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Note:

1. When applying any probability distribution. please specify clearly the “name of the probability
distribution” you used and "its parameters” to calculate probability values.

2. Please find out probability “values” using attached tables whenever possible.

1.

If X Is a discrete random variable with uniform distribution, where g(x) > 0whenx=-1,0, 1, and 2
(i.e., g(x) = 0, elsewhere). If Y is another discrete random variable where h(0) = 0.2, h(7) = 0.3, and
h(2) = 0.5 (i.e., h(y) = 0 elsewhere). In addition, X and Y are independent. Please find the probability
distribution of (XY + 3) and plot it. [15%)]

2. The joint probability density function of the random variables X, Y, and Z is:
2 g2
f(x,y,z)={9xyz ,0<x<1 0<y<1,0<z<3,
0. elsewhere.

2.1Pleasefind P(0<Z<2|X=3,Y =§)‘ [10%]

2.2 Please find E(XYZ + X2Y?% + 2). [10%]
9 -

3. Normal distribution

3.1 X is a random variable following normal distribution f{x) with its parameters u and o. Please
prove that E(X) = and E[(X — p)?] = ¢2. [10%]

3.2 If X4, Xz, X, ..., X, are independent and identically distributed normal random variables with
mean of x4 and variance of o%. A new random variable Y = (X; + X, + X5 + -+ X;,)/n, please
derive Y's probability distribution h(y), Y's mean, and Y’s variance. [10%]

3.3 Following 3.1, z is the mean of a random sample of size n from a normal population with mean
of u and variance of o2. Please derive a two-sided 95% confidence interval for population mean p.
[10%]
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A LCD manufacturer wish to examine the defective rate of its new production line. It is conjectured
(#5330) that the defective rate of this new production line is 40%. If 14 LCDs are randomly selected
and 10 are found to be defective. Let X be the number of defective LCDs among 14, please find
P(X = 10) and use the result to comment on the conjecture on the defective rate. [15%)]

5. Xis a binomial random variable with parameters of n, p and g=(1-p).
5.1 Please derive the moment generating function of X. [10%]
5.2 Please use the moment generating function in 5.1 to derive mean and variance of X. [10%)]
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(Tables are excerpted from Walpole et al., Probability and Statistics for Engineers and Scientists, 9* edition.)

Table A.3 Areas under the Normal Curve

z .00 .01 .02 .03 04 .05 -06 07 .08 .09
—3.4 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002
—3.3 0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 00004 0.0004 0.0003
—3.2 0.0007 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005
—3.1 0.0010 0.0009 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007
—3.0 0.0013 0.0013 0.0013 00012 00012 0.0011 0.0011 0.0011 0.0010 0.0010

-29 00019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014
—2.8 0.0026 00025 0.0024 0.0023 00023 0.0022 0.0021 00021 0.0020 0.0019
-2.7 0.0035 0.003¢ 0.0033 0.0032 0.0031 0.0030 0.0020 0.0028 0.0027 0.0026
—2.6 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036
—2.5 0.0062 0.0080 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048

—-2.4 00082 0.0080 00078 00075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064
-2.3 0.0107 0.0104 -0.0102 0.0099 0.0096 0.0094 0.0091 0.0089 0.0087 0.0084
—-2.2 00139 0.0136 0.0132 0.0129 0.0125 00122 00119 00116 0.0113 0.0110
—-21 00179 0.0174 00170 0.0166 0.0162 00158 00154 00150 0.0146 0.0143
-2.0 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183

—-19 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 00244 0.0239 0.0233
—1.8 0.0359 0.0351 0.0344 0.0336 00329 0.0322 0.0314 00307 0.0301 0.0294
—-17 0.0446 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367
—-1.6 0.0548 0.0537 0.0526 00516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
-1.5 0.0668 0.0655 00643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559

—-14 00808 00793 00778 0.0764 0.0749 00735 0.0721 00708 0.0694 0.0681
~1.3 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
-12 01151 01131 01112 01093 0.1075 0.1056 0.1038 01020 0.1003 0.0985
-1.1 01357 0.1335 0.1314 0.1292 01271 0.1251 0.1230 0.1210 0.1190 0.1170
-10 01587 0.1562 0.1539 0.1515 01492 01469 0.1446 0.1423 0.1401 0.1379

-0.9 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685 01660 01635 0.1611
-0.8 02119 0.2090 02061 02033 0.20056 0.1977 0.1949 0.1922 01894 0.1867
—0.7 02420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0.2177 0.2148
—0.6 02743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2483 0.2451
—0.5 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776

—04 03446 0.3409 0.3372 03336 0.3300 0.3264 0.3228 03192 03156 0.3121
-0.3 0.3821 03783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483
-0.2 0.4207 0.4168 04129 04090 04052 04013 0.3974 0.3936 03897 0.3859
—0.1 04602 0.4562 0.4522 0.4483 0.4443 0.4404 04364 0.4325 04286 0.4247
—0.0 05000 0.4960 0.4920 0(.4880 04840 04801 0.4761 04721 04681 0.4641




a5k 205 BAILERIIAER 110 BAE A EESEE

A T ERGESRER-EAEE

EHRE - Rt SEEREET 1 0202 0 B2 3
$4H » F4H

Table A.1 {continued) Binomial Probability Sums i b{zin, p)
=0

P
0.10 0.20 0.25 0.30 0.40 0.50 0.60 0.70 0.80 0.90

0.2824 0.0687 -0.0317 0.0138 0.0022 0.0002 0.0000

0.6590 0.2749 0.1584 0.0850 0.0196 0.0032 0.0003 0.0000

0.8891 0.5583 0.3%07 0.2528 0.0834 0.0193 0.0028 0.0002 0.0000

0.9744 0.7946 0.6488 0.4925 02253 0.0730 0.0153 0.0017 0.0001

0.9957 0.9274 0.8424 0.7237 04382 01938 0.0573 0.0095 0.0006 0.0000

0.9995 (0.0806 0.9456 0.8822 0.6652 03872 0.1582 0.0386 0.0039 0.0001

0.9999 0.0961 0.9857 0.9614 0.8418 0.6128 0.3348 0.1178 0.0194 0.0005

1.0000 0.9994 0.9972 09905 0.9427 0.8062 0.5618 0.2763 0.0726 0.0043
0.9999 0.9996 0.9983 0.9847 09270 0.7747 0.5075 0.2064 0.0256
1.0000 1.0000 0.9998 0.9972 0.9807 09168 0.7472 0.4417 0.1109

10 1.0000 0.9997 0.9968 0.9804 0.9150 0.7251 0.3410

11 1.0000 0.9998 0.9978 0.9862 0.9313 0.7176

12 1.0000 1.0000 1.0000 1.0000 1.0000

13 0 0.2542 0.0550 0.0238 0.0097 0.0013 0.0001 0.0000
1 0.6213 0.2336 0.1267 0.0837 0.0126 0.0017 0.0001 0.0000
2 0.8661 0.5017 . 0.3326 0.2025 0.0579 0.0112 0.0013 0.0001
3 0.9658 0.7473 0.5843 0.4206 0.1686 0.0461 0.0078 0.0007 0.0000
4 0.9935 0.9009 0.7940 0.6543 0.3530 0.133¢ 0.0321 0.0040 0.0002
5 0.9991 0.9700 0.9198 0.8346 0.5744 0.2905 0.0977 0.0182 0.0012 0.0000
6
7
8

T
12

CER Ok @O

0.9999 0.9930 0.9757 0.9376 0.7712 0.5000 0.2288 0.0624 0.0070  0.0001
1.0000 0.9988 0.9944 (0.9818 0.9023 0.7095 0.4256 0.1654 0.0300 0.0009
0.9998 0.9990 = 0.9960 0.9679 0.8666 0.6470 0.3457 0.0991  0.0065

9 1.0000 0.9999 0.9993 0.9922 0.9539 0.8314 0.5794 0.2527 0.0342
10 o 1.0000 -0.9999 0.9987 0.9883 09421 (0.7975 0.4983 0.1339
11 . 1.0000 0.9998 0.9983 09874 0.9363 0.7664 0.3787
12 . 1.0000 0.9999¢ 0.9987 0.9903 0.9450 0.7458
13 1.0000 1.0000 1.0000 1.0000 1.0000

14 0 0.2288 0.0440 0.0178 0.0068 0.0008 0.0001 0.0000

1 0.5846 0.1979 0.1010 0.0475 0.0081 0.0009 0.0001

2 0.8416 0.4481 0.2811 0.1608 0.0398 0.0065 0.0006 0.0000

3 '0.9559 0.6982 0.5213 0.3552 0.1243 0.0287 0.0039 0.0002 E

4 0.9908 0.8702 0.7415 0.5842 0.2793 0.0898 0.0175 0.0017 0.0000

5 0.9985 0.9561 0.8883 0.7805 0.4859 0.2120 0.0583 0.0083 0.0004

6 0.0998 0.0884 0.9617 0.9067 0.6925 0.3953 0.1501 0.0315 0.0024 0.0000
7 1.0000 0.9976 09897 0.9685 0.8499 0.6047 0.3075 0.0833 0.0116 0.0002
8 0.9996 0.9978 0.9917 0.9417 0.7880 0.5141 0.2195 0.0439 0.0015
9 1.0000 0.9997 0.9983 0.9825 0.9102 0.7207 04158 01298 0.0002

10 1.0000 0.9998 0.9961 0.9713 0.8757 0.6448 0.3018 0.0441
11 10000 0.9994 0.9935 0.9602 0.8392 0.5518 0.1584
12 ' 0.0999 09991 0.9919 09525 0.8021 0.4154
13 1.0000 0.9999 0.9992 0.9932 0.9560 0.7712

14 1.0000 1.0000 1.0000 1.0000 1.0000




