
Statistics & Probability (150610)

Final Exam (with 8 questions and 2 tables)

Friday 02/02/07, 09:00 – 12:00 Full Marks : 50

1. During the testing of chips for an integrated circuit, a defective chip is detected with probability
0.95. Suppose also that the probability that the test declares a chip sound if in fact it is sound
is 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. Suppose X and Y have the joint density given by

f(x, y) = 0.5, 0 ≤ x ≤ y ≤ 2.

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

b. Calculate P (X < 1 |Y < 3
2). [3]

c. Calculate E(X |Y = y). [3]

d. Recall that E(X|Y ) is a function of Y and hence a random variable. Find the probability
density function of the random variable E(X|Y ). [2]

3. Resistors to be used in a circuit are thought to be normally distributed with expected resistance
200 ohms and standard deviation 10 ohms.

(a.) What is the probability that the total resistance from 25 randomly selected resistors does
not exceed 5100 ohms? [3]

(b.) How many resistors should I put in a circuit to have at least 97.5% assurance that the average
resistance does not exceed 202 ohms? [3]

4. Recall that the moment generating function of a N(µ, σ2) random variable is given by etµ+ 1
2
t2σ2

.
Suppose X1, X2, . . . , Xn is a random sample from a normally distributed population with mean
µ and variance σ2. Use the properties of moment generating function to find the probability

distribution of X̄ =
1
n

n∑
i=1

Xi. [4]

5. Suppose that Y1, Y2, . . . , Yn is a random sample from a distribution with pdf

f(y; θ) = θ yθ−1, 0 ≤ y ≤ 1, (θ > 0.)

Find the method of moment estimator of θ. [5]

6. Raynaud’s Syndrome is characterized by the sudden impairment of blood circulation in the
fingers, a condition that results in discoloration and (internal) heat loss. The magnitude of the
problem was studied with 20 subjects (10 “normals” and 10 with Raynaud’s syndrome) each of
whom immersed their right forefingers in water kept at 19◦C. The heat output of the forefinger
was then measured with a calorimeter. Summary statistics of that study are as follows:
for normals : x̄ = 2.11, sX = 0.37 with Raynaud’s syndrome : ȳ = 0.62, sY = 0.20.

(a.) Can one conclude from this data that Raynaud’s condition indeed results in (internal) heat
loss? Use a significance level of 0.05. [5]

(b.) What (model) assumptions were necessary to justify the procedure you used in answering
part (a.)? [2]
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7. A study was conducted to investigate the effectiveness of hypnotism in reducing pain. Results
for randomly selected subjects are given in the accompanying table (based on “An Analysis of
Factors That Contribute to the Efficacy of Hypnotic Analgesia”, by Price and Barber, Jour-
nal of Abnormal Psychology, Vol. 96, No.1). The values are before and after hypnosis; the
measurements are in centimeters on a pain scale.

Subject A B C D E F G H
Before 6.6 6.5 9.0 10.3 11.3 8.1 6.3 11.6
After 6.8 2.4 7.4 8.5 8.1 6.1 3.4 2.0∑
xi = 69.7

∑
yi = 44.7

∑
(xi − yi) = 25∑

x2
i = 640.45

∑
y2

i = 297.39
∑

(xi − yi)2 = 137.46.

Construct a 95% confidence interval for the difference between the expected pain levels before
and after the hypnotism. [5]

8. The placebo effect describes the phenomenon of improvement in the condition of a patient
taking a placebo — a pill that looks and tastes real but contains no medically active chemicals.
Physicians at a clinic in La Jolla, California, gave what they thought were drugs to 7,000
asthma, ulcer, and herpes patients. Although the doctors later learned that the drugs were
really placebos, 70% of the patients reported an improved condition. (Forbes, May 22, 1995.)

(a.) Use the above information to test (at α = .01) the placebo effect at the clinic. Assume that
if the placebo is ineffective, the probability of a patient’s condition improving is 0.5. [5]

(b.) Find and interpret the P-value of the test. [3]
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