g Please check the examination details below before entering your candidate information )
(Candidate surname Other names )
7
Centre Number Candidate Number
Pearson Edexcel
Level 3 GCE
~ N
Specimen Paper
. 7
a )
(Time: 1 hour 30 minutes) Paper Reference 9FMO0/01
Further Mathematics
Advanced
Paper 1: Core Pure Mathematics 1
. J
[ You must have: Total Marks
Mathematical Formulae and Statistical Tables, calculator
. J
- J
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
® Use black ink or ball-point pen.
® |[f 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.
® Answers should be given to three significant figures unless otherwise stated.
Information
® A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.
® There are 8 questions in this question paper. The total mark for this paper is 75.
® 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.
Turn over
vnny S 6 12 9 4 A0 1 2 8 Pearson



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

1. Solve the equation
6cosh2x + 4sinhx =7

giving your answers as exact logarithms.
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(Total for Question 1 is 6 marks)

=

lm

=

=

(5]

e

=]

ot

=

7]

S
\. J
BEEE8880000008885 SR000EEE080000080885% O S 880000880000 88800 088880
g XRRNX CTONLC g M GRS N T I AR S E Y IR D S XSRS R N A AE M AR KO NE D CE S EEEERRRIILLLLS
x x ® 3 [RAYVCS T EN R SN LY I L 6 0000 0s0tetet0sosesesasosesesocosesesscssesesscsss 1 &5 ¥ ¢ H e 7ATa 0 R0 1) B G L s tonatetorates

-

. X
X SN e A LRI N Sl N
RIS RIILRH LK LSRR KR HILIR KRR AL
RRRRRRRRLLRILLRILLRILLRILLRILLRILLRILLRILLRILLRILLRILLRILLRILLRILLRILLRKS

- %5

X ) 4% J9%2
SRR R I RIRILR LRI RIS
RRRARRRLRARRRLRSRRRLRRRRLRSIRRLRSZRIRLRLRRKRS

S BBERRRRRRIRIIRSS
NTHISAREA

(0000 00000990000 9.9.9.9.0.0.9.9
IR
00710 » 1 w20, 0000 S0t s 00 te o0t 00 teseses
@ & OO O OO0 0000009
s asass

X I I I I I I I

R R R RLRLRLRLRS 0»0
% paN
X ,«.@,&.&%&&”.%%&”.ﬁ%&%.ﬂ

R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRERRRRERZLLZELZLZZRZX
%%%%:oo:oo:oo:oo:ooo%ooooo%o&oo&oono»ow»»an»mwwo»ono»%o
\ L

%
o

25
JRILK %S 25
g ILRRILLRIILLRALS A
O e e e e satesetesesatesetetese 2 f
SSEEEEEEIKEEEEEKEEIEIEIKEKEIKEIEIKEKEKEKKKKK, 5,

Turn over »

2 9 4 A0 3 2 8

1

S 6



(

2. A company runs three theme parks, 4 (Aztec Adventureland), B (Babylonian Towers) and

C (Carthaginian Kingdom).

It is known that park 4 makes a profit of £30 per visitor, park B makes a profit of £26 per
visitor and park C makes a profit of £33 per visitor.

In 2017 the Aztec Adventureland park was upgraded, which took one year to carry out.
During 2017

* park 4 had only 50% of the number of visitors it had in 2016
* park B had 25% more than the number of visitors it had in 2016
e park C had 15% more than the number of visitors it had in 2016

In total 1350000 people visited the three theme parks during 2017.

The company made a total profit from the parks of £39.15 million in 2016. The profits
dropped by 1% for 2017.

Form and solve a matrix equation to find, to 2 significant figures, the number of visitors
for each of the theme parks in 2016.

3)

S 6 1 2 9 4 A 0 4 2 8

V33UV SIHLNIZLIHM LON.OQ

| VAUV SIHLNIZLMION OG.

DO NOT WRITE IN THIS AREA




0070 %
IR
ISOSIIILITITPsOses 7 2
3&%{00 ookt
ERIRIRLLES

XK
s
QYRS
0K

ﬁfﬁ!

XXX,
AL
50505055
588

55

ra &gl
el
B
oqotetetesed

070707054
s
Sot0%e%s,
RIS IAAK
RRRRRRRLRLRLRR

00505
XX

o5
059
%
5
5K
LELEEEEL

0% % Y% Y% %%
190%%:%%
196%%6%%
090%0%0%%%%
0% %%

%S

o%
2%
oo
020!

25555

o0 % % %%

090%69:%:%
9% 096%%6%%
00 3050%0%0%0%%

RIS

0000‘0‘0‘0’0000:000

X RRIKIKKEKLKL

55

XX
K RRIKKRKL

07050505 % %
CRRLRKS
SRS
o
ZRLIRRRRLRLR

9%
0%

o
b

%
9
<K
093!

B

S

R

0’0‘0.:‘0
s
J

25
S

X X

909070 19
S g%
998,505
904%%%0%

5 b
SO0
QM
SALS
IR
RIS
00 - 2008

SRR
oottt oo tetetetetete 4!
oot oo tete oo te %% ¢ Ko
I K
3
RIS
LRRRLRRRLLRRILL

%5
CRIRKKS

1
58

OO
OGLRRLEILES
AN N

Booe N

Spsolointode:
RRLRLIRLRLS

000

o%%
XX
X

b950%%

%%
%

000,

&
%
2
55
000!

00

O
%
o0
000

XX

o%%
X

%
S
XL

%

%
25055
5%
ZRLRRKR

X
%

%
Do

XX
O

:96%%
KRKK
XX

O

XX
O
XX

%%
:%%%
K

$90%%
$%6%%
3RXX

XX
O

000

o%
0RLLLLLS

KB
SRS
258
255
KB
ZRLRRKR

190%0%6%%:%%
XX

pasetete!

XX
O
XX

>
0208
QK
%??%00
d0ded
o

O

%
2%

XX

s
pasesete!
0%

XX
o0

%
o0

%!
?3,
oo

ZRLRRKR

XX
X

00
0

35

12020002 %% %%
o%

5000

X

XX

L

098

"
%S
85

o’

XL
o%%

%!

9.9

X
A
L%

5

K
&
=]
<
o

XX

o

X
A%
R

35S

RS
»
Y
3

XX
X R
QL

XX

0%%%

%%
X X
od¢

020

%%
2238

%
-
LN

ZRRRRIRKK

XX
XX

5

L
o%%

5

o5
%

X
X

5

X
o5

XX
X

00

OO

oodelotele!
eSotededet

odeteotedotet
ZRRRRKK

%%
o5
o5
o0

X

5

X
X

L
X

%
<
%S
<
.0

~ 1
Question 2 continued
\ J
5
|V AR Turn over »
S 6 1 2 9 4 A0 5 2 8



7

Question 2 continued
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(Total for Question 2 is 8 marks)
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Qv Initial line

Figure 1

Figure 1 shows a sketch for the design of a logo. The logo is defined by the polar curve
with equation

0
r=sin(_) 0<oO<Kor

6
The inner closed section and outer closed section of the curve, shown shaded in Figure 1,
are to be coloured the same colour. The remaining section is to be left clear.

(a) Use algebraic integration to find the area of the coloured sections of the logo.

(6)

A copy of this logo is to be painted on a white wall of a building such that the total width
of the logo is 12m.

Tins of coloured paint with an advertised minimum coverage area of 30m? are to be used
to paint the coloured sections of the logo onto the wall. Given that two coats of paint
will be needed,

(b) find the minimum number of tins of this paint that should be bought to ensure that the
coloured sections of the logo can be painted onto the wall.

“4)
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Question 3 continued
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3 continued

Question

(Total for Question 3 is 10 marks)
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for0<x<3 SO S
xz + 6 00007080 ROl !
f(x) = :i%:ii :?:g-'?:
for3<x :3:?—113: s
e = E
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where k 1s a positive constant. S e
The area between the curve y = f(x) and the positive x-axis is " 33%*3 SR
RS SIS
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1
k=—
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where a is a constant to be determined.
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4 continued

Question

(Total for Question 4 is 8 marks)
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Figure 2

Figure 2 shows a sketch of a shelter against a wall. The shelter consists of two
rectangular wooden boards, O4ABC and BCDG, which can be modelled as parts of planes.
Board OA4BC is vertical and parallel to the wall and the ground may be assumed to be
horizontal.

The points £ and F' are at the foot of the wall directly below D and G respectively.

The length OC is 0.8 m, the length OA4 is 3m and the board OABC is 1.2m away from the
wall. The points D and G are 1.5m above the ground.

To model the shelter, take O as the origin, the vector i to be 1 m in the direction of O_A), the

vector j to be 1 m in the direction of OF and the vector k to be 1 m in the direction of OC.

(a) Find an equation of the plane BCDG, giving your answer in the form ren = d

In order to support the roof of the shelter, one end of a pole is attached to the ground at
the centre of the rectangle OAFE and the other end to a point on the roof. Modelling the
pole as a rod,

(b) find, to the nearest mm, the shortest possible length for the pole.

(c) State a limitation of the assumption that the boards can be modelled as planes.

14
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Question 5 continued
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5 continued

Question

(Total for Question 5 is 9 marks)
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f(x)=hka* +3x — 11 g(x)=mx*—2x>+3x—9
where k and m are real constants.

Given that

¢ the sum of the roots of f is equal to the product of the roots of g
* g has at least one root on the imaginary axis

(a) solve completely
(1) f(x)=0
(i) g(x) =0

(b) Plot the roots of f and the roots of g on a single Argand diagram.
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6 continued

Question

(Total for Question 6 is 9 marks)
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r

7. (i) Prove by induction that, for n e N,

4 -1y _(3n+1  -n
9 =2) "\ 9n 1-3n
(i1) Consider the statement

n*<?2" forallneZ

A student attempts to prove this statement using induction as follows.

(6)

Student’s response

Forn=1wehave 1?=1and2' =2
Since 1 < 2 the statement is true for n = 1

Suppose it is true for n = k, so k* < 2*

Lined —| Then(k+ 1P =R +2k+1 <+
= 2k

= Qk+1

Hence the result is true forn = k + 1

kand hence it is true for all positive integers n by mathematical induction.

(since 2k + 1 < k? for ke Z*)

< 2 x2k (by the assumption &> < 2¥)

So the result is true for » = 1 and if it is true for » = k then it is true forn = k + 1,

/

(a) Show by a counterexample that the statement is not true.
Given that the only mathematical error in the student’s proof occurs in line 4,
(b) identify the error made in the student’s proof,

(c) hence determine for which positive integers the statement is true, explaining
your reasoning.
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Question 7 continued
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8. A large container initially contains 3 litres of pure water.

Contaminated water starts pouring into the container at a constant rate of 250 ml per minute
and you may assume the contaminant dissolves completely.

At the same time, the container is drained at a constant rate of 125 ml per minute.
The water in the container is continually mixed.

The amount of contaminant in the water pouring into the container, at time ¢ minutes after
pouring began, is modelled to be (5 — ¢ *!")mg per litre.

Let m be the amount of contaminant, in milligrams, in the container at time ¢ minutes
after the contaminated water begins pouring into the container.

(a) (1) Write down an expression for the total volume of water in litres in the container
at time 7.

(i) Hence show that the amount of contaminant in the container can be modelled by
the differential equation

dm 5-¢e0 m

dr 4 2441

(b) By solving the differential equation, find an expression for the amount of
contaminant, in milligrams, in the container # minutes after the contaminated water
begins to be poured into the container.

After 30 minutes, the concentration of contaminant in the water was measured as
3.79 mg per litre.

(c) Assess the model in light of this information, giving a reason for your answer.
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Question 8 continued
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Question 8 continued
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