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( )

1. Theset S={1,3,5,9, 11, 13} forms the group G, under the operation multiplication
modulo 14

(a) Complete the Cayley table below for the group G

8K

X 1 3 5 9 11 | 13

14

S

1 1 3 5 9 11 13

KRR

3 3 9 1 13 5 11

5 5 1 11

vV SIHLNIZLMM IO

9 9 13 11
11 | 11 5 9
13 | 13 | 11 1

A spare table can be found on page S if you need to rewrite your Cayley table.

3)
(b) Write down a subgroup of G of order 2
1)
The group H is defined by the Cayley table below.
* ) q r s t u
P p q r N t u
q q t 2 r N p
r r u t q p N
s N r q p u t
t t S p u r q
u 2 p N t q r
(c) Show that G and H are isomorphic.
3)
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Question 1 continued
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Question 1 continued

Only use this grid if you need to rewrite your Cayley table.

X 1 3 5 9 11 | 13

14

1 1 3 5 9 11 13

3 3 9 1 13 5 11

9 9 13 11
11 | 11 5 9
13 1 13 | 11 1

(Total for Question 1 is 7 marks)
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2.
1 2
A=
-2 4
(a) Determine the eigenvalues of matrix A
3)
(b) Hence determine an orthogonal matrix P and a diagonal matrix D such that
D =P'AP
)
. .
AR R mmC
P 7 5 6 8 9 A 0 6 3 2
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 8 marks)
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3. The circle C has equation

|z—5+4i|=2|z-2+i]

where z=x+1y

(a) Show that an equation for C is

X¥=2x+y"-7=0

The half-line with equation

3n

arg(z—a)=- 1

where « is a real constant, is a tangent to C

(b) Determine the value of a.

(©)

(6

.
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 9 marks)
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( )
4. A sequence is defined by
ey =6, <84, n> 1
u, =399.6 u,=798.4
(a) Prove by induction that, for n € N
u =2002") - %(4”)
(6)
(b) Hence determine the value of the first negative term of the sequence.
(Solutions relying entirely on calculator technology are not acceptable.)
3)
\_ J
14
VDR OO .
P 7 5 6 8 9 A 0 1 4 3 2

SO

%

X

et
%

& %
=
09372739

L
 >;
% o988
: ‘{%
S
e
\,
S
Foostetoros
G

iy

328
55
55



2

%
35
doss

2 M

0
bo%es
R
2
o0’

850 coconcec
.~ 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
%
RRRKKS

%%
K
XX
ol

35S
]
)

oS

095 < W
SIS
SRS
LXK
BO%8 V' 008

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 4 continued

e

p 7 5 6 8 9 A 0 1 5 3 2

15

Turn over »



7

Question 4 continued
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Question 4 continued

(Total for Question 4 is 9 marks)
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5. (i) A password is to be created from 5 characters using the following criteria

* one capital letter
» 3 distinct single digits
e one of the four symbols @ £ $ &

Determine how many different passwords can be created if

(a) the characters are in the order of the bullet points above,

(2)
(b) the characters can be in any order.
ey
(ii) Use Fermat’s Little Theorem to determine the least positive residue of 4° modulo 13
3)
(ii1) Determine the total number of different, positive odd numbers, less than 1000, that
contain the digit 2
“4)
L
18
VDR OO .
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Question 5 continued

(Total for Question 5 is 10 marks)
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( )
6.
I =jj(4—x2 )'dx
(a) Prove that, forn > 1
_ 8
n m n-1
)
(b) Using the result from part (a) and showing all stages of your working, determine the
value of n for which
65536
"T315
(Solutions relying entirely on calculator technology are not acceptable.)
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Question 6 continued
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7. (i) Explain why the congruence equation
21x = 11(mod 36)

has no solutions.

2

(i1) Use modular arithmetic to solve the congruence equation

36y = 192(mod 40)
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~ \ C
10cm

N 60 cm

10} X
Figure 1 Figure 2
Figure 1 shows a satellite dish.
Figure 2 shows a sketch of the curve C with equation
V= Ax 0<x< 10

where 4 is a positive constant.

The curved inner surface of the satellite dish is modelled by the surface of revolution
formed by rotating curve C through x radians about the x-axis.

The inner surface of the satellite dish has
+ alargest diameter of 60 cm

* adepth of 10cm

as shown in Figure 1.

(a) Determine the value of 4.

2

(b) Using algebraic integration, determine, in cm’, the area of the curved inner surface of
the satellite dish, according to the model. Give your answer to 2 significant figures.

(7

(c) State a limitation of the model.
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9. The transformation 7 from the z-plane to the w-plane, where z=x+1iy and w=u +1v

is given by

z .
W=—"- z#-21
z+21

The circle with equation |z | = 4 is mapped by 7 onto the circle C.
Determine
(1) the coordinates of the centre of C

(i1) the radius of C

®
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Question 9 continued
(Total for Question 9 is 8 marks)
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