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1.

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

In a randomly selected week, a camera recorded the number of speeding drivers on a
particular stretch of motorway.

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Frequency

35

30

28

24

40

51

37

Jeremy believes drivers are equally likely to be recorded speeding on any day of the week.

Carry out a hypothesis test, at the 5% level of significance, to see if the data support
Jeremy’s belief.

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

this test.

@®)

(Total for Question 1 is 8 marks)

The discrete random variable Y has probability distribution given by

where a is a constant.

y a 2 7

1 3 1

P(Y= - =L =
=y 2 10 5

Given that Var(Y ) =28 and E(Y ) <0

(a) find the value of a.

(b) Find E(ﬁj

(6)

2

(Total for Question 2 is 8 marks)




1. Hypotheses
Ho: theveis no association belween day of the week and speeding

Hy: theveis an association belween day of the week and speeding
If we assume there is no association, the probability and hence expected value is same for ol doys.
« Eis Lq's:
- € 3 35
use Lo get our test statistic
o350 0%, 26%, 2e% a0t 1% 3% 45
LIRS TSt Tt -hb -
Degrees of Freedom:
DoF=3-1=6
Get olue from

X§(57.)=12.592 <13.114 - [alls in the critical region, Suficient evidence to veject Ho and that thew is on association

between day of the week and peeding.



2.(@ for and
E(X)=TxP(r=2%)
E(x*)= Tx*PCx=%)

var (x) = E(x")-[Exn?

E(Y) ond E(Y?) y a 2 #
1
=\ 3 1
EM E(h?.x.i._-r}x? Y a 4 49
1 2 L
:;_a.fl P{y:‘j) =z 10 5
E(v')=;_a=++x:_a+41x15_
=1 alent
2
ECY) and E(Y?) into Var(v)=28
Var(¥) = .'i.atw - ('ia12)z=29
%.u’ﬂt-l.a'-m- 418  expand brocket
1a*-20-21=0 olve quodvatic, facte
4
a*-8a-84:0
(a+6)(a-14)=0
Since E(Y) <0, m:-6
(v
v -6 2 3
L 1 1 A 1 | PR
3-Y 36 9 [3-2° 3-¥ " 4
1 2 A
Ply=y) i 10 5
E(i—): 5(.1_-1-1%3 1--—1-)(1-
3-y w 4%




Tim and Sue are each typing a manuscript and they make errors at random.
On average, Tim makes 0.45 errors per page and Sue makes 0.2 errors per page.

A random sample of n pages of Tim’s typing is taken. The probability that these n pages
contain no errors is less than 0.05

(a) Find the smallest possible value of 7.

3
The random variable X represents the total number of errors in a random sample of
5 pages of Tim’s typing and 5 pages of Sue’s typing.
(b) Find P(X = 2), stating a necessary assumption.

3
Random samples, each consisting of 5 pages of Tim’s typing and 5 pages of Sue’s typing,
are selected.
(¢) Find the probability that in 10 of these samples there are at least 2 with no errors.

(C))

(Total for Question 3 is 10 marks)




3. (a) T- #of errovs Tim makesin n pages define variable
T~ P0(0.45n) M1

for

We want P(T1:0Y<0.05.
-0.4Sn 1
P(T=0)= €2 ossn
01

= 9-0'45" <0.05 M

-0.45
Solve: e’ “<o.os

1
-0.450 € < ln0.0S

(no0.0§
-0.45

n>6.65%

>

Nt o

(b) X - total evrors in 5 Timand 5 Sue pages  define variable
T~Pol0.45) and S~Po0.))  Individual distributions for 4 page
Assuming that Tim's and Sue errors happen independently:
X:2T+S, X~vPo(5x0.45+ 5x0.2) = X~Po(3.25) |

P(x=2)= 0.20438 - 0.205

(c) Uuse X~Po(3.25) to model the tof errovs
P(x=0)- 0.0383% M1
Y- tho[ samples with ho errors define variable
Y~ B(10,0.0393%) ™M1
P(Y22)=1-P(ys0) M1

=0.055 A

{ip the inequality sign as we divided by a negative



The discrete random variable X ~ B(n, p) has probability generating function given by
Gx(?) = (0.4 + 0.61)?

(a) Write down the value of n and the value of p

(2)
Using the probability generating function, find
(b) (1) P(X=1)

(2)

(i) ECX)

3)
Two independent observations, X1 and Xz, are taken from the distribution of X
The random variable Y= X; + X5
(c¢) Use calculus to show that E(¥?) = 6.72

@)

(Total for Question 4 is 14 marks)




4 (a) for the PGF of o Binomial Distribution:

For X~B(n,p: Gy)= (1-p+pt)”

Gylt)= (0.4 +0.6)"

- p=0.6 and n:=2

(b) i.PCX=1) is the coefficient of ¢’
Gytt) = (0.4 405¢)"
T 0.46+0.48¢+0.261°

. P(x=1)=0.48

) For Y=X.+¥X, , Gyl @x(¢)x Gx(t)
Gyt =(04+0.667) = (0.410.66)"
We know that
For
E(N= Gy(1)

Var(x): G410+ G 40 -[Gxen)
We need to differentinte:
c.;m=4(o.4+o.ct)3v 0.6 u
v
*2.4(0.4+0.60)
G112 2.4(0.4+06)= 2.4%1 224
GU(1)=3x2.400.440.6¢) % 0.¢

= 4.32(04+0.64)

"(1)74.3200.440.6) =4.31x1=4.32

. GV + 6y (1) - [6500) = ECy?) -W

6y(1)+GYy ()= E(YY)

E(Y) =4.32+24=672

E(Y): 6.2

ii. For . EOR= Gy
Ne need to Gylt):
Gyl(t)=0.16 1048+ 0.36¢"
Gyxlt): 0.48 t0.22¢

Gx(1N=048+012=1.2

o E(R)=4.2



A company claims that the proportion of visitors to its website who make a purchase is 0.03

Nina believes that the proportion of visitors to the website who make a purchase is less
than 0.03 and asks the company for some data to test this.

The company tells Nina, for a particular day, the number of visits to its website until a
purchase is made. Nina assumes that visits to the website are made independently and
that each visitor has the same probability of making a purchase.

(a) Using a 5% level of significance, find the critical region for this test.
State your hypotheses clearly.

(6))
(b) Find the actual level of significance for this test.
(2)
The 94th visitor to the website was the first person to make a purchase.
(c) Test, at the 5% level of significance, whether or not there is evidence that the
proportion of visitors who make a purchase is less than 0.03.
(2)

(Total for Question S is 9 marks)




5. () Hypotheses
Ho: P=0.03
Hy: p<0.03 A1
Xt of visitors on the welbsite until the first purchase define variable
X~ Geo(0.03) M1
P(X201<0.05  wewant ¢ Since for geometric the larger pis, the Smaller
the #of tnal needed uniir @ success occurs!
Px20)= (1-0.03" < 0.05 sclve lorc M

(c-Nlog093% < 1090.05

c >5\‘:_°(;257 [1ip inequaliey sign as wedivided by log0.et and H’s negative

5109005 ., _5 »5Qq.
¢ Jogom * 29435

s CRis X2100

(D) \Ase X~ Gieo(0.03)
pCx2100) = 09™ s
=0.0490 to 3¢

() Since the critical vegionis X2100,04 does vet falin the critical region. Inufricient evidence to reject to,

insu({icient evidence to sugqest that the proportion of visitors making & purchoge ic (ess than 0.03.



The weights of bars of soap are known to be normally distributed.
The standard deviation of the weights is 3 grams.
A label on the bars of soap states that the mean weight is 120 grams.

Gizel believes that the mean weight of the bars of soap is greater than 120 grams.
She takes a random sample of 10 bars of soap and finds the mean weight of her sample.

Gizel then tests, at the 5% level of significance, whether there is evidence that the bars of
soap weigh more than 120 grams.

(a) Write down the probability of a Type I error.
(1)

Given that the true mean weight of the bars of soap is 122 grams,

(b) show that the power of Gizel’s test is 0.68 to 2 significant figures.
)

Alex decides to carry out the same test at the 1% level of significance.

(c¢) Without carrying out the test, compare the power of Alex’s test with the power of Gizel’s test.
Give a reason for your answer.

(2)
Joseph decides to increase the sample size and carry out the test at the 5% level of
significance.
Assuming that the true mean weight of the bars of soap is 122 grams,
(d) calculate the smallest sample size that will produce a power of at least 0.9

)
(e) State which of Gizel’s and Joseph’s tests should be used.

Give a reason for your answer.
(2)

(Total for Question 6 is 15 marks)




6. (a) A(Type T errory=0.0s

(b) Hypotheses
Ho: n=120
Ry > 120
X~N(120,3) = iszO,-:-;)

We need to [ind the critical region at 57. significance

PCX>C)<0.05
Ytk <)>045 £110; Tinoss)
: Vio
(-120> 164485 € &=, C>12.56
X >1U.56
s the of using the

P(X>(21.561 w=122)= 0.6186 — 0.68 to 2s¢

to
X~Nlu, 6" — 2 ~N(0,1)

P(x:x), x > %M.,
o

-.P(in crit. region| p= actual)

(<) Alex's test’s Power is smaller than that of Gizele’s test, Since the null ny pothesis is less likelyto be rejected.



(d) X%~N(120, %)
We need to [ind the critical region at 57 significance for his test
convevt to again;

c-120
— v 1.6449
W

€ >1.6M9x % 4120

Now to calculate
PCX>clp=122)209
L P(XecIpz122) 0.1 — convert to stan

CAL -ame in ¢ from aboue:

~n

(\.644‘”%‘”7.0\-\11

3
Vn

¢-1.28l6

3 -9 ¢, 3
|.644‘]x‘m 2 IS\Gxﬁ
3
1q165Xﬁ<2

8.1395 <in
kN

{n >4.3803 — N>Q.26.. = N=20

(e) Both have the same Type T Error Cisequalto signiticance level in continuous distributions)

Joseph's test has highev power - Josephs test is better



A radio station is running a contest each day for 30 days.

Each day it awards a prize to each of the first 12 callers who phone in and answer a
question correctly. Once 12 prizes are awarded, no more calls are taken that day.

3 : :
It can be assumed that each caller has aZ chance of answering a question correctly,

independently of all other callers.

(a) Find the probability that there are exactly 15 calls taken on the first day.

(2
(b) Find the probability that there are more than 13 calls taken on the first day.

3

(c) Estimate the probability that the mean number of calls taken over the 30 days is more
than 15.5

(6)
(Total for Question 7 is 11 marks)

TOTAL FOR PAPER IS 75 MARKSs



3. This question is albouk the distribution
(2) X = 3kof callers to achieve 12 correct answers
x~NBO2,3)
poccts= () (8 x0-2 "
(Y

= 0.180 to 3sf

(b) P(x >13) = 1 - (P(X=12) +P(X=13)) et th
' ] (1% '
-l 35 ) ()« ) x(5) ]
= 1-0.163

= 0.833 to 35

(c) For Negative Binomial {rom

and

E=E:16=p
«
Vor()= 24a) -6 42
Tt 3
So now we can use tral (i , Where
X%~ NO6, ¥ Ven
30

P(X>15.5) = 0.883 to 3sf



