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Attempt any one question out of question Nos. I and 2. 10
et Wem 1 oik 2 ¥ A fedt v wew w Ff
L Random samples of size 2 are drawn from the finite population
which consists of the numbers — 5, 6, 7, 8,9 and 10.
(@) Calculate the mean and standard deviation of the

population.
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(b)  List all possible samples of size 2 that can be drawn

without replacement.

{c)  Construct the sampling distribution of the mean for these

samples,

{d) Calculate the mean and standard deviation of
the prbbability distribution obiained above and
illustrate their relation with the -corresponding

population valyes.
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('a) Consider the following population of 10 ﬁumbers :
5+5=10

20, 25,13, 19, 9, 15, 11, 7, 17, 30.
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{H  Rich selected one sample of 9 members from this

population. The sample included the numbers :
20, 25, 13, 9, 15, 11, 7, 17, 30.

Calculate the sample mean and sampling error for

this sample.

(il When Rich calculated the sample mean he

mistakenly used the numbers :
20, 25, 13. 9, 15, 11, 17, 17, 30.

What is the additional error {non-sampling error)

in this case ?

() The mean of a random sample of size 50 is used w
estimate the mean of a very large population consisting

of attention spans of persons over 65 which has a
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standard dev.iation of 2.4 minutes. What can we assert
about the probability that ther error (the difference
l;etwcer; the sample.mean and the population mean) will'
be less than 1.2 minutes if we use the ‘Central Limit

Theorem® ?
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2, 25, 13, 9, 15, 11, 7, 17, 30.
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Attempt any fwo questions out of Q. Nos. 3, 4 and 5.

10+10=20

T OE 3, 4 3% 5 ¥ R PR D wrd w)

wifa

(a}

(b

Clearly ilfustrate the difference between an.estimate and

an estimator with the help of an example.

A population has a density function given by

% T

(k + Dt 0<x<1
flx) = . .
0 otherwise

For n observations x,, X3, e, .., X made
from this population, find the ‘Maximum Likelihood

Estimator’ of £ 4+6
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(@) What are the various alternatives for reducing the
width of a confidence interval 7 Which is the better

alternative ?

() To test the durability of a new paint for white.
centrelines, a highway department painted strips “across

heavily (ravelled roads in 8 different focations and
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electronic counters showed that they deteriorated after 7
being crossed by 142600, 136500, 167800, 108300, 126400,

133700, 162000 and 149400 cars (All values are to the

nearest hundred). Construct a 95% confidence interval

for the average number "of crossings this paint can

. withstand before it deteriorates. 7
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While performing a certain task under simulated
weighl]cssness? the pulse rate of 12 astronauts increased
on the average by 27.33 beats per minute with al
standard deviation of 4.28 beals per minute, If we use

¥ = 27.33 as an estimate of the true average increase
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of the pulse rate of astronauts performing the given
task, what can we assert with 99% confidence about

the maximum size of our error ¢

A random sample of n = 5 specimens of a certain kind
of ice-cream has a mean fat content of 12.7% and a
standard deviation of 0.38%. Construct a 95% confidence
Interval for the standard deviatio.n of the population
sampled. Assume the populat.ion to be normally

distributed. 5+5
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Attempt any ome question out of Q. Nos. 6 and 7. 5
W E 6 A 7 H A Rt T wew @ wifng

A Telephone Company provides long-distance telephone
ser;vice in an area. According to the Comp.any‘s records
the average length of all long distance calls placed
through this company in 2010 was 12.44 minutes. The
Corppany‘s management wanted to check if the mean
leng:th of the long distance calls in 2011 is different from
12.44 minutes. A sample of 150 such calls produced a
mea%n length of 13.71 minutes with a standard dgviaticm of
.2.65] minutes. Using the 2% level of significance, state
youff conclusion.
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In early 1990s Sony Corporation introduced its 32-bit
Playstation in the home videogame market.  Management
hoped the new proauct wou1q increase monthly U.S. sales
above the $283' mn. Seny had experienced the previous
decade. A 40-month sample repgrted a mean- of $ 297 mn,
Ass:ume a standard deviation of $97 mn. Calculate and

interpret the P-value of the test. What will your conclusion

be if the level of significance is 1% ?
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Attempt any fwoe questions ont of Q. Nos. 8, 9, 10. 10+10=20
YT H. 8, 9, 10 W ¥ &3 ¥ T wyd wifm )
(¢} Define Type 1 error and Type il error and explain with

the help of diagrams.
(h)  The print on the packages of 100 watt Electric light

bulbs states that they have an average life of 750

P.TO.
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hrs. Assume tlfat the standard deviation of the
lengths of lives of these bulbs is SO'Ihrs. A
skeptical consumer does not think these bulbs last
as long as the wmanufacturer claims and she decides
to iest 64 randomly selected buibs. She hasr set up
the decision rule that if the' average life of these
bulbs is less fhan 735 hrs, then she will conclude
that the company has printed too high an average
life on the packages. Approximately what level of

- significance is the consumer using ? 545
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9 A drilling company tests two drill bits by sinking wells to
i
|

a maximum of 112 feet and recording the number of hours
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the procedure, took. The first bit was used in 12 cases.
resuiting in a mean time of 27.3 hours “and standard

F

!‘ -
deviation 8.7 hours. Ten wells were dug with the second

bit in a mean time of 31.7 hours and: standard deviation

8.3 hours.

() Test the Hy : M; = p, against Hy oy o= . Set
a = 0.10. There is no evidence to suggest that variances

,
are -equal,

(i)  Redo the above test if the drilling company felt drilling

LA
-+
L

times had equal variances.
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The manager of a restaurant in a large city claims that
waiters working in all restaurants in his city earn an
average of $150 or more in tips per week. Test this
hypothesis if a random sample of 25 waiters selected

P.T.O.
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from restaurants of this city yielded a mean of §139

in tips per week with a standard deviation of $28.

Assume that the weekly tips for all waiters in this city

have a norma! distribution. Use a = .01,

Traditionaily 35% of all loans by a National Bank have

been to members of minority groups. During the past

year the bank has undertaken efforts o increase this

proportion. Of 150 loans currently outstanding 56 are -
identified as having been made to minoritics. Has the
bank been successful in its efforts to attract more

minority customers. Test the hypothesis using the 5%

“level of significance. Also, calculate the P-value of the

test and interpret it 4+6
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Attempt any fwo questéons out of Q. Nos. 11, 12 and 13,

10+10=20
R | 11, 123ﬂ113ﬁﬁaﬁ§a‘rmﬁﬁm

A random sample of & drivers insured with a company and

having similar auto insarance polivies was selected. ;l”he
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following table lists their driving experience (in years} and

annual auto insurance premiums (in Rs.) :

Driving Experience Annual Auto Insurance

Premium

5 6400 .

2 8700

12 5000

9 7100

15 4400

6 5600

25 4200

16 6000

PT.O.
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()  Find the least squares regression line by choosing

appropriate dependent and independent variables.

(#) Interpret the meaning of the ‘coefficient of the

independent variable obtained above,

(/i) Calculate the coefficient of determination and explain

*

what it means.

(%)  Predict the annual auto insurance premium for a driver

with 10 years of driving cxperience.

(v)  Construct a 90% Confidence Interval for the population
regression coefficient, P.
$ g # wF gfew Ywa W, S fF s

% Y dga € oo e T @Em v
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5 6400
2 £700
12 5000
9 7100
15 4400
6 5600
2 4200
16 6000
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12 (@) The following table gives the information on years of
education (X) of farmers and annual yields per acre {Y)

on their farms :

X Y
0 4
2 4
4 6
6 10
8 10
10 8
2 12
14 8
16 | 6

PTO.
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() Find the regression cquation of yield per acre on
education and give an economic interpretation

1o it

(i) What is the magnitude of the ‘Explained Variation®
in the dependent variable ? Find the coefficient

of correlation from it.
(b)) Comment on the following :

{7 Regression coefficients are independent of change

of scale and origin.

(if) The two regression lines are mutually perpendicular

if X and Y are independent. 6+



( 29 ) 6305

(=) Frefafen afas Fomt =t foen 0 & =t

# R I Bl Wyl s (v) TfE swEA

wgE é?ﬁ% :
X Y
0 4
2 4
4 6
6 10
8 10
10 8
12 12
14 8
16 .6

PTO.



13.

¢ 30 ) 6305

@ Fam W oule THE IERA & T
EAlE Ll

n wremn # w fafuem # enfym afEdl
A qftqmo ¥ 7 SR HewEw O
Fifeg |

(@) frfafem w feooit fofeu -

()

() TEHE NS, 9o iR Sgm # uftada
W oenfym TG €9 § 7

(mawm}@r&wm%ﬂﬁx
st v afEa Ei

If two regression lings corresponding to two variables
X and Y meet at a point (2, 3) variance of X = 4.
Variance of Y = 1 and correlation coefficient between

X and Y is 1/2. What ig the estimated value of Y for

X=627
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Given that the regression equation of Y on X and of
X on Y are respectively Y = X and 4X — Y = 3 and
that the second moment of X about the origin is 2.

Find :
(/) the correlation coefficient between X and V.

(i The standard deviation of Y.

If all points of a scatter plot Tie exactly on the regression

line the two variables. are perfectly correlated. Comment.

Given the regression coefficiént of Y on X is 0.80 and

that « + 3X = 10 and 2Y + Sv'= 25,

Calculate the regression coefficient of v on u. ‘24+3+2+3
U fEedl x v R oogEy 7R @ wmeEm
W w5y @ 3 W e € x w1 o
=4 Y F TR = | SR x Ry F i weway

PT.O.
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Table £ The Normal Distribution
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24 0427 6390 08 1050 g3

1 2.084 2492 271
2% 0127 -0390  06B 1088 1316 1708

% | 042 G380 0EM 1058 1a5 170

H) 0.427 0.389 0684 1.057 1314 1.703 2.082 2473 Zm
28 0127 0.389 0.683 1.056 1.313 1.701 . 2040 2467 2,763
29 0427 0389 0683 1.055 1M 1699 2045 - 2482 2.756
30 027 0.288 0683 1.055 1.310 1.697 2042 2457 2.750

40 0.126 0388 0681 ° 1080 1.303

1.684 200 2423 2.704
60 0.126 0387 0619 1.045 1.298 16N 2000 2380 . 2660
120 0.126 0386 0.517 1.04¢ 1.289 1658 . 1480 2358 2617

= 0.126 0.385 BEN 1.038 1.282 1.645 1.560 2326 578

2.000 2.485 2.1
2,056 2473 2m




§3045

Table A.7 Critical Values for Ghi-Squarad Distributions o demiey cuve

.
shaded area = o

995 99 975 95 50 .10 - A5 025 01 005

0.000  0.000 0.001 0.004 0016 2.706 1343 5.025 6.637 7.882
0010 0.020 0.051 0.103 .21t 4.605 5.992 7.378 9.210  10.597
1 0072 0115 0.216 0.352 0.584 6.251 1815 9348 11344 12837
0.207 0.297 0.484 0711 1,064 1779 ° 9488 F1.143 13.277 14860
0412 0554 0.831 1.145 1.610 9.236 11070 12.832 15.085 16748
0676 0.872 1.237 1635 2204 10.645 12.592 14440 16812 18.548
0.985 1239 1.690 2.167 2833 12017 14,067 16012 18474 20276
1.344  1.646 2.180 2.733 3490 13362 15.507 17.534 20090 21.954
1735 2.088 2,700 3.325 4168  14.684 16.919 19.022 21665 23.587
10 2156  2.558 3.247 3.940 4865 15987 18.307 20483 23209 25188
11 2603 3053 1816 A4.575 5578  17.275 19.675 21.920 24.724 26755
12 oM asn 4.404 5.226 6304 18549 21.026 23337 26217 28300
13 3565 4107 5.0 5.892 7.041 19812 23.362 24735 27.687 29817
14 4075  4.660 5629 6.571 1790 2164 23,685 26119 29041 31319
15 4600 5229 6.262 1.261 8.547  22.307 24.996 27488 30577 32799
16 5142 5812 6.508 7.962 9312 23542 26.296 28.845 32000  34.267
i7 5697 6407 7.564 8.682 10.085 24769 27.587 30190 33408 35716
1B 6265 7.015 8.23t 5.390 10.865 25989 28,869 31526 34.805 3715
19 6.843 7632 8.906 10.117 L1651 27203 30.143 32.852 36190 238.580
20 1434 B260 9.591 10.85t 12443 28412 31410 MIT0 37566 39.997
21 8033 8397 .10.283 11.591 13.240 29.615 32,670 35478 38930 41399
22 8.643 9542 10982 12.338 14042 30813 ' 339% 6781 40289 42.796
3 9.260 10195  11.688 13.050 14.848 32007 35172 38075 41637 44179
4 9.886 10.856 12401 13.848 15659  33.196 36415 30364 42980 45558
25 10519 11.523 13.120 14.611 16473 34381 37.652 40.646 44313 46.925
26 11,160 12198 13844 15379 17.292 35563 33.885 41923 45642 48290
27 11.807 12.878  14.573 16,151 1B.114 36,741 40.113 43.194 46962 49.642
8 12.461 13.565 15308 16.928 18939 37916 41.337 44461 48278 50993
2% 13.120 14.256 16147 17.708 19.768  39.087 42.557 45772 49.586 52333
30 13787 14954  16.791 18.493 20.599  40.256 . A 46.97% 50892 53672
3 | 14457 15655 17538 19280 21433 41422 44.985 48231 52190  55.000-
n 15.13¢ 16362 18,291 20072 2271 42585 46:194 49480 33486 56.328
kx) 15814 17.073 19.046 20866  23.110 43745 47.400 50724 - 5474 57646
34 16,501 17789  19.806 21664 23952 44903 48.502 51966 56061 58.964
35 17.191  18.508  20.569 22465 4796 46059 49.802 53.203 57340 60.272
16 17.887 19233 21.338 23.269 15643 47212 50.998 54437 58619  61.581
n 18.584 19560  22.105 24075 26492 48363 52192 55667  S9.891 623880
38 19289 20691  22.87% 24884 27343 49513 53.384 568%%  61.162 64.181
39 19.994 21425 23654 235.695 28196 50660  54.572 38119 62426 65473
40 20706 22164 2|4,433 26509 20050  51.805 55758 59342 63691  66.766

OO B e [ R

21 2 k]
Forv>40, 32 = V(l '3;]4'2. '5:)
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Table A.9 Critical Values for F Distributions

€30 <

#; = numerator df

« 1 2 3 4 s 6 7 8 9
100 | 3986 4950 5359 5583 5724 5820 5891 5944 5986

g 050 | 16145 19950 215717 22458 23016 23399 23671 23888 24054
010 {40522 49995 54034 56246  ST636 58590  S9284  S9BL1 60225

001 | 405284 500000 540379 562500 576405 585937 592873 598144 602284

100 | 853 9.00 946 924 9.29 931 ' 935 937 938

, A0 | sl 1900 1946 1925 1930 1933 193§ 1937 1938
010 | 9850 9900  99.17 9925 9930 ° 9933 9936 9937  99.39

00 ( 99850 99900 9997 99925 99930 99933 99936 99937 999.39

oo | 554 5.46 539 534 5.31 528 521 525 54

050 | 1013 9.55 9.28 9.12 9.01 894 38 885 881

3 om0 | 3412 3082 45 871 2824 2791 2761 2749 2738
£01 | 1670314850 14111 13110 13458 13285 13158 130.62 [29.86

00 | 454 432 4.19 411 4.05 401 398 395 394

L 00| 694 6.59 6.39 6.26 616 609 604 600
00 | 2120 1800 1660 1598 1552 1521 1498 1480  14.66

001 | 7414 6125 s61s 5344 5171 5053 4966 . 4000 4847

00 | 406 378 162 152 345 340 3V 334 332

g 450 | 66l 5.79 54l 5.19 5.05 495 488 482 477
010 | 1626 1327 1206 1139 1097 1067 1045 1029  10.16

001 | 4718 3I2 3320 309 2975 2883 W16 2765 27724

y J00 | 378 346 3.29 318 311 305 301 298 296
3o, 00| 599 s 476 4.53 439 428 - 421 415 410
00 | 1375 109 9.78 9.15 8.75 847 826 810 798

3 o1 | 3551 200  n70 2192 2080 2003 1946 1903  18.69
200 | 359 32 3.07 2.96 2.88 283 278 275 am

, 050 | 559 47 4.5 432 397 387 37 113 368
L. o101 1225 955 845 185 7.46 719 699 63 672
He 01 | 2925 2169 187 1720 1621 1552 1502 1463 1433
A 200 | 346 3 29 2.81 273 267 262 259 256
g 0| s32 46 407 3.84 3.69 358 350 344 339
e | 1126 865 759" 701 6.6 637 618 603 591

001 | 2541 1849 1583 1439 1348 1286 1240 1205 1177

200 | 336 a0 231 269 261 235 251 247 .24

g S0 | SI2 426 3.86 363 3.48 3377 3% 33 318
010 | 1056 802 699 642 6.06 580 . 561 547 53§

001 | 2286 1639 1390 125 1M 113 1070 1037 1001

200 ] 329 292 2.73 261 2.52 246 241 238 235

0% | 496 410 37 48 - 3m 3122 A4 30 3

¥ o0 | 1004 756 6.55 599 5.64 539 530 506 494
001 | 2104 1491 1255 1128 1048 993 952 920 896

Q08 | 323 286 2.66. 2.54 2.45 239 24 230 227

050 [ 484 198 359 136 320 309 . 300 295 200

U a0 | 965 12 622 5.67 532 507 489 474 463
001 {11969 181 1156 10.35 9.58 905 866 835 812

a0 || 318 Qs 261 248 2,39 233 228 224 221

o 00 | 475 89 3.49 3.6 311 300 - 291 285 280
o0 [, 93 Y3 - 595 541 5.06 482 Tagd 450 439

001 \ 18.64 1‘97 1080 9.63 8.89 B3 800 7T 748

(continued)



Table A9 Critical Values for F Distributions {cont.)

6305

v, = numersator df

10 12 I5 20 25 30 40

‘ $0 £0 120 1000
60.19 6071 6122 . 61.74 6205 6226 6253 6269 6279 6306 6330
24188 24391 24595 4801 24926 250.10 25104 25177 25220 25325 35419
G0S5.8 61063 6157.3 62087 62398 62606 62868 625 63130 63394 63627
605621 610668 615764 620908 624017 626099 628712 630285 631137 6313972 636301
939 941 942 944 945 9.46 9.47 947 947 948 949
19.40 1941 1943 1945 1946  19.46 19.47 19.48 1948 1949 1949
9940 0942 9943 0945 9946 9947 9947 9948 9948 0949 99.50
999.40 99942 99943 99945 999.46 99947 99947 99948 Y9948 09949 99950
523 522 520 si8 517 5.17 5.16 5.1% 515 5.4 513
879 BT 870 866 863 8.62 £.59 B.58 8.57 855 8.5
2723 2705 2687 2669 26358 2650 2641 26.35 26320 2622 26.14
12925 . 12832 12737 12642 12584 12545 12496 12466 12447 12397 12383
292 390 387 384 383 182 380 3.80 .79 378 3.7
596 591 586 580 577 575 572 5.70 569 566 5463
1455 1437 1420 1402 1391 1384 13.75 1369 1365 1356 134T
4805 4741 4676 4610 4570 4543 4500  44.8% 4475 4440 4409
330 327 34 321 319 3.17 116 115 3.4 2 3
474 468 462 456 45 450 446 444 4.43 440 437
1005 985 9T 955 04§ e3g" 929 9.24 920 911, 9.03
2692 2642 2591 2539 2508 2487 2460 2444 2433 2406 2382
294 290 287 284 281 2.80 278 277 276 274 272
406 400 394 387  im3 181 377 3.75 374 370 367
787 1M 156 740 730 1 114 709 106 697. 689
1841 1799 1756 1712 1685 1667 16.44 16,31 1621 1598 1577
270 261 263 259 157 256 2.54 2.52 2.51 249 247
364 35T 380 344 340 138 334 332 330 327 A
662 647 63 616 606 59 591 586 5.82 574 566
1408 1371 1332 1293 1269 1253 1233 1220 1202 119 1L
2854 250 246 242 240 23 236 235 2.34 232 230
135 128 3.22 315 311 3.08 3.04 3.02 101 297 293
s81 567 582 536 526 5.20 512 507 503 495 487
M54 1119 1084 1048 1026 161 9.92 9.80 9.73 953 93¢
242 238 234 230 297 228 N 2.22 221 218 216
34 307 301 294 289 2.86 283 280 O 279 275 21
526  SAV 496 481 471 465 457 452 4.48 440 432
989 957 924 890 869 855 8.7 826 £19 8.00 784
232 L. A 120 17 2.16 213 2.12 2.1 208 206
208 291 285 11T 1n 2.70 2.66 2.64 262 258 254
485  ATL 45 441 431 4.2% 417 412 4.08 400 31m
g§75 845 813 780 160 7.47 7.30 7.19 712 694 678
235 221 217 202 216 208 2.05 2.04 2,03 200 198
28BS 279 272 165 160 2.57 253 251 240 - 245 241
454 440 \ 425 410 401 394 196 3.81 178 369 36!
192 163 732 7201 6.8l 6.68 652 6.42 6.35 618  6.02
219 215 1w 206 203 20 1.9 197 196 © 193 191
275 269 28 254 250 147 243 2.40 238 234 230
430 416 10! 186 376 170 162 3.57 3.54 345 337
1M 10 6N 640 &2 6.09 593 5.83 576 559 544

(continued)
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Table A.9 Critical Values for ¥ Distributions (cont.)

§3 05

¥y = numerator df

o 1 ) 3 N 5 3 7 8 9
A00 | 314 276 . 256 243 235 2.28 223 220 216

3 0| 467 3m 34l 318 3.03 2.92 283 277 17
010 | 907 6w 574 52 4.86 462 444 430 419

001 | 1782 231 1021 907 835 7.86 749 721 698

100 310 273 252 239 231 224 219 215 212

4 050 480 37 33 ER T 1.96 285, 276 270 265
010 8.86 651 556 504 469 4.46 428 414 403

01 | 1714 11 973 862 792 7.44 708 680 658

100 307 270 249 236 227 221 216 .292 209

g 080 454 368 329 306 290 1.79 271 264 259
15 o0 368 636 542 489 456 432 414 400 389
001 |- 1659 1134 034 825 157 109 674 647 626

100 305 267 246 233 224 218 213 209 206

6 00| 449 36 32 301 2.85 274 266 259 254
010 853 623 52 477 444 420 403 180 378
CM01 | 1612 1097 90l 194 127 680 . 646 619 598
00 | 303 264 244 231 227 215 210 206 2™

;7 050 | a4 35 320 296 231 270 (261 255 249
7 o0 | 840 .61l 519 467 434 4.10 393 379 368
001 | 1572 1066 873 768 102 6.56 622 596 575

J00 | 300 262 242 229 220 2.13 208 204 200
¥, 0| 441 355 36 295 27 2.66 258 251 2.46
18 5io 820 601 509 458 425 401 38 a7 3.60
001 | 1538 1039 849 146 681 635 602 576 556

100 | 299 261 240 221 218 211 206 202 198

o 050 ] 438 35 343 2% 274 263 284 248 242
010 | 818 593 SO 450 417 394 AT 36 3s2

' 001 |- 1508 10.6 828 121 682 618 58 S5 539
Ly 100 291 1% 1M 215 2.16 209 204 200 1.96
;0 00| 435 349 30 287 271 2.60 251 245 239
010 | 810 585 494 443 410 3.87 30 356 346

001 14.82 9.95 B.10 7.10 6.46 6.02 569 544 324

a00 | 296 257 236 223 24 . 208 20 198 1.95

, M0l 4n 34 g 284 268 287 249 242 237
1 o 802 578 487 437 404 381 364 351 - 340
001 | 1459 9T 194 695 632 .88 556 53 s

100 | 295 256 235 222 213 2.06 W0 197 193

080 | 430 344 305 282 266 2.55 246 240 1M

2 g0 | 7195 5712 482 431 1% 3.76 359 345 338
001 | 1438 o6t 780 681 6.19 5.76 544 519 499

200 | 294 255 234 221 211 2.05 19 195 19

p 0| 48 34 30 280 264 2.5 244 237 23
010 788 566 476 4.2 194 3.7 4 3417 130

o001 | 1420 947 167 670 608 565 533 509 489
P00 | 293 254 2m 219, 210 2.04 198 194 9]
gq! 050 | 428 340 300 278 262 2.51 242 236 230
00 | 782 561 4m 422 350 167 350 336 326

001 | 1403 934 755 659 598 5.55 523 499 480

{eontinued)
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Table A.9 Critical Values for F Distributions {cont.)

v, = numerator df

10 12 15 0 25 30 40 50 &0 120 1000

2.14 2.10 2.05 2,01 1.98 1.96 193 1.92 1.90 1.88 1.85
2.67 260 253 2.46 241 238 234 2.31 230 228 PR
4,10 196 3.82 3.66 157 151 143 338 . 3M 328 318
6.80 6.52 6.23 5.93 5.75 563 5.47 5.37 5.30 504 499

.21 2.05 2.01 1.96 193 1.91 1.89 1.87 1.86 1.83 1.80
2.60 2.53 246 239 234 23t 227 224 222 218 214
3.04 380 366 351 341 3.35 ER Y 12 .18 309 3m
640  6.13 5.85 556 - 528 5.25 5.10 5.00 4.94 477 462
206 202 1.97 Loz 1.89 1.87 1.85 1.83 182 179 176
2.54 2.48 2.40 233 228 225 wn 2.18 16 21
180 3.67 152 337 2 321 13 308 | 308 296 288
6.08 5.81 5.54 525 507 4.95 4.80 470 464 447 43
2,03 1.99 194 . 189 1.86 1.84 1.81 .79 178 L1 imn
2.49 242 2,35 2.28 223 2.19 215 212 2il. 206 20
169 3.55 341 326 1.16 310 3.02 297 293 284 27
581 5.55 527 499 482 4.70 4.54 4.45 439 4 4,08
2.00 1.96 1.91 1.86 1.83 1.81 1.78 1,76 175 1.72 1.69

245 238 23] 223 218 215 2.10 208 206 201 1.97
3.59 3.46 3.31 3.16 3.07 100 292 287 283 © 278 2.66
558 532 5.05 478 4.60 4.48 433 424 4.18 .02 3.47
1.98 1.93 1.89 184 180 118 .75 1.74 L7 1.69 1.66
241 234 227 . 219 2,14 L1t 2.06 2.04 2.02 197 1.92
3.51 33 323 308 298 0 2w 2.84 2.78 275 2.66 2.58
539 513 487 4.59 4.42 4.30 4.15 4.06 4,00 3 3
1.96 191 186 1.81 1.78 1.76 173 170 ¢« 147 1.64
238 231 13 2.16 2.11 20 2.03 200 . 198 1.93 1.88
3.43 330 als . 200 291 2.84 2.76 2n 267 2.58 2.50
522 497 470 443 4.26 414 39 390 384 3.68 1.5
194 . 1.89 184 . L79 176 174 L7l 1.69 1.68 1.64 1.61
2.35 228 220 212 207 204 199 1.97 1.95 1.90 1.85

. 337 123 i 294 2.84 2.78 2.69 2.64 2,51 57 14
5.08 482 456 429 4.12 4.00 186 .77 370 354 340

192 1.87 143 1.78 1.74 .72 1.69 1.67 1.66 1.62 1.59
232 228 218 210 2.08 01 - 196 .94 152 1.87 182

k) | T 3.03 2.8 279 wn 264 258 2.55 245 23
495 470 484 417 4.00 388 374 jsd . 3 - 342 3.8
1.90 1.86 1.8¢ 1.76 .73 1.70 1.67 1.65 L.64 1,60 L57
230 223 215 201 2m 1.98 1.94 191 1.89 1.84 1.79
3.26 12 298 283 273 267 258 2.53 2.50 240 r X))
483 4.58 433 4.06 389 3.78 363 3154 348 an .1
1.89 184 180 174 1.71 1.69 1.66 1.64 1.62 1.5% 185
2.27 2.20 213 2.05 200 196 1.91 1.88 1.86 1.8Q 1.76
321 1 2w 78 2.68 262 254 248 245 235 227
473 448 4D 39 1B 736 3, 344 3138 32 3o
1.88 183 1.78 1.73 170 1.67 1.64 1.62 1.61 1.57 1.54
2,25 2.18 211 2.03 197 1.94 1.89 1.86 1.84 179 1.74
317 3.0% .89 274 2.64 2.58 249 244 240 2.3 2.2
4,64 4.39. 414 3.87 in 3.5 345 336 329 3.14 29

(eontinued)
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Table A9 Critical Valuas for F Distributions (cont.)

630§J

¥, = numerator df

9

a 1 2 3 4 5 3 7 8
d00 | 292 253 232 2.18 209 2.02 1.97 193 1.89
s 050 | 426 339 299 2,76 2.60 249 240 234 228
010 | 177 55T 468 418 3.85 3.63 3.46 132 322
001 | 1388 922 745 6.49 5.89 546 515 491 47
A00 | 291 252 231 217 2.08 2.01 1.96 192 . 188
6 050 { 423 3% 298 274 2.59 247 239 232 217
L0 [ 772 553 464 414 182 3159 3.42 3.29 318
001 | 1374 912 136 6.41 5.80 538 507 483 464
d00 | 290 251 2.30 217 207 2.00 195 1.91 1.87
yy 050 | 421 335 2.96 213 257 . 246 237 2.31 2.25
010 | 768... 549 480 411 178 356 139 3.26 115
001 | 1361 9.02. 127 6.33 57 531 5.00 476 4.57
100 | 289 250 229 216 2,06 2.00 1.94 1.90 1.87
.5 050 [ 420 334 295 271 2.56 245 236 2.29 224
o010 | 764 545 457 407 175 353 336 3.23 312
001 | 1350 893 7.19 6.25 566 524 493 ‘469 4.50
Joo | 289 2350 128 218 2.06 1.99 193 189 1.36
0 050 | 418 333 293 270 255 243 235 228 2.2
D10 | 160 542 454 404 173 150 333 1.20 3.09
001 | 1339 885 112 619 559 5.8 4.87 4.64 445
100 | 288 249 228 2.14 2,08 1.98 193 1.88 1.85
3 o 0| 417 an 2.92 269 2.53 2.42 233 2.27 221
g 010 | 756 539 451 402 370 347 330 317w
001 | 1329 877 7.05 6.12 553 512 487 4.58 439
100 | 284 244 223 209 2.00 1.93 187 1.83 .79
o V0| 408 32 284 261 245 2.34 225 218 212
00 | 731 si1s 4M 383 151 128 312 299 2.89
n 001 | 1261 8325 6.59 5.70 513 473 4.44 421 402
» 100 | 281 241 2.20 2,06 197 1.90 1.84 1.80 176
o U0 | 403 218 273 256 2.40 229 2.20 2.13 2.07
010 | 217 506 4w an 341 319 3am 289 278 -
001 | 1222 796 634 546 490 451\ 422 4.00 182
400 | 279 239 2.8 2.04 1.95 187 . & Lm 1.74
o 901 400 315 276 2.53 37 225 217 2.10 204
00 | TR 498 413 165 33 312 -295 282 - 272
o0l | 1LY 1T 617 5.31 476 437 409 - 386 169
00 | 27 236 214 2.00 1.91 1.83 1.8 A 169
00 %0 | 3% 30 27 246 231 219 2.10 2.03 1.97
010 | 690 482 308 35 121 299 282 2.69 2.59
on | 1L.% T4 5.86 502 4,48 4.11 343 3.61 344
Joo | 21 233 an 197 1.88 1.80 175 1.70 1.66
w0 00| 38 304 268 242 226 2.14 2.06 1.98 1.93
&0 | 1676 471 338 144 311 2.89 173 2.60 2.50
201 1015 TS 563 481 429 392 165 3.43 3.26
J00 | 27 231 209 1.95 1.85 1.78 Ln 1.68 1.64
00 V0| 285 300 261 238 1: 211 2.0 1.95 1.89
. ol 666 463 380 334 304 2.82 2.66 2.53 243
001 | 1089 696 546 4.65 4.4 378 151 3.0 3.13

(cm:fhued)
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Table A9 Critical Values for F Distributions foont.)

¥, = numerator ¢f

10 12 15 20 25 T 40 50 %) 120 1000
187 8 m 1.72 168 1.66 1.63 161 1.5% 1.56 1.52
2240 216 209 201 1.96 1.92 1.87 1.84 1.82 177 172
313 299 285 2.70 2.60 2.54 245 2.40 236 27 218
456 431 40 379 163 3.52 137 328 322 306 -~ 29
1.86 181 176 L7 167 1.65 L61 1.59 158 184 151
222 U5 2 .99 194 1.90 1.85 182 L LIS 170

.09 296 281 2,66 257 2.50 242 236 233 223 24
443 M lug n 156 344 130 kWi 3.5 29 284

1.85 1.80 1.75 1.70 [.66 1.64 1.60 1.5§ 1.57 1.53 1.50
220 13 2.06 1.97 1.92 1.88 1.84 1.81 179 1.73 1.68
3.06 2.93 2.78 263 154 247 2.38 233 229 220 211
441 417 a2 166 349 338 323 3.14 .08 29 2.78
1.84 179 1.74 1.69 L.65 1.63 1.59 1.57 1.56 1.52 1.48
19 212 204 1.96 1.91 .87 1.82 1.79 .77 17 1.66
3m 290 275 2.60 251 244 .35 230 2.26 217 2.08
4.52 4.11 386 3.60 343 3.92 3.8 i 3.02 186 mn
1.R3 178 1.73 168 1.64 1.62 1.58 1.56 LS55 - 181 147
118 2.10 2.03 1.94 1.89 1.85 1.81 L77 1.73 1.70 1.63
1.00 287 273 2.57 248 241 233 227 .23 214 205
429 4.0% 3.80 3154 338 w7 3z 303 97 2481 266
1.82 1.77 1.72 1.67 1.63 1.61 L57 1.55 154 1.30 146
216 209 201 193 1.88 184 179 1.76 L4 1.68 163
298 2.84 270 2,35 245 239 30 225 221 n 2
4.4 4.00 3.75 349 313 in kX)) 2.98 29 2.76 2.61
1.76 L7 1.66 1.61 137 1.54 1.51 1.48 1.47 L.42 Ly

208 200 192 18 1 gy )2 166 164 15§ %
80 2.66 252 237 227 2.20 21 2.06 202 192 1.82
Wrooas e e oam g 0 208 257 24 g

11 1.68 1.6 1.57 153 1.50 1.26 1.44 1.42 1.38 1.33
203 195 1.87 1.78 1.73 1.69 163 -~ 60 158 i.51 1.45
2.70 2.56 242 2.27 217 2.10 2.01 195 191 1.80 1.70
167 144 320 293 2.79 2.68 253 244 2.38 22t 2.05
LTI 1.66 1.60 1.54 1.50 1.48 144 141 1.40 1.35 i.30
1.99 192 1.84 178 1.69 1.65 1.59 156 1.53 1.47 1.40
263 2.50 235 220 2.10 203 1.94 1.88 1.84 .13 1.62
154 132 308 283 267 258 241 232 228 2.08 192
1.66 1.6 1.56 149 L.45 142 1.38 135 1.34 128 1.22
193 1.85 LI a8 1.62 1.57 1.52 1.48 1.45 1.38 1.30
250 237 222 07 .97 1.89 1.80 1.74 1.69 157 1.45
330 am 284 259 243 2.32 217 208 201 1.83 1.64
1.63 1.58 1.52 L46 141 % 1.34 1.3t 1.29 1.23 L16
1.88 1.80 172 1.62 1.56 1.52 1.46 141 1.39 1.30 (1]
241 227 2.3 1.97 1.87 1.79 169 1.6 1.58 1.45 1.30
312 2.?0 2.67 242 226 218 200 199 1.83 1.64 143
1.61 1.55 1.49 1.43 1.38 135 1.30 1.27 1.25 1.18 108
1.84 1p6 1.68 L4 1.52 1.47 1.41 136 .33 1,24 L1l
234 2 2,06 19 L1 + 11 1.6t 1.54 1.50 1.35 L.16

29 277 254 23 21y 187 17 160 149 ¢




