________ “)
\ I
. ' o - (Sum of roods)x + (produer of PO =0 | ' //
| ! :
1 8555
Ller o, B e (oot of  Quadionc ! o
: ! 9
! Q)
; | -
" - (04 R)oe + [wp) =0 |
! I
| "~y
L Sum  of feor: X+ @ '
! ' / M
! R
| ploduct of rooh: af 1 (zs.,
______________________________________ ! =
X"
2% + 4x -3=0 12 s?;’
J SHK
2 2. oot
2"+ 2 -2=0 Sy
S0
o
e
o+ Pp=-2 SEXL
2 ‘
72 S5
// <
5o
2 2 z “‘ .
i o+ R (drp) - Rap B
2 3 SRR
= (-a)-al%) G
<
: 2 |
5 e
L+ R 7 s
sty
%
3 3 3 SERKS
i, o +p = (d+rp) - 3ap(a+p) /
3 -3 e
= (-2)° - 3(-2)(-2) <
= -7
xiepc-1? 3
a%%
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Question 9 continued
o9te%es 2
e b. o - (sum of reok) ot + (product of foors) = O
S
ﬂ a:z_(o(z-rﬁ#'ﬁz—ro{)iﬁ.((qlld-ﬁ)x(ﬁz#-o()):O
s 5% 2z 2 3
= 3(:2—(o(1+§+0(~r3)1 +(o(zﬁ+«x3+§+o(@)=0
E 2 2 z 2z 3 2
w DL—(“*9*“*‘3)3<-+([d($3+d6+o<ua)=0
s /' N
& we ans from
; use ang
:l"— : pact (ai) fom part lait)
0
=
g 5
b2
(B (13 (3)« W) -0
2 s
X - Sx - % =0
6s
X-SoL- &0 x4
2
4" -30x- 6S=0 1Heger  Coefti cents
2z
aQ - xX - = 024,0=-20,c= -6S
4 20 65:=0 4 2 [N
’:’0
o
o‘,zlf?’
| S
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10. (i) A sequence of positive numbers is defined by
u=>5 o %
Q
un+1=3un+ 2’ n 2 1 (Z) :
-t
Prove by induction that, for n € Z*, ot
me
_ " 2
u=>2 ><(3) 1 5
Q) X
w
.. ) ) N i
(i1) Prove by induction that, for n € Z", o
B
n
4r _3 3+ 2n)
3" 3"
r=1
(6)
i. (1) Bose (ase: Prove twe for n:1
1
W,= ax(3)-1=5
U| = 5
S dwme for n=1
(2) Pssume 4we  for nek
%
Ux= &x (3) -1
|
(5 Prove e for neka: : ’fhmgme ahead, Sub 1 N=K+ 1
]
U = Bl + 2 ) s Uk ossumes e fom  siep 2) | o Un - g s Whot we oe
K |
:3[2)‘(%)"1]"’2 :hﬂ‘"ﬂ‘b Pove usig (2) :
- L ! Kl
N 3\[<3_(_3)/-'1J t2 l} expancl 3 4o e rackels ' ukn a (3) - /'
R % !
'(2)(3)(3)‘3"’2 :mem_ an\')'k- WWWSOUE
VK :
T 2EYBY-1 e e ol | Yo whot We ofe Ldruing / )
Kl . ] X X //,
] ) Fxgea | touacas.
k¥l ! o
- ax 37 -1 Sohme for sk "’
Zz
-
(4) Concluswon
W oMs YSuR 18 AmeRCUNEK, en v s A foC 0EKET, PS he  resu¥  hS been  Shown o e 5
_ due fof N=1, dmen me  fesud s Aue foc ol n.
y,
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Question 10 continued

r:1
i (3+2(0) _ 4
Rus: 3- 3t 2
LHS = RHS
‘- aue for n=1

(2) Pssume e  fx nsk:

5 4r _ (3+2x)
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L2
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3 /24]
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m 3kﬂ

= 3 - 3+ 2x+ 2
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Question 10 continued
(4) Conclusion
O s Yeul s e Bt 0=K, men w s Aue fof N=K¥1. PS e resud NS been  Shown do ke
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