NATIONAL EXAMINATIONS MAY 2010
04-BS-2
PROBABILITY AND STATISTICS

2 HOURS DURATION

NOTES:

1.

If doubt exists as to the interpretation of any question, the candidate is urged to
submit with the answer paper a clear statement of any assumption made.

“Closed Book” — no-aids other than

(i) A Casio or Sharp approved calculator
(i1)  ONE hand-written information sheet (8.57x11”), filled on both sides.

Any 5 questions constitute a complete paper. Only 5 questions will be marked.

All questions are of equal value.

Statistical tables of the normal, t, chi-square and F distributions are provided.

Marking Scheme

1.(a) 5 marks (b) 5 marks (c) 5 marks (d) 5 marks
2.(a) 5 marks (b) 5 marks (c) 5 marks (d) 5 marks
3.(A) 5 marks (B) 5 marks (C) (a) 5 marks (b) S marks
4.(a) 7 marks (b) 7 marks (c) 6 marks

5.(A) (a) 5 marks (b) 5 marks (B) (a) 5 marks (b) 5 marks
6. 20 marks

7.(a) 10 marks (b) 10 marks
8.(a) 5 marks (b) 5 marks (c) 5 marks (d) 5 marks
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1.The weight W of the 60cmx60cm patio stones sold by Delightful Gardens is a
normally distributed random variable with mean and standard deviation equal to
22.6kgs and 0.8kgs respectively.

(a) Mr.Chancey buys one of this type of patio stones in order to replace a similar one
that was broken in his backyard. What is the probability that the new patio stone
will weigh less than 22.0kgs? Draw the probability density function of W, neatly
and clearly, and indicate the area that corresponds to this probability.

(b) Compute (i) the lower quartile and (ii) the upper decile of the probability
distribution of W. Explain, clearly and neatly, the meaning of these quantities.

(c) Let M represent the mean weight of a random sample of 16 patio stones. (i) Find
the mean and standard deviation of M. (ii) Write down the probability density

. function of W and M. (iii) Draw the probability density function of W and M on
the same diagram. (iv) Compute the probability that M exceeds 22.5kgs.

(d) Let T be the sum of the weights of 25 patio stones. Find E(T) and Var(T). Then
compute the probability that T exceeds 560.0kgs. Draw the probability density
function of T, neatly and clearly, and indicate the area that corresponds to this
probability.

2. Extensive data gathered by the manager of the Water Services Division of a large
municipality revealed that the number of calls received by the maintenance department
of the division follows the Poisson law with an average of 3.5 calls per hour.
(a) Compute the probability that the maintenance department receives more than 2
but fewer than 7 calls in a given hour.
(b) Compute the probability that the maintenance department receives more than 5
calls in a period of two hours.
(c) Use an appropriate approximation to find the probability that the maintenance
division receives at least 90 calls during a period of 24 hours.
(d) Find the probability that the maintenance division receives 3 calls in a given hour
and 5 calls in the following hour.

3.(A)Mrs. Moonlight bought a box of 12 fluorescent light bulbs from CheapoMart.
Unknown to Mrs. Moonlight 4 of the light bulbs contained in the box are substandard.
(a) Mrs Moonlight randomly selects 6 bulbs from this box and installs them in her
chandelier. What is the probability that at least four are standard?
(b) Assume that a sample of five bulbs is randomly selected from the box. Let X
denote the number of substandard bulbs in the sample. Find the probability
distribution of X. Then find the mean and variance of X.
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3.(B) Sixty percent of the calls received by the maintenance department of Happy
House Heating (HHH) during the winter months concern the failure of the electric
motor used in the heating system.

(a) Find the probability that in a random sample of 15 calls received by the
maintenance department of HHH more than 6 but fewer than 11 concern the
electric motor.

(b) Use an appropriate approximation to find the probability that in a random sample
of 700 calls more than 400 concern the electric motor.

4. The following data pertain to the daily output X, in tonnes, of a continuous chemical
process over a period of 14 days

DX =285.50; D X =5830.16

(a) Find the 99% confidence limits of (i) the true mean and (ii) the true standard
deviation of the daily output. Assume that X is a normally distributed random
variable.

(b) Test the hypothesis that the mean daily output is not significantly different from
20.6 tonnes. Let a. = 0.05.

(c) Test the hypothesis that the true standard deviation is not significantly different
from 0.60 tonnes. Let a = 0.05.

5.(A) A random sample of 625 bricks manufactured by Coliseum Works using a new
process yielded a mean compressive strength equal to 5,550psi and a variance equal to
40,000psi.
(a) The owner of Coliseum Works claims that the compressive strength of the bricks
manufactured by this new process is not significantly different from 5,560psi. Do
the data support her claim? Let a = 0.05.
(b) How large should the sample be if we wish to know the true mean compressive
strength with a maximum error of 4psi and 99% confidence?
5.(B) A survey carried out on behalf of Proficient Hardware revealed that in a random
sample of 800 customers 650 use Proficient’s credit card to pay for their purchases.
(a) Find a 90% confidence interval of the true proportion of customers who use
Proficient’s credit card to pay for their purchases.
(b) What should the size of the sample be if we wish to know the true proportion
with a maximum error of 0.03 and 99% confidence?
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6, The quality of mattresses manufactured by ABX are classified as superior, good,
average and inferior by the Production and Quality Control department. Past
performance of the plant shows that 70% of the production is classified as superior, 15%
as good, 10% as average and 5% as inferior. As a check on last month’s run of the plant
840 mattresses were randomly selected and after careful examination yielded the
following classification
QUALITY Superior Good Average Inferior
FREQUENCY 600 160 70 10
Test the hypothesis that there was no change in the quality of production last month. Let
a=0.05.

7. The following results represent a summary of the tests carried out by the Quality
Control Department of Senior Motors Corporation (SMC) to determine the lifetime of
high intensity light bulbs manufactured by two different companies. Originally sixteen
bulbs from each manufacturer were tested. However, due to some clerical errors, five
results had to be discarded. The remaining results of these tests were as follows:
Manufacturer A Manufacturer B

Sample size np, =13 ng = 14
Sample Mean (hours) ma = 3,000 mg = 3,120
Sample Standard Deviation (hours) sy =90 sg = 115

(a) Test the hypothesis that the variability of the lifetime of bulbs obtained from
Manufacturer A is not significantly different from that obtained from
Manufacturer B. Let 0=0.05. State any assumptions you need to make.

(b) Test the hypothesis that the mean lifetime of bulbs obtained from Manufacturer A
is not significantly different from that obtained from Manufacturer B. Let o=0.05.

8. The following data represent observations of the stack loss Y of nitric acid, in
grammes per cubic metre, corresponding to the temperature X, in degrees Celsius, of the
cooling system of a plant preparing nitric acid by the oxidation of ammonia with air.

SX, =6140 3 Y x?=128200 ; ¥ =787
1=1 1=1 1=1

Srr=2282 3 Sxy=16626 ;  n=30

=1 1=\

(a) Compute Cov(X,Y) and the coefficient of correlation r.

(b) Test the hypothesis that the true coefficient of correlation p is not significantly
different from zero Let a.= 0.05.
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(c) It is believed that Y and X are related by an equation of the form Y=, + ;X + ¢.
Write down the normal equations of the least squares line and then compute the
estimates by and b; of By and P respectively.

(d) Compute the error sum of squares. Then use this information to find the 95%
confidence limits of §3,.
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