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It is desired to obtain a random sample of 15 pupils from a large school. One pupil suggests listing all
the pupils in the school in alphabetical order and choosing the first 15 names on the list.

(i) Explain why this method is unsatisfactory. [21
(ii) Suggest a better method. [2]
A continuous random variable has a normal distribution with mean 25.0 and standard deviation o©.

The probability that any one observation of the random variable is greater than 20.0 is 0.75. Find the
value of ©. [4]

(a) The random variable X has a B(60, 0.02) distribution. Use an appropriate approximation to find
P(X £2). [3]
(b) The random variable Y has a Po(30) distribution. Use an appropriate approximation to find
P(Y < 38). [5]
The height of sweet pea plants grown in a nursery is a random variable. A random sample of 50 plants

is measured and is found to have a mean height 1.72 m and variance 0.0967 m?.

(i) Calculate an unbiased estimate for the population variance of the heights of sweet pea plants.

[2]

(ii) Hence test, at the 10% significance level, whether the mean height of sweet pea plants grown by
the nursery is 1.8 m, stating your hypotheses clearly. [7]

The random variable W has the distribution B(30, p).
(i) Use the exact binomial distribution to calculate P(W = 10) when p = 0.4. [2]

(i) Find the range of values of p for which you would expect that a normal distribution could be used
as an approximation to the distribution of W. {3]

(iii) Use a normal approximation to calculate P(W = 10) when p = 0.4. [6]
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A factory makes chocolates of different types. The proportion of milk chocolates made on any day is
denoted by p. It is desired to test the null hypothesis H : p = 0.8 against the alternative hypothesis
H, : p < 0.8. The test consists of choosing a random sample of 25 chocolates. H is rejected if the
number of milk chocolates is k or fewer. The test is carried out at a significance level as close to 5%
as possible.

(i) Use tables to find the value of &, giving the values of any relevant probabilities. (3]
(ii) The test is carried out 20 times, and each time the value of p is 0.8. Each of the tests is independent
of all the others. State the expected number of times that the test will result in rejection of the

null hypothesis. [2]

(iii) The test is carried out once. If in fact the value of p is 0.6, find the probability of rejecting H,,.
(2]

(iv) The test is carried out twice. Each time the value of p is equally likely to be 0.8 or 0.6. Find the
probability that exactly one of the two tests results in rejection of the null hypothesis. {4]

The continuous random variable X has the probability density function shown in the diagram.

fx)
A
k —
0 » X
0 3 11
(i) Find the value of the constant k. (2]
(if) Write down the mean of X, and use integration to find the variance of X. (5]

(iii) Three observations of X are made. Find the probability that X < 9 for all three observations. [3]

(iv) The mean of 32 observations of X is denoted by X. State the approximate distribution of X,
giving its mean and variance. (31

[Question 8 is printed overleaf.]
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In excavating an archaeological site, Roman coins are found scattered throughout the site.

(i) State two assumptions needed to model the number of coins found per square metre of the site
by a Poisson distribution. [2]

Assume now that the number of coins found per square metre of the site can be modelled by a Poisson
distribution with mean A.

(ii) Given that A = 0.75, calculate the probability that exactly 3 coins are found in a region of the site
of area 7.20 m?. (3]

A test is carried out, at the 5% significance level, of the null hypothesis A = 0.75, against the alternative
hypothesis A > 0.75, in Region LVI which has area 4 m.

(iii) Determine the smallest number of coins that, if found in Region LVI, would lead to rejection of
the null hypothesis, stating also the values of any relevant probabilities. 4]

(iv) Given that, in fact, A = 1.2 in Region LVI, find the probability that the test results in a Type II
error. (3]
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1 (i) Method is biased because many pupils B1 “Biased” or equivalent stated, allow “not random”
________________ cannotbechosen | Bl 2| Validrelevantreason
(ii) Allocate a number to each pupil Bl State “list numbered”
Select using random numbers Bl 2| Use random numbers [nof “hat”]
2 20 - 25 = ®7'(0.25) = 0.674 Ml Standardise and equate to &' [rof .7754 or .5987]
o Bl z in range [-0.675, -0.674], allow +
c=5+0.674 MI (£) 5 + z-value  [not ®(z) or 0.75]
=742 Al 4| Answer in range [7.41, 7.42], no sign fudges

[SR: o* M1B1MOAO
cC: MI1BIMI1AQ]

3 () Po(1.2) Bl Po(1.2) stated or implied
Tables or correct formula used Ml Correct method for Poisson probability, allow “1 -
________________ 08795 . |Al 3| Answer,087950r08790r0880)
(b) N(30, 30) Bl Normal, mean 30 stated or implied
38.5-30 [=1.55] Bl Variance 30 stated or implied, aliow V30 or 307
V3o Ml Standardise using 6* = y, allow v or cc errors
[D(1.55)=] 0.9396 Al Vu and 38.5 both correct
Al 5| Answer in range [0.939, 0.94(0)]
4 G 62 =9 00967 =0.0987 ‘1‘\\’111 Use - x s or 5%, allow V
___________________________________________________________________ 2| Answer,art 00087
(ii) Hop:p=18 H:p=1.38 B1BI Hypotheses correctly stated in terms of u
where p is the population mean SR: u wrong/omitted: B1 both, but X : BO
o, P z= w = —1.8(006) M1 Standardise with Vn, allow +, biased o, V errors
81450 Al z=-1.80+0.01, don’t allow +
al -1.8<-1.645 B1Y Compare + z with £1.645, signs consistent
B: O(-1.8) =1-0.9641 <0.05 Bi Explicitly compare ©(z) with 0.05, correct tail
¥ CV 1.8 — k.aiN50 Mi Correct expression for CV, —or +, k from @'
k=1.645,CV =1.727 AV | €V =1.727, ¥ on their &, ignore upper limit
1.72 < 1.727 BIY k = 1.645 and compare CV with 1.72
Reject Hq Ml Reject HoV, correct method, needs V50, 1 = 1.8;

allow cc,\/ or k error or biased & estimate
Significant evidence that mean height is not 1.8 A1V 7 | Conclusion stated in context

[SR: 1.8, 1.72 interchanged: BOBOM1AO0B1MO0]

5 () *0C16(0.4)°(0.6)™ or 0.2915 — 0.1763 Mi Correct formula or use of tables
________________ =01152 Al 2| Answerart0I1S
(ii) 30p>5 sop>1/6 Ml 30p used, v befl vy o 3, 30{;0130°y
30g>5s0g> 1/6 Ml 30q or 30pq used Fop e pn, o Lol frm N0
________________ Vo<p<56 o _é!___-_3._.E.it.h?r-__1_/_6__<_p__<__5_/_6___qr___Q-__1_1_525’3_7_8?1_@1_19_‘5/__5.____
Gi)  N(12,72) Bl 12 seen
105-np 4 95-np ]134 11 7B.2 }(:r 2.6(813 (sir;en(,1 allﬁ)w 722 y
oth standardised, allow wrong/no cc, npg
m \/;[Z Al Vnpg, 10.5 and 9.5 correct, ¥ on their np, npq
D(-0.559) - ©(-0.9317) Ml Correct use of tails
=0.8243-0.7119=0.1124 Al 6 | Answer, in range [0.112,0.113]
1 _1Q10-12)
SR: ————e ' 72 MIAL, answer A2
T !
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6 () R ~B(25,0.8) Bl B(25, 0.8) stated or implied, e.g. from N(20, 4)
P(R<16)=0.0468, P(R<17)=10.1091 Ml One relevant probability seen [Normal: MO]
SN S - U & Al 3] Answerk=l6only oo
(ii) 20p M1 20 x their p or 20 x 0.05
D038 Al 2| Answer,art 0.936,isw. .
(i) P(R<16|p=0.6) MI Find P(R< k| p = 0.6)
e 07265 ]l Al 2| Answer0.72650t0727 ...
(ivia: p’=0.5x0.0468 + 0.5 x 0.7265 Ml “Tree diagram” probability
=0.38665 Al Value in range {0.38, 0.39]
2xp’'x(1-p) M1 Correct formula, including 2, any p’
=0.474 Al 4| Answer in range [0.47, 0.48]
or B: 08 A 0.8 R .5%x.9532x.0468 = 0112 Mi P1q2 + P2, etc (0.5 not needed)
08 R 08 A .5%x.0468 x.9532= 0112 Al 4 cases, V on their ps and gs, 0.5 not needed
06 A 08 R .52x.2735x.0468 = .0032 e.g. 2(01g2 + p2g1)
06 R 08 A .5°x.7265x .9532=.1731 Ml Completely correct list of cases and probabilities,
08 A 0.6 R .5%x.9532x.7265=.1731 including 0.5
08 R 06 A .52x.0468 x .2735=.0032 Al Answer in range [0.47, 0.48]
06 A 06 R .52x.2735x.7265=.0497 ’
06 R 06 A .5%x.7265 x .2735 = .0497
7 () (11-3)%=1 MI Use area = 1 fe.g. [kxdx = 1 with limits 3, 11]
e kE AR ] Al 2| Answer1/8orQ.125only
(ir) p=%3+11)=7 Bl Mean 7, cwd
N Rl M1 Attempt [x*f(x)dx, correct limits
HzmH [=544) BN
3 24 |, Al Indefinite integral —, their &
T 3
o =545- M1 Subtract their p*
=51 Al 5 Com?ct amswer, 54 orart.5.33 - _
(i) PX<9)=6k [=%] B1V Correct p for their k
(%) M1 Work out their p°, 0 <p <1
. D27f640r0421875 . Al 3| Answer27/64orart. 0422
(iv) Normal Bl “Normal” distribution stated
Mean is 7 B1V Mean same as in (ii) v
Variance is 5% +32(= %) BINV 3| Variance is [(iii) + 32] ¥V [rot \ errors]
8 (i) Coins occur at constant average rate Bl One contextualised condition, e.g. independent
and independently of one another Bl 2| A different one, e.g. constant average rate, or “not
________________________________________________________________________ in hoards” [“singly” not enough]. Allow “They...”
(ii) R~Po(5.4) Bl Poisson (5.4) stated or implied
54 5.4° ~0.1185 Mi Correct formula, any A
e o Al 3| Answer, inrange [0.118,0.119]
3 g
(iii) R~ Po(3) Bl Poisson (3) stated or implied
Tables, looking for 0.05 or 0.95 Ml Evidence of correct use of tables
P(R>7)=0.0335 AV One relevant correct probability seen
—oo........... Therefore smallest numberis7 | Al___ 4| r=7only, ignoreinequalities
(iv) R ~Po(4.8) Bl Poisson (4.8) used
Type Il error is R <7 when u =4.8 M1 Correct context for Type Il error, ¥ on their »
P(<7) = 0.7908 Al 3| P(<7),ar.t 0791, c.w.o. [P(= 7): MO]




