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B4.1-R4: COMPUTER BASED NUMERICAL AND STATISTICAL TECHNIQUES

NOTE :
1. Answer question 1 and any FOUR questions from 2 to 7.

2.  Parts of the same question should be answered together and in the same sequence.

3.  Only Non-Programmable and Non-Storage type Scientific Calculator allowed.

Time : 3 Hours Total Marks : 100

1. (a) Calculate Var(X) if x represents the outcome when a fair die is rolled.

(b) The diameter of a component produced on a semi-automatic machine is known
to be distributed normally with a mean of 10 mm and a standard deviation of
0.1 mm. If we pick up a random sample of size 5, what is the probability that the

same mean will be between 9.95 mm and 10.05 mm ?

(c) Show that the geometric mean of the coefficient of regression is the coefficient of
correlation.

(d) A cubical die was thrown 9,000 times and 1 or 6 was obtained 3120 times. Can
the deviation from expected value lie due to fluctuations of sampling ?

(e) Find the polynomial f(x), which satisfy the following data and hence find the
value of f(1.5).

fe)| 4 | 13| 34 | 73 | 136

(f) N is function of the different measurable quantities u, v, w, x, y and is given by

uPviw’

xsyt

find an upper limit to the relative error in the measure of N.

(g) The arithmetic mean of the runs scored by three batsmen Rohit, Mohit and Lohit
in the series are 50, 48 and 12 respectively. The standard deviations of their runs
are 15, 12 and 2 respectively. Who is the most consistent of the three ? (7x4)
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3. (a)
(b)
4 (a)
(b)
5 (a)

Discuss the consistency of the following system of equations

2x+3y+4z=11, x+5y+7z=15, 3x + 11y + 13z=25 if consistent, solve them.

A slider in a machine moves along a fixed straight rod. Its distance x cm. along
the rod is given below for various values of the time t seconds. Find the velocity
of the slider when t=0.1 second. (10+8)

t 0 0.1 02 | 03 | 04 | 05 | 0.6
x [30.1331.62|32.87|33.64|33.95|33.81|33.24

Employ the method of least squares to fit a parabola y=a+bx +cx? in the
following data :

-1 0 (0|1
2101

If there are 3 misprints in a book of 1000 pages find the probability that a given
page will contain (i) no misprint (ii) more than 2 misprints. (9+9)

Using Bisection Method, find a real root of the equation x=cosx correct up to

two decimal figures.

If 8 rooks (castles) are randomly placed on a chess-board, compute the probability
that none of the rooks can capture any of the others. That is, compute the

probability that no row or column contains more than one rook. (9+9)

The mode of a certain frequency curve y=f(x) is very near x=9 and the value of
the frequency density f(x) for x=8.9, 9.0 and 9.3 are respectively equal to 0.30,

0.35 and 0.25 calculate the approximate value of the mode.

kn
Evaluate J'OE \/1 —0.162 sinzcb d¢ by Simpson's 1/3 rule correct up to two places

of decimal, taking three points.

If X and Y are two independent N(0, 1) random variable and P=1+X+XY? and
Q=1+X, find Cov(P,Q). (6+6+6)
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A tray of electronics components contain nine good components and three
defective components. If two components are selected at random, what is the

expected number of defective components ?

A number of arrivals of customers during any day follows Poisson distribution
with a mean of 5. What is the probability that the total number of customers on
two days selected at random is less than 2 ? (9+9)

If the number of telephones calls an operator receives between 10.00 pm to 10.10
pm following Poisson distribution with mean 3. The probability that the operator
receives one call during the interval the next day is 0.149.

The mean inside diameter of a sample of 200 washers produced by a machine is
0.502 cm and the standard deviation is 0.005 cm. The purpose for which these
washers are intended allows a maximum tolerance in the diameter of 0.496 to
0.508 cm, otherwise the washers are considered defective. Determine the
percentage of defective washers produced by a machine, assuming the diameters

are normally distributed.

Prove that arithmetic mean of the coefficient of regression is greater than the

coefficient of correlation. (6+6+6)
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Areas

Under the
Standard
Normal Curve
fromOQto z
z 0 1 2 3 4 5 6 7 8 9
0.0 0000 0040 0080 0120 0160 0199 0239 0279 0318 0369
0.1 0398 0438 0478 0517 0657 L0596 0636 0875 0714 0754
02 .0793 .0832 D871 0910 0948 0987 1026 1064 1103 1141
0.3 179 1217 1265 .1293 1331 .1368 .1406 1443 .14B0 1517
0.4 .1564 1691 .1628 1664 1700 1736 1772 1808 1844 1879
0.5 1915 1950 1985 2019 2054 2088 2123 2157 2180 2224
0.6 2258 2291 2324 2357 2389 2422 2454 2486 25618 25649
0.7 2680 2612 2642 2673 2704 2734 2764 2794 2823 2852
0.8 2881 2910 2039 2967 2996 .3023 3051 3078 3106 3133
0.9 3159 3186 3212 3238 3264 .3289 3815 3340 3365 3389
1.0 3413 3438 3461 3485 3508 3631 3554 3577 3589 3621
1.1 3643 3665 3686 3708 3729 3749 3770 3790 3810 3830
12 .3849° .3869 3888 3907 3525 3944 3962 3980 83997 4015
1.3 4032 4049 4066 4082 4099 4115° 4131 A147 4162 4177
1.4 4192 4207 4222 4236 4251 4265 A279 4292 4306 4319
15 4332 4345 4357 4370 4382 4384 4406 4418 4425 Addl
1.6 4452 4463 4474 4484 4495 4505 45615 4525 4585 4545
19 45564 4564 4573 4582 4581 4599 4608 4616 4625 4633
18 4641 4649 4656 4664 A6T1 4678 4686 4683 4699 A706
1.9 AT13 AT19 4726 4732 4738 4744 A750 A756 4761 AT67
2.0 AT72 AT78 ATB3 AT88 47983 4798 .4B03 4808 4812 A817
5 | 4821 4826 4830 4834 4838 4842 AB46 4850 4854 4857
22 4861 4864 4868 ABT1 A8T5 AB78 4881 48B4 4887 4800
23 4893 4896 4898 4901 4904 A906 4909 4911 49013 4916
24 4918 4920 A922 4925 4927 4929 4931 4932 4984 4936
2.5 4938 4540 4941 4943 4945 4946 4948 4949 A951 4952
26 4953 4855 4956 4957 A959 4960 4961 4962 4963 4964
21 4965 4966 4867 4968 4969 A970 4871 4972 4973 4974
2.8 4974 A975 4976 A977 A977 A978 ART9 4978 4980 4981
2.9 4981 4982 4982 4983 4984 4984 4985 4985 ADBE 4886
8.0 4987 4987 4987 4988 A988 4989 4989 4989 4990 49980
3.1 4990 4991 A991 4991 4992 4992 4992 4992 4993 4993
3.2 4993 4993 4994 4994 4994 4984 4994 4995 4995 4995
3.8 4995 4995 A995 4996 4996 4996 .4896 4996 4996 A99T
34 4997 4997 A997 A897 A997 4997 4997 4997 4887 4998
3.5 4998 4998 A998 4998 4998 4998 4998 4998 4998 4998
3.6 4998 4998 4999 4999 4999 4999 4999 4999 4989 4999
39 4999 4999 4993 4999 A999 4999 4999 4999 4998 4999
3.8 4999 4999 4999 A999 4999 4999 4999 4999 4999 4999
3.9 5000 5000 5000 5000 5000 5000 5000 5000 5000 b000
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Percentile Values (t,)

for
Student's t Distribution
with v Degrees of Freedom
(shaded area =p)

’ f.o0s [ Loms tas t.s tw t1s £ t.e t.ss
1 63.66 31.82 12.71 6.31 3.08 1.376 1.000 27 325 .158
p) 9.92 6.96 430 2.92 1.89 1.061 816 617 289 142
3 5.84 454 318 2.35 1.64 978 765 584 277 137
4 4.60 3.75 2.8 2.18 1.58 541 41 569 27 134
5 4.03 3.36 257 2.02 148 820 721 559 267 132
£ 3.71 3.14 245 1.94 1.44 508 J18 553 265 131
7 2.50 .00 2.36 1.90 1.42 B96 11 549 263 130
8 3.36 2.90 2.31 1.86 140 B89 06 546 262 130
9 3.25 2.82 2.26 1.83 1.38 883 103 543 261 129
10 3.17 2.76 2.23 1.81 1.37 878 700 542 260 129
11 311 272 2.20 1.80 1.36 876 897 540 260 129
12 3.06 2.68 2.18 1.78 1.36 873 £96 539 259 128
13 3.01 2.65 2.16 1.77 1.85 BT0 594 538 2569 128
14 2.98 2.62 2.14 1.76 1.34 868 602 537 258 128
15 2.95 2.60 2.13 1.75 1.84 B66 691 536 258 128
16 2.92 258 212 1.75 1.34 865 690 536 258 128
171 290 2,57 211 1.74 1.88 363 589 534 257 128
18 2.88 255 2.10 178 133 862 888 534 257 127
19 2.86 2.54 2.09 173 1.38 861 588 533 257 127
20 2.84 258 2.09 1.72 1.82 860 687 533 257 127
21 2.83 252 2.08 172 182 559 688 532 257 127
22 2.82 251 2.07 1.72 1.82 858 5886 532 256 127
28 281 250 2.07 1M 1.32 868 B85 582 256 27
24 2.80 2.49 2.06 1.1 1.32 86T B85 531 256 127
25 2.79 2.48 2.06 1.7 1.52 856 684 531 256 127
26 2.78 2.48 2.06 1.m 1.32 856 684 531 256 127
27 2.77 2.47 205 170 1.81 855 £84 531 256 127
28 2.76 2.47 2.05 1.70 1.31 B56 483 530 256 1217
29 2.76 2.46 2.04 1.70 1.31 854 683 530 256 127
30 2.75 2.46 2.04 1.70 131 854 683 530 256 127
&0 2.70 2.42 2,02 1.68 1.80 851 681 529 2556 126
60 2.66 2.89 2.00 1.67 1.30 B48 679 527 254 126
120 282 2.36 1.98 1.66 1.29 845 877 526 284 128
o 258 238 1.96 1645 128 842 874 524 253 1286

Source: R. A. Fisher and F. Ym.. Statistical Tables for Biological, Agricultural and Medical Research (5th edition), Table IH,
Otiver and Boyd Lid., Edinburgh, by permission of the authors and publishers.

Page 5 B4.1-R4/08-22



Percentile Values (x3)
for
the Chi-Square Distribution
with » Degrees of Freedom -
(shaded area=p) x;

2 2 2 ? 2 3 2
Xoos X9 Xgs Xgg Xpg X3z Xg Xz Xy X Xias X Xgos

-

788 663 B.02 384 271 182 485 .102  .0168 .0039 .00IC .0002 .00D0
10.6 921 1738 599 461 277 1.39 576 211 .108 .0506 .0201 .0100
12.8  11.3 935 1781 625 411 237 121 B5B4 352 216 115 072
149 183 111 949 798 539 836 192 106 .T11 484 207 207

o GO DN e

5 16.7 151 128 1Ll 924 6.63 435 2867 161 - 115 831  Bb4¢ 412
6 185 168 144 126 10.6 784 535 346 220 164 1.24 872 676
7 20,3 185 160 141 12,0 804 636 425 283 217 162 124 .989
8 220 201 175 1565 134 102 7.8¢ B5.0T 348 273 218 1656 1.34
9 236 21.7 18,0 169 147 114 834 590 417 333 270 209 173

10 252 232 205 183 160 125 984 674 487 384 3265 256 2.16
1 26.8 247 219 187 173 187 103 758 B5b58 457 882 805 260
12 283 262 283 210 1B5 148 113 B44 630 523 440 8.67 3.07
13 298 277 247 224 188 160 123 930 7.04 589 5.01 411  3.67
14 313 281 261 237 211 171 183 102 778 657 5.63 4.66  4.07

16 328 306 275 25,0 223 182 148 110 865 726 626 523 4.60
18 843 820 288 263 235 194 153 118 931 , 796 681 581 514
17 8,7 334 802 276 248 . 205 163 128 101 B67 756 641 5.70
18 872 348 315 289 260 216 178 187 108 839 823 7.01 626
19 386 362 329 301 272 227 183 146 117 101 B9l 763 684

400 376 342 314 284 238 193 155 124 109 959 826 743
414 389 3§55 327 206 249 203 163 132 116 103 880 8.03
428 403 368 8395 308 260 213 172 140 123 110 854 BG4
442 416 381 852 820 271 223 181 148 131 1L7 102 9.26
456 430 894 364 332 282 233 190 167 138 124 109 9.89

483 466 419 389 356 304 263 208 178 164 138 - 122 112
496 470 432 401 367 315 263 217 181 162 146 29 . 118
51.0 483 445 413 379 326 278 227 189 169 163 136 125

20
21
22
23
24
25 46.9 443 406 377 844 203 243 199 165 146 181 115 105
26
27
28
29 623 496 457 426 891 337 283 286 188 177 160 143 131

30 63.7 508 470 438 403 348 203 245 206 185 168 160 138
40 668 637 593 BER G518. 456 393 837 281 265 244 222 207
60 785 762 714 675 632 568 493 429 377 348 324 207 280
60 920 884 833 81 744 670 593 523 465 432 405 375 855

70 | 1042 1004 950 806 BEE TIE 683 617 553 BlL7T 488 454 438
8 | 1163 1123 1066 1019 966 881 T9.3 TI1 643 604 B72 B85 GL2
90 | 1283 1241 1181 1131 1076 986 893 806 733 691 6656 618 692
100 | 1402 1368 1206 1243 1186 1091 993 901 824 779 142 701 873

Source: Catherine M. Thompson, Table of percentage points of the x* distribution, Biometrika, Vol. 32 (1941), by pérmission of
the author and publisher.
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95" Percentile Values
for the F Distribution
(v, degrees of freedom in numerator)

(v, degrees of freedom in denominator)

hd
-

v 1 2 3 4 5§16 7' 8] 910 |12 120 | =

161 | 200 | 216 | 225 | 230 | 284 | 237 | 239 | 241 | 242 | 244 | 246 | 248 | 249 | 250 | 251 | 262 | 253 | 254
18.5/19.019.2(19.2(19.3119.3 {19.4{19.4/19.4/19.4119.4{19.4/19.4/19.5{19.519.5/10.5/19.5 [19.5
10.1{9.559.28 [9.12{9.01 | 8.94 |8.89 |8.85(8.81 | 8.79 {8.74 [8.70 | 8.668.64 | 8.62 | 8.59|8.57 | B.56 {8.63
7.71]6.94 | 6.59 | 6.30 | 6.26 ] 6.16 | 6.09 |6.04 | 6.00 | 5.96 15.91 | 5.86 | 5.80 | 5.77{5.75 | 6.72 | 5.68 | 5.66 {5.63
6.61|5.795.41 |5.19{5.05|4.95 [4.88 |4.82|4.77|4.74 |4.68 | 4.62 | 4.66 | 4.53 | 4.50 | 4.46 | 4.43| 4.40 | 4.37
5.995.14 |4.76 | 4.583 | 4.39 1 4.28 |4.21 |4.15]4.10 | 4.06 {4.00 | 3.94 | 3.87 | 3.B4 | 8.81 | 3.77 | 8.74| 8.70 | 3.67
5.5914.74 | 4.35 | 4.12} 8.97{3.87 |3.79 | 3.73|3.68 | 3.64 | 8.57|3.51 | 3.44|3.41 | 8.38 | 3.34 | 3.30| 3.27 | 3.23
5.32 | 4.46 | 4.07 |3.84 | 3.69|8.58 {3.50 |3.44 {3.89 |3.35 {3.28 {3.22 | 8,15 |3.12| 3.08 | 3.04 | 3.01 | 2.97 | 2.98
5.12(4.26 |3.86 |3.63 | 3.48|3.37 |3.29 |3.23|3.18 |3.14 {8.07 | 3.01 | 2.04 | 2.90 | 2.86 | 2.83 | 2.79| 2.75 {2.7]
4.96/4.10/3.71 | 3.48|3.33[3.22 {3.14 | 3.07{3.02 | 2.98 {2.91 {2.85 | 2,77 | 2.74 | 2.70 | 2.66 | 2.62 | 2.58 |2.54
4.843.983.50 |3.36 | 3.20 | 3.00 {3.01 | 2.95|2.90 |2.85 |2.79 | 2.72 | 2.65 | 2.61 [ 2.57 | 2.53 | 2.48 | 2.45 [2.40 |
4.75|3.89 [3.49 |3.26 | 3.11 | 3.00 {2.91 |2.85 | 2,80 |2.75 | 2.69 | 2.62 | 2.54 | 2.51 | 2.47 | 2.48| 238 2.34 | 2.80
4.67)3.81|3.41(3.183.03|2.92 |2.8312.77{2.71 | 2.67 |2.60 | 2.58 | 2.46 | 2.42|2.88 | 2.34 | 2.30 | 2.25 | 2.21
4.60)3.74|3.34(3.112,96|2.85 | 2.76 (2.70| 2.65 | 2.60 | 2.58 | 2.46 | 2.39 {2.35 | 2.31 | 2.27| 2.22 | 2.18 | 2.18
4.54|368|3.29 |3.06|2.90| 2.79 | 2.71 |2.64|2.69 | 2.54 | 2.48 | 2.40 | 2.33 | 2.20 | 2.25 | 2.20 | 2.16| 2.11 | 2.07
4.49(8.633.243.01 (2,85 2.74 | 2.66 | 2.59| 2.54 {2.40 {2.42|2.35|2.28 | 2.24 | 2.10 |2.15| 2.11 | 2.06 | 2.01
4.45/3.50 [3.20 | 2.96 | 2.81 [ 2.70 | 2.61 | 2.55| 2.49 | 2.45 | 2.38 | 2.31 [ 2.23 |2.19 | 2.15 | 2.10| 2.06 | 2.01 | 1.96
4.41(3.55{3.16 |2.93|2.77| 2.66 | 2.58 | 2.51 | 2.46 | 2.41 | 2.34 { 2.27 | 2.19 | 2.15 | 2.11 | 2.06 | 2.02| 1.87 | 182
4.383.5213.13|2.90 | 2.74 | 2.63 | 2.54 [2.48| 242 |2.38 | 2.31 | 2.23 | 2.16 | 2.11 | 2.07 | 2.08 | 1.98 | 1.98 | 1.88
4.35|3.49 (3.10 | 2.87 | 2.71 | 2.60 | 2.51 | 2.45|2.30 | 2.35 {2.28 /2.20 | 2.12 {208 | 2.04 {1.99 | 1.95]1.90 | 1.84
4.3213.47|3.07|2.842.68|2.57 249 |2.42}2.37(2.32(2.252.18 | 2.10 | 2.05| 2.01 | 1.96 | 1.92| 1.87 | 1.81
4.30 |3.44 [3.05 |2.82{2.66 | 2.55 | 2.46 |2.40| 2.34 {2.30 [2.28 | 2.15 | 2.07 | 2.03 | 1.98 | 1.94{ 1.89 | 1.84 |1.78
4.28 (342 |3.08 | 2.80 | 2.64 | 2.53 | 2.44 |2.37]2.32 {2.27 [2.20 |2.13 | 2.06 [2.01 | 1.96 |1.91 | 1.86 | 1.81 [1.76
4.2613.40(3.012.78 |2.62| 2.51 | 2.422.36|2.30 | 2.25 {2.18 {2.11 | 2,08 |1.98 (1.94 | 1.89 | 1.84|1.79 [1.78
4.2413.39)1290)2.76]12.602.49 | 2.40(2.34|2.28|2.24 {216 {2.09 | 2.01 |1.96]1.92|1.87 | 1.82|1.77 |1.71
4.23 {3.37 |2.98 | 2.74 | 2.58 | 2.47 | 2.39 | 2.32 | 2.27 | 2.22 | 2.15 {2.07 | 1.99 |1.95|1.90 [ 1.85{ 1.80 | 1.75 |1.68
4.2113.35/2.96/2.78 |2.57|2.46 | 2.37|2.31{2.25 {2.20 {2.132.06 | 1.97 |1.93 | 1.88 { 1.84 | 1.79|1.73 | 1.67
4.2013.3412.95|2.71 | 2.56|2.45 | 2.36{2.25 | 2.24 [ 2.10 |2.12 |2.04 | 1.96 | 1.91 | 1.87 |1.82 | 1.77 | 1.71 | 1.6b
4.183.33{2.93{2.70 |2.55|2.43 | 2.35]2.28|222/2.18{2.10{2.03|1.04 [1.90|1.86|1.81] 1.751.70 | 1.64
4.17)3.32 2,92 |2.60 |2.53|2.42|2.33 [ 2.27|2.21 [2.16 | 2.09 [2.01 | 1.93 [1.89 | 1.84 | 1.79 | 1.74 | 1.68 | 1.62
4.08{3.232.84 | 2.61 |2.45[2.34 |2.25/2.18|2.12|2.08 | 2.00 [1.92 | 1.84 [1.79 | 1.74 | 1.69 | 1.64 | 1.58 | 1.51
400/3.15|2.76 | 2.53 | 2.37] 2.25 [ 2.17/2.10{2.04 {1,909 {1.92 {1.84 | 1.76./1.70 | 1.65 | 1.59 | 1.58| 1.47 | 1.89
229
2.21

=~ B n b W N -

Ped ek ek e pek B et Bed bk ek
W o0~ NN e N = O W oo

EBBRRRNVYRE

22

392138.07/2.68 245 2.18(2.09|2.02/1.96]1.91|1.83|1.75 | 1.66 |1.61|1.55|1.50{1.4311.35 [ 1.25
3.8413.00|2.60|2.37 2.10{2.01|1.94|{1.88 1,83 |1.75 |1.67 | 1.57 | 1.52| 1.46 | 1.39| 1.32| 1.22 | 1.00

Source: E. S. Pearson and H. O. Hartley, Biometrika Tables for Statisticians, Vol. 2 (1972), Table 5, page 178, by permission.
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99" Percentile Values |
for the F Distribution
(v, degrees of freedom in numerator) o9

(v, degrees of freedom in denominator) 0.9

s~ 1 2| 31 4 {5116 | T8 |9 {1012 {15 | 20| 24 | 30 | 40 |60 |120| =

4052|5000 | 6403 5625 | 5764 | 5859 | 5928| 5981| 8023 6056 | 6106|6157 | 6209| 6235|6261 | 6287|6313 | 6330 | 6366
98.599.0 | 99.2|99.2 |99.3 | 99.3 | 99.4 [ 99.4 [99.4 | 90.4 [99.4 | 99.4 | 99.4| 90.5 | 99.5 | 99.5 {99.5 | 99.5 | 99.5
34.1 |30.8|20.5!287]282(27.9|27.7|27.5|27.3|27.227.1 |26.9|26.7|26.6|26.5|26.4 |26.3]26.2]|26.1
21.2 |18.0 | 16.7|16.0 | 155 | 15.2 | 15.0 | 14.8 [14.7 |14.5 [14.4 |14.2 | 14.0| 13.9 | 13.8 | 13.7 {13.7 | 13.6 | 18.5
16.313.3(12.1|11.4{11.0(10.7]10.5]10.3/10.2{10.1 [9.89 |9.72 | 9.55 | 9.47 |9.38 | 9.20'{9.20 | 9.11 | 9.02
13.7{10.9 | 9.78 | 9.15 | 8.75 | 8.47 8.26 [B8.10 7.98 | 7.87 |7.72 |7.56 [ 7.40| 7.1 [7.28 | 7.14 |7.06 | 6.97 | 6.88
12.219.55 | 8.45| 7.85 | 7.46 | 7.19 | 6.99 | 6.84 | 6.72 | 6.62 | 6.47 | 6.31 | 6.16 | 6.07 | 599 | 5.91 |5.82 | 5.74 | 5.65
11.83{8.65| 7.59 | 7.01 | 6.68 | 6.37 | 6.1B | 6.03 |5.91 | 5.81 | 5.67 | 5.52 | 5.36 | 5,28 | 5,20 | 5.12 |5.03 | 4.95 | 4.86
10.6 | 8.02 | 6.99 | 6.42 | 6.06 | 5.80 | 5.61 | 5.47 |5.35 |5.26 | 5.11 | 4.96 | 4.81 | 4,73 | 4.65 | 4.57 |4.48 | 4.40 | 4.31
10.0| 7.56 | 6.55 (5.99 | 5.84 | 5.89 | 5.20 | 5.06 |4.94 |4.85 |4.71 |4.56 | 4.41{4.33 | 4.25(4.17 {4.08 | 4.00 {3.91
9.65|7.21 | 6.22 5.67 { 5.32 | 5,07 | 4.89 | 4.74 [4.63 |4.54 |4.40 [4.25 | 4.10 | 4.02 | 3.94 | 3.86 |8.78 | 8.69 | 3.60
9.33 [ 6.93 | 5.95 | 5.41 | 5.06 | 4.82 | 4.64 | 4.50 {4.39 {4.30 | 4.16 (4.01 | 3.86 | 8.78 | 8.70 | 8.62 {3.54 | 8.45 | 8.36
9.07 | 6.70 | 5.74 | 5.21 [4.86 | 4.62 | 4.44 [4.30 |4.19 |4.10 | 3.96 | 3.82 | 3.66 | 3.59 | 3.51 | 3.43 |3.34 | 3.25 | .17
8.86 | 6.51 | 5.56 [ 5.04 | 4.70 | 4.46 | 4.28 | 4.14 [4.03 |3.94 {3.80 {3.66 | 3.51 | .43 | 3.35 | 8.27 |2.18 | 3.08 | 8.00
8.68 | 6.365.4214.8914.56|4.32 |4.14 |4.00 |3.80 [3.80 {3.67 |3.52 | 3.37|3.29 | 3.21]3.13 {3.05 | 2.96 | 2.87
8.53 [ 6.23 | 5.29 | 4.77 | 4.44 | 4.20 | 4.03 | .82 |3.78 | 3.69 | 8.55 |3.41 | 3.26 | 3.18 { 3.10 { 3.02 [2.93 | 2.84 | 2.7
8.40 [ 6.115.19 | 4.67|4.34 { 4,10 | .93 [ 3.79 |3.68 | 3.59 | 3.46 [8.81 | 3.16 | 3.08 | 3.00 | 2.92 |2.83 | 2.75 | 2.66
8.29 | 6.01 | 5.00 | 4.58 | 4.25 | 4.01 | 3.84 | 3.71 {3.60 | 3.51 | 3.37 |3.23 | 3.08 | 3.00 | 2,92 2.84 | 2.75 | 2.66 | 2.57
8.18 | 5.93 | 5.01 | 4.50 | 4.17 | 3.94 | 3.77 | 3.63 |3.52 | 8.43 | 3.30 | 8.15 | 3.00 | 2.92 | 2.84 | 2.76 [2.67 | 2.68 | 2.49
8.10 | 5.85)|4.94 | 4.43|4.10|3.87 | 3.70 | 3.56 | 3.46 | 3.37 {3.23 | 8.09 | 2.94 | 2.86 | 2.78 | 2.69 [ 2.61 | 2.52 | 2.42
8.02 | 5.78 | 4.87 | 4.87 | 4.04 | 3.81 | 8.64 |3.51 [3.40 |3.31 |3.17 |8.03 | 2.88 | 2.80 | 2.72| 2.64 | 2.55 | 2.46 | 2.36
7.95 | 5.72 | 4.82 | 4.31 | 3.99 | 3.76 | 3.59 | 3.45 |3.35 [3.26 [3.12 [2.98 | 2.83 | 2.76 | 2.67 2.58 | 2.50 | 2.40 | 2.31
7.88 | 5.66 | 4.76 | 4.26 | 3.94 | 8.71 | 8.54 3.41 |3.30 |3.21 |8.07 [2.93 | 2.78 | 2.70 | 2.62] 2.54 | 2.45 | 2.35 | 2.26
7.82 | 5.61 | 4.72 | 4.22 | 3.90 | 3.67 | 3.50 | 3.36 | 3.26 {3.17 {3.03 | 2.89 | 2.74 [ 2.66 [ 2.58 | 2.49 | 2.40 | 2.81 } 2.21
7.77 | 5.57 | 4.68 | 4.18 | 3.86 | 3.63 | 3.46 |3.32 |3.22 [3.13 {2.09 | 2.85 | 2.70 | 2.62 [ 2.54 | 2.45 | 2.36 | 2.27 | 2.17
7.72 | 5.53 | 4.64 | 4.14 |3.82 | 8.59 | 3.42 | 3.20 {3.18 |8.09 [2.96 |2.82 | 2.66 | 2.58 | 2.50 2.42 | 2.83 | 2.23 | 2.13
7.68 | 6.49 | 4.60 | 4.11 (3.78 | 3.66 | 3.39 [ 3.26 | 3.15 |3.06 [2.08 | 2.78 | 2.63 | 2.55 | 2.47| 2.38 | 2.26 | 2.20 | 2.10
7.64 | 6.45 | 4.57 [ 4.07 | 3.75 | 3.58 | 3.36 | 3.23 [8.12 |3.03 |2.90 [2.75 | 2.60 | 2.62 | 2.44| 2.36 | 2.26 | 2.17 | 2.06
7.80 | 5.42 | 4.54 | 4.04 |3.73 | 3.50 | 8.33 | 3.20 | 3.09 |8.00 |2.87 |2.73 | 2.57 | 2.49 | 2.41| 2.33 | 2.23 | 2.14 | 2.08
7.56 | 5.39 | 4.51 | 4.02 |3.70 | 3.47 | 3.30 | 8.17 |3.07 |2.98 |2.84 [2.70 | 2.55 | 2.4T| 2.38 2.30 | 2.21 | 2.11 | 2.01
7.31 | 5.18 | 4.31 | 3.83 | 3.51 | 3.29 | 3.12 | 2.99 |2.89 | 2.80 |2.66 |2.52 | 2.37 | 2.20 | 2.20| 2.11 [ 2.02 | 1.92 | 1.B0
7.08 | 4.98 | 4.13 | 3.65 [3.3¢ | 3.12 | 2.95 | 2.82 | 2.72 |2.63 |2.50 | 2.35 | 2.20 | 2.12| 2.08| 1.94 | 1.84 [ 1.78 | 1.60
120 | 6.85|4.79 395|348 {3.17|2.96 | 2.79 | 2.66 [ 2.56 [ 2.47 |2.34 [2.19 | 2.03|1.95 | 1.86 1.6 |1.66 | 1.53 | 1.88
© |6.63|4.61 (378|332 302|280 |2.64|2.51 |241]2.32 |2.18|2.04|1.88|1.78 | 1.70{ 1.68 | 1.47 | 1.82 | 1.00

W 9 -3 O B Gl RS e
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Source: E. S. Pearson and H. O. Hartley, Biomeirika Tables for Statisticians, Vol. 2 (1972), Table 5, page 180, by permission.
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