January 2008

The probability of a bolt being faulty is 0.3. Find the probability that in a random sample
of 20 bolts there are

(a) exactly 2 faulty bolts,

a)
/

)

(2)
(b) more than 3 faulty bolts.
(2)
These bolts are sold in bags of 20. John buys 10 bags.
(c) Find the probability that exactly 6 of these bags contain more than 3 faulty bolts.
i 3)
, F
, \
X ~ B(20 0.3)
A L4 7
F(x=2) = 0.027¢
P(x23) = 1 -P(x<3)
= l-o.l071 = 0.84219

\

<)

1 ~8(10,0.2424)

P(4=6) = 0.0l140
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. Dhriti grows tomatoes. Over a period of time, she has found that there is a probability 0.3

of a ripe tomato having a diameter greater than 4 cm. She decides to try a new fertiliser. In
a random sample of 40 ripe tomatoes, 18 have a diameter greater than 4 cm. Dhriti claims

that the new fertiliser has increased the probability of a ripe tomato being greater than
4 cm in diameter.

Test Dhriti’s claim at the 5% level of significance. State your hypotheses clearly.

X ~8(40,0.3)

)

Ho : p=06.3

H, - p>0.3
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6.

The probability that a sunflower plant grows over 1.5 metres high is 0.25. A random

sample of 40 sunflower plants is taken and each sunflower plant is measured and its height
recorded.

(a) Find the probability that the number of sunflower plants over 1.5 m high is between
8 and 13 (inclusive) using

(i) a Poisson approximation, use Binomial instead of Poisson

(i1) a Normal approximation.
10)

(b) Write down which of the approximations used in part (a) is the most accurate estimate
of the probability. You must give a reason for your answer. ~ Omit part b

()
n ,

)

X ~ (4o, o.zs'/)\

PCX{-X,.{-(S) P(xz13) — P(x=7)

1)

= O0.84671 — 0.1¢%14

O0.1714%

i)
I 4

1)

o] VM(X)

n

Ecx) = np

npq,

n

7.5

A ot

A'pg)ro% \u;éL VI ~ I\’(lO; mz)

P(gsxsm) = P<7.y57 Z (3.5)

)

O.1187
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2. Inalarge college 58% of students are female and 42% are male. A random sample of 100
students is chosen from the college. Using a suitable approximation find the probability

that more than half the sample are female.

)

EC(X) =np =58

noop
X ~ B (100, 0.58)

\/ar(X) = np4,

-
-
-
e

$8xo0.42

24.36

Affrox;ma. te with

1 ~ N(S’?) ,/z4.35z/|)

P(Xzﬂ:) = P(7> So.s'>

8:', Ca,c

—
-

0.9357
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5. Sue throws a fair coin 15 times and records the number of times it shows a head.
(a) State the distribution to model the number of times the coin shows a head.
()
Find the probability that Sue records
(b) exactly 8 heads,
(2)
(c) atleast 4 heads.
(2)

Sue has a different coin which she believes is biased in favour of heads. She throws the

coin 15 times and obtains 13 heads.

(d) Test Sue’s belief at the 1% level of significance. State your hypotheses clearly.

()

«)

Y~ g(n;} op.r')

b) P(X=¢) = 0.1964

<) P(X%4) = 1 - P(xe3)
= \ =—0.0176
= 0.4%24

X ~ @(IS', o.s)

’P ’praé of oL/:a(m-.j a Lcad

Ho: p=%
L p7E

P(x=13) = | —f(xzr)

— 0.9463
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3. Assingle observation x is to be taken from a Binomial distribution B(20, p).
This observation is used to test H  : p = 0.3 against H, : p # 0.3
(a) Using a 5% level of significance, find the critical region for this test.
The probability of rejecting either tail should be as close as possible to 2.5%.
3)
(b) State the actual significance level of this test.
(2)

The actual value of x obtained is 3.

(c) State a conclusion that can be drawn based on this value giving a reason for your
answer.

2

o) Y. ~8(20, 0.3)

0.0354 closest 4o 2'-;‘,2

P(x710) =) -F(x24)
=1 -0.4952

»

0.04%

P xzn) =1 ~P(x<10)
=1 -0.64829 =6,0171 closest & 247

P ad

Critical Reainn 3 0,1,2 1 12 13 14 /S 1( 17 (8
4 C 7 7 7 7 7 7 7 ] 7 T 2

5) Rcbunl gigmificance leve) = 0.0354 + 0,017/

4]

0.0525 = 5,25 /i
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5. A factory produces components of which 1% are defective. The components are packed

in boxes of 10. A box is selected at random.

(a) Find the probability that the box contains exactly one defective component.

(b) Find the probability that there are at least 2 defective components in the box.

(c) Using a suitable approximation, find the probability that a batch of 250 components

contains between 1 and 4 (inclusive) defective components.

X ~ g( 10, O.ol)

Leave )
blank

2

(&)

(C))

P(X=1) = 0.094

)

P(Xx72) = | — P(x<1)
=\ —0.9957 = 0.0042

<) Needs Poisson Distribution so omit

C#“\ IAD wiel'l L;thf&l A:;éIlLv",‘?on O C&I‘U)&.Lo/‘

X "’@(25'0', 0.0!)

P(1exz4)

=
=

P(x<4) - P(x=a)

I 4

0.842 2 — 0.0€&I(

-
=
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A bag contains a large number of counters of which 15% are coloured red. A random
sample of 30 counters is selected and the number of red counters is recorded.

(a) Find the probability of no more than 6 red counters in this sample.

2)

A second random sample of 30 counters is selected and the number of red counters is
recorded.

(b) Using a Poisson approximation, estimate the probability that the total number of red
counters in the combined sample of size 60 is less than 13.

©))

*)

/ \
X ~ §(3o, o.rr/)

P(\ ><éé) = 0.8474

Omit
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4. Pastrecords suggest that 30% of customers who buy baked beans from a large supermarket
buy them in single tins. A new manager questions whether or not there has been a change
in the proportion of customers who buy baked beans in single tins. A random sample of
20 customers who had bought baked beans was taken.

(a) Using a 10% level of significance, find the critical region for a two-tailed test to
answer the manager’s question. You should state the probability of rejection in each
tail which should be less than 0.05.

S))

(b) Write down the actual significance level of a test based on your critical region from
part (a).
(1)

The manager found that 11 customers from the sample of 20 had bought baked beans in
single tins.

(¢) Comment on this finding in the light of your critical region found in part (a).

(2)
a) X ~ B( 20, 0.3)
P(X<£2) = 0.035¢ <S4
P (x£3) = 0.107
P(x=%q) = |-P(xzg)
=1 —0.8806 = 0.1134
F(X’Ao} = | - P(qu)
=) -0,452 =0.048 <S4
Ceiticel Keﬁion (sz-)u (XZIO)
P(K£1,> < o.oJ}‘4/ P( x 7,10) = 0.04%
5) Actual S.l‘shl.{l.CQh(e LCV&L 0.0354 + 0.048 =0.0834

5)
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1. A manufacturer supplies DVD players to retailers in batches of 20. It has 5% of the players
returned because they are faulty.

(a) Write down a suitable model for the distribution of the number of faulty DVD players

N
Leave

blank

in a batch.
(2)
Find the probability that a batch contains
(b) no faulty DVD players,
2
(¢) more than 4 faulty DVD players.
2
(d) Find the mean and variance of the number of faulty DVD players in a batch.
2
“) X ~ 8(20, 0.05')
3 26
b) P(x=0) = 0.45 = 0.3585
¢) P(x>4) = | —P(x24) =1-6.94974 = 0.0020
oO E(x) = np = 20x0.05 = |
4
Vac(X) = npg = 20x0.05 x 0,95 = o0.as
2
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A discrete random variable X has a Binomial distribution B(30, p). A single observation is
used to test H, : p = 0.3 against H, : p # 0.3

(b) Using a 1% level of significance find the critical region of this test. You should state

the probability of rejection in each tail which should be as close as possible to 0.005

(6

(c) Write down the actual significance level of the test.

0y

The value of the observation was found to be 15.

(d) Comment on this finding in light of your critical region.

2
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6. (a) Define the critical region of a test statistic.
(2)
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2. Bhim and Joe play each other at badminton and for each game, independently of all others,
the probability that Bhim loses is 0.2

Find the probability that, in 9 games, Bhim loses

(a) exactly 3 of the games,
3)

(b) fewer than half of the games.
(2)

Bhim attends coaching sessions for 2 months. After completing the coaching, the
probability that he loses each game, independently of all others, is 0.05

Bhim and Joe agree to play a further 60 games.

(c) Calculate the mean and variance for the number of these 60 games that Bhim loses.

2

(d) Using a suitable approximation calculate the probability that Bhim loses more than 4
games.

a) X ~8(°]/ 0'2)

f(x=3> = 0.1762

(&)

L) P(xX<a) = 0.9804

¢) XNB(GO}O,OK) £ (x) =np =3

Var (X)f V\ft\', = Rx 0.945

= 2.85

A )  Needs Poisson so omit
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6.

?
)

A company claims that a quarter of the bolts sent to them are faulty. To test this claim the
number of faulty bolts in a random sample of 50 is recorded.

(a) Give two reasons why a binomial distribution may be a suitable model for the number
of faulty bolts in the sample.

()

(b) Using a 5% significance level, find the critical region for a two-tailed test of the
hypothesis that the probability of a bolt being faulty is %. The probability of rejection
in either tail should be as close as possible to 0.025

3)
(¢) Find the actual significance level of this test.

(2)
In the sample of 50 the actual number of faulty bolts was 8.
(d) Comment on the company’s claim in the light of this value. Justify your answer.

(2)

The machine making the bolts was reset and another sample of 50 bolts was taken.
Only 5 were found to be faulty.

(e) Test at the 1% level of significance whether or not the probability of a faulty bolt has
decreased. State your hypotheses clearly.

(6

2 outcomes/faulty or not faulty/success or fail
A constant probability

Independence

Fixed number of trials (fixed n)

X~8(§o/o-af)
P(Kfé) = 0.0143 clos'asf o 2%70
P(Xg7>

]

0.0452

P(x%m) = 1-pP(xs)
| - 0.9112

W

P(X720) = ) - PLx¢q)
= | —0#.98¢ T 06.014

Cri€rcel zgjlbv\ <><£6)u (X 7,1‘1)

0.6288 closest w24
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Question 6 continued

Leave\
blank

C_) Acéval Sianificance Ievel
7 -

n

0.0143 + 0.0288%
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