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FURTHER MATHEMATICS

Paper 2 Statistics

Thursday 16 May 2019 Afternoon Time allowed: 1 hour 30 minutes

Materials o For Examiner’s Use
e You must have the AQA formulae and statistical tables booklet for A-level
Mathematics and A-level Further Mathematics. Question Mark

e You should have a scientific calculator that meets the requirements of the
specification. (You may use a graphical calculator.)

e You must ensure you have the other optional Question Paper/Answer Book

for which you are entered (either Discrete or Mechanics). You will have
1 hour 30 minutes to complete both papers.

Instructions

e Use black ink or black ball-point pen. Pencil should only be used for drawing.

Fill in the boxes at the top of this page.
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e Answer all questions.
e You must answer each question in the space provided for that question. 7

If you require extra space for your answer(s), use the lined pages at the end of
this book. Write the question number against your answer(s). TOTAL

e Do not write outside the box around each page.
e Show all necessary working; otherwise marks for method may be lost.
e Do all rough work in this book. Cross through any work you do not want to be marked.

Information
e The marks for questions are shown in brackets.
e The maximum mark for this paper is 40.

Advice
e Unless stated otherwise, you may quote formulae, without proof, from the booklet.
e You do not necessarily need to use all the space provided.
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Answer all questions in the spaces provided.

The discrete random variable X has the following probability distribution function

5—x
PX=x)=¢ 10
0 otherwise

x=1,2,3,4

PR S non-zers valwes: X=3 %
Circle your answer. P(XZS) -53, g:sq- =§_0_
10 ' |
0.1 0.15 0.2

[1 mark]

A binomial hypothesis test was carried out at the 5% level of significance with the
hypotheses

Hop:p=0.6
H1 p> 0.6
A sample of size 30 was used to carry out the test.

Find the probability that a Type I error was made.
Circle your answer. SWSQ POS”’WQ = P=0-b but
P<o.°5 [1 mark]

4.8% 5.0% 9.4%
X~ B(20,0)
Use calculator to (:md Livet p(bbab“ﬂ'M(b-()S
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3 Fiona is studying the heights of corn plants on a farm. box

She measures the height, xcm, of a random sample of 200 corn plants on the farm.

The summarised results are as follows:

x=60255 and ¥ —X)2 = 995
> > (x—%)

Calculate a 96% confidence interval for the population mean of heights of corn plants
on the farm, giving your values to one decimal place.

X = 2X = {0255 = 301235
Al 200

ST =Z-X=q95=5  (5-15)
Nn-\ 149

[5 marks]

L standard normal
Sample ~N(301-235,5) 2~N(o,1)

conbidence inYerval Ab/., Critical value = 236%1 =9 9g
2

Inverse 2~ N(0,1) for 0-98 = 2-054= 3

_ e 5
= Yt 1&—';\— = 301235t 205

= (301-0, 301 b)

Turn over for the next question
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4 The continuous random variable X has probability density function o
f(x){g“g(12xx2x3) 0<x<3
0 otherwise
4(a) Find P(X >1) conly non-2ero Values
ll' 3 [3 marks]
P(x>1)= (F(X = 24 2w *)dx
S
. 3
=1 (2 x_x'
i e [ T S S "
= ¥ (4(q)- «2_?: 8 (1) 4 048"
NN R 1 3 &
[, -
%—=3
=232
29t
4, 10
4 (b)  Show that E(X ™) = -
[3 marks]

0 4
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4 (c) Find E2X 1 - 3) box

[2 marks]
E(aY+bl=aE(Y)tb
so E(2X™3)=2E(X")-3
=2x 2 -3
W— part(b)

—-18
i

Turn over for the next question

Turn over »

05

Jun19/7366/2S



6

5 The discrete random variable X has the following probability distribution function

1 x=12,..,n

PX=x)=<n

0 otherwise

5 (a) (i) Prove that E(X) =" 21
n [3 marks]
x - n - n .)(.
X=1 ! =1

(com take owtside sum - W iS constant

g standard Yesult
Sy=20+n =>E(X)= ‘%—(HN = N+

A pa

n? -1

5 (a) (ii) Prove that Var(X) = —

[4 marks]

Var (X) = EOC)-(E( XI) SO We. heed t Gind E(C)

2X =‘b'n(f\+|)(_2n+l) by standard result

X=t

> B = "_‘gﬂ")(m“) = (nt1)(2n+1)
b

Var(X) = (V\nglm ( \ 2N 3041 _ 420+

2
‘°.x2-__ ¥ X3
Z 3
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5 (b)

= U +hn+2-3n'-bn-3

A

State two conditions under which a discrete uniform distribution can be used to model

the score when a cubic dice is rolled.

N\ b sides

diceis unbiased (So each score has equal

[2 marks]

proba b It )

the dice (s pumbered [h b

07

Turn over »
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6 (a)

6 (b)

0 8

A company owns two machines, A and B, which make toys. Both machines run
continuously and independently.

Machine A makes an average of 2 errors per hour.

Using a Poisson model, find the probability that the machine makes exactly 5 errors in
4 hours, giving your answer to three significant figures.

[2 marks]

2 ervors /hour = 2xlr ervors in & hwrs

X~ Po(8)

P(X=5)=0'0q|b using calculator
(3s¢)

Machine B makes an average of 5 errors per hour. Both machines are switched on
and run for 1 hour.

The company finds the probability that the total number of errors made by machines A
and B in 1 hour is greater than 8.

If the probability is greater than 0.4, a new machine will be purchased.
Using a Poisson model, determine whether or not the toy company will purchase a

new machine.
[3 marks]

A:2,B:5 > F et /hour average

X+Y~Po(#)

PiX+¥>3)=0-2%F by calculator

s probabilifu is <40/ s0 ont
hew machine
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6 (c) After investigation, the standard deviation of errors made by machine A is found to be box
0.5 errors per hour and the standard deviation of errors made by machine B is also
found to be 0.5 errors per hour.

Explain whether or not the use of Poisson models in parts (a) and (b) is appropriate.

[2 marks]
variance =05 =:0:25

for o Paisson distribution, Mean=variance , but 4,=2
& 7\5: 5, which #0-25 Hm‘e(_:bre, o Phisson

distribulion is net appropriate.

Turn over for the next question

Turn over »
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10
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Mohammed is conducting a medical trial to study the effect of two drugs, A and B, on
the amount of time it takes to recover from a particular iliness.

Drug A is used by one group of 60 patients and drug B is used by a second group of
60 patients.

The results are summarised in the table:

Recovery time
1 week 2 weeks | 3 weeks Total
A 36 19 5 60
Drug B 21 24 15 60
Total 57 43 20 120

Mohammed claims that there is an association between recovery time and drug used.

Investigate Mohammed’s claim using the 1% level of significance.
[7 marks]

. Stote yows hypotheses
H,: there is no association between recovery tie & drug
used
H,* there is an association befineen recovery time & dryg
used
2. £ind_expected Values wing fractions of totals

El | 2 | 3
Al rZr120=26 5| t3160 - 55| 0¥ 20 =
120 120
B (90.554_235 4%}?0___,1'_5 60x20 -10
20 Y20 10

3. Calculote K- test stotistic

Z(o EJ -(36-285 265)+(M 215)° +(5-|o)+(
E 285 215 0 "“'3
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+ (_7.%—-7.!-5)24- (l5-l0)’
21-5 10

=953

————

4. find cntical value Cor degrees of Creedom of g

d-0.£-=(3-\)x(2-1)=2
.= 9210

&,V'Vi]

A:5329-210 - reject H, , there is swfident
evi to st rewve
% drug used are not independent.

7 (b) Interpret any association between recovery time and the drug used.
[2 marks]

t sources [ahion (bqu¢$+ (0-E)")
are_ A L3 weeks & B/3 weeks - for eacb\ €
©-€)"= 2:5. fewer people than expected have o recovery
E_ time of 3 weeks when taking drug A.
7"
L||'ML o conteyd

END OF QUESTIONS
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There are no questions printed on this page

DO NOT WRITE /ON THIS PAGE
ANSWER IN THE /SPACES PROVIDED
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Question Additional page, if required.
number Write the question numbers in the left-hand margin.
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Question Additional page, if required.
number Write the question numbers in the left-hand margin.
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Question Additional page, if required.
number Write the question numbers in the left-hand margin.
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Question
number

Additional page, if required.
Write the question numbers in the left-hand margin.

Copyright information

For confidentiality purposes, from the November 2015 examination series, acknowledgements of third-party copyright material are
published in a separate booklet rather than including them on the examination paper or support materials. This booklet is published
after each examination series and is available for free download from www.aqga.org.uk after the live examination series.

Permission to reproduce all copyright material has been applied for. In some cases, efforts to contact copyright-holders may have
been unsuccessful and AQA will be happy to rectify any omissions of acknowledgements. If you have any queries please contact the
Copyright Team, AQA, Stag Hill House, Guildford, GU2 7XJ.

Copyright © 2019 AQA and its licensors. All rights reserved.
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