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A car repair firm receives call-outs both as a result of breakdowns and also as a result of accidents. On
weekdays (Monday to Friday), call-outs resulting from breakdowns occur at random, at an average
rate of 6 per 5-day week; call-outs resulting from accidents occur at random, at an average rate of 2
per 5-day week. The two types of call-out occur independently of each other.

Find the probability that the total number of call-outs received by the firm on one randomly chosen
weekday is more than 3. [5]

A random sample of 80 precision-engineered cylindrical components is checked as part of a quality
control process. The diameters of the cylinders should be 25.00 cm. Accurate measurements of the
diameters, x cm, for the sample are summarised by

S(x—25) =044, Z(x — 25)> = 0.2287.

Calculate a 99% confidence interval for the population mean diameter of the components. (6]

Boxes of matches contain 50 matches. Full boxes have mean mass 20.0 grams and standard deviation
0.4 grams. Empty boxes have mean mass 12.5 grams and standard deviation 0.2 grams. Stating any
assumptions that you need to make, calculate the mean and standard deviation of the mass of a match.

(7]

The lengths of time, in seconds, between vehicles passing a fixed observation point on a road were
recorded at a time when traffic was flowing freely. The frequency distribution in Table 1 is a summary
of the data from 100 observations.

Time interval (xseconds) |0 <x<5 5<x=<10 10<x=<20 20<x<40 40<x
Observed frequency 49 22 20 7 2

Table 1

It is thought that the distribution of times might be modelled by the continuous random variable X
with probability density function given by

-0.1x
f(x) = {O.le x>0,
0 otherwise.
Using this model, the expected frequencies (correct to 2 decimal places) for the given time intervals
are shown in Table 2.

Time interval (xseconds) | 0 <x<5 5<x=<10 10<x<20 20<x<40 40<x
Expected frequency 39.35 23.87 23.25 11.70 1.83

Table 2

(i) Show how the expected frequency of 23.87, corresponding to the interval 5 < x < 10, is
obtained. [4]

(if) Test, at the 10% significance level, the goodness of fit of the model to the data. [5]
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The continuous random variable X has (cumulative) distribution function given by

1
F(x)={l_(x+1)3 *x=0,
0

otherwise.
(i) Find the probability density function of X. [2]
(ii) Show that E(X + 1) = %, and hence write down the value of E(X). 4]

(iii) Find Var(X + 1), and hence write down the value of Var(X). [3]

A factory manager wished to compare two methods of assembling a new component, to determine
which method could be carried out more quickly, on average, by the workforce. A random sample of
12 workers was taken, and each worker tried out each of the methods of assembly. The times taken,
in seconds, are shown in the table.

Worker A B C D E F G H I J K L

Time in seconds for Method 1 | 48 38 47 59 62 41 50 52 58 54 49 60
Time in seconds for Method 2 | 47 40 38 55 57 42 42 40 62 47 47 51

(i) (@) Carry out an appropriate ¢-test, using a 2% significance level, to test whether there is any
difference in the times for the two methods of assembly. 71

(b) State an assumption needed in carrying out this test. [1]

(ii) Instead of using the same 12 workers to try both methods, the factory manager could have used
two independent random samples of workers, allocating Method 1 to the members of one sample
and Method 2 to the members of the other sample. »

(a) State one disadvantage of a procedure based on two independent random samples. 1]

(b) State any assumptions that would need to be made to carry out a r-test based on two
independent random samples. [2]

Certain types of food are now sold in metric units. A random sample of 1000 shoppers was asked
whether they were in favour of the change to metric units or not. The results, classified according to
age, were as shown in the table.

Age of shopper
Under35 35andover | Total
In favour of change 187 161 348
Not in favour of change 283 369 652
Total 470 530 . 1000

(i) Use a y? test to show that there is very strong evidence that shoppers’ views about changing to
metric units are not independent of their ages. [6]

(if) The data may also be regarded as consisting of two random samples of shoppers; one sample .
consists of 470 shoppers aged under 35, of whom 187 were in favour of change, and the second
sample consists of 530 shoppers aged 35 or over, of whom 161 were in favour of change.
Determine whether a test for equality of population proportions supports the conclusion in
part (i). [7]
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No of callouts per day for breakdown ~P(1.2)
No of callouts per day for accident ~P(0.4)
Using sum of Poissons=Poisson,

Total no. of callouts per day ~P(1.6)

1.62¢~16 + 1.63e~16
2! 3!

P(totalno>3) =1— (e 16+ 1.6e 16 +

= 0.0788

Using false origin of 25,

, 80 <0.2287 (0.44

se=—X —
79 80 80
n is so large that Normal may be used to model distribution of X

2
) > = 0.0028643 ...

S

Vn

which can be rearranged to give the 99% confidence interval for u as
(-0.00991,0.02091), but this is referred to the origin of 25, so the c.i. is
(24.990, 25.021)

pl-2576 < Z—* < 2576 | ~ 999

X = mass of a match in grams.

Y = mass of a matchbox in grams.

Let the mean and standard deviation of X be y and ¢
We are given that

20

E <Z X; + Y) =20
210

v <in + Y> — 042
1

thus
20u+12.5 =20
sou = 0.375 grams

and 2002 + 0.2%2 = 0.42, noting here that all the X’s and the Y need to be independent,
soo = 0.0775 grams

By 100 x [, 0.1e™%1* dx
= —100[e~01%]10
=100(e %> —e™)
=23.87



(ii)

_9.652 1.87%2 3.25%2 4,532

"~ 3935 + 23.87 + 23.25 + 13.53
(note last two cells needed to be combined because es < 5)

=4.48

2

v =3,and y2, = 6.251.

so the data is rather inconclusive: there is not enough evidence to throw out the proposed
model, but neither is it a particularly close fit.

5. () fo= 3 x>0
(x + 1)*
0 otherwise
(i) DefiningY as X + 1, wecan see that
E(Y) = f y X —dy
1
~[-2al,
=", 1
_ 3
S 2
Since E(X +1) = E(X) + 1,
1
E(X) ==
00 =3
(iii)
VX + 1) =fy2 ><—4dy—(§>
1
=[5, -
yl, 4
3
4
andsoV(X) = %
6. (i) A paired-sample t-test is appropriate.

Designating D as the difference between times for one worker,
Hy:up =0
Hl: HUp * 0

d; 1 -2 9 4 5 -1 8 12 -4 7 2 9

2

486 (50
s2 =

2



(b)
(ii)

so
‘o 4.16666..—0

,23.16666
12

= 3.00

v = 11, and t.;; = 2.718, so there is significant evidence of a difference in the mean
times.

The assumption was that differences d; are distributed Normally.

It may avoid a systematic trend like the workers becoming tired and taking longer to
perform the second task

Assumptions would have to be times distributed Normally (assuming samples still small),
with equal variance.

(i)

(ii)

H,: the attitude to change and age are independent
H;:they’re not

The ¢;’s are:
163.56 184.44
306.44 345.56

_22.942 22.942 22942 229472

2
"~ 163.56 + 184.44 + 306.44 + 345.56

=9.31

v = 1, which would be significant even at the %% level (x? for 0.995 is 7.879)
i.e. very strong evidence that they are not independent.

Ho:px_py =0
Hl:px—py *0

The statistic
Dsx — Psy — 0

All 1
O'n—x+@

is approximately Normal (0,1), where 6 = nx: '
x y
SO
0.39787..—0.30377..—0
Z= = 2518

1 1
\[ 0348 (775 + =35
Critical value for the 2% level is 2.326, so this would be significant at the 2% level, though
not at the 1% level. It's therefore still compelling evidence of a difference in attitude

between the age groups.




