NATIONAL EXAMINATIONS DECEMBER 2011
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
(i) ONE hand-written information sheet (8.5”x11”), 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.

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) (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} (a) 5 marks (b) 5 marks ; (B) (2) 5 marks (b) 5 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. A review of the extensive data available in the computer files of House Heating Gas
Distributors revealed that the useful lifetime X of a mechanical component widely used
by its maintenance department is a normally distributed random variable with mean and
standard deviation equal to 7,600.0 hours and 500.0 hours respectively.

(a) Suppose that a component is randomly selected from the stock available in the
warehouse. What is the probability that the lifetime X of this component exceeds
7,000.0 hours? Write down the probability density function of X. Then draw the
probability density function of X, neatly and clearly, and indicate the area that
corresponds to this probability.

(b) Compute (i) the lower quartile and (ii) upper decile of the lifetime of 2 randomly
selected component. For each case draw, clearly and neatly, the probability
density function of X 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 25 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 X and M on the same diagram. (iv) Compute the
probability that M differs from the mean by less than 150.0 hours.

(d) Let T be the sum of the lifetimes of 100 components used in a given year. Find
E(T) and Var(T). Then compute the probability that T exceeds 765,000.0 hours.
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 claims handied by an
insurance company follows the Poisson law with an average of four claims per day.
(a) What is the probability that fewer than four claims are handled on a randomly
selected day?
(b) Compute the probability that more than six but fewer than eleven claims are
handled on any two-day period.
(¢) Use an appropriate approximation to compute the probability that more than 960
claims are handled in a year.(Note: Assume that a year has 235 working days)
(d) Compute the probability that three claims are handled on a given day while five
claims are handled on the following day. 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 40% of the candidates who apply for a technical job fail
the rigorous tests administered by her office.

(2) Find the probability that in a random sample of fourteen candidates more than
three but fewer than eight fail the tests.

(b)On 15 February 2011 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) Sam’s Hardware receives a lot of eighteen fans from the manufacturer. Unknown
to the owner of Sam’s Hardware, seven fans are substandard.

(a) The owner of the store sold eight fans on a particular hot day. What is the
probability that at most three were substandard?

(b) Let X denote the number of standard fans in a random sample of three fans. Find
the probability distribution of X. Then compute E(X).

4. Information gathered by the chief statistician of a large automobile insurance
company revealed that 30% of the insured persons lived in city A, 25% in city B, 15%
in city C while the remaining 30% lived in city D. The information also revealed that
5% of the insured persons living in city A were involved in a minor accident, while the
corresponding numbers for cities B, C and D were 4%, 2% and 3% respectively.

(a) Let X denote the event “insured person is involved in a minor car accident”. Also
let X’ denote the complement of X. Draw a neat tree diagram indicating all the
relevant probabilities using the symbols A, B, C, D, X and X".

(b) Compute the following probabilities:

() PrX) ; @(Gi) PrBNX) ; (i) PrDNX)

(c) Assume that the file of an insured person is randomly selected from the entire list
of insured persons. If the file reveals that this person was invelved in a minor car
accident what is the probability that this person lives in city A?

(d) Assume now that ten files are randomly selected from the entire list of insured
persons. What is the probability that fewer than two were involved in a minor
accident?
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5. Ten measurements of the melting point X, in degrees Celsius, of pure aluminium
yielded the following information:

> X =6,610.0 D X?=4369,246.0

(2) 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 660.3 degrees Celsius. Let a = 0.05.

(¢) Test the hypothesis that the true standard deviation of the probability distribution
of X is not significantly different from 0.8 degrees Celsius. Let a = 0.05.

6.(A) A sample of 1,095 trucks randomly selected on a busy highway revealed that 365

failed the clean-air emission test.

(a) Test the hypothesis that the true proportion of trucks that fail the clean-air
emission test is not significantly different from 0.30. Let a = 0.05.

(b) How large should the sample be if we wish to know the true proportion that failed
the clean-air emission test with an error of 0.01 and 99% confidence?

6.(B) The mean and standard deviation of the volume of laundry detergent contained in
a random sample of 900 bottles are 3,990mL and 120mL respectively.

() The producer of this laundry detergent claims that the volume contained in the
bottles supplied by his company is not significantly different from 4,000mL. 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 volume of
liquid detergent with an error of 2mL and 0.99 confidence?

7.Professor Sophomore, a respected professor of Chemical Engineering, was hired
by Acadian Tire to test the performance of two equally priced tires manufactured by
two competing companies. Initially twelve tires were randomly selected and tested
under strict conditions. However, due to some unforeseen circumstances, one result
had to be discarded. The remaining results of these tests were as follows:

Make A Make B
Sample size ng =11 ng =12
Sample Mean (kilometres) my = 125,000 mp= 129,000

Sample Standard deviation (kilometres) s, = 8,000 sg = 10,000
(a) Test the hypothesis that the variability of the performance of tires from 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 performance of tires of Make A is not
significantly different from that of Make B. Let a. = 0.05.
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8.The following results were obtained on behalf of Mr. Michael Quicksellovich, a
successful building contractor. A sample of twenty-eight houses was selected in the year
2,010 from the hundreds of houses built by Mr. Quicksellovich’s company. The variable
X represents the market value of a house (in units of ten thousand dollars), while the
variable Y represents the municipal taxes associated with this house (in thousands of
dollars).

$x,=19520 ;Y XI=1421600 ; 3% =184.0;

i=1 i=l] i=]

Sy=13018 ; Yxyr=135042 ; n=28

imt i)

(a) Compute the coefficient of correlationr of X and Y.

(b) Test the hypothesis that the true coefficient of correlation p = 0.85 against the
alternative that it is not equal to 0.85. Let a = 0.05.

(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 by of By and B, respectively.

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