NATIONAL EXAMS MAY 2003
- 98-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

6)] A Casio or Sharp approved calculator
(ii) ONE hand-written information sheets (8 4" x 1 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, F distributions are provided.
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1.

3A.

3B.

Records gathered by the quality control engineer of Super Gates revealed that the timing signal X emitted
by a small electronic device is a normally distributed random variable with mean and standard deviation
equal to 300 milliseconds and 3 milliseconds respectively.

(a) What is the probability that the timing signal emitted by a randomly selected device exceeds 302
milliseconds? Make a neat sketch of the probability density function of X and show the area that
corresponds to the probability asked for.

(b) Find (i) the lower quartile and (ii) the upper decile of the probability distribution of X. Also make
a neat sketch of the probability density function of X and show the areas that correspond to the
probabilities asked for.

() Let M be the mean timing signal of a random sample of 9 of these devices. Write down the
probability density function of M. Then draw, clearly and neatly, the probability density function of
X and M on the same graph. F inally find the probability that M differs from the mean by less
than 0.8 of a millisecond.

(d) Assume now that Super Gates manufactures 300,000 of those devices every year. How many are
expected to emit a timing signal in excess of 298 milliseconds?

Information based on extensive surveys carried out by the statistics department of the Greater New City
Area revealed that 25 % of the population of working adults lived in municipality M1, 20% in

‘municipality M2, 40% in municipality M3, and the remaining 15% in municipality M4. The same

survey also revealed that 40% of the working adults who dwell in M1 held a university degree, while the

corresponding figures for M2, M3 and M4 were 13%, 10% and 20% respectively.

(@ Let D denote the event “working adult selected holds a university degree”. Also, let DY denote the
complement of D. Draw a neat tree diagram with all the relevant information clearly written. Then
compute and explain the following probabilities:

(i) Pr(Ml nD) (i) Pr(M4nD")

(b) Compute the probability that a randomly selected working adult holds a university degree. (Ifa
randomly selected working adult is found to hold a university degree, what is the probability that
he/she lives in municipality M3?

Data gathered by the Universal Automobile Association revealed that 65% of the members were against
raising the speed limit beyond 100 kilometres per hour on the national highways.

(a) Ifarandom sample of 16 members were selected what is the probability that more than 13 would be

against raising the speed limit on the national highways?
(b) Assume now that a sample of 1,000 members is randomly selected. What is the probability that
fewer than 630 will be against raising the speed limit?

A communications expert claims that 40% of households made up of two adults and two children owned

at least two cell phones. » .
(a) Ifarandom sample of 2,500 households revealed that 900 owned at least two cell phones would you

agree with the expert’s claim? Let o0 = 0.05.
(b) What should the size of the sample be if you wish to know the true proportion of households who
owned at least two cell phones with an error of 0.01 and 99% confidence?
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4A.

4B.

SA.

5B.

The number of minor accidents experienced by a large manufacturing concern is a Poisson random

variable with an average rate of 3.2 accidents per week.

(a) What is the probability that more than 3 accidents occur during a particular week?

(b) Compute the probability that fewer than 4 accidents occur during a two-week period.

(¢) Compute the probability that 2 accidents occur in a particular week while 3 accidents occur in the
following week.

A mechanical engineering contractor received a shipment of 16 heat pumps. Six of those units are to be
used immediately in the completion of the first phase of a housing project, while the remaining units are to
be used in the second phase of the project. Unknown to the contractor, four of the sixteen pumps are
substandard. Use this information to find the probability distribution of X where X denotes the number
of standard pumps in a random sample of six pumps.

The following data pertain to the weight of a random sample of 10 tires manufactured by Rough Wheels
Tire, a manufacturer of heavy-duty tires specially designed for trucks used in the construction industry:

10
> X; =2,250 kgs DY Xf =506,261 kgs

i=1 i=1

(2) Find the 99% confidence limits of (i) the true mean and (ii) the true standard deviation of the
weight of this type of tire. State, clearly and neatly, any assumptions you need to make.

(b) The manufacturer claims that the weight of this type of tire is 226 kgs. Do the data support this
claim? Let o =0.01.

Assume now that a random sample of 324 tires yielded a mean lifetime of 140,000 kilometres and a
standard deviation of 36,000 kilometres. Use this information to find an approximate value of the sample
size needed if it is desired to know the true mean lifetime with a maximum error of 2,000 kilometres and
99% confidence.

Two materials X and Y were tested for wear using a standard laboratory procedure. The results of the
experiment, based on 12 specimens of material X and 9 specimens of the more expensive material Y
were as follows: (Note: The results are coded for convenience)

Material X Material Y
Sample Mean X = 40.86 Y = 48.35
Sample Standard Deviation Sy = 2.25 Sy = 2.89

(a) Test the hypothesis that the variance of the probability distribution of the wear of material X is not

significantly different from that of material Y. State, clearly and neatly, any assumptions you need to
make. Let o = 0.05.

(b) Test the hypothesis that the mean wear of material Y is not significantly higher than that of material

X. Let a =0.05.
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7. The following data represent the coded results of tests carried out for the purpose of comparing the lifetime
of fluorescent light bulbs produced by four different manufacturers:

n

Manufacturer A n =10 ; T = Z Xy; = 4,060
J=1
, ny

Manufacturer B m =12 ; T = Z Xj= 6,140
. =1
3

Manufacturer C ny=8 ; Ty =D, X35 = 4,320
j=1
. N

Manufacturer D ny =10 ; T, = Z Xy4j= 5,260
j=1

Ny 4 n 5
Also : Z X;;=19,780 ; . IZIXU = 9,891,118
i=1 j=I i=1 j=

(a) Compute
(1) the total sum of squares
(i)  the treatment sum of squares
(iii)  the error sum of squares
(b) Test at the level of significance = 0.05 whether the difference among the mean lifetime of the
- bulbs produced by the four manufacturers is significant.

8. In the following data, X denotes the age of a certain make of car (in years) and Y the resale price (in
thousands of dollars):

n n 5 n
;Xi=35 ; Z‘;Xi =145 ; 2.:.Yi=115
= i= i=

n ' n

ZY{Z = 1697 DX,\Y; =326 n=10

i=1 i=1
(a) Compute the covariance Cov(X,Y) and the coefficient of correlation r.
(b)  Test the null hypothesis that o = -0.7 against the alternative hypothesis that p # -0.7.

Let o0 = 0.05.
(¢)  Test the null hypothesis that p = 0 against the alternative hypothesis that p # 0. Let o = 0.05,
(d) Write down the normal equations of the least-squares line if the sale price Y and age of the car X

are related by an equation of the form Y = Bo+ B, X + €. Then find the least-squares estimates Bo

and ,3; of fy and By respectively.
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NORMAL DISTRIBUTION TABLE
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t - DISTRIBUTION
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THE CHI-SCUARE DISTRIBUTION
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IR L K TR PR —
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