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For the events 4 and B it is given that

P(4) = 0.6, P(B) = 0.3 and P(4 or B but not both) = 0.4.

(i) Find P(4 N B). 131
(i) Find P(4'N B). 1]
(iii) State, giving a reason, whether 4 and B are independent. 1]

The manufacturer of a painkiller, designed to relieve headaches, claims that people taking the painkiller feel
relief in at most 30 minutes, on average. A random sample of eight users of the painkiller recorded the times
it took for them to feel relief from their headaches. These times, in minutes, were as follows:
33 39 29 35 40 32 26 37

Use a Wilcoxon single-sample signed-rank test at the 5% significance level to test the manufacturer’s claim,
stating a necessary assumption. [8]
The manufacturer of electronic components uses the following process to test the proportion of defective
items produced.

A random sample of 20 is taken from a large batch of components.

® Ifno defective item is found, the batch is accepted.
* [ftwo or more defective items are found, the batch is rejected.

* [f one defective item is found, a second random sample of 20 is taken. If two or more defective items
are found in this second sample, the batch is rejected, otherwise the batch is accepted.

The proportion of defective items in the batch is denoted by p, and g = 1 —p.
(i) Show that the probability that a batch is accepted is ¢>° +20pg>® (¢ +20p). 3]
For a particular component, p = 0.01.

(ii) Given that a batch is accepted, find the probability that it is accepted as a result of the first sample. [3]

The discrete random variable Y has probability generating function
G, () = 0.09£ +0.247> +0.34¢* +0.24° +0.09°.
(i) Find the mean and variance of Y. [5]
Y is the sum of two independent observations of a random variable X.
(i) Find the probability generating function of X, expressing your answer as a cubic polynomial in ¢z.  [3]

(iii) Write down the value of P(X = 2). 1]
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5  The random variable X has a Poisson distribution with mean A. It is given that the moment generating
function of X is e ™.

(i) Use the moment generating function to verify that the mean of X'is A, and to show that the variance of
Xis also 1. (71

(i) Five independent observations of X are added to produce a new variable Y.

Find the moment generating function of Y, simplifying your answer. 2]

6  Inatwo-tail Wilcoxon rank-sum test, the sample sizes are 13 and 15. The sum of the ranks for the sample of
size 13 is 135. Carry out the test at the 5% level of significance. 9]

7  The discrete random variable X can take the values 0, 1 and 2 with equal probabilities.
The random variables X, and X, are independent observations of X, and the random variables Y and Z are
defined as follows:

Y is the smaller of X| and X, or their common value if they are equal; Z =| X, - X2|.

(i) Draw up a table giving the joint distribution of Y and Z. [5]
(ii) Find P(Y=0|Z=0). [2]
(iii) Find Cov(Y,Z2). [71

8  The independent random variables X and X, have the distributions B(n,,6) and B(n,,0) respectively.

Two possible estimators for 6 are

1(X 1 Xz X 1 +Xz
Tl_ii’l_l-i_n_z ande—n1+n2.
(i) Show that T | and T , are both unbiased estimators, and calculate their variances. [8]
v . var(T) . . 5 . .
(i) Find Var(T,)" Giventhat n, # n,,usetheinequality (n, —n,)” > 0 to find whichof 7' and 7', is the more
efficient estimator. (4]

END OF QUESTION PAPER
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Question Answer Marks Guidance
1 | (@) Let P(ANB)=x, 0.6—x+0.3—x=0.4 MI1A1 | Ml for attempt to set up equation in x. X must appear more than once.
x=0.25 Al
3]
(i) 0.05 B1ft | 0.3-(i). Ans must be>0.
(1]
(iii) No, 0.6%0.3£0.25 Bl ft | Must have an answer to (i) P(B|A’)=0.05+0.4=0.125#P(B)
1
2 HO:m<(or=)30, H1:m>30 B1 If in words, ‘population’ needed.
Diffs 3,9,-1,5,10,2, —4,7
Ranks 3,7,1,5,8,2,4,6 MI1A1 | M1 for attempting differences AND ranks.
Signed ranks 5(-), 31(+) Al
TS=5 Alft
5 in CR, reject HO MIlft | FtTS,notCV CV=5
There is sufficient evidence that the median Al Cwo, in context, not over-assertive.
time for relief is more than 30 mins.
Distribution is symmetrical. Bl
[8]
3 (1) P(batch accepted)= q20 Bl
" 20q19p(q20 4 2Oq19p) M1 M1 for attempt at P(1)[P(0)+P(1)] Allow 20C1
Al
q”’ +20q>*p(q +20p) ac
3]
@) 0.9920+20x0.9939369.3?140&0.993%0.012 oe MIAL110.99% /(i) with ¢=0.99, p=0.01
0.834 Al
3]
4 | () G'Y(t)= >3 terms correct. y 2 3 4 5 6
0.18¢+0.72¢* +1.36° +1.2¢t* +0.54¢ p 0.09 0.24 0.34 0.24 0.09 Bl
E(Y)=0.18+...=4 Bl
E(Y2)=0.36+.....=17.2 M1
Var (Y)=17.2-42=1.2 MI1Al
Sub ~=1,( 0.18+0.72+1.36+1.2+0.54) Ml M1 for diffn and sub =1
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4 Al
G’ Y(0)=0.18+1.44¢+4.082+4 .84+ 2.7 Ml >3 terms correct ft
Sub t=1 and use correct formula for Var M1
(0.18+1.44+4.08+4.842.7+74”-“16")
1.2 Al
[5]
(ii) Attempt to factorise into (0.3¢+...)(0.3¢+...) MIM1 | Attempt to find V(GY(f)) seen or implied. Or 0.37 twice.
0.3#40.4+0.37 Al
3]
(iii) 0.4 Blft Allow non-numerical answer, but coeff of t2
is not enough.
111
5 | @) Attempt differentiation using chain rule, oe. Ml
pIRICE R Al
Sub t=0 to correctly obtain A. AG Al
Attempt differentiation of M’, using ch. rule, Ml
oe.
A% (et +1) Al A2g2t st =1] 4 3ot orlst-1) from product rule.
Sub t=0, and use correct formula for Var Ml
M2 =L AG Al
(7]
(ii) Attempt to raise MX(t) to power 5. M1
eSl(e‘—l) Al
2]
6 HO:The samples are drawn from identical BI Allow m;=m;, ; m;#m, Critical region method . First
popns. B1B1B1as main scheme
H1:The samples are from different popns. % —or< -1.96 MIAIBI
x<146 Al
135isin CR, rej HO M1
Conclusion Al
Mean=188.5 B1 Allow 13x29/2
Var=471.25 Bl Allow 13x15x29/12
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135+0.5-"188.5" MI1A1 | Allow M1AO for missing or incorrect c.c.
J471.25 ft
-2.44 Al Allow -2.46 no c.c, -2.49 wrong c.c.
CV=-1.96 B1 0.0073 (or 0.0069 or 0.0064) B1
TS<CV, reject Hy M1 Ft both TS,CV pft< 2.5% (allow 5% for M1), rej Hy
Sufficient evidence that the samples were drawn | Al Not over-assertive. Cwo, allow from( -2.46
from different populations. or -2.49
91
7 | @) Y\VZ |0 1 2 MIMI1 | Ml for attempt to allocate all 9 ordered 2" M1 for attempt to evaluate entries
0 1/9 | 2/9 | 2/9 A3 pairs to correct cell or for correct Y,Z tables. | in Y\Z table, even if <9 pairs. NOT
1 1/912/9 1|0 Al 3,4 or 5 correct; A2 6,7 or 8 correct from independence assumed.
2 17910 0 [5] A3 all correct.
(iii) Attempt either Xyp or Xzp M1
E(Y)=5/9 Al ft
E(Z)=8/9 Al ft
YZ |0 1 No marks for table.
p 7/9 | 2/9
E(YZ)=2/9 MI1Al
“2/97-<5/9”x°8/9” Ml
22 Al
81
(7]
(ii) P(0,0)/P(Z=0) Ml
VZ Al CWO
[2]
8 (i) E(T1)=E(X1)/2n1 + E(Xz)/zl’lz
AND E(T,)= E<X]11):Z(Xz) Ml Allow missed suffices for M marks only.
E(X1)=n16 and E(Xz)=n29 B1
E(T,)=E(T,)=0, validly shown Al Allow

10
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Var(X;)=n,0(1-0) and Var(X,)=n,0(1-0) Bl
2 2 Ml
Var(T))= (ZLHI) Var(X,)+ (ﬁ) Var(X,)
_oa=o)(1 1 Al
4 n, n,
Var(T=——— (Var(X,)+ Var(X,)) |
ar(T,)=——(Var + Var
7 (n,+n,) ‘ ’
0(1-6) Al
n, +n,
[8]
(ii) (nl +n2)2 Bl
4nn,
(n;-np)*>=(n;+ny)*-4nn, M1 Attempt to use (n;+n,)?
(ny+ny)*>4nn, Al
T, is more efficient. Al
[4]

11




