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1. Please answer the following questions about normal distribution, t-disttibution, y*-distribution and
(30%) F-distribution:
(2} What is the “Cenptral Limit Theorem™?

(b) What is the relationship between normal and y*(y? What kinds of problems can we apply
o -distribution?

{c) What is the relationship between t-distribution and normal — and ¥*-distributions? What kinds
of problems can we apply t-distribution?

(d) What is the relationship between F-distribwtion and t- and y’~distribation? What kinds of
problems can we apply F-distribution?

2. There is a filling machine which stops the filling operation antomatically when the sum of the weight
(20%) of the container and its contents reaches a pre-set value. Let preset value be C, the weight of content
be X, the weight of container be Y, and the weighting error of the machine be e.
{a) Witte down a statistical model for this sitvation.

(b) What is the variation of the weight of the contents when the filling precision of this machine in
terms of standard deviation is o 1 and the variauon of the container weight is ¢ 5 in terms of
standard deviation?

3. The shelf life (days) of a carbonated beverage is of interest. Ten bottles are randomly selected and

(25%) tested, and the following results are obtained:

Days
108 138
124 163
124 159
106 134
115 139
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() We would like to dernonstrate that the mean shelf life exceeds 120 days. Set up appropriate
hypotheses for investigating this claim.

{b) Test these hypotheses using ¢¢=0.01. What are your conclusions?

{¢) Find the P-value for the test in Part (b).

{d} Construct a 99 percent confidence interval on the mean sheif life.

4. The following are the burning times of chemical flares of two different formulations. The design

(25%) engineers are interested in both the mean and variance of the burning times.

Type 1 Type 2

65 82 64 56
81 67 71 69
57 59 83 74
66 75 59 82
82 70 65 79

(a} Test the hypothesis that the twe variances are equal. Use = 0.05.

(b) Using the resulis of (a), test the hypothesis that the mean burning times are equal. Use a =0.05.
What iz the P-value for this test?

{c} Discuss the role of ihe normality assumption in this problem. Check the assumption of normality for
both types of flares.
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I. Cumulative Standard Nornial Distribution®
r 1 .
=" ——e gy
w7z
i) A1 2 03 04

S0000 50399 0798 1197 51595
33983 2437% 4776 S5172 55567
57926 SE317 58706 9095 9483
Al 62172 62551 62930 B3307
65542 65910 . 66276 56640 67003

£H0146 00497 69847 70194 70540
12575 2907 13237 73565 3891
75803 J6115 Jo424 76730 JFHES
78814 .79103 79389 79673 79954
81594 81859 . 82121 B2381 82639

1.0 S4134 B4375 84613 B4849 25083 1.0
1.1 26433 26630 56864 B7076 L7285 1.1
12 88453 AB8686 - BBEFT 89065 29251 12
1.3 90320 00490 20658 90524 20988 13
14 91924 92073 52219 2364 92506 14

1.5 93319 S3448 23574 93609 9352 1.5
1.6 24520 94630 54738 24845 24950 1.6
1.7 95343 5637 95728 25818 95007 1.7
1.8 96407 96485 L6562 56037 96711 1.8
1.9 OT128 97193 ST257 OT320 97381 1.9

2.0 ST725 SFTI8 97831 7882 97932 2.0
2.1 08214 98257 B3N 98341 J3E82 21
22 28610 98645 S8670 O8T13 98745 2.2
23 93928 98956 OB9R3 9901¢ 290246 2.3
24 29180 0202 99224 99245 99256 2.4

25 99379 99396 59413 9MI 9046 25
26 99534 99547 99560 99573 9985 26
27 99653 99664 99674 90683 9993 27
28 9944 99752 99760 99767 974 28
2.9 9813 99319 5825 09g31 99836 29

38 SIRGS H986% 99874 09878 99882 3.0
3.1 99903 59906 99911} 99913 99916 3.1
3.2 99931 99934 9936 99938 539940 32
3.3 99952 99953 09955 0957 59958 3.3
3.4 99966 99968 09969 59970 99971 34

35 99977 HO9TR 99978 - 99979 99980 3.5
3.6 09984 999R5 99965 99985 99986 3.6
3.7 D9989 09950 999%) 99950 99991 3.7
3.8 99953 99993 99993 99994 99994 38
3.9 09995 99995 09996 99996 99996 39

* Reproduced with permission from Probabifity and Siadedcs i Enginesring and Management
Science, 3rd edition, by W. W. Hines and Ir. C. Montgomery, Wiley, New York, 1950.
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L Cumnulative Standard Normal Distribution (continged )

o) = [ =

z 05 06 A7 08 09 z
A0 51994 2392 S2790 53188 53586 K1
1 55062 56356 56749 57142 57534 |
2 59871 B0257 HGE2 A6 01409 2
3 535883 54058 BH4431 64303 H5ETS 3
A L7304 BT724d GE0RD 8438 L8793 4
5 0884 1226 71566 J1904 72240 5
& 74215 4537 J485T J5175 T3490) 5
7 7337 TTEYT Tr935 78230 TE523 T
3 20234 80510 SOT35 21057 81327 8
59 S2894 83147 B3397 23646 53891, 9
1.4 85314 85543 85769 85003 86214 10
11 57493 87697 A7) E8I00 B82Y7 1.1
1.2 89435 89515 80795 BO073 90147 1.2
13 91149 91308 51465 91621 91773 1.3
14 92647 92785 92022 03056 . 93189 1.4
1.5 03943 4062 04179 94205 04408 1.5
1.6 95053 95154 95254 95352 95448 1.5
1.7 05994 RUE 6164 06246 D6327 1.7
18 H6754 6836 96926 05995 H1062 1.8
1.9 07441 97500 7558 I7615 JF670 1.9
2.0 R Tl Ly 98630 88077 98124 98169 20
2] 98422 98461 28500 92537 98574 21
2.2 8877s 03809 93840 S8R70 DgRo9 2.2
23 99061 S0086 9111 89134 99158 2.3
2.4 B9286 29305 99324 99343 00361 24
2.5 09461 99477 294972 9506 89520 2.5
2.6 59598 99609 99621 09632 99643 2.6
27 99702 99711 720 98 99736 2.
2.8 9978) OUTER 00795 S9SR0L 09807 2.8
29 09841 99846 99851 D856 99861 29
30 B9EE6 99889 99893 0897 20000 3.0
31 59918 00921 09924 09926 09929 3l
32 09542 59944 99946 39048 9995 3.2
33 299560 99961 99062 99564 59965 33
34 09972 Q0aT3 899974 99975 09976 34
35 99951 99981 99982 09983 90983 3.5
3.6 99987 00937 D083 G908 90984 3.6
3.7 99991 00992 99992 SO 90992 AT
38 09994 0094 G905 09095 Q0095 3.8
39 99900 Q090G S0G 00097 OO0 39
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IL Pescentage Points of the ? Distribution®

v AD 25 10 05 025 0 05 Do2s L1 H | 005
1 325 1000 3078 6314 12706 ILE21 63657 12732 31831 636.62
2 1W ‘216 1886 2920 4303 6965 9925 14080 23326 3598
3 265 1638 2353 A8z 43541 584 7453 10213 12924
4 r| T4 LS 1R 2176 3747 4.504 5598 11783 3.610
§ 267 727 1476 2015 25N 3365 4082 4.773 5293 6.86%
6 265 27 1420 1843 2447 3043 370 4317 5208 3.959
7 263 - 711 1415 1895 2,365 2.998 3.499 4.01% 4.785 5408
8 262 706 1397 i.B60 2506 2.896 3355 38 4,501 5041
o 261 713 1353 1833 2262 2831 3230 3,690 4.297 4,781

10 260 Joo 1372 1812 2228 2. 764 3.169 3581 4144 4 587
11 260 697 13683 LT 2201 2718 3.106 3497 4.025 4.437
12 259 895 1356 1782 1179 2.681 3.055 3428 3930 4318
13 259 £94 1350 1771 2.160 2.650 32 in 3.852 4.221
14 25 692 1S  LT6L 2145 2624 2977 3326 3.787 4,140
15 258 601 1341 1753 2131 26k 2547 3.280 3.733 4.073
16 258 B9 1337 1.Mb 2120 2583 2521 3252 3.686 4,015
17 257 £89 135 1|0 2110 2567 2.8 322 3646 3,965
18 riay ) H88 1330 17 2.101 2.552 2878 3197 610 3.922
19 257 H88 1328 L7729 2093 2539 2861 3.174 3,574 3.883
20 257 HE7T LIS 1723 2.086 2.528 2.845 3153 3552 3850
21 257 686 1323 L2t 2086 2518 2831 3.135 3.52T 3.819
2 25 63 1321 177 2074 2508 2819 3.119 3505 3.792
2% 685 1319 1714 2069 2500 280V 3.104 3485 3.767
24 36 S8 1312 1711 20604 2492 2797 3.0 3467 M5
15 256 GB4 1316 1708 2060 2485 267 3078 3.450 3. 75
26 25 634 1315 L1706 2056 24 2709 3.067 3435 3.707
27 256 £84 1314 1703 2052 2473 2TA 3.057 34 3.690
28 256 483 1313 1701 2048 2467 27763 2047 3408 3674
9 25 683 1311 1699 2045 2462 2756 3038 3396 3.65%
0 25 623 1310 1697 242 2457 27N 3.030 3385 3.646
4 255 681 1303 1684 2021 2423 27M 2971 3307 3551
8 254 679 129% 1671 2000 2390 2660 2915 3232 3.460
120 254 677 1289 1458 1980 2358 2617 2,860 3,160 3373
o 253 674 17282 1645 1960 234 2576 2.807 3.000 3,291
y = degrees of fresdom.

'hdqt@d-ithpumﬁmtumﬂmhmbhﬁrm?ﬂLhdeﬁﬁmbyES.Pmnand}LD.Huﬂﬂﬁ
Eamhﬂpaﬂﬂmﬁtrrm.w:ﬁﬂﬁﬁ.
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IH. Percentage Poiats of the x* Distribution*

2 () BRI HWREEESH

¥ 993 990 875 550 500 050 025 010 005
1 000+ 000+ OO0+ 000+ 045 384 502 6.63 71.88
2 0m 002 0.05 0.10 1.39 599 138 921 10.60
3 007 011 022 0.35 2.37 721 0.35 1134 12.84
4 0 0.30 (.48 0.71 336 949 1114 1328 1486
5 04t 0.55 0.83 1.15 435 1107 1238 1509 1675
& 068 0.37 124 1.64 $35 1259 1445 1681 1855
7 099 124 1.69 2.17 635 1407 160f 1848 2028
8 1.34 165 = 218 2.73 734 1551 1753 2000 219
2 173 209 2.70 3.33 834 1692 1902 2167 2359

10 214 2.56 325 3.04 934 183t 2048 2321 2519

11 260 3.05 352 4.57 1334 1968 2t 2472 276

12 3407 3.57 4.40 523 1134 2103 2334 2622 2830

13 357 4.11 501 5.89 1234 2236 2474 2769 2982

14 407 4,66 5.63 6.57 1334 2368 2612 2014 3132

5 460 523 6.27 7.26 1434 2500 2749 3058 3280

16 514 5.81 6.9 7.96 1534 2630 2885 3200 3427

i1 570 641 7.56 8.67 1634 2759 319 3341 872

18 626 7.01 823 9.39 1734 2887 3153 3481 3716

19 684 7.63 B.91 10.12 1834 3014 3285 319 3858

20 143 B.26 .59 10,85 193¢ 3141 3417 3757 4000

25 1052 11.52 13.12 14.61 2434 3765 4065 24431 4693

30 13.79 14.95 16.79 1849 29:34 4377 4698 5089 53467

40 201 22.16 24.43 26.51 3934 5576 5934 6369 6677

50 27.99 2971 32.36 3476 . 4933 6750 7142 7615 7949

60 35.53 3748 40 48 43,19 5933 7908 8330 RRAR 9195

70  43.28 A5 44 £8.76 51.74 6953 9053 95.02 10042 10422

80 51.17 53.54 5715 6039 7933 101.83 10663 11233 11632

0 59.20 61.75 65.65 69132 8933 11314 118314 - 12412 12830

100 67.33 76.06 742 1IN 9933 12434 12056  1358F 14017
¥ = Jegrees of freedom

" Adapted with pesmisslon from Biomerika Tabley for Seatisticions, Vol. 1, 3zd edition by £ 5. Pearson and H. O.
Hartley, Cambidge Usivertity Press, Cambridge, 1966.
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