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You must have:
Mathematical Formulae and Statistical Tables, calculator

Candidates may use any calculator permitted by Pearson regulations.
Calculators must not have the facility for algebraic manipulation,
differentiation and integration, or have retrievable mathematical formulae
stored in them.

Instructions

e Use black ink or ball-point pen.

e If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).

e Answer all questions and ensure that your answers to parts of questions are
clearly labelled.

e Answer the questions in the spaces provided - there may be more space than
you need.

e You should show sufficient working to make your methods clear. Answers
without working may not gain full credit.

e Inexact answers should be given to three significant figures unless otherwise
stated.

Information

e A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.

e There are 4 questions in this section of the paper. The total mark is 40.

e The marks for each question are shown in brackets - use this as a guide as to
how much time to spend on each question.

Advice

e Read each question carefully before you start to answer it.

e Try to answer every question.

e Check your answers if you have time at the end.

¢ If you change your mind about an answer, cross it out and put your new
answer and any working underneath.




Answer ALL questions. Write your answers in the spaces provided.
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1. (1) The set G= {1, 3, 4, 9, 10, 12} forms a group under the operation of multiplication

dulo 13.
moauio 0" b= axb (moo 13)
(a) Copy and complete the Cayley table below, Table 1, for this group.

3
(b) Find a subgroup of (G, x,,) of order 3.

1)
(c) Explain why there can be no subgroup of (G,x,,) of order 4.

(1)

(i1)) Determine whether the set {1, 3, 6, 9, 12} under the operation of multiplication
modulo 15 forms a group.
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(Total for Question 1 is 8 marks)
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S'a: Redutng Modrices 1o Diagonal form
The two sequences x, and y, satisfy the recurrence relations

'xl = 2 xn+l = an _yn

yl:1 yn+1:3‘xn+yn

n>1.

(a) Find the value of x,.

(2)
These recurrence relations can be written in matrix form as
yl l yn+l yn
5 -1
where A = :
3 1
(b) Find
(i) the eigenvalues of A,
(i1) the corresponding eigenvectors of A.
5)
(¢) Hence write down matrices P and D such that P"'AP = D, where D is a diagonal matrix.
(2)
New sequences u, and v, can be formed from x, and y, using the transformation
Z’ln _ P—l xn
v) )
(d) Show that [“1} _ D(”n }
vn+l vn
(2)

(e) Hence find closed form expressions for the original sequences x and y .

(s) .8

(Total for Question 2 is 16 marks)




www.mymathscloud.com

a. Rp:SKX - \
X, =5y - 9 find 3  Manuadlly
but subbing
Ya: 30 + @) Known  vewes nfto
Ve:3@) + -7 rewrence g’
X3=Q, V;“."
X3=5%- Y2
¥ :5{q)- () :-38
bi. ashe eq: oet (a-21)-0

[3 l, o 1)
[s -1)-[a o)
\3 |, lo 5\’
[s-a -1
\ 3 -3
ae+nIS-2\ -1 )].0 :au(M\ Whue M° ¢
l3 1-a/ | et (m): (a)(a)- (b)(c)

(S-A)(1-A) - (3)-D -0

[A*- 6A4S)- (-3):0

At-gA+rs+3 -0

A*-62+8:-0

(A- 2)(A-2)-0

A:4 o A2 «— egenvatves of A




www.mymathscloud.com

-

[S2-v).[ax)
l314—y’ lay/

Sa-y:=Y4x ®
3x+y-luy @

O s2-v:ux
oy

Wwen -1, y-|

|
" lageavector 18 (V) for egenvalve. Y.

A(%)-(3)

*

"'-__ﬂ

(s
Y

[52-v).{1a)
(3 +y /] 2yl

Sa-y:=12 ®
3x+v:-ly ®

O savy:lx
3o:y

When -, 5~3
. l\
\_ &wuec‘hf () l:s for ewenvalve 2. y )




www.mymathscloud.com

B R ) I B R T
#

Wer oanswer

s (ovrect

Iun\=p"

0. swmce

lx“\ lunn\= P

L)

""‘) g ‘\'ne.J

—_—"
Sub m (N1 miiv N

Bz

Lsuo s wibo

P' wamx formea.

[Wnar). ¢ A fxa)

‘vﬂh’ ‘YA’

Muihply P
on boin Swaes .
Plun). ee”f T Geales pp = T
‘\ln, T‘Vn’ - 1solatng lxq\
{yal
Pl un]-[*)
‘Vn’ “Iﬂ
Csws wio P'A[ya

[Un\- 'R P [0 )

[y

\me, D Y,

as siayea w pact (c)

.




e We Wil use =:p=lﬂ °\ howwes an oo use D[4 ©)
{e 4 loe)

KJ Sub wn
(Unn - D] ua)
\Uam § Vn’

h‘m—. fz o) u)
Van l°4’"v"’

Wy eI Tua.\
Van | YVn )
uvm : dUn
Vau * WWa
|
lb {On e rewnten 03:
Un: U x a""
Vas W, qn-u
xn ). pfun Kn ][0 1) ua) use Cocresponding P mamx
Ya Va Ya ' Vn ' oroh Su.an

2 l'ln\:l Un+ VUn \
l'ln’ ‘3“0* Va,

’Kn\:’ wxa™ + V"“\"H\
Lval L2twsa™) + v s/

uswg [x)-f2)  subn GED onasshe  for Ui om v,

‘Vu} { ]

EAN EEY W AR
AV Lafuxa®™) + vx u™ )

{3) s )




www.mymathscloud.com

-
SoWe Swiuhoneously ts Sowe for Uy ana V.
ul"\“"z

vl ©

"Zu. = |

R —

S 1N vWoteok

out volve of W,

Vi:R-u, J *o Bna v

Vi- &-

Vi- 51

U--2 o V3

Lsub botk e An o Y eg”.




3V lou on on  Argonor Diogrom

3. (a) Sketch, on an Argand diagram, the arc given by the locus of points z in the complex
plane satisfying

arg( z j:ﬁ « LOUS €xpLAmeD

z-251) 12 @ end of @
2
The centre of the circle containing this arc is x + yi where
25
X =— ?(2 + \/g) .
(b) Find the radius of this circle, giving your answer to 3 decimal places.
(C))

In a game, players take turns to roll balls along a horizontal surface from a fixed starting
position to a fixed target point 25 metres away.

The game can be modelled in the complex plane, with the starting position at the origin and
the target at the point 251, where the units are metres.

In a particular game, the first player’s ball has come to rest with its centre at 0.5 + 23.251. The
second player’s ball is following the path sketched in part (a).

Given that the radius of each ball is approximately 5 centimetres,

(c) use this model to determine whether the second player’s ball will hit the first player’s
ball.

“4)
(Total for Question 4 is 10 marks)
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14 Dwsioy Tests
A positive integer n satisfies the inequality 99 <n < 1000.

The integer n is written as a three digit number abc such that
n=100a + 105 + c,

where the digits a, b, and c are each integers between 0 and 9 inclusive, a # 0.
The integer n has the following three properties:

e nis divisible by 11, & faet # 14

o the sum of the digits of 7 is odd, & facr # 2

®* n=5(mod9). &« focr # 2
Use this information to find all possible values for #n, making your reasoning clear.

(Total for Question 4 is 6 marks)

TOTAL FOR PAPER IS 40 MARKS
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