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Instructions for Candidates

1

Write your Roll No. on the top immediately on receipt of this question paper.

2. All questions within each section are to be answered in a contiguous manner on
the answer sheet. Start each question on a new page, and all subparts of a
question should follow one after the other.

3. The use of a simple non~pr0grammablé calculator is allowed.

4. Statistical tables are attached for your reference.

5. In all calculations, figures should be rounded to two decimal places. -

6. Answers may be written either in English or Hindi; but the same medium should
be used throughout the paper.
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SECTION T
Do both the questions.

A gIT Fiford |

The following measurements were recorded for the drying time, in hours, of a
certain brand of wall paint.

At 5, 4820 316092 8. 3.3,75.608.7, 218, 4.4 4.0,'5..2, 3.0, 4.8
Assume the above data relates to the population of the drying time,
(i) Calculate the population mean. Is it a random variable? Why/Why not?

| (i) A sample of three drying times is drawn from the above population. How
many such samples can be drawn if it is a random sample?

(i) Suppose two such samples are (3.4, 4.4, 5.2) and (3.6, 3.6, 2.8). What are
the respective sample means? Is the sample mean a random variable and
- why? (3)

AR & YT & T Fivaa oz ¥, gEn ® wwg @ T PrefiRas ww, w9 §, oo e
M A
34,25, 48,29, 36, 28, 33, 56, 37, 2.8, 4.4, 40, 52, 30, 48
A wifS o IWET 22T 9E @ 99E 9 e Q@ a2
(i) e St e AR 1 YE OF Arglos W 87 F /N A6 7

(ii) mmﬂé@rﬁ%ﬁq@aﬁmwm@mﬁmﬁmw%mﬁ%
T AR HEA # A W e W @R e 27

(iii) T <RSI fo6 & W& A B (3.4, 44, 52) 3K (36, 36, 2.8)'l Haferg o
SHEE T E 7 FA A AT e AGRSF W IR N7

2. A worker has asked her supervisor for a letter of recommendation for a new job.

She estimates that there is an 80 percent chance that she will get the job if she
receives a strong recommendation, a 40 percent chance if she receives a moderately
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good recommendation, and a 10 percent chance if she receives a weak
recommendation. She further estimates that the probabilities that the
recommendation will be strong, moderate, and weak are 0.7, 0.2, and 0.1,

respectively.

(i) How certain is she that she will receive the new job offer?

(ii) Given that she does receive the offer, how likely is it she received a strong

recommendation?

(i1) Given that she does not receive the job offer, how likely is it that she
received a weak recommendation? (5

U TRl A A9 hae @ A A @ fore Ry o Wi 21 a8 seEe s @
2 SR I v T RwRe R 2 A SR At B 9 80 W SHIG 2, SR
I AR et RwiRa frerdt 2 1 40 Ao e iR SwweR i fiem w10 vl
Hent fiear 21 98 SN S e B o fRe @ W, weaw SR @R B @t
HHEAY I 0.7, 0.2 3R 0.1 B

(i) @ freedt Ffdem 2 & S8 = Aol o1 wara Wi gRm?

(ii) Wéﬁﬁ@%ﬁwmm%,ﬁwwmmsﬁaﬁ%ﬁ
TG & 7 -

(iii) @ @ gQ 6 SR AR o1 v AL fHen B, 39 9| o e | @ T
I FAER R fFeR?

SECTION II

Q3 is compulsory.
Attempt any two questions from Q4, QS and Q6.

Q3 fFarf 81 Q4, Q5 31T Q6 # & =8 &t wvat @1 Ier Ao |

3. LetY be the number of parcels mailed by a randomly selected customer through
‘ABC Courier Service’. Suppose the probability mass function (pmf) of Y is as
below

PEO.

AE3E
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Y 1 2 3 4
P(y) 0.3 0.4 0.1 0.2

Consider a random sample of 2 customers. Derive the sampling distribution of
the range of Y. (%)

WWY‘WWW’%W%:WW%?WWW%WW
TR e 81 W SR Y o ifed 5w 6e (pmf) $6 TR 3

Y 1 2 3 4
PE) 0.3 0.4 0.1 0.2

2 e & AZRTH TR W [FER Y & WE & A w0 o=t Sl

4. (a) A telephone exchange desk employs 5 operators who receive calls
independently of one another, each according to a Poisson process at a rate
of 4 calls per minute.

(i) What is the probability that during a given 1-minute interval, the first
operator receives no calls?

(i) What is the probability that during a given 45-second interval, the

second operator receives no calls?

(iii) What is the probability that during a given 1-minute interval, exactly 2
of the 5 operators receives no calls? : (2 72555

(b) Suppose that the number of miles that a car can run before its battery wears
out is exponentially distributed with an average value of 10,000 miles. If a
person desires to take a 5000-mile trip, what is the probability that he or
she will be able to complete the trip without having to replace the car
battery? \ ‘ (3)

(%) T AR YT 366 5 WA Al g o 8 S diga ufoha & SigER 4
Fiet v B @t A U TR | WaT ¥ ¥ HA W w1 L)
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(i)@ﬁwmﬁm%%ﬁm1%%m%ﬁm,mmﬁ
g @i 7 o ?

(il) T = wifdan 2 R fw M 45 ¥ ® FAA B TR, T AR A
o o 7 7w ?

(iii) Faeh =1 Wil @ fr Ry g 1-fiee & siaaw & R, 5 A | B 2
SR & s i 7 A ?

(@) &= wifore fF I T B ¥ TEe v R et A =« gl @, 98 10,000
e B Nae wea & 99 Ao @ faRka & o 21 Al w9 wafe s000 @9 @
AT T AE B, o o e @ fR 98 R @ ded o aee o amr @ e

qear ?

5. Suppose X and Y are two discrete random variables which have the joint
probability mass function as given below

>
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(1) Find the marginal distribution of X and Y.
(i) Find Variance of Y.
(iii) Find the conditional distribution of Y given X=0.
(iv) Find the expected value of h(X,Y) where h(X,Y) = 2X - 5XY
(2 +3+2+3)

= et R X WY%MH@WW%WWWWW%QW
& A= e w2
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(i) X R Y & G famor s A
(i) Y o YEROT FE A
(i) Rw M@ X=0 W Y I qu {01 7 Aol

(iv) h(X,Y) @1 SR A A AT, waf h(X,Y)=2X - 5XY 2l

6. (a) The amount of time, in minutes, that a person must wait for a bus is uniformly
distributed between zero and 15 minutes, inclusive.

(i) On the average, how long must a person wait? Also find the standard

deviation, ©.

(i) What value ¢ is such that 90% of waiting times are below it?
(2+2)

(b) 70% of all students in a certain University attend classes regularl;y (with a
minimum attendance of 90%). 80% of these scores a CGPA of at least 9,
while a student who is not regular scores a CGPA of 9 or more only 20%
of the time. Consider randomly selecting 5 students.

(i) What is the probability that exactly 3 of these are regular and score
a CGPA of 9 or more?

(il) What is the probability that exactly 4 of these scores a CGPA of 9 or

more? : (3+3)

(F) Wmﬁﬁaﬁwﬁﬁqﬁmm,ﬁaﬁﬁmmm%,aﬁwm%
myﬁilsm,ﬁﬁaﬁm%,%ﬁaﬁaﬁaﬁmm%a
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(i) ST T e S e A e WA el AEY? A e o, St
@

(i) ¢ < = A 2 R 90% WEen W W wA 87

(@) v Pt feafaes ¥ @ @ § F 70% Fafh w0 3w § o 2
(R 90% IReART & W21 T ¥ 80% N FH ¥ T 9 o1 WA wh fwan
2, wafh e B o HatE ¥ d 9 U1 398 e @ 9oy wAR A8l e 7,
a8 dad 20% oG 2 agRew TR 5 IE W 9 S W RER Sl

(1) =oet == Wit ® R o 4 S 3 FafE ® sk 9 @ st i disiie
e R B 7

(i) aeR == Wil 2 R T A A 4w dendie 9 A i 27

SECTION II1

Attempt any two questions from Q7, Q8 and Q9.
Q7, Q8 3l Q9 ¥ @ =1 & gt @1 IeR dford |

7. (a) Suppose Y is a random variable with uniform distribution on the interval
from o to a known upper limit 20. It is desired to estimate o on the basis
of a random sample of size n. Explain intuitively, why the smallest value in
the sample is not an unbiased estimator of a. 4)

(b) Suppose X, X,,..., X is a random sample from an exponential distribution
with parameter A. Find the estimator of A using maximum likelihood
method? (4)

(c) State the invariance principle of the Maximum Likelihood Estimators. Give

an example. 7 (2)

() W e R Y U Agfod w2 e o @ 7 el @i 20 & A WG9
foreor 21 31 SR 0 B AGRSE TR D FER R o B AT T ST 81
BT € ¥ G B W RGeSl 9 o F e s @ e 2o

PrO:
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(@) W Ao Xl,Xz,...-,XHKW%WWWW'@WWW%I
it iR fafe ST A A W SRR S ST ¢

() v A S & R R 1 e SR T SR
| At

8. (a) Assume that the time saved by travelling through metro in Delhi is normally
distributed with true standard deviation 0.75.

(i) Compute 96% confidence interval for the true average time saved
based on sample of 35 people , with a sample average time saved
being 8.57 minutes.

(i) Will your answer change if time saved by travelling through metro is
not normally distributed?

(iii) How large must be the sample size if the width of the 92% interval is
to be 0.50. (312+2)

(b) Outofa random sample of 150 Britishers, 108 Britishers have blue eyes.
With 94% confidence what can we say about the maximum error in the
estimate of true proportion of Britishers who have blue eyes, irrespective of
the sample size? (3)

() m@ﬁﬁﬁﬁﬁﬁ@%wmﬁ%mg&wwmﬁﬁww
075 & ara faRa o s 21

(i) 35 N & A T SR R AT N ARl Siee € o e 96% T
st < e SRR, fed T e w6 8.57 FFe = B

(ﬁ)ﬁ@%wmmmwﬁmm%ﬁa&aqﬁmm
2 T A ATE I TEA MY

(iii) AR 92 & eIl o AerS 0.50 BFA B A LA SRR fora s B =ie
(@) 150 st & agfe® W X ¥ 108 SIS A AR Bl 94% Twam & 6,

qﬂﬁ%mﬁﬁwﬁqﬁm,ﬁ@ @ A Sl @ ARt FI & ST
ﬁ,a@mgﬁ%aﬁﬁgﬂwmwﬁ%iﬁ
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9.

(a) Let X denote the number of hours in a day that a randomly selected child

watches TV. Suppose the probability density function of X is

X
=0 otherwise.

A random sample of 5 children is taken with the following observations 1.3,
2.4,1.1,2.5 and 3.0. Use the method of moments to obtain an estimator of

B and then compute the estimate of this data. (5)

(b) A sample of 20 cigarettes is tested to determine nicotine content and the
average value observed was 1.2 mg. Compute a 99 percent two-sided
confidence interval for the mean nicotine content of a cigarette if the
population variance is not known in advance of the experiment and the
sample variance is 0.04. Also cbmpute an upper bound at 99% confidence

level for the true mean nicotine content of a cigarette. (3+2)

() wF AR 6 X e o %99 WA o) e euin 3 W UE AGhew ¥ A
afd oo AR T@dr g1 W wifeg R X & Wik 99 BoA B

f(x):—-X%i— x>1
=10 AT .
ﬁﬂ%ﬁ&ﬁﬁ&?ﬂﬁ 13, 2.4, 11, 2.5 3R 3.0 & W 5 T T Uk Argreses AHAl for
ST R B AT S I o forg aont e ey o St s e fe 5@
T D AR @ IOHT BT

(@) ﬁﬂﬁ?ﬁmﬁﬁﬁﬁmﬁ%ﬁqmﬁﬁ%waﬂjmmmwaﬁ?
S 12 PRt S e T v Rake o stea Ferd @ @ fow 99
ma-wmﬂmﬁmmuﬁmwm%
TE ¥ | A8 2 IR FE S 004 31 T RERe & ardfas Wea AR
A & R 99% ITARETEE R W Fed qe 6 e A
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SECTION 1V
Attempt any two questions of Q10, Q11 and Q12.

Q10, Q11 skt Q12 # & e &t g7 @7 Ier @ford |

10. Up to 4 ppm (parts per millioﬁ) of chlorine in drinking water is considered not |

only safe but useful for preventing contamination but higher than that is harmful.

Following reports of a spike in the chlorine levels in drinking water in a municipality,

gulatory agency wanted to ensure that the Jal Board is sticking

the concerned re
ons from

to the guidelines and for this a random sample consisting of 100 collecti

different parts of the municipality were tested.

(i) Set up the appropriate null and alternative hypothesis. The mean chlorine

content of the 100 samples collected was 3.8 ppm. Assuming that the

distribution of the chlorine content is normal with ¢ = 0.9, carry out test at

the 0.01 and 0.05 levels of significance.

(ii) Clearly writing down the rejection rule for the 5% significance test, compute

B (3.92) and the power of the test.

p to one?

(iii) Do the probabilities of Type I error and Type II error always add u
| (4+4+2)

Explain your answer.

X @ g N T @ 4 WA (ﬁWW)ﬁWMW,WW@T
A & Frg ITANR AR W 3, e T ST W SRS B 1 SR
A2 ¥ R R v ST o RO o e, Gt e o 5 gt
mmﬁﬁ%m@éﬁmﬁﬁﬁmmm@%maﬁlmmmﬂﬁm%
T Bl ¥ 100 ¥UE Y I T AGRSE T A QAT R

(i) mmaﬁww%ﬁ%lmmmm T
aa T w38 Mww (wf Rfers ST M 7 A §Y F T
.ﬂmﬁmﬁmwo.o%wm%,om@to.os%ﬂsﬁ%ﬁﬁwqﬁm
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(i) e € 5 T w0 3 forg SR P R B (3.92) AR Qe

& wfE @ U A

(iii) @ erEw 1R ot EE 3R 212 1A o e 1 TS S Bl 8 7 SO

JRINES

(b)

A" 9T

The weight of biscuits mentioned on its packet may not be the true weight.
Let the true average weight of all packets be 20 grams. However, sellers
claim that the true average weight is more than 20 grams. To test this a
sample of 4 packets of biscuits are selected and their average weight was
found to be 20.264 grams with a standard deviation of 1.88 grams. How
would you carry out the above test? Which distribution would you use and
why? Compute the p-value of the test. _ (5)

A random variable with unknown mean may be assumed to have a normal
distribution with variance 9. Given a sample of 81 observations derive the
non-rejection and the rejection regions for X using 6% significance test. If
the level of significance is increased to 10%, will the rejection region increase

or decrease? Explain. (5)

() B " @ fr AR & e w @ At @ o @8 9o T 8 e

a5 ADF 1 AT S T 20 TR B BT, Rt o e @ fh arfaes
S GO 20 UM A FArE 21 HE TdET ERY B g e & 4 16 & Uw
T GA T SR IAE S AT 1.88 W & A fEEe @ 9" 20,264 W
o T S SR Tler 2 w7 s e e @ SR S S w7
qQeror & 9t-AF 9 T0ET HY

(@) S WA W A U AGRSE T R R 9 H WA Qo A FATROT A S

12. (2)

A 31 81 ROIRE @ g R A @A §Y 6% WeT Q&0 T IHAT e X
& forg - it SR SRt & W W i

A Company produces coffee and sells it to consumers in jars of 250 grams.
Answer the following, with suitable justification :

RO

4
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(i) Set up the appropriate hypotheses to be tested by a consumer if he

suspects the amount of coffee filled in the jar

(ii) Set up the app‘ropriate hypotheses to be tested by the owner of the
coffee company if he is suspicious of the amount of coffee filled in the

jars

(i) Setup the appropriate hypotheses to be tested by the inspecting officer
if he wants to ensure of the accuracy of the amount of coffee filled in
the jars. (6)

(b) A manufacturer of crystal glasses randomly selects 100 and determines that
14 of them are scratched. Does this provide compelling evidence for
concluding that more than 10% have a scratch? State and test the relevant
hypotheses using a level of significance of 8%. In reaching your conclusion,

what type of error might you have committed? (4)

() T R IR B Sea A 8 AR N 250 W B TR A IUNERASN H A
2\ IugEd Sfea & ar, FfiRe S AR

(i) afe ga ot S A aﬂgéfmaﬁwmé%%m%,ﬁwﬁmm
Titeer e S @ frg Suge ufeed T e

(i) T R E HR R A W G A T AR FR R o g e
fre S @ R STER Reee FuiRa R

(iii) T aﬁmﬂmqﬂmmm%ﬁwmwmaﬁﬁ
uﬁ%mﬂﬂﬁgﬁ'maﬁmﬁrgﬁﬁmmm%l

(@) WWWWWH@%@HW%]OUWWW% Ik FreiRa o 2
e A 4 ¥ @it 3w ge frses Freren & g wwEs e weE
2 fr 0% A S A w{" R? 8% & WEE B TR W IR IR WHRIR
Wﬁaﬁmsﬂ?qﬁmﬁﬁﬁlaﬁﬁﬁﬁwqﬁﬁ,mﬁmwaﬁ
e = BN ?

dftsdsdddadaanan
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A-2  Appendix fables

Ln=5

Table A4 Cumulative Binomial Probabilities

13

B(x;n,p) = iob{v: np)

P
0.01 0.05 0.10 020 025 030 040 050 0.60 076 075 080 090 095 0.99
0 .951 774 .590 328 237 168 078 031 010 002 001 000 000 000 000
1 999 - 977 919 737 633 528 337 188 087 031 016 007 000 .000 .000
2 1.000 999 991 042 896 837 683 500 .31 7 163 .l04 058 009 .00l 000
3 1000 1.000 1000 993 984 969 913 BI12 663 472 367 263 081 023 001
4 1000 1.000 1000 1000 999 998 990 969 922 832 763 672 0 410 226 049
b. n=10
P
‘0.01 0.05 0.10 020 025 030 040 050 0.60 070 075 080 090 095 0.99
0 904 599 349 107 056 028 006 001 000 000 000 000 000 .000 000
1 996 914 736 376 244 149 046 011 002 000 000 000 000 000 .000
2 1000 988 930 678 526 383 167 055 012 002 000 000 000 .000 .000
3 1.000 999 987 879 776 650 382 172 055 Ol 004 001 000 000 000
b 4 1.000 1.000 998 967 922 850 633 377 .166 047 020 006 000 000 .000
5 1000 1.000 1.000 994 080 953 B34 623 367 . 150 .078 033 002 000 .000
6 1000 1.000 1.000 999 006 989 945 828 618 350 224 121 013 001 .000
7 1000 1.000 1000 1000 1.000 908 988 945 833 617 474 322 070 012 000
8 1000 1000 1.000 1000 1.000 1 000 998 989 954 851 756 .624 264 086 004
9 1000 1000 1000 1000 1.000 1 000 1000 999 994 972 944 893 651 401 096
n=15
(4
001 0.05 0.10 820 025 030 040 050 0.60 070 075 080 090 095 0.99
0 .360 463 206 035 013 005 000 000 000 .000 000 000 .000 000 .000
1 990 829 549 167 080 035 005 .000 .000 000 000 000 000 .000 .000
2 1000 964 816 398 236 127 027 004 000 000 000 .000 000 000 000
3 L.000 995 544 648 461 297 091 018 002 000 000 000 000 000 000
4 1.000 999 987 836 .68 515 217 059 009 .00 000 000 00D 000 000
5  1.000 1.000 998 939- 852 722 403 151 034 004 001 000 .000 .000 .000
6 1000 1000 LOOO 082 943 869 610 304 095 .0l 5 004 001 .000 .000 .000
¥ 7 1000 1.000 1000 996 983 950 787 500 213 .050 017 004 000 000 000
8 1,000 1.000 1.000 900 906 985 905 696 390 131 057 018 .000 .000 .000
9 1000 1.000 1000 1000 .999 096 066 849 597 278 148 061 .002 .000 .000
10 1.000 1000 1.000 1.000 1000 999 991 941 783 485 314 .164 013 001 000
11 1.000 1.000 1.000 1.000 1.000 1.000 998 982 909 703 539 . 352 056 005 .000
12 1000 1.000 1.000 1.000 1.000 1000 1000 996 973 873 764 602 184 036 .000
[ 13 1000 1.000 1000 1.000 1.000 1.000 1000 1000 995 965 920 833 451 71 010
WX 14 1000 1000 1.000 L00D 1000 1.000 1000 1.000 1000 995 987 965 794 537 140
‘ (continued)

Capyright 2010 Cengugge Lesrning. All Rights Iezerved. May not be copied. scunned, o duplicaied, in whole or i
Editorial review has doomed that any suppressed conieat docs not matcrially affoct the averall lcanting cxpericnca. Cengage Learning res

part. Due W clectronic nghts, some thirnd party content ity be vuppressed from the eBook ind'or eChapter{k).
crecs the right 1o Temeve additional confent at any ume if subscquent Tights rostrictions Tequine
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Table A.1 Cumulative Binof'niql Probabilities (cont.)

14

B mp) = 3 b0 D)
=2

Appendix Tables  A-3

da=20
P

0.01 005 010 0.20 025 030 040 0S50 060 070 0.75 080 090 095 099

0 818 358 122 012 003 001 000 000 000 000 000 .000 000 000 000

1 983 736 392 069 @24 Q008 001 000 000 000 000 000 000 000 000

2 999 925 677 206 091 035 004 000 000 .000 000 000 000 000 .000

3 1000 984 867 41 225 107 016 001 000 .000 000 000 000 .000 .000

4 1.000 897 957 630 415 238 051 006 000 00O 000 000 000 000 000
5 1.000 1.000 989 804 617 416 126 021 002 000 000 000 000 000 .000
6 1.000 1.000 998 913 786 .608 250 058 006 000 000 000 000 .000 .000
7 1000 1.000 1.000 068 898 772 416 .32 021 001 000 000 000 000 .000
8 1000 1000 1.000 000 959 887 596 252 057 005 001 000 .000 000 .000
9 1.000 1.000 1.000 997 986 952 .755 412 .28 017 004 001 000 000 000

X

10 1000 1.000 1.000 999 996 983 872 588 245 048 O 14 003 .000 .000 .000
11 1000 1000 1000 1000 999 995 943 748 404 113 041 010 000 000 .000
12 1.000 1000 1.000 1000 1.000 999 979 868 584 228 102 032 .000 .000 000
13 1.000 1.000 1000 1.000 100D 1.000 994 942 750 392 214 087 002 .000 000
14 1000 1000 1000 1000 1000 1000 998 970 874 584 383 196 011 .000 000
15 1.000 1000 1.000 1 000 1.000 1.000 1.000 994 949 762 .58 370 .043 003 .000
16 1000 1.000 1000 1000 [000 1.000 1000 999 ~ 984 893 775 589 133 016 000
17 1000 1000 1000 1.000 1000 1000 1 000 1,000 99 965 909 794 323 075 001
18 1000 1000 1000 1000 1.000 1.000 1000 1 000 995 992 976 931 .608 264 017
19 1.000 ~1.000 1000 1.000 1.000 1000 1000 1.000 1000 .99% 997 988 878 642 182

Copysight 3010 Congege Lascning. All Rights Rescrved. May not be cogied,
Bditorial mmwrdhtmywmmmmw:ﬁmm
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A-4  Appendix Tabies

Jable A4 Cumulative Binomial Probabilities (cont.) ' Benp = E’: by )

¥=0

e. n=25

0.01 0.05 010 020 025 030 040 050 060 070

e
b
o
-5

090 095 099

778 271 072 004 001 000 000 000 000 .000
974 642 271 027 007 002 .000 .000 000 .000
998 873 537 098 032 .009 000 000 000 .0OO
1.000 966 764 234 0% 033 002 .000 .000 .000
1.000 993 902 421 214 0% 009 000 000 .000

d 999 967 617 378 193 020 .002 000 .000
1.000  1.000 991 780 561 341 074 007 000 .000
1.000  1.000 998 801 727 512 154 022 001 .000
1.000 1.000 1.000 953 851 677 274 .0s4 004 .000
1.000  L.000 1.000 983 929 811 425 .15 013 .000 000 000 000 000

10 1000 1.000 1.000 994 970 902 586 212 .034 002 000 000 000 .000
11 1000 1000 1.000 998 980 956 732 345 (078 .006 001 .00 000 000 .000
£ 12 1000 1.000 1000 1.000 .997 .983 846 500 .154 017 .003 .000 000 000 .000
131000 1000 1000 1000 999 994 922 655 268 .044 020 002 000 000 000
14 1000 1000 1000 1000 1.000 998 966 788 414 098 030 006 000 .000 000

15 1.000 1.000 1.000 1000 1000 1000 9B7 885 575 .18 071 .017 000 000 000
16 1000 1000 1006 1.000 1000 1000 996 946 726 323 .149 047 .000 2000 .000
17 1000 1000 1000 1000 1000 1.000 999 .978 .846 488 273 .109 002 .000 .000
18 1000 1.000 1000 1.000 1000 1000 1000 993 926 .659 439 220 009 .000 .000
19 1.000 1000 1000 1.000 1000 1.000 1000 998 971 807 622 383 033 001 .000
20 1000 1000 1000 1.000 L1000 1.000 1000 l000 .991 910 786 .579 098 .007 .000
31 1060 1.000 1000 1000 1.000 1.000 1000 1.000 .998 967 904 .766 236 034 000
22 1,000 1000 1000 1000 1000 1000 1000 1.000 1000 991 968 902 463 127 002

000 000 000 000
000 000 000 000
000 000 000 000
000 000 000 000
0006 000 000 .00Q

000 000 000 .000

000 000 000 000

g
28888888588
g
g
g

%% 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 998 996 8 723 21

Table A.2 Cumulative Poisson Probabilities ' Foe ) = 2’{: et
: I
y=0
I
.1 ¥4 3 4 5 6 1 8 9 1.0

0 905 819 741 670 607 549 497 449 407 368

1 995 982 963 938 910 878 844 809 J72 736

2 1.000 999 .996 992 986 977 966 953 937 920

x 3 1.000 1.000 999 998 997 994 991 987 981
4 1.000 1.000 1.000 999 099 998 996

5 : 1.000 1.000 1.000 999

6 1.000

o i ' (continued)
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A-6  Appendix Tahles
Table A.3 ‘Standard Normal Cusve Areas @O =PEZ=2) -
= Standard normal density curve
& i N\ Shadedarea= ()
s
i‘
0 z
z .00 01 .02 03 04 05 06 07 08 09
—34 .0003 0003 .0003 0003 .0003 .0003 .0003 .6003 0003 0002
=33 0005 .0005 0005 0004 .0004 0004 .0004 0004 0004 .0003
=32 0007 .0007 0006 .0006 .0006 0006 .0006 0005 .0005 .0005
=5 0010 .0009 .0009 .0009 .0008 0008 0008 .0008 .0007 .0007
=30 0013 0013 0013 0012 0012 0011 0011 0011 0010 0010
-29 0019 0018 .0017 0017 0016 0016 0015 0015 0014 0014
=28 0026 0025 .0024 .0023 0023 0022 .0021 0021 0020 0019
~2.7 0035 0034 .0033 .0032 0031 20030 0029 .0028 0027 0026
—2.6 0047 .0045 0044 0043 0041 0040 0039 .0038 0037 .0036
=25 0062 0060 0059 0057 .0055 {0054 0052 .0051 0049 0038
i —24 .0082 6080 0078 0075 0073 0071 0069 0068 .0066 0064
| -23 0107 0104 0102 0099 0096 0094 0091 0089 0087 0084
| —22 0139 0136 0132 0129 0125 0122 0119 0116 0113 .0110
B 2.1 0179 0174 0170 0166 0162 0158 0154 0150 0146 L0143
B 2.0 0228 .0222 0217 0212 0207 0202 0197 0192 0188 .0183
—1.9 L0287 0281 0274 0268 0262 0256 0250 0244 0239 0233
=18 0359 0352 0344 0336 0329 0322 0314 0307 0301 0294
=17 0446 0436 .0427 0418 0409 .0401 0392 0384 0375 0367
=16 0548 0537 0526 0516 .0505 0495 0485 0475 (0465 0455
=18 0668 0655 0643 .0630 0618 0606 0594 0582 0571 .0559
F L4 0808 0793 0778 .h764 0749 0735 0722 0708 0694 0681
e 1.3 0968 0951 0934 0918 20901 0885 {0869 0853 0838 0823
. 1.2 1151 1131 112 .1093 1075 1056 1038 1020 .1003 0985
A 1357 1335 1314 1292 271 1251 1230 210 1190 170
-1.0 1587 1562 1539 1515 © 1492 1469 1446 1423 .1401 1379
1841 1814 1788 1762 1736 1711 1685 .1660 1635 611
2119 2090 2061 2033 © 2005 1977 1949 1922 1894 1867
2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
| 3085 3050 3015 2981 2946 2012 2877 2843 2810 2776
| =04 3446 3409 3372 3336 .3300 3264 3228 3192 3156 3121
~0.3 3821 3783 3745 .3707 3669 13632 .3594 3557 3520 3482
-0.2 4207 4168 4129 4090 4052 4013 3974 3936 3897 3859
—0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
=0.0 .5000 A960 4920 4880 4840 4801 4761 4721 4681 4641
(continued)
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Table A3 Standard Normal Curve Areas (cont.) P(z)=PZ=2)
z .00 .01 .02 0 04 08 06 07 .08 09

0.0 5000 5040 5080 5120 5160 5199 5239 5279 5319 5359
0.1 5398 5438 5478 5517 5557 5596 5636 5675 5714 5753
0.2 5793 5832 5871 .5910 .5948 5987 6026 6064 6103 6141
03 6179 6217 16255 .6293 6331 6368 6406 6443 6480 6517
04 6554 6591 6628 6664 6700 6736 6772 6808 6844 6879
0.5 6915 6950 6985 7019 7054 .7088 7123 7157 7190 7224
0.6 7257 7291 1324 1357 7389 7422 7454 7486 7517 7549
0.7 7580 7611 7642 7673 704 7734 7764 7794 7823 7852
0.8 7881 7910 7939 71967 7995 8023 8051 8078 8106 8133
0.9 8159 8186 8212 8238 8264 8289 8315 8340 8365 8389
1.0 8413 8438 8461 8485 8508 .8531 8554 8577 8599 8621
1.1 8643 8665 8686 8708 8729 8749 8770 8790 8810 8830
12 .8849 8869 8888 8907 8925 8944 8962 ROB0 .8997 9015
1.3 9032 9049 9066 9082 5009 9115 9131 9147 9162 9177
14 9192 9207 9222 9236 9251 9265 9278 9292 9306 9319
155 9332 9345 9357 9370 9382 9394 9406 9418 0429 9441
1.6 9452 9463 9474 9484 9495 9505 9515 9525 9535 9545
L7 9554 9564 9573 9582 9591 9599 9608 5616 9625 9633
1.8 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706
1.9 9713 9719 8726 9732 9738 9744 9750 9756 9761 9767
20 9172 9778 9783 9788 9793 9798 9803 2808 9812 9817
2.1 9821 9826 9830 9834 .9838 9842 9846 9850 9854 9857
2.2 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890
23 9893 9896 9898 8501 9904 9906 9909 9911 9013 9916
24 9918 9920 9922 9925 9927 9920 9931 9932 9034 9936
25 9938 19940 9941 9943 9945 9946 9948 9949 9951 9952
26 9953 9955 9956 9957 9959 9960 9961 9962 9963 9964
2.7 9965 9966 9967 9963 9969 8970 9971 9972 9973 9974
28 9974 9975 9976 9977 9977 .9978 9979 9979 9980 9981
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
3.0 9987 9987 9987 19988 95988 .5989 9989 9989 9990 9990
3l 9990 9991 9991 9991 5992 - 9992 9992. 9992 .9993 9993
3.2 9993 9993 9994 9994 9994 9994 9994 9995 9995 9995
33 9995 9995 9995 9996 9996 9996 . 99% 9996 9996 9997
34 9997 9997 9997 9997 9997 <9997 9997 9997 9997 9998

v
L

.

e

i e

1)
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Table A5 Critical Values for ¢ Distributions
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Appendix Tables  A-9

t, density curve

Shaded area = ot

O i e e e e )

%
5 \ 10 05 025 o1 005 00 0005
\ 1078 6314 12.706 31821 63,657 31831 636.62
2 1 886 2.020 4303 6.965 9.925 22326 31.508
) 1.638 2.353 3.182 4.541 5841 10.213 12.924
4 1533 2132 2776 3,747 4604 7173 8610
5 1476 2,015 2571 3365 4032 5893 6.869
6 1.440 1.943 2.447 3143 3707 5208 5.950
7 1415 1.895 - 2365 2.998 3.499 4785 5.408
% 1,397 1.860 2306 2896 3355 4501 5061
9 1383 1.833 2262 2821 3250 4297 4781
10 1372 1.812 " 2228 2764 3169 4144 4587
T 1363 1.796 2201 2718 3106 4025 4437
12 1356 1.782 2.179 2681 3,055 1930 4318
13 1.350 1771 2.160 2650 3012 1852 4221
1 1,345 1761 2.145 2624 2977 1787 4140
s 1,341 1.753 2131 2,602 2947 3733 4073
16 1337 1.746 2120 2583 2021 1,686 4015
17 1333 1,740 2110 2567 2808 1646 1.065
18 1.330 1.734 2.101 2.552 2.878 3.610 3022
19 1.328 1,729 2093 2539 2861 3579 3.683
20 1325 1,726 2,086 2528 2845 1552 1,850
21 1323 1.721 2.080 2.518 2.831 3.527 3.819
22 1.321 1.717 2.074 2.508 2,819 3,505 3.792
2 1319 1714 2.069 2.500 2807 1,485 3767

24 1.318 1.711 2.064 2492 2.797 3467 3745 |
25 1.316 1.708 2.060 2.485 2.787 31.450 3.725
2 1315 1.706 2,056 2479 2779 1435 3,707
7 1314 1,703 2052 2473 2771 1421 3,690
28 1313 1701 2048 2467 2763 3408 3674
29 1311 1,699 2.045 2462 2756 339% 3659
30 1310 1.697 2042 2457 2750 3385 3,646
2 1309 1,694 2.037 2.449 2738 3365 3622
34 1307 1.691 2032 2441 2728 3348 3.601
36 1,306 1.688 2.028 2434 2719 1333 358
a8 1304 1.686 2,024 2429 2712 3319 3,566
40 1303 1.684 2021 2423 2704 3,307 3.551
50 1.299 1.676 2,009 2.403 2678 1262 3496
60 1.296 1671 2.000 2390 2660 3232 3460
120 1289 1.658 1.980 2358 2617 3160 3.373
1.282 1.645 1.960 2326 2576 3,090 3291
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Appendix Tables  A-11
Table A7 Critical Values for Chi-Squared Distributions X2 density curve
Shaded area = o
‘ ! e
¥ iy
o ‘
995 99 975 95 90 .10 05 025 A1 005
0.000 0.000 0.001 0.004 0.016 2.706 3.843 5.025 . 6.637 . 7.882
0.010 0.020 0.051 0.103 0.211 4.605 5.992 7.378 9.210 10.597
0.072 0.115 0.216 0.352 0.584 6.251 7.815 9,348 11.344 12.837
0.207 0.297 0.484 0.711 1.064 7.779 9.488 11.143 13.277 14.860
0.412 0.554 0.831 1.145 1.610 9.236 11.070 12.832 15.085 16.748
0.676 0.872 1.237 1,635 2.204 10.645 12.592 14.449 16.812 18.548
0.989 1.239 1.690 2.167 2.833 12.017 14.067 16.012 18.474 20276
1.344 1.646 2.180 2.733 3.490 13.362 15.507 17.534 20,090 - 21954
1.735 2.088 2.700 3.325 4,168 14.684 16.919 19.022 21.665 23.587
10 2.156 2.558 3.247 3.940 4,865 15.987 18.307 20.483 23.209 25.188
11 2.603 3.053 3816 4.575 5.578 17275 19.675 21.920 24724 26.755
12, 3.074 3.571 4,404 5.226 6.304 18.549 21.026 23.337 26.217 28.300
13 3.565 4.107 5.009 5.892 7.041 19.812 22.362 24.735 27.687 29.817
14 4,075 4.660 5.629 6.571 7.790 21.064 23.685 26.119 20.141 31.319
15 4.600 5.229 6.262 7.261 8.547 22.307 24.996 27.488 30,577 32.799
W
S
1

16 5.142 5.812 6.908 7.962 9.312 23.542 26.296 28.845 32.000 34.267
17 5.697 6.407 7.564 8.682 10.085 24.769 27.587 30.190 33.408 35.716
13 6.265 7.015 8.231 9.3%0 10.865 25.989 28.869 31.526 34.805 37.156
18 6.843 7.632 8.906 10.117 11.651 27.203 30.143 32.852 36.190 38.580
20 7.434 8.260 9.591 10.851 12.443 28412 31410 34,170 37.566 39.997

21 8.033 8,897 10.283 11.591 13.240 29.615 32.670 35478 38.930 41.399
22 8.643 9.542 10.982 12.338 14.042 30.813 33.924 36.781 40.289 42.796
23 9.260 10.195 11.688 13.090 14.848 32.007 35172 38.075 41.637 44.179
24 9.886 10.856 12.401 13.848 15,659 33,196 36.415 39364 42.980 45.558
25 10,519 11.523 13.120, 14.611 16.473 34.381 37.652 40.646 44313 46.925

26 11.160 12.198 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 11.807 12.878 14.573 16.151 18.114 36.741 40.113 43.194 46.962 49.642
28 12.461 13.565 15.308 16.928 18.939 37916 41.337 44,461 48.278 50.993
29 13.120 14.256 16.147 17.708 19.768 39.087 42.557 45.772 49.586 52.333
30 13.787 14.954 16.791 18.493 20.599 40.256 43.773 46.979 50.892 53.672

31 14.457 15.655 17.538 19.280 21.433 41.422 44985 48.231 52.190 55.000
32 15.134 16.362 18.291 20.072 2227 42.585 46.194 49.480 33.486 56.328
33 15.814 17.073 19.046 20.866 23.110 43.745 47,400 50.724 34.774 57.646 E‘
34 16.501 17.789 19.806 21.664 23.952 44903 48.602 51.966 56.061 58.964
35 17.191 18.508 20.569 22.465 24,796 46.059 49.802 53.203 57.340 60.272

36 17.887 19.233 21.336 23.269 25,643 47212 50.998 54437 58.619 61.581
37 18.584 19.960 22.105 24,075 26492 48.363 52.192 55.667 59.891 62.880
38 19.289 20.691 22.878 24.884 27.343 49,513 53.384 56.896 61,162 64.181
39 19.994 21.425 23.654 25.695 28.196 50.660 54.572 58.119 62.426 65.473
40 20.706 22.164 24.433 26.509 29.050 51.805 55.758 59.342 63.691 66.766

3
Fory > 40, Xir %) V(] = 9£ + Z,'\Haz')
\ v v,
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Table A.8 ¢ Curve Tail Areas

1curve Area to the
M;;
1 [l
0 ¢

!

0.0 [ 500 500 500 .500 .500 500 500 .500 .500 500 .500 .500 500 500 500 .500 .500 .500
0.1 468 465 463 463 .462. 462 462 461 461 461 461 .46l 461 461 461 461 461 461
0.2 437 430 427 426 425 424 424 423 423 423 423 422 422 422 422 422 422 AR
03 407 396 392 390 388 387 386 386 386 385 385 385 3 84 384 384 384 384 384

06 | G5 G e w815 317 3l6 315 315 314p 318 313 313 312 312 312 312 312

0.6 328 305 295 290 287 285 .284 .283 282 281 .280 .280 279 279 279 278 278 278
0.7 306 278 267 261 258 255 253 252 251 250 249 249 248 247 247 247 247 246
0.8 985 254 241 234 230 227 225 223 222 221 220 220 219 218 218 218 217 217
0.9 267 232 217 210 205 201 199 .197 196 .195 .194 .193 192 191 .191 .191 .190 .190
1.0 250 211 196 .187 .82 178 175 173 172 170 .169 .169 .168 167 167 166 .166 165

1.1 235 193 176 167 .162 .157 154 152 150 .149 147 .146 .146 144 144 144 143 (143
12 221 177 158 148 142 138 135 132 130 129 .28 127 126 124 124 124 123 123
13 200 162 142 132 125 121 17 .15 113 41 110 109 108 107 107 (106 105 .105
14 197 148 128 .17 110 106 102 100 .098 .096 .095 093 092 091 091 090 090 .089
1.5 187 136 115 .104 097 .092 .089, .086 .084 .082 .08l .080 079 077 077 0717 076 075

1.6 178 125 .104 092 .085 .080 077 .074 072 070 .069 068 067 065 .065 065 064 .064
1.7 169 116 094 082 075 070 065 .064 062 060 .059 057 056 055 055 .054 054 .053
1.8 161 .107 085 .073 .066 061 .057 055 .053 051 050 .049 .048 046 046 045 045 044
1.9 154 099 077 .065 .058 .053 .050 .047 .045 043 042 041 .040 038 038 .038 037 .037
2.0 148 092 070 058 051 046 043 040 033 037 .035 034 .033 032 032 .031 031 030

2.1 141 085 063 .052 .045 .040 037 034 .033 031 030 .029 028 027 027 .026 025 .025
2.2 136 079 058 046 040 035 .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 0139 018 018 .018 017 .017

24 126 069 048 037 031 027 .024 022 .020 .019 .0I8 017 016 015 015 014 014 014

25 J21 065 .044 033 027 023 .020 018 .017 016 .015 014 .013 012 012 012 0l 011

2.6 117 061 040 030 .024 020 018 016 0l14 013 012 012 011 010 010 010 .009 .009

s 2.7 113 057 037 027 021 .018 015 014 012 011 010 .010 009 .008 .008 .008 .008 .007
‘t"m 28 109 054 .034 024 .019 016 013 012 010 009 .009 008 008 007 .007 .006 .006 .006
i 2.9 106 051 031 022 .017 014 .011 .010 .009 .008 007 007 .006 005 .005 .005 .005 .005
30 102 048 020 020 015 012 .0l10 009 007 007 .006 .006 005 004 004 .004 004 .004

31 099 .045 027 018 013 011 009 007 006 .006 .005 .005 .004 004 004 003 .003 .003 .
32 096 .043 025 016 012 009 .008 .006 .005 .005 .004 .004 .00 003 .003 .003 .003 .002
33 094 040 023 0I5 .011 .008 .007 .005 .005 .004 .004 .003 .003 002 .002 .002 002 .002
34 091 038 021 .014 00 007 006 .005 .604 003 .003 .003 .002 002 00z .002 002 .002
35 089 036 .020 .012 009 006 .005 .004 .003 .003 .002 .002 .002 002 .002 .00l .001 .00l

3.6 086 035 .018 011 008 .006 .004 004 003 .002 .002 .002 002 001 001 001 .001 .00l
37 084 033 017 010 007 .005 .004 .003 .002 .002 .002 .002 00f 001 .001 .00f .001 .001
38 082 031 .016 010 006 004 003 .003 002 002 001 .01 .00 001 001 .001 001 .001
3.9 080 030 .015 .009 006 004 003 .002 .002 .001 .001 001 001 001 001 001 .001 .001
4.0 078 029 014 008 005 004 .003 .002 .002 001 .001 .001 .001 001 001 001 000 .000

(contimied)
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Anpendix Tzhles  A-13

Table A.8 t Curve Tail Areas (cont)

reurve Area to the
L r -

t

N 19 20 11 22 23 24 25 26 27 28 29 30 35 40 60 120 w(=2z)

0.0 500 500 500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 .500
0.1 A6t 461 461 461 461 461 461 46% 461 461 461 461 460 460 460 460 460
0.2 422 422 422 422 422 422 422 422 421 421 421 421 421 421 421 420 A42]
03 384 384 384 383 383 383 383 .383 383 383 383 383 383 383 383 382 382
0.4 347 347 347 347 346 346 346 346 346 346 346 346 346 346 345 345 345
0.5 311 311 311 311 311 311 311 311 311 310 310 310 310 310 309 309 309
0.6 278N 27BN TR TEN T TS 2T TGRS 207 2T 2TTQRTT ST 2760 276) 215 215 274
0.7 246 246 246 246 245 245 245 245 245 245 245 245 244 244 243 243 242
0.8 217 217 216 216 216 216 216 215 215 215 215 215 215 214 213 213 212
0.9 190 189 180 .189 .189 .189 188 .188 .I88 .188 183 .188 .187 .I187 .186 .I85 .184
1.0 165 165 (164 164 .164 164 .163 .163 .163 .163 .163 .163 .162 .162 .161 .160 .159
1.1 (143 142 (142 142 141 (141 4L (141 (141 140 140 .140 139 .139 138 137 .136
1.2 422 422 (122 (121 k2l 121 (120 12070120 71200 1200 (120 (019 (119 (117 (116 115
13 105 .104 104 .104 .103 103 103 .103 .02 .02 102 .102 .101 ,101 .099 .098 .097
1.4 089 .089 .088 .088 087 .087 .087 .087 .086 .086 .086 .086 .085 085 .083 .082 .08l
1.5 075 075 074 074 074 073 073 073 073 Q072 072 072 071 071 069 068  .067
1.6 063 063 062 062 .062 .061 .061 .061 .061 .060 .060 .060 .059 059 .057 .056 .055
1.7 053 052 052 .052 .051 051 .051 .051 .050 .050 .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 .035 035 .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
2.1 025 024 024 024 .023 023 .23 .023 023 .022 .022 .022 .022 .021 .026 019 .018
22 020,020 .020 019 .019 019 .019 .08 .018 .0I18 018 .018 .017 .017 .016 .015 014
23 016 016 016 .016 .015 015 015 .015 .0i5 .015 .014 .014 014 .013 012 .0i2 .0I1
24 013 013 013 013 012 012 012 012 .012 012 .012 011 .0l1 .011 .010 .009 .008
15 .011 611 010 .010 .010 .010 .010 .010 .009 .009 .009 .009 009 .008 .008 .007 .006
2.6 009 009 008 008 .008 .008 .008 008 .007 .007 .007 .007 .007 .007 .006 .005 .005
2.7 007 .007 .007 .007 .006 006 .006 .006 .006 .006 .006 .006 .005 .005 .004 .004 .003
8 .006 006 .005 005 005 .005 005 .005 .005 .005 .005 .004 .004 .004 .003 .003 .003
19 005 004 .004 004 004 .004 004 004 004 004 004 003 003 003 .003 002 .002
30 .004 004 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .002 .002 .002 .002 .00l
3.1 003 003 003 003 .003 002 002 .002 002 002 002 002 002 002 .001 .001 .00l
32 .002 002 002 002 002 002 002 002 .002 .002 .02 .02 001 .001 .000 .001 .00l
33 002 002 .002 .002 .002 001 .001 .001 .001 .001 .001 .001 .001 .00l .001 .001 .000
34 002 001 .001 .001 001 .001 .001 .001 .001 .001 001 .000 .001 .001 .00L 000 .000
35 .00t 001 001 001 .001 .001 .001 .001 .001 001 .001 .001 .001 .001 .000 .000 .000
3.6 006 001 001 001 .001 .01 .001 .00l .001 .001 .001 .001 .000 .000 .000 .000 .000
.37 001 001 .001 001 .001 .001 .001 .00t .000 .000 .000 .000 .000 .000 .000 .000 .000
38 .00F 001 .00l .000 .000 .000 000 .000 .000 .000 .000 000 .000 .000 .000 .000 .000
3.9 .000 000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000
4.0 000 000 000 000 000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000
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A-14  Appendix Tables

22

Table A9 Critical Values for F Distribgtions

», = numerator df

@ 1 2 3 4 5 6 7 8 9
100 39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 59.86
;00 | l6Las 19950 21571 22458 23006 23399 23677 23888 24054
‘10 | 405220 499950 540340  S624.60 576360  SB59.00 592840 598110 602250
001 |405284 500000 540379 562500 576405 585937 592873 59,144 602,284
100 8.53 9.00 9.16 924 929 9.33 9.35 937 9.38
; W0 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
901 | o9850  So000 99917 99925 99930 99933 99936 99937 99939
100 5.54 546 539 534 531 5.28 527 525 5.24
5 050 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81
010 .12 30.82 29.46 28.71 28.24 2191 27.67 2149 21.35
‘o1 | 16703 14850  MLll 13710 13438 13285 13158 13082 12986
.100 4.54 432 4.19 411 4,05 4.01 3.98 3.95 3.94
4 050 771 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00
010 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66
oot 74.14 6125 5618 53.44 51.71 50.53 49,66 49.00 48.47
100 4.06 178 3.62 352 345 3.40 3.37 3.34 332
s W0 6.61 579 541 5.19 5.03 495 488 4.82 4.77
010 16.26 13.27 12.06 1139 10.97 10.67 1046 1029 10.16
001 47.18 3712 33.20 31.09 29.75 2883 28.16 27.65 2124
5 100 3.78 3.46 3.29 318 311 3.05 3.01 2.98 2.96
E oo 090 5.99 514 476 453 4.39 428 421 415 4.10
1 010 13.75 10.92 9.78 915 8.5 8.47 8.26 8.10 7.98
ié oot 35.51 21.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69
8 .100 3.59 326 3.07 2.96 2.88 2.83 278 2.75 2.72
nog 050 5.59 474 435 4.12 3.97 3.87 3.79 3.1 3.68
o 010 1225 9.55 8.45 7.85 7.46 7.9 6.99 6.84 6.72
o0t 29.25 21.69 18.77 17.20 16.21 15.52 15.02 14.63 14.33
100 146 EN Y| 2.92 2.81 273 2.67 2.62 2.59 2.56
g 050 532 446 4.07 3.84 3.69 3.58 3.50 34 339
010 11.26 8.65 1.59 7.01 6.63 637 6.18 6.03 591
001 25.41 18.49 15.83 1439 1348 12.86 12.40 12,05 n.7
-100 3.36 301 281 2.69 2.61 255 251 247 244
g 050 5.12 4.26 3.86 3.63 3.48 3.37 3.29 1.3 318
010 10.56 8,02 6.99 6.42 6.06 5.80 5.61 547 5.35
001 2286 16.39 13.90 12.56 1171 11.13 10.70 10.37 10.11
100 3.29 292 2,73 2,61 2.52 246 241 2.38 2.35
o 980 4.96 4.10 M 348 3.33 3.22 3.14 3.07 3.02
010 10.04 7.56 6.55 599 5.64 539 5.20 5.06 494
-001 21.04 1491 12.55 11.28 10.48 9.93 9.52 9.20 8.96
100 3.23 2.86 2.66 2.54 245 239 234 230 227
P 4.84 3.98 3.59 336 3.20 3.09 3.01 295 2.90
fo 010 9.65 7.21 622 567 5.32 5.07 489 474 463
R 001 19.69 13.8Y 11.56 10.35 9.58 9.05 8.66 8.35 8.12
it 100 318 281 261 248 239 233 228 224 221
5 v 4.5 3.89 349 326 3.11 3.00 291 2.85 2.80
010 9.33 6.93 595 5.41 5.06 482 4.64 450 439
001 18.64 12.97 10.80 9.63 8.89 8.38 8.00 1.7 7.48
£ (continued)
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Anpendix Tables ~ A-15
Table A8 Critical Values for F Distributions {cont.)
»; = pumerator df
10 12 15 20 25 30 40 50 60 120 1000
60.19 60.71 61.22 61.74 62.05 62.26 62.53 62.69 62.79 63.06 63.30
24188 24391 24595 24801 249.26 250.10 25114  251.77 25220 25325 254.19
6055.80 610630 & 615730 620870 6239.80 6260.60 628680  6302.50 631300 633940  6362.70
605,621 610,668 615764 620908 624,017 626099 628,712 630285  631.337 633,972 636,301
9.39 9.41 942 9.44 945 946 947 947 9.47 9.48 9.49
19.40 19.41 19.43 19.45 19.46 19.46 19.47 19.48 19.48 19.49 19.49
99.40 99.42 99.43 9945 99.46 99.47 99.47 99.48 99.48 99.49 99.50
99040  999.42 099 43 999.45 00046 99947 99947 99948 99948 99949 999,50
523 522 520 5.18 517 5.17 5.16 5.15 5.15 5.14 5.13
8.79 3.74 8.70 8.66 8.63 8.62 8.59 8.58 8.57 8.55 R.53
27.13 27.05 26.87 26.69 26.58 26.50 26.41 2635 26.32 26.22 26.14
129.25 128.32 127.37 126.42 125.84 125.45 124.96 124.66 124.47 123.97 123.53
392 3.90 3.87 3.84 383 382 3.80 3.80 3,79 3.78 3.76
5.96 591 5.86 5.80 577 5.75 5712 5.70 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 47.41 46.76 46.10 45.70 4543 45.09 44,88 44.75 44.40 4409
3.30 327 3.24 3.21 3.19 3.17 3.16 3.15 3.4 3.12 3.11
474 468 4.62 4.56 452 450 446 444 443 4.40 437
10.05 9,89 9.72 9,55 0.45 9.38 9.29 924 9.20 9.11 9.03
26.92 2642 25.01 2539 25.08 24.87 24.60 2444 24.33 24.06 23.82
2.94 2.90 287 2.84 2.81 2.80 2.78 2,77 276 2.74 2.72
4.06 4.00 3.94 3.87 3.83 3.81 3.97 375 3.74 a7 367
7.87 7,72 7.56 740 7.30 7.23 7.14 7.09 7.06 6.97 6.89
18.41 17.99 17.56 17.12 16.85 16.67 16.44 16.31 16.21 1598 15.77
2.70 267 263 2.59 257 2.56 2.54 2.52 2.51 2.49 2.47
3.64 3.57 3.51 344 3.40 338 334 332 3.30 327 323
6.62 6.47 6.31 6.16 6.06 599 5.9t 5.86 5.82 5.74 5.66
14.08 13.71 13.32 12.93 12.69 12.53 12.33 1220 12,12 11.91 11.72
2.54 2.50 2.46 . 242 240 2.38 236 2.35 234 232 230
3.35 3.28 3.22 3.15 i 3.08 3.04 3.02 3.01 297 293
- 581 5.67 552 5.36 526 520 5.12 5.07 5.03 495 487
1154 1119 10.84 10.48 1026 10.11 9.92 9.80 92.73 9.53 936
242 2.38 2.34 230 227 225 2.23 222 221 2.18 2.16
3.4 3.07 3.01 294 289 2.86 283 2.80 2.79 275 21
5.26 5.11 496 481 4.71 4.65 4.57 452 4,48 4.40 432
9.39 0.57 9.24 8.90 8.69 8.55 837 8.26 8.19 8.00 7.84
232 2.28 2.24 2.20 2.17 2.16 2.13 2,12 2.1 2.08 2.06
2.98 291 285 2.7 2.75 2.70 2.66 2.64 2.62 2.58 2.54
4.85 471 4.56 441 431 425 4.17 412 4.08 4,00 3.92
8.75 8.45 8.13 7.80 7.60 7.47 1.30 7.19 7.12 6.94 6.78
2.25 221 2.17 2.12 2.10 208 205 2.04 2.03 2.00 1.98
285 2.79 2.72 2.65 2.60 2.57 253 2.51 249 245 241
4.54 4,40 425 4.10 401 3.94 3.86 381 3.78 3.69 3.61
7.92 7.63 7.32 7.01 6.81 6.68 6.52 6.42 6.35 6.18 6.02
2.19 2.15 2.10 2.06 2.03 2.01 1.99 197 1.96 1.93 191
2.75 2.69 262 2.54 2.50 247 243 240 2.38 234 230 §
4.30 4.16 401 3.86 3.76 3.70 362 3.57 354 3.45 337 3§
7.29 7.00 6.71 6.40 6.22 6.09 593 5.83 5.76 5.59 5.44

{continued) "
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A-16  Appendix Tahles

Table A9 Critical Values for F Distributions {cont.)

p, = numerator df
P 1 2 3 4 5 6 7 8 9
100 3.14 2.76 2.56 243 2.35 228 223 2.20 2.16
43 050 467 381 341 3.18 3.03 2.92 2.83 2.71 2.71
010 9.07 6.70 5.74 521 4386 462 444 430 4.19
.001 17.82 12.31 1021 9.07 835 7.86 7.49 7.21 6.98
100 3.10 2.73 2.52 239 231 2.24 2.19 2.15 2.12
% 050 4.60 3.74 3.34 311 2.96 2.85 2.76 2.70 265
010 8.86 6.51 5.56 5.04 469 446 428 4.14 4.03
001 17.14 11.78 9.73 8.62 7.92 7.44 7.08 6.80 6.58
.100 3.07 2.70 2.49 236 227 2.21 2.16 2.12 2.09
18 .050 4.54 3.68 3.29 3.06 2.90 2.79 271 2.64 2.59
010 8.68 636 5.42 4.89 4.56 432 4.14 4.00 3.89
001 16.59 11.34 9.34 8.25 7.57 7.09 6.74 647 6.26
.100 3.05 2.67 2.46 233 224 218 2.13 2.09 2.06
% 050 4.49 3.63 3.24 3.01 285 2.74 2.66 2.59 2.54
010 8.53 6.23 5.29 4.71 4.44 4.20 403 3.89 3.78
Lo1 16.12 10.97 9.01 7.94 .27 6.80 6.46 6.19 5.98
100 3.03 2.64 2.44 231 222 215 2.10 2.06 2.03
7 050 445 3.59 3.20 2.96 2.81 2.70 2.61 2.55 249
010 8.40 6.1 519 4.67 434 4.10 3.93 3.19 3.68
Ho1 15.72 10.66 8.73 7.68 7.02 6.56 622 5.96 575
5 .100 3.01 262 242 2.29 220 2.13 2.08 2.04 2,00
£ g8 050 4.41 3.55 3.16 293 2.77 2.66 2.58 2.51 246
¥ 010 8.29 6.01 5.09 4.58 425 4.01 3.84 371 3.60
| .00t 1538 1039 8.49 7.46 6.81 635 6.02 5.76 5.56
g 100 299 2.61 2.40 227 2.18 211 2.06 2.02 1.98
o 050 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 242
b 010 8.8 5.93 5.01 4.50 417 3.54 3.77 3.63 3.52
R 001 15.08 10.16 8.28 755 6.62 6.18 5.85 5.59 5.39
.100 297 2.59 238 225 2.16 2.09 2.04 2.00 1.96
5 050 435 3.49 3.10 2.87 2.71 260 2.51 245 239
010 8.10 5.85 4.94 443 4.10 387 3.70 3.56 3.46
.001 14.82 9.95 8.10 7.10 6.46 6.02 5.69 5.44 5.24
.100 2.96 2.57 2.36 2.23 2.14 2.08 2.02 1.98 1.95
o 050 4.32 3.47 3.07 2.84 268 . 257 249 . 242 237
010 8.02 5.78 4.87 437 4.04 381 3.64 3.51 3.40
001 14.59 9.77 7.94 6.95 632 588 5.56 531 5.1
100 295 2.56 235 222 2.13 2.06 2.01 197 1.93
n 050 430 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34
010 795 5.72 4.82 431 3.99 3.76 3.59 3.45 3.35
001 1438 9.61 7.80 6.81 6.19 5.76 5.44 5.19 4.99
.100 2.94 2155 2.34 221 2.11 2.05 1.99 1.95 1.92
1 050 428 342 3.03 2.80 2.64 253 2.44 237 2.32
010 7.88 5.66 476 426 3.94 3 3.54 3.41 3.30
001 14,20 9.47 7.67 6.70 6.08 5.63 533 5.09 4.39
100 2.93 2.54 233 2.19 2.10 2.04 1.98 1.94 1.91
2 050 426 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30
010 782 5.61 472 422 390 367 3.50 336 326
001 14.03 9.34 1.55 6.59 5.98 5.55 523 4.99 4.80
(continued)
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'I"abie A9 Critical Values for F Distributions (cont.)

Anpendix Tables  A-17

v; = numerator df

10 12 15 20 25 30 40 50 60 120 1000
2.14 2.10 205 2.01 1.98 1.96 1.93 192 1.90 1.88 1.85
2.67 2,60 2.53 2.46 241 238 2.34 231 2.30 2.25 221
4.10 3.96 3.82 3.66 357 3.51 343 338 3.34 3.25 3.18
6.80 6.52 6.23 593 578 5.63 547 537 5.30 514 4.99
2.10 2.05 2.01 1.96 1.93 1.91 1.89 1.87 1.86 1.83 1.80
2.60 253 2.46 239 2.34 231 2.27 2.24 222 2.18 21.14
3.94 3.80 3.66 3.51 341 335 327 322 3.18 3.09. 3.02
6.40 6,13 5.85 5.56 538 525 510 5.00 4.94 477 4.62
2.06 2,02 1.97 192 1.89 1.87 1.85 1.83 1.82 1.79 1.76
2.54 248 240 2.33 228 225 2.20 2.18 2.16 2.11 2.07
3.80 3.67 3.52 337 328 3.21 3.13 3.08 3.05 296 2.88
6.08 5.81 5.54 525 5.07 495 4.80 470 4,64 447 433
2.03 1.99 1.94 1.89 1.86 1.84 1.81 1.79 1.78 1.75 1.72
249 242 235 228 2.23 2.19 2.15 2.12 2.11 2.06 2.02
3.69 355 341 326 3.16 3.10 3.02 297 2.93 2.84 2.76
5.81 5.55 527 4.99 4.82 4.70 4.54 445 439 4.23 4.08
2.00 1.96 1.81 1.86 1.83 1.81 1.78 1.76 1.75 1.72 1.69
245 238 231 223 2.18 2.15 2.10 2.08 2.06 2.01 1.97
3.50 3.46 3.31 3.16 3.07 3.00 292 2.87 2.83 2.75 266
5.58 5.32 5.05 4.78 4.60 4.48 433 4.24 4.18 4.02 3.87
1.98 1.93 1.89 1.84 1.80 1.78 1.75 1.74 1.72 1.69 1.66
241 234 227 2.19 2.14 211 2.06 204 202 1.97 1.92
3.51 337 323 3.08 2,98 292 284 278 295 2.66 2.58
5.39 513 487 4.59 442 430 4.15 4.06 4.00 3.84 3.69
196 1.91 1.86 1.81 1.78 1.76 1.73 1.71 1.70 1.67 1.64
238 231 2.23 2.16 2.11 2.07 2.03 2.00 1.98 1.93 1.88
343 3.30 3.15 3.00 291 2.84 2.76 2.71 2.67 2.58 2.50
522 497 4.70 443 426 4.14 399 3.50 3.84 3.68 3.53
1.94 1.89 1.84 1.79 1.76 1.74 1.7 1.69 1.68 1.64 1.61
2.35 2.28 2.20 21 2,07 2.04 1.99 1.97 1.95 1.90 1.85
3.37 323 3.09 2.94 234 278 2.69 264 261 252 243
5.08 482 4.56 4.29 412 4.00 3.86 377 3.70 3.54 3.40
1.92 1.87 1.83 1.78 1.74 1.72 1.69 1.67 1.66 1.62 1.59
2.32 2.25 2.18 2.10 2.05 2.01 1.96 1.94 192 1.87 1.82
i3 317 3.03 288 2.79 272 2.64 258 2.55 2.46 237
495 4.70 444 4.17 4.00 3.88 374 3.64 3.58 342 3.28
1.90 1.86 1.81 - L76 1.73 1.70 1.62 1.65 1.64 1.60 1.57
2.30 2.23 215 207 2.02 1.98 1.94 1.01 1.89 1.84 1.79
326 312 298 2.83 27 2.67 2.58 253 2.50 240 232
483 4.58 433 4.06 3.89 3.78 3.63 3.54 3.48 332 3.17
1.89 1.84 1.80 1.74 171 1.69 1.66 1.64 1.62 1.59 1.55
227 220 2.13 2.05 2.00 1.96 1.91 1838 1.86 1.81 1.76
321 3.07 2.93 2.8 269 2.62 2.54 248 245 2.35 227 @
4,73 4.48 4.23 3.96 3.79 '3.68 3.53 344 3.38 3.22 3.08 :&E
1.88 1.83 1.78 1.73 1.70 1.67 1.64 1.62 1.61 1.57 1.54 f:
2.25 218 2.11 2.03 1.97 1.94 1.89 1.86 1.84 1.79 174
3.17 3.03 2.89 2,74 2.64 2.58 249 244 240 2.31 222 &
4.64 4.39 4.14 3.87 371 3.59 3.45 3.36 329 314 2.99
(continued) '
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A-18  Aopencix Tebles

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

¥, = numerator df
a 1 2 3 4 5 6 7 8 9

100 292 2.53 232 218 209 2.02 1.97 193 1.89

25 050 4.24 339 299 2.76 2.60 2.49 2.40 234 228

010 7.77 5.57 4.68 4.18 3.85 3.63 3.46 332 322

601 13.88 9.22 745 6.49 5.89 5.46 515 4.91 4.7

100 2.91 2.52 231 2.17 2.08 2.01 1.96 1.92 1.88

2% 050 4.23 337 298 2.74 2.59 247 2.39 232 227

010 172 5.53 4.64 414 3.82 3.59 342 329 318

001 13.74 9.i2 736 6.41 5.80 5.38 5.07 4.83 4.64

.100 2.90 251 2.30 2.17 2.07 2.00 1.95 1.91 1.87

27 050 4.21 3.35 2.96 TS ) 5 2.46 237 23 225

010 7.68 549 4.60 41 3.78 356 3.39 3.26 LN

001 13.61 . 9.02 7.27 6.33 5.73 5.31 5.00 4.76 4,57

100 2.89 250 229 2.16 2.06 2.00 1.94 1.90 1.87

n 010 7.64 545 4.57 4.07 3750 3153 3.36 3 3.12

001 13.50 893 719 6.25 5.66 5.24 4.93 4.69 4.50

Ao 2.89 2.50 228 2.15 2.06 1.99 193 1.89 1.86

29 050 4.18 3.33 293 2.70 255 243 235 228 2.22

010 7.60 5.42 4.54 4.04 373 3.50 333 3.20 3.09

001 13.39 8.85 7.12 6.19 5.59 5.18 4.87 4.64 445

B 100 2.88 2.49 228 2.14 2.05 1.98 1.93 1.88 1.85
g 30 050 4.17 3.32 292 2.69 253 2.42 233 227 221
g 010 7.56 5.39 4.51 4.02 3.70 347 3.30 cH Y] 3.07
'c 001 13.29 8.77 7.05 6.12 5,53 512 4.82 4.58 439
_§ 100 2,84 2.44 223 - 2,09 2.00 1.93 1.87 1.83 1.79
i 40 050 4.08 3.23 2.84 2.6l 245 2.34 225 2.18 212
5 010 131 518 431 3.83 351 329 3.12 299 2.89
001 12.61 8.25 6.59 5.70 513 4.73 4.44 4.21 4.02

-100 281 241 220 2,06 1.97 1.90 1.84 1.80 176

50 050 4.03 3.18 2.79 256 240 229 220 213 207

010 717 5.06 4.20 372 341 3.19 3.02 2.89 2.78

.001 1222 7.96 6.34 5.46 4.90 451 4.22 4.00 3.82

100 2.79 239 218 2.04 1.95 1.87 1.82 177 1.74

60 050 4.00 3.15 2.76 2.53 2371 225 2.17 2.10 2.04

010 7.08 4.98 4.13 3.65 334 312 295 282 272

001 11.97 7.7 6.17 3.31 4.76 437 4.09 3.86 3.69

100 2.76 236 2.14 2.00 191 1.83 1.78 1.73 1.69

100 050 394 3.09 2.70 2.46 231 2.19 2,10 2.03 1.97

010 6.90 4.82 3.98 351 321 2.99 2.82 2,69 2.59

001 11.50 741 5.86 5.02 448 4.11 3.83 3.61 3.44
.100 2.73 233 211 197 1.88 1.80 1.75 170 1.66-

200 050 3.89 3.04 2.65 242 226 2.14 2.06 1.98 1.93

010 6.76 4.71 3.88 4l 3.11 2.89 273 2,60 2.50

001 11.15 7.15 5.63 4.81 4.29 3.92 3.65 3.43 3.26

£ 109 271 231 2.09 1.95 1.85 1.78 1.72 1.68 1.64
e, 1000 050 3.85 3.00 2,61 238 222 211 2.02 1.95 1.89
vty 018 6.66 4.63 3.80 3.34 3.04 2.82 2.66 2.53 243
' 001 10.89 6.96 5.46 4.65 4.14 378 3.51 3.30 313
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Appendix Tablas A-19

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

¥, = numerator df

10 12 15 20 25 30 40 50 60 120 1000
.87 1.82 177 1.72 1.68 1.66 1.63 1.61 1.59 156 .52
2.24 2.16 2.09 2.01 1.96 192 1.87 1.84 1.82 1.77 1,72
3.13 2.99 2.85 270 2,60 2.54 2.45 240 236 227 218
456 431 406 3.79 3.63 352 337 328 322 3.06 291
1.86 1.81 1.76 1.71 1.67 1.65 1.61 1.59 1.58 1.54 1.51
222 2.15 207 1.9 1.94 1.90 1.85 1.82 1.80 1.75 1.70
309 2.96 231 2.66 2.57 2.50 242 236 233 28« 214
448 4.24 3.99 3.72 3.56 344 ’ 330 3.21 315 2.99 2.84
1.85 1.80 175 170 1.66 1.64 160 158 1.57 1.53 1.50
2.20 2.13 2.06 1.97 1.92 1.88 1.84 1.81 1.79 1.73 .68
3.06 2.93 2.78 263 2.54 247 238 233 229 2.20 2.11
441 4.17 392 3.66 349 3.38 3.23 3.14 3.08 2.92 2.78
1.84 1.79 .74 1.69 1.65 1.63 1.59 1.57 156 1.52 1.48
2.19 212 2.04 1.96 191 1.87 1.82 179 177 L1 1.66
3.03 2.90 275 2.60 2.51 2.44 235 2.30 2.26 217 2.08
435 411 3.86 3,60 343 332 318 3.00 3.02 2.86 272
1.83 1.78 1.73 1.68 1.64 1.62 1.58 1.56 1.55 1.51 1.47
2.18 2.10 2.03 1.94 1.89 1.85 1.81 1.77 1.75 1.70 1.65
3.00 287 273 257 248 241 2.33 227 223 214 2.05
429 405 3.80 3.54 3.38 327 3.12 3.03 2.97 2.81 2.66
1.82 177 1.72 1.47 1.63 1.61 1.57 1.55 1.54 1.50 1.46
216 2.09 2.0 193 1.88 1.84 179 1.76 1.74 1.68 163
2,98 . 2.84 2.70 2,58 2.45 239 2.30 2.25 221 ' 2.1 2.02
424 400 . 375 3.49 3.33 322 3.07 2.98 2.92 2.76 2,61
1.76 1.71 1.66 1.61 1.57 1.54 1.51 1.48 1.47 1.42 1.38
2.08 - 200 1.92 1.84 1,78 1.74 1.69 1.66 1.64 1.58 1.52
2.80 2.66 252 2.37 2,27 2.20 2.11 2.06 2.02 1.92 1.82
3.87 3.64 340 3114 298 2.87 2:13 2.64 2.57 241 225
1.73 1.68 1.63 1,57 1.53 1.50 146 1.44 1.42 1.38 1.33
2.03 1.95 1.87 1.78 173 1.69 1.63 1.60 1.58 1.51 145
2.70 2.56 242 227 2.17 2.10 2.01 1.95 191 1.80 1.70
3.67 344 320 2.95 279 2.68 253 244 238 221 2.05
1.71 1.66 1.60 1.54 1.50 1.48 144 141 1.40 1.35 1.30
1.99 192 1.84 1.75 1.69 1.65 1.59 156 1.53 147 1.40
2.63 2.50 235 220 . 210 203 194 188 1.84 173 1.62
354 332 3.08 2.83 267 2,55 2.41 232 225 2.08 192
1.66 1.61 1.56 149 145 1.42 1.38 135 1.34 128 1.22
1.93 1.85 177 1.68 162 157 1.52 1.48 1.45 138 130
2.50 237 222 2.07 1.97 1.89 1.80 1.74 1.69 1.57 1.45
330 3.07 2.84 259 243 232 217 2.08 2,01 1.83 1.64
1.63 1.58 1.52 146 1.41 1.38 1.34 1.31 1.29 1.23 1.16
1.88 1.80 172 1.62 1.56 152 1.46 141 139 130 12
241 227 2.13 197 1.87 1.79 1.69 1.63 1.58 1.45 130
3.12 290 2.67 . 242 2.26 2.15 2.00 1.90 1.83 1.64 1.43 ,j’
1.61 155 149 1.43 1.38 135 1.30 127 125 1.I8 108 &
1.84 176 1.68 1.58 1.52 1.47 1.41 136 1.33 124 L f
2,34 2.20 2.06 190 1.79 1.72 1.61 1.54 1.50 1.35 1.16
2.99 277 2.54 2.30 2.14 202 1.87 1.77 1.69 149 - 1.22 53
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Table A.10  Critical Values for Studentized Range Distributions

m

v « 2 3 4 5 6 7 8 9 10 1 12
5 |05 | 364 | 460 | 522 | 567 | 603 | 635 | 656 | 680 | 699 7 | 732
01 | 570 | 698 | 780 | 842 | 891 | 932 | 967 | 997 | 1024 | 1048 | 1070
6 | .05 | 346 | 434 | 490 | 530 | 563 | 590 | 642 | €32 6.49 6.65 6.79
01 | 524 | 633 | 703 | 756 | 797 | 832 | 861 | 887 9.10 930 | 948
7 |05 | 334 | a16 | 468 | 506 | 536 | s61 | s82 | 600 6.16 630 6.43
0 | 495 | 592 | 654 | 701 | 737 | 768 | 794 | 817 8.37 855 | -871
B |05 | 326 | 408 | 453 | 489 | 507 | 540 | se0 | 577 592 6.05 6.18
o1 | 475 | 564 | 620 | 662 | 696 | 724 | 747 | 768 786 | 203 8.18
o | .05 | 320 | 395 | 441 | 476 | 502 | 524 | 543 | ss9 574 | 587 598
01 | 460 | 543 | 596 | 635 | 666 | 691 | 713 | 733 749 | 765 7.78
10 | 05 | 315 | 388 | 433 | 465 | 491 | 512 | 530 | 546 5.60 572 583
0 | 448 | 527 | 577 | 614 | 643 | 667 | 687 | 7.05 721 7.36 7.49
1 {05 |31 | 38 |42 | 457 | 482 | s03 | s20 | 535 5.49 561 571
o - | 430 | sis | se2 | 597 | 625 | 648 | 667 | 684 6.99 713 7.25
12 |05 | 308 | 377 | 420 | 451 | 475 | 495 | s12 | 527 539 5.51 5.61
o1 | 432 | sos | sso | ss4 | 60 | 632 | 651 | 667 6.81 6.94 7.06
13 .05 3.06 3.73 4.15 4.45 4.69 4.88 5.05 5.19 532 543 553
01 | 426 | 496 | s40 | 573 | 598 | 619 | 637 | 653 6.67 6.79 6.90
14 | 05 | 303 | 370 | an | 441 | 464 | 483 | 499 | s13 525 5.36 5.46
0 | 421 | 48 | 532 | 563 | 588 | 608 | 626 | 641 6.54 6.66 671
15 | 05 | 301 | 367 | 408 | 437 | 459 | 478 | 494 | 508 520 531 5.40
0 | 417 | 484 | s25 | ss6 | s80 | 599 | e16 | 63 644 6.55 6.66
16 .05 3.00 3.65 4,05 433 4.56 4.74 490 5.03 5.15 5.26 5.35
01 | 433 | 479 | 519 | s49 | s72 | 592 | 608 | 622 6.35 6.46 6.56
17 | 05 | 298 | 363 | 402 | 430 | 452 | 470 | 48 | 4% 5.1 521 531
0 | 410 | 474 | 514 | s43 | se6 | 585 | 601 | 615 627 6.38 6.48
18 | 05 | 297 | 361 | 400 | 428 | 449 | 467 | 482 | 496 5.07 517 | 527
01 4.07 4.70 5.09 518 5.60 5.79 594 6.08 6.20 6.31 6.41
19 | 05 | 296 | 359 | 398 | 425 | 447 | 465 | 479 | 4: 5.04 5.14 523
01 | 405 | 467 | 505 | 533 | ss55 | 573 | 58 | 602 6.14 6.25 634
20 05 295 3.58 3.96 4.23 445 4.62 4.77 4.90 5.01 5.1 520
01 402 4.64 5.02 5.29 5.51 5.69 5.84 5.97 6.09 6.19 628
24 05 292 3.53 3.90 417 437 4.54 4.68 4.81 4.92 5.01 5.10
.01 3.96 4.55 491 517 537 5.54 5.69 5.81 5.92 6.02 6.11
30 | 05 | 28 | 349 | 385 | 410 | 430 | 446 | 460 | 4m 482 | 49 5.00
01 | 389 | 445 | 480 | 505 | 524 | s40 | ss4 | ses 5.76 5.85 593
0 | 05 |28 | 344 | 379 | 404 | 4235 | 439 | 452 | 463 473 482 | 4%
o1 | 382 | 437 | 470 | 493 | su | s26 | 539 | 550 5.60 5.69 5.76
60 | 05 | 283 | 240 | 374 | 398 | 416 | 431 | 444 | 455 465 an 4381
: O | 376 | 428 | 459 | 482 | 499 | 543 | s25 | 536 545 5.53 5.60
120 | 05 .| 280 | 336 | 368 | 392 | 410 | 424 | 436 | 447 456 | 464 | 4m
0 | 370 | 420 | 450 | 471 | 487 | 501 | 512 | 521 530 537 544
05 | 277 | 331 | 363 | 386 | 403 | 417 | 420 | 439 447 4.55 462
01 | 364 | 412 | 440 | 460 | 476 | 488 | 499 | 508 516 523 | 529
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