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A-level
FURTHER MATHEMATICS
Paper 3 Statistics M 0 DE L A N\S N ERS

Thursday 13 June 2019 Afternoon Time allowed: 2 hours
Materials For Examiner’s Use
¢ You must have the AQA formulae and statistical tables booklet for A-level

Mathematics and A-level Further Mathematics. Question Mark
¢ You should have a scientific calculator that meets the requirements of the

specification. (You may use a graphical calculator.) 1
¢ You must ensure you have the other optional Question Paper/Answer Book 2

for which you are entered (either Discrete or Mechanics). You will have

2 hours to complete both papers. 3
Instructions 4
e Use black ink or black ball-point pen. Pencil should only be used for drawing. 5
e Fill in the boxes at the top of this page.
e Answer all questions. 6
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). 8
e Do not write outside the box around each page. TOTAL

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 50.

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.

1 The discrete random variable X has Var(X) =5

Find Var (4X — 3) VM’ (0\)( \0) a VW' (x)
Circle your answer. Ll' % 5 - be 5 = 5 0 [1 mark]
17 20 7

2 Amy takes a sample of size 50 from a normal distribution with mean y and
variance 16

She conducts a hypothesis test with hypotheses:

Ho:u =52

Hqy:p>52
She rejects the null hypothesis if her sample has a mean greater than 53
The actual population mean is 53.5

Find the probability that Amy makes a Type II error.

\—> false no.sahve
N?/ 52 but p(Sg [1 mark]

0.4% 3.9% 18.9% 45.0%
sample | ~N(w, )
\\ this case, o~ N (535

Circle your answer.

'50)
P(¢53)= 1807
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3 Alan’s journey time to work can be modelled by a normal distribution with standard box

deviation 6 minutes.

Alan measures the journey time to work for a random sample of 5 journeys. The
mean of the 5 journey times is 36 minutes.

3 (a) Construct a 95% confidence interval for Alan’s mean journey time to work, giving your
values to one decimal place.

A5 confidence intevval =2 =9b
N 10350935

0 3+2|T = 26t 19yl v normal (0:475)
LA No =T 9%
3

[2 marks]

3 (b) Alan claims that his mean journey time to work is 30 minutes.

State, with a reason, whether or not the confidence interval found in part (a) supports
Alan’s claim.

[1 mark]

30 minutes is outside the conlidence interval, so

Alan's claim isn' suppotted

3 (c) Suppose that the standard deviation is not known but a sample standard deviation is
found from Alan’s sample and calculated to be 6

Explain how the working in part (a) would change.
[1 mark]

ot distnbution will be wsed, not & hormal
distribwhon

Turn over p
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4 A random variable X has a rectangular distribution. box

The mean of X is 3 and the variance of X is 3
4 (a) Determine the probability density function of X.

Fully justify your answer.
L(x’ [5 marks]

\ fira rectangulo distribution, E(¢)=3 ()

b-a s6 2(atb)=3 R
o V)= 5 (b-0)" g g (b-o)"=3

atb=b = azb-b
sub in: 5 (b-b+b)™=3
(2b-b) =3b
Yph*-24b+3b=3%b
b(kb-2%)=0
—b=b ora=0
Qtb=b 0 if b=, =0 £
Vice, Versm

0 4
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4 (b) A 6 metre clothes line is connected between the point P on one building and the point
Q on a second building.

Roy is concerned the clothes line may break. He uses the random variable X to
model the distance in metres from P where the clothes line breaks.

4 (b) (i) State a criticism of Roy’s model.
[1 mark]

1S W for n enath ine. but
line is Move lihe,\g to brepk in the middle.

4 (b) (ii) On the axes below, sketch the probability density function for an alternative model for
the clothes line.

[1 mark]
f(X) A

¥

b
More |; Iul\ﬁ v break. in middle = C(x) hiﬂ\nu

Otherwise, PAL is Symmetrical .

Turn over for the next question

=Y

Turn over p
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5 An insurance company models the claims it pays out in pounds (£) with a random box

variable X which has probability density function

k
- 1<x<a
f(x)=<( X
0 otherwise
5 (a) The median claim is £200
1
Show that &k =
2
2In200 200 [3 marks]
median=>P=05 | Bix=08
Ml\-llfoﬁ

= [elnd =05

k1n200 = 0-5

_05 \
%R\ﬁﬁb—rﬁlﬂ)

ll

5 (b) Find P(X < 2000), giving your answer to three significant figures.
‘2-600 [2 marks]

using value Cor la ‘ obc OTH?
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Jun19/7367/3S



5 (c)

07

PhysicsAndMathsTutor.com

7

Do not write

tside th
The insurance company finds that the maximum possible claim is £2000 and they o

decide to refine their probability density function.

Suggest how this could be done.
[2 marks]

Mmax claim 000, claim con't be <0 bN-2ero
range (JorC(JH is 1K X<2000-i-e, set &a=2000.

change R s6 that P(X<2000)=1 (as itis impossible

Cor daum 1 exceed 2000)

Turn over for the next question

Turn over p
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6 During August, 102 candidates took their driving test at centre A and 60 passed. box
During the same month, 110 candidates took their driving test at centre B and
80 passed.
6 (a) Test whether the driving test result is independent of the driving test centre using the

5% level of significance.
[8 marks]

| State h\wo+heses
H,: there |5 no association between he dmllm test centre

X the result
H, there is an association between e fest resul+ &
e ntre
2. Write out observed toble
O | Pass il |
E 0 [ 42 | (02
g0 | 30 {110
bl | 140 | F2-| 212

3. Calculate expected Values \Asma fradions of fofals

E[ Pass Cai
A B maxm =03y | 22102 =24
140x110 =37 6 T2y 110 =334

4 calculate Y- test statistic. -modulus (lotes correction
= ([60-62-41-05)", (ls2-3¢b[-05)"

b;l b 3kb
0-22:6[-05) , (|30-334(-05)"= -0
31-b A

5. calcwlate critical va\ue&mahe conclusion
do-f.=(2-1)(2-1)=1 = 'X,, W23t k0>3 8t .- reject

Hy0s there is suificient evidence th suggest that driving test resut
e not independent:

0 8
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6 During August, 102 candidates took their driving test at centre A and 60 passed. box
During the same month, 110 candidates took their driving test at centre B and
80 passed.
6 (a) Test whether the driving test result is independent of the driving test centre using the

5% level of significance.
[8 marks]

| State h\wo+heses
H,: there |5 no association between he dmllm test centre

X the result
H, there is an association between e fest resul+ &
e ntre
2. Write out observed toble
O | Pass il |
E 0 [ 42 | (02
g0 | 30 {110
bl | 140 | F2-| 212

3. Calculate expected Values \Asma fradions of fofals

E[ Pass Cai
A B maxm =03y | 22102 =24
140x110 =37 6 T2y 110 =334

4 calculate Y- test statistic. -modulus (lotes correction
= (160-b7-41-05)", (l42-3¢bl-05)"

b;l b 3kb
0-226[-0-5)" , (130-334 |- 05)°= 4.0
32-b 24y

5. calcwlate critical va\ue&mahe conclusion
do-f.=(2-1)(2-1)=1 = 'X,, W23t k0>3 8t .- reject

Hy0s there is suificient evidence th suggest that driving test resut
e not independent:

0 8
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6 (b) Rebecca claims that if the result of the test in part (a) is to reject the null hypothesis box
then it is easier to pass a driving test at centre B than centre A.

State, with a reason, whether or not you agree with Rebecca’s claim.
[1 mark]

il ien't evidenc s claim, &S

Turn over for the next question

Turn over p
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A shopkeeper sells chocolate bars which are described by the manufacturer as having
an average mass of 45 grams.

The shopkeeper claims that the mass of the chocolate bars, X grams, is getting
smaller on average.

A random sample of 6 chocolate bars is taken and their masses in grams are
measured. The results are

Y x=246 and ) x?=10198
Investigate the shopkeeper’s claim using the 5% level of significance.

State any assumptions that you make.

[9 marks]
| stote hypotheses HyM=45 , H,'M<tS
2. State assumption for a t-test
We ass be modelle no
3. Calculate sample values for t-test
Y= ZX = b
n
s*= = (z¢ &Y = = (i0123- Z*)
= n b1 &

t Calculote t-test statistic
t=2XM = 4|-45 = -2.07F
=
4] \ B

5. £find critical value & make conclusion
t @ 151 = 2-015
conCidence level
-2:0#<-2-015 .. reject H, as ther is sufficient

alidence. to support the claim thot the massof
chowlate bars s gemm lialnfer
N J
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Turn over for the next question

Turn over p
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8 The number of telephone calls received by an office can be modelled by a Poisson o

distribution with mean 3 calls per 10 minutes.

8 (a) Find the probability that:

8 (a) (i) the office receives exactly 2 calls in 10 minutes;

[1 mark]
X~ s (3)
P(X=2)=0-224
8 (a) (i) the office receives more than 30 calls in an hour.
[3 marks]
2 calls /10 ming = xb => |8 calls/ hour
Y~ 0(14)
P(y>30)=P(Y231)
=I1-P(Y=30)
= 00033
8 (b)  The office manager splits an hour into 6 periods of 10 minutes and records the

number of telephone calls received in each of the 10 minute periods.

Find the probability that the office receives exactly 2 calls in a 10 minute period
exactly twice within an hour.

[3 marks]
constant probabilify in each 10min perod => Can
model as binomial distribution, using value in () (i)
C~B(b,0-22¢)

oxb
= | hour

Pc=2) -‘-(‘.';._‘ x 0224« (1-0-224)"
=0-223
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8 (c) The office has just received a call.

8 (c) (i) Find the probability that the next call is received more than 10 minutes later.
[3 marks]

exponential distribution = T~ exp(3)
P(T>1)=*"
=0-0498

8 (c) (ii) Mahah arrives at the office 5 minutes after the last call was received.

State the probability that the next call received by the office is received more than
10 minutes later.

Explain your answer.
[2 marks]

P=0-0448 fram (c) (ii). te_ dishibution
IS memoryless, SO the probability calculated is

nafected iMe pa since the last call.

END OF QUESTIONS
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There are no questions printed on this page
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