2009 Fall ENGI 3423 Final Exam Questions Page 1

Events 4 and B are such that P[4] =.3, P[B]=.2 and P[AUB]=.5. [6]
Are the events 4, B
(i) incompatible (mutually exclusive) but not independent?
(if) independent but not incompatible?
(iii)  both independent and incompatible? or
(iv) neither independent nor incompatible?
[Circle whichever one of (i), (ii), (iii) or (iv) is correct and justify your choice.]

(@)
(b)
(©)

The time T (hours) until the next failure of a gearbox is a random quantity that

is known to follow an exponential distribution. The mean time to the next

failure is 1200 hours.

Find the probability that the gearbox fails during the next 1200 hours. [3]
Find the median time ;1 to the next failure. [5]
If a random sample of 100 such gearboxes is taken, then estimate the probability [4]

that the sample mean failure time exceeds 1400 hours, (that is, estimate P[f > 1400]).

(a)
(b)
()
(d)

The mass M of a pallet of boxes of a product from a production line is known
to be a random quantity that follows a Normal distribution. It is believed that
the population mean mass is 1000 kg and the strength of that belief is
represented by the standard deviation o, =4kg. A random sample of 36 such

pallets has a mean mass of 1 006.8 kg with a sample standard deviation of
24.0 kg.

Construct a Bayesian 95% confidence interval estimate for the true mean mass . [6]
Construct a classical 95% confidence interval estimate for the true mean mass u. [5]
Is there sufficient evidence to conclude that the true mean mass u is not 1000 kg? [2]
Provide a brief reason for the different widths of your two confidence intervals. [2]

(@)
(b)
(©)

Two devices intended to measure tension are undergoing calibration tests.

The true value of the tension in a test cable is known to be 5000 N.

The reading from device A is normally distributed with a mean of 5000 N and a
standard deviation of 20 N, while the reading from device B is normally
distributed with a mean of 5010 N and a standard deviation of 10 N.

A reading is deemed to be acceptable if it is within 20 N of the correct value

(5000 N).

Find the probability that a single reading from device B is greater than a single [7]
reading from device A.

In a single reading, which device is more likely to provide an acceptable reading?  [10]
Show your working.

Find the probability that at least two of the next three readings from device A [8]

are acceptable. [You may quote P[4980 < 4 <5020] = .68268.]
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5. A sales agent claims that a new muffler reduces the mean noise output of a
particular type of machine by more than 10 dB. A random sample of 50 such
machines is drawn.  The noise level from each machine is tested with the
existing muffler (x) and with the new muffler (). It is known that both
populations are normally distributed with a common variance. The summary
statistics are:

D x=4775.10, D x*=466425.01, n, =50
D y=422152, > »*=366791.35, n, =50

and with 4 definedas d = y-x,
D d=-55358, ) d*=6533.10, n, =50

y

(@) Which of the two sample -tests (paired or unpaired) should be conducted? [3]
State the reason for your selection.
(b) Conduct the appropriate hypothesis test, at a level of significance of 5%. [10]
(c) Does the evidence support the consultant’s claim? [2]
6. A random sample of twenty test objects is measured before (x) and after (y) a

recalibration of the measuring device. A plot of the observed values of (x, y) and a
normal probability plot of the residuals from simple linear regression are shown here.
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(a) State two reasons why the simple linear regression model for Y as a function [3]
of x is appropriate.

Minitab® produces the regression equation y = 5.27 + 1.905 x and the
following ANOVA table for these data.

Source DF SS MS F P
Regression 1 2318.94 2318.94 164.94 0.000
Error 18 253.07 14.06
Total 19 2572.01
(b) To the nearest 1%, how much of the total variation in Y is explained by the [3]
simple linear regression model?
(c) Use the Minitab output above to conduct an appropriate hypothesis test to [3]

determine whether or not there is a significant linear association between Y and x.
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6 (d) Use the information above, together with

3 x =141082 and > x” =100159.12,

to construct a 95% confidence interval for the expected value of Y when x = 70.541.

3]

(@)

(b)

(©

A partially completed decision
tree is shown here.

G = the item is good

D = the item is defective
D=G

The payoffs for accepting

or rejecting items are as shown
at the bottom right corner of
the diagram (in units of
dollars).

The test costs $50.

It is known that 90% of all
items are good.

If an item is good then it will
pass the test 90% of the time.

If an item is defective, then it
will pass the test only 1% of
the time.

Verify that the probability
labelled (a) is correct. [4]

Complete the column for
payoffs in the diagram. [2]

Determine the optimum
strategy that maximizes the
expected payoff. [9]

Conduct
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BONUS QUESTION

8. A classical hypothesis test is to be conducted on the null hypothesis 7, : =120 [+5]
vs. the alternative hypothesis /¢, : 1 >120 at a level of significance of a =.05,

using a random sample of size 25. It is known that the population is normally
distributed, with a population standard deviation o =5.0. Find the probability,

correct to two significant figures, of committing a type Il error when the true
value of x is 121.0.

[Also provided with this examination paper were tables of the standard normal c.d.f. (the z tables)
and of the critical values of the t distribution (the z tables).]
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