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A continuous random variable X has probability density function given by

% 0<x<1,
flx) = % 1<x<4,
0 otherwise.
Find
() E(X), [3]
(i) P(X > E(X)). [3]

The number of bacteria in 1 ml of drug A has a Poisson distribution with mean 0.5. The number of
the same bacteria in 1 ml of drug B has a Poisson distribution with mean 0.75. A mixture of these
drugs used to treat a particular disease consists of 1.4 ml of drug A and 1.2 ml of drug B. Bacteria in
the drugs will cause infection in a patient if 5 or more bacteria are injected.

(i) Calculate the probability that, in a sample of 20 patients treated with the mixture, infection will
occur in no more than one patient. [71

(ii) State an assumption required for the validity of the calculation. [1]

A machine produces circular metal discs whose radii have a normal distribution with mean g cm. A
random sample of five discs is selected and their radii, in cm, are as follows.

6.47 6.52 6.46 6.47 6.51

(i) Calculate a 95% confidence interval for . [6]

(ii) Hence state a 95% confidence interval for the mean circumference of a disc. [1]

In order to compare the difficulty of two Su Doku puzzles, two random samples of 40 fans were
selected. One sample was given Puzzle 1 and the other sample was given Puzzle 2. Of those given
Puzzle 1, 24 could solve it within ten minutes. Of those given Puzzle 2, 15 could solve it within ten
minutes.

(i) Using proportions, test at the 5% significance level whether there is a difference in the standard
of difficulty of the two puzzles. [8]

(ii) The setter believed that Puzzle 2 was more difficult than Puzzle 1. Obtain the smallest significance
level at which this belief is supported. [2]
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5 Each person in a random sample of 15 men and 17 women from a university campus was asked how

many days in a month they took exercise. The numbers of days for men and women, x,, and x,,
respectively, are summarised by

2 2
Sx,, =221, ¥x,,=3992, Ix, =276, Xx,=5538.

(i) State conditions for the validity of a suitable test of the difference in the mean numbers of days
for men and women on the campus. [3]

(ii) Given that these conditions hold, carry out the test at the 5% significance level. [10]
(iii) If in fact the random sample was drawn entirely from the university Mathematics Department,

state with a reason whether the validity of the test is in doubt. [1]

6  The function F(?) is defined as follows.

0 1 <0,
F(7) = Isin4t 0<r<gm,

(i) Verify that F is a (cumulative) distribution function. [2]
The continuous random variable 7" has (cumulative) distribution function F(z).
(ii) Find the lower quartile of 7. [3]

(iii) Find the (cumulative) distribution function of Y, where Y = sin 7', and obtain the probability
density function of Y. [5]

[3]

iv) Find the expected value of ———.
9 P Y3 + 214

7 In 1761, James Short took measurements of the parallax of the sun based on the transit of Venus. The
mean and standard deviation of a random sample of 50 of these measurements are 8.592 and 0.7534
respectively, in suitable units.

(i) Show thatif X ~ N(8.592, 0.75342), then

P(X < 8.084) = P(8.084 < X < 8.592) = P(8.592 < X < 9.100) = P(X >9.100) = 0.25.  [4]

The following table summarises the 50 measurements using these intervals.

Measurement (x) | x < 8.084 | 8.084 < x < 8.592 | 8.592 <x<9.100 | x>9.100
Frequency 8 22 11 9

(ii) Carry out a test, at the %% significance level, of whether a normal distribution fits the data. [7]

(iii) Obtain a 99% confidence interval for the mean of all similar parallax measurements. [3]
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