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A =
where a is a constant.

(a) Determine, in expanded form in terms of a, the characteristic equation for A.

(2)
(b) Hence use the Cayley-Hamilton theorem to determine values of @ and b such that
A’ = A+ bl

where I is the 2 x 2 identity matrix.

(C))

.
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2. A complex number z is represented by the point P in the complex plane.

Given that z satisfies

OO

s

2

&
I‘..
L
S

SR
’0&‘

|Z—6| :2|Z+3i|
(a) show that the locus of P passes through the origin and the points —4 and —8i
(2)
(b) Sketch on an Argand diagram the locus of P as z varies.
(2)
(c) On your sketch, shade the region which satisfies both
|z-6]>2|z+3i] and |z|<4
(2)
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Question 2 continued
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4 N S5
3. In a model for the number of subscribers to a new social media channel it is >\
assumed that \
_.:}/ :/\\
» each week 20% of the subscribers at the start of the week cancel their subscriptions g\
2
» between the start and end of week »n the channel gains 20n new subscribers 3\
Given that at the end of week 1 there were 25 subscribers, S
e
(a) explain why the number of subscribers at the end of week n, U, , is modelled by the gi
recurrence relation s
E\
u =25 U,,=08U,+ 20(n + 1) n=1273,. -if';?‘\
) =
(b) Prove by induction that for n > 1 S
4 n—1
U, = 325(—) +100n — 400
> (5)
Given that 6 months after starting the channel there were approximately 1800
subscribers,
(c) evaluate the model in the light of this information.
()
. ) &3
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P 7 4 0 8 3 A 0 8 3 6



S
QS
SIS
KK

X
R
&é&
SeSotodes
%
QLRI

o202

0

XXX

0.0‘0

X
KKK AR AKX A

&
:’:’
5

%
2
2L
25555

%
5
4 Y%
0%
X
ote%s

=
)
%
6%

QL

O
0%

%%
ote%e%

i s
S 02
B0y o wiets

<
0.0‘::0’0

S5
SIBRLS

SRS

SRR

0 00000, .0 00009999,
SRRRXXIIRERLLLRRIKK,
NOT-W

A\

080 v ertd

X KKK

S

OO
RIS
<N
o
%

< X
®
e
X
o%!

RS
002008 s
K
)
RS
RIS

255
4g¢
5

8

R oot
TS
ts 1 € 0
S

~ \
Question 3 continued
\. J
9
om ) A R A Turn over »
P 7 4 0 8 3 A0 9 3 6



7

Question 3 continued

10

P 7 4 0 8 3 A 0O 1 0 3 6

OmC .

QXHXXK
KRR
CHRXRS
GRRXRS
RRRS
KRRHES
HRKS
poososetees
CHRXRS
GHRXRS
RRRS
XK
QRRRS
KK
RS
CHHXRS
KLRRES
RKLRHES
ZHXRA

555
boss vz
9>

¢
<55
&’

et
%S

%
%
X ;:‘;
5

0% %%

2% %

SRXSM
SRR

000009000 %000 0% 0
030%%% %% v
RIS
ISR

9
0
(0.0 00000000,
SRR
O 00000090,

IS
XX KKK
KKK KX
(00,000,
R8BS
S5,

.Y
0% %
Dose%0%
Joss & Js

<X
NS

%
o5

%
XK
o%

GG

potetototototototoroseseseses

2959593 ettty
ooteh Vot e b
oSetetoreds
0RERTRRD

dtetoete%!
LR
o20teteloete%e%

ol ot tetetetetese!

(%
0908
295959

OO
RS
030!
XX
5

0
%
4@@%
55
35S

6%
o208
5
oS etotetotetetotetotetetote!

X8
RRRRRKKS

o%
%% %%
SRR

X
55
X5
35
3RS

PO 4
00029 9208
-

o
S
QX 5

X
X%



2

%
35
doss

2 M

0
bo%es
R
2
o0’

850 cocoocec
.~ DONOTV
St

XX
0%

o96%% %%
0902090002090 %0%6%9%4%%
Jototetotototoretet s te’

oY
o9e%
o5
%
%

0.0....
0.0‘0.0
Satosetets

S8
S

¢
%
5

9.0
SRKL
35555
XS

w&&%&
RRRKKS

%%
%%
0% %
‘ﬁ%

o%

%
0%
0ed%

o5
3353

Y088

XXX
B
AR

XX
0“0

0.0 0%

RREXK
o
%!

D

o
%
RRREKS

%%
K
XX
ol

35S
]
)

oS

095 < W
SIS
SRS
LXK
SRS

0 00009999,
$9:0.0.0,9.9.9.9.9, XX
e

2NN
CXIHK I I K
SRR

0>
%!
J
*
039

ol

RN
ORI
3 %

A
000

oo%%
D
3

OO0
S8
oSoteteteted
RKEL
SRR

oo
LY

X XXX

SRS

P6%6%%!

XX
335
X XK
XX

XS
8%

% ﬁ%&
o

Question 3 continued

(Total for Question 3 is 9 marks)

O =

11

R0 I Turnover »
p 7 4 0 8 3 A 0 1 1 3 6 urhove



r

4. (a) Use the Euclidean algorithm to show that the highest common factor

of 168 and 66 is 6

(b) Use back substitution to determine integers a and b such that
168a + 66b = 6

(c) Explain why there are no integer solutions to the equation

168x + 66y =10

(d) Solve the congruence equation

11v = 8(mod 28)

2

(&)

0y

(&)

J

12

p 7 4 0 8 3 A 0 1 2 3 6

OmC .




S
QS
SIS
KK

X
R
&é&
SeSotodes
%
QLRI

o202

0

XXX

0.0‘0

X
KKK AR AKX A

&
:’:’
5

%
2
2L
25555

%
5
4 Y%
0%
X
ote%s

=
)
%
6%

QL

O
0%

%%
ote%e%

i s
S 02
B0y o wiets

<
0.0‘::0’0

S5
SIBRLS

SRS

SRR

0 00000, .0 00009999,
SRRRXXIIRERLLLRRIKK,
NOT-W

A\

080 v ertd

X KKK

S

OO
RIS
<N
o
%

< X
®
e
X
o%!

RS
002008 s
K
)
RS
RIS

255
4g¢
5

8

R oot
TS
ts 1 € 0
S

~ \
Question 4 continued
\. J
13
om )R T O O Turn over »
P 7 4 0 8 3 A0 1 3 3 6



7

Question 4 continued
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(1) A security code is made up of 4 numerical digits followed by 3 distinct uppercase
letters.

Given that the digits must be from the set {1, 2, 3, 4, 5} and the letters from the set
{A, B, C, D}

(a) determine the total number of possible codes using this system.

To enable more codes to be generated, the system is adapted so that the 3 letters can
appear anywhere in the code but no letter can be next to another letter.

(b) Determine the increase in the number of codes using this adapted system.

4)
(i1) A combination lock code consists of four distinct digits that can be read as a
positive integer, N = abcd, satisfying
» all the digits are odd
* Nis divisible by 9
+ the digits appear in either ascending or descending order
* N = e(modab) where ab is read as a two-digit number and e is the odd digit
that is not used in the code
(a) Use the first two properties to determine the four digits used in the code.
(b) Hence determine the code on the lock.
“4)
NN 000 O
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Question 5 continued
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6. Determine a closed form for the recurrence relation
u, =1 u =4

un+2:2un+l—§un+n nz=0 @)
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r

7. ThesetG =R — —% with the operation of x  y = 3(x + y +1) + 2xy forms a group.

(a) Determine the identity element of this group.

(2)
(b) Determine the inverse of a general element x in this group.

3)
(c) Explain why the value —% must be excluded from G in order for this to be a group.

1)

.
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8.
2
I, =I (x=2)e*dx n>=0
0
(a) Prove that for n> 1
In = _an—2 - zIn—l
4
where a is a constant to be determined.
C))
(b) Hence determine the exact value of
2
J- (x —2)?e** dx
‘ 3
\_ J
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Figure 1

Figure 1 shows a locus in the complex plane.

The locus is an arc of a circle from the point represented by z, = 3 + 2i to the
point represented by z, = a + 4i, where a is a constant, @ # 1

Given that

+ the point z; =1+ 41 also lies on the locus

» the centre of the circle has real part equal to —1

(a) determine the value of a.
(2)

(b) Hence determine a complex equation for the locus, giving any angles in the equation
as positive values.

(©))
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10.

~_ ] 7

)

i 4

Figure 2

A solid playing piece for a board game is modelled by rotating the curve C, shown in
Figure 2, through 27 radians about the x-axis.

The curve C has equation

)
y = 1+ ? -4<x<4
with units as centimetres.
(a) Show that the total surface area, S cm’, of the playing piece is given by
4
S = an. V81 +10x? dx + gn
-4

where p and ¢ are constants to be determined.

(6)
Using the substitution x = %sinh u, or another algebraic integration method,
and showing all your working,
(b) determine the total surface area of the playing piece, giving your answer to the
nearest cm’
(6)
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