NATIONAL EXAMINATIONS DECEMBER 2013

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.

2. “Closed Book” — no-aids other than

(i) A Casio or Sharp approved calculator

(ii)) ONE hand-written information sheet (8.5”x11”), filled on both sides.
3. Any 5 questions constitute a complete paper. Only 5 quesf;ions will be marked.
4. Al quesﬁons are of equal value.
5. Statistical tables of the normal, t, chi—square‘ and F distributions are provided.
6. Questions involving hypothesis testing must be clearly formulated.

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) (a) 5 marks (b) 5 marks ; (B) (a) 5 marks (b) 5 marks
4. (a) 5 marks (b) 5 marks (c) 5 marks (d) 5 marks

5. (a) 7 marks (b) 7 marks (c) 6 marks

6. (A) (2) 5 marks (b) 5 marks ; (B) (a) 5 marks (b) 5 marks
7. (a) 10 marks (b) 10 marks

8. 20 marks
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1. A review of the extensive data available in the computer files of EMMS (Efficient
Microbus Maintenance Services) revealed that the useful lifetime Y of a mechanical
component widely used by its maintenance department is a normally distributed random
variable with mean and standard deviation equal to 50,000.0 km and 4,000.0 km
respectively.

(a) Suppose that a component is randomly selected from the stock available in the
warehouse. What is the probability that the lifetime Y of this component will
exceed 55,000.0 km? Write down the probability density function of Y. Then
draw the probability density function of Y, neatly and clearly, and indicate the
area that corresponds to this probability.

(b) Compute (i) the lower quartile and (ii) upper decile of the useful lifetime of a
randomly selected component. For each case draw, clearly and neatly, the
probability density function of Y and indicate the area that corresponds to the
probability that you arrived at.

(c) Let M represent the mean lifetime of a random sample of 64 components. (i) Find
the mean and standard deviation of the probability distribution of M. (ii) Write
down the probability density function of M. (iii) Draw, neatly and clearly, the
probability density function of Y and M on the same diagram. (iv) Compute the
probability that M differs from the mean by less than 300.0 hours.

(d) Let T be the sum of the useful lifetime of a random sample of nine components.
Find E(T) and Var(T). Then compute the probability that T exceeds 444,000.0
km. Draw the probability density function of T and indicate the area that
corresponds to this probability.

2. An analysis of the data available reveals that the number of calls handled by an
internet service provider during a ten-hour working day follows the Poisson law with an
average of 3.6 calls per hour.
(a) What is the probability that more than three calls are handled on a randomly
selected working hour?
(b) Compute the probability that more than six but fewer than ten calls are handled
on any two-hour period.
(c) Use an appropriate approximation to compute the probability that more than 160
calls are handled in a week. (Note: A week has 50 working hours)
(d) Compute the probability that three calls are handled on a given working hour
while five calls are handled during the following working hour. Explain, briefly
and clearly, the thinking behind your computation.
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3. (A) The extensive data files of the personnel officer of Arctic Hydro, a large provider
of electric power, reveal that 60% of the candidates who apply for a technical job pass
the rigorous tests administered by her office.
(a) Find the probability that in a random sample of fourteen candidates more than
four but fewer than eight pass the tests. |
(b) On 18 February 2013 twelve candidates applied for a technical job. What is the
probability that more than eight will pass the tests administered by the personnel
officer?
3. (B) The Chemistry Department of a world famous university receives a lot of sixteen
nitrogen tanks from its current supplier. Unknown to the manager of the laboratories of
this department four tanks of the lot are substandard.
(a) The manager randomly selects five tanks and sends them to the main laboratory
of the department. What is the probability that at most two are substandard?
(b) Let X denote the number of substandard tanks in a random sample of five tanks.
Find the probability distribution of X. Then compute E(X).

4. Information gathered by the chief statistician of Major Motors Corporation revealed
that 25% of the customers who bought a car from the company held a university degree
(U), 30% held a community college diploma (C), 25% held only a high-school diploma
(H) while the remaining 20% had not finished high-school (R). The information also
revealed that 3% of the customers from group U were dissatisfied with the car they
bought, while the corresponding numbers for groups C, H and R were 4%, 2% and 3%
respectively.

(a) Let X denote the event “customer who bought a car from Major Motors
Corporation is satisfied”. Also let X’ denote the complement of X. Draw a neat
tree diagram indicating all the relevant probabilities using the symbols U, C, H,
R, X and X°.

(b) Compute the following probabilities:

@ PrX) ; (i) Pr(HNX) ; (i) Pr(UNX’)

(c) Assume that the file of a Major Motors Corporation customer is randomly
selected from the entire list of customers. If the file reveals that this customer was
dissatisfied what is the probability that this customer came from group C?

(d) Assume now that ten files were randomly selected from the entire list of
customers. What is the probability that fewer than two were dissatisfied?
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5. Fourteen measurements of the bicarbonates (CO;H) content X of the bottled water
sold by Smart Healthy Shoppers, a chain of drugstores, yielded the following
information (Note: X is in mg/L)
> X =4,956.0 > X? =1,754,476.0
(a) Find the 99% confidence limits of (i) the true mean and (ii) the true standard
deviation of the probability distribution of X. Assume that X is a normally
distributed random variable.
(b) Test the hypothesis that the mean value of the probability distribution of X is not
significantly different from 350.0mg/L. Let a = 0.05.
(¢) Test the hypothesis that the true standard deviation of the probability distribution
of X is not significantly different from 3.2 mg/L. Let a = 0.05.

6. (A) A sample of 1,800 members, randomly selected from the files of a large
professional organisation, revealed that 1,450 were happy with their job.

(a) Test the hypothesis that the true proportion of members who are happy with their
job is not significantly different from 0.85. Let a.= 0.05.

(b) How large should the sample be if we wish to know the true proportion of
professionals who are happy with their job with an error of 0.01 and 99%
confidence?

6. (B) The mean and standard deviation of the salary of the random sample of the 1,800
members of the professional organisation mentioned in (A) are $275,000 and $45,000
respectively.

(a) The financial officer of this organisation claims that the true mean salary of its
members is not significantly different from $260,000. Do the data available
support this claim? Let a=0.05.

(b)How large should the sample be if we wish to know the true mean salary with an
error of $1,000 and 0.99 confidence?

7.Professor Boldwilly, a respected professor of Mechanical Engineering, was hired by
Arctic Exploration to test the lifetime of two equally priced drills used in the exploration
of deep water wells. The results of these tests were as follows:

Make A Make B
Sample size ng =8 ng=9
Sample Mean (hours) mp =725 mp = 739
Sample Standard deviation (hours) sa =26 sg = 35

(a) Test the hypothesis that the variability of the lifetime of drills of Make A is not
- significantly different from that of Make B. Let a=0.05. State any assumptions
you need to make.
(b) Test the hypothesis that the mean lifetime of drills of Make A is not significantly
different from that of Make B. Let a = 0.05.
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8. XYZ Corporation, a manufacturer of electric shavers, has four assembly lines. Data
collected by the quality control division on a given week yielded the following
information:

Assembly Assembly Assembly Assembly
Line A Line B Line C Line D
Number of
Units 12,000 11,500 12,600 11,900
Produced
Number of
Substandard 500 ' 435 574 591
Units

(a) Use an appropriate method to test the hypothesis that the proportion of substandard
units is the same for all the production lines. Let a = 0.05.
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. NORMAL DISTRIBUTION TABLE
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A i ¢ e S ST

Probabilivy that chi-scduase value will be exceeded
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