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Section A

Answer all questions in the spaces provided.

3
1 The graph of y =x?—-9 is shown below. | 3
grap y=x sz—qaxz[‘ixs'qx]
o

\ °

-
-

Lg(‘s)‘-‘im: 9-23=--18

Area. is positive, so the area is 1%

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

-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 6 with OB.

[1 mark]

A

6m
5m

0
O 3m C B

414
15

2 (a) Show that the exact value of siné is
[3 marks]

U +ne cosine rule: C%:0% +p? -2abcosC
62 =3t +5-2(3)(5)cosO
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32 +52 - 62 (
cos©@= = ___— __— = -~
2 (3)(%) 15)

BuF we want the vawe for sn®, SO we use tne following

idevxrify sintO® + cosz®=|

-1 \%
sint® =1 - 15)

224
sin*® = 5575
sin® = &liy
15

2 (b) Write down the value of @ in radians to 3 significant figures.

[1 mark]
( 4 J\’u)
6= sn" \S =
2 (c) Find the area of the garden that will be covered by the decking.

[2 marks]

Area =1yt -1 o S5 x ).64%

2 2
=20.5m*

Turn over »
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3 (a)

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

As the weed grows, it covers an area of 4 square metres. A simple model assumes that
the weed grows so that the rate of increase of its area is proportional to 4.

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]

MrwmeMis %-

we ore tod +Ws is proportonol o A, so
dh o< A
at
dh = kA
dt
I -
Now sowve, S'A'dA ] Skdk
InA = xt +c
A - ene+c

A:=ee”
A -Be*
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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]
At t=0  A=0.25:Be° =B
so B=-o0.25
3 (b) (ii) Show that the model for the area covered by the weed can be written as
Ly
A=2%
[4 marks]

When k=20, A=0.5
= 0.25¢¥ =0.5

e?.Ok =9

20K =‘_n.2

k=1In2
20

In2,
O.Zse 20
0.25 ([e™)*
0.25 (2)*
2% x 2%
2=

So,

> == = = >
"

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]
m Area = wx2' = 4w
o>
U q"zn. = ZB-I = 27 = 2’-%-"
L -2 ‘09 (l‘l'l')
t =2 log, (217)
20 *
E =20 (2 +log,(2m)
E=93.03 days
3 (c) State one limitation of the model.
[1 mark]

3 (d) Suggest one refinement that could be made to improve the model.
[1 mark]

(arowkn increnses / decreases as it ge\-s b;gger
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2
L x° In(2x)dx can be written in the form pln 2 + g, where p and ¢ are rational numbers.

Find p and gq.
[5 marks]
Use integration by pavts:
J \)
t
3
-9 |n(2x) dx i In (220 ﬁ‘ 3
ﬂ:i \ 4
. . dx x VAN -q-_I
| 4
] x*laex)|] - | e
- e & -ll JI q'x ;d%

~n

Lt -Lint) - L | x3dx
% & 4

4inl2?) - ¢ Inl - %; [%

) \ L (et
= 8lnt -L—i-\nz-l‘—i' ¢ 4]
=.3_‘.|n2.‘£5.

s 16

31 _-15
P& , 9%

Turn over »



PhysicsAndMathsTutor.com
8

5 (a)

5 (b)

5 (¢)

Find the first three terms, in ascending powers of x , in the binomial expansion

of (1+6x)%
[2 marks]
1 1 - 2
(1+6x) = | + 3 (6x) + 3 3)("()
2
- _ 2x36xt
- | + 2.1 -—q.-;z_‘
=1+ 2% - 4x?

Use the result from part (a) to obtain an approximation to 3/1.18 giving your answer

to 4 decimal places.
[2 marks]

1
(a6x) =318 = 1+6x=118 3 6x:=0.18 = x:0.03

H i pavt a):

3118 ~ 1 + 2(0.03)- 4% (0.03)
= 1.0S6Y

1
Explain why substituting x = Py into your answer to part (a) does not lead to a valid

approximation forﬁ/z.
[1 mark]

we  wvieed lGrll—l, S0 \xl'—-é.

X=L  does net sarisfy +nis S0 is not Valid.
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2 bx+1
Find the value ofj _ox+r

3 dx , expressing your answer in the form
1 6x —Tx+2

mln 2 + nin 3 , where m and n are integers.

[8 marks]
6%+ |

= A B
bxt-3IxX +2

(3%x-2) (2x-1)

+

6+l = A(2x-1) + B(32-2)

Let A=

1. :‘;"B
7 2
B=-38
lﬂl: Z:-z;: 5:-|3-A
A=15

2 P 3
j 6x+) 4 = 1s_ -8 ux
y 6xrt-3Fx+2 , 3x-2 .

2
&

~n

5ln (SI-Z)J

- [‘l-lml?.vc-l)J

u

St -5 (s s}

Gln (2°) = &|n3
= [0ln2-4Wn3

Turn over »
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7

7 (a)

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.

Find the values of x for which the graph is concave.

[4 marks]
on § . dy
The gu:d_m\- is_decreasing when mlo.
y=e™*
dy - —-axe™ A% . 3y (-2xe™) -1
dx dx*

bxt—2<20
1, 1
xt Lo

&
4, L
J2 J2
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7 (b) The finite region bounded by the x-axis and the lines x = 0.1 and x = 0.5 is shaded.

=

0.5
Use the trapezium rule, with 4 strips, to find an estimate for IM e dx

Give your estimate to four decimal places.
[3 marks]

I e dx x ol [y ety (e e e ™))

Question 7 continues on the next page
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7 (c) Explain with reference to your answer in part (a), why the answer you found in part (b) is
an underestimate.
[2 marks]

. |
The ovea we ore 4wing 48 £find  falls  in +he rmge “llx L=
v ' ) iz o !

S0 +he irogetia e  belw rhe curve ond yw ger an  underesiimafe.
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7 (d) By considering the area of a rectangle, and using your answer to part (b),
prove that the shaded area is 0.4 correct to 1 decimal place.

[3 marks]

l alce. e rg(.“'N\gg e'o" !

o.%

The orea of wis S 0.4 x€ "= 0.396...

The 4trve  orea lits someuwmere  betweon +ais valve ond Oowr vawe

from port b,

So 0.3611 ¢ x ¢t 0.396.

This  means  xX=0.% 4o 1.4.p.

END OF SECTION A
TURN OVER FOR SECTION B

Turn over »
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Section B

Answer all questions in the spaces provided.

8 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.”

8 (a) What is the population for this investigation?

Circle your answer.

The 2065 \ kT e
Edna and Ralph households )
. : village from
in the village .
eating out

8 (b) What is the sampling method suggested by Ralph?

Circle your answer.

Random Continuous

Opportunity number random variable

[1 mark]
The 100
households
selected
[1 mark]
Simple
random




PhysicsAndMathsTutor.com
15

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.
[2 marks]

1680

P=—°-6=0:l

X~B(25,0.)

P(%=22): 7{;\ x 03" x 0.3°
= 0.02428...
=0.0L43

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]

The gprdens \ere ose \ikely Yo be similar, sb +we gordens oe
no+ _inde pendent.

Turn over »
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Some information from the Large Data Set is given in Figures 1 and 2 below.

Figure 1

Scatter diagram to show purchased quantities, ml, of liquid wholemilk
and semi-skimmed milks in English regions in 2013
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Figure 2

Scatter diagram to show purchased quantities, ml, of mineral or spring
water and skimmed milks in English regions in 2013
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10 (a) Give a reason why the recorded vertical data values are higher for each region in
Figure 2 than in Figure 1
[1 mark]

Semi-Skimmed milk is o coategoy of skimemed milks, so +he Vawe gfor jusk Sewi-
skimmed wil olways be lower thon {or SKimmed.

10 (b) (i) Describe the correlation between ‘Semi-skimmed milk’ and ‘Liquid wholemilk, full price’.
[2 marks]

10 (b) (ii) Bilal claims that Figure 2 indicates that when people drink more mineral or spring water
they tend to drink less skimmed milk.

Comment on Bilal’s claim.
[2 marks]

Question 10 continues on the next page

Turn over »



PhysicsAndMathsTutor.com

18
10 (c) Suggest, with a reason, which region is indicated by the letter E. Use your knowledge of
the Large Data Set to support your answer.
[2 marks]
London.
A__cear trend in e Lorge Doka sek is that London is  offen an

ovHier in st co.+ego_ies.
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11

11 (a)

11 (b)

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 N, the number of
checkouts that are staffed at any given time during the spring, is

n-1
3(1
—| — forn=1,2
P(N =n) = 4(4)
k forn =3
Find the value of %.

RIS

+ k=l

[1 mark]

J
L|.

+

Flw [Flw

~
"

sl Flw

Find the probability that a customer, visiting Terence’s shop during the spring,
will find at least 2 checkouts staffed.

[2 marks]

P(N22)= P(N=2) + P(N=3)

=3 + L
16 16
-1
4

Turn over »



PhysicsAndMathsTutor.com

20

12

12 (a)

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

Using a binomial distribu

only fell ill during 2 Christmas holidays.

tion, investigate, at the 5% level of significance, whether there is

evidence that John’s rate of iliness during the Christmas holidays had decreased since
increasing his weekly exercise.

Ho : p= 0.65 7

[6 marks]

H, : 940.65

[X~B(?,f)

X = number of Chrisrmas hnli_dggs_lokn FOU_ I\ gince 'Ymmg 2009
AsSyme )("’ B( 1, 0'65)

P(xe2): 0.0556

0.0556 > 0.05 so pceepr Mo there is inSufficient evidence

to s»gggﬂ- he fos

i Vess.
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12 (b)

. m_‘lmhﬂhl\iy_%_{dk\hﬂg {1l__remains  (enstont.

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]
. Illness each yeor is indeent of trhe ovwer  years
This  assumption  iS  valid af cwestmases ore ¢ar apark so illness s

y g,

This s not vew valid 65 yow oge offeds ‘ow Sustegible yow ore

1o iliness.

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—f)z =1746.29

13 (a) (i) Find the mean of X

Find the standard deviation of X
[2 marks]

T = 304%6-\4% - 30.46\4%
100

s - [1346.29
aq

= &

c

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

[2 marks]

x t 35

(30.4614% * 3(%.2))

]

(13, 43)

AU__data  peints lie in twif romge so  normal dutribven it neceprove.
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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]
X-30.4-6\% 25 -30.4%61%
p(xeas): p XTI ME ¢ 25-30mk)
=p (2 ¢-13)
= 0.0961

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]

P (% L 3o-zq.ss) = 0.55

a

30-29.55 - 0-1253

pe
0O = 30-129.55
0-1293
o = 3.53945..
o—=3.6

Turn over for the next question
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14

14 (a)

14 (a) (i)

14 (a) (ii)

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.

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

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.
[5 marks]

Ho : ’M=\')_3
Ho: m#123

a0
Under H,: X~ N (123, s )

P(X123) = P /XL‘—Z—3 5 123-123
0 o
o G )

=P (22 6.297) =3x10"

3x10°° ¢ 0.025

So reject Ho, there s significomr evideace {p Sugger that the

mepin  exgenditufe  Woj  (vanged.

Calculate the greatest and least values for the sample mean expenditure on bread per
adult per week for 2013 that would have resulted in acceptance of the null hypothesis
for the test you carried out in part (a)(i).

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

The cvtical  vowe is 1.96

123+ 1.96 x 22— = [121.35, 124.25)
Jiz s

S0 leaf vawe it 121.35, largest vawe is 12425
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14 (b)

14 (b) (i)

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.

H, : 1=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:

the mean UK expenditure on alcohol per adult per week increased by 17p from
2009 to 2013;
[2 marks]

This Stolement is nok Supported. We ONY lnow thar e weon
thonged ok we dolt  wiow by  how  nwia

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

[2 marks]

This_is ot supported. Expendite o5 increased ot +vis  doend
necessavily vvean sk consumption Wes oo,

Turn over »
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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.
A 3 [6 marks]

CE
N

In  the A Civtle , +we vako Of \wuseholds in jur A to

houstholds in ANB is  3:1  becavie 25/ of +he hovseholds

Yhar eor Indian also  eat  Chinese .

In +ne 8 Cirde, e get o fado of Q:1 for jusr B +o

ANB. Putking twit togerner we get
A B
(= (<) )

Ix + ¢+ 9x= 200-122

13¢=3§
x= § %, P(ANR): so = 003

END OF QUESTIONS
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