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(Total 100 Points.) There are 6 Problems in this exam. Show intermediate steps and

Sformulas for partial credit You must explain how you compute your results or answers
Jor full credit.

L. (10 points) The life of a DVD player has an exponential distribution with an average life £ =3 years. If
150 of these DVD players are purchased for different houses, what is the probability that at most 50
fail during the first year?

2. (20 points) Random variables X and ¥ has the following joint probability distribution:

1
k(oxy+y), 0<x<2,0<y<l,
fGoy) = KGR 0<x <20y

0, otherwise.

(a) Find £. (5 points)

(b) Find marginal probability distribution of the random variable X, (5 points)
(¢) Find conditional probability distribution of ¥ given that X'=2. (5 points)
(d) Find E[E(y | x)]. (5 points)

3. (20 points) The beta distribution has considerable application in reliability problems in which the basic
random variable is a proportion. If the proportion of a DVD player requiring service during the first
year of operation is a random variable having a beta distribution with a = 3 and B =2, and the density
function is given by

1= 0<x<,

1
F(%a.B)=1 B(a, )
0, otherwise.
where B(«, £) is the beta function defined by
Ble, )= ,Ex“'l(l —x)dx = w, for e, f> 0, and I'(&) is the gamma function.
Mo+ p)
(a) What is the probability that at least 70% of the new models of this brand sold this year will
require service during their first year of operation? (8 points) 7
(b) What is the mean proportion of a DVD player requiring service during the first year of operation?
(6 points)
(c) What is the variance of this random variable? (6 points)

4. (16 points) Two catalysts are being analyzed to determine how they affect the mean yield of a chemical
process. Specially, catalyst 1 is currently in use, but catalyst 2 is acceptabie. Since catalyst 2 is cheaper,
it should be adopted, providing it does not change the process yield. An experiment is run in the pilot

plant and results in the data shown in the following table. Assume that the measurements are normall
distributed,

Obs. No. 1 2 3 4 5 6 7 8
Catalyst1 | 89.2 | 94.7 | 89,1 91819541922 1942 91519226 | 238
Catalyst2 { 92.8 | 91.1 | 97.0 972193219051 91.0!892 92.75 | 2.96
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(a) Construct a 95% confidence interval on the ratio ol /of. (8 points)

(b) Based on the results in part (a), is there ahy difference between the néean vields for two types of
catalysts? Use « =0.05. (8 points)

5. (24 points) A manufacturer of television sets is interested in the effect of tube conductivity of four

different types of coating for color picture tubes. A completely randomized experiment is conducted
and the following conductivity data are obtained:

Coating Type Conductivity
1 143 141 150 146
2 152 149 138 143
3 129 | 127 | 132 | 130

(a) Is there a difference in mean conductivity due to coating type? Set up the appropriate hypothesis
for investigating this issue. Use « =0.05. (12 points)

(b) Estimate the overall mean and the treatment effects. (8 points)

(¢) If wish to minimize conductivity, which type of coating for color picture tubes would vou
recommend to the manufacturer? (4 points)

6. (10 points) Three cards are drawn from an ordinary deck of playing cards, with replacement, and the

number of spades (1) is recorded. After repeating the experiment 64 times, the following outcomes
were recorded:

ylo 1 2 3
fl2 32 1

Test the hypothesis of 0.05 level of significance that the recorded data may be fitted by the binomial
distribution &(y;3,1/4), y=0,12,3.
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Note: F-distribution with degrees of freedom v; and vy
P(E’LVZ > f(‘}.DS (vsz )) ={0.05

Jo.os(V1sv2)

vy

Us i 2 3 4 5 G T 8 9
1 16145 199.50  215.71 924 58 230.16 223.09 236.77  238.88 240.54
2 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38
3 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81
4 7.71 6.94 6.59 6.39 6.26 G.16 6.06 6.04 6.00
3 6.61 5.70 5.41 5.19 5.05 4.95 4.88 4.89 4.77
G 5.99 5.14 4.76 4.53 4.39 4,98 4.21 4.15 4.10
7 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3,73 3.63
3 5.32 4.46 4.07 3.84 3.69 3,58 3.50 3.44d 3.39
9 5.12 4.26 3.86 3.63 3.48 3.57 3.29 3.93 218
10 4.96 £.10 3.71 3.48 3.33 3,23 3.14 3.07 2.02
11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2,0% 2.60
12 4.75 3.89 3.49 3.26 311 3.00 2.91 2.85 2.80
13 467 3.81 3.41 3,18 3.03 2,92 2.83 277 2.71
14 4.60 3.74 2.34 2.11 2.96 2.85 2.76 2.70 2.65
15 4.54 3.68 3.29 3.06 2.90 2,79 2.71 2.64 2.59

Note: ¢ distribution with degrees of freedom v = @

v 0.05 0.025 v 0.05 0.025
I 1 6.314 12706 g 1.746 2.120
; 2 2.920 4.303 17 1.740 2.110
i 3 2.353 3.182 18 1.734 2.101
: 4 2.132 2776 19 1.729 2.093
5 e 5 2015 2371 20 1728 2.086
6 1.943 2.447 21 1.721 2.080
7 1.895 2.365 29 1.717 2.074
8 1.860 2.306 93 1.714 2.069
P(T > f ) =z 9 1833 2262 94 1712 2.064
v &,V 10 1.812 2228 o5 1.708 2.060
11 1.796 2.201 g2g 1.7C8 2.055
i2 1.782 2179 a7 1.703 2.052
13 1.771 2.160 28 1.701 2.048
14 1.761 2.145 29 1.699 2.045
15 1.753 2131 30 1.697 2.042

Note: )53‘ distribution with degrees of freedom v

xE density curve

Shaded arca =

R ) Pz >2,)=a

Table Critical Values of the Chi-Squared Distribution

¥ (81
0.99 0.975 0.95 0.80 0.10 0.05 0.025 0.01
0.0%157 0.0%982  0.00393 0.5158 2.706 3.841 5.024 §.635
0.0201 0.0506 0.103 0.211 4.605 5.991 7.378 9.210
0.115 0.216 0.352 0.584 6.251 7.815 9.348 11.345
$.297 0.484 0.711 1.064 7.779 9.488 11.143 13.277
0.554 0.831 1.145 1.610 9.236  11.070 12.832 15.086

0.872 1.237 1.635 2.204 10.645  12.592 14449 16.819

1239 1.690 2.187 2.833 12.017  14.067 16.013 18475
1.647  2.180 2.733 3.490 13.362  15.507 17.535 20.090
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