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Section A (23 marks)

1  Fig. 1 shows triangle ABC.

C
22.1m
/
4" 8om B
Fig. 1
Calculate the area of triangle ABC, giving your answer correct to 3 significant figures. 2]

Avea of Triomgle. = L obsinC

Area = 12-_- x 221 x 180 xsin 133° = \u5.4(,. % \u5 (3s)

U Area = 1S m?
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Fig. 2 shows a sector of a circle of radius 8 cm.

The angle of the sector 1s 2.1 radians.

8cm

)

Fig. 2
(a) Calculate the length of the arc L. [1]
(b) Calculate the area of the sector. [2]

(@) Avc Lengtn=r0 = 8x 2.1 = (b.83em

. Ave \ength = \b.?oﬂ

(b) A’m 09 Setyor = _g_o_ﬂrz = 2.\ xﬂx81= 6720”\1'

—

360 27

Mgz b7.2 o
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3 You are given that y = 4x +sin 8x.
. dy
(a) Find o [2]
: - . . dy .. . .
(b) Find the smallest positive value of x for which el 0, giving your answer 1n an exact form.
' 12]

(0) Y= 4z + Sin8x Y= sinax -> %.‘J = ACosAX
%

9 - 4+ eosBa
ax

®) 89.0 — 4t 30058x = 0
wsfz = "4 - -1
8 2
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4 Fig. 4 shows a cumulative frequency diagram for the time spent revising mathematics by year 11
students at a certain school during a week in the summer term.

Year 11 Students
250

160 ¢ 200 ,'/__,_,,.
Cumulative 150

Frequency 100

50
0/
0

201 40 60 80 100 120 140
\ Time in Minutes

27

Fig. 4
(a) Use the diagram to estimate the median time spent revising mathematics by these students. [1]

A teacher comments that 90% of the students spent less than an hour revising mathematics during
this week.

(b) Determine whether the information in the diagram supports this comment. [1]

@) Teta\ Studenks = 200

200 _
== =\00

-Mdionm=27 23z2me 29

(b) leo x 100= 30 ¢

200

?_Oif 0F e studewts spnt WS Yon cn howr revisiws
MOWS. . eather'’s commenk isn'k Suppovted in the diugrow.
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5 The first » terms of an arithmetic series are
17+ 28 +39+ ...+ 281 +292.
(a) Find the value of n. [1]

(b) Find the sum of these » terms. [2]

@) (7,28,39,..,28\, 242
+l o+l +1)
<M Term = (ln+ 6

292 = \n +6

N=202-6 -5¢ Sonz 26
(

() S, - Lnla+l)

S,6 = Ji(ze)(n-r 292) = 40\

- Sum = 4017
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6

: . . . . : : : . L
(a) Find the first three terms in ascending powers of x of the binomial expansion of (1 +4x)2. [3]

(b) State the range of values of x for which this expansion is valid.

[1]
@ (1+ z)h = [+ nx + N1 =
2!

(l+l(—x)"i: (+_}__(qz_) + -'-—;__("1‘.,'4) (4x)*
2'.

[+ 2% --‘g— (1622)

|+ ‘2.1-7_7.7‘"

(b) Given (1+2)", expansion is vald for x| ¢ |.
\gxle\ = \xl| L"q

--Expansion is valid for \x\ 4-'—41
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You are given that P(4) = 0.6, P(B) = 0.5 and P(4UB) = 0.2.

(a) Find P(ANB). 2]
(b) Find P(4|B). 12]
(¢) State, with a reason, whether ./ and 5 are independent. [1]

(@) ?(An8Y = pCAY + ¢(8) - P(AuB)
P(AUB) = - PCAvB) =1-0.2 =0.8

P(An®Y=0.6 +0.5-08 =0.3

-P(AnB) =0.3
(b) P(a1B) = P(Aag) . 03 .,
= PCB) 0.5
S.P(A\®)=0.6

() Evenrs A ¢ @ are independent € P(ARB) = P(AS x P(8).

PO x P(8)= 0.6 x 0.5 = 0.3 = P(AnB)

AL B are independeny, .
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Section B (77 marks)

8 Rosella is carrying out an investigation into the age at which adults retire from work in the city
where she lives. She collects a sample of size 50, ensuring this comprises of 25 randomly selected
retired men and 25 randomly selected retired women.

(a) State the name of the sampling method she uses. 1]
Fig. 8.1 shows the data she obtains in a frequency table and Fig. 8.2 shows these data displayed in
a histogram.
Age in years at retirement 45 - 50— 55— 60 — 65 — 70— | 75-80
Frequency density 0.4 1.8 24 22 1.8 1.2 0.2
Fig. 8.1
2.5
2.0-
1.3
1.5
Frequency
Densit
> 10
0.5-
0
40 50 g5 60 70 80
Age 1n Years
Fig. 8.2
(b) How many people in the sample are aged between 50 and 55? [1]

Rosella obtains a list of the names of all 4960 people who have retired in the city during the
previous month.

(c) Describe how Rosella could collect a sample of size 200 from her list using
e systematic sampling such that every item on the list could be selected,

» simple random sampling. (4]
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Rosella collects two simple random samples, one of size 200 and one of size 500. from her list. The
histograms in Fig. 8.3 show the data from the sample of size 200 on the left and the data from the

sample of 500 on the right.
30
12- 24.
84 18-
Frequency Frequency
Density Density  12-
4]
6
of [ I ol | -
40 50 60 70 80 90 40 50 60 70 80
Age in Years Age in Years
Sample size 200 Sample size 500

Fig. 8.3

(d) With reference to the histograms shown in Fig. 8.2 and Fig. 8.3, explain why it appears
reasonable to model the age of retirement in this city using the Normal distribution. [1]

Summary statistics for the sample of 500 are shown in Fig. 8.4.

Statistics v |
n 500

Mean |60.0515

o 6.5717

s 6.5783

X 30025.7601
X2 1824686.322
Min  |36.0793

Q1 55.2573
Median| 59.9202

Q3 64.4239
Max |81.742
Fig. 8.4

(e) Use an appropriate Normal model based on the information in Fig. 8.4 to estimate the number
of people aged over 65 who retired in the city in the previous month. (4]

(f) Identify a limitation in using this model to predict the number of people aged over 65 retiring
in the following month. [1]
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©) | Quota Sownpling

(o.) Frequency = (ass widthy x Fveq/umcg Density
§=(55-90)x 1.9= 19

-+ Q people ave oged 90 -SS-

©) Systematic Sampling:

490 - 200= 24 3

" Seeck wevy 24 number on e Usk

' Stk Yandomly bekween n=\ ond w2134 and shp when
100 hove wean Selecked.

Simp\a Romdom Sampling:

'ASS'\S"\ eoch porson in Ust by a wniome idennkier fam
| 4o 4960,

' Genonte Yondom Wumbest borween | and 4260 webil a
Sample of 200 wws heon seledred.

(d) Normol Distvibukion is reosonalole 4o model e age of
renement because oy M size of Hwe Somple NOrRoSes,
e shoge of e distriburion appears more “vormal”.

) X v N(Mean, Standod Desiawion” ) =X~ N(60.0615, 6.5783>)

P(X>65) = n2254..
0.2259...x 4960 = [120.7\... X |12

SN2 peop\e are oged ovev 65.

(£) Limitation: ere Moy be Seasorol £luCtuotons, Such as toochers
rd"\riv\& 7)) Augv&b
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A company supplies computers to businesses. In the past the company has found that computers
are kept by businesses for a mean time of 5 years before being replaced. Claud, the manager of the
company, thinks that the mean time before replacing computers 1s now different.

(a) Describe how Claud could obtain a cluster sample of 120 computers used by businesses the
company supplies. [1]

Claud decides to conduct a hypothesis test at the 5% level to test whether there is evidence to
suggest that the mean time that businesses keep computers 1s not 5 years. He takes a random sample
of 120 computers. Summary statistics for the length of time computers in this sample are kept are
shown in Fig. 9.

Statistics v \

n 120

Mean |4.8855

(o} 2.6941

s 2.7054

X 586.2566

2x2 3735.1475

Min  |0.1213
Q1 2.5472
Median| 4.8692
Q3  |7.0349
Max |9.9856
Fig. 9

(b) In this question you must show detailed reasoning.

 State the hypotheses for this test, explaining why the alternative hypothesis takes the form
it does.

e Use a suitable distribution to carry out the test. (8]

@) To obrain o cluster Somple Of 120 computes, rONdoniy
SR N digeernt  businesses omd e randomly selecr

P difgeant compwrers from each of We businesses.

S.Nx P =120 E9.N= 6, 9= 20
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(b) Ho: =S 2 Tailed Test. .. Significarce= 2.590 70.025
Hit mzs5 =1, tokes vis gorm as it is fesring whexher
Hre. meon lena of Hime i diferant +o 3.
M is Ahe  populaidn wian Hime fov Dnich OWPOWs are kepr
befort Waing replated.

3 2
Use Wormal Distilourion where M= 5, o= 2.7054 .
(2.0

3
Ko n(o, 2_7‘%?_) wsed 10 fina P(X < 4.3355).

P(X ¢43895) = ¢.32 >0.02S

CoReyed M, Acepr H, -

- Thore i insukfidents evidence b suggest ar S e/o signifiance
(VoA Hnae the wmean lvghn of Jime is not 5 years.
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In this question you must show detailed reasoning.

The equation of a curve 1s

_sin2x—x
- xsinx -

(a) Use the small angle approximation given in the list of formulae on pages 2-3 of this question
paper to show that

0.05
J, ydx = In5. [4]
0.01
(b) Use the same small angle approximation to show that
dy
d%: ~—10000 at the point where x = 0.01. 2]

The equation y = 0 has a root near x = 1. Joan uses the Newton-Raphson method to find this root.
The output from the spreadsheet she uses is shown in Fig. 10.1.

n 0 | 2 3 4 5 6 7
X, | 0.958509 | 0.950084 | 0.948261 | 0.94786 | 0.947772 | 0.947753 | 0.947748
Fig. 10.1

Joan carries out some analysis of this output. The results are shown in Fig. 10.2.

x y

0.9477475 | —7.79967E-07

0.9477485 | —2.90821E-06
x y
0.947745 | 4.54066E-06
0.947755 | —1.67417E-05

Fig. 10.2

(¢) Consider the information in Fig. 10.1 and Fig. 10.2.

*» Write 4.54066E—06 in standard mathematical notation.

 State the value of the root as accurately as you can, justifying your answer.

[3]
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@) SN0 % 9 = . sin2e:22 & sinx = .

'.°U= 2z-% = _2—— s ._L—
xt

oy 3
005 0-05 ODS
JA‘;— dx = [\M xlo.(n = Ln0.05 - ool = n _o._o_l) :&ns
0 0\
0.05
| yiz % ws
0.0l
(b) y-= L=
dy . -2,
dx -1z -lz"

=00l > .. dy .=l . _|0p00 dd-'n-\oooo
dx 0.01% x

€ 454066 E-0p = |4.5%066 x 105
Sign of Yy dronges berwean x= 0.447745 owd X =0.44T141S.
.'.Sity\ tange for 5 dp.

.. %oot =2 0.qay115



PhysicsAndMathsTutor.com

11 The pre-release material contains information concerning median house prices over the period
2004 —2015. A spreadsheet has been used to generate a time series graph for two areas: the London
borough of “Barking and Dagenham” and “North West”. This is shown together with the raw data
in Fig. 11.1.

Median House Price

300000
250000
200000 .

150000 —e=====+==""=* B L ke
100000 ———"

5000015504 72005 12006 2007 [2008 [ 2009 [ 2010 [2011 [2012 2013 20142015
--e--Barking and Dagenham [160000/163000{168000[185000/190000|160000{171000]|170000{174995[180995{215000(243 500
—— North West 107000({118000(1270001134750({129950]1130000[{130000(127000]1130000{131000|138500{140000

--+-- Barking and Dagenham —— North West
Fig. 11.1

Dr Procter suggests that it is unusual for median house prices in a London borough to be consistently
higher than those in other parts of the country.

(a) Use your knowledge of the large data set to comment on Dr Procter’s suggestion. [1]

Dr Procter wishes to predict the median house price in Barking and Dagenham in 2016. She uses
the spreadsheet function LINEST to find the equation of the line of best fit for the given data. She
obtains the equation

P =4897Y — 9657847, where P is the median house price in pounds and Y is the calendar year, for
example 2015.

(b) Use Dr Procter’s equation to predict the median house price in Barking and Dagenham in
* 2016
¢ 2017. 2]

Professor Jackson uses a simpler model by using the data from 2014 and 2015 only to form a
straight-line model.

(¢) Find the equation Professor Jackson uses in her model. [2]

(d) Use Professor Jackson’s equation to predict the median house price in Barking and Dagenham
n

¢ 2016
e 2017. 2]
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Professor Jackson carries out some research online. She finds some information about median
house prices in Barking and Dagenham, which 1s shown in Fig. 11.2.

\ 2016 2017
\ £290000 | £300000

Fig. 11.2

(e) Comment on how well
* Dr Procter’s model fits the data,

* Professor Jackson’s model fits the data. [2]

() Explain which, if any, of the models is likely to be more reliable for predicting median house
prices in Barking and Dagenham in 2020. [1]

(a) House prices owe gontrtlly higher in Lowdon lwvoughs thow
ehaee in e oury, o Dr Procter's suggertonis PObaloly wvong.
®) P=aga7v - 9657847
Y= 2016 = P= 4997 (2016) - 9657847 =(Z\& S05
Y= 2017 = P=49a7(2017) - 96578471 =[214 402

=2."t'3500 - 215000
2015 - 2014

) frndiens, m . 23500

(?—0\4, 215000) § ™M= 28500
Y- Y = mlx-=)

Y- 215000 = 22500(x - 2.014)
Y= 28500% — 57 \84% 000

.. Pz 28500Y -5T184000

\

272000
300 S00

(d) Y=2016 > P= 28500 (2016) -S7184000
¥Y=2017 > P= 29500 (2017) -57184000

\
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(¢ Dr Procter's ™odel is @ very poov fit.

Professor  Jodkson's moded is & qood fik. T+ wovis welk for
2011, bk not so weM fov 20\6.

(£) Neither of e maedels ove more relioble because M_y
uie  exhopoloton.
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12 In this question you must show detailed reasoning.

A 5-sided spinner can give scores of 1, 2. 3. 4 or 5. After observing a large number of spins, Elaine
models the probability distribution of X, the score on the spinner, as shown in Fig. 12.

X 1 2 3 + 5

P(X =x) 0.2 0.3 P p q

Fig. 12
When the spinner 1s spun twice, the probability of obtaining a total score of 9 1s 0.06.
(a) Given that ¢ < 2p, determine the values of p and ¢. [6]
(b) The spinner is spun 10 times. Calculate the probability that exactly one 5 1s obtained. 2]

Elaine’s teacher believes that the probability that the spinner shows a 1 is greater than 0.2. The
spinner 1s spun 100 times and gives a score of 1 on 28 occasions.

(¢) Conduct a hypothesis test at the 5% level to determine whether there 1s any evidence to suggest
that the probability of obtaining a score of 1 is greater than 0.2. [7]

(@) 2p+9, Y021 +03 =1 > ¢=05-2p
2po = 006 = 2p(0.5-2p)=0.06
P-4p® =0.06
H4p2 —p +0.06 O
(3¢- 20) (9-—10) =0

) v
p=0.15 r=0.\

P0.15 $q,= 0.6-2(0-15)=0.2
p=ol ®4=05-20H=03

Sine g¢2p, ¢ =02 awd ?=°'l6.\
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(o) X ~8(10,0.2)
70(=|): IOC| . W‘ . ( -aw\o-‘

*10:0.2°08"
= 0.26%4... -- P(Exactly one 5) = 0.268
X 0.26% (3sf)
€ Ho: P<0.2 Signiticance = S 7o = 0.05
A’\\: ?)0'2.

X ~ B(100,0.2)
P(X£27) = 0.9659...
P(X22)=| - P(X%27) =0.08M5... ¢ 0.05

D Ryed Ho. Aaeet Y
.. Theve is enough evidence 4o suggesc at Se/+ signifiowmce (vek
Mok  the ?VDbOL\ﬁ\:\'\'\\. of & Scofe of | is greaker than 0.2.
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13 The pre-release material contains information concerning median house prices, recycling rates and

employment rates. Fig. 13.1 shows a scatter diagram of recycling rate against employment rate for
a random sample of 33 regions.

55
50 o
45 P
® ®
40 °
Recycling 35 A L oo
Rate 30 o - ot -
25 :. °
20 s -
15 .
10
60 65 70 75 80 85
Employment Rate
Fig. 13.1

The product moment correlation coefficient for this sample 1s 0.37154 and the associated p-value is
0.033.

Lee conducts a hypothesis test at the 5% level to test whether there is any evidence to suggest there
is positive correlation between recycling rate and employment rate. He concludes that there is no
evidence to suggest positive correlation because 0.033 = 0 and 0.37154 > 0.05.

(a) Explain whether Lee’s reasoning is correct. 2]

Fig. 13.2 shows a scatter diagram of recycling rate against median house price for a random sample
of 33 regions.

55
o
50
45 e
40 o *
Recycling 35".'@‘.!.
Rate 30 — . s
25 ® o * *
o
20 S &
15 ®

10
120000 320000 520000 720000 920000 1120000 1320000
Median House Price

Fig. 13.2
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The product moment correlation coefficient for this sample is —0.33278 and the associated p-value
is 0.058.

Fig. 13.3 shows summary statistics for the median house prices for the data in this sample.

Statistics v
n 33

Mean |465467.9697

o 201236.1345

s 204356.2606
X 15360443

Ix2 8486161617387
Min | 243500

Q1 342500
Median | 410000
Q3 521000

Max 1200000

Fig. 13.3

(b) Use the information in Fig. 13.3 and Fig. 13.2 to show that there are at least two outliers. |2]

(c) Describe the effect of removing the outliers on
* the product moment correlation coefficient between recycling rate and median house price,
* the p-value associated with this correlation coefficient,

in each case explaining your answer. [2]

All 33 items in the sample are areas in London. A student suggests that it is very unlikely that only
areas in London would be selected in a random sample.

(d) Use your knowledge of the pre-release material to explain whether you think the student’s
suggestion is reasonable. [1]

@) Ler is wwng becowse he should move the compavisen of 0.033
wWin_0.05 and he should mate +he compoarison of 0.37I54 wilts 0.

() M+ 2sd= 4b54¢ 7 « 2(204356) = 374174

.'-gt’ﬂioﬂs w¥h viedian house prices greaker hon 874\7A
are ourhers,

. Owins: Q20000 & 1200000
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@) The pmcc wowd prbobly e closer to 0 Lecause e
Scaktex (s lass we\) rodelled loy o s{-m\gV\-\: Lne.
The p-volue would cfease because a Valwe wwidn is coser o
0 is move Lwely assumivg no Covrelation.

@) The Sshudent’s suggeshion s veasovable | s these ore
otwer  regions dekned in e LOS.
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14 In this question you must show detailed reasoning.

Fig. 14 shows the graphs of y = sinxcos2x and y = % — sin2x cosx.

X
1
y= % —sin2x cosx
0.5
\
-7 )
SLA N S
AN AL AN s
) NJ0S LY NJAT |
_— N /!/
Yy = sinx cos 2x N \
N\
N\
05 A
Fig. 14

Use mtegration to find the area between the two curves, giving your answer in an exact form. [8]

-‘Z-s'mlxcosx = Sinx s2x

SNk oS 2 + SinldxcoSx = —\2-

Sin(ATB) = sinAcosB £ sinBwsA
L

L sinx s 2 + §in2x sk = sin(zxt2x) - sin 3x

Siﬂ?n-‘-';_—
- Sin' (L) I ,97 VI L - (4
3x = Sin (2) 6 3 - x 8’ 3
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% L - Sin2 )dx
sinx Cos2x — |5 = SWix ofx

= Jsinx s2x — £ + Sn2xcosx due

=Js€n3x -5 dx

57
= [-cos3x _ }2_}-‘7
L 3 z
= | s sl -Cos ’5x (
Csp) D |- | ?
L 3 2- S
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15 Functions f(x) and g(x) are defined as follows.
f(x) = vx forx > 0 and g(x) = x> —x—6 forx > 2.
The function h(x) is defined as
h(x) = fg(x).
(a) Find h(x) in terms of x and state its domain. 2]
(b) Find h(3). [1]

Fig. 15 shows h(x) and h™' (x), together with the straight line y = x.

y
F 3
I
Fi
I - = i
oo =] I

- h'(x)

|

]

h(x) > X

Fig. 15

(¢) Determine the gradient of y = h™'(x) at the point where y = 3. [4]

@) W(x) = {:3(,1.) =yxd-x-6

@)= fPox-6 for x>2.

b w@) =z -3-6 =18 =30
S h(3)= 353 |
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© W)= {x®-2-¢

Y= fx3-z - ¢
Lev x=y:@ x =Sj3“j -6
at=y*-y-6
D'\Ehrenl-ia-l'iv/\g -x,"zvjs-‘j'G .
2z = 39 %?L dx
* 42 (3™
Sdy 2
d'x. 352’|

y=3 * h(3) = 3]2

dv . 2(3H) 3J2

"

.. Gradient = 332
3





