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1  The number of currants in a randomly chosen fruit scone can be modelled by a Poisson distribution
with mean 4%.

(i) Calculate the probability that, in one randomly chosen fruit scone, there are exactly 3 currants.

(2]

(i) Use Poisson tables to find the probability that, in 3 randomly chosen fruit scones, there is a total

of no more than 11 currants. [2]
2  The masses, X grams, of plums on a plum tree can be assumed to be normally distributed with mean
pt grams and standard deviation ¢ grams.
(i) The mean mass in grams of 8 randomly chosen plums is denoted by X. State the distribution of
X, giving parameters in terms of u and o. [1]
(ii) The masses of a random sample of 8 plums are summarised by
Ix=148.0, ZIx*=2809.68.
Calculate unbiased estimates of yt and o2, [3]
3

A year group in a school contains 200 pupils. A random sample of 8 pupils is to be selected from the
year group.

(i) Describe how 3-figure random numbers (obtained from either tables or a calculator) could be
used to select the sample. [2]

(i) 120 of the 200 pupils have surnames beginning with letters in the first half of the alphabet (from
A to M). Use a binomial distribution to estimate the probability that at least 6 of the 8 selected in
the random sample have surnames beginning with letters in the first half of the alphabet. (3]

4  Therandom variable X has the distribution N(10, a?). Itis given that P(X < 7) = pand P(X < 13) = 2p.
(i) Show that the value of p is % [3]

(i) Find the value of o. [3]

5 Red lights used for traffic lights have a colour measured by wavelength L, in suitable units. It is
known that the random variable L has the distribution N(g, 102). For those lights in standard use, the
value of u is 660. A random sample of n lights is taken from the output of a new manufacturer. The

sample mean wavelength is 657. A test is carried out, at the 5% significance level, of the hypothesis
H, : 4 = 660 as opposed to H, : 1 # 660, for this manufacturer.

(i) The result of the test is to reject H,. Calculate the smallest possible value of n. [5]
(ii) State the probability of a Type I error occurring as a result of the test. [1]
(iif) Given that a Type I error does occur, state what can be said about the null hypothesis. m
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A hotel has 10 rooms, which are always occupied, and in each room there is a complimentary packet
of biscuits. If on any night the packet is opened, it is replaced by a new packet next day. The hotel
manager knows from experience that, for each room and for each night, the probability that the packet
is opened is 0.4, independently of other rooms and other nights. He keeps spare packets in stock.

(i) The manager needs to be at least 95% sure that he has enough packets in stock each day to be

able to replace those that are opened. Find the smallest number of packets that he needs to have
in stock each day. 31

(ii) At the start of a week (7 days), there are 35 packets in stock. 'Use a suitable approximation to
calculate the probability that this is enough to meet the demands in the coming week. [6]

Metal struts are designed to be of a given length, but in the manufacturing process the length is subject

to an error represented by the continuous random variable X. Two models are proposed for X, with
probability density functions as follows.

kl -1 Sx&l,

Model 1: f,(x) = { )
0 otherwise,

Model 2: fz(x) = {kz(l - %) -1€x<1,
0 otherwise,
where kl and k2 are constants.

(i) Sketch, on the same axes, the graphs of f, (x) and £, (x). 3]

(i) For each of the two models, describe in everyday terms how the errors in the lengths vary. [2]

(iifi) Write down the value of kx' : [1]
(iv) Calculate the standard deviation, o, of Model 1. [4]

(v) Without further calculation, state with a reason whether the standard deviation of Model 2 is less
than, equal to, or greater than o. 2}

(i) On average I receive 8 letters every weekday. On a randomly chosen Monday I received 2 letters.

(a) Use a Poisson distribution to test, at a significance level as close to 5% as possible, whether

this is evidence that I receive fewer than 8 letters on a Monday. State your hypotheses
clearly. [5]

(b) Find the actual significance level of this test. 21

(ii) On Saturdays I also receive an average of 8 letters.

(a) State an assumption needed to model the total number of letters I receive on four consecutive
Saturdays by a Poisson distribution. (1]

(b) Use a suitable approximation to the Poisson distribution to calculate the probability that, on
four consecutive Saturdays, I receive a total of 25 or fewer letters. [5]
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1 ) T Y _
X ~Po(43) p(X=3)=¢e ~—'—0-159280...—0-159 (3s.1)
3! 2]
No. of currants in 3 scones Y ~ Po(14)
p(Y <11)=0-2600...=0-260 (3 s.f.) 2]
2 X ~ N (p,0%) X ~N(p, %)
1]
unbiased estimates ...
A=7= 14% =18-5g G? :%{2809-6%71&52}:%x8~96:10~24 g’
3]
3 Describe random sampling procedure.
e.g. allocate each pupil a no. from 000 to 199. Pick the sample using random no.
generator, ignoring repeats and nos. from 200 to 999. 2]
No. selected with surnames A — M X~ B(8, 0- 6)
p(X >6)="°C,(0-6) (0-4)° 4 °C, (0-6)" (0-4) +(0-6)° = 0-315394... = 0-315 (3 s.f.)
3]
4 p(X<7)+p(7T<X<13)+p(X>13)=1
ptpt+p=1
pP=3
710 7 13 3]
‘ 13-1
p(X<13)=2 P 3 OJ:% §:0-4307 o =6-96
5 OnH, ... Z:ﬂNN(O, 1) and we reject Hy when |Z| >1-96
(m)
N
SO ... M<‘1~96 “0-3Jn < 71-96 V> 6-53 n > 42-684
(Ym)
Jn
hence the smallest possible value of n is 43 [5]
p(Type I error) = 5% 1
1

If a Type I error does occur (and so Hy is wrongly rejected) then H, must be valid.




No. of packets opened each day X ~ B(lO, 0- 4)

p(X<N)>0-95 from tables ... N>7

so the smallest no. of packets that must be kept in stock is 7.

3]
No. of packets needed in a week Y ~ B(?O, 0- 4) ~ N(28, 16 - 8)
35-5—28
Y <35)=®|———|=P(1-830) = 0-9664 6
(v <35) =0 2228 o (1530 g
MODEL 1 MODEL 2
Y . 4 “everyday” descriptions of the two (3]
k 7 distributions.
RN | E—
L i Ii h [2]
2 12w PR e ky =3
1]
) 1 ) A
Model 1 o :fjléxzdx—oz :[%m‘]i =1 o=-=0-577
(4]
The standard deviation for Model 2 is less than o as the errors are more likely to be close to zero
(the mean).
2]
H,: A=38 H :A<8
p(X <2)=0-0138
On H, the no. of letters arriving on a Monday X ~ Po(8) p(X <3)=0-0424
p(X <4)=0-0996
So with a 4.24% significance level we reject H, if X <3
For the given Monday, z = 2, so that gives us sufficient evidence on which to reject H, and
conclude that I receive fewer than 8 letters on Mondays. ]
one assumption necessary to ensure that total letters over 4 Saturdays is Poisson ]

T ~ Po(32) ~ N (32,32)

25-5—32

p(T§25):<I>[ NG

]:@(1-149):0-125 (3s.£)




