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Answer ALL questions. Write your answers in the spaces provided.

S

(@) find the characteristic equation of the matrix A.

1. Given that

(b) Hence show that A® = 43A — 421.
E3 1 G
(4, .'+ ) B Hon )

(3 ! _(A 0)
6 4) N
[ 3-x \
te
det (A-A1) =0
= (3-A)(4-K) ~ (6)(1) =0

12-7A+ A% -6 =0
A*-IA +¢ =0

[{}

) A-AL

[{]

=2 (A-6)(r-1)=0
=> k=6

A=l ave eigenvalues of A

A

not r’eq’uired

b from (a) using the Cayley - Hamilton theorem...

A2-TA +6I =0
‘2.= 7 -
3 _C A A-61
TAT = B9A-421
60 G mtgn = 43A -u2g

+
consider TA%- A ,_.(3 ( (3 Ly — 946 3tY4
, A 64 /\6 4 18424 6 tI6

2 _[15 1
A (42 2z>
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Question 1 continued

2= 7 (1S

LA

(42 22

10S

49 \
%

154

10549 136\
so TA?-6A = 294 )5y BEYS _l-'l)

and A3=/ 15

7\(3

L)

\ %2

22 N6 4/

[ 4s5+42

15+28

\

-
-

L 126+132 $#2+88 y

[ 27

H3

130

\ 258

hence A 3= 43A-

42]

(Total for Question 1 is 5 marks)

J

54

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Further Mathematics - Sample Assessment Materials -

Issue 1 - August 2017 © Pearson Education Limited 2017

o
S
SRR
bo4Seims 19

QX i

S0V % %
3%&%&
L&

092
@
SIS

%0

30905

RS
SR

PR
SRS
09%0%s

XKL

XK
oeteted
SR

o
ot
&5
o

A
L0000 00 0 020000

XX XX XX

o o o
SRS
9% X GPGARKKEA

%%
05

<5
&5

%S

XEICAR
SORIEN
XKL
%%
5K

R

X
q"f
o2

<§?gp
% !

L

24
85
¢!

<
%
o
%%,
2,
d0sod

o
5K

J
o

5%
$

Xi

<
X
)
soot
X

N
S0%0%0%6%

S 0’
KR
RRERRLSS

X PR
N

Qo
Bo0%-e 1809
&pm%p
SIIIK

2

X
9% %"
oooooooé RIS

%%
3’

<
KL

0000
XL
<R
KIS

e

RELEREES
000, 3‘
RS

ORORIIAR
535 2
IR

950
9%
S5
o
558

OS50S
SRS
RRIIRK



PhysicsAndMathsTutor.com

r

2. (i) Without performing any division, explain why 8184 is divisible by 6
(2)

(ii) Use the Euclidean algorithm to find integers a and b such that

27a+31lb=1
(4)
i) A number i§ diviSible by 6 if it is divisible by both 2 &3 :
- 8184 ends with % So it 18 an even number - divisible by 2
= swm of digits : 8+]+ 8+4 = Al
2%l =3 —> divisible by 3 - 8184 i divisible by 3
=7 8184 is divisible by both 2 & 3 8o it is alsO divisible by 6.

i) 31=2101) + %

t = 301) {1~
3 = 301) to

0%
-
<
%
u

K

QO

ORI
SREERK
LR
KX
RRES

TR
LR

so hcf (31,27)=1 hence 27a *+ 31b = |

5 | bock Substitution: 1= 4-3

= %~ [27-14(6)]
(31-27)-(271) *+(31-27)(6)
31 - 2(27) + 6(31) - 6(27)
= 7(31) - 8(27)
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Question 2 continued
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(Total for Question 2 is 6 marks)
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3. Acurve C is described by the equation
|z -9 + 12i| = 2|¢|

(@) Show that C is a circle, and find its centre and radius.
(b) Sketch C on an Argand diagram.

Given that w lies on C,

(c) find the largest value of a and the smallest value of b that must satisfy

a<Rew)<b

a) |2-9+12¢] :’zz’

lu+i3-quli | = 2['n.n'gl

((m-9) +(y+12)i] = 2|u+iﬂl
(m-9)* + (y+12)" = 22 (‘n"-lg")
n - 18n481 ty2e 2y + IUY = U+ Hy?
3nt+ 35"4]81{-243 = 225
("u‘*g‘ 4 6n -8y = 15

(w+3) 2=+ (y=4)%-16 =75

(n43)* + (y-y)* = 100

-

centve : (-3.%)
radius : J10o =10

b)

C) We want inhe points on the circle with the greatest / lowest real componen‘rs
S0... &= -3 - ]0 = -13

b= -3+106 = 7 R ]
<
1 ™\ v adins b=7
rea| component
of centre
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Question 3 continued
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(Total for Question 3 is 8 marks)
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4. The operation * is defined on the set S = {0, 2, 3,4, 5,6 } by x*y =x +y =xy (mod 7)

4
5 g 4 0 3 6
6

(@) (i) Complete the Cayley table shown above
(i) Show that S is a group under the operation *

(You may assume the associative law is satisfied.)
(6)
(b) Show that the element 4 has order 3
(2)

(c) Find an element which generates the group and express each of the elements in terms
of this generator.

©)
Qi) Identi+

y: O is the identity
v

Closure ,: @ll valueS in the table €S gso theve iS Closure

v
. . i . “tu)

2 13 Self- inverse

3 8 5 are inverses of each other

4% 6 ore inverses of each other

AsSO ci'ﬂ‘vi*g . asswmed
v

. *
$0... yes,3 iS a growp under The operation
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Question 4 continued

)44 = utd - () (mod 7)
= §-16 (mud7)
= -8 (mod 7))
= 6 ( mod 7)

gty =y ()= 4 (6)

= Y+6 -(4(6) (modT)
= 10 -24 (mod 1)
= -1y (mod7)

= 0 (mod7)

S~ ydentity . Y4 has order 3

9 2¥2:=0 so0 2

can’t bt the generator
=4

try 3: : .

%

W W W

= 3% =
32 =6

¥

x| % % %

3
3
3

2
3

=5

*

X
*
¥

3
:3. L
3%3°3
3*373%3 "6
3¥3%3%3%3 = 3%s =0

w w

so 3 is the generator .

(Total for Question 4 is 11 marks)
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5. A population of deer on a large estate is assumed to increase by 10% during each year
due to natural causes.

The population is controlled by removing a constant number, Q, of the deer from the
estate at the end of each year.

At the start of the first year there are 5000 deer on the estate.
Let P_be the population of deer at the end of year n.

(a) Explain, in the context of the problem, the reason that the deer population is modelled
by the recurrence relation

P=11P -Q, P,=5000, necZ"
(b) Prove by induction that P, = (1.1)" (5000 — 10Q) + 10Q, n >0

(c) Explain how the long term behaviour of this population varies for different values of Q.

a): Po = 5000 g3 at the start of the first year there ave 5000 deers
* we havt 1.1 Pp.y 0S population increases by 10% each yeor . This is
equivalent fo multiplying by 1-1. Pney is the populotion at the end of year h-|I -
- each Yyear Q deers are removed so we subtract @ from 1./ Pnq giving ns
Pn = MP,,_, -

k+l
b) we want o prove Py = (1) (5000 -10@) + 10&

n=0:P,= (1.1) % (5000 -10@) + l0Q
= 5000 -10Q* 0@
= 5000

7. frue when n<0

Now assume true for nzk

Py = (1.1)5(5000-10@) +10Q
consider nzlk+l : Ppyp = 111 P, - Q@
1t [ .k (8000-106) +10G0 ]-@

(-1 **! (S000-10@) + 110 - Q
= (0% (5000-10Q) +l0G

"

"

Pxs |

"

otrue for n=let|
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Question 5 continued
- solution is true for n=0

- when assumed true for n=k , it S also true for n=k+l

S0 by moathematical induction it is true for all n € Z~

C) when Q= 500 , 5000 ~10@ =0

- so at Q=500 the population will remain s?eadg at 5000

- when Q > 500 the populatior wiil fall (since S000-10Q<0)

- when @< 500 the population will increase ($ince S000-I10Q >0)

J
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Question 5 continued
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Question 5 continued

(Total for Question 5 is 10 marks)

TOTAL FOR PAPER IS 40 MARKS
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