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SECTION I
- (Compulsory)

(v 1)
(v 1 sEE 2 1)

(i) The following data gives the ages of all six members of a family

55,53, 28, 25, 21, 15
P.T.0.
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(a) List all the possible samples of size 5 ‘that can be drawn without

replacement.

(b) Calculate the mean and variance of the sampling distribution of mean
and verify their relation with the corresponding population values.

(i) Explain briefly the meaning of non sampling errors. (2+6+2)

(i) Frfefas e T TRaR & @ el @ 99 T ¥
55, 53, 28, 25,21, 15
(%) S AHR el T TGN T T3 T e & 5 Far a6t o
T
(@) wmem & T Ao o WA SN TR A0 R IR WA T T
® AT ITH Gy A YRe w1

(ii) T ¥ T T TR o =

SECTION II
(All questions are compulsory.)

(+mr 11)
(@t g s 2)

2. X, ... X constitute a random sample from a population with mean p, what
condition must be imposed on the constants a , ...... .a sothataX +.... aX
(%)

is an unbiased estimator of .

AR X, ...... X, A 1 WA T AGDE TN G ST HRE @ a, ... 2 FoRF W
FT @ T A B AEF 4 X, . 2 X T TH T ST Al B

3. (a) A population has density function given by
f(x) =ae™ x>0
0 otherwise

For n observations X, ...... X made from this population, find the Maximum

Likelihood Estimator of a.
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(b) It X, X,, X, constitute a random sample of size 3 from a normal population

. ' .. . X, +2X,+X
with mean p and standard deviation o, find the efficiency of —'———Z—i
. X, +2X,+X
relative to —'-—-3—3 (6+4)

(%) v FFEE F TG BT 39 YFR & -

fx)=ae™ x>0
oA 0

T SEE A femer g X, ... X dEdiedl & fw o @t aiftrenaw defaa

(@) afe MeA p AR A a0 B AT X, X, X, U GEFA S A 3 @ SR
X, +2X, + X,

A TF AGRSH T H TS Hd 8 At Eﬁzﬂiﬁwﬁ 2

Tl SEET A Shifoig |

4. (a) The manufacturer of a certain brand of fans claims that the variance of the
lifetime of these fans is 4000 sq. hrs. A consumer agency tested a random
sample of 25 of these fans and found the variance to be 4500 sq. hrs.
Construct a 99% confidence interval for the variance of the life times of all

such fans. State the underlying assumptions, if any.

(b) Derive a 100(1-a) % large sample confidence interval for the population

mean p. Also obtain the width of the interval. (5+5)

() @ & Toh W WS @ St 3T I@ B 4000 T TS D NG FAOT R ST T
T 1 T JUNICH TSl 25 @l & U AgRSTE T o SE St 8 3R 4500 =
TR T WRRVT U 1 W W & S @ e & fog 99 v e
st T R Y 1 T SRR e b R, 7t B A

(@) p WA AR SEE B R T 100(1-0) % T A Rram s e |
FHAT Y TS W W WA

PTO.
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SECTION III

(Q.5 is compulsory. Attempt any 2 of the remaining three questions.)

(vt 111)
(Ve Fem 5 aEd 2 qw A ¥ R @ oum W IR T

Show the rejection and non rejection regions for each of the following tests by
drawing a sampling distribution curve for the sample mean, assuming that it is

normally distributed.

(a)
(b)

H:p=15 H:p<15

Hi:p=30 H:p# 3Q (5)

78 A §Y o a8 e e fam 2, e e & forg o e e aw s e e
A H ¥ FAF & forg APl R - iy o @ T

(a)
(b)

(b)

H:p=15 H:p<15
H;:p=30 H:p#30
Suppose we want to test on the basis of a random sample of size 5 whether

or not the fat content in a certain kind of ice cream exceeds 12%. What can
we conclude about H: p = 12% at the level of .01 level of significance if the

sample has the mean 12.7% and standard deviation 0.38%

Consider Hi: p =72 versus  H_: p > 72. A random sample of 16 observations
taken from this population, produced a sample mean of 75.2 The population

is normally distributed with ¢ = 6.
(1) Calculate the p-value.

(i) Considering the p-value obtained in part (i) would you reject the H,

if the test was made at .01 level of significance ?

(iii) Considering the p-value obtained in part (i) would you reject the H,

if the test was made at 0.025 level of significance? (5+5)
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(&) w0 A B 5 AR & T AGRST T H JUR R TE T FA TET 2
foh voh @ e o srgEH A a@ @ qE 12% @ sften @ =6 ol 5 e
WA 12.7% 3R A e 0.38% W 0l D@ TR R Hp=12% &
aR ¥ & @ et e wed #

(@) Hy:p=72 4 H, : p>72 &l 99 Af¢ | 30 swaer 9 fow 1w 16 st
&1 T Agsd AT 75.2 1 AT WA A B |

TS AT ¥ o =6 @ 91y faakd 2
(i) p =1 AT 7 X |

(ii) afe 75 wWeror 01 woa & W W forar wirar @ @ W (i) A W p AW
w AT g R AT H, H IR w7

(iii) af¢ a& aRerr 0.025 & Wewa & R W & swar ® @ W (i) ¥ wrE p
@ WA A Y T T H Y SREGR B P

7. (a) The variance scores in an entrance exam was 150 in particular year. A
sample of scores for 20 students who took this test this year gave a variance
of 170. Test at 5% level of significance if the variance of current scores of
all students who take this exam this year is different from 150. Assume that

the scores are normally distributed.

(b) When working properly a machine does not produce more than 4% defective
components. If it produces more than 4% defective components it needs
“adjustment. To check if the machine is working properly inspection is done
time to time. In one such inspection, a random sample of 200 components
was taken and 12 were found to be defective. Test the hypothesis whether

or not the machine needs adjustment. (5+5)

(&) v faA af § U vaW oden F FERW TR 150 A1 | T I G { HE o 9
20 B & forw 170 o1 werw TR fiear 2 1 Al o e & o, e zw ad
T qQen A N fordn, JERT SRR 150 A BT B @ 5% Wiewa @ TR W IS0 R
i Aifoe TR @R ama w1 A faaka )

PTO.



7047-A

6

(W) T D A B A W Yo AT 4% A TIRT AT T T IeAe T8 HEA ¢ |

(b)

A qE 4% A IR gl g T R A 3 S w R ST 2 | A w@

TR A T N E) 2, 30 U 999 - 9 T qhl O Bt B | 30 YHR N U6
Tgfe® T A W 12 gl 99 fe 2

Y IREIAT & Wi R TR I @l Bl e @ JTagaehar 8 a1 e |

In the comparison of two types of paints a consumer agency finds that
4 cans of one brand cover on an average 546 sq. feet with standard
deviation 31 sq. ft. where as 4 cans of another brand cover on an average
492 sq. ft. with standard deviation of 26 sq. ft. Assuming that the population
sampled are normal and have equal variances, test the H: p, —p, = 0 vs

H:p —p,>0 at 5% level of significance.
State whether the following are true or false. Give reasons.

(1) The smallest level of significance at which H is rejected is called o

(level of significance)
(i) The value of 1-B gives the probability of committing Type II error.

(i) A test of hypothesis is always about a sample statistic. (6+4)

() T & 3 JER N g A TF ITHTH Tl I 2 R U W & 9R R Ao

et 31 a0 e & A A 546 i fhe wR F TE W A D AR B
A fa=em 26 T He B A AT 492 T He FR HA 2 | I8 A T
S a9 ¥ faaRa ® s waRer e 2

Hyp, —p, =08 H:p —p, >0 5% Fewd & TR T TREW HW |

(@) Feafoias €8 2 @1 7o ? SR 4@ ¢

(i) <9 & Jrew "R R Wel H &l FEER S, I8 o (FE7T H WR) FE
EI i

(i) 1-B = o=@ q TRy 1 7R B & wea 2
(iii) TReFeTT T AR FaT T GRAFH F R F SR 2 |
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SECTION 1V
(Q.9 1s compulsory. Attempt any one of the remaining two questions.)
(v 1V)
(9 9 gfied 21 I A F ¥ AR g wET W oI )

9. (a) If the correlation coefficient between x and y is 0.3 and that between u and
v is 0.6, the extent of association between u and v is twice that between x

and y. Comment.

(b) Show that if all points of a scatter plot lie exactly on the regression line then
there is a perfect linear relationship between the variables. (2+3)

(F) X 3R Y & 9 qedad e 0.3 3K U 3R VE 9= 0.6 2 1 X 3R Y &t go
F U SR V& 99 96 T2 | 38 FuT R ool = )

(@) af & R @ =e & @i fig e i@ R Rm aa 2 A R @ 9
T qut e daw B 2 1 |

10. (a) A sample data yield the following summations for n =12
Yx=66 Xy=588 Xxy=2244 Xx?=396 Xy’=58.734
(i) Calculate the linear correlation coefficient.
(i) Using 1% level of significance, can you conclude that p (population

correlation coefficient) is negative ?

(b) (i) Given the following information, compute the regression line of y on X
S~ 1895.60 S =4798.40 S =1231.80

(i) Interpret the regression coefficients if x is annual income( in ‘000 of

Rs.) and y is the charitable contributions per annum (in *00 of Rs)
(5+5)

(F) n=12® o v TN g Frefoia Wy Tegd e 2
YX=66 Ty=588 Xxy=2244 Ix?=396 Xy’>=58.734
(i) ey TR A O R |
(i) 1% #E<a B TR B WA TU FA T T IR IHA € o6 p (TGS geaay

TUIh ) HOMTAE & 7

~>

PTO.
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(@) (i)ﬁﬁwmxmyﬁmﬁmﬁmﬁm|
Sxx= 1895.60 Syy=4798.40 Sxy= 1231.80

(i) afe x afder s (<000 T0A 7) R y @y emid arem (<00 w9 ¥) 2
W Rem I A e Hf |

11. (a) Given the following data on marks in English and Maths of 5 students,
estimate the likely marks in English of a student who has scored 15 marks

in maths.
Marks in English Marks in Maths
10 - 30
14 32
16 38
20 35
15 40

Estimate the expected marks of a student in maths who has scored 18 marks
in English.

(b) Given that the slope regression coefficient of y on x is 1.103 and the linear
correlation between x and y is 0.856, how would your result be affected if

x—1

x is replaced by u = (6+4)

(%) 5omE & Hoh Sk M & A Ry g0 AR B wS R W Y v o vt
M| F 15 3w wr R ¥, IuR S D FR w0 suwer ST |

JAASH & 3w o &b 3w
10 - 30
14 32
16 38
20 35
15 40
T BT a3l # 18 3w v R 2, Sua T & wwile siw = s

ol
(@) x Wy = e 9T omen 1.103 3R x 3R y & 9 Waw aw@«yr 0.856 2

I x = u=x;1 q oo oar WY A 3T IR FE TER wwfEa 2em
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TABLE 1 Standard Normal_ Curve Areas

Z

0.00

0.01

0.02

0.03

0.04 -

0.05

0.06

0.07

0.08

0.09

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

1.1

12
1.3
14
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4

0.5000
0.5398
0.5793
0.6179
0.6554
0.6915
0.7257
0.7580
0.7881
0.8159
0.8413
0.8643
0.8849
0.9032
0.9192
0.9332
0.9452
0.9554
0.9641
0.9713
0.9772
0.9821
0.9861
0.9893
0.9918
0.9938
0.9953
0.9965
0.9974
0.9981
0.9987
0.9990
0.9993
0.9995
0.9997

0.5040
0.5438
0.5832
0.6217
0.6591
0.6950
0.7201
0.7611
0.7910
0.8186
0.8438
0.8665
0.8869
0.9049
0.9207
0.9345
0.9463
0.9564
0.9649
0.9719
0.9778
0.9826
0.9864
0.9896
0.9920
0.9940
0.9955
0.9966
0.9975
0.9982
0.9987
0.9991
0.9993
0.9995
0.9997

0.5080
0.5478
0.5871
0.6255
0.6628
0.6985
0.7324
0.7642
0.7939
0.8212
0.8461
0.8686
0.8888
0.9066
0.9222
0.9357
0.9474
0.9573
0.9656
0.9726
0.9783
0.9830
0.9868
0.9898
0.9922
0.9941
0.9956
0.9967
0.9976
0.9982
0.9987
0.9991
0.9994
0.9995
0.9997

0.5120
0.5517
0.5910
0.6293
0.6664
0.7019
0.7357
0.7673
0.7967
0.8238
0.8485
0.8708
0.8907
0.9082
0.9236
0.9370
0.9484
0.9582
0.9664
0.9732
0.9788
0.9834
0.9871
0.9901
0.9925
0.9943
0.9957
0.9968
0.9977
0.9983
0.9988
0.9991
0.9994
0.9996
0.9997

0.5160
0.5557
0.5948
0.6331
0.6700
0.7054
0.7389
0.7704
0.7995
0.8264
0.8508
0.8729
0.8925
0.9099
0.9251
0.9382
0.9495
0.9591
0.9671
0.9738
0.9793
0.9838
0.9875
0.9904
0.9927
0.9945
0.9959
0.9969
0.9977
0.9984
0.9988
0.9992
0.9994
0.9996
0.9997

0.5199
0.5596
0.5987
0.6368
0.6736
0.7088
0.7422
0.7734
0.8023
0.8289
0.8531
0.8749
0.8944
0.9115
0.9265
0.9394
0.9505
0.9599
0.9678
0.9744
0.9798
0.9842
0.9878
0.9906
0.9929
0.9946
0.9960
0.9970
0.9978
0.9984
0.9989
0.9992
0.9994
0.9996
0.9997

0.5239
0.5636
0.6026
0.6406
0.6772
0.7123
0.7454
0.7764
0.8051
0.8315
0.8554
0.8770
0.8962
0.9131
0.9279
0.9406
0.9515
0.9608
0.9686
0.9750
0.9803
0.9846
0.9881
0.9909
0.9931
0.9948
0.9961
0.9971
0.9979
0.9985
0.9989
0.9992
0.9994
0.9996
0.9997

0.5279
0.9675
0.6064
0.6443
0.6808
0.7157
0.7486
0.7794
0.8078
0.8340
0.8577
0.8790
0.8980
0.9147
0.9292
0.9418
0.9525
0.9616
0.9693
0.9756
0.9808
0.9850
0.9884
0.9911
0.9932
0.9949
0.9962
0.9972
0.9979
0.9985
0.9989
0.9992

0.9995

0.9996
0.9997

0.5319
0.5714
0.6103
0.6480
0.6844
0.7190
0.7517

0.7823

0.8106
0.8365
0.8599
0.8810
0.8997

0.9162-

0.9306
0.9429
0.9535
0.9625
0.9699
0.9761
0.9812
0.9854
0.9887
0.9913
0.9934
0.9951
0.9963
0.9973
0.9980
0.9986
0.9990
0.9993
0.9995
0.9996
0.9997

0.5359
0.5753
0.6141
0.6517
0.6879
0.7224
0.7549
0.7852
0.8133
0.8389
0.8621
0.8830
0.9015
0.9177
0.9319
0.9441
0.9545
0.9633
0.9706
0.9767
0.9817
0.9857
0.9890
0.9916
0.9936
0.9952
0.9964
0.9974
0.9981
0.9986
0.9990
0.9993
0.9995
0.9997
0.9998

PT.O.
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Appendix Tables  A-9

t, densily curve

; Standard area = a
8 fiox
v \ 10 05 025 0 005 001 0005 .
1 3.078 6314 12.706 31.821 63.657 31831 63662
2 1.886 2.920 4.303 6.965 9925 22326 31.598
3 1.638 2.333 3.182° 4.541 5.841 10213 12.924
4 1.533 2.132 2.776 3747 4604 7173 8610
] 1.476 2015 2.571 3.365 4032 5.893 6.869
6 1.440 - 1.943 2.447 3.143 3.707 5.208 5.959
7 1.415 1.893 2.365 2,998 3.499 4,785 5.408
8 1.397 1.860 2.306 2.896 3.355 4.501 5.041
9 1.383 1.833 2.262 2821 3.250 4.297 4.181
10 1.372 1.812 2.228 2,764 3.169 4.144 4.587
11 1.363 1.796 2.201 2718 3,106 4.025 4437
12 1.356 1.782 2.179 2,681 3.055 3.930 4318
13 1350 1.771 2:160 2.650. 3012 3.852 4.221
14 1.345 1.761 2.145 2674 2,977 3.787 4.140 |
15 1.341 1.753 2.131 2602 2.947 3733 4073
16 1.337 1.746 2.120. 2.583 2.921 3.686 4015
17 1.333 1.740 2.110 2.567 2.898 3.646 3.965
18 1.330 1.734 2.101 2.552 2.878 3.610 3.922
t9 1.328 1.729 2.093 2.539 2861 3.579 3.883
20 1.325 1.725 2,086 2.528 2.845 3.552 3.850
21 1.323 1.721 2.080 2.518 2.831 3.527 3.819
22 1.321 1717 2074 2.508 2.819 3.505 3792
23 1.319 1.714 2.069 2.500 2.807 3.485 3767
24 1.318 9719 2,064 2.492 2797 3.467 3.745
25 1316 1.708 2.060 2.485 2.787 3.450 3.725
26 1.315 1.766 2.056 2479 2779 3.435 3.707
27 1.314 9709 2.052 2473 2.771 3.421 3.690
28 1:313 9.701 2.048 2,467 2.763 3.408 3.674
29 1311 1.699 2.045 2462 2.756 3.396 3.659
30 1.310 1.697 2042 2457 2750 3.385 3.646
32 1.309 1.694 2.037 2.449 2738 3.365 3.622
34 1.307 1.691 2.032 2441 2.728 3.348 3.601 -
36 1-306 1.688 2,028 2.434 2.719 3.333 3.582
38 1.304 1.686 2024 2.42¢ 2712 3319 3.566
40 1.303 " 1.684 2.021 2.423 2.704 3.307 3.551
50 1.299 1.676 2.009 2.403 2678 3.262 3.496
60 1.296 1.671 2.000 2.390 2.660 3.232 3.460
120 1.289 1.658 1.980 . 2.358 2617 3.160 3373
‘o 1.282 1.645 1.960 2.326 2.576 3.090 3.291




7047-A

11

Table A.7 Critical Values for £#i-Squared Distributions

Apperdix Tables  A-11

© . x2 density curve
s

Shaded area = o

' 2 [2y
lForv > 40,X3,'.,zv(l e + z, 9-‘))

o
v 995 .99 978 95 90 10 05 025 0 005
l 0.000 0.000 0.001 0.004 0.016 2,766 3.843 5025 6.637 7.882
2 0.010 0.020 0.051 . 0.103 0.211 4.605 5.992 7.378 9.210 10.397
3 0.072 0.115 0.216 0.352 0.584 6.251 7.815 9.348 11.344 12.837
4 0.207 0.297 U484 0711 1.064 7.779 9488 11.143 13.277 14.860
5 0412 . 0554 0.831 1.145 1.610 9.236 11.070 12.832 15.085 16.748
6 0.676 0.872 1.237 1.635 2.204 10.645 12.592 14.440 16.812 18.548
7 0.989 1.239 1.690 2.167 2.833 12017 14.067 16.012 18474 20276
8 1344 1.646 2.180 2.733 3.490 13362 15507 17.534 20090 21954
9 1735 2.088 2.700 3.325 4.168 14.684 16919 19022 21665 23387
10 2.156 2.558 3.247 3.940 4865 15987 12307 20483 23209  25.188
1 2.603 3.053 3.816 4.575 5578 17275 19675 21920 24724 © 26755
12 3.074 3571 4.404 5.226 6304 18549 21026 23337 26217 28300
13 3.565 4.107 5.009 5.892 7041 19.812 22.362 24.735 27.687 29.817
(4 4075 4660 5.629 6.571 170 . 21.084 23685  26.119  29.141 31319
15 4.600 5.229 6.262 7.261 8547 22307 24996 27488  30.577 32.799
i6 5.142 5.812 6.908 7.962 9312.  23.542 26296 28.845 32000  34.267
17 5697 . 6407 1.564 8682 10.085 24.769 27.587 30.190 33.408 35716
18 6.265 7.015 8.231 9.390 10.865 25.989 28.869 31526 34.805 37.156
19 6.843 7.632 '8.906 10.117 11.651 27.203 30.143 432852 36190 38580
20 7434 8.260 9.591 10.851 12443 28412 20410 434170 37566 39997
21 8.033 8.897 10.283 11591 13240 29.615 20670 435478 38930  41.399
22 8.643 9.542 10982 - 12338 14.042 30813 23924 436781 40.289 42796
23 9.260  .10.195 11.688 13.090 14848 32,007 35072 438075 41637 441479
24 9.886 10.856 12.401 13.848 15.659 33.196 36.415 39.364 442980  45.558
25 10.519 11.523 13.120 14611 16473 34381 37652 40646 444313 46.925
26 11.160 12.198 13.844 15379 17292 35563 38.885 41923 45642 48290
27 11.807 12.878 14.573 16.151 18014 36741 . 40113 43.194 46962 49.642
28 12.461 13565 15308 - 16928 18939 - 37916 41337 44461 48278 50993
29 13.120 14.256 16.147 17.708 19768 39087 42557 45772 49586 .  52.333
30 | 13787 14.954 16.791 18.493 20599 40256 43773 46979 50892  53.672
31 14.457 15.655 17.538 19280 21433 41422 44.985 48.231 52.190  55.000
32 15.134 16362  18.291 20072 22271 - 42585 46.194 49480 53486 .  56.328
33 15.814 17.073 19.046 20866 23110 43745 47400 50724 54774 57.646
34 16.501 17.789 19.806 21664~ 23952 4903 48.602 51966  56.061 58.964
35 17.191 18.508 20569  22.465 2479 36059 49.802 53203. 57340 60272
36 17.887 19.233 21336 23269 25643 47.212 50.998 54.437 58619 . 61581
37 18.584 19960 22105 24075 - 26492 48.363 52162 55607 - 59.891 62.880
"38 19289 20.691 22878 24884 27343 - 34513 53.384 56896 61162  64.181
39 19994 21425 23654 25695 28196 50.660 54.572 58.119 62426 65473
40 | 20706 22164 24433 26509  29.050 51.805 55.758 59342 63.691 66.766

PTO.
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Table A8 tCurve Tall Areas Appendix Tables  A-13
reurve Areaio the
y \:ightuf/
_ L
o 1
1

Ny 1 2 3 4 5 6 7 8 9 0 1 12 13 14 15 16 17 18
00 | 500 .00 .500 .500 .500 .500 .500 .500 .500 .500 .500 .S00 .500 .500 .500 .500 .500 .500
0.1 | 468 465 463 463 462. 462 462 461 461 461 461 461 461 461 461 461 461 461
02 | 437 430 427 426 425 424 424 423 423 423 423, 422 422 422 422 422 422 42
03 | 407 396 392 390 .388 387 386 .386 .38 .385 .385 385 .384 384 384 384 .384 .384
04 | 379 364 358 355 353 352 351 350 349 349 348 348 348 347 347 347 347 347
05 | 352 333 326 322 319 317 316 315 315 314 313 313 313 312 312 312 312 312
0.6 | 328 305 295 290 .287 285 284 283 282 28] 280 280 279 279 279 278 278 278
07 | 306 278 267 261 258 255 253 252 251 250 249 249 248 247 247 247 247 246 .
08 | 285 254 241 234 230 227 225 223 222 221 220 220 219 218 218 218 217217
0.9 | 267 232 217 210 205 201 .199 .197 1% .95 .i94 .193 492 191 .19 .191 .190 .90
L0 | 250 211 196 .187 .182 478 475 473 472 470 169 .169 .168 .167..167 .166 .166 .165
Li | 235 193 176 167 .162 157 .154 152 .150 149 147 146 .146 .144 .i44 .144 143 143
L2 | 221 177 158 148 142 138 135 132 .30 .129 128 127 126 .124 124 .124 .123 .123
13 | 209 .162 .42 .132 125 121 117 .S .13 461 .00 09 108 107 .107 .106 .105 .105
14 | 197" 148 128 M7 110 106 102 .100 .098 .096 095 093 .092 .091 ..091 .090 .090 089
L5 |. .187 .136 .115 .104 097 .092° 089 086 084 .082 .08l 080 079 077 077 077 076 075
L6 | .178 125 .104 092 085 080 .077 074 072 -.070 069 068 067 065 065 065 064 064
L7 | 169 .1i6 .094 082 075 070 065 064 062 .060 059 H57 036 055 055 054 054 .053
18 [ 161 107 085 073 066 061 057 055 .053 051 050 049 048 046 046 045 045 044
L9 | 154 099 077 065 .058 .053 .050 047 .045 043 042 041 .040 038 038 038 .037 037
20 | .148 092 070 0S8 051 046 .043 040 038 .037 035 034 033 .032 .032 031 -031 .030
21 | 141 085 063 052 .045 .040 037 034 033 031 030 029 028 027 027 026 .025 025
22 | 136 079 058 046 040 033 032 029 028 026 .025 024 023 022 022 021 021 .021
23 | 131 074 052 041 035 031 027 025 023 022 021 020 019 018 .018 018 017 .017
24 | 426 069 048 037 031 027 024 022 020 019 018 017 Oia 0I5 015 014 014 014
25 | .21 065 044 033 027 023 020 018 017 Gl6 05 Di4 0i3 012 012 012 011 0l
26 | 117 061 040 030 024 026 018 016 0M 013 012 612 01T 010 010 010 009 ..009
27 | 113 057 037..027 021 .0i8 015 014 012 011 .00 0@ 009 008 008 .008 008 .007
28 | 109 .054 034" 024 019 016 013 012 010 009 009 008 008 .007 .007 .006 006 .006
29 106 051 031 022 017 014 Ot 010 009 QU8 007 .07 006 005 005 .00S .005 .005
30 | 102 048 029 020 015 012 010 009 007 007 006 006 005 .004 004 004 004 .004
31 1 .099.:045 027 018 013 011 009 007 006 006 .005 .005 004 004 004 003 .003 .003
32 | 09 .043 025 016 012 009 .008 006 .005 405 004 .04 003 003 .003 003 .003 .002
33 | .09 040 023 015 OIl .008 .007 .005 .005 .004 004 003 .003 002 002 .002 002 .002
34 | 091 038 021 014 010 007 GO6 005 004 063 003 003 002 002 002 002 002 002
35 | 089 .036 020 012 009 006 .005 .004 003 .003 002 .CO2 002 002 002 001 001 .01
36 | 086 .035 018 011 008 .006 CO4 004 003 002 002 002 002 001 001 001 .00 .00f
37 1 084 .033 017 0i0 .007 .005 .004 003 002 002 0062 062 .0G6I .00l .00l .001 .001 .00l
38 | 082 .031 016 010 006 .004 003 .003 002 002 .001 .00F 001 001 001 .001 001 .00
39 | 080 .030 015 .009 006 004 .003 .002 002 .001 .00f .001 .@01 005 .00l 001 .001 .001

678 029 014 008 005 .004 003 002 002 001 001 001 .001 001 .001 .001 .000 .OCH

4.0

(continued }
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Appendix Tabies A-13

Table A.8 t Curve Tail Areas (coht. }

icurye e Arewto the
\\ ‘right of 7
“ "

e

<
PR

Ay 19 20 21 22 -2 24 25 26 27 28 29 3 35 40 60 120 =(=¢

0.0 500 500 500 500 .500° .00 500 500 .S00 500 500 .500 .500 .500 .500 .500 .500-

0.1 461 461 461 461 461 461 461 46l 461 461 461 461 460 460 460 460 460
0.2 422 422 422 422 472 422 422 422 421 421 421 421 421 4210 421 421 A42d
03 384 384 384 383 383 383 383 .383 383 383 383 383 383 383 383 .382 382
04 347 347 347 347 346 346 346 346 346 246 346 346 346 346 345 345 345
0.5 31t 311 311 310 311 31F 311 .31 341 310 3100 310 3100 310 309 309 309
0.6 278 278 278 277 217 271 217 277 277 277 277 X1 276 216 215 275 274
0.7 246 246 246 246 245 245 245 245 245 245 245 245 244 T 44 243 243 242
0.8 217 217 216 216 216 216 216 215 215 215 215 215 215 214 213 213 212
0.9 190 .189 189 .189 .189 189 .188 .I188 188 .188 .188 18R (87 (187 .186 .185  .184
1.0 165 165 164 .164 .i64 .164 .163 .163 163 .163 .163 163 .162 .62 .161 .160  .I59
1.1 143 142 142 142 141 141 141 141 41, 140 140 140 139 139 438 137136
1.2 4220 122 122 12t 021 L1201 U121 .20 1200 120 (120 (120 .RE9 U419 47 116 IS
13 105 ".104 .104 .104 .103 .103 .103 .103 .102 .102 .102 .102 .&1 3¢ 099 098 097

14 089 089 088 .088 087 .087 087 087 086 .08 .086 .086 485 085 083 082 .08l
1.5 075 075 074 074 074 073 073 073 073 072 072 072 Q7 O 069 068 067

1.6 063 063 062 .062 .062 061 061 061 061 .060 D6G 660 059 059 057 056 055
17 053 052 052 052 051 0.51 051 051 .050 030 050 050 .049 048 047 046 045
18 044 043 043 043 042 042 042 042 042 041 041 041 040 040 038 037 036
1.9 036 036 036 035 035 035035 034 034 034 034 034 033 032 031 .030 .029
20 030 030 029 029 029 028 028 028 028 .028 027 027 027 (026 025 024 .023
21 025 024 024 024 023 023 (023 023 023 022 022 022 022 020 020 019 018
2.2 020 020 020 019 019 019019 018 018 018 018 018 017 017 016 0I5 014
2.3 016 016 016 016 015 015 015 0I5 015 015 .04 04 014 013 012 012 Ol
24 013 013 013 013 012 012 012 012 012 012 012 i1 01 0l 010 009 008
2.5 011 0l 010 010 010 010- 010 010 009 009 009 009 .009..008 .008 .007 .006
26 009 009 008 008 .08 .008 .008 008 .007 .007 007 007 007 .007 006 .005 .005
27 | 007 007 007 007 006 006 006 006 006 006 006 006 005 005 004 .004 003

- 28 006 .006 .005 005 .005 .005 .005 .005 .005 .005 .005 .004 004 004 003 003 003
2.9 005 .004 .004 .004 .004 004 .004 004 004 004 (004 003 003 003 003 002 002

30 | 004 004 003 .003 .003 .003 .003 .003 .0O3 .003 003 003 002 002 002 002 .00I
31 003 - .003 003 .003 .003 .002 .002 .002 .002 002 .02 002 .002 002 001 001 001
32 002 002 002 .00z 002 .002 002 002 .002 .002 GO2 602 001 .001 001 001 .00l

.33 002 .002 002 .002 .002 001 .00 .001 00T 601 001 001 001...001 .00t 001 000
34 002 001 001 001 001 001 001 .001 .0GL 001 001 .001 001 001 .001 .QOO 000

35 001 00l 001 001 001 001 .01 GOI 001 001 .00t 0P 00i .001 .000 .000 .00
3.6 001 001 001 001 001 001 .01 001 001 .001 601 Gd1 000 000 000 000 000
37 001 001 001 001 001 001 001 .01 000 000 600 000 000 000 000 .000 .000
38 001 .001 .001 000 000 .000 000 000 0600 000 000 000 000 000 000 .000 .000
39 000 000 000 000 000 000 000 600 000 000 000 .000 000 000 000 000 000

00 000 000 000 000 000 .00G 000 .000 .000 000 000 000

4.0 000 000 .000 000

PT.O.
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A-14

Appendix Tables

Table A9 Critical Values for F Distributicns

14

¥, = numerator df

« 1 2 3 4 3 o 7 8 9
100 39.86 49.50 53.59 55.83 57.24 52.20 58.91 59.44 39.86
[ 050 161.45 199.50 21571 224.58 23016 23399 236.77 238.88 240.54
010 1405220  4999.50 540340  5624.60  S5763.60  S839.00 592840 598110 6022.50
001 1405284 500,000 540379 562500 576405 585937 392873 598,144 602,284 ‘
100 8.53 9.00 9.16 9.24 9.29 9.33 935 9.37 9.38
, 050 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38
-.010 98.50 99.00  99.17 99.25 99.30 99,33 99.36 99.37 99.39
.001 998.50 999.00 999.47  999.25 999.30 996.33 999.36 999.37 999.39
.100 5.54 5.46 . 539 "5.34 1534 5.28 527 5.25 5.24
5 050 10.13 9.55 9.28 9.12 9.1 §.94 8.89 8.85 3.81
010 34.12 30.82 29.46 28.71 28.24 2791 27.67 27.49 27.35
001 167.03 148.50 4141 13710 13458 - 132.85 131.38 13062 - 129.86
100 4.54 4.32 4.19 4.11 405 4.01 3.8 3.95 3.94
g 050 7.71 6.94 6.59 6.39 6.26 6.16 4.09 6.04 6.00
010 21.20 18.00 16.69 15.98 15.52 1521 14.98 14.80 14.66
001 7414 61.25 56.18 53.44 5171 50.53 49.66 49.00 48.47
.100 4.06 3.78 3.62 352 3.45 3.40 3.37 334 332
s 050 6.61 5.79 5.4 5.19 505 145 488 - 482 477
010 16.26 13.27 12.06° 11.39 10.97 10.67 10.46 1029 10.16
.001 47.18 37.12 33.20 31.09 29.75 28.83 28.16 27.65 27124
3 .100 3.78 3.46 3.29 3.18 3.1 3.05 3.01 2.98 2.96
g ¢ 950 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 410
2 010 13.75 1092 9.78 9.15 8.75 8.47 $.26 8.10 7.98
£ 001 35.51 27.00 2370 21.92 20.80 20.03 19.46 19.03 18.69
g. 100 3.59 326 307 2.96 2.88 282 278 275 272
§oq 050 5.59 474 435 412 397 3.87 37y 373 3.68
= 010 12.25 9.55 845 7.85 7.46 7.19 699 684 6.72
.001 29.25 21.69 18.77 17.20 16.21 15.52 15.02 14.63 14.33
100 3.46 3.11 292 2.81 273 2.67 262 2.59 2.56
g 050 5.32 4.46 4.07 384 3.69 3.58 350 3.44 3.39
010 11.26 8.65 7.59 7.01 6.63 6.3 6.18 6.03 591
.001 2541 18.49 i5.83 14.39 13.48 12.86 1240 1255 11.77
.100 3.36 3.01 2381 2.69 2.61 235 - 251 2.47 244
g . 050 5.12 426 3.86 3.63 3.48 3.37 3.29 3.23 3.18
- 010 10.56 8.02 6.99 6.42 6.06 5.80 551 5.47 535
001 22.86 16.39 13.90 12.56 1171 t11.13 107 10.37 10.11
100 3.29 292 273 - 261 2.52 246 242 2.38 235
0 950 - 496 4.10 3.71 3.48 3.33 322 34 3.07 3.02
010 | 1004 7.56 6.55 5.99 5.64 5.30 5.200 5.06 494
.001 21.04 . 14.91 12.53 11.28 10.48 993 9.572 9.20 "8.96
100 323" 286 2.66 254 248 2.39 2.34 2.30 227
050 4.84 3.98 3.39 3.36 3.20 300 3.01 295 2.90
, 010 9.65 7.21 6.22 5:67 5.32 5407 4.89 4.74 463
001 19.69 13.81 11.56 10.35 9.58 9.05 8.66 8.35 8.12
.100 3.18 231 261 2.48 2.39 2.33 208 224 231
12 050 - 475 3.89 3149 3.26 Al 3.00 291 2.85 250
010 9.33 6.93 595" 5.41 5.06 382 4.64 4.50 439
.001 18.64 12.97 10.30 - 9.63 8.89 818 80X 7.7 7.48:
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Appendix Tables  A-15

Table A.9 Critical Values for F Bistributions (cont.}

v, = numerator df

10 12 15 20 2 30 % s 60 120 1000

60.19 60.71 61.22 61.74 62.05 6226 6153 62.69 62.79 68.06 63.30
241.88 243.91 245.95 248.01 249.26 250.10 25114 25477 252.20 253.25 254.19
6055 .80 6106.30  6157.30 6208.70 6239.80 6260.60 5280.80 6302.50 63 13011 6039. 40 6362. 30
605,621 610,668 615,764 620,908 624,017 626,099 628,712 630,285 631,337 633 §72 636.3.00

9.39 9.41 9.42 9.44 9.45 9.46 9.47 947 947 - 948 9.49
19.40 19.41 19.43 19.45 19.46 19.46 1947 1948 1948 1949 9.49
99.40 99.42 99.43 99.45 99.46 99.47 99.47 99.48 99.48 99.49 99.50

999.40 99942 99943 99945 99946 09947 99947 99948 99948 99949  999.50

5.23 5.22 5.20 5.18 517 5.7 5.16 3.15 5.15 5.14 5.13
8.79 8.74 8.70 8.66 8.63 8.62 8.59 8.58 857 8.55 8.53
27.23 27.05 2687 2669 - 2658 26.50 26.41 26.35 26.32 26.22 26.34
12025 12832 127.37 12642 12584 12545 12496 12466 12447 12397 12353

392 3.90 3.87 3.84 383 382 3.80 3.80 3.79 378 3.76
5.96 5.91 5.86 5.80 5.77 - 575 3n 570 5.69 5.66 5.63
14.55 14.37 14.20 14.02 1391 13.84 13.75 13.69 13.65 13.56 13.47
48.05 4741 4676 46.10 45.70 4543 45.09 44.88 44.75 4440 4409
3.30 3.27 3.24 321 3.19 317 3.16 345 3.14 3.12 311
4.74 4.68 4.62 4.56 4.52 4.50 " 4.46 . 344 443 4.40 4.37
1005 989 9.72 9.55 9.45 9.38 9.29 924 . 920 9.11 9.03.
26.92 26.42 2591 2539 - 25.08 2487 2460 24.44 24.33 24.06 23.82
2.94 2.90 2.87 2.84 2.81 2.80 2.78 207 2.76 2.74 2.72
4.06 4.00 3.94 3.87 3.83 3.81 3.77 3758 374 3.70 3.67
7.87 7.72 7.56 7.40 730 7.23 74 709 7.06 6.97 6.89
18.41 17.99 17.56 17.12 16.85 16.67 1644 16.31 16.21 15.98 15.77
2.70 2.67 2.63 2.59 257 2.56 - 254 2.52 2.51 2.49 247
3.64 3.57 3.51 344 3.40 3.38 334 3.32 3.30 3.27 323
6.62 6.47 6.31 6.16 6.06 5.99 5901 58 . 582 5.74 5.66
14.08 13.71 13.32 12.93 12.69 1253 . 1233 12.20 12.12 1191 1.72
2.54 2.50 246 242 2.40 2.38 236 2.35 1234 232 2.30
335 . 328 322 315 . 3.11 3.08 3.04 3.02 301 297 2.93
581 . 567 5.52 53 - 526 5.20 512 5.07 503 495 4.87
11.54 11.19 10.84 10.48 10.26 RRUAY 9.92 9.80 9.73 9.53 9.36
242 2.38 234 2.30 227 225 223 222 1221 2.18 2.16
3.14 3.07 3.04 2.94 2.89 2.86 2.83 2.80 2.79 2.75 2.71
526 511 496 4.8} 471 4.65 457 452 4.48 4.40 432
9.89 9.57 9.24 890 8.69 8.55 837 826 8.19 8.00 7.84
2.32 228 224 2.20 217 2.16 S 243 2.12 2.11 2,08 2.06.
298 . 2.91 2.85 2.97 - 273 270 - 266 264 2.62 258 . 254
485 4.71 4.56 441 431 425 4.17 4.2 4.08 4.00 392
8.75 8.45 8.13 7.80 7.60 7.47 7.30 7.19 712 6.94 6.78
225 221 2.17 2.12 2.10 2.08 205 - 2.04 203 . 2.00 1.98
2.85 2.79 272 2.65 2.60 2.57 253 2.51 249 245 241
- 454 4.40 425 4.10 4.01 3.94 3.86 3.81 378 3.69 3.61
792 763 7.32 7.01 6.81 6.68 652 642 6.35 . 618 6.02
T 2.19 2.15 2.10 2.06 2.03 2.01 199 . 1.97 1.96 1.93 1.9l
275 2.69 2,62 2.54 250° 247 243 2.40 238 - 234 230
4.30 4.16 . 401 3.86 3.76 3.0 362 3.57 - 354 3.45 337
7.29 7.00° 6.71 640 6.22 6.09 97 5.83 5.76 5.59 544

T feidiniied v

PTO.



le &9 Critical Values for £ Distribution: {cont )}

v, = numerator df

o 1
100 3.14
050 467
B om0 9.07
001 17.82
100 3.10
050 4.60
14 010 3.86
001 17.]4
.100 3.07.
050 4.54
15 o0 8.68
- 001 16.59
.100 3.03
050 449
16 .010 8.53
.001 16.12
100 3.03
050 4.45
17 010 8.40
.001 15.72
« ' 100 3.01
£ .050 441
s 010 8.29 -
g .001 15.38
g .100 2.99
S 050 4.38
oY e 8.18
A 001 15.08
.100 297
050 435
20 010 $.10
001 14.82
100 2.96
2 050 432
010 8.02
001 14.59
4,100 2.95
050 - 4.30
n 018 7.95
001 14.38
.100 © 294
050 428
23 . -
.010 7.88
.001 14.20
.100 2.93
£50 426
# o e 782
2001

- 14.03

10.60
262
3.55
6.0}

10.39

.61
3.52
593
in.16
259
349
5.85
.95
2.57
3.47
35.78
9.77
256
344
7
9.6i
2.55
3.42
5.66
947
2.54
3.40
561
9.34

556 -

5 6 7 $ 9
2.35 228 223 . 220 216
3.03 292 283 277 271
4.86 4.62 4.44 430 4.19
8.35 786 7.49 7.21 6.98
231 2.24 2.19 215 212
2.96 2.85 276 2.70 265
4.69 4.46 428 4.14 403
792 744 7.08 6.80 6.58
2.27 221 2.16 212 2.09
2.90 2.79 271 2.64 2.59
4.56 4.32 4.14 4.00 3.89
757 7.00 6.74 6.47 6.26
2.24 2.18 2.13 2.09 206
285 274 2.66 259 2.54
4.44 420 4.03 3.89 3.78
727 6.80 6.46 6.19 598
222 - 215 2.10 2.06 2.03
2.81 2.70 2.61 2.55 2.49
4.34 4.10 393 379 3.68
7.02 6.56 622 5.96 5.5
2.20 213 2.08 2.04 2.00
277 2.66 2.58 2.51 246
425 401 3.84 371 3.60
681 635 6.02 576
2.18 211 2.06 2.02 1.98
274 263 2.54 2.48 2.42
4.17 3.94 377 3.63 352
6.62 6.18 585 5.59 5.39
2.16 2.09 204 2.00 1.96
271 2.60 251 245 2.39
4.10 3.87 3.70 3.56 346
6.46 6.02 5.69 5.44 524

" 2.14 2.08 2.02 1.98 195
2.68 257 249 242 237
4.04 3.81 3.64 351 340
632 5.88 5.56 531 5.1
213 206 201 197 1.93

2660 255 2.46 2.40 234
3.99 3.76 3.59 345 335
6.19 575 5.44 5.19 4.99
21 2.05 1.99 195 1.92
264 253 2.44 237 2.32
3.94 37 3.54 341 330
6.08 5.65 5.33 5.09 4.89
2.10 2,04 198 194 191
262 251 2.42 2.36 230
3.90 3.67 3.50 3.36 3.26
598 5.55 523 4.99 480

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

17

Appendix Tables  A-17

v, = numerator df

10 12 15 20 25 30 49 50 120 100
214 2.10 205 2.01 1.98 1.96 1.93 1.92 1.90 1.88 185
267 2.60 2.53 2.46 241 238 2.34 231 2.30 2.25 221
4.10 3.96 3.82 3.66 3.57 351 343 3.38 334 3.25 318
6.80 652 6.23 5.93 5.75 5.63 547 5.7 530 5.14 4.99
2.10 205 2.01 i.96 1.93 191 1.80 1.87 1.86 1.83 1.80
2.60 2.53 2.46 2.39 2.34 23 237 224 222 2.18 214
3.94 3.80 3.66 3.51 341 333 327 3.22 118 3.09 3.00
6.40 6.13 5.85 5.56 538 5.25 5.10 5,00 4.94 477 462
2.06 2.02 1.97 1.92 1.89 1.8 1.85 1.83 1.82 179 L76
2.54 2.48 240 2.33 228 225 220 218 2.16 2.1 2.07
3.80 3.67 3.52 337 328 321 3 3.08 3.05 2.96 2.88
6.08 5.81 5.54 5.25 5.07 493 486 470 464 447 4.33
2.03 199 1.94 1.89 1.86 1.84 161 179 1.78 175 1.72
249 242 2.35 228 2.23 219 215 212 211 2.06 2.02
3.69 355 3.41 3.26 3.16 3.10 3.02 2.97 2.93 2.84 276
5.81 5.55 527 499 4.82 470 4.54 445 439 423 4.08.
2.00 1.96 191 1.86 1.83 1.81 178 i.76 175 172 1.69
245 2.38 231 2.23 218" 235 2.10 2.08 2.06 2.01 197
3.59 3.46 331 3.16 3.07 300 . 29 2.87 2.83 275 2,66
5.58 532 5.05 4.78 4:60 448" 4.33 4.24 4.18 4.02 387
1.98 193 1.89 1.84 1.80 1.78 175 174 172 1.69 1.66
241 2.34 227 2.19 214 2.11 2.06 2.04 2.02 1.97 192 .
351 3.37 323 308 298 2.92 2.84 278 2.5 266 2.58
539 5.13 4.87 4.59 4.42 430 4.15 4.06 4.00 384 3.69
1.96 1.91 1.86 1.81 1.78 1.76 173 i1 1.70 1.67 .64
238 231 223 2.16 2.11 207 2.03 2.00 1.98 1.93 1.88
343 330" 3.15 3.00 291 2.84 276 21 2.67 2.58 2.50
5.22 497 470 443 4.26 414 299 3.90 3.84 3.68 3.53
1.94 1.89 1.84 1.79 1.76. 1.74 171 1.69 1.68 1.64 161
2.35 2.28 220 2.12 2.07 2.04 1.99 197 1.95 1.90 1.85
337 3.23 3.09 2.94 2.84 278 269 2.64 261 252 23
5.08 4.82 4.56 429 4.12 400 3.86 177 3.70 3.54 340
1.92 1.87 1.83 1.78 1.74 1.72 /.69 1.67 1.66 1.62 1.59
232 225 2.18 2.10 205 . 201 1.96 1.94 1.92 1.87 1.82
331 3.17 3.03 2.88 279 172 2.6 238 2.55 246 237
495 4.70 444 4.17 4.00 3.83 3.74 3.64 3.58 342 3.28
190 1.86 1.81 1.76 1.73 1.70 1.67 (.65 1.64 160 157
2.30 2.23 215 2,07 2.02 198 1.94 1.91 1.89- 1.84 1.79
3.26 3.12 2.98 283 - 273 267 258 253 2.50 2.40 232
. 483 458 433 4.06 3.89 3.78 3.63 354 348 3.32 317
1.89 1.84 1.80 174 171 169 1.66 .64 .62 1.59 1.55
227 220 2.13 2.05 2.00 1.96 1.91 1.68 1.86 1.81 1.76
321 307 . 293 278 2.69 2.62 2.54 243 245 235 2.27
473 4.48 4.23 1.96 3.79 3.68 355 344 3.38 322 3.08
1.88 183 178 73 . L70 167 1G4 1.62. 1.61 157 1.54
225 2.18 241 © 203 1.97 1.94 149 1.86 1.84 179 174,
3.17 3.03 2.89 274 2.64 . 2.58 2.49 2.4 240 2.3 222
4.64 439 4.14 387 37 3.59 3.45 3.36 3.29 3.14 2.9
(contintied)

P.T.O.



Table 8.9 Critical Values for £ Distributions {egni)}
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v, = numerator df

« 1
.100
050 4.24
3 om0 777
001 13.88
100 2.01
- 050 4.23
2% 010 772
©.001 1374
100 2.90
050 4.21
7 o0 768
001 13.61
.100 2.89
050 " 4.20
B 010 7.64
.001 13.50
.100 2.89
050 418
B e 7.60
.001 13.39
% . .100 2.88
k=
) 050 4.17
g 30 010 7.56
’g 001 13.29
' g .100 2.84
3 0 050 4.08
ey 010 7.3
' .001 12.61
.100 2.81
050 4.03
50 010 7.17
.001 12.22
100 2.79
850 4.00
010 7.08
.001 11.97
.100 2.76
050 394
010 6.90
.001 1150
2.73
3.89

292

2 3 4 5 6 7 8 9
253 232 2.18 2.09 202 1.97 1.93 1.89
339 299 276 2.60 2.49 240 2.34 2.28
557 4.68 418 - 385 3.63 3.46 3.32 3.22
0.2 745 649 5.89 5.46 5.15 491 47
2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88
3.37 298 2.74 259 247 2.39 232 227
-5.53 4647 114 3.82 3.59 342 3.29 3.18
9292 7.36 6.41 5.80 5.38 5.07 483 4.64
2.5 2.30 217 207 2.00 1.95 1.91 1.87
.35 2.90 273 2.57 246 2.37 2.31 225
540 4.60 411 3.78 3.56 3.39 3.26 3.15
9.2 727 6.33 5.73 5.31 5.00 476 457
2.50 229 216 . 206 2.00 1.94 1.90 1.87
334 295 2.71 2.56 245 2.36 2.29 224
5.45 457 407 3.75 353 3.36 3.23 3.12
5.93 7.19 6.25 5.66 5.24 493 4.69 450
2.50 228 2.15 2.06 .1.99 1.93 1.89 1.86
2.93 2.70 2.55 2.43 2.35 2.28 2.22
542 4.54 4.04 3.73 "3.50 3.33 3.20 3.09
8.85 712 6.19 5.59 5.18 487 4.64 445
2.49 228 2.14 2.05 1.98 1.93 1.88 1.85
3.32 292 2.69 2.53 2.42 233 227 221
5.39 451 4.02 3.70 347 3.30 3.17 3.07
8.77 705 612 5.53 5.12 482 458 439
244 223 2.09 2.00 1.93 1.87 183 L79

323 2.84 2.61 245 2.34 2.25 2.18 212

5.18 4.3 3.83 .3.51 329 3.12 2.9 2.89
8.25 6.59 5.70 5.13 473 4.44 4.21 4.02
2.41 2.20 2.06 1.97 1.90 1.84 . 1.80 1.76
LR 2.79 2.56 240 2.29 2.20 2.13 2.07
5.06 4.20 372 3.41 319 3.02 2.89 2.78
7.96 6.34 5.46 490 4.51 422 4.00 3.82
2.39 218 2.04 1.95 1.87 1.82 1.77 1.74
335 2.76 2.53 237 2.25 2.17 2.10 2.04
EX 4.13 3.65 3.34 312 2.95 2.82 2.72
7.7 6.17 531 4.76 437 4.09 3.86 3.69
2.36 214 2.00 191 1.83 1.78 1.73 1.69
3.09 27 246 2.31 2.19 2.10 2.03 197
482 398 351 3.21 2.99 2.82 2.69 2.59
741 5.86 502 448 411 3.83 361 3.44
2.33 211 197 1.88 1.80 1.75 1.70 1.66
3 2.65 242 226 2.14 2.06 1.98 193
4.71 3.88 341 311 2.89 2.73 2.60 2.50
715 5.63 481 429 3.92 3.65 3.43 - 326
2131 209 1.95 1.85 1.78 1.72 1.68 1.64
300 261 2.38 222 21 20m 1.95 1.89
453 3.80 3.34 3.04 283 2.66 253 243
6.96 545 4.65 4.14 3.78 3.51 3.30 3.13

(continted)
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Appendix Tables A-19

Table A9 Critical Values for £ Distributions {cont.)

v, = numerator dlf

10 12 15 20 25 30 40 56 60 120 £
1.87 1.82 1.77 172 1.68 1.66 1.63 1.61 1.59 1.56 1.52
224 2.16 2.09 201 1.96 192 1.87 1.84 182 1.77 1.72
3.13 2.99 2.85 2.70 2.60 2.54 2.45 2.40 2.36 227 218
4,56 431 4,06 3.7Y 3.63 332 3.37 3.28 322 3.06 1.51
1.86 1.81 1.76 1.7t 1.67 1.65 1.6 1.59 1.58 . L54 1.51
222 2.15 207 1.99 1.94 1.50 1.85 1.82 - 1.80 175 1.70
3.09 2.96 2.81 2.66 2.57 2350 242 236 2.33 2.23 2.14
448 424 - 3.99 372 3.56 344 3.30 3.21 3.15 299 2.84
1.85 1.80 1.75 1.70 -1.66 164 1.60 1.58 1.57 1.53 1.30
2.20 2.13 2.06 1.97 1.92 1.88 1.84 1.81 1.79 1.73 1.6%
.3.06 2.93 2.78. 2.63 2.54 2.47 2.38 2.33 2.29 2.20 2.14
441 4.17 3.92 3,66 3.49 338 3.23 314 3.08 2.92 2.78
1.84 1.79 1.74 1.69 1.65 163 1.39 157 1.56 1.52 1.48
2.19 2.12 2.04 -1.96 191 1.87 1.82 1.79 1.77 1.7 1.66
3.03 2.90 275 2.60 2.51 2.44 2.35 230 2.26 2.17 2.08
435 4.1 3386 3.60 3.43 3.32 3.18 3.09 3.02 2.86 2.72
1.83 1.7¢ 1.73 1.68 1.64 1.62 1.5% 1.56 1.55 1.51 147
218 2.10 2.03 1.94 1.89 1.85 1.81 1.77 1.75 1.70 1.65
3.00 2.87 2.73 2.57 2.48 241 233 227 0223 2.14 2.05
4.29 4.05 3.80 © 354 3.38 3.27 312 3.03 297 281 2.66
182 .77 1.72 1.67 1.63 1.61 1.57 1.55 1.54 1.50 1.46
2.16 209 2.0t 1.93 1.88 1.84 179 1.76 1.74 1.68 1.63
298 2.84 2.70 255 245 2.29 2.30 225 221 2.11 2,02
424 4.00 3.75 3.49 333 322 3.07 2.9% 2.92 2.76 261
1.76 1.71 1.66 1.61 1.57 1.54 1.51 1.48 1.47 1.42 1.38
2.08 2.00 1.92 1.84 1.78 1.74 1.69 1.66 1.64 1.58 1.52
2.80 2.66 2.52 237 2.27 2.20 2.1 2.06 2.02 192 1.82
3.87 3.64 3.40 3.14 2.98 287 273 2.64 257 241 2.25
173 1.68 1.63 1.57 1.53 - 1.50 146 i4d 1.42 1.38 1.33
2.03 1.95 1.87 1.78 1.73 1.69 163 - 1.60 t.58 1.51 145
2.70 2.56 242 - 227 2.17 210 2.01 1.95 191 1.80 1.70
3.67 344 3.20 2.95 2.79 268 253 244 2.38 221 2.05
1.71 1.66° 1.60 1.54 1.50 1.48 {44 i41 1.40 1.35 1.30
1.99 1.92 - 1.84 1.75 1.69 165 1.59 1.36 1.53 147 1.40
263 250 2.35 2.20 2.10 2.03 - 1.94 1.88 1.84 1.73 1.62
"3.54 332 3.08 243 2.67 2.55% 241 2.32 2.25 2.08 1.92
1.66 1.61 1.56 1.49 1.45 142 1.38 1.35 1.34 1.28 1.22
1.93 1.85 1.77 1.68 162 . 1.57 1.52 1.8 1.45 ‘1.38 1.30
2.50 2.37 222 207 1.97 1.89 1.80 1.74 1.69 1.57 145
3.30 3.07 2.84 259 2.43 2.32 2.17 2.08 2.01 1.83 1.64
1.63 1.58 1.52 146 1.41 .33 1.24 1.31 1.29 123 1.16
1.88 1.80 L2 162 1.56 152 1.46 141 1.39 1.30 1.21
241 2.27 2.13 197 1.87 1.79 1.69 1.63 T 158 1.45 1.30
3.12 2.90 . 267 242 226 2.15 2.00 §.90 1.83 1.64 1.43
et 1.55 1.49 1.43 1.38 1.35 1.30 1.27 1.25 1.18 1.08
-1.84 1.76 1.68 1.58 1.52 1.47 14t 1.36 1.33 - 1.24 111
234 2.20 2.06 1.90 1.79 1.72 1.6} 1.54 1.50 1.35 i.16
2.99 2.71 254 2:30 2.14 2.02 1.87 1.77 1.69 1.49 (.22

PTO.
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A-6  Appendix Tablas -

Takle A3 Standard Normal Curve Areas D) =PZ=2)
Standard normal denéity curve
e
SN F
LA \ Shaded arca = ®(2)
I LN
] 1] Z
z 00 N1} S 7 03 04 05 06 07 08 09

=34 0003 0003 OOO? 0003 0003 0003 0003 .0003 .0003 0002
-33 0005 0005 0005 0004 0004 0004 0004 0004 0004 *.0003
-3.2 0007 0007 0006 0006 0006 0006 0006 0005 0005 0005
-3.1 0010 .0009 0009, .0009 - 0008 - L8 G008 .0008 .0007 0007
-3.0 .0013 0013 .0013 20012 0012 061 A6 0011 .0010 0010
-29 0019 0018 0017 0017 0016 0045 0015 _ 0015 .0014 0014
~28 0026 0025 0024 20023 0023 0022 0021 0021 - 0020 0019
=27 0035 0034 L0033 0032 0031 0030 Q029 - 0028 .0027 0026
-2.6 0047 0045 0044 0043 0041 - 0040 RELEN 0038 0037 0036
~25 0062 0060 0059 0057 0055 0034 0052 0051 0049 .0038
~24 0082 .0080 0078 0075 0073 0071 0069 0068 - .0066 0064
-23 0107 0104 0102 0099 - .0096 0 0091 0089 .0087 0084
=22 0139 0136 0132 0129 -.0125 Mman 4119 0116 0113 0110
=21 | 0179 0174 0170 0166 0162 0158 - 0154 0150 0146 0143
-20 .0228 0222 0217 0 0212 0207 20202 017 . .01_92. 0188 0183
-19 0287 H281 0274 268 0362 0236 0250 0244 0239 0233
-8 039 0352 634 B33 019 032 0314 0307 0301 0294
-1.7 0446 0436 0427 ~6418 0409 8401 0392 0384 -.0375 0367
~1.6 0548 - 0537 .0526 0516 0505 {0495 0485 0475 0465 0455
—-1.5 0668 0655 0643 0630 0618 0606 0594 0582 0571 0559
-14 * 0808 0793 .0778. 0764 - .0749 0735 0722 0708 0694 0681
—-1.3" 20968 0951 0 0934 0918 0901 0885 . 0869 0853 . .0838 0823
-1.2 115t 1131 112 1093 1075 .1056 1038 1020 .1003 .0985
-1 1357 ©.1335 1314 4292 A271 A0 71230 210 - (1190 A170
-1.0 1587 1562 1539 1515 1492 1469 1448 433 1401 1379
-0.9 1841 1814 1788 - 1762 1736 A 685 1660 1635 1611
~0.8 2119 .2090 206! 2033 2005 1977 1949 1922 1894 1867
~0.7 2420 .2389 .2358 2327 2266 2266 2236 2206 0 277 2148
-0.6 2743 2709 .2676 2643 2811 2578 25346 2514 .2483 2451
-0.5 3085 3050 3015 2981 2946 2912 2877 2843 .2810 2776
-04 3446 3409 3372 3336 3300 3264 3228 3192 - 3156 3121
~03 3821 3783 3745 3707 3669 3632 3594 3557 .3520 .3482
-02 7 4207 4168 4129 4096 4052 4013 L3674 3936 .3897 3859
-0:1 4602 4562 4522 4483 A443 4404 - 4384 4325 4286 4247
-0.0 5000 - .4960 4920 4880 4840 A8 47561 4721 4681 4641

- (continued)
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