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Answer ALL questions. Write your answers in the spaces provided.

. A chocolate manufacturer places special tokens in 2% of the bars it produces so that each
bar contains at most one token. Anyone who collects 3 of these tokens can claim a prize.

Andreia buys a box of 40 bars of the chocolate.

(a) Find the probability that Andreia can claim a prize.
(2)

Barney intends to buy bars of the chocolate, one at a time, until he can claim a prize.

(b) Find the probability that Barney can claim a prize when he buys his 40th bar of chocolate.
3)

(c) Find the expected number of bars that Barney must buy to claim a prize.

1)
(1) et X = vo. of prizes Andveia wins ouk of ‘f0 o

2°/0 = (.02
X &~ g(40,002)  Binomial Dishilowkien
To ctam o0 ?v\zcz Andrria vnerds 3 ov wmove tokens > X3

P(X23) = \= P(X%2) = |- 0.9543.. = 0.04567...%0.0457
(‘ld?)
Ff (x23) = 0.0457

(b) Lex Y= no. of e or when Bavney  @n Ao A paze
. 1> Nad 3 iDkens fo daim o prze.
- Y nggin(3,0.0'2.) Negoive @i nowiak Distwlopdon

et 2 V8B (3‘4,0&7—) 2 Used 40 find wo‘ou\o'\\i-\'j of Boarney wim\'wg
2 tokems owvr of 3Q bass,before he o
win e Bvd doken ok khe 40P loour.

P(Y-= 40) =P (2 = 2—) X 0-02= 0.14035...x0.02 = 0.002807... % 0.0028
(‘Mp)

. p(Y=49) = 0.0028 |
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Question 1 continued
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. Indre works on reception in an office and deals with all the telephone calls that arrive.
Calls arrive randomly and, in a 4-hour morning shift, there are on average 80 calls.

(a) Using a suitable model, find the probability of more than 4 calls arriving in a
particular 20-minute period one morning.

(&)

Indre is allowed 20 minutes of break time during each 4-hour morning shift, which she
can take in 5-minute periods. When she takes a break, a machine records details of any
call in the office that Indre has missed.

One morning Indre took her break time in 4 periods of 5 minutes each.

J
Q
=
(%)
-1
S
X
o
I
=
%
s o

(b) Find the probability that in exactly 3 of these periods there were no calls.
(2)

On another occasion Indre took 1 break of 5 minutes and 1 break of 15 minutes.

(c) Find the probability that Indre missed exactly 1 call in each of these 2 breaks.
3)

(@) Lex C= no.of cally in & 20-min Pesiod

A= 80 cals in 4houw  Poisson Distwlbution
A Mivs
1 (30270 2 o

20:20 - - XT 20 ks 1w 20 muws
3 3

B G £ (Z-_Q
3
P(C>4) = (- P(C£4)7 1-020562 .. = 0-74437...% 0.72 44

(4de)
Soe(C>4) = o.70|44& f
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Question 2 continued
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 8 marks)
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3. A biased spinner can land on the numbers 1, 2, 3, 4 or 5 with the following probabilities.

Number on spinner 1 2 3 4 5

Probability 0.3 0.1 0.2 0.1 0.3

The spinner will be spun 80 times and the mean of the numbers it lands on will be calculated.
Find an estimate of the probability that this mean will be greater than 3.25

(6)
let X = e number when e Spinner IS spun

Mean, e = 1 (03) + 2(0.0) + 3(0.2) + 4(o0.1) +3(0.3) = 3 =
EGCY = 12(03) * 2% (0.0) ~ 3(0.2) + & (0 4 5 (0:3) = 1.6
Vovionce, o> = EOX3Y - B(X) * ne-3%: 2.6

(entvmt  Linit Theorem @ Xzn N(M.£>
n
X %~ N 5,1_.b> 5.0 X %AN 3,(4]33‘_)") > .2~ 3, (&")
30 20 20
P(X>3.25)= P(2>3.25) = 0.08275... % 0.0828 (&dp)

L P(X>3.25) 7 0.0828

P 6 1 1 8 0 A 0 8 2 4



QORRNE
0’0’0"0‘&’0’
SRRRRKIS
Sosesetetetesese
ZRRRRRRES

%ol
5
XS
X

XX

500
<%
%

%
&
bo%s

5355

S

’@”
X

X

ooV
o
s vv’b

bt
K

AR,

K
SO

s

PR ® 3%

008 aled

Sl
215

=

%

X

0
S
)
&
pioteiste!

S
S
%
%

5
s

»

<

S
S
R

<K
KRS

O IR
RIS

00 e e e O e e O O O S 00 0%
00000 0000000 0000 e 000 0 % 00 0 %0 |

RS
XK
XXX
35
%%

RS

SRR ISER KSR KRR KKK
R ICXIGAICIKICHA XXX KKK A
]

OSSO IIRELIKILS,
po

XA

(0.9
s
%
X
K ¥
S5
9% 2 39
LB
R

SRS
55

%
X
X
0

0205

09595
CRRRLXRKS

XX

RREERS

09000900599 %%
%%

SRR K
QEIRUEIERK

&

%
oo
R
S
ptote
s

<
<

7

Question 3 continued

(Total for Question 3 is 6 marks)
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Liam and Simone are studying the distribution of oak trees in some woodland. They divided
the woodland into 80 equal squares and recorded the number of oak trees in each square.

The results are summarised in Table 1 below. 8

=

Number of oak trees in a square | 0 1 2 3 4 5 6 | 7 or more 9|

=

Frequency 1 | 4 |21 23|13 11| 7 0 =
s

Table 1 z

Liam believes that the oak trees were deliberately planted, with 6 oak trees per square
and that a constant proportion p of the oak trees survived.

ORI

<

e
KPP

B
(a) Suggest the model Liam should use to describe the number of oak trees per square. §§§§g§*z
(2) 5

Liam decides to test whether or not his model is suitable and calculates the expected
frequencies given in Table 2.

Number of oak trees in a square | 0 or 1 2 3 4 5 6

Expected frequency 5.53 | 1489 | 2426 | 22.24 | 10.87 | 2.21

Table 2 0.065 L 22145
f .. Combing

(b) Showing your working clearly, complete the test using a 5% level of significance. \lumt 5 3 6.
You should state your critical value and conclusion clearly.

Q)

Simone believes that a Poisson distribution could be used to model the number of oak trees
per square. She calculates the expected frequencies given in Table 3.

< VAWV SIHLNI IS LON 03

Number of oak trees in a square | 0 or 1 2 3 4 5 6 or more
Expected frequency 12.69 | 16.07 S 14.58 t 9.37 o8
Table 3
(c) Find the value of s and the value of ¢, giving your answers to 2 decimal places.
“4)
(d) Write down hypotheses to test the suitability of Simone’s model.
1)
The test statistic for this test is 8.749 0.08
(e) Complete the test. Use a 5% level of significance and state your critical value and
conclusion clearly.
3
(f) Using the results of these tests, explain whether the origin of this woodland is likely
to be cultivated or wild.
(2)

10
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Question 4 continued
(@) Let T= Mo. of 0ol s v & SGmawe
" 0wy Dinowiak  dichboution , T ~3((,,F)

(b) _No. of ook wvass o Squove | ol | 2 3 Y 500G
0i, Observed Freambncy ) 21 | 23 |13 13
£ Peecied Frequauiy 5.93 |14.89 |2426 [22.24 | 13.08
(0;- E5)’ 0.05| | 2.51 l0.0g5%| 3.4 1.5
E;

2
Goodnes of F Test - = (Qi- E) = 0.05\ *1.5\ +0.065% +3.84 +1.95
El = 8.5\29...

Degress of Fvexdom 4~ = 6—?‘., =3
bx.b-w«u{nj wumns  0of | £ G or 6.

At =3, X (005) = 7.815 = Criticl Valme
8.2124... > 7.816 .. Liam's wodd\ i¢ wot suitabvie -
(c) Lek R=0o of 0ok wesS n a Sqmave  for  Simone's model
A for Poigson  Disknbutgn = £EX), M

A= o) * (W 2G) F3(2) ¥ a(\B) ¢ sl Y6(1) = 3.3
80

LR R(23)

S= P(K=b) ¥ €0 = 0.22091...x80 = \7.672..- % \T.p71 lza?)
£ = ?(R=9) x €0 * 0.12028...x80 =4.622 ... % .62 (24p)

8= \7.67, £ 2962
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Question 4 continued

(d) Heo © Poisson is o Jood fik for no. of oak ees per &:V/.MQ.
H,: Poisson s noet & goad Lt fov no.op ook fvees  per Square.

| ILIMM ION.OQ

€) Goodniss of Eix Test: X*=8.749

Degress of Freadom: ¥ = 6-2 =4
""Su\o’cmueiwj Wlumnt Oov | & 6 ov move! o
At v= 4, X*(0.05) = A.438 - (vika) Valw

749 £ q.4€¥ .. Not tuough evidenc to veyeck Mo
.- Ruepr Wo.
.. Poissonn 18 a suteble pmods) .

R

() Poisson  modal s o heder £k, sugaeshug oak Hress occos
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Question 4 continued

(Total for Question 4 is 19 marks)
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S.

Information was collected about accidents on the Seapron bypass. It was found that the
number of accidents per month could be modelled by a Poisson distribution with mean 2.5

> A=LS
Following some work on the bypass, the numbers of accidents during a series of 3-month
periods were recorded. The data were used to test whether or not there was a change in
the mean number of accidents per month.

(a) Stating your hypotheses clearly and using a 5% level of significance, find the
critical region for this test. You should state the probability in each tail.

)

(b) State P(Type I error) using this test.

1)
Data from the series of 3-month periods are recorded for 2 years.
(c) Find the probability that at least 2 of these 3-month periods give a significant result.

3)
Given that the number of accidents per month on the bypass, after the work is completed,
is actually 2.1 per month,
(d) find P(Type II error) for the test in part (a)

3)

) H,*AN=2.5
He P A#2.5 = 2-%alad tesk, - leved of signicnce = 2.5 =0.025
at eadn Earl
Ler X no. Of attdemtS ia o 3-vowda puviod
LAz 2.H %3 =7.5
X~ T (75>

?(Xtd,) ¢0.06 & P(X Zc,,)é 0.05 , wheve ¢, & c2 ave
ki) values.

P(Xc2) = 0.02025... 0.025

P(X £ 3)= 0.05%\k... >0.025

L,z 2

P(x=13) = 1-P(X212) = |- 0.457234... = 0.94266... » 0.025
P(Xz i) = 1-P(X€13) = {-0.07843... 0.02(56... £0.025
'.' (.2 = ‘Li'

X442 o X2 Y

14
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Question 5 continued

(o) ?('\'\“cla\rfw)‘& 0.020% + 0.021L = (0.64\9 (4“1’)

) Lex M= no. of 3-wonkr periods Wit sigwificant  resuhg
n: 2(2) =3 = %

g = 0.0419

LM B (8, 0.04 I°() Binomial  Distwbusion

P(M22) = | -P(Me) = \ — 0.458%0 .. = 0.04153... % 0.0415
("\JP)
S P(M22)= 0.0415

(d) Az 20 x3=(.3 fov a 3-wonth puiod > -+ Y2 P, (6.3)

P(Tupe]]'. Bror) = P(3 Y 213)
=P(rer) - P(yed)

0.9245]... - 0.0 4984....
0.AhUgET...

0.9a47 (4dp)

R uw ol

- P(Type T ewer)

0.a44a71

15
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Question 5 continued

(Total for Question S is 12 marks)
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. The discrete random variable X has probability generating function

ES
A0 =k 55

where £ is a constant.

(a) Find the exact value of &

1)
(b) Find the exact value of Var(X)
)
(c) Find P(X=3)
4)
@ h(:=1
ka2 = l
2-\
kw2 =\ » L ws ,L_\
n2

B EC) = 6, (1)
Vorlb) = () + G (D) = [ 60 ]
G = L (a2 - (2-8)
w2

o)
o
=
)
—|
=
)
—|
M
=
s
£
Y o %%

S

X
SRR

a'(H = | ( l ) = (-9 L Y= (2-1) = )

k2 \ (2-¢ n2 (wz n2

6 () = ( | )=(2J'_2—>61"m=(z-\)" = |

w2 L(2-&° 2 (2 w2

Vor(X)= L+ (1 \* » | Var(x)= | [2- _|_)
b2 2 lwz) w2 n2/|

3

s
oo B
@)
s
(o)
-i
s
=
o
m
=
<
X
0
-
)
m >
33
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Question 6 continued
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Question 6 continued
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Question 6 continued

(Total for Question 6 is 12 marks)
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A spinner can land on red or blue. When the spinner is spun, there is a probability of Q that it
lands on blue. The spinner is spun repeatedly.

O
o
The random variable B represents the number of the spin when the spinner first lands on blue. g
-t
(a) Find (i) P(B=4) =
o)
(i) P(B <5) M
@) S
(b) Find E(B?) S
3
Steve invites Tamara to play a game with this spinner. g%;;’:;’:‘
Tamara must choose a colour, either red or blue. o
38
Steve will spin the spinner repeatedly until the spinner first lands on the colour Tamara
has chosen. The random variable X represents the number of the spin when this occurs.
If Tamara chooses red, her score is e*
. )
If Tamara chooses blue, her score is X2 o
=
(c) State, giving your reasons and showing any calculations you have made, which colour 9,
you would recommend that Tamara chooses. =
©) =
. Py . . m
(a) B~ (eo/L heomeric. Dishiloukion =
3 =
&
o
e
() P(B =) o

)3 <y =l o.oqﬂ(u@

3

)
T~
w

@ P(ae5) = (- P(g>9) = |- (;535 (211 % 03033 (nay)

243

() Vor(B) = B(&) - £(8) .- E(®Y) = Vav(g) * E(R)

Varl®) = l-p_ = 1-5 = §
P (z)*

e(y= 1 =1 =3
7 (%)

CEEY: 643t = 5]
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Question 7 continued

(D) Ld— R= no. of spins when ik {«s&c fands o0 ved

. ?:%_ SRV cm(s) - Xz R~ cnw(_z.)

Expeded Volua : e(e*) = 2c p(l P)
of ved
EMCOOR

for 3&0mehi\c SRWeS

oD -
T2 2 (&) ' S = -4
3 '3 I-r
= _Q,( {
D |-_¢3_
= 2¢
3-¢

S E@) = 2e = 19.2a7... 15 — E®*) =15
3-e

. Tamavo. should Choose ved Sivte b WS a smo.kex‘ Cfvcd’e& vedua .
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Question 7 continued

(Total for Question 7 is 12 marks)

TOTAL FOR PAPER IS 75 MARKS
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