P65556A

©2022 Pearson Education Ltd.

Q1/1/11/

Please check the examination details below before entering your candidate information

rCandidate surname Other names )

L
Centre Number Candidate Number

Pearson Edexcel Level 3 GCE

Paper
reference

Further Mathematics

Advanced Subsidiary

Further Mathematics options
22: Further Pure Mathematics 2
k(Part of option A only)

J

( You must have: Total Mark?
Mathematical Formulae and Statistical Tables (Green), calculator

. J

J

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

Instructions

Use black ink or ball-point pen.

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

Fill in the boxes at the top of this page with your name, centre number and
candidate number.

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

Answer the questions in the spaces provided

— there may be more space than you need.

You should show sufficient working to make your methods clear.

Answers without working may not gain full credit.

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

Information

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

The total mark for this part of the examination is 40. There are 5 questions.
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

Read each question carefully before you start to answer it.
Try to answer every question.
Check your answers if you have time at the end.

P 6 5 5 5 6 A 0 1 2 0

Pearson

Turn over



r

D\ RS
32 Regwns w an Prigondt Diogom |

1. Sketch on an Argand diagram the region defined by
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On your sketch
» shade the part of the diagram that is included in the region
* use solid lines to show the parts of the boundary that are included in the region

» use dashed lines to show the parts of the boundary that are not included in
the region
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Question 1 continued
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2. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

m=(3 )

Find a matrix P and a diagonal matrix D such that

P'"MP=D

@)
oet [m-AT)- 0

m-aT- [4 2)-af) o)

12 ) \ev)

4 2)\-[a o)
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3 ,,._;\l
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|
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3 -a)
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Loesr (M) = (6)(a)- (b)c)

(A*-3a-4)-(&)-0
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A*-32-10-0

(A -5)(a+2):0
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| Question 2 continued
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Question 2 continued
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Q) e Aduems Fx A Goup @3- (ayley Tobles & Finte Gwoups 3 Oer & Subgyoups

3. (1) Let G be a group of order 5291 848

Without performing any division, use proof by contradiction to show that G cannot
have a subgroup of order 11

3

(i) (a) Complete the following Cayley table for the set X = {2,4,8,14,16,22,26,28} with
the operation of multiplication modulo 30 Ol* b= axb (moa 30)

X 2 4 8 14 16 22 26 28

30

2 4 8 16 28 2 14 22 26

4 8 16 2 26 G 28 14 22
8 16 2 (n 2l 8 76 | 13 14

14 28 a6 22 16 14 8 4 2
16 2 4 ! 14 16 2 726 A3
22 14 28 26 2 72 4 2 16

26 22 14 | 29 4 26 2 \6 8
28 26 | 22 14 2 28 16 8 4

A copy of this table is given on page 11 if you need to rewrite your Cayley table.

(b) Hence determine whether the set X with the operation of multiplication
modulo 30 forms a group.

[You may assume multiplication modulo # is an associative operation.]

(6)
i. Ossume G hos 0 subgroup of orde 11
By logonge's tneorem, 11 must  owde 53918438,
LMust now  Check of S2A18US s awsiore by 41
If _on  inkger ® awsble by 11 e aWinahng sum of s dgds s 1.

5-2+9-1 +8-4 + 8 =23
1ML 23

Sme 13 & not gwsble py 11, 11 (gonor owige \al
Ths wonivadicrs Logfonge's tneorem

" There 1& 0o subgoup of order 1.
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Question 3 continued

b. To pve 1\t X 's o goup,must Cnetk tne  follong
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1327 e fuchoean ﬂlgorﬂhw\ 13:Modutar Arthmene
4. In this question you must show all stages of your working. s
Solutions relying on calculator technology are not acceptable.
(i) (a) Use the Euclidean algorithm to find the highest common factor / of 416 and 72
3)
(b) Hence determine integers a and b such that
416a+72b=h
3)
(c) Determine the value ¢ in the set {0,1,2...,415} such that
23 X 72 = ¢ (mod 416)
(2)
(i1) Evaluate 5'° (mod 13) giving your answer as the smallest positive integer solution.
3)
0. gcdlﬂbﬁl)
Uib: s(72) 1 56
2= 1(s6) +16
S6=3(16) + 8
16 - als)
© gea(uts,72)- 8, A
b. Yi6: s(#2) 156 — S6 - Wb-5(32) Yevinye pard (a) a\gonthm
F2:=1(s6) 116 — 6= F2- 1(s6) [ but now moke e S
S6=3(16) +8 — %= s6-3(16) J_ Yemocer ine swoect
16 = al8) 5
F Sub w 16 oS
8- 56-3 |F2-11s6) 7150 fom we @
8:56- 3(31)+ 31se) =
8- Ulse)- 3(32)
[ Sms
8- 4[Gie=86GD] -3(1) s v 56 as
8 - U{ye)-20(F) -3 1w6-51321% o e @ Sz
8 Q(41e) -23132) et
SR
o
S5
Al416) - (23) (R2) = 8 I o-4 b--23 h-8 \f'
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Question 4 continued

¢ 13x32=1656

1656 = ¢ moo (W6)

0:b mod M SBME AS b=C Mol M

C = 1656 moa (Y16)
C:- 408

C='—|08l

i, 5" (moa 13)
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S mod 13- 5
2
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m

5 85 -1 moot 13
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L[-\‘Fommg Returrence  Relahons

5. A person takes a course of a particular vitamin.

Before the course there was none of the vitamin in the person’s body.

Duﬂng the course, vitamin tablets are taken at the same time each day.

Initiglly two tablets are taken and on each following day only one tablet is taken.

Lt 1O0xa=a0my

Lio“a

Each tablet contains 10 mg of the vitamin.

Between doses the amount of the vitamin in the person’s body'decreases naturally

by 60%

4-2:Solving Fuwst-Ocder Rewrence Relochons

Let u, mg be the amount of the vitamin in the person’s body immediately after a tablet
is taken, n days after the initial two tablets were taken.

(a) Explain why u_satisfies the recurrence relation

The general solution to this recurrence relation has the form u = a(0.4)" + b

u,= 20 u. = O.4un + 10

(b) Determine the value of a and the value of 5.

2)

C))

The course is only effective if the amount of the vitamin in the person’s body remains
above 6 mg at all times throughout the course.

(c) Determine whether this course of the vitamin will be effective for this person, giving
a reason for your answer.

0. wamedrolery aftes ine fist toblets o taken mee s Q0omg 0 ine

pesson,

3)
so U,- 20

veduthon by 60 % inmugn day  menns gt pefore  next foblet 1S taken nere 1S

04 u, mg of he  Vitamn iefr w dne  peson.

Tne next oorer token oaas 0mg 40 e amount v before e douier 6 foken
9‘""9: un". = 0"*“,\ + 10 uo’ 30”

b Un: alou)'+b
Uo: olow +bo

Uo : A0
W = oy lio““o
: 0y (20)+ 10
s |8
16

ol rb - Girb
Ww:aloy +u -

OYo+rb form 2 og”s, e
Solve using Simu IHGndous

o fnot O OnO ©.
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Question 5 continued

a+ b=a0

<

“Z l oya+b-18 ©
LS

v | 060 = &

%% 2

E O = o_ . lo,

E Sub bock 11
e o it b

B 4

= | b:ac-6

E b‘ TO _ (10’3)
\ g \\ sSo

/ %5 b . ’

Q% 3

(@]

a:%; b- S0)3 N
7

C musy ek 10 e fong  tem frsy.
Un: ‘30(0"1)“‘5:1:

68 N>, (0-4)" — O

. %ms wowmn - n pUson's ody W e long ermn
Trs 15 obe toblet 18 Yokin howertS -~ we musk  Chetik  mg  befove  0bWr balen.
Tns s wwen Mg of  wikamin W boay 1S lowesk - W inis 13 6, then s effechve.
LA Staes AT AL TIMES 4o Imwnt 4hs.

S0 p . to
/3 - 10 3MI S wmin. amount of wwin  m body

(before 4obler 18 daken)

1—;’>6

“nee s Olways ot lest 6mg of  dme vitamin w ne peson - tne  course  of
wamin Wil be  effechve
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