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Formulae A Level Mathematics B (MEI) (H640)
Arithmetic series
Sn = %n(a+l) = %n{2a+ (n— l)d}
Geometric series

B a(1—+")
n 1—r

S

S =1L for |r| < 1
o0 —r

Binomial series

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

where "C = C =|"|=—2—
ronTroAr) rl(n—r)!

n(n—1) 2+'ﬂ+n(n—1)...(n—r+1)

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

f(x) £(x)

tan kx ksec’kx

secx secxtanx

cotx —cosec’x

cosecx —cosecxcotx

RN

Quotient Rule y = %, ay = %

Differentiation from first principles

f'(x) = }g%w

Integration

Jix) dx = In[f(x)|+¢

f(x)
Jf’(x)(f(x))n dr =L (t() " e

. dv .. | du
Integration by parts Jua dx = uv Jv dx dx

Small angle approximations

. 1 . . .
sin@ ~ 0, cosf =~ 1— 592, tan @ =~ 6 where 0 is measured in radians
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Trigonometric identities
sin(A + B) = sinA cos B+ cosAsinB
cos(A+B) = cosAcos BFsinAsinB
_ tanA+tanB 1
tan(A£B) = 1 FtanAtanB (AiB#(k-'_Z)ﬂ)

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(AUB)=P(A)+P(B)—P(A N B) )
P(ANB
P(A N B)=P(A)P(B|A)=P(B)P(A|B) or P(A|B)= (P(—m
Sample variance
>x.)
st = ﬁSxx where S =X (x, —x)’ = Xx7 — % =Y —nx’
Standard deviation, s = v/ variance
The binomial distribution
If X ~B(n, p) then P(X =r) = "C p'q""" where g=1-p
Mean of X is np
Hypothesis testing for the mean of a Normal distribution
_ 2 X—u
If X ~ N(u,0?) then X ~ N|z,%~| and ~N(0,1
(0% hen X~ N[ 2 ama X (0.1
Percentage points of the Normal distribution
p 10 5 2 1
1 1
¢ | 1645 | 1960 | 2326 | 2.576 2% 2%
1 Z -
Kinematics
Motion in a straight line Motion in two dimensions
v=u+tat v=u+at
s =ut+3ar’ s =ut+3ar’
s=2u+v)t s=1(utv)r

2 2
v =u"+2as

1.2 . 1.2
s = vt—5at s = vi—zat
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Fig. 1 shows the probability distribution of the discrete random variable X.

4

Answer all the questions

Section A (22 marks)

X 1

2 3

4

5

PX=x)| 02

0.1 k

2k

4k

Fig. 1

(a) Find the value of k.

(b) Find P(X # 4).

dy

(a) Find e

Given that y = (x> +5) ',

(b) Hence find J48x (x> +5) .

data were collected over a number of months.

Time in hours,

(a) Calculate an estimate of the mean time per day that Lorraine spent answering e-mails over this

[1]

period.

(b) Explain why your answer to part (a) is an estimate.

When Lorraine accepted her job, she was told that the mean time per day spent answering e-mails

would not be more than 3 hours.

(¢) Determine whether, according to the data in Fig. 3, it is possible that the mean time per day

[1]

Lorraine spends answering e-mails is in fact more than 3 hours.

©OCR 2019
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p 0<r<1|1<r<22<t<3|13<1<414<1t<6|/6<1<8
Number of 28 36 12 31 24 12
days

Fig. 3

[2]
[2]

[2]
[2]

Fig. 3 shows the time Lorraine spent in hours, ¢, answering e-mails during the working day. The

[1]
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4  Fig. 4 shows the graph of y = v 1+x°.

»
>

N

-1 -05 91 o5 1

Fig. 4
(a) Use the trapezium rule with 4 = 0.5 to find an estimate of J Vv 1+x"dx, giving your answer
-1

correct to 6 decimal places. [3]

(b) State whether your answer to part (a) is an under-estimate or an over-estimate, justifying your

[1]

ansSwer.

S Fig. 5 shows the number of times that students at a sixth form college visited a recreational
mathematics website during the first week of the summer term.

Number of visits to website 0 1 2 3 4 5
Number of students 24 38 17 12 4 2
Fig. 5
(a) State the value of the mid-range of the data. [1]
(b) Describe the shape of the distribution. [1]
(c) State the value of the mode. [1]
6 Find J3—%1nxdx. [4]
X
Turn over
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Answer all the questions
Section B (78 marks)
The area of a sector of a circle is 36.288cm?. The angle of the sector is 0 radians and the radius of
the circle is rcm.
(a) Find an expression for 6 in terms of r. [1]

The perimeter of the sector is 24.48cm.

(b) Show that 6 = 228 o, [1]
(c) Find the possible values of r. [3]

A team called “The Educated Guess” enter a weekly quiz. If they win the quiz in a particular week,
the probability that they will win the following week is 0.4, but if they do not win, the probability
that they will win the following week is 0.2.

In week 4 The Educated Guess won the quiz.

(a) Calculate the probability that The Educated Guess will win the quiz in week 6. [3]
Every week the same 20 quiz teams, each with 6 members, take part in a quiz. Every member of
every team buys a raffle ticket. Five winning tickets are drawn randomly, without replacement. Alf,
who is a member of one of the teams, takes part every week.

(b) Calculate the probability that, in a randomly chosen week, Alf wins a raffle prize. [2]

(¢) Find the smallest number of weeks after which it will be 95% certain that Alf has won at least

one raffle prize. [4]

You are given that
f(x) =2x+3 for x <0 and
g(x) =x*—2x+1 forx> 1.

(a) Find gf (x), stating the domain. [3]
(b) State the range of gf(x). [1]
(¢) Find (gf)™" (x). [51]
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10 Club 65-80 Holidays fly jets between Liverpool and Magaluf. Over a long period of time records
show that half of the flights from Liverpool to Magaluf take less than 153 minutes and 5% of the
flights take more than 183 minutes.

An operations manager believes that flight times from Liverpool to Magaluf may be modelled by
the Normal distribution.

(a) Use the information above to write down the mean time the operations manager will use in his
Normal model for flight times from Liverpool to Magaluf. [1]

(b) Use the information above to find the standard deviation the operations manager will use in
his Normal model for flight times from Liverpool to Magaluf, giving your answer correct to 1
decimal place. [3]

(c) Data is available for 452 flights. A flight time of under 2 hours was recorded in 16 of these
flights. Use your answers to parts (a) and (b) to determine whether the model is consistent
with this data. [3]

The operations manager suspects that the mean time for the journey from Magaluf to Liverpool is
less than from Liverpool to Magaluf. He collects a random sample of 24 flight times from Magaluf
to Liverpool. He finds that the mean flight time is 143.6 minutes.

(d) Use the Normal model used in part (c¢) to conduct a hypothesis test to determine whether there
is evidence at the 1% level to suggest that the mean flight time from Magaluf to Liverpool is

less than the mean flight time from Liverpool to Magaluf. [7]

(e) Identify two ways in which the Normal model for flight times from Liverpool to Magaluf
might be adapted to provide a better model for the flight times from Magaluf to Liverpool. [2]
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11 Fig. 11 shows the graph of y = x* —4x+xIn.x.

y
A
8
I
6 |
4 f
I
2 {
/ > X
ON2 /a6
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4
Fig. 11

(a) Show that the x-coordinate of the stationary point on the curve may be found from the equation
2x—3+Inx = 0. [4]

(b) Use an iterative method to find the x-coordinate of the stationary point on the curve
y = x* —4x+xInx, giving your answer correct to 4 decimal places. [4]

12 The jaguar is a species of big cat native to South America. Records show that 6% of jaguars are
born with black coats. Jaguars with black coats are known as black panthers. Due to deforestation
a population of jaguars has become isolated in part of the Amazon basin. Researchers believe that
the percentage of black panthers may not be 6% in this population.

(a) Find the minimum sample size needed to conduct a two-tailed test to determine whether there
is any evidence at the 5% level to suggest that the percentage of black panthers is not 6%. [3]

A research team identifies 70 possible sites for monitoring the jaguars remotely. 30 of these sites
are randomly selected and cameras are installed. 83 different jaguars are filmed during the evidence
gathering period. The team finds that 10 of the jaguars are black panthers.

(b) Conduct a hypothesis test to determine whether the information gathered by the research team

provides any evidence at the 5% level to suggest that the percentage of black panthers in this
population is not 6%. [7]
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13 The population of Melchester is 185207. During a nationwide flu epidemic the number of new
cases in Melchester are recorded each day. The results from the first three days are shown in Fig. 13.

Day 1 2 3

Number of new cases 8 24 72

Fig. 13
A doctor notices that the numbers of new cases on successive days are in geometric progression.
(a) Find the common ratio for this geometric progression. [1]
The doctor uses this geometric progression to model the number of new cases of flu in Melchester.
(b) According to the model, how many new cases will there be on day 5? [1]

(c) Find a formula for the total number of cases from day 1 to day » inclusive according to this
model, simplifying your answer. [1]

(d) Determine the maximum number of days for which the model could be viable in Melchester.

[3]

(e) State, with a reason, whether it is likely that the model will be viable for the number of days
found in part (d). [1]
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14 The pre-release material includes data concerning crude death rates in different countries of the
world. Fig. 14.1 shows some information concerning crude death rates in countries in Europe and

in Africa.
Europe Africa
n 48 56
minimum 6.28 3.58
lower quartile 8.50 7.31
median 9.53 8.71
upper quartile 11.41 11.93
maximum 14.46 14.89
Fig. 14.1
(a) Use your knowledge of the large data set to suggest a reason why the statistics in Fig. 14.1
refer to only 48 of the 51 European countries. [1]
(b) Use the information in Fig. 14.1 to show that there are no outliers in either data set. [3]

The crude death rate in Libya is recorded as 3.58 and the population of Libya is recorded as
6411776.

(c) Calculate an estimate of the number of deaths in Libya in a year. [1]

The median age in Germany is 46.5 and the crude death rate is 11.42. The median age in Cyprus is
36.1 and the crude death rate is 6.62.

(d) Explain why a country like Germany, with a higher median age than Cyprus, might also be
expected to have a higher crude death rate than Cyprus. [1]

Fig. 14.2 shows a scatter diagram of median age against crude death rate for countries in Africa and
Fig. 14.3 shows a scatter diagram of median age against crude death rate for countries in Europe.
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Fig. 14.2
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Fig. 14.3
The rank correlation coefficient for the data shown in Fig. 14.2 is —0.281206.
The rank correlation coefficient for the data shown in Fig. 14.3 is 0.335215.
(e) Compare and contrast what may be inferred about the relationship between median age and
crude death rate in countries in Africa and in countries in Europe. [2]
15 You must show detailed reasoning in this question.

The screenshot in Fig. 15 shows the probability distribution for the continuous random variable X,
where X ~ N (4, 0'2).

20 25 30 35 40 45 50

Fig. 15
The distribution is symmetrical about the line x = 35 and there is a point of inflection at x = 31.

Fifty independent readings of X are made. Show that the probability that at least 45 of these
readings are between 30 and 40 is less than 0.05. [6]

END OF QUESTION PAPER
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