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Math 230 Probability and Statistics Graduation Exam (Fall 2022)

I. In a chemical container, two types of molecules A and B exist. Let X and ¥ be continuous ran-
dom variables that represent the concentration of A and B in the container after an hour since their
interaction starts. It is known that the joint probability distribution of X and ¥ is

(a) Find k. (3 points)

(b) Are X and ¥ independent? Justify your answer. (4 points)
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for0 <z <land(0 =<y =1,

otherwise.

{c) What's the probability that there exists more A molecules than 57 (3 points)

2. A girl has two coins. The probability of having head when she tossed the first coin and the second
coin is (1.5 and 0.2, respectively. When she tossed one of the coins three times, she got three heads.
Given this fact, what's is the probability that the coin she tossed is the first coin. (Each coin is selected
with the same probability). (10 points)

3. A light bulb factory manufactures light bulbs whose lifetime has variance of 1 year. The distribution
of the lifetime of light bulbs produced in the factory is unknown. An engineer made a null hypothesis
“the mean lifetime of the light bulbs is 3. 100 light bulbs are randomly selected and the sample
mean of the random sample turned out to be 3.3. Using p value under a two-sided test, test the null
hypothesis with the significance level o« = (L01. (Use the normal distribution table on the next page).
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Table A.3 Areas under the Normal Curve o z

z .00 .01 02 03 04 .05 06 07 08 09
—3.4 00003 00003 00003 00003 00003 00003 00003 00003 0.0003 0.0002
-3.3 00005 00005 00005 00004 00004 00004 00004 00004  0.0004  0.0003
~-3.2  0.0007 00007  0.0006 00006 00006 00006 00006 00005  0.0005  0.0005
-3.1  0.0010 0.0009  0.0009 0.00090 00008 00008 00008 00008 0.0007  0.0007

J.0 0.0013 00013 0.0013 00012 00012 00011 00011 0.0011 0.0010  0.0010
=29 00019 00018 00018 00017 00016 00016 00015 00015 00014 00014
—2.8 0.0026 0.0025 0.0024 0.0023  0.0023 00022 0.0021 0.0021 0.0020 0.0019
=27 0.0035  0.0034  0.0033  0.0032  0.0031 0.0030 00029 00028  0.0027  0.0026G
-2.6 0.0047 00045  0.0044 00043  0.0041 00040  0.0039 00032 0.0037  0.0036
—2.5 00062 00060 00059 00057 00035 00034 00052 0.0051 0.0049  0.0048
=24 00082 00080 00078 00075 0.0073 00071 0.0069 00068  0.0066  0.0064
—-2.3 00107 00104 00102 00099 00006 00094 0009 0.0029  0.0087  0.0084
—2.2 00139 00136 00132 00129 00125 00122 00119 00116 0.0113 0.0110
-21 0.0179  0.0174  0.0170  0.0166 00162 00158 00154  0.0150  0.0146  0.0143
=20 00228 00222 00217 00212 00207 00202 00197 00192 00188 0.0183
—1.9 00287 0.0281 0.0274 00268  0.0262 00256  0.0250 00244  0.0239 0.0233
1.8 0.0359 0.0351 0.0344 00336 00329 00322 00314  0.0307  0.0301  0.0294
1.7 0.0446 004306  0.0427 00418 0.0409  0.0401 0.0392  0.0384  0.0375 0.0367
—1.6 00548 00537 00526 0.0516 00505 00495 00485 0.0475  0.0465  0.0455
~1.5 00668 006535 0.0643  0.0630 00618  0.0606  0.0594  0.0382  0.0571  0.0559
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