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1. Given that

1
2 -1 3

A = and B=| 0
-2 30

2k

where £ is a non-zero constant,

(a) determine the matrix AB

(b) determine the value of & for which det(AB) = 0

Q. momx A: 2x3

k
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Momx B 3 x §
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Question 1 continued

et (AB) = (@ +6x )(=2k-Q) - [-2)(2k+ Q)

- K- 248 120" -Shk + ak 18

7

-12«* -5 4

det (AR) = -12K" -5 4

ance  oer (ad)= O = -13k*-54=0 x -1

5\
4
12" r 4= O D focrorse K out

kM2x +54)=0

_sa&
K=0 or k: "7z

(Total for Question 1 is 5 marks)
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2. In this question you must show all stages of your working. =~ | =
Solutions relying entirely on calculator technology are not acceptable. ‘o
n n X o X
Use the standard results for Zr and Zrz to show that for all positive integers n g

r=1 r=1 e | :
S (77— 5V = 2(7n +1)(4n + B) T
o 6 E-[ X
where 4 and B are integers to be determined. E‘ 3
(6) B

n 2 n 5~}
ST (#-8)" = 2 4ar" - 30c + 2S =
) rz) o8 - 1058

/ Spht__ Summphon o 3

Sl aar” - i?Or . 12

r( L
)'Fﬂ(‘:h( 49 out fache 70 out \ fachse a5 our
l Summa+ion Summa+ion Summation
(a) % n 4 _
4q J'v* -20 S + 1S 511 | _Summahons i
e r:) >l ! = !
[} 3
: fi.’ = 7 ’E mugr leara | E
! Y = inlnn) !
49 [%n (nw) (mz)] - }o[gn(nn)] + Qs [n] : % 2 J :
: Sy = LwtonytoneT) 9 |
1™ 6 f M e Brmulaa OOkt |
| ) 1
S 22 L an)* 1
[ L3 ’ J 1
| |
| |

D—‘g nlnn)in+7) - 3—2‘°n(mn + 1Sn

\ _________________________________________

) factor —g—n out

n [4Q(n+|){n+2) - a10[n+) + ISO] /

o[>

%n[M[z,{‘a—an) —a\o(nn)ﬂso]

%n {qgnZW- 1%Fn + 49 - 910n - 210 +\30]

/'Ll/tw/\'@hgo gf R R R R

4n[age - 630 -1 ]

ot

ot

% (Fn+) 14n- H)' A:14 B= -1
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In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

f(z) = 4z° + pz? — 24z + 108
where p is a constant.
Given that —3 is a root of the equation f(z) =0

(a) determine the value of p
(b) using algebra, solve f(z) = 0 completely, giving the roots in simplest form,
(c) determine the modulus of the complex roots of f(z) =0

(d) show the roots of f(z) = 0 on a single Argand diagram.

SMe -3 s QO oot of e eg, +-3)=0

$(-3)- 4(—3)3+ PI3) - 24 ()4 108 =0

-168 + Qp +F2 + 108=0

Gp«F2:=0

Qp = - 72
-32

P: —q—z—%

3 2 !
For o  cuoc e’ wn form: QX +rox + CcX + 0, Thee ore 3D fools. |
|
Trere  ofe 2 possbumes © 3 feal roors :
+
]
|
|

1 veol root ana 2 complex voors (conjugate po)

fFl2): (z+3)(az"+b2+C)
2
0% +b+Cz + 302 + 32 +3¢C

= () 13 F (b+30)2° + (c+2p)2 + (3¢)
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Question 3 continued

Compomg  efficents  um eq  olooye M o-4

E'Z
= (2) o*3c--8
=
I5_:' (3) C+3b = -4
% _
= (4) 3¢ < 108
=
oo
=
51064 , @) 3c-108
2 108
o C:- =
{=
c=36

ole for b ky subong 6 nto (2
b+r3c = -8

o+ 34 --2

b+12--8

b:-20
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2°-52+0:0
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_S\E,
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_n v e Lquare
I
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Question 3 continued
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For)=1— - 42

8x* 7%

The equation f(x) = 0 has a single root, a, that lies in the interval [0.15, 0.25]

x>0

(a) (i) Determine f'(x)

(i) Explain why 0.25 cannot be used as an initial approximation for a in the
Newton-Raphson process.

(ii1) Taking 0.15 as a first approximation to o apply the Newton-Raphson process
once to f(x) to obtain alsecond approximation to a
Give your answer to 3 decimal places.

(b) Use linear interpolation once on the interval [0.15, 0.25] to find another
approximation to o
Give your answer to 3 decimal places.

Rewntee +09 08 inclices °

4 -4 2
‘F(X)= 1_?.’1 + Ea
I - - %
f(x)= %15 -3
r s R
F(x)- 3 -x

Numericat  So"s  of €g°s:
Newion - Rnagson  werortion for solving Hx)=0

Kps > Xn - £ (xn)
$'(xn)

¢ aj,

£'lo-as) = 3loas) - (0as) = O

However, 1 foimuloe  wovd  meon Xq= 0-8S - f(033)

) ConndY  Odw.de
— by O.
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Question 4 continued

W, Xy>018

we ore 100 king for ‘

Nuwericat  Sot’s of €g°s:

Xnu = Xn - ‘Hxn)

]
]
:
Newion - Rhopson  werohon  for solung fx)-0 |
\
|
[}
|

[T
1T (%)

From Newhn- Rhapsn  werahon:  Xg = Xy - @0G)

$(xy)

(1) musy S £ (Xe) by Sublrg 0 X, (015) o $(x)

(2) wuse fna F'(Xa) by Oiffeenhatng  f(x) 0nd  Swoomg X4 (015) Wi f1(x).

1) 4= 4- 1« 2 - -a333asoase

8 (0-19)* ’:l (015)?

') 1 -S -
(2) (> 22" - fom  poct Lo

- ~-al
' lo1s) » AlonsSS - (01%) - 4aga 187153

X, - (o45) - 4333250456

1484133157

= 0-168 (20p-)
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Question 4 continued

d-i Linear Inserpolahon *

o= Of(b) - bf (a) -for ndervo) [ﬂrb]

where & 18 e oot

S RIS,

Flo)- i@

- 0l1S , b= 0-3aS

o= 015 f£(0-as) - 0-as £ (013)

.F[o.ag) - £(0:18)

flos) = - 27-33KX50956 fom  pacr (ai)

39
floras): 1- 1+ Q& .

glo-as)t  3loas?’

o= 015 (2) - 0.as(- 93.33250456)

8 - - 9333250456

X = 0R3306+593S

X=0233 (2a.p)
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5. The quadratic equation
4x> +3x+k =0 U
. . SO
where £ is an integer, has roots a and f g
. . . =
(a) Write down, in terms of k& where appropriate, the value of o + f§ and the value of aff =
Q) g %
S ) a f S
(b) Determine, in simplest form in terms of 4, the value of —+t i
o 4 z
) 3
(c) Determine a quadratic equation which has roots : %
m
% and ﬁz S
a
giving your answer in the form px? + gx + r = 0 where p, g and r are integer
values in terms of £
F~- """~~~ ~ -~~~ - - - - - - - - - - ----—-——-———-——~— | KRB
O E o - (Sum of roois) + (ploducr of oK) = O E /\Q
| : SO0
tler oB be (ooR of Quadiohc ! )/g
| : “On
: : ‘m
' Sum of foors: A+ @ ! 43/
: : e
I product of rooh: o 1 /§ :
——————————————————————————————————————— 4 LU
: -
boo +3x +k=0 5\\”
2 23;‘3 * Z‘:' =0 : \/
= R % %
‘x + ﬁ : -47 < . %
-
oor B g ,éui
” :z/
“p= 7 3\
=
2 3 RN
b. & , & . d") +e(F) . &+ ’;A
z * 1 2 2
5 A o @ (4f) g:
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Question 5 continued

- (o 3)3 - 2aplarp)
(op)*

-2 -a(¥)-2)

(5

_z , & -27 + 4w -17+36k
> g4 16 64 . 64
x* K> k?
1 % %

- 27 + 26k > k"

64 16
) 1
= -13 +36kK x 46
2z
&4 K
4
&
; = —7%+36k
K
.
&
¢ X P zex-22
f; Bt o* 4%

C. D(,z’ (sum of rook) oL + (Product of fook)=0

o - (e @)+ (Fxd) -0

V' -
1 R_,NOTK m+=7xf2=;lg’(o(¢))

(an_use. porx (b) ong. é a
N (__K) l . &
“la Tk

36x -2 &
:)c_z—( a0 Ja ()0 \ x4kt
Oy x” - (36k-23)x + 16k = O ST an e efhuens
2
Gr o - (36k-22) +16Kk =0 ®=4x*, 8= -(36-17k), 1= 16x
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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.

The rectangular hyperbola H has equation xy = 20

The point P(zt\/g , 2\/2} t # 0, where a is a constant, is a general point on
t
(a) State the value of a
(1)
(b) Show that the normal to H at the point P has equation
ty—fx—235(1-r*)=0
“4)
The points 4 and B lie on H
The point 4 has parameter # = ¢ and the point B has parameter ¢ = L , where ¢
is a constant. 2
The normal to H at 4 meets H again at B
(c) Determine the possible values of ¢
C))
alo
Q. sub oc=2¢d0',9="¢ a0 ay:-20
a¥do’ » ada’ = 20
F4
afa x ado = a0
40 = 90
G:=5
0.=5
O. Difterernane  recrangulor hypecols. ea” vart. oL
xy:20
y: 2 - 20"
%= -20x° - _—21%
) NN Y O A0 OO
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Question 6 continued

ais
Sub m  pont p(atds, %)

oy -0 . -0 = -1
o, 2F) (5] Ao t
-4
M +angent k €
(A
M poiman * €

Ser up lne eqn H’3|= ™M (x-x,) whn Mm: ‘tz -
(x..4) = (a3 &)

V- 3}?, £ (x - a+47)
y - %E o 1NF
N/ —7%; =t (4o UNE
£ty - 245 = t2x - 1t
ty - t3x - 245+ u¥AT=0

ty- 0o - 343 (1-4%) -

C. fna powk A :
as
Sub t=cC Mo P95, TS)
ae(ack, &F)

fro  powt B:

_1 s’
Ub  t* ac o ’P(&M\?;%)

(a2, %) (€, -4F)

Sne  mofmol oo postes npugn Aom B, b X Ay cood. of A g B ok

note)  en”.
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Question 6 continued

o)
obng 0 8 (e ,-4eds)

3
Noma)  eq” : ty -t - g5 (1-¢%) =0

cy - Cs:x -gds [1-c*)=-0
- 3 @
c (—4c4§')— () - afs(1-¢*) =0

-als +~1?c2 s + s c*=0

Q5" c* - 38" - 2= 0 ) g

Qct-3c -4-=0

(act+1)(c=-2)=0

Ct; -‘12 or C}-:a
X c:1J7
C =72
q y
20
RN 1010 )RR ——
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7. ()

=[5 )

The matrix P represents a geometrical transformation U

(a) Describe U fully as a single geometrical transformation.

2

The transformation V, represented by the 2 x 2 matrix Q, is a rotation through 240°
anticlockwise about the origin followed by an enlargement about (0, 0) with scale
factor 6

(b) Determine the matrix Q, giving each entry in exact numerical form.

2

Given that U followed by V is the transformation 7, which is represented by the
matrix R

(¢c) determine the matrix R

2)

(i1) The transformation W is represented by the matrix
2 23
243 2

Show that there is a real number 4 for which W maps the point (4, 1) onto the point
(44, 4), giving the exact value of 4

C))

1 o
Q. $toft 1y dfwng 0 (oodnale 0Xs  0nd  Mane  (oordingtes (o) ond (1)

hen mark e toordinates of  pel  moamx

/ \demhty modnx T /ma’mx P

) Hronstormorhon 04
o1 " 2o

. o _Irons fmohon reeresenis ‘/

I retlechon 0gansk Wne 5
{5} s 2 | 7

Refiechon m ne lwme Y=-oC
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Question 7 continued

Lsun& (AR

-
|
|
: |—a>s.9 's"'"—| « Pohclockmse rotaton [ Gen i Formulos. bookiet)
[}
1 Mo ¥ oabour O

|

S - 34-0 |Z>s(m<>) S|w(14,—|
J

|Em (1a6)  ca3(199)

M- wi&l

Nl"‘ﬂ Nl"

S
-

 DONOTWRITEINTHISAREA

B
s -

Scale foctor 6

(

C. ofder: R=QP

BB

IR,

R= |T3)on+(;ﬁ)(-|) (-3)(-.)+(3@),°)—|
LB (2t (s8)ms (@) |

[t «@®m | < [44]
|E-&)(s\)-t (a)Md Lq.J

55 14 )
23

VA0 O A 0 R O A A —
[ | Turn over »
P 7 2 4 6 4 A 0 2 3 3 2

_ DONOTWRITEINTHISAREA




-
Question 7 continued
- QA+ QA3 = 42 AT a+a=4
PR a3 -2
A 3 N:aB G2
2
Az
\_ J
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8. A parabola C has equation y*> = 4ax where a is a positive constant.

Q.

The point S is the focus of C

The line /; with equation y = k where £ is a positive constant, intersects C at the point P

(a) Show that

k* + 4a?
PS = ——
4a (3)
The line /, passes through P and intersects the directrix of C on the x-axis.
The line /, intersects the y-axis at the point 4
. . 4a’k
(b) Show that the y coordinate of 4 1s ————
k* + 4a® (3)
The line /; intersects the directrix of C at the point B
Given that the areas of triangles BP4 and OSP, where O is the origin, satisfy the ratio
area BPA : area OSP = 4k2: 1
(c) determine the exact value of a
(3
z
Y =402
‘FOCUS . (a.0) Conics
. Rect: 1
" pomt S (4.0) Elipe | Parabola | Hyperbola | ‘penelr
Standard Form :—j+;‘:—j=1 ) = dax ;7%::1 xy =
Pa;a:lr;tric (acos0, bsinb) (at?, 2at) (i(aaj:zf éﬁ:‘:}ﬁ? 0 (ct, ;)
Fina pork P by Solng Y=k anol 31= 4ax
Eccentricity , ez< 1 e=1 . e2>21 e=2
S honesus| b =ad(1 - ¢&) b =da¥e* - 1)
1 Y- Foci (£ae, 0) (a, 0) (*ae, 0) *2¢, £2¢)
Directrices xztg x=-a x:ig x+y=+2¢
[’n 3 =K Asymptotes none none - = t% x=0,y=0
(2 Y= 4ax
Yy=x ) squar oot sutes
3& : K 2
/— Sub N 31= K= wo (&)
2
k = &ax
K
X 4q
M'L
. ,P : {R e K )
26
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Question 8 continued

[ 2!
$\s+once Letween 2 poins: (X2-%,) "+ [Y2-%)

2

st - o7 -a)+ (ko)

) (46)*

fk*-%o"k’ 160316047 |
’ (40)?
k* +8atkT +160%

(ac)?

(h*+ 40%)*
-J (&40)*
4(1(1'4—44:"\*
£ (aar®
40

S

R AN o ;. Shoun

o €;,\ Pastes  fougn

z
L

2
L.k)
&o

owecnx © DL =-Ch

00 - 0xs, Set y=O

(-0.0) e pomr wnee  aveemx

ong el gecty

3

(0.0) , (767 )

oweens of C on

GRS - GONS |

Aak

EEOCm

KEs &a®

for (x..9.) anat  (x2,92)

oL- OS.
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Question 8 continued

Aak

Wi M= S Tiaat

Set uwp e eq° 3-3,-_m{x—x.)

{Xllgv“‘ (—0,0)

H_O= x?fa:n’-{a’—"o)

&ok
‘d = PLIywO (x+a)

dak Aol K
Lo Y° Yo K +ha?
@ y-oous, xX:=0 et O

- 4‘ak ( )+ 4'0."“
.3 N k't4a" k‘*%z
. Atk
8 - kt*’A‘d’

S Y- Coofd. of A s

Aotk

2 2
K +&o /- Shown

C. ARPA: AOSA

= 41

ABPA . 4x*

= ABPA = 4x* AOSP

AOSA 1

e 1 wWyersects

oveenx  of Ce Pon+ R

- owe & ana

dvetnx  1ine S\mch«Mo&A\:;.

M u=k

() L= -0

B (~auk)
q
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Question 8 continued

SvK

L /L

&

~ 7
s

~

R G
4 ’
’
L Y

eo’l

1

ﬁ

|
|
l
| s
|
|
|
|
|

x=-o

ARPA: 4 AOSP

1 x (V-t*- 4'01') x(y‘+4—:.’k- 4-;1\
a Aa %+ 4o

a2 ak
= 4K = 2

1, (k"+ qm") x(y'+4—r.zk- 4o
a Aa s

=Qak3 \xél

(M) x(y‘-r&r.’k- qak
La P g

)= ‘\—axk3

K +ho"k -4du
4o i

4—ak3

(W + aa? - Ad)- T

/K21= 166" K"

A= 160"

7 4

T

- 1 :'Oi
o TR

® ey, howenesr, Q& ©

IS

oo positve  CONSHONt G: & 00y

L=

o

(Total for Question 8 is 11 marks)
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9. Prove by induction that for all positive integers n

Zlog log((zn)'j

2"n!

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

(6)
v (1) :Bﬂ& (nse * EM e for n:=A4
1
W S loglar-1) = log(al-1) =
v=1
( (am) ) ) °
2 %1\ : 2:1‘ -
LHS = RHS
“aume for n=1
~(2) Rssume dwe e nsk
Z\og (2e-1)= '09( ‘%kl, )
|]
|
3 Prove e fox nek1: : Thmkmg oneod, Sub 10 Nk
ket w |
E\og(ar-r) : 2\03(3(-!) + \09(6\(““"') € We afe fewhng sum of (K1) jems | o RHSIMS 1S Wher we om
T 3 N
08 Mme sum ot (K)4ems ¥ (k+1)”' E ‘yng 40 prove  using (2):
(3w . KM - we can noW  use  Skep (2). & (3w )
. “”9( vl ) oglax-n N\ | 2."33 (ac)+ g W)
|
) \OQQ(M)ﬁ' |Oga[ﬁ)= |090(MKY\) :LMuke a nole SO we know
log M) e | Whot We 0R wotkng ‘oviards
H alkl.
(kD! )
=\09( et
(awe)!  (Qura)
: \09( atnl g (Aura)
\ ((Qna\[aum!)
AN )
(aw+21! (Qu+1+1)
: \Og( 3"‘"(&#0! ) N \og(am (k")!) Ldwe fbf N=k+)
.
30

EEC .

mmioNod

OO
1L NI3L
SR

R

Y3HY SIHLNI

QG

<
QUKL
oS0t %%



<>
bo%s

-
Question 9 continued

(1) Conclusion

Woms Yesun & ue Rt 0K, dnen w \s e fo¢ NEKE1. PS W resut hoy been  Shown do ke Awme for n=4,

en ‘me  resur & Ame foc ol wn.
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