® Check your answers if you have time at the end. Turn over
P62683A @
©2020 Pearson Education Ltd.
1 P62 6 8 3 A0 1 1 2 Pearson

Model Solutions

Please check the examination details below before entering your candidate information A
(Candidate surname Other names
Centre Number Candidate Number
Pearson Edexcel
Level 3 GCE
( )
Thursday 14 May 2020
\_ J
[ Afternoon Paper Reference 8FMO0/23 h
Further Mathematics
Advanced Subsidiary
Further Mathematics options
23: Further Statistics 1
_ (Part of options B, E, F and G) J
( You must have: Total Marks
Mathematical Formulae and Statistical Tables (Green), calculator
(_\ D

Candidates may use any calculator allowed by Pearson regulations. Calculators
must not have the facility for symbolic algebra manipulation, differentiation
and integration, or have retrievable mathematical formulae stored in them.

Instructions

® Use black ink or ball-point pen.

® If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).

® Fill in the boxes at the top of this page with your name,
centre number and candidate number.

® Answer all questions and ensure that your answers to parts of questions are clearly
labelled.

® Answer the questions in the spaces provided
— there may be more space than you need.

® You should show sufficient working to make your methods clear. Answers without
working may not gain full credit.

® \alues from the statistical tables should be quoted in full. If a calculator is used
instead of the tables, the value should be given to an equivalent degree of accuracy.

® Inexact answers should be given to three significant figures unless otherwise stated.

Information
® A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.
® The total mark for this part of the examination is 40. There are 4 questions.
® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.

Advice
® Read each question carefully before you start to answer it.
® Try to answer every question.

PhysicsAndMathsTutor.com



PhysicsAndMathsTutor.com

1. A plumbing company receives call-outs during the working day at an average rate of
2.4 per hour.

(a) Find the probability that the company receives exactly 7 call-outs in a randomly
selected 3-hour period of a working day.

(2)
The company has enough staff to respond to 28 call-outs in an 8-hour working day.
(b) Show that the probability that the company receives more than 28 call-outs in a
randomly selected 8-hour working day is 0.022 to 3 decimal places.
2
In a random sample of 100 working days each of 8 hours,
(c) (1) find the expected number of days that the company receives more than
28 call-outs,
(1)

(i1) find the standard deviation of the number of days that the company receives more
than 28 call-outs,

2)

(ii1) use a Poisson approximation to estimate the probability that the company receives
more than 28 call-outs on at least 6 of these days.

€))
@) Let X loe e averoge rate Of Cal-outs reCe\ed
pev Nours.
X~Po(2.4x3)
X~Po (2.2
P{K-.:?-') = 0.14%0 (q-dp) (Uém the colculator to
Scwve hme w the exam)

D) LetY le e averoop wxte of cal-outs recewed
Pe¥ B voumrs.
Y~Po(9.:4x8)
Y~ Po(19.2)
P(Y>28)= \-P(¥428)= 1-0.9780
= 0.0220 (4dp)

C\) E(z)=np = 100 0.0220
=2.20 (3s50)

cii) Var(2) = 02 = apli-p)
o = Inp(1-P) = {(100x0-0226)(; - 0.0220)
=1.a3 (3sf)
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Question 1 continued
ciwn) 2z ~8(100, 0.0220

2~ Po (100X 0.0220) 7~ P (np)
2~Po(2.2)

P(z720) = - P(z<5)

1—0.-935|
0.0249  (udp)

(Total for Question 1 is 10 marks)
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2. In an experiment, James flips a coin 3 times and records the number of heads. He carries
out the experiment 100 times with his left hand and 100 times with his right hand.

Number of heads
0 1 2 3 Total _
Left hand 7 29 42 22 - X-
Right hand 13 ’35 36 16 100
-Jo ta\ 20 ot =g .Y

(a) Test, at the 5% level of significance, whether or not there is an association between
the hand he flips the coin with and the number of heads.

You should state your hypotheses, the degrees of freedom and the critical value used

for this test.

(7)

(b) Assuming the coin is unbiased, write down the distribution of the number of heads in

(c) Carry outa x ’ test, at the 10% level of significance, to test whether or not the
distribution you wrote down in part (b) is a suitable model for the number of heads

o)

H,:

3 flips.

obtained in the 200 trials of James’ experiment.

1)

You should state your hypotheses, the degrees of freedom and the critical value used

for this test.

Ho -

Nand and the number of heads.

there

nand and e numbetr of heads .

(7

There 1S no assouation between the

1S an oSSociobworn between bnae

O

29

H2

13

35

36

16

20x100 |ourioe | #8A100 |asxico |20x100 |o4x00 | Z3x 100 | 3B X100
EU 200 200 2006 200 | Zoo 200 200 200
|(g“ -&)Y o-#)* (32- 22)*
10 32 0-473
€. 0.230... l[ouzz. | 0.4 0.2%)...]0.230..
=09 |:0.23.
4
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Question 2 continued

z(oa_e) 3 3%

Degrees of freedom = (v-13(u-)
= (4-v(2-1)
= 2
')C’_,j (0-05) = 7.815 (Reod from 1me foble in
your equation booklet)

As 2.F%#| < 2.8I1S

do not refect . There S iNsufFficent euvidence

to suggest an assoCiation between the hand (lipping
e coin and the numotr of head.

b) Let X be the timeS tme con landson weads 1n 3 bosses.
X~8(3,0.5)

c) K- )("'5(5.0'5) 1S o suilnble model .
H. : X“'B(!uO-S) IS notl a sutnble model.

_p )2
nodk| 0. | e (o &)
o 200 % P(X=0) l
o |22 |45 ;
[ 64 =25 1.613
200 K =
1 +8 z:e?-ﬁ'sfa-s) O-1 2
3 3s = 25 . 26
(0i ~€)°, Dearee of freedom =
S = a.4q3 3’_'__. 20
[ B

As Q.443 7 6.25) X% (0.1) = 6.25)

Reject Ho . SufFicient
cvdence to suggest that

B(S, (o) .5) 1S nOt a Suttable mode). (Total for Question 2 is 15 marks)

5
RN 00 0 —
P 6 2 6 8 3 A 0 &5 1 2

Turn over



PhysicsAndMathsTutor.com

3. The probability distribution of the discrete random variable X is

forx=1,2and 3

X
m
P(X=x)=y— forx=6and9
2x
0 otherwise
where k and m are positive constants.
Given that E(X) = 3.8, find Var(X)
(7)
. ™ m_ =
Zie=1 DKy £ +3 2 e
(T3 Sm —
< '3 "' D GobktSm=30 ©

ElX) =38 = e+r5@+%(3) M () +M(q) =38
A+ M=3 8 - @

O-5x @

0K +5m — (1SKk +5m)= 36 -9

Sl = |I# '4
= L - 1
74 3 Y= c

E(x®) = (DK + ()5 + @) 5 + (A3 (%%

= 23
Vor [X) = E(x?) -ELX)*
= 23 - 3.82

= 8.50 (3sF)

P 6 2 6 8 3 A0 6 1 2



PhysicsAndMathsTutor.com

Question 3 continued
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Question 3 continued
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(Total for Question 3 is 7 marks)
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Question 3 continued
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. During the morning, the number of cyclists passing a particular point on a cycle path in
a 10-minute interval travelling eastbound can be modelled by a Poisson distribution with
mean 8

The number of cyclists passing the same point in a 10-minute interval travelling
westbound can be modelled by a Poisson distribution with mean 3

(a) Suggest a model for the total number of cyclists passing the point on the cycle path in
a 10-minute interval, stating a necessary assumption.

2
Given that exactly 12 cyclists pass the point in a 10-minute interval,

(b) find the probability that at least 11 are travelling eastbound.
3)

After some roadworks were completed, the total number of cyclists passing the point in a
randomly selected 20-minute interval one morning is found to be 14

(c) Test, at the 5% level of significance, whether there is evidence of a decrease in the
rate of cyclists passing the point.
State your hypotheses clearly.

3)
0) let X be vamper of CYWsts in & 10 -minut-c
nterval  praverlng eastoound.

et Y be viamper g CYAWSEs im o 10 -mnut<
witerval bvave\(u\f’ WeESHIoUNA

X~ Po

Y~ Po
The iumbper of sts
X+Y ~ Po ( 8+3) travellu easblomol IS

Xx+Y ~B(N) idependient of the numiev
of CYCIStS howcllmﬂ wexbound.

By P(x=n)xP(¥y=1) + P(X=12) x PQ(-':o)
P(k+Y=12)

T lo.1204 (udp)

10
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Question 4 continued

) let 2 be iumuey of ychsts in a 26 -mnut<
ntevval  bravelling eastiound.
let \w be viumbpey Ogd\SbS M & 20 -Mmmnmut-—c

\ntevrval  Lya ve\(u\a westioound .

ZAW " Po{lmb) Zz ""Pof‘&)\’?_)
2Z YW~ (‘ZL) w~ P (3x2)
"'\o " =22

w2

P(‘a—i-w 14) = 0.048

© 048 <0.05

so reject Ho as tnere s sufficievit eundence o
suggcst there 1s endence that the vate of gyclists
has decreased.

1
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Question 4 continued
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(Total for Question 4 is 8 marks)

TOTAL FOR FURTHER STATISTICS 1 IS 40 MARKS
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