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. The number of customers entering Jeff’s supermarket each morning follows a Poisson
distribution.

Past information shows that customers enter at an average rate of 2 every 5 minutes.
Using this information,

(a) (1) find the probability that exactly 26 customers enter Jeff’s supermarket during a
randomly selected 1-hour period one morning,

2

(i1) find the probability that at least 21 customers enter Jeff’s supermarket during a
randomly selected 1-hour period one morning.

2

A rival supermarket is opened nearby. Following its opening, the number of customers
entering Jeff’s supermarket over a randomly selected 40-minute period is found to be 10

77005

(b) Test, at the 5% significance level, whether or not there is evidence of a decrease in
the rate of customers entering Jeff’s supermarket. State your hypotheses clearly.

C))

A further randomly selected 20-minute period is observed and the hypothesis test is repeated.
Given that the true rate of customers entering Jeff’s supermarket is now 1 every 5 minutes,

(c) calculate the probability of a Type II error.
)

@ A=2 ey D mns

At Time (mins) A= 24 evory |- wouwr Eu‘wc\
2L 1 Let X= wno. 0f custowens

x2 ( ) x .
2% S X 9o (21

0 P(X=26) = 0.071412... ® p.oT1a  (w4dy)

[ p(x=20) = 0.07(4]

Gid ?(x>1\\ L- P(X £20) = (-0.24262...2 0.75134..% 0.151F
- P(X22) = 0.-7674 (4dp)

Cb.) /\ : TiMC [mins)
C ‘3 A= b evey 4O mins
)b lkl) S0 (16)
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Question 1 continued

o) Cowmvinued

Ho: A= (b
Hie A <Vb

e(Y el Yr %) = 0-0113%... %[0.0174 >0.05
Cven +\,.£’ik ("hlp)

J-Thaye i wok enoua\, afdonte Yo Sugoest a decreage  in MR YOKe o
Cusomes  eAkerving  JREE'S  Suplrmo ek
S Accege My <A = lb every 40 wiins.

€y A= elery D mimg

A:Time (mwns) A Time (minQ
It 5 2" ‘3
XQQ‘I:Z()))‘Q *’*() D
S AT U every 20 waivs A= % every 20 mins
LW P (4) L2008

© True Dighiboukion
VUsing 2 v0(D 40 fmd wiiat Yegion”
2(z<2): 0.01375... 20.05
P(z<3) = 0.0422%... £0.65
PEL4):0.09963 ... 20.05
< Onticy %;m i 2¢3,

Tv?g T Cwor  veqaives Has ?ro‘oo.!o\uhes not TR s (ki) ezaé,{u/\.
- U i not rldc.CkQ& when 2 2 4.

p(wWeeel wep, (1) = (- p(X £2) = 1- b 4334T.. 20.5(05 2. -

- 2(Type T gwvor) = ©.5665 (¥ap
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Question 1 continued
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(Total for Question 1 is 13 marks)
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Question 1 continued
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. The discrete random variables W, X and Y are distributed as follows

W~ B(10, 0.4) X ~Po(4) Y ~Po(3)
(a) Explain whether or not Po(4) would be a good approximation to B(10, 0.4)
(1)
(b) State the assumption required for X + Y to be distributed as Po(7)
(1)
Given the assumption in part (b) holds,
(c) find P(X + Y < Var(W))
(2)

(@) For poissom dishibwhin +o Vo o 9ood appovimaiion v
Yivoiod  diskwoukien , N mMust e \age  And  p mMust be Smadd-

- Po ("t\ x B(lo)D.q‘\ S W&t & zw’ a??\px'(m‘\m/\.

(b) X ond Y oust b tndegondenk for X t9 o he
dishibuted as  Po (7).

(€Y for bivomial dhibukien Uor(X) = wp(i- p)
Vaw (W) = (o) ((-0.4) = 2.%
et X+Y=%. . 2 ~ %(1)
Xty ¢ Var(W)) = P(X+Y 224
?(222)

0.-02%63...
% 0.0296 (4dp)

wou

- P(X" ¥ < \/o«(\»\\ = 0.0296
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. Suzanne and Jon are playing a game.
They put 4 red counters and 1 blue counter in a bag.

Suzanne reaches into the bag and selects one of the counters at random. If the counter
she selects is blue, she wins the game. Otherwise she puts it back in the bag and Jon
selects one at random. If the counter he selects is blue, he wins the game. Otherwise
he puts it back in the bag and they repeat this process until one of them selects the blue
counter.

(a) Find the probability that Suzanne selects the blue counter on her 4th selection.

(2)
(b) Find the probability that the blue counter is first selected on or after Jon’s third
selection.
(2)
(c) Find the mean and standard deviation of the number of selections made until the blue
counter is selected.
(2)
(d) Find the probability that Suzanne wins the game.
3)

(a) Totd wumkes = & + 1= 5
?vo\oa\o'u\.'ﬂ-j of & blur Couwter = 1 =0.2

5
et X = no. ¢ Selecron. .- X~heo(02)  (resmesic Diskioukion
Suzanne's 4M seuckon is e T™ seledion ovaeval.
PK=D) = (1-02) (02) = 0.05242... % v.0524 (Adp)
S PX=T) 7 0.0524
(b) Jon's 274 Setetkon is the (M seleckion  ovevodl.
P(X26) =1- P(Xx £58)=1-0.47232 = 0.32763%0.32717

(4dp
SP(X26) m0.3277
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(-03 i
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Question 3 continued
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. The discrete random variable X has the following probability distribution.

X -5 -2 3 4

1 1 1 1

P(X=x) — — — —
12 6 4 2

(a) Find Var(X)

3)
The discrete random variable Y is defined in terms of the discrete random variable X
When X is negative, ¥ = X?
When X is positive, ¥ =3X—2
(b) Find P(Y < 9)
3)
(¢) Find E(XY)
(2)

(@) Var(X)= E(X*) —€(X)*
176 ) J_B 2(1_) +3(.L)+ ‘r(q
B(X*) = (5)(J.)+c-z) (1 + 3 w (.L) = 13

“Nar (X) = 13- 2% =

q
(Io-\kx|’5\-2\3\‘*
3\25\ 4 V7 |0

CP(Y4q) s Plx=-2) *R(x=3) T Ley =5
6 4 (2

(cy EX1)= (-5)(25) I‘-Z) + (-1\(“\(%) + (%(73@‘_) +(ero)(41) =21

CE(XY) = ;;.l__ =13.5

12
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Question 4 continued
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A factory produces pins.

An engineer selects 40 independent random samples of 6 pins produced at the factory
and records the number of defective pins in each sample.

Number of defective pins 0 1 2 3 4 5 6
Observed frequency 19 | 11 7 2 0 1 0

(a) Show that the proportion of defective pins in the 40 samples is 0.15
(2)

The engineer suggests that the number of defective pins in a sample of 6 can be modelled
using a binomial distribution. Using the information from the sample above, a test is to
be carried out at the 10% significance level, to see whether the data are consistent with
the engineer’s suggested model.

The value of the test statistic for this test is 2.689 (v 0.

(b) Justifying the degrees of freedom used, carry out the test, at the 10% significance
level, to see whether the data are consistent with the engineer’s suggested model.
State your hypotheses clearly.

®)
The engineer later discovers that the previously recorded information was incorrect.
The data should have been as follows.
Number of defective pins 0 1 2 3 4 5 6
Observed frequency 19 | 11 6 3 1 0 0
(c) Describe the effect this would have on the value of the test statistic that should be
used for the hypothesis test.
Give reasons for your answer.
3)
@) 9= ofw) + () * 2(7) ¥ 3(2) *+4(0)+ S(D +6() = 3 = 0.5

b x40 20

- Propoction of Defeckine Pwns = 0.1

16
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Question 5 continued

(o) Ler X= po, o} defeckive pins wa samplo of 6.

. X~ 8(6,0.19)
x 0 \ 2 3 \ 4 15 6 >2
0. [\ i 7 2 ) | ) {0

?(Xw) 0.377...10-394... [0.17¢ ..} 0.0%1... 1 0.0054... |0.0003817... |0.p0... |0.223...
Ei= 40 x P(X= ) 119.08... [15.91... 1.ou.-.[|.63... 0.21% ... |0.0I54... |0 8.4, .

1

AN are (ess Han 5. Rev{«c 40 x P(X tk) >9 .
.. (ombine it 2= 2.
P()( 29) I- ?(x&l) = [-0.71764%... = 05.2235...
Shox PON22) 7 0.2236...x 40 = R.4A4...

© Degrass of Freedom 4 = 3-2 = |

Ho® Binemial Distabukion i o Suitalle modat .
H,® Bivomiak Distnpuklon S wok o suitol\e wedal.

Gt Vowwa: X (1070) = 2.705
Test Stokishic = 2. 689
2.689 < 2.705
- Tesk StaxsHe s nok W % ovikitad vesion .
Nod mwﬁk evidene to rzdcd- He. Au.tfl- Ho-
Do 8 ousisteak  with dwe enginear's suggest rodel, binomial disvibution.

() Progodion of Defeckive gins Yewains dwa Sawe as 0.9.
The cells for X 22X oaxe SHU wmiined ‘wm o Yest.

“Thave §y no chomge 40 faa Valwe Of e Jest StakSHC-
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. A discrete random variable X has probability generating function given by

1
G (t)= — (a+ br*)
(0= @+ b)
where a and b are positive constants.

(a) Write down the value of P(X = 3)

25
Given that P(X=4) = w

(b) (i) find P(X=2)
(i) find ECX)

The random variable Y=3X+ 2

(c) Find the probability generating function of ¥

(@) PX=3)= 0
(o) P(X:=4) =25
64

O Coefficenk of %= 2% b?

L b =25
64 64
b*=25

=2)29p =tH
As >0, bt -5. - . b=5

b () =1 % 1 (a+50) = |
t«

2
(at5) = bt

satd= 23
Q= ¢-5:3 a=-8-5=-13
As a>0,a#-13. .. a=3.

PX:2) = (oefpicent of t* _é_tF(zm) " Lxaxixss

.. P(X:z) :ﬁ
32
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Question 6 continued

() E(X) = Gy (D)

G871 (3+5¢)
64

b (D)= 1 (D(3+5¢2) (k) = G4 (3roe?)

64 16

GO =5W(3+8()=5 =2.5

(6 2

L EK)= 2.5)

€Y Y=3x+2

L ()= a3 = 2 (345 Lt")",)z
4

Sy () & (315¢4) )

bt

J
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. A ssix-sided die has sides labelled 1, 2, 3, 4, 5 and 6
The random variable S represents the score when the die is rolled.
Alicia rolls the die 45 times and the mean score, S, is calculated.
Assuming the die is fair and using a suitable approximation,

(a) find, to 3 significant figures, the value of k such that P(S < k) = 0.05
&)

(b) Explain the relevance of the Central Limit Theorem in part (a).
(2)

Alicia considers the following hypotheses:

H,: The die is fair

H,: The die is not fair

If S < 3.10rS > 3.9, then H, will be rejected.

Given that the true distribution of S has mean 4 and variance 3

(c) find the power of this test.
3)

(d) Describe what would happen to the power of this test if Alicia were to increase the
number of rolls of the die.
Give a reason for your answer.

(2)
(@) 3 has a discrere  uniform  disiabudion.

E(S)= _‘(;_(I-rz+3+'++5+0= Ji = 35

S L (tratrterte 5 ) T s o
6
Var(S) = ECS™) - B() = AL - (l)" = 26
3 z

(2
- o)
Vax (8) (T_gl_ = 1
45 108 " Novwiah Dishitoution
- S~N(35,0.06481) — m:3.5, '-]__f
08

P(S2k)=0.05 =@ k-35 = -( b4yua
o

1 z=\.b444 (ov p=005.
108
Sk (-] ph4e % ;z_> £3.5 = 3.0%8l... X 3.08 . e=3.08
108 (3sp)
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Question 7 continued

(b) CLT oppies sinte the samgla size is louge.
CLT stotes Hak Ko Samgle racan, S, is appravimately tovmally divhilouked.

(D) M= 4, cr=3 - - 0’=J_3>_: = _\).l_.:
45 15

S Teva S w(«,@g_)zy

Power = P(§ ¢3.1) « P(3 »3.4)
= |- P(31¢5¢39)
: - 0.3490%...
= 0.65097...
© 0.65(0 (Kdp)

. PowreC = 0.6510

(A) Tacreasing sompe Size wowld devrtase Mo vostane of S s dewrersing .
TS Gads 46 an mcrease in ?Cg >39) & e dewrose ") (S - 3.4)
would \ae ncg\'\g'\h\v.'

. Power woud merease.
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Question 7 continued
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Question 7 continued
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Question 7 continued

(Total for Question 7 is 15 marks)

TOTAL FOR PAPER IS 75 MARKS

28

P 6 2 6 7 7 A 0 2 8 2 8






