¥6€6€§8L‘[66|i«

OCR

Oxford Cambridge and RSA
Tuesday 13 June 2023 — Afternoon

A Level Mathematics B (MEI)
H640/02 Pure Mathematics and Statistics

Time allowed: 2 hours

You must have:
* the Printed Answer Booklet
« a scientific or graphical calculator

QP

INSTRUCTIONS

* Use black ink. You can use an HB pencil, but only for graphs and diagrams.

» Write your answer to each question in the space provided in the Printed Answer
Booklet. If you need extra space use the lined pages at the end of the Printed Answer
Booklet. The question numbers must be clearly shown.

» Fill in the boxes on the front of the Printed Answer Booklet.

* Answer all the questions.

*  Where appropriate, your answer should be supported with working. Marks might be
given for using a correct method, even if your answer is wrong.

» Give your final answers to a degree of accuracy that is appropriate to the context.

* Do not send this Question Paper for marking. Keep it in the centre or recycle it.

INFORMATION

* The total mark for this paper is 100.

* The marks for each question are shown in brackets [ ].
* This document has 16 pages.

ADVICE
* Read each question carefully before you start your answer.

© OCR 2023 [603/1002/9] OCR is an exempt Charity
DC (ST/SG) 321177/4

Turn over



2

Formulae A Level Mathematics B (MEI) (H640)

Arithmetic series
S, = %n(a+l) = %n{2a+ (n—1)d}

Geometric series
1 _ n
g _ a(1=+")

n 1—r

S ZIL for |r| < 1
oo —r

Binomial series
(@+b)'=a"+"C,d" 'b+"C,a" b’ +...+"C.d" b +...+b" (neN),

where "C = C =" -
v Ar) o rln-r)!

n(n—1) 2+m+n(n—1)...(n—r+1)

(14+x)"=1+nx+ T p X+ (x| <1, neR)
Differentiation

f(x) £(x)

tan kx ksec?kx

secx secxtanx

cotx —cosec’x

cosecx —cosecxcotx

TR

Quotient Rule y = %, ay = %

Differentiation from first principles

f'(x) = %T%w

Integration

ix) = In|t\x) +c
Jf<x> dx = In|f(x)|+

Jf’(x)(f(x))n dv =L (1) " e

dvdx= uv—J'v%dx

Integration by parts Jua .

Small angle approximations

. 1 . . .
sinf =~ 0, cosO =~ 1— 592, tan® ~ 6 where 0 is measured in radians
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Trigonometric identities
sin(4 + B) = sinA cos B+ cosAsinB
cos(4+B) = cosAcos BFsindsinB

_ tan4 t+tanB 1
tan(4£B) = ] ¥tanA tan B (AiB # (k+ 2)7[>

Numerical methods

b _
Trapezium rule: J ydx = %h{(yo +y)+2(y,+y,+...+y, )}, where h = b=a
! f(x
The Newton-Raphson iteration for solving f(x) = 0: X, =X, — f’( (x">>
Probability
P(4 U B)=P(4)+P(B)—P(4 N B) )
P(ANB
P(4 N B)=P(4)P(B|4)=P(B)P(4|B) or P(4|B)= (P(—m
Sample variance
>x )
st = ﬁSxx where S_ = X (x, =)’ = Xx’ — % =Y —nx’
Standard deviation, s = v/ variance
The binomial distribution
If X~ B(n, p) then P(X =) = "C p'q""" where g =1-p
Mean of X is np
Hypothesis testing for the mean of a Normal distribution
_ 2 X—
If X ~ N(u,0?) then X ~ N[,U,G—] and =2~ N(0,1)
n o/Vn

Percentage points of the Normal distribution

p 10 5 2 1

150 1,0
z | 1.645 | 1.960 | 2.326 | 2.576 2P% 2pf)
1 z -

Kinematics
Motion in a straight line Motion in two dimensions
v=u+tat v=u+tat

_ 12 _ 1,2
s =ut+5at s=ur+sar
s=%(u+v)t s=%(u+v)t

2 2
v =u"+2as

., 1 2 o, 12
s =Vt 2at S =Vt 2az‘
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Section A (25 marks)

1
g+

1  Determine the sum of the infinite geometric series 9—3+1— % +
2 The equation of a circle is

x> —12x+y* +8y+3 = 0.

(a) Find the radius of the circle.

(b) State the coordinates of the centre of the circle.

3 In this question you must show detailed reasoning.

_3
P_m
o

Find the smallest possible positive integers m and » such that (%)

4 A biased octagonal dice has faces numbered from 1 to 8. The discrete random variable X is the

3]

2]
[1]

3]

score obtained when the dice is rolled once. The probability distribution of X is shown in the table

below.

x 1 2 3 4 5 6 7 8

PX=x) | p | p | P | P P | P | P |3

(a) Determine the value of p.
(b) Find the probability that a score of at least 4 is obtained when the dice is rolled once.
The dice is rolled 30 times.

(¢) Determine the probability that a score of 8 occurs exactly twice.

. 3 .
5 Youare given that O4 = [_ 1] and OB = [_ g] .

Determine the exact length of 4B.

© OCR 2023 H640/02 Jun23
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6  The parametric equations of a circle are
x =2cos6@—3and y = 2sin6+ 1.

Determine the cartesian equation of the circle in the form (x —a)? + (y—b)* = k, where a, b and k
are integers. [4]

7  The coefficient of x® in the expansion of (2x+k)'?, where £ is a positive integer, is 79200 000.

Determine the value of k. [4]
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Section B (75 marks)

8 A garden centre stocks coniferous hedging plants. These are displayed in 10 rows, each of 120
plants. An employee collects a sample of the heights of these plants by recording the height of
each plant on the front row of the display.

(a) Explain whether the data collected by the employee is a simple random sample. [1]

The data are shown in the cumulative frequency curve below.

7 N

120

100

80 /

Cumulative
frequency

—~—

S

40

G

20 ‘

0 20 40 60 80 100
Height in cm

The owner states that at least 75% of the plants are between 40 cm and 80 cm tall.
(b) Show that the data collected by the employee supports this statement. (4]

(¢) Explain whether all samples of 120 plants would necessarily support the owner’s statement.

[1]
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9  The pre-release material contains information concerning the median income of taxpayers in
different areas of London. Some of the data for Camden is shown in the table below. The years
quoted in this question refer to the end of the financial years used in the pre-release material. For
example, the year 2004 in the table refers to the year 2003/04 in the pre-release material.

Year 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Median 21300 | 23200 | 24200 | 25900 | 26900 | #N/A | 28400 | 29400
Income in £

(a) Explain whether these data are a sample or a population of Camden taxpayers. [1]

A time series for the data is shown below.

Median income of taxpayers in Camden 2004-2011
35000

30000 *
25000 . .

Median income 20000
of taxpayers in £ 15000

10000
5000

0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Year

The LINEST function on a spreadsheet is used to formulate the following model for the data:
I=1115Y — 2212950, where / = median income of taxpayers in £ and Y = year.

(b) Use this model to find an estimate of the median income of taxpayers in Camden in 2009. [1]
(¢) Give two reasons why this estimate is likely to be close to the true value. [2]
The median income of taxpayers in Croydon in 2009 is also not available.

(d) Use your knowledge of the pre-release material to explain whether the model used in part (b)

would give a reasonable estimate of the missing value for Croydon. [1]

10 Determine the exact value of fOZ4x cos2x dx. [5]
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11 In this question you must show detailed reasoning.

d
The variables x and y are such that i is directly proportional to the square root of x.

dx
d
When x =4, 2= =3,
. dy
(a) Find PRl terms of x. [3]

When x =4, y = 10.

(b) Find y in terms of x. [3]

12 It is given that

. f(x)=i%,x> 0
© g =T5.x>3

e h(x)=x*+2,x€eR.

(a) Explain why f(x) is not a function. [1]
(b) Find gh(x). [2]
(¢) State the domain of gh (x). [1]
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13 A large supermarket chain advertises that the mean mass of apples of a certain variety on sale in

their stores is 0.14 kg.

Following a poor growing season, the head of quality control believes that the mean mass of
these apples is less than 0.14 kg and she decides to carry out a hypothesis test at the 5% level of
significance.

She collects a random sample of this variety of apple from the supermarket chain and records the
mass, in kg, of each apple. She uses software to analyse the data. The results are summarised in

the output below.

n 80
Mean 0.1316
o 0.0198
S 0.0199
=X 10.525
>x2 1.4161
Min 0.1

Q1 0.12
Median 0.132
Q3 0.1435
Max 0.19

(a) State the null hypothesis and the alternative hypothesis for the test, defining the parameter
used.

(b) Write down the distribution of the sample mean for this hypothesis test.

(¢) Determine the critical region for the test.

(d) Carry out the test, giving your conclusion in context.

© OCR 2023
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14 The pre-release material contains information concerning the median income of taxpayers in £
and the percentage of all pupils at the end of KS4 achieving 5 or more GCSEs at grade A*—C,
including English and Maths, for different areas of London.

Some of the data for 2014/15 is shown in Fig. 14.1.

Fig. 14.1
Median Income of | Percentage of Pupils
Taxpayers in £ Achieving 5 or more A*—C,
including English and Maths

City of London 61100 #N/A

Barking and Dagenham 21800 54.0

Barnet 27100 70.1

Bexley 24400 55.0

Brent 22700 60.0

Bromley 28100 68.0

A student investigated whether there is any relationship between median income of taxpayers and
percentage of pupils achieving 5 or more GCSEs at grade A*—C, including English and Maths.

(a) With reference to Fig. 14.1, explain how the data should be cleaned before any analysis can
take place. 1]

After the data was cleaned, the student used software to draw the scatter diagram shown in
Fig. 14.2.

Fig. 14.2
Scatter diagram to show percentage of pupils achieving
5 A*—C grades against median income of taxpayers
75.0 °
70.0 o
L ® °
65.0 ° L
) [ J

Percentage  60.0 . : . °« o
of students 55 ~

50.0

45.0

40.0

15000 20000 25000 30000 35000 40000

Median income in £

The student calculated that the product moment correlation coefticient for these data is 0.3743.
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(b) Give two reasons why it may not be appropriate to use a linear model for the relationship
between median income of taxpayers in £ and the percentage of all pupils at the end of KS4
achieving 5 or more GCSEs at grade A*—C. [2]

The student carried out some further analysis. The results are shown in Fig. 14.3.

Fig. 14.3
median income of percentage of pupils
taxpayers in £ achieving 5+ A*-C
mean 27216 61.0
standard deviation 4177.5 5.32

The student identified three outliers in total.

(©
e Use the information in Fig. 14.3 to determine the range of values of the median income of
taxpayers in £ which are outliers.

e Use the information in Fig. 14.3 to determine the range of values of the percentage of all
pupils at the end of KS4 achieving 5 or more GCSEs at grade A*—C which are outliers.

* On the copy of Fig. 14.2 in the Printed Answer Booklet, circle the three outliers
identified by the student. (4]

The student decided to remove these outliers and recalculate the product moment correlation
coefficient.

(d) Explain whether the new value of the product moment correlation coefficient would be
between 0.3743 and 1 or between 0 and 0.3743. [1]
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15 In this question you must show detailed reasoning.
The equation of a curve is
Iny+x’y = 8.

Find the equation of the normal to the curve at the point where y = 1, giving your answer in the
form ax+by+c = 0, where a, b and ¢ are constants to be found. 7]

16 Research conducted by social scientists has shown that 16% of young adults smoke cigarettes.
Two young adults are selected at random.
(a) Determine the probability that one smokes cigarettes and the other doesn’t. [2]

The same research has also shown that
e 75% of young adults drink alcohol.

* 66% of young adults drink alcohol, but do not smoke cigarettes.

(b) Determine the probability that a young adult selected at random does smoke cigarettes, but
does not drink alcohol. [2]

(¢) A young adult who drinks alcohol is selected at random. Determine the probability that this
young adult smokes cigarettes. [2]

(d) Using your answer to part (c), explain whether the event that a young adult selected at

random smokes cigarettes is independent of the event that a young adult selected at random
drinks alcohol. [2]

17 In this question you must show detailed reasoning.

Solve the equation 2 sinx +secx = 4cosx, where —7 < x < 7. [6]
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18 Riley is investigating the daily water consumption, in litres, of his household.
He records the amount used for a random sample of 120 days from the previous twelve-month
period.

The daily water consumption, in litres, is denoted by x.

Summary statistics for Riley’s sample are given below.
D> x=311647 D x*=8101050.91 n=120
(a) Calculate the sample mean giving your answer correct to 3 significant figures. [1]

Riley displays the data in a histogram.

7

6

n

Frequency
density

0
230 235 240 245 250 255 260 265 270 275 280 285
Daily water consumption in litres

(b) Find the number of days on which between 255 and 260 litres were used. [1]

(¢) Give two reasons why a Normal distribution may be an appropriate model for the daily
consumption of water. [2]

Riley uses the sample mean and the sample variance, both correct to 3 significant figures, as
parameters of a Normal distribution to model the daily consumption of water.

(d) Use Riley’s model to calculate the probability that on a randomly chosen day the household
uses less than 255 litres of water. [2]

(e) Calculate the probability that the household uses less than 255 litres of water on at least
5 days out of a random sample of 28 days. [2]

Turn over for question 18(f)
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The company which supplies the water makes charges relating to water consumption which are
shown in the table below.

Standing charge per day in pence 7.8

Charge per litre in pence 0.18

(f) Adapt Riley’s model for daily water consumption to model the daily charges for water
consumption. [3]

END OF QUESTION PAPER
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