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where ¢ is a non-zero constant and a # 3

(a) Determine A™' giving your answer in terms of a.

Given that A + A™' =T where I is the 2 x 2 identity matrix,

(b) determine the value of a.
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1, 5
2. fx)=7Jx —=x* — = x>0
2 3x
(a) Show that the equation f(x) = 0 has a root, a, in the interval [2.8, 2.9]
(2)
(b) (i) Find f'(x).
(if) Hence, using x, = 2.8 as a first approximation to a, apply the Newton-Raphson
procedure once to f(x) to calculate a second approximation to a, giving your
answer to 3 decimal places.
“4)
(c) Use linear interpolation once on the interval [2.8, 2.9] to find another approximation
to a. Give your answer to 3 decimal places.
3)
J

p 71 1 0 0 A 0 4 3 6

EUEE

8888
SRS

RAICK
KRR

piotelotoioress

55
CELIKLLLLIIS

ORI
RS RS
S oy S

] & 00

&
&
ot
X

%
é@ﬁ

%%

OG>
REREIEILERS
RIS

X
8

QORI

OO
Sogogeses

X
X
[

RS

%%
AR

&
&
3

XKL
beSesess
BEL

-
o2
q

[
9

KGR
R0
LOHNKAGRN

]
<
%

<X
)
XRRN

CRLLRKLS

LS
00000::::::::::‘0000000
% Dosesetetetesstetets

%

<]

bates
K
2L

<

1%

CRRKR

RILRR
o

&

LSRRI LA

BN T IR 5
et e

9

a
<X oo
QSRR

deseoese

Resesetstetotetetetotolototosototoseses

(GRS

<5
2%

Ressssasssstotetolotoletotosotosed

o

CRK

RIS RIIH IR IR KA K

A
e
SRR

o%%
X5
ool



>

K
X5

XK

I
KK
3%%%’

%
s
R
SN

CREIELEREEE
SGEISEELIEL
LRREIHLIRRLXRKRALRRK,

<
i
oS8

<
e

%%
%
KL
KL

X
SO0
K
L
K
R

K
5
%\
=
XK

Sk

&g
SO
RO

R

RINI N
S Svalsecstels:
ZRLRRLIRKS

<9
<
i
X X

09¢
X
‘?
it
%

SRERILEILE:
QLS R A
0ot YN
R RRIERRKIIRIIIRKLES
!

¢
XK
g%t
dotolst
boiet
polee’

ORAIRRARKAARARK AR AR AR AR AARA KN

0
RIS

KK

N
S

R
%

0%

SERAES
5

X
e O O O 0t

SRS
DL
CRIHIILKLL KRS

.9
5

ot
5

IR
<

LR

SRESSS

CRRIAL
K RRICIEIICIAI IR IIRKAH IR

%%
%%

S

<

] A
o
byadl
R

<>
S
sy

b

<
<X

%

hoses
2K
9

o

%
%

2928

0
K

%
QLK
S %0

O
55
<X

OO
RRIRHLIKE,
et ote02020%4 %!
ORI
XEXRKLLRKLLRS
RRIRLRRLRLRIRS

o%
S
A

Ky

o2
o

XY

%2
X ."

<

X

Folee
S
$RRKS

<

%

0%

ook

<KX <8
CRICRRIIR
SREIHEKLE

e
XSS

IS
CALICRAEA
K IXRARL
RRRKS

S totetotetetetetoted

0%
QL

5
o%

<
S
PItRntssrIestatetey B L @ 5 1AL
2 Looadoiotosoteds
SeSotetetetotetetel SRR

&
95

2
b9t
PRtItatstatotetstotetets!

oo
S

%%

3%,

Leave\
blank
Question 2 continued
y,
5
o VTR R Turm over »
p 71 1 0 0 A 0 5 3 6



Question 2 continued

Leave
blank

p 71 1 0 0 A 0O 6 3 6

EUEE

255
Sssss
BSeteteses
EEIES
Potetoteless
Jotetetete’s
KK
Detetotesel:
Botetoteles
S
S,

066
RS
245938
SN
Sodoses

boge%te’

OO
Seeleseteds
RO
Q)
oo
SR

KO
2555

LN
aravativ iy
RRE?

065
RS

%ﬂ?
4
o

¢
%
e
1A%
02039

35

<X
1%

90500
S
CINL
LieH)
50

00090090,

000 %%

PRAY
z.‘
2

0200
KR

O
1%

%

<>
S
dSetodet
RN
2

b > %

¢
v b
RGRSEE

25
%
oot tetotetetatetetetotetetotetototetods

LKL

ORI
o o%
RELLKLS

RIS
RS

1#%?%%&%#6
K

0% 0%
LKL

!
5 5
ettt otetetetetetetetotetotetototetes

R0

‘p
XX
KRR K IR KRR LCIR KRR K

IR

ﬁﬁ%&&
8 oo
posesele’

XA
BoSe=icies
RS
socomemos
PP

o

Patatess

<
%
N
)
X

[0
XX
v

%%
KIS
fﬁ‘
o8
58

%

<
5
s

2R

<

oot
A4

A

»
.

0%
o
Fay

é?

Y e f
e

SRR

R
)
SN
5%

LS
S
SRS
35585

‘p
05008
KX
S

%
<X

25
K8
%%
eSodels

%9
deodetelst

g%ﬁ»
(00

%

3’

%%
RS

o
2588

0%

KR
K5,
SRS



L

( Leavew
blank

2
SRR

G0

255
ool

55

Question 2 continued

<
LK
d‘

X

XX

0

2558
SS90 00 00 00 00

SGEISEELIEL
RRLHLRRLRKRARRK,

000

5
%!

LK

%

0
RIK
S lototeds

25

190965 %%
AKX
o0 e %%
109 % %
ool

e

%
§’
{
V&Y
0%
LS

9%
2000
D

]
é’

RINI N
S Svalsecstels:
ZRLRRLIRKS

<9
<
i
%

09¢
X
‘?
it
%

SRERILEILE:
QLS R A
0ot YN
R RRIERRKIIRIIIRKLES
!

<
O
X
0
2625

KOO IAAAR A AR A A AR AR A

0
plogets

%%
QLS

0% %%

QRO
LK
SeS0geses
KX

SERAES
5

%

X
e O O O 0t

0008

<
SRISERLEREs

R

R SR ersratetetetetetotelole’

ot
5
S

IR

KL
bose!

0%

K RRICIEIICIAI IR IIRKAH IR

SRR
LR

A
&
S

52
-
c

%

vy

%%
<

%

<
70’0!0,

%
Dotede!

%
S

3§

hoses
2K
9

o

%
%

2928

0
K

%
QLK
S %0

O
55
<X

6
SREL
ottt
ORI
oQeSetetete?

'S
Q5LIARKL

0 0000
%%
<5

e

KL
XORAARRARKAARAK AR

%%
%%
ototeled

<
0%
$e%4
>

6
Satesese
000
Y KRR
2555

o%
<
A%
Ky

o%
bote

>
oot
]
>
%
X

¢
pRosets
o

5
%%
5]
2050 A
SRR
SRRRITRER

<

Q2

¢
2%
0eS

e
XSS

06
RIS
255

(Total 9 marks)

XX
9
b
&
RS

<

0%

QL

5

020 %0%%%%

<
S
PItRntssrIestatetey B L @ 5 1AL
2 Looadoiotosoteds
SeSotetetetotetetel SRR

&
95

2
b9t
PRtItatstatotetstotetets!

0
%
e

. .
7

mcmn R O 0 R Turn over »
p 71 1 0 0 A 0 7 3 6 urnove

%
%

%

L




LeaveN
blank
3. The quadratic equation
2x° - 5x+7=0
has roots o and S
Without solving the equation,
(a) write down the value of (a + ) and the value of af
ey
(b) determine, giving each answer as a simplified fraction, the value of
(i) o’ +p
(i) o’ +p°
)
(c) find a quadratic equation that has roots
e
a"+ p - +a
giving your answer in the form px” + gx + r = 0 where p, ¢ and r are integers to be
determined.
C)
J
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fz)=22-Z"+az+b
where a and b are integers.
The complex number —1 — 31 is a root of the equation f(z) =0

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

Oy

(b) Determine the value of @ and the value of b.

C))

(c) Show all the roots of the equation f(z) =0 on a single Argand diagram.
(2)
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5. (a) Use the standard results for 27’3 , Zrz and ir to show that for
r=1 r=1 r=1

integers n,

\ 1
;7(7 —D(r-3)= En(n + 1)(n-1)(3n—-10)

(b) Hence show that

2n+1
z r(r=1)(r—3)= én(n +1)(an’ + bn+c)

r=n+l

where a, b and c are integers to be determined.

all positive

©)

(©))
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6. The curve H has equation
_ 2
xy=a x>0
where a is a positive constant.
The line with equation y = kx, where £ is a positive constant, intersects H at the point P
(a) Use calculus to determine, in terms of @ and k, an equation for the tangent to H at P
“4)
The tangent to H at P meets the x-axis at the point 4 and meets the y-axis at the point B
(b) Determine the coordinates of 4 and the coordinates of B, giving your answers in terms
of a and k
(2)
(c) Hence show that the area of triangle 4OB, where O is the origin, is independent of k&
2
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7. In part (i), the elements of each matrix should be expressed in exact numerical form.
(1) (a) Write down the 2 x 2 matrix that represents a rotation of 210° anticlockwise
about the origin.
ey
(b) Write down the 2 x 2 matrix that represents a stretch parallel to the y-axis with
scale factor 5
1)
The transformation 7 is a rotation of 210° anticlockwise about the origin followed by
a stretch parallel to the y-axis with scale factor 5
(c) Determine the 2 x 2 matrix that represents 7’
(2)
(i)
M k k+3 here ki
= tant
51—k where k is a constan
(a) Find det M, giving your answer in simplest form in terms of £.
(2)
A closed shape R is transformed to a closed shape R’ by the transformation represented
by the matrix M.
Given that the area of R is 2 square units and that the area of R’ is 16k square units,
(b) determine the possible values of k.
3)
J
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( Leavew §§§§§§§§
blank §§§§§§
8. The parabola C has equation y* = 20x 3558
o
The point P on C has coordinates (5p°, 10p) where p is a non-zero constant. §§§f’:§§
9K
(a) Use calculus to show that the tangent to C at P has equation §§§§§:§§§
_ 2
py—x=35p
3)
The tangent to C at P meets the y-axis at the point 4.
(b) Write down the coordinates of 4.
1)
The point S is the focus of C.
(¢) Write down the coordinates of S.
1)
The straight line /, passes through 4 and S.
The straight line /, passes through O and P, where O is the origin.
Given that /, and /, intersect at the point B,
(d) show that the coordinates of B satisfy the equation
2x°+y" = 10x
)

28

R T O 0 A nrme
p 71 1 0 0 A 0 2 8 3 6



>

K
X5

XK

Leave
blank

I
KK
3%%%’

%
s
R
SN

2958
A
W8 Y
<
LXK

Question 8 continued

CREIELEREEE
SSRGS

<
&8
CRKS
55

KL

ORRAAARKARAARAKAAARKH

5
55

R
QR8s
QS
3 R
SFXS
505
XGRS

0
208
\&
55

A
<

s

RINI N
S Svalsecstels:
ZRLRRLIRKS

<9
<
i
%

09¢
X
‘?
it
%

SRERILEILE:
QLS R A
0ot YN
R RRIERRKIIRIIIRKLES
!

<
O
X
0
2625

ORAIRRARKAARARK AR AR AR AR AARA KN

0
plogets

%%
QLS

0% %%

QRO
LK
SeS0geses
KX

SERAES
5

%

X
e O O O 0t

0008

0% 0%

RS

ot
5

oS e ot etetetetetetetetoted

K RRICIEIICIAI IR IIRKAH IR

IR

%

S5
S

0%

<
RIRRRELS
R

¥
)
s

1%
k!
plole!

X
LR

<

.9
5

hoses
2K
9

o

%
%

938

0
K
%
QLK
S %0

O
55
<X

6
38
S
ORI
55

%%

00t
B RS
e tetstesetossss
KRR KA KA AR A AAN

00
bolels
YE
ki f
0

0 0.0
288
RR
Do
%5
<X

%%
KRR

<

%

0%

ook

<KX <8
CRICRRIIR
SREIHEKLE

e
XSS

%%
%
0%
oeted
255

<
%
2K

%%
958
%%
5
ototetoteted

0%
QL

5
o%

<
S
PItRntssrIestatetey B L @ 5 1AL
2 Looadoiotosoteds
SeSotetetetotetetel SRR

&
o5

2
b9t
PRtItatstatotetstotetets!

0
<
e

. J

29
mcmn R T O 0 A Tum over v
p 71 1 0 0 A 0 2 9 3 6

%
%

%

L




Question 8 continued

Leave
blank

p 71 1 0 0 A 0O 3 0 3 6

EUEE

0002
KGR
X XX XX
SRS

S
55
2

(XX
RS
25

XX XX XX

SIS
pretsiesetes!
Sateteseseses
X
%o

O
0
SF

A

%%

oSS
K RSLRRKLR R KKK

R GIRIER IR LERKK

<
oo
5S

b
2

R

A
.
X2

QAR
3888
MNKQ)
NGNS

SRSERICHILLHL

9%
Lotetudoteset
AN LO

!

0.0, 9.0:0,
QgO
4

3,

O

AR KA
KGR
e

<
<

<
'
2K

b > %

oa
R

<
o
oot tetotetetatetetetotetetotetototetods

0
%
o

5
RS
ORLLKLLEIS

SSESTES
%
000 0 0O 000 OO 0000 0 0.0

pofosesesessses

%%

IR
LKL

R IIA

IR

SRS
3&&’0 %”w%
boss
<5

LS

R RERIGHR KK
KRR K IR KRR LCIR KRR K

O
88
3 1559
AL
ORS

<
|
Tl

2

<>
<
L
)
"%

<

S

(L
&

RS

<

oot
A4

<
gege

QR
SRR



>

K
X5

XK

G0

255
ool

55

<
LK
d‘

X

XX

0

2558
SS90 00 00 00 00

SGEISEELIEL
RRLHLRRLRKRARRK,

000

5
%!

LK

%

0
RIK
S lototeds

25

190965 %%
AKX
o0 e %%
109 % %
ool

e

o
=
<1
0

X
e
W X o
e
S5

RINI N
S Svalsecstels:
ZRLRRLIRKS

<9
<
i
%

09¢
X
‘?
it
%

SRERILEILE:
QLS R A
0ot YN
R RRIERRKIIRIIIRKLES
!

<
O
X
0
2625

KOO IAAAR A AR A A AR AR A

0
plogets

%%
QLS

QRO
EIRIBEILS
SeS0geses
KX

SERAES
5

KRLKL
e O O O 0t

0008
RIS

Q
IR
ney | S0ty

T

5

ot
5
S

IR

KL
bose!

q;gy?ug
S
SORRLIRILRIIIIEREKK,

A
&
S

52
-
c

%

vy

%%
<

%

<
fﬂﬁ%

%
Dotede!

%
S

3§

hoses
2K
9

o

%
%

938

<
o
S
5
ot

<

93!
28

2oe?
28

%
<X
%%

55K
o

938

X

GO0
0K
<
S5
Q5LIARKL

2L

<55
0%
LK
3
o

O 00>
o

TR Setotedetels

S 5K
IRRRLHRRLRIRLRES

¢
ot
"

<

S
25

o9

=
%
<
s
S5
*
55

5
58S
SRR

(X
55
K5
R
&5

00
X%

8

5

2 %% o 0%
358 O NOT W
RERRREERKEERR KD VS
s nhsiss

% XXX

%%
KPR RLL

X
K
QLRI

%
9

o
5
detetetelatetetetetet

%
<

<

b

Question 8 continued

LeaveN
blank

Q8

(Total 10 marks)

L

mOEE

p 71 1 0 0 A 0 3 1 3 6

31

Turn over »



9.

(1) A sequence of numbers is defined by

u =5 —6u, nz=l

Prove by induction that, for n € Z"

u =3x2"-2x3"

(i) Prove by induction that, for all positive integers n,
f(n) _ 33n—2 + 24n—1

is divisible by 11

)

(©))
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.

32

p 71 1 0 0 A 0 3 2 3 6

EUEE

0002
KGR
X XX XX
SRS

S
55
2

(XX
RS
25

XX XX XX

SIS
pretsiesetes!
Sateteseseses
X
%o

O
0
SF

A

%%

oSS
K RSLRRKLR R KKK

R GIRIER IR LERKK

<
oo
5S

b
2

R

A
.
X2

OO

00502
INCQ
LENXT
0GR

<
o
<)
LG
svave’s
2K

<

0
26L

QG
e

<
<

<
'
2K

b > %

oa
R

<
o
oot tetotetetatetetetotetetotetototetods

0
%
o

5
S
ORELLRKLLELKS

SSESTES
%
000 0 0O 000 OO 0000 0 0.0

pofosesesessses

%%

IR
LKL

R IIA

IR

SRS
3&&’0 %”w%
boss
<5

LS

R RERIGHR KK
KRR K IR KRR LCIR KRR K

O
88
3 1559
AL
ORS

<
|
J‘

2

QX

X0

T
)
&

ete%
0%
050

%
%

% -
099 ot
s
K,
Do vetetetel
RS
KRRRS
podetetoled
SEIES,
SRS,
SRR
Bosesetetess
ZRRRKS
L8
SRR

ZRRRS
8858
SRILS



>

K
X5

XK

Leave
blank

I
KK
3%%%’

%
s
R
SN

2958
A
W8 Y
<
LXK

Question 9 continued

CREIELEREEE
SSRGS

<
&8
CRKS
55

KL

ORRAAARKARAARAKAAARKH

5
55

R
QR8s
QS
3 R
SFXS
505
XGRS

0
208
\&
55

A
<

s

RINI N
S Svalsecstels:
ZRLRRLIRKS

<9
<
i
%

09¢
X
‘?
it
%

SRERILEILE:
QLS R A
0ot YN
R RRIERRKIIRIIIRKLES
!

<
O
X
0
2625

ORAIRRARKAARARK AR AR AR AR AARA KN

0
plogets

%%
QLS

0% %%

QRO
LK
SeS0geses
KX

SERAES
5

%

X
e O O O 0t

0008

0% 0%

RS

ot
5

oS e ot etetetetetetetetoted

K RRICIEIICIAI IR IIRKAH IR

IR

%

S5
S

0%

<
RIRRRELS
R

¥
)
s

1%
k!
plole!

X
LR

<

.9
5

hoses
2K
9

o

%
%

938

0
K
%
QLK
S %0

O
55
<X

6
38
S
ORI
55

%%

00t
B RS
e tetstesetossss
KRR KA KA AR A AAN

00
bolels
YE
ki f
0

0 0.0
288
RR
Do
%5
<X

%%
KRR

<

%

0%

ook

<KX <8
CRICRRIIR
SREIHEKLE

e
XSS

%%
%
0%
oeted
255

<
%
2K

%%
958
%%
5
ototetoteted

0%
QL

5
o%

<
S
PItRntssrIestatetey B L @ 5 1AL
2 Looadoiotosoteds
SeSotetetetotetetel SRR

&
o5

2
b9t
PRtItatstatotetstotetets!

0
<
e

. J

33
mcmn R T O 0 O Tum over v
p 71 1 0 0 A 0O 3 3 3 6

%
%

%

L




Question 9 continued

Leave
blank

p 71 1 0 0 A 0 3 4 3 6

EUEE

0002
KGR
X XX XX
SRS

S
55
2

(XX
RS
25

XX XX XX

SIS
pretsiesetes!
Sateteseseses
X
%o

O
0
SF

A

%%

oSS
K RSLRRKLR R KKK

R GIRIER IR LERKK

<
oo
5S

b
2

R

A
.
X2

QAR
3888
MNKQ)
NGNS

SRSERICHILLHL

9%
Lotetudoteset
AN LO

!

0.0, 9.0:0,
QgO
4

3,

O

AR KA
KGR
e

<
<

<
'
2K

b > %

oa
R

<
o
oot tetotetetatetetetotetetotetototetods

0
%
o

5
RS
ORLLKLLEIS

SSESTES
%
000 0 0O 000 OO 0000 0 0.0

pofosesesessses

%%

IR
LKL

R IIA

IR

SRS
3&&’0 %”w%
boss
<5

LS

R RERIGHR KK
KRR K IR KRR LCIR KRR K

O
88
3 1559
AL
ORS

<
|
Tl

2

<>
<
L
)
"%

<

S

(L
&

RS

<

oot
A4

<
gege

QR
SRR



>

K
X5

XK

Leave
blank

I
KK
3%%%’

%
s
R
SN

2958
A
W8 Y
<
LXK

Question 9 continued

CREIELEREEE
SSRGS

<
&8
CRKS
55

KL

ORRAAARKARAARAKAAARKH

5
55

R
QR8s
QS
3 R
SFXS
505
XGRS

0
208
\&
55

A
<

s

RINI N
S Svalsecstels:
ZRLRRLIRKS

<9
<
i
%

09¢
X
‘?
it
%

SRERILEILE:
QLS R A
0ot YN
R RRIERRKIIRIIIRKLES
!

<
O
X
0
2625

ORAIRRARKAARARK AR AR AR AR AARA KN

0
plogets

%%
QLS

0% %%

QRO
LK
SeS0geses
KX

SERAES
5

%

X
e O O O 0t

0008

0% 0%

RS

ot
5

oS e ot etetetetetetetetoted

K RRICIEIICIAI IR IIRKAH IR

IR

%

S5
S

0%

<
RIRRRELS
R

¥
)
s

1%
k!
plole!

X
LR

<

.9
5

hoses
2K
9

o

%
%

938

0
K
%
QLK
S %0

O
55
<X

6
38
S
ORI
55

%%

00t
B RS
e tetstesetossss
KRR KA KA AR A AAN

00
bolels
YE
ki f
0

0 0.0
288
RR
Do
%5
<X

%%
KRR

<

%

0%

ook

<KX <8
CRICRRIIR
SREIHEKLE

e
XSS

%%
%
0%
oeted
255

<
%
2K

%%
958
%%
5
ototetoteted

0%
QL

5
o%

<
S
PItRntssrIestatetey B L @ 5 1AL
2 Looadoiotosoteds
SeSotetetetotetetel SRR

&
o5

2
b9t
PRtItatstatotetstotetets!

0
<
e

. J

35
mcmn R T O 0 T over v
p 71 1 0 0 A 0O 3 5 3 6

%
%

%

L




Question 9 continued

(Total 10 marks)

Leave
blank

Q9

TOTAL FOR PAPER: 75 MARKS
END

w,

36

p 71 1 0 0 A 0O 3 6 3 6

EUEE

I
R IREIIRELRS
0’0’0‘0’0’0’0‘::0:0:0:0:0
oot otetetotetetetetoted

<
0%
X
R GIRIER IR LERKK

CRLIIKLR
R

Joosetesstete

XY
AN

08 ot 5608

SRLIRS

<
0
A
u
o
QXS

5
9
&

\Veva

25

%
2

/]
e
X

%
<L
[4)

<)
el

A
XA
S
IV <
oot
000

<
I

be e
R

A
KR
0?@@

oFotod

<
<

<
'
2K

b > %

oa
R

<
o
oot tetotetetatetetetotetetotetototetods

0
%
o

5
S
ORELLRKLLELKS

SSESTES
%
000 0 0O 000 OO 0000 0 0.0

pofosesesessses

%%

IR
LKL

R IIA

IR

SRS
3%&’0 Qg@%&
boss
<5

0
203
K
o5
5

LS

R RERIGHR KK
KRR K IR KRR LCIR KRR K

LA

oS
%o
AL
M

oot

Pget ~ oo
%

P
<X

%
S5 o fo¥s
oA
PS80, ¢
%

2L

SXA
S
K,
Do vetetetel
Botetotetese
Josesetetess
Ddetodetes
SRKIES
SRR
ZRRRRS
Dosesetete!
D letodetes
IRKIES
SRR

ZRRRS
8858
SRILS



