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. The discrete random variable X has the following distribution

X 0 1 2 3 4
P(X =x) r k K K K
2 3 4
where r and k are positive constants.
The standard deviation of X equals the mean of X
Find the exact value of
(6)
for and
E(X)=TxP(Xx=%)
E(x*) = Zx*Plx=x)
var (x) = E(x)-[Ex)®
0 1 2 3 4
x* 0 1 % 9 16
Px=x)| r k L] L3 k
2 3 4

= x K S K
E(X)= 0%y + 1xk+ 2 ;+3x3+ 4x?

Tktktkek into formula for Vo

E(X) = ak Var (X) = E(x*) -Ew)’
. , . z 10K ~ (4k)"

E(x’\=0*r+1*“4*1‘7-;9(*“7*%%“? =10k-|6k1=a‘

= k4 2k t3k+t4k @ = -/I0k-16k*®
E(x*) = 10k

that =ctandard dewviokion, Use this tofind k:
4k = ~/10k-16k*

14k)' = 10k-16k?
(6k*= 10k-(6k*

32K*- 10k= 0
Solve quadlvatic for k:
L((%lk-to) =0
: 210 . =5
k=0 k 51-%—-: k %
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Question 1 continued

(Total for Question 1 is 6 marks)
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2. A bag contains a large number of balls, all of the same size and weight. The balls are
coloured Red, Blue or Yellow.

Jasmine asks each child in a group of 150 children to close their eyes, select a ball from
the bag and show it to her. The child then replaces the ball and repeats the process a
second time.

If both balls are the same colour the child receives a prize.

The results are given in the table below.

1st colour
Red Blue Yellow Total
2nd colour
Red 3] 1 |7 60
Blue 8 10 9 7 27
Yellow 21 9 33 63
Total Y60 v 30 60 150

Jasmine carries out a test, at the 5% level of significance, to see whether or not the
colour of the 2nd ball is independent of the colour of the 1st ball.

(a) Calculate the expected frequencies for the cases where both balls are the same

colour.
(2)
The test statistic Jasmine obtained was 12.712 to three decimal places.
(b) Use this value to complete the test, stating the critical value and conclusion clearly.
3)
With reference to your calculations in part (a) and the nature of the experiment,
(c) give a plausible reason why Jasmine may have obtained her conclusion in part (b).
(1)
(@) For we calCulate the like this:
Total _ o get the of this, we cakulate
el ® |¢+|, . Tow totalx column total
+ grond totat
¢ d | ced
Total |a+c | bad|atbecsd - here it would be ;= ﬂm‘::c)
Nra
3 Cages:
Red - Red Blue - Blue
E(ee) = 80%60_ 54 E(ss) = 30%2% E(1/)= 80x63
150 150 150
E(rR)=24 E(s8) = E( ):=25.2 M1AY
4
NP0 A0 R0
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Question 2 continued

(b) The box with the lowest Yow and column totals is blue-blue. Since in () we calculared E(BB)= 5.4

the lowest £ is 25 and .. we have no pooling

For the formula for is:
Substituke :
DoF=(3-1)(3-1)
= 2x2
=4 dof.
{rom tables:
x: (57)=9.488
with test statistic:

12.31299.4988 - {alls in critical vegion. £
. Sufgicient evidence that the clorof balls is not independent.

(c) Obsetved (requency is \arger than expected {requency for ballsof the same colour.
Some chidren mayhave cheated when choosing the 2 ball .. chovce aot independent

(Total for Question 2 is 6 marks)
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3. A machine produces cloth. Faults occur randomly in the cloth at a rate of 0.4 per square

metre.

The machine is used to produce tablecloths, each of area 4 square metres. One of these
tablecloths is taken at random.

The probability that this tablecloth has no faults is 0.0907

(a) Find the value of 4
3)

The tablecloths are sold in packets of 20
A randomly selected packet is taken.

(b) Find the probability that more than 1 of the tablecloths in this packet has no faults.
3)

A hotel places an order for 100 tablecloths each of area 4 square metres.
The random variable X represents the number of these tablecloths that have no faults.
(c) Find

@ EX)

(i) Var(X)
3)

(d) Use a Poisson approximation to estimate P(X = 10)

2)

It is claimed that a new machine produces cloth with a rate of faults that is less than 0.4
per square metre.

A piece of cloth produced by this new machine is taken at random.
The piece of cloth has area 30 square metres and is found to have 6 faults.

(e) Stating your hypotheses clearly, use a suitable test to assess the claim made for the
new machine. Use a 5% level of significance.

C))

(f) Write down the p-value for the test used in part (e).
(1)

e T T o
P 7 2 8 0 9 A 0 6 1 2

V3HVY SIHLNIILIHM 10N OQ

YIHV SIHLENEILIIM LON Od

VIHY SIHL NI ILIIM 1ON Od



DO NOTWRITE IN-THIS'AREA

DO NOTWRITE IN THIS AREA

DO:NOT WRITE IN THIS AREA

Question 3 continued

(a) Were o rare - weave using Poisson Distribukion.
X3 #of foults per A square meters deline variahle
X~Po(0.4xA) M)

We ave also that
P(X=0)=0.090%
Cubstitute: %=0, A=0.4A and P(%=%)=0.090%: for

-049A 0
0.090%= € xiod®
=k

0.0903= € gy ln on bath sids
n0.080% = ne®*® i vue: net=x

ln0.0903 = -0.4A
- n0.0903 _
A —0.4 -
Az6 valueof A A

(b) T—» #of pockets with nofaults deline vaiakle
T~ B(20,0.0903) ™
P(T>1) =1{- P(Ts1) M4
=0.552%6 = 0,553 to 3sf A

() X~ # of toble cloths with mo foutts define variakle
X~ B100,0.090%)

tor

. np=100x0.0903
E(N=9.00 M
it. npli-p= a,03(4- 0.090)
vay ()= 8.241351 — Var(X)=8.2S to3sg Ad

(d)We know that A isthe mean, - 2z9.0% (from (c)i.)
X~ % Po(q.0%) m4
P(X=10)20.1a4%— 0.119 to 3¢ A
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Question 3 continued

\lo'. ;\:0.4- Ho : As 1
—2xX30 —™
H,. },(054- H,: ,\(1,2 B

— for \squaremeter  {or 30 square meters
~ Weave o the found value 6
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Question 3 continued

(Total for Question 3 is 16 marks)
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4. Table 1 below shows the number of car breakdowns in the Snoreap district in each of 60
months.

Number of car
breakdowns 0 ! 2 3 4 >
Frequency 12 (1111914 ] 3 1
Table 1
Anja believes that the number of car breakdowns per month in Snoreap can be modelled
by a Poisson distribution. Table 2 below shows the results of some of her calculations.
Number of car
breakdowns 0 1 2 3 4 =
Observed
frequency (0) 12 11 19 14 3 1
Expected
frequency (E) 9.92 9.64 4.34
Table 2
(a) State suitable hypotheses for a test to investigate Anja’s belief.
(1)
(b) Explain why Anja has changed the label of the final column to =5
1)
(c¢) Showing your working clearly, complete Table 2
4)
(0, - E)
(d) Find the value of 222"/ when the number of car breakdowns is
Ei
i 1
(i) 3
(2)
(e) Explain why Anja used 3 degrees of freedom for her test.
(2)
The test statistic for Anja’s test is 6.54 to 2 decimal places.
(f) Stating the critical value and using a 5% level of significance, complete Anja’s test.
(2)

() Hypotheses
Ho: The number of breakdowns per month can be modelled by a Poisson Distribution
H,. The number of breakdowns per month can’t be modelled by a Poisson Distribution 1

(b) Poisson distribution would give all values above 5 a probability Since theoreticaily the Values are infinite £
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Question 4 continued

tcy We need A. Used observed frequencies to calculake:

A= 0X124 ¥11+2¥3 43514 +4x315%1 _ 4 9 — 3=1.8 Lov | month.
12401419 ¢ 1443 +

X = # of breakdowns in 4 month
USing ¥ Pol1.9):
E,=60% P(X=1)=1385 to 2dp
€, = 60X P(X=2)=16.06 to 2dp
E5=60-Ey_ = 60-53.81—(9.92+13.85¢16.064 %6444 34 = 53.81)
=2.18 to 2dp

3
W) 1. W ;:‘8'35’ £ 2.6283... — 2.63 ko 3¢,

2
i, (4-9.64) 1 .q3195... - 1.93 to 3sf
9.4
(er We don't need to Combine the last 1wo columns sine E;>5 £l
We Colcwloted a2 above using 0i -- suotract 2 degrees of freedom: &1
5-2=3

) Get volue {rom tables
%;(52)=1.815> 6.54 . doesn't all in_critical vegion,
Insufficient evidence to veject Hg.
Insufficient evidence to veject her beliej.

1
o Y T T Turn over
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Question 4 continued

(Total for Question 4 is 12 marks)

TOTAL FOR FURTHER STATISTICS 1 IS 40 MARKS

12
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