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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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Answer all the questions.
Section A (23 marks)
1  The equation of a curve is y = 4x” + 8x+ 1.
The curve is stretched parallel to the x-axis with scale factor 2.
Find the equation of the new curve, giving your answer in the form y = ax® +bx+c¢, where a, b

and c are integers to be determined. [2]

2 (a) Write 65° in radians, giving your answer in the form A7z, where k is a fraction in its lowest

terms. 2]

(b) Write 0.211 radians in degrees, giving your answer correct to 1 decimal place. [1]

3  Draw a number line to show the values of x which belong to the set {x:x =2} N {x:x < 7}. [3]
4  Sketch the graph of y = [2x—3|. [3]

5 It is known that 40% of people in Britain carry a certain gene.
A random sample of 32 people is collected.
(a) Calculate the probability that exactly 12 people carry the gene. [1]
(b) Calculate the probability that at least 8 people carry the gene, giving your answer correct to

3 decimal places. 2]

6  You are given that v = 2a+3b, where a and b are the position vectors
5 -1
a_<3>andb_< 6>'
(a) Determine the magnitude of v. [3]

1
(b) Determine the angle between v and the vector <0> 2]

7  The parametric equations of a circle are
x=7+5c0s60, y=>5sin6-3, for0<6O<27.
(a) Find a cartesian equation of the circle. [3]

(b) State the coordinates of the centre of the circle. [1]
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Answer all the questions.

Section B (77 marks)

8 The Normal variable X is transformed to the Normal variable Y.

The transformation is y = a+ bx, where a and b are positive constants.

You are given that X ~ N(42,6.8) and Y ~ N(57.2,11.492).

Determine the values of ¢ and b.

4]

9 Labrador puppies may be black, yellow or chocolate in colour. Some information about a litter of
9 puppies is given in the table.

male | female
black 1 3
yellow 2 1
chocolate 1 1

Four puppies are chosen at random to train as guide dogs.

(a) Determine the probability that exactly 3 females are chosen. [3]

(b) Determine the probability that at least 3 black puppies are chosen. [3]

(¢) Determine the probability that exactly 3 females are chosen given that at least 3 black puppies
are chosen.

(d) Explain whether the 2 events

3]

‘choosing exactly 3 females’ and ‘choosing at least 3 black puppies’

are independent events.

© OCR 2021

[1]

H640/02 Oct21 Turn over



10 Ben has an interest in birdwatching.

For many years he has identified, at the start of the year, 32 days on which he will spend an hour
counting the number of birds he sees in his garden.

He divides the year into four using the Meteorological Office definition of seasons. Each year
he uses stratified sampling to identify the 32 days on which he will count the birds in his garden,

drawn equally from the four seasons.

Ben’s data for 2019 are shown in the stem and leaf diagram in Fig. 10.1.
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610

Fig. 10.1

(a) Suggest a reason why Ben chose to use stratified sampling instead of simple random sampling.

[1]
(b) Describe the shape of the distribution. [1]
(¢) Explain why the mode is not a useful measure of central tendency in this case. [1]

(d) For Ben’s sample, determine
e the median,

* the interquartile range. [3]
Ben found a boxplot for the sample of size 32 he collected using stratified sampling in 2015.

The boxplot is shown in Fig. 10.2.

0 10 20 30 40 50 60 70
Number of birds

Fig. 10.2
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In 2016 Ben replaced his hedge with a garden fence.
Ben now believes that

* he sees fewer birds in his garden,

e the number of birds he sees in his garden is more variable.

(e) With reference to Fig. 10.2 and your answer to part (d), comment on whether there is any
evidence to support Ben’s belief. [2]

Jane says she can tell that the data for 2015 is definitely uniformly distributed by looking at the
boxplot.

(f) Explain why Jane is wrong. [1]

11 In 2010 the heights of adult women in the UK were found to have mean g = 161.6 cm and variance
2 _ 2

o =196cm".

It is believed that the mean height of adult women in 2020 in the UK is greater than in 2010.

In 2020 a researcher collected a random sample of the heights of 200 adult women in the UK.

The researcher calculated the sample mean height and carried out a hypothesis test at the 5% level

to investigate whether there was any evidence to suggest that the mean height of adult women in

the UK had increased.

The researcher assumed that the variance was unaltered.

(a) < State suitable hypotheses for the test, defining any variables you use.

e Explain whether the researcher conducted a 1-tail or a 2-tail test. [3]
(b) Determine the critical region for the test. [2]
The researcher found that the sample mean was 161.9 cm and made the following statements.

e The sample mean is in the critical region.
e The null hypothesis is accepted.

* This proves that the mean height of adult women in the UK is unaltered at 161.6 cm.

(¢) Explain whether each of these statements is correct. [3]
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12 Fig. 12.1 shows an excerpt from the pre-release material.

A B C D E F G H
1 Sex Age Marital | Weight | Height BMI Waist | Pulse

2 | Female 34 Married 60.3 173.4 20.05 82.5 74
3 | Female 85 Widowed 64.7 161.2 249 #N/A #N/A
4 | Female 48 Divorced | 100.6 171.4 34.24 105.6 92
5| Male 61 Married 70.9 169.5 24 .68 92.2 70
6| Male 68 Divorced 96.8 181.6 29.35 112.9 68
Fig. 12.1
There was no data available for cell H3.
(a) Explain why #N/A is used when no data is available. 1]

Fig. 12.2 shows a scatter diagram of pulse rate against BMI (Body Mass Index) for females.
All the available data was used.

Pulse rate against BMI for females
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Fig. 12.2
There are two outliers on the diagram.
(b) On the copy of Fig. 12.2 in the Printed Answer Booklet, ring these outliers. [1]

(¢) Use your knowledge of the pre-release material to explain whether either of these outliers
should be removed. [2]

(d) State whether the diagram suggests there is any correlation between pulse rate and BMI.  [1]
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The product moment correlation coefficient between waist measurement, w, in cm and BMI, b,
for females was found to be 0.912. All the available data was used.

(e) Explain why a model of the form w = mb + ¢ for the relationship between waist measurement
and BMI is likely to be appropriate. 1]

The LINEST function on a spreadsheet gives m = 2.16 and ¢ = 33.0.

(f) Calculate an estimate of the value for cell G3 in Fig. 12.1. [1]

At a certain factory Christmas tree decorations are packed in boxes of 10.

The quality control manager collects a random sample of 100 boxes of decorations and records the
number of decorations in each box which are damaged.

His results are displayed in Fig. 13.1.

Number of damaged decorations | 0 | 1 | 2 | 3 | 4 | 5ormore

Number of boxes 19 | 35|28 | 13| 5 0

Fig. 13.1

(a) Calculate
e the mean number of damaged decorations per box,

* the standard deviation of the number of damaged decorations per box. [2]

It is believed that the number of damaged decorations in a box of 10, X, may be modelled by a
binomial distribution such that X ~ B(n, p).

(b) State suitable values for n and p. [1]

(¢) Use the binomial model to complete the copy of Fig. 13.2 in the Printed Answer Booklet,
giving your answers correct to 1 decimal place. [3]

Number of damaged decorations | 0 | 1 | 2 | 3 | 4 | 5ormore

Observed number of boxes 19 135|128 13| 5 0

Expected number of boxes

Fig. 13.2

(d) Explain whether the model is a good fit for these data. [1]
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14 The equation of a curve is

y= x*(x—2)°.

o dy ) )
(a) Find =, giving your answer in factorised form. (4]
(b) Determine the coordinates of the stationary points on the curve. [4]

42
In part (¢) you may use the result a); = 4(x—2)(5x> —8x+2).

(¢) Determine the nature of the stationary points on the curve. [3]
(d) Sketch the curve. [2]
15 (a) Show that > 0.99"'x0.01=1. 3]

r=1

Kofi is a very good table tennis player. Layla is determined to beat him.

Every week they play one match of table tennis against each other. They will stop playing when
Layla wins the match for the first time.

X is the discrete random variable “the number of matches they play in total”.

Kofi models the situation using the probability function

PX=r)=099""%001 r=1,23,4,..

Kofi states that he is 95% certain that Layla will not beat him within 6 years.

(b) Determine whether Kofi’s statement is consistent with his model. [3]
In between matches, Layla practises, but Kofi does not.

(¢) Explain why Layla might disagree with Kofi’s model. 1]
Layla models the situation using the probability function

PX=r=k? r=1,2,3,45,6,7,8.

(d) Explain how Layla’s model takes into account the fact that she practises between matches, but
Kofi’s does not. [1]

Layla states that she is 95% certain that she will beat Kofi within the first 6 matches.

(e) Determine whether Layla’s statement is consistent with her model. [3]
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16 In this question you must show detailed reasoning.

Find f 1 +x . 8]

END OF QUESTION PAPER
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