
NATIONAL EXAMINATIONS MAY 2015

04-BS-2

FROBE#BILITY AND STATISTICS

2 FOURS I)U12ATION

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"xl 1"), filled on both sides.

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

4. All questions 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) (i) 5 marks (ii) 5 marks ; (B) (a) 5 marks (b) 5 marks
4. 20 marks
5. (a) 7 marks (b) 7 marks (c) 6 marks
6. (A) 10 marks ; (B) (a) 3 marks (b) 7 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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l.Measurements carried out by the quality and materials control department of
Super Efficient Motor Oil Company (also known as SEMOCO) revealed that the
volume V of motor oil contained in the plastic bottles sold by the company is a
normally distributed random variable with mean and standard deviation equal to
4,430mL and 60mL respectively.
(a) Mr. Handyman bought a bottle of SEMOCO motor oil for the needs of his car.

What is the probability that the volume V of motor oil contained in the bottle
exceeded 4,400mL? Write down the probability density function of V. Then
draw the probability density function of V, neatly and clearly, and indicate the
area that corresponds to this robability.

(b) Compute (i) the lower quarti~e and (ii) the 90t" percentile of the probability
distribution of V. Explain clearly the meaning of these values.

(c) Let M represent the mean volume of motor oil contained in a random sample of
four bottles. (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 V and M on the same
diagram. (iv) Compute the probability that M is less than 4,415mL.

(d) Mrs. Heatherspan, the owner of a fleet of trucks, bought a lot of 16 bottles of
SEMOCO motor oil. Let T enote the sum of the volumes of motor oil contained
in this random sample of 16 ~ottles. Compute the mean and variance of the
probability distribution of T., Then compute the probability that T exceeds
71,000mL. Draw the probability density function of T and indicate the area that
corresponds to this probability.

2. Information gathered by the Concerned Consumers Association indicates that only
seventy percent of the UBL solar lights sold by a large chain of hardware stores last
longer than two years.

(a) Compute the probability that. in a random sample often UBL solar lights more
than seven will last more than two years.

(b) Mrs.Garbo bought a box of twelve UBL solar lights. What is the probability that
more than five but fewer than nine of those solar lights will last more than two
years?

(c) Use an appropriate approximation to compute the probability that in a random
sample of 1,220 UBL solar lights fewer than 83will last more than two years.

(d) Mr.Helbling bought a lot of four UBL light bulbs to use in his flower garden.
What is the probability that fewer than three will last more than two years?
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3.(A)(i) On April lst 2015 Mr.Triceps, the owner of a gymnasium, bought a lot of 10
modern treadmills from the Sporting Outlet. The next day Mr.Triceps randomly selected
seven of these new treadmills and installed them in the second floor of his gymnasium.
Compute the probability that at least three of these seven new treadmills will experience
some problems if, unknown to Mr.Triceps, half of the treadmills he bought the Sporting
Outlet need some minor adjustments from the vendor in order to function properly.
(ii) Let X denote the number of treadmills that need some adjustments from the vendor
in a randomly selected sample of seven treadmills from the lot under consideration.
Compute the mean and variance of.the probability distribution of X.
3. (B) An extensive review of the data available in the files of the Transit Commission
of a large urban centre revealed that the average number of minor delays experienced by
the subway system follows the Poi son law with an average of 0.6 delays per day.

(a) Compute the probability that in a given day the subway system will experience
fewer than three minor delay .

(b) What is the probability that tie subway system will experience more than two but
fewer than six delays in a fiv,~-day period?

i
4. The directors of a large professional association wish to introduce a life insurance
policy for its members. Omni Canadian, the insurance company selected by the
directors, offers three policies. A mail survey conducted by the association to indicate
which policy the members prefer yielded the following information:

'~
INSURANCE POLICY

u
A B C ROW TOTAL

AGE 25-40 3j8 57 70 165

41-56 6,8 70 62 200
BRACKET

Over 56 ~4 33 68 175

COLUMN TOTAL 1~0 160 200 540

Is there any reason to conclude that the type of Insurance Policy offered is independent
of the Age Bracket of the respondents? Let a = 0.05.
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5. Twenty measurements of the nitrogen content X, in pounds, of a random sample of
SOIb bags of fertilizer obtained from a day's production of FETEX , a company
specialized in the production of fertilizers, yielded the following information

~X = 158.00 , ; ~X2 = 1,251.24

(a) Use the information given above to 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 true mean of the probability distribution of X is not
significantly different from $.00lbs. Let a = 0.05.

(c) Test the hypothesis that the true standard deviation of the probability distribution
of X is not significantly different from 0.21bs. Let a = 0.05.

6.(A) A random sample of 450 engineering graduates revealed that 135 plan to continue
their studies while the remaining 315 plan to join the labour force. Test the hypothesis
that the proportion of engineering graduates who plan to join the labour force is not
significantly different from 0.75. L 't a = 0.05.
6.(B) The following table is a sumary of the results obtained by the Personnel Officer
of a large electric utility. The random variables X and Y denote the performance of a
maintenance worker before and after a training programme. A random sample of
thirteen workers was involved in th'e programme. (Note: The performance data were
coded for convenience). ~
Worker i 1 4 5 6 7 8 9 10 11 12 132 3

X; 16 16 15 17~ 12 17 16 13 11 15 16 12 14
X; 17 15 14 19,. 13 18 16 12 11 16 17 13 15
(a) Let d; Y; — X;. Find the mean and and standard deviation sd of the difference d; of

this sample. (Note; You mays if you_'wish, use the following facts:

~d; =6 ~d; =14 )
r=i ~~i

(b) Test the hypothesis that the gaining programme was successful in increasing the
performance of the workers against the alternative that it did not affect the
performance. Formulate the nulls and alternative hypotheses clearly and neatly and
explain the implications of the conclusion you reached. Let a = 0.05. Assume that
the difference under consideration is a normally distributed random variable.

Page 4 of 5

4



NATIONAL EXAMINATIONS MAY 2015 04-BS-2

7.The following data pertain to the rating, in lumens/watt, of two makes of equally
priced LED light bulbs. Originally twelve bulbs of each make were randomly selected
for that purpose. However because of some unfortunate clerical mistake three results
had to be rejected. The remaining results are tabulated below.

Make A 1lilake ~
Sample size ~ nA = 11 nB = 10
Sample mean mA = 84 mB = 76
Sample standard deviation ~ sA = 0.25 sB = 0.35
(a)Test the hypothesis that the variability of the rating of the LED light bulb of Make A
is not significantly different from that of Make B. Let a = 0.05. State, clearly and neatly,
any assumptions you need to make.
(b)Test the hypothesis that the mean rating of the LED light bulb of Make A is not
significantly different from that of Make B. Let a = 0.05.

8. The following data represent the number of years of service Y and the number of
days of absence X during the past ;ear for sixteen randomly selected employees
working for a large hardware store.]

n n n

~X; = 90 ~X; =600 ~Y,. = 56;
=t ;_~ ~_~

I
n n

~Y.2 = 296 ~X;Y,. = 231 n = 16
=i ~' r=i

(a) Compute the coefficient of correlation r of X and Y.
(b) Find the 95% confidence lirr%its of the true coefficient of correlation p.
(c) It is believed that Y and X are related by an equation of the form Y=Ro + (3~X + E.

Write down the normal equations of the least squares line and then compute the
estimates bo and bl of (3o and (31 respectively.

(d) Find the 95%confidence limits of the slope (31e
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t- Distribution
a

~t

~.t t.100 x .050 t .02S t .010 1.005 ~'~

1 3.076 6.314 12.706 31.821 53.657 1
2 1.886 2.920 4.303 6.965 9.925 2
3 1.636 2.353 3.162 4.541 5.841 3
4 1.533 2.132 2.776 3.747 4.604 4

5 1.476 2.015 2.571 3.365 4.032 5
fi 1.440 1.943 2:447 3.143 3.707 6
7 1.415 1.895 2.365 2.996 3.499 7
B 1.397 1.860 2.306 2.896 3.355 .8
9 1.383 1.83s 2.262 2.821 3.250 9

10 1.372 1.812 2.22 2.764 3.169. 10
11 1.363 1.796 2.201 2.718 3.106 11.
12 .1.356 1.782 2.179 2.681 3.055 12
13 1.350 1.771 2.160 2.650 ?.012 13
14 1.345 1.761 2.145 2.624 2.977 14
15 ~ 1.341 1.753 2.131 2.602 -2.947 15

16 1.337 1.46 2.120 2.563 2.921 16
17 1.333 1.740 2.110 2.567 2.898 17
18 1.330 1.734 2.101 2.552 2.878 18
19 - 1.3281.729 ~ 2.093. 2.539 2.861 19
20 ~ 1.325 1.725 2.086 2.52 2.845 20

71 1.323 1.721 2.00 2.518 2.831 21
22 1.321 1.717 2.074 2.508 2.819 22
23 1.319 1.714 2.069 2.500 ~ 2.807 23
24 1.318 1.711 2.464 2.492 2.797 24
25 1.316 1,708 2.060 2.485 2.787 25

26 1.315 1.706 2.056 2.479 2.779 26
27 1.314 1.743 2.052 2.473 2.771 Z7
2B 1.313 1.701 2.048 2.467 2.763 28
29 1.311 1.699 2.045 2.462 2.756 29
inf . 1.282 1.615 ~ 1.960 2.325 7.576 irf .



THE CHI-SQUARE DISTRIBUTIaN

P~obabil~i t
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