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Section A

Answer all questions in the spaces provided.

1 The graph of y = x?—-9 is shown below.

3

- Qdac
°-y g 3
Z|3x - qx]o

Find the area of the shaded region.
Circle your answer.

[1 mark]
18 -6 6 @
2 A wooden frame is to be made to support some garden decking. The frame is to be

in the shape of a sector of a circle. The sector OAB is shown in the diagram, with a
wooden plank AC added to the frame for strength. OA makes an angle of & with OB.

A

6m
5m

0 |
O 3m ¢ B

414

2 (a) Show that the exact value of sing is ——

[3 marks]

AC =_~@.9_?_:L_QA1): (2 xQCx0A coB)
'z (345N~ (2%3 x5 0i6) &




Nl
2 Sinb | - cos® - s
2 (b)  Write down the value of & in radians to 3 significant figures.
[1 mark]
(&
l-b4.
2 (c) Find the area of the garden that will be covered by the decking.
[2 marks]

l
A; Er‘q'Q
A- = xS"x b4

-

— 20.8m*

Turn over »



3 (a)

A circular omamental garden pond, of radius 2 metres, has weed starting to grow and
cover its surface.

As the weed grows, it covers an area of A square metres. A simple model assumes that
the weed grows so that the rate of increase of its area is proportional to A.

Show that the area covered by the weed can be modelled by

A= Be"
where B and k are constants and ¢ is time in days since the weed was first noticed.
[4 marks]
oA
e LA,
dA
> e - hRA.
i
= Q A AA = § b ol &
—_ N
) WnA = Rk ac

bt
= A:BQ wWhore B ec




3 (b)

When it was first noticed, the weed covered an area of 0.25 m?. Twenty days later the

weed covered an area of 0.5 m?

3 (b) (i) State the value of B.

[1 mark]
Bs 0-25- I
3 (b) (ii) Show that the model for the area covered by the weed can be written as
A=2%
[4 marks]
h €
Az 0-25 e
t=20 5 A=0.S
20R
0-S = 0.25 o
=) 20% = |n2
5 k= 5in2 -
I \1{;’ -
5 A=z ™) S
L 4
- R e
%__.."l, B
= 0

Question 3 continues on the next page
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3 (b) (iii) How many days does it take for the weed to cover half of the surface of the pond?

[2 marks]
Acea of  pond = 2T = 4T
s -2
2mM = 2

e

S % 2%>- Yw

> t= 20 |0328TT o~ 93.03 .

3 (c)  State one limitation of the model.
[1 mark]

Model Su&\)ﬂ\eﬁ ) Hrat A W\
o

Toaoxeose
Moo + R, Thic s fo.lje-

3 (d) Suggest one refinement that could be made to improve the model.
[1 mark]
lntcoduce o e "r\j r@xckar} h.e . i

weed s eoken ‘oj Bsh .




IZ 23 In(2x)dx can be written in the form pin 2 + g, where p and g are rational numbers.

Find p and g. [5 marks]
Lok u= \adse , vz oc
Uk(: -.'):-:: ) V= —E‘_lw
\S\uwl = f_;ud/]l\ - Q,l\*\"
| _ I_mq_: q’lnlac\l-',_‘j:r—s .
= J,
- (—L-lb lnw - % l> - (2‘:"“2—“ 9&)

3\ s
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5 (a)

5 (b)

5 (¢)

Find the first three terms, in ascending powers of x , in the binomial expansion
1
of (1+ 6x)3
[2 marks]
|/ 5 1
3 e ©)
O vbo) & 1o (fox)+(z 75 - &2 )_,_,__

-

Use the result from part (a) to obtain an approximation to 3/1.18 giving your answer
to 4 decimal places.
[2 marks]

Lei | + boc= 1.18 = oc=0.083.

D28 ¥ | o+ 2(0.03) - 4(0-63)

| 4+ 0-Cb = Q-0036

= |. 0s6 4 .

I

Explain why substituting x =% into your answer to part (a) does not lead to a valid

approximation fori/z !
[1 mark]

Wj;}éﬁ%?_@sga’uon{y Cvalid foe
el %




2 Bx 41
6 Find the value ofj e
1

dx , expressing your answer in the form
6x" - 7x+2

min 2 + nin 3 , where m and n are integers

[8 marks]
B S _bxx\ A — B
bt T (o Yzeed) T 3L Bed
i) A(’Lx-\) F B(3e-2) = Goe 4\ .
2 2A138=6  -A-28= )
> A=-1is, p= -9
2 T
D c boc+ | C 8
r\) —————ﬁ—d\x = \) -2 2 dx
\ 6 — T2 |

2
_ [Sln (3x2) - Lin (zoc—\ﬂ

- (S!nu = L‘-ln&) -

(Stal = tin DI

= Sln4 =~ 4\ln3

= = \Q- \n 2, = L&&f\Bh .
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10

7 The diagram shows part of the graph of y = e

The graph is formed from two convex sections, where the gradient is increasing,

and one concave section, where the gradient is decreasing.

7 (a) Find the values of x for which the graph is concave.

[4 marks]
dy ac?
doc - —2xe
oy S
D T2 -2e + Lo e \\O\j{ 0 radaxd ) |
T
24 <0




7 (b)

11

- —_——

The finite region bounded by the x-axis and the lines x = 0.1 and x = 0.5 is shaded.

VA

0.5
Use the trapezium rule, with 4 strips, to find an estimate for .[01 ¢ dr

Give your estimate to four decimal places.

[3 marks]
-5 2 O-\
- - — 9.0 —¢.2< ~G0 4 -Gur -G-
i e oC = 7_(6 tQ AU g e
0.

v 0-3611 .

Question 7 continues on the next page

)
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12

7 (c) Explain with reference to

your answer in part (a), why the answer you found in part (b) is
an underestimate.

[2 marks]
MM« xSty _wAMin g Concone.

féj?m in ,m/r»f (a\; 0 ald i—mpez?a

lie below He  cunve N %Mr\\? oun
NN pSRmoske .




T (d)

13

By considering the area of a ractangle, and using your answar 16 part (b),

prove that the shaded area is 0.4 correct 1o 1 decimal place.
(3 marks)

® [k rrduy\,( be & 0.5 0 e
- 0Q.0\
and (4 \M(‘\h ,
Its arem; tHan, iJ 0- LTIV RY

[ on over e§ Hmc-.)fe s My UIES s

Qe P nrve .

D 0-361 € A < 0. 39
: A:OL? bo ld"‘p

END OF SECTION A
TURN OVER FOR SECTION B
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Section B

Answer all questions in the spaces provided.

8 (a)

8 (b)

Edna wishes to investigate the energy intake from eating out at restaurants for the
households in her village.

She wants a sample of 100 households.
She has a list of all 2065 households in the village.

Ralph suggests this selection method.

“Number the households 0000 to 2064. Obtain 100 different four-digit
random numbers between 0000 and 2064 and select the corresponding

households for inclusion in the investigation.”

What is the population for this investigation?

Circle your answer.
[1 mark]

'The energy The 100
Edna and Ralph households 'ctiﬁ:e;?:g::]e households
in the village g selected
eating out
What is the sampling method suggested by Ralph?
Circle your answer.
[1 mark]

Opportunit Random Continuous Simple
pporuuinity number random variable random
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9 A survey has found that, of the 2400 households in Growmore, 1680 eat home-grown
fruit and vegetables.

9 (a) Using the binomial distribution, find the probability that, out of a random sample of 25
households in Growmore, exactly 22 eat home-grown fruit and vegetables.

1680

e
—

P: 2uc0 = 0.7

[2 marks]

Lot Xas B(25,0.71) .
28 PR 3
/l\'\é’,r\ P(X:l'L\ = (u>'0-7 ©0-3

O-02413

i

9 (b) Give a reason why you would not expect your calculation in part (a) to be valid for the
25 households in Gifford Terrace, a residential road in Growmore.
[1 mark]

\+ s \Thek\f) WMok e 2S houdoolds  ia

7

not __be TAdQ/‘OendQIH' of  ecci other in
9row'mj (Q"\R»\' ond\ \uage)ros)O\Q.f_

Cf@r@n\«c& Texrroce oxne Similasr Qo J’L*Q\A Moy
v S |
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10

10 (a) (i) State appropriate hypotheses for Shona to use in her test.

16

Shona calculated four correlation coefficients using data from the Large Data Set.

In each case she calculated the correlation coefficient between the masses of the cars
and the CO, emissions for varying sample sizes.

A summary of these calculations, labelled A to D, are listed in the table below.

Sample size Correlation
coefficient
A 3827 0.088
B 3735 0.246
C 24 0.400
D 1250 -1.183

Shona would like to use calculation A to test whether there is evidence of positive
correlation between mass and CO2 emissions.

She finds the critical value for a one-tailed test at the 5% level for a sample of size 3827

is 0.027

Hp =0,

H, : p>0.

[1 mark]

Question 10 continues on the next page
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10 (a) (ii) Determine if there is sufficient evidence to reject the null hypothesis.

Fully justify your answer.
[1 mark]

O~OK€ > 00271 SO0 we  com

hec4 Ho-
J

10 (b) Shona's teacher tells her to remove calculation D from the table as it is incorrect.

Explain how the teacher knew it was incorrect.

[1 mark]
We  must  have —lépsl.
— 1. 183 € - So  Misr  vawe cunnot
be e .

10 (c) Before performing calculation B, Shona cleaned the data. She removed all cars from
the Large Data Set that had incorrect masses.

Using your knowledge of the large data set, explain what was incorrect about the

masses which were removed from the calculation.
[1 mark]

The.  mMaSses  weye 2810

Turn over »
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10 (d) Apart from CO2 and CO emissions, state one other type of emission that Shona could
investigate using the Large Data Set.

[1 mark]

NO,

10 (e) Wesley claims that calculation C shows that a heavier car causes higher CO2
emissions.

Give two reasons why Wesley's claim may be incorrect.
[2 marks]

- - ol .
—-TAQ SOumr_\PLo_ Size 1§ ve/rj gy

= The comelobon onowy he dwe by
o A fferent O .
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Terence owns a local shop. His shop has three checkouts, at least one of which is
always staffed.

A regular customer observed that the probability distribution for V, the number of
checkouts that are staffed at any given time during the spring, is

n-1
3(1
PV = n) = Z(Z] forn=1,2

k forn=3
11 (@)  Find the value of k.
[1 mark]
3 3 l
- (% %) = &
11 (b) Find the probability that a customer, visiting Terence’s shop during the spring,
will find at least 2 checkouts staffed.
[2 marks]
32 ( l
~ 7 - 7,
b T 1, = &

Turn over »
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12 During the 2006 Christmas holiday, John, a maths teacher, realised that he had fallen
ill during 65% of the Christmas holidays since he had started teaching.

In January 2007, he increased his weekly exercise to try to improve his health.
For the next 7 years, he only fell ill during 2 Christmas holidays.

12 (a)  Using a binomial distribution, investigate, at the 5% level of significance, whether there is
evidence that John's rate of illness during the Christmas holidays had decreased since

increasing his weekly exercise.
[6 marks]

X = na. O,Q XI‘Y\OJ V\O‘Tdaﬁr Aot [ (lness

Sin o2 Jon 2007,

XvB(7,p).

H, : p=0.65, f{\llp4 0-65

P/X él) = P(K:O) 4 P(\,(: \) 1+ P(}K'-‘-?J
= 0.0Ss6

O. 0586 > 0.05

We Qunnot (ez\,ed’ Ho ) So Mpove

1S poXx SokBcenX  edence i 3933«}-

Jahe's  coke of  nieese oS decreased .
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12 (b) State two assumptions, regarding illness during the Christmas holidays, that are
necessary for the distribution you have used in part (a) to be valid.

For each assumption, comment, in context, on whether it is likely to be correct.
[4 marks]

= Pr‘obab?h‘g o illness s ConStont , year on

gear. _Folle, age is o fackor.

J

—  Aoeuer  eouVs  axe Andeoendeny ok eolin

O/“\QJ(‘ - T\"\)Q’. q a\'ls \/G\q)\,\,\} UY\\‘ \LQ\:}{ M\og("

an 7(lness will _gpan fwo years.,

Turn over for the next question
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13 In the South West region of England, 100 households were randomly selected and, for

each household, the weekly expenditure, £X , per person on food and drink was
recorded.

The maximum amount recorded was £40.48 and the minimum amount recorded was
£22.00

The results are summarised below, where x denotes the sample mean.

Zx =3046.14 Z(x —- %)% =1746.29
13 (a) (i) Find the mean of X

Find the standard deviation of X

[2 marks]
Qo w4

* & - \Q O - 30' L"'é g

g(x -3%)" 4629
= B = wao

13 (a) (i) Using your results from part (a)(i) and other information given, explain why the normal
distribution can be used to model X.

[2 marks)
)—(-4—3&‘ Xy - o )
X ~3sx 1§
. j—{\,&w_ﬁ l’o.rﬁt od  amom#s exis+  behveen

X235, S e normad  dishibohen
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13 (a) (iii) Find the probability that a household in the South West spends less than £25.00
on food and drink per person per week.

[1 mark]
P(x e25) - 0.0967

13 (b) For households in the North West of England, the weekly expenditure, £Y, per person
on food and drink can be modelled by a normal distribution with mean £29.55

It is known that P(Y < 30) =0.55

Find the standard deviation of Y, giving your answer to one decimal place.

[3 marks]
A0 -19.55
\P(\Z < « ) =0-Ss
30 - 2L9-55
D) pe = 0-1ns7]
PO-29.55
=) S = 0-12.61 = 838-6

Turn over for the next question
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14 A survey during 2013 investigated mean expenditure on bread and on alcohol.

The 2013 survey obtained information from 12 144 adults.
The survey revealed that the mean expenditure per adult per week on bread was 127p.

14 (a) For 2012, it is known that the expenditure per adult per week on bread had mean 123p,
and a standard deviation of 70p.

14 (a) (i) Carry out a hypothesis test, at the 5% significance level, to investigate whether the
mean expenditure per adult per week on bread changed from 2012 to 2013.

Assume that the survey data is a random sample taken from a normal distribution.

[S marks]

ot =13  , K, MFin3
Test  Skobsstic = =~ '*3 = 6-20

10

e
Cabcd 2 yaloes * *1.96

()30 7 1.96 So we.

howe  evidence ko @yeck Ho ,  and
Su\jseg‘}— Hra ean openditue  on breod
has anun\q)QcQ belmeen 2011 and o

14 (a) (i) Calculate the greatest and least values forthe s
adult per week for 2013 that would have res
for the test you carried out in part (a)(i).

ample mean expenditure on bread per
ulted in acceptance of the null hypothesis

Give your answers to two decimal places.
[2 marks)

10
e 53 (LA = ) w

— 2 min= DT ) moen = 12w 2S
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14 (b)  The 2013 survey revealed that the mean expenditure per adult, per week on alcohol

was 324p.

The mean expenditure per adult per week on alcohol for 2009 was 307p.

A test was carried out on the following hypotheses relating to mean expenditure per adult
per week on alcohol in 2013.

Hy: =307
H,:u#307
This test resulted in the null hypothesis, H,, being rejected.

State, with a reason, whether the test result supports the following statements:

14 (b) (i) the mean UK expenditure on alcohol

per adult per week increased by 17p from
2009 to 2013;

[2 marks)

The  conclog)en 1eplies  fHrok  the  recy

COanered, yaat  dhak & aceased oy

O- &’PQLJ&C. e W S an ) So W 5 n(ﬁ‘

Suo e =l "
Y\

14 (b) (i) the mean UK consumption of alcohol per adult per week changed from 2009 to 2013.

[2 marks]
The

ConclogT on ‘nm«‘)kpr “thace r

b ok Hu  meon Ohmngaok > Dok
t%xe, %«!‘DQJ\OLTKMQ

————

looreafe  ma e dwe

to _Pdce Ch ongel. M_,_H@_\&,____,&:lg_@na.m_t__w_a__.

—__not Supprted.
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15 A sample of 200 households was obtained from a small town,

Each household was asked to complete a questionnaire about their purchases
of takeaway food.

A is the event that a household regularly purchases Indian takeaway food.
B is the event that a household regularly purchases Chinese takeaway food.

It was observed that P(B|4) =0.25 and P(4|B) = 0.1

Of these households, 122 indicated that they did not regularly purchase Indian or
Chinese takeaway food.

A household is selected at random from those in the sample.

Find the probability that the household regularly purchases both Indian and Chinese

takeaway food.
Pla A®) Y (6 markel
LIPS . ~
D 4Plac®) = R
Plan 8) i N
P - °

D RANR = P

i
5 R(AOS = - = 2

39

YE) + P&y - PAAD) = =
“-—)_--WELE(A,AB) +oP(anB) - P(anR) - L&l\:
o PAAR) = T |

END OF QUESTIONS
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