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1. The discrete random variable X has the following probability distribution

x -1 0 1 3 5

P(X=x) | 02 0.1 0.2 025 | 025

(a) Find Var(X)

(b) Find Var(X?)

Q) Recall Bt \Jar (X) = éﬁ‘ﬂ"(EE"-Dl

3)

3)

EBQ = 02 ()4 0.4(0)x 0.2()+025(3)+025(5)=2 @
£ = 02 (=) 0 (o) + 0\ +025(3) + 0.15(5)’2@%.1

S Var ()= 8.4-2" = L 9@

6) As Vur ()= EGEI- (ELIR, Ve (x?) = £ [x4] - (€0A)

E[x¥]= 0a(-)*+01 ()% 0201 0.25(3)“+025(5)" JRIR

) Vur (Xl\‘— \36 .9 —O R4r= 9730
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2. The number of errors made by a secretary is modelled by a Poisson distribution with a
mean of 2.4 per 100 words.
A 100-word piece of work completed by the secretary is selected at random.
(a) Find the probability that
(i) there are exactly 3 errors,
(ii) there are fewer than 2 errors.
2)
After a long holiday, a randomly selected piece of work containing 250 words
completed by the secretary is examined to see if the rate of errors has changed.
(b) Stating your hypotheses clearly, and using a 5% level of significance, find the
critical region for a suitable test.
“@
(c) Find P(Type I error) for the test in part (b)
1)
o) X~ PO( 2. Li.\ (ercors per oo words)
i) Pe(Xx=3) = 0.2040
\':) Pr(x<2)= 0 -30%% B Us‘\g o Caltolubor,
B) Hoo w=2. L 2.4 %x 250 =6
H = k i 2 - Lf ® \0o
Let E ~ Po(6) (ecrors per 250 Wonls)
Pr(Eé\\ZO-O\’HA— L0 02LS as Ewo—kuled.
Pr(€€2)=0.0620 3 0-025(
Pr(EyN)=0.0426 Y 0.025
Pr€>»1M)= 00201 & 0.025 @
So £4\ or €212 isbe crbc nesime )
\ J
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Question 2 continued
o) Recull thak o« T ) ervor s reiecbing Ho when
) Ho s broe. \\)P(/ 0 O
pv’(Tvo\ efror\ = Pr( ES l) + ‘Pr(E 1)
= 0.0174 +0.020\ = 0.0375 ()
(Total for Question 2 is 7 marks)
. J
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3. Tisam took a survey of students’ favourite colours. The results are summarised in the
table below.

Colour
Red Blue | Green | Yellow | Black | Total
1-5 34 15 14 22 3 88
Year | ¢ g 23 32 12 9 8 84
group
10-12 5 28 19 8 8 68
Total 62 75 45 39 19 240

Tisam carries out a suitable test to see if there is any association between favourite
colour and year group.

(a) Write down the hypotheses for a suitable test.

For her table, Tisam only needs to check one cell to show that none of the expected
frequencies are less than 5

(b) (i) Identify this cell, giving your reason.

(ii) Calculate the expected frequency for this cell.

The test statistic for Tisam’s test is 38.449

(c) Using a 1% level of significance, complete the test.
You should state your critical value and conclusion clearly.

o) Ho: Twere is no assotiution hebween tne
coloor chosen aad aem— amop

Hi: Twere is  an  association bebween coloor

ak aear %W ®

(8]

2)

3)

b\ Choose  Ehwe cell with the lowest rouws fotal

0o column €otal.

\Gluck)" \)o -\‘)_’_ @
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Question 3 continued

) Recull Ethab  Ehe erpectel Frectluenaa is
YO _Eobul * colomn Eobul
Eotnl
E = é&)"s = 5.3833 ®
240

A Recall Ehut for o Lble Witk r rows aad
C Coumas, we (ompuve ouvr Eest s€abiser
wibh bk AT disbrbubion  wibh  (~-1)(¢ 1)
detérees of  freedom.

v=(s-N(3-N=R @

From Ehe &ble, we have & cribeal wulue of
0.090 ®
33-L4q 220.090.

Hence, we reiect Ho os there s evidence
:/(, an  associubion bebweon khe colour  Chosen
A

(4% new K 0]

(Total for Question 3 is 6 marks)
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4. Every morning Geethaka repeatedly rolls a fair, six-sided die until he rolls a 3 and
then he stops. The random variable X represents the number of times he rolls the die
each morning.

(a) Suggest a suitable model for the random variable X'

¢}
91
(b) Show that P(X < 3)= —
216
2)
After 64 mornings Geethaka will calculate the mean number of times he rolled the die.
(c) Estimate the probability that the mean number of rolls is between 5.6 and 7.2
®)

Nira wants to check Geethaka’s die to decide whether or not the probability of rolling a

3 with his die is less than %

Nira rolls the die repeatedly until she rolls a 3
She obtains x = 16

(d) By carrying out a suitable test, determine what Nira’s conclusion should be. You
should state your hypotheses clearly and use a 5% level of significance.

@
) GeckRe fepeaks an @venb 0nkil  Sucessfol.
This is represested b3 o 3eome6r:c,
distr botbion.
X~ (reom ( Ye) ©
B Recall bk Pr(x=)= (1-p)"

Pr(x &) = Pr(x =)+ fr(x=2) + Pr(x=3)

[E5)-(81:f) (£

n

n
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Question 4 continued

C) RGCUI“ b forw Geomelric c‘fsér'-bottan,
EL3= 1 ash Var(x)= 1=
4 P*
ECQA= 1 =60
\/6
Vor ()= 1-¢ = 30@
(\/SYL
NnN= oL
So bt) the Cenbral Limik Theorem,
X ~ N (61 3%4‘) Q6
Pr(S-c ¢ ¥ ¢3.2) = 0.6306 ()
A) Ho : p:'/e
USJ/\G o Caltulabor
Ho: pile ©
Pr(xwle\oz 0.06L1 ¥ 0.5()
Hence , we do nok reject  Ho as Ehere s
nsofticient  evidence €o conclyde Ehot  Ehe
die” > biased. 0)

J
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5. Some of the components produced by a factory are defective. The management requires
that no more than 3% of the components produced are defective.
Niluki monitors the production process and takes a random sample of » components.

(a) Write down the hypotheses Niluki should use in a test to assess whether or not the
proportion of defective components is greater than 0.03

Niluki defines the random variable D, to represent the number of defective components
in a sample of size n. She considers two tests A and B

In test A, Niluki uses n =100 and if D, > S she rejects H

(b) Find the size of test A

In test B, Niluki uses n = 80 and
« if D, > S sherejects H|

%0

« if D, < 3 she does not reject H;

« if D, = 4 she takes a second random sample of size 80 and if D, > 1 in this
second sample then she rejects H, otherwise she does not reject H,

(c) Find the size of test B

Given that the actual proportion of defective components is 0.06
(d) (i) find the power of test A
(ii) find the expected number of components sampled using test B
Given also that, when the actual proportion of defective components is 0.06, the power
of test B is 0.713

(e) suggest, giving your reasons, which test Niluki should use.

o) Ho: P—_o-03
H|: P'70~03 @

b) Recull bk bhe S2e o o besk s bhe fwb«u/@

O’, MQW“S o Tz)?e, | erwor:
Dyoo ~ (&(\00.0.03)

0]
Pr (Do > 5\ = 013210 US:AZ) o calolubor

@

)

3)

3

m

12

P 7 79 7 A @0 1 2

2 4

| e

V3HV SIHL NI LM LON O

Y3HY SIHL NI FLIEM ION O

Y3HY SIHL NI 3LIYM LON OQ

DO NOT WRITE IN THIS AREA

DO NOT WRITE IN THIS AREA

DO NOT WRITE IN THIS AREA



PhysicsAndMathsTutor.com

7

V34V oIni NI aLam AUN vU
DO NOT WRITE IN THIS AREA

VIAAV OINLNIL 3LIaM AUN VU
DO NOT WRITE IN THIS AREA

VAAV OINL NI JLIamiAUNUU
DO NOT WRITE IN THIS AREA

.

Question 5 continued

P.-'(Ar\ﬁ,\;()r ) PR
) Do~ 6(10,0.03) / \oacm(s: Z(h)/ evarts
Pr(ok > 5) T (?\r(oh -—u)\(f’r(ﬂk > I))@

= 0.0923 + 01265t » 0.91206 © Us?n3 o celedlato

ave. Mepmhnb

= 0.10%@

)9 Recull Ehab Ehe ol o best s bhe
)) ?'ot:.\,}llé3 o /\oepl‘::hln o Tafz \ervor.

X ~ Bin(100, o.oe)
Pr(X) > 52073222 ©
R Y ~fb§r\lzo‘ o.oé.)
Pely=4)=0.186 é‘\)s‘ms o Caleolubor
So  khe erpec('»e.l Nomber Vs
30 + R0(01%6) = k.85 (V)
% n=a5Q

@) The Eesks have Smilw si2e  dndk power bub

Tese B ‘avolves sampl:/{‘] wer Comporents So
\)SU Test B wookkbe Vadvised. @

J
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6. The random variable X has probability generating function G,(7) where

1
G (= —’ﬁ
(a) Use calculus to find Var(X)
Show your working clearly.

(6)
(b) Find the exact value of P(X < 2)

@
The independent random variables X, and X, each have the same distribution as X
The random variable Y =X +X, + 1
(c) By finding the probability generating function of Y, state the name of the

distribution of ¥

@
(d) Hence, or otherwise, find P(X, + X, > 5)

@)

o) Recall thut Var () = GY(Y-G0Y - [GL(N)
G = (-36) "
2 G\(b) = 34 (u—"be\-g‘ S

- - B :A e\z‘€~
5 LNy 2 (e ~ O

J
Gt = 2, (L)) =%, Gl =2E
9 \fur(x\‘- 23 - 3 = 6
L

-4
> s

b\ We. Can Use o= oinomial €3 Punsion &o ffmk
the uy ko Eue E* coe//:c.‘nb
Cal)= (4-300" N
as by T L

=1 (1-3%6 " E

16
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Question 6 continued

A ( ) + ('\h_\('3/q€\+ l—‘h,""bh,) (,S/MQ"_‘_WB
2 2!

U

I

‘i’( | +®_1,4. + \11%151 j

L+ 36~ 272 €%+ 1 (...)
2 16 256 2

Pr (% €2 = Pr(x=d) aPr(x=2) + Pr( #=2)

= 1+ 3 & 23
19 256

2
= 203 ()
25

[

C') As X, ank %2 ave GnJ.ependean
Gy () = Gx(t) x Gx(k) 6

C7~/(l:)= ! % ] v = 6
Ny 26 O 4% ®

Look ok khe P.6.€ Seckion inbhe
formo la booklet. This s in bhe FofM

Eb ~ Geom ( p)
1-(-p)k

& =
Y -2k

= Te So Yaleon()
L0 ©)

it
|

\ J
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Question 6 continued

&) Pr(x + X%  8)

1]

Note Ehut Y-1= Xi+Ys
Pe( Y1390
P {\/ 2 63 = O‘I?%O U$:/6 o Calevlubor
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7. The probability of winning a prize when playing a single game of Pento is 1

When more than one game is played the games are independent.
Sam plays 20 games.

(a) Find the probability that Sam wins 4 or more prizes.

2)
Tessa plays a series of games.

(b) Find the probability that Tessa wins her 4th prize on her 20th game.
)

Rama invites Sam and Tessa to play some new games of Pento.

They must pay Rama £1 for each game they play but Rama will pay them £2 for the
first time they win a prize, £4 for the second time and £(2w) when they win their wth
prize (w > 2)

Sam decides to play n games of Pento with Rama.

(c) Show that Sam’s expected profit is £%(Mz - 16n)
(6)

Given that Sam chose n = 15

(d) find the probability that Sam does not make a loss.
@

Tessa agrees to play Pento with Rama. She will play games until she wins » prizes and
then she will stop.

(e) Find, in terms of r, Tessa’s expected profit.

)
Cq X~ B:I\(')-O,O-l\ © X aumber o} prizes Sura winy
P (X 4 L.-) =0 '5%3@ Us:/\a o calcolubor,

prize.

\o) Ve NeSG‘\n(\-\-)Ofl) ® \/nwb‘:: Elaum whe~ Tessa Wi
Pr(\/z?_o\ = (\;) 012 %08°x 0.2 = 0.0u%%

o\ S~ Bin(n,0n) S iy bhe nomber Of prizes Sam wins
@ n A ga,mes.

| J

20
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Question 7 continued

The bobel cost is £n s ve Pt.a) £ per
2)‘4”\6.

The profib is (Ll + oo ¥25)-N @
20«2 ... %8y -~

\

FWM Ewe FO(‘Mo\u Bcohlek,, we hl\w th&e
X~ bia (0, p),

EGA=np, Ve (x) = Npli-p)
Also,  Vu~ (x) = E(x4 ’(EE‘])I
5 0.en = £057] - (02a)>
> E[5% = ooua™ 2 0.\6n ()
2 EBL +5 "‘-l = 0.0kal 4 0.16n YO2A -A

=f ,7}_5 (A =16n) ©

s S(sem
= 1(5(3-'\\\ -N 05 2 r="3
- R=¢
1 bre Formola
= &7 455 -A 0 Booklet

EL1=0.24, Vur($)=02%08% =016

J
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Question 7 continued
d) lp Semn does nob muke o loss,
ST+S5-n o
Pe(s25 5= n >/0)
= Pr($T 45 -15 Y0) ©
524 S -\15 =o
has  solebidns  3.yas), ~lk.kosg Using @ ecdeokdr
As S s o gositive lateer e hwe
S>> ko
Pe(sou) =0-3¢18 g
e T~ Neafém(r, 0.2) @1 bhe ume where Tessu wing her ot
mel = (2t k< f2) = V= F(re)-T -s-r—-ﬁ:l:h
ELr(r+) —T] = ~(r+) - EE"}@
Recull bt  Ehe @rpeckaubion of o I\G(Cjtafﬁvb

VINOMiyl s

__-

¢

=)=~ =t —uvg
o
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