
Statistics & Probability (191506103)

Final Exam (with 8 questions and 2 tables)

Friday 03/02/12, 08:45 – 11:45
Full Marks : 45

1. During the testing of chips for an integrated circuit, a defective chip is detected with probability
0.95. Suppose also that the test declares a good chip good with probability 0.97. If 0.5% of the
chips are faulty, what is the probability that a chip that is declared faulty is sound? Does it
seem to be a good testing mechanism? [4]

2. Find the probability density function of Y = eZ , where Z ∼ N(µ, σ2). This is called the
lognormal density, since log Y is normally distributed. [4]

3. Suppose that the random variables X and Y have the following joint probability density function:

f(x, y) = e−x, for 0 < y < x, and = 0, elsewhere

a. Find the marginal density of X. [3]

b. Recall that E(Y |X) is a random variable (and a function of X). Determine the random
variable. [4]

4. Suppose that a company ships packages that are variable in weight, with an average weight of
15 lb and a standard deviation of 10 lb. The packages come from a large number of different
customers so that it is reasonable to model their weights as independent random variables. Find
the probability that 100 packages will have a total weight exceeding 1700 lb. [5]

5. Suppose X and Y are independent and are N(0, 1) and N(2, 1) random variables, respectively.
Use the moment generating function (mgf) technique to find the probability distribution of
Z = 2Y + 3X. Recall that the mgf for N(µ, σ2) is given by m(t) = exp

(
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)

. [3]

6. Consider an i. i. d. sample of random variables with density function

f(x|σ) =
1

2σ
exp

(

−
|x|

σ

)

,

where σ > 0. Find the maximum likelihood estimator of σ. [4]
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7. A public health survey is being planned in a large metropolitan area for the purpose of estimating
the proportion of children, aged 0 to 14, who are lacking adequate polio immunization. They
plan to use the sample proportion for this estimation.

(a.) Organizers would also like the estimated proportion to have at least a 98% probability of
being within 0.05 of the true proportion p. How large should the sample be? [3]

For the following two questions justify your answer without doing any further calculation.

(b.) If the organizers’ demand was 99% probability in stead of 98%, should they have taken a
larger or smaller sample? Explain. [2]

(c.) If the organizers wanted 98% probability of being within 0.03 of the true value, (in stead of
being within 0.05) would the required sample size be larger or smaller? Explain. [2]

Ultimately, due to budgetary restrictions, the organizers could include 350 children between the
age of 0 and 14 in the survey.

(d.) Of the 350 surveyed, 30 are found to be lacking adequate polio immunization. Based on this
data find a 98% confidence interval for the proportion of 0 to 14 years old children in the
area who are lacking adequate polio immunization. [3]

8. The melting point of each of 16 samples of a certain brand of hydrogenated vegetable oil was
determined, resulting in the sample mean and sample standard deviation x̄ = 94.36 and s = 1.20,
respectively. Assume that the melting points for this brand of hydrogenated vegetable oil are
normally distributed.

(a.) Use the data and a 0.1 significance level to perfrom a statistical hypothesis test to check
whether the expected melting point µ for this particular brand of oil is less than the desired
level of 95. [5]

(b.) Calculate the P-value for your test and give your conclusion for the test if a significance level
of 0.05 is used. [3]
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