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Materials

e You must have the AQA Formulae for A-level Mathematics booklet.

e You should have a graphical or scientific calculator that meets the
requirements of the specification.

Instructions

e Use black ink or black ball-point pen. Pencil should only be used for drawing.

e Fill in the boxes at the top of this page.
e Answer all questions.
e You must answer each question in the space provided for that question.
If you need extra space for your answer(s), use the lined pages at the end
of this book. Write the question number against your answer(s).
e Show all necessary working; otherwise marks for method may be lost.
e Do all rough work in this book. Cross through any work that you do not want
to be marked.

Information
e The marks for questions are shown in brackets.
e The maximum mark for this paper is 100.

Advice

e Unless stated otherwise, you may quote formulae, without proof, from the
booklet.

e You do not necessarily need to use all the space provided.
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Do nqt write
Section A o
Answer all questions in the spaces provided.
1 Given that
10
J f(x)dx=7
0
deduce the value of
10 )e 16
[ <f(x)+1>dx = fa f(x)dx t | o x
0
Circle your answer. = ¢ T+ Ex]o = F¢t10
[1mark] = | 3§
-3 7 8 @
2 Given that
6cosl +8sinf = Rcos (0 + )
find the value of R.
Circle your answer.
[1 mark]
6 8 14
- z 2
= 16"¢%" = 10
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3 Determine which one of these graphs does not represent y as a function of x. o
Tick (v') one box.
[1 mark]
y
X
y
X

Turn over »
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4 p(x) = 4x3 — 15x2 — 48x — 36
4 (a) Use the factor theorem to prove that x — 6 is a factor of p(x).
[2 marks]
3
OLL)= FE® = 15(6) -43(6) ~ 36
=0
Hence. oc-6 4s o Jocor m,f p/x)
4 (b) (i) Prove that the graph of y = p(x) intersects the x-axis at exactly one point.
[4 marks]
[ 42" 99 | 6
X G 92| 6 X
,.Q Q49 -S4 x -36

Co Ux® 152~ 4% -3b6 = (X-6) (4 +9x 16 )

Oiscrmnank oi 4o+ 9546

b - thac = o -4)(0

=-\5L0

=7 4  +x+b=0 bas no sl o<

/ﬂ\,ere;ﬂore, ‘O(DQfO Jhas 6)‘()(:“8\.) one._real _roof

0 4
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4 (b) (ii)) State the coordinates of this point of intersection.

(6, 0) -

Turn over for the next question

Turn over »
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t hours can be modelled by

constant.

original sample to decay.

5 The number of radioactive atoms, N, in a sample of a sodium isotope after time

N =Nge

where N is the initial number of radioactive atoms in the sample and £ is a positive

The model remains valid for large nhumbers of atoms.
5 (a) It takes 15.9 hours for half of the sodium atoms to decay.

Determine the number of days required for at least 90% of the number of atoms in the

\ o [5 marks]
ﬁNo:Noe
L
Inj= RE
-An % =159k
=7 k= Fn-= B

g NFN C-Qr;f;«'/ll)ﬁ
0 —p

O IN=N, e ™

Qlze

~Jn 0.1 = kE

-ln 0\
1:'-' 2 In 12

= 529 Jowrs

= 2.2 da\\s
J
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5 (b)

5 (c)

5 (d)

Find the percentage of the atoms remaining after the first week.

Give your answer to two significant figures.

TSRS de

=N, (0000659...)

0.066% [2sF)

Explain why the model can only provide an estimate for the number of remaining
atoms.

[1 mark]
H\e W odel. f’gmgs o conkinuons  NUMber ¥ aforms byt e
Number O{ odevs eqn o/\‘u\ Jake.  discrete vahes  (nakoad
mmb@&
ad e
Qrocess % can onw be eotavwvateol |

Explain why the model is invalid in the long run.

occcae

Turn over for the next question
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6 The graph of y = f(x) is shown below. o
yA
(2,6)
(0, 2)
(_15 O) _
0 X
(-2,-2)

6 (a) Sketch the graph of y = f(—x) [ QE/(“WL ny- a,x'lS)

VA

[2 marks]

G2, 6)

0 8
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6 (b) Sketch the graph of y = 2f(x) — 4
[2 marks]
VA (0, )
(X)) .
X
(-2,-%)
6 (c) Sketch the graph of y = f’(x) (gmd.eru;)
[3 marks]
b—-2 - 5 2 VA
2—-2 =
1?2
0 19) i ;
-2 2
Turn over for the next question
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7 (a) Using "C, — "™ show that nCy = nin — 1)
o) 2 [2 marks]
“C N nl N(n-Y(n- - _ Nn-1)
2 2in-2)  2A(h-D(n-3):- - 2
7 (b) (i) Show that the equation
2x"Cyp=51x"C,
simplifies to
n? —5n—300 =0
[3 marks]

an(q =NEL nC,

_2an: _ Sin!
4\ (n-¢)! 2\ (n-2)!

2n(M-N(n-2)(M-3) _ Sl nn-))

&1 7
2(M-2)N-3)_ 51
4! — 2
2Un:-Sn+6) _ 3X17
4x3k2xl 2
12%3X1F
N*~Sn+b = 1

N>-5nt6 =306

N~ =% -300 = o
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7 (b) (ii) Hence, solve the equation

2 X nc4:51 XnC2
[2 marks]

N- 5n-3002D
(N+15)(N-20)=0
N=-1s N=20

N>0 <se N=720

Turn over for the next question

Turn over »
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8 The sum to infinity of a geometric series is 96
The first term of the series is less than 30
The second term of the series is 18

8 (a) Find the first term and common ratio of the series.

o [5 marks]

Sao - T——F’: 16 (SUM Ao mlrmh # Mo
0@0M€l-1¢ Senes)

Ar=1%  (Secod ferm o,(f}ﬁﬂ Seomdf,‘c Seres

n“ ('erm is n Mo ,IforM ar”™  where N0 f flm
CON\\)\Y\IM /6049» paua

oz ¥ and = 46
=2 ¢ l% (—\—‘3 %
- - 46
=7 ¥r-r* ~ %

= Y-r'= G)I—Z

=7 Qbr*~ Abrx1e=0

5 (=% o 3% D calcvlador
=7 ooz F) or az A4

As 0230 2% gnd a=2¢

8 (b) (i) Show that the nth term of the series, u,,, can be written as

3n
u”:22n——5
[4 marks]
U{\. = Okr“’; ]
_ 24 (%) —
3 Y\—\ =(n-1
- 2x2°X 3%
n_ .3 ZCV\ N "3
= 2 27 = g =

12
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8 (b) (ii) Hence show that

logs u,, = n(1 — 2logs 2) + 5logs 2

n

3

[3 marks]
s

Loo. 0 = fpo T

D3 N J3

Q -
= Joo 3" —doo 2 °
= N - (2)"*9./(03 1
3
=N+ (5"2'\)106 L

3
= N+ 51,0531 —2n4doa_2
3

=n (- 21?,0%37_3'1- S/LOE\J 2
3

L -
13
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9 (a)

9 (b)

For cos@ +# 0, prove that
cosec 20 + cot20 = cot 6

l 4 O 26
CO%CC 20+ cot 10 = Sinte  Sm 26
\+ Cco
= SINL G
|+ ZcostB ~ |
= Sin 26
2cos? e
= Sin 16
2¢0s™ 8
—_—-—
- 251n0cos &
tos @
= sind

= cof B

[4 marks]

Explain why
cot 0 +# cosec 20 + cot20

when cosf =0
[1 mark]

\When s 0=0_cot 820 ok Mon sin20= 0 o
| .
aap= Cosec 20 is vk defned on M gk hwd s

1 4
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Answer all questions in the spaces provided.

Section B

Do not write
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box

10 The probabilities of events A, B and C are related, as shown in the Venn diagram
below.
&
A B C
Find the value of x. | — (O el 2+0,0S +0 154+0.30 TOZL{-)
Circle your answer. = 0.\l
[1 mark]
0.46 0.54 0.89
1 The table below shows the temperature on Mount Everest on the first day of each
month.
Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Temperature (°C) | —17 | —-16 | —14 | -9 | -2 2 6 5 -3 | -4 |-11|-18
Calculate the standard deviation of these temperatures.
Circle your answer.
[1 mark]
—6.75 5.82 67.85

15

Turn over »

Jun20/7357/3



PhysicsAndMathsTutor.com

16

The box plot below summarises the CO, emissions, in g/km, for cars in the Large
Data Set from the London and North West regions.

London
39 119 142 168 346
I — T 1 I
North West
13 118 129 155 356
i T i
I I I I I I I I
0 50 100 150 200 250 300 350 400
12 (a) Using the box plot, give one comparison of central tendency and one comparison of

spread for the two regions.
[2 marks]
Comparison of central tendency

/HNE me.dixn /4 /_onalo»’\ IS ?\)mf}z«*%/\ N /ML Na#\
\West

Comparison of spread

/ﬂ'\a 1anae 4n Zonolon 5 fpos  Mhan Mo mnoe  in JH\L
N J
Nocth \WesY

16
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12 (b) Jaspal, an environmental researcher, used all of the data in the Large Data Set to box

produce a statistical comparison of the CO, and CO emissions in regions of England.
Using your knowledge of the Large Data Set, give two reasons why his conclusions
may be invalid.

[2 marks]

/\M all makes of ror ore  gncloded 4n A dadabose.

T

Turn over for the next question
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13 Diedre is a head teacher in a school which provides primary, secondary and box

sixth-form education.
There are 200 teachers in her school.

The number of teachers in each level of education along with their gender is shown in
the table below.

Primary Secondary | Sixth-form Total
Male 9 24 23 5@
Female ' 35 85 24 1444
Y4+ 109 W+ 200

13 (a) A teacher is selected at random. Find the probability that:

13 (a) (i) the teacher is female

1 mark
44 _\% [ marid
= _~
200 25
13 (a) (ii) the teacher is not a sixth-form teacher.
A + 109 1532 [1 mark]
- —
200 2.00
13 (b) Given that a randomly chosen teacher is male, find the probability that this teacher is
not a primary teacher.
[2 marks]

2y +23=04 =

18
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13 (c) Diedre wants to select three different teachers at random to be part of a school box

project.

Calculate the probability that all three chosen are secondary teachers.

104 _LQ/&\I\_LO/i — s [2 marks]
700 " Taa * 1ag — 16 (esf)

Turn over for the next question

Turn over »
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14

It is known that a hospital has a mean waiting time of 4 hours for its Accident and
Emergency (A&E) patients.

After some new initiatives were introduced, a random sample of 12 patients from the
hospital’s A&E Department had the following waiting times, in hours.

425 390 415 395 420 4.15
5.00 3.85 425 405 380 3.95

Carry out a hypothesis test at the 10% significance level to investigate whether the
mean waiting time at this hospital’'s A&E department has changed.

You may assume that the waiting times are normally distributed with standard
deviation 0.8 hours.
[7 marks]

X ) J#\L watvo Ames  ih Hours
N)

- _ 44
2= F;=4tPuns

L
L= —F T “oags - O

Critical nale:1.6S

As 0sale16S, we do rob reiect Mo

/ﬂ\ere 2 ’msnllllia}m(’ evidnce t5 Suc:ﬁ{/s{: Mk My mean Ju&&‘%{\a\x
fime nk M ,,‘u('oibl‘s ALE s d\m&ed\

2 0
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15

15 (a)

15 (b)

A political party is holding an election to choose a new leader.

A statistician within the party decides to sample 70 party members to find their
opinions of the leadership candidates.

There are 4735 members under 30 years old and 8565 members 30 years old and
over.

The statistician wants to use a sample of 70 party members in the survey.
He decides to use a random stratified sample.

Calculate how many of each age group should be included in his sample.

L‘.’?—%B _ E_‘S_G_&X76L4S [2 marks]
300 ¢ O T2 00 !

:;Q zéf)a, S.Qmple .&Quw gnchde 25 onder 2o ﬁ[e@l (zMs rMA

45 sboe 20 ,(\f\)eou"ofs

Explain how he could collect the random sample of members under 30 years old.
[3 marks]

A&%iaﬂ coch  member  under 20 Uoars dd o e
noer  frori ) & u73s

()§Q O z{lﬂdbl\_/! HQ!!IM %ﬂmhy‘_hﬁfﬂﬁﬂlﬁ_m
Jootween ) £ 8335 inclusive. (‘m\j on_pakl 98 tique
MMMMJLM& My

Mrm’mna?im numbers

2 2
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16

An educational expert found that the correlation coefficient between the hours of
revision and the scores achieved by 25 students in their A-level exams was 0.379

Her data came from a bivariate normal distribution.
Carry out a hypothesis test at the 1% significance level to determine if there is a
positive correlation between the hours of revision and the scores achieved by students

in their A-level exams.

The critical value of the correlation coefficient is 0.4622
[4 marks]

Hb: /O:O Hi:p70

Be 02392040 e dbit repd W

Turn over for the next question
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17 The lifetime of Zaple smartphone batteries, X hours, is normally distributed with mean
8 hours and standard deviation 1.5 hours.

17 (a) (i) Find P(X # 8)

4/ [1 mark]
17 (a) (ii) Find P(6 < X < 10)
[1 mark]
17 (b) Determine the lifetime exceeded by 90% of Zaple smartphone batteries.
[2 marks]
Z. xX-p - X-%
- 0 .S

=> X=60%

2 4
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17 (c)

A different smartphone, Kaphone, has its battery’s lifetime, Y hours, modelled by a
normal distribution with mean 7 hours and standard deviation .

25% of randomly selected Kaphone batteries last less than 5 hours.

Find the value of o, correct to three significant figures.

[4 marks]
Z = - 0.6%4S
— X/.'//-{:. S':_}:_O.qus
— o) o
~ 2 _
0= Zogns M

Turn over for the next question
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defects in shirts.

table below.

18 Tiana is a quality controller in a clothes factory. She checks for four possible types of

Of the shirts with defects, the proportion of each type of defect is as shown in the

Type of defect Colour

Fabric

Sewing

Sizing

Probability 0.25

0.30

0.40

0.05

18 (a) Find the probability that:

18 (a) (i) a box contains exactly 5 shirts with a colour defect

Shirts with defects are packed in boxes of 30 at random.

[2 marks]
A~ B (20,015 )
P(x=5)=01047_ (tdp)
18 (a) (ii) a box contains fewer than 15 shirts with a sewing defect
[2 marks]

X~ B(z0, 0.4)

PxX 1 =P 1

=0. %244 (wdp)

2 6

Jun20/7357/3

Do not write
outside the
box



PhysicsAndMathsTutor.com

27
Do not write
outside the
18 (a) (iii) a box contains at least 20 shirts which do not have a fabric defect. box

[3 marks]

X~R(30 0%

P(X 7 %)= ]-FP(x£19)
= 1-0.72.£94
= (0.330k (Cfdlb\'

Question 18 continues on the next page

Turn over »
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18 (b) Tiana wants to investigate the proportion, p, of defective shirts with a fabric defect. box
She wishes to test the hypotheses
Ho:p=0.3
H1 p < 0.3

She takes a random sample of 60 shirts with a defect and finds that x of them have a
fabric defect.

18 (b) (i) Using a 5% level of significance, find the critical region for x.

X~ R (b, 02)

[5 marks]

P X L)~ 0.02% £0.08
P(X £1)=0 054% > 0.0

2 8
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18 (b) (ii) In her sample she finds 13 shirts with a fabric defect. box

Complete the test stating her conclusion in context.

Rs 371 we dot no:](ec(’ H,

[2 marks]

END OF QUESTIONS

2 9
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There are no questions printed on this page
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Question Additional page, if required.
number Write the question numbers in the left-hand margin.
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