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1. (15%) A large manufacturing plant has 400 incandescent light bulbs illuminating
the manufacturing floor. The rate at which the bulbs fail follows some distribution
with a mean of two bulbs every five thousand hours.

a. (5%) Give a proper distribution model for the problem.
b. (5%) Calculate the mean number of bulbs fails in an eight-hour shift.
¢. (5%) Calculate the probability that no bulbs fail in an eight-hour shift.

2. (15%) Suppose the probability function of a random variable X is
cx x=2406
f(x)= {

0 elsewhere
a. (5%) Find mean and variance of X.
b. (5%)Find P(| X - u|<1.80).
¢. (5%)List the Chebyshev inequality and compare the results.

3. (10%) The local area network (LAN) for the computing system of a certain
company is temporarily shutdown for repais. Previous shutdowns have been due
to hardware failure, software failure, or power failure. Engineers have determined
that the probabilities of hardware, software and, power problems are 0.01, 0.02,
0.03, respectively. And the shutdown rate of hardware, software and, power
problems are 70%, 10%, and 50%, respectively.

a. (5%) What is the probability that the current shutdown of the LAN is due to
hardware failure?

b. (5%) What is the probability that none of the hardware, software and, power
problems happens?

4. (20%) The table below is a probability distribution of random variable X.

a. (5%) Find the range, mean and standard variation of this distribution.

b. (5%) Find the sampling distribution of the sample mean for a sample of size

=2 from this distribution. :

¢. (5%) Calculate the mean and standard deviation of the sample mean.

d. (5%) State the Central Limit Theorem.
X 0 1 6
P(x) |.5 2 3

5. (20%) A randomized complete block design (RCBD) was used to compare the
three mean responses for three treatments. Observations x; i=1,2,3, and j=1,2.

Block
Treatment 1 2
A 34 5.6
B 4.6 6.4
C 1.0 3.0
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a. (5%) Write out the effects model for the RCBD and describe how to arrange
the order of the treatment for the design.

b. (10%) Calculate the ANOVA table.

¢. (5%) Do the data provide the sufficient evidence to indicate that the
treatment means differ? Use alpha=0.03.

6. (20%) Consider the yield (y) of certain product that might be predicted by
temperature (x1) and pressure (x2). Based on the following computer output and
graphs to answer the following questions.

a. (5%) Use the model

y=BtBx+Bx, +&
to fit the data. Is this model useful for predicting Yield? Justify your answet.
b. (5%) Use the complete second order model to fit the data

y= Byt Bx + Boxy + Boxy + Bix; + Bsxix, +&
Compare these two models. Which one is better? Explain all reasons you can
think of.
c. (5%) When the temperature increases 10 degrees, what is the amount of yield
that will change in these two models?
d. (5%) What assumptions are needed in the modei for the P-values in the table

to be trusted?
The regreuion eguation is
y = - 1.57 + 0.0257 x1 + 0.0336 x2
Predictor Coatf gtDev T P
Constant -1,5705 0.4937 -3.18 0.003
x1 0.025732 0.004024 6.40 0.000
x2 0.033615 0.004528 6.82 0.000
8 = 0.4023 R-8Sq = 68.1% R-8qg(ad]j} = 65.4%
Analysis of Variance
Source DF 88 M8 F P
Regression _2 12.7859 6.3930 39.51 0.000
Error 37 5.9876 0.1618B
Total 39 18.7735
Source DF Seg 88
xl 1 5.2549
x2 1 7.5311
Residuals Versus x1 Residuals Versus x2
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The regression equation is

Yy = - 9.92 + 0.167 x1 + 0.138 x2 - 0,00111 xlsg -0.000843 x2aq +0.000241 x1x2
Predictor Coef StDev T P
Constant -9,917 1.354 -7.32 0.000
x1 0.16681 0.02124 7.85 0.000
x2 0.13760 0.02673 5.15 0.000
xleq -0.0011082 0.0001173 -9.45 0.000
x2s -0.0008433 0.0001554 -5.29 0.000
x1x 0.0002411 0.0001440 1.67 0.103
8 = 0.1871 R-8g = 93.7% R-Sqg{adj} = 92.7%
Analysis of Variance
Source P 88 MS F P
Regression _5 17.5827 3.5165 100.41 0.000
Error 34 1.1%908 0.0350
Total a8 18,7735
Source DF SQg 88
x1 1 5.2549
x2 i 7.5311
xlag 1 3.6434
x2n 1 1.0552
xlx 1 ¢.0982
Residuals Versus x1 Residuals Versus x2
(response is (raponse s y)
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TasLE IX Percentage Points of the F-distribution, o = .05
Fy
= F
7] Fa
v NUMERATOR DEGREES OF FREEDOM
»s 1 2 3 4 s 6 2 1 L]
1 1614 1998 215.7 224.6 2312 234.0 236.8 2389 240.5
2 1B.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.34
El 10.13 9.55 9.28 9.12 201 B.94 BEY RS g.81
“ 7.7 6.94 6.59 639 6.26 6.16 6.09 6.04 6.00
a 6.61 s 5.41 519 .05 .95 488 482 aT?
6 5.99 514 4.76 455 439 4.28 4.21 415 410
7 139 474 438 412 397 .87 3.79 37 3,68
] 5.32 .48 407 384 3.69 3.58 350 344 339
9 512 426 286 3.463 348 337 329 323 218
10 496 4.10 17 348 3.33 EE>] 3.14 an? EYrS
% 11 4.84 ER- ] a9 336 2.0 109 301 298 2.90
12 4.75 2.89 3.49 3.26 311 3,00 2.91 283 2.80
# .67 ERT 3.4t EXT 2.03 292 2.83 2.77 2.7
2 | a2 oo ol s | | 3B | & i)
£ 16 449 363 324 301 285 274 2.68 3.59 254
r 4.45 3s9 3.20 2.96 2.81 270 2.61 2.55 249
§ 1, 4.41 3.55 316 293 2.77 2.66 238 2.51 2.46
19 4.38 3.52 323 2.90 2.74 263 2.54 2.48 242
E 20 4.35 3.49 310 2.87 27 2.60 2.51 2.45 239
E> 431 347 3.07 2.84 268 2.57 2.49 2.42 237
X 12 4.30 .44 ans 282 2.66 2.5% 246 240 . .84
23 428 3,42 3.03 2.80 2.64 2.53 244 2.7 232
g 24 4,26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30
as 4.24 339 2.99 2.76 2.60 2.4% 2.40 234 2.26
26 42 3.37 2.98 2.74 2.59 2.47 239 232 2.17
F 2 4.21 33s 2.96 273 2.57 2.40 2.37 M 225
20 4.20 334 2.98 2.71 2.56 2,43 2.5 2.29 2.24
20 418 333 2.93 2.70 2.55 243 2.38 2.28 222
30 417 3,32 292 2.69 2,53 2.42 2.33 2.27 2.21
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1152 Appendix B Tables
TABLE IV Normal Curve Areas

z A0 M £2 a3 0 A5 L6 n L8 £

£ D000 04t Q080 4120 i nmes 088 Loyl 0319 0359
3 1308 438 (47 0517 0557 0596 0636 D675 H14 0753
2 0193 0832 (1871 910 0948 0987 1026 i 1103 1141
3 179 1217 1258 293 133 1368 1406 1443 1480 517
“+ 1554 1591 (i628 1664 1700 1736 1772 1808 1844 1879
5 1915 1950 1985 2019 2054 2088 2123 2157 2190 22%
&5 2257 2291 2324 2357 2389 2422 2454 2486 | 217 2549
N 2580 2611 2642 2673 2704 2734 2764 279 2823 2452

3 2881 A0 2939 2947 2995 3023 iy 3078 306 333
9 ns Rt JA212 3238 3264 3289 3315 3340 . 3363 3389

Lo 3413 3438 3461 3485 3508 353 3554 51 25 361
L1 3643 3665 3686 308 37 iy 310 3790 3810 L3830
12 3849 3869 3888 3907 305 3944 3962 3980 3997 4015
13 4u32 4049 Al66 AG82 A9 A115 4131 4147 4162 4177
14 4192 4207 4222 4236 4251 4265 4279 4292 A306 A9 -
1.5 432 4345 4357 4370 4382 4394 A406 418 4429 4441
1.6 4452 4463 474 A484 A495 4505 4515 4525 4535 4545
17 4554 4564 A373 A58 450 4599 A58 4616 4625 4633 :
L3 4641 4649 A656 4664 A6M AGTR A&86 4693 4649 AT05.
1.8 A3 A9 A726 4732 4738 4744 4750 A756 4761 4767

20 ATT2 A47T78 ATES 4788 A793 4798 4803 4808 4812 4817

21 4821 4826 A8 A834 AB3B 4842 4846 4850 4854 A857 -
2.2 AB&} ABG64 4868 AB71 48715 4878 4881 A884 4887 4890
23 AR A9 ARYR A901 4904 A906 4909 4911 4913 516

2.4 ANs A920 A9R A925 4027 4924 Ayl 4932 A934 4936
2.5 A938 4940 4941 A943 AMS 4946 4948 4949 495 4952
26 A953 |7 4955 A956 4957 4559 490 4961 4962 A963 A%
A 4965 A%60 4967 4968 4969 4970 4971 4972 A973 Av74
28 A974 4975 4976 A977 A977 4978 4979 4979 4980 4981
29 4981 4982 A9R2 4983 A9R4 4984 AVRS A8 4986 A6
30 4987 AT A7 AUBR 4988 4989 4989 4949 AN0 A¥90

31 49903 49906 49910 49913 49916 AR AY921 49924 A9926 ABE20
32 49930 ARM A936 49938 49940 49942 A9944 49946 49948 49950
a3 A9952 49953 4955 49957 49958 499601 49961 49962 49964 A9965
A4 49966 4968 A9969 49970 4997 49972 49T 49974 AY975 49976
A5 49977 4978 ANTR AT A99R0 49981 49981 AVR2 AS983 ANE3
a6 49984 A%I85 49985 49986 45986 ANB7 AY9H7 49588 A998 49988
A7 AYIED A9990 49990 49990 49991 49941 A9942 49992 49992 49992
38 49993 49993 49993 A4994 49994 49994 A9994 A999S 49995 49995
39 49995 49995 49996 49996 A9996 A999% 49996 49996 49997 A¥N?

Sotrce: Abridged from Tahic | of A. Hald, Swaristical Tables and Formnlas (New York: Wikey), 1952, Reproduced by permission of A. Hald.




