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Instructions for Candidates

1.

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

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.

All intermediate calculations should be rounded off to 3 decimal places. The
values provided in statistical tables should not be rounded off. All final calculations

should be rounded off to two decimal places.

The use of a simple non-programmable calculator is allowed.
Statistical tables are attached for your reference.

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

Answers may be written either in English or Hindi; but the same medium should

be used throughout the paper.
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SECTION 1

Do any two questions.

f=t < o=t &1 IR dfaa |

1. LetY be the number of contracts received by a randomly selected infrastructure
company. Suppose the probability mass function of Y is as follows :

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

(b)
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Consider a random sample of two companies, obtain the probability

distribution of S* (sample variance).

Calculate P (S? > 2.7) and P (1.5 < §* < 7.9), when a random sample of

size two is selected. (5+5)

A AR T Y Save e @ T TS SRRCER U B WIS SiEel 9 G 31 A
T Y &1 MR TEWe ol 59 YR B

1 2 3 4

P(y) 0.2 0.4 0.3 0.1

(31) & wuFEl & v Age® W W R W), S (AT W) i e

(%)

(b)

W Shifergl

P(S*>2.7) @ P(1.5<$?<7.9) S ToFT FINR, T FHR A H Th AGRSH

AT T W R

How is systematic sampling different from judgement sampling. If Var(X,)
is variance of X and Var(X,) is variance of X, then Var (aX, — bX)) =
a’Var(X,) + b*Var(X,), where a and b are constants. Is this statement true?

Explain.

The teacher of an economics class of size 35 knows that the time needed to
evaluate a randomly chosen first year paper is a random variable with mean
value of 4 minutes and a standard deviation of 3 minutes. If evaluation times
are independent and the teacher starts evaluation at 5:30 pm and evaluates
continuously, what is the probability that she completes evaluation before

8pm dinner starts? (5+5)

P.T.0,
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(37) wrafer AR Ha Aoy TR & s 81 AR Var(X,) X, W R sl

Var(X,) X, 1 feRor @ & Var (aX, - bX,) = @?Var(X,) + b*Var(X,), STET a N b

foRis & | T 98 U 99 87 SRl iy |

(@) IHR 35 D TF sefarEd o @ fierw WA § fF agRes @ 9 W eE 9
F IR & AHT FA D o awas & 4 Fiee & sitem 197 3k 3 fme &
T fee & wry vE aglRew W ] iy Aeaiee @ eed W 8 sk i
T 5:30 T IEATHT L€ HEEH B I TR e el 8, T Fhehl el e
2 foh 9% ¢ a9 U9 W WE T€ B A UESA HeAiSh T X R 7

3. Ifp, =30, u,=40, u,=30, ¢* = 15, ¢*, = 20 ¢°, = 5 are mean values
and variance of three independently and normally distributed random variables

X, X,, and X, respectively.
(a) Calculate P(24 < X < 39), where X = 0.3X - X, + 1.7 X,

(b) Calculate P(X, —2X, < 3X.). Can you find this probability if population is

not normal and sample size is 3?7 Why/ Why not? (5+5)

Al p, =30, p, = 40, p, = 50, 6%, = 15,02, =25, 3 0%, = 5 FAA: W WGT 7 ¥ 3K IR+

w0 & faaRa aghe® W X, X, # X, B e 9= 3 yEw €
(37) P(24 <X <39), @l AT HIfSY, W& X =0.3X, - X, + 1.7 X, |

(@) P(X,-2X,<3X,) & T i aft e anr T8 ? 3 ufaed SR 3
2, A 0 W9 UE WA A T Ghd 27 HA /A ASH 7
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4. (a)
(b)
()

5
SECTION II

Attempt any three questions.

= &= g3t 7 IR dfad |

Suppose a sample of size n is to be drawn from a normal distribution where
true standard deviation is 12.7. How large does n have to be to guarantee
that the width of 97% confidence interval for true average value is 1.2. How
does precision of estimation change if we change the confidence level from

97% to 99%.

Suppose a population is normally distributed with mean p and unknown
variance 6. From this population, a sample of size 49 is drawn with
an average value of 3.2 and standard deviation 2.6. Find the 92%
confidence interval for p. Write the interpretation of 92% confidence interval
for u, also write the upper confidence bound for p for the 92% confidence

level. (5+5)

A WY o SR n 1 e FAT Tah 9 faaer & @i 9 2 Wel anatae
W fae 12,7 31 98 TRE | B o n fveen w1 B oo fr e d siaa W
& T 97% favam@ awer @t TS 12 B1 3R B HifwHST Aaet T 97% & 99%
oo ¢ W AT A Y DY qgort 2 |

WA Ao foF S amr w9 @ a3 e R o @ oy el
=i S S| g9 S ¥, FEFER 49 H UF T 32 D A WA IR A et
2.6 & 919 FAR foar w1y & e 92% Rvarar siqoe s it p @ e
92% Si-hed Fewaet @ Rl o, 92% wif~hrsa oaet & foe p & e s
i hed ar3s W ford 1

P.T.¢,
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5. (a) LetX,, X, -, X;bea random sample of size 5 from the pdf

f(x; 0) = 6x*' where 0 < x < 1
Find the moment estimator of 0. If X = 0.34, X, = 0.27, X, = 0.79,

X,=0.82, X, =0.19, what will be the moment estimate for 0.

(b) (i) If an estimator is unbiased its mean square error (MSE) is equal to its
variance, is this statement correct? Answer with the help of relevant

derivation.

(i) If Y and D (Y, —?)2 /n are maximum likelihood estimators (M.L.E.s)

of the mean and variance of a normal distribution, then what will be

the M.L.E. of E(Y?)? (5+5)
(37) W= AR/A X, X,, -, X, TETH ¥ O 5 1 Ve Argfeayeh THA B
f(x; 0) = 0x* W& 0<x <1

0 T AU FAAG W Wifee afe X, = 0.34, X, = 0.27, X, = 0.79, X, = 0.82,
X,=0.19, 0 & foe sweut s = B ?

@) (i) afe v e foge 2 9 gEe iEa o 3fe (MSE) e i & s
?, 991 U HuF 98 27 WEie g 9 Hemar 4 I At

(i) 7R ¥ ok S (Y,-¥) /n v wmeg qe @ weA i e @ st

YIS FFAEER (M.L.E.) &, & E(Y?) &1 M.L.E. &1 8m?
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6. (a) A random sample of 100 items taken from a large batch of articles contains
5 defective items. Estimate the true average proportion of defective items in

the batch in a way that conveys information about precision and reliability.

(Assume 95% level of confidence).

(b) Consider a sample of random variables X, X,, ......... , X where n> 10,

E(X)) = p, Var(X)) = 6* > 0 and the estimator ?=% T ;1% - Calculate
i =

(i) Bias of ¢
(i) Variance of ¥
(iii) Mean Square Error of ¥ (5+5)
(1) i@l & v w3 99 A U W 100 SMEER D v AgRew W ¥ 5 duget srgew
gl 3 ¥ Aupl oA P aEEE sed FEIE H W WE ¥ FTHA AC o

A SR favaEiaar & aR ¥ TS A 1 (95% HAEE T WR AT
gl

(@) AGRE W X, X,, oo, X, & T WA R =R AR T 0> 10, EX) =1,

- 1
Var(X) = o> > 0 3 A ? =10 z;,xi T HifoY

(i) 7 = ==
(i) 7 = wERor
(ii) 7 = wmem e

P.T.0,
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7. (a) A psychologist estimates the mean reaction time for a sample ofn=29

respondents.

(i) Calculate the width of the 90% confidence interval for true population

variance G2

(i) Calculate the upper bound on sample size “n” so that the expected
width of the confidence interval calculated in (i) does not exceed the

true population variance o>.

(b) A random sample of 20 workers in a village was found to have a mean
daily income of Rs. 45 and a sample standard deviation of Rs. 8. Based
on the sample data, the government wants to obtain an estimate of
the minimum income earned by workers “w”, which covers 99 percent of
workers in the population. Calculate w. (Assume population distribution to
be normal). (5+5)

() v FREAE T = 9 ITREES & T B oy stea wfafhar @ & e
T B '

(i) arafde TFEe T8 of & g 90% wiFwsd Soxae @it dIerE @ TR
g |

(ii) T FFER “TH” W HYA Q0 H I0ET FIO A (i) F 0T @ T
fram siowe 9 R A Tl THEEn B o2 @ A 7 AN

(7) v T F 20 AFvR & v aRow T A A A siad e J 45 TR
g T SR W WEE e 8 T 31 W 3¢ & MR W, SR SR
‘T BN AR AW 3 T SAA W T el 8, S SEa W 99 wiawa
e o HER I o1 T A T R | (FEEen e @ ame ww
wifee)|
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8. (a)
(b)
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SECTION III

Attempt any four questions.

5 = g3 &7 IR o |

The chip of a processor requires a special kind of setting. A lot of re-setting
is required if the setting is not optimal. Prior to a demo too many re-setting
operations were required. In a sample of 200 units, 26 chips required re-
setting. A training workshop explained the process of chips manufacturing in
a dynamic and efficient manner that reduced the task of re-setting. A new
sample of size 200 had only 12 that needed re-setting. Is this sufficient
evidence to conclude at the 0.01 level of significance that the training

workshop have been effective in reducing the task of re-setting?

Studying the entry of runners at two busy parks between 6 p.m. and 8 p.m.,
it was found that on 40 weekdays there were on the average 247.3 runners
entering the first park while on 30 weekdays there were on the
average 254.1 runners entering the second park. The corresponding
sample standard deviations are s, = 15.2 and s, = 18.7. Test the null
hypothesis p, — p, = 0 against the alternative hypothesis p — p, # 0 at the
level of significance a = 0.01. What would be your conclusion using the p-

value of the test. (5+5)

(31) AER &t o & v TRy weeR ot Afew o sramgear B 21 ol AT seaw

76 8 W agd @ A-ART o snazawar N 71 3 A urS wga A G- AR SR
1 JMEEE B M 200 THEEA D A A, 26 R #w R ¥ e w1 @

P.LO.
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(@)

9. (a)
(b)

10
T B 21 U wirerer saen ¥ R Fior ot ufsear < wiieeier K g

% q wer A, e §-ART @ we @ 8 FTEHR 200 B UH AY T
¥ daw 12 % B iR ¥ I T A srEEEE N T TS 001 B FEE F TR
@ s Fraery @ forg ey wner @ o wfiiewr wEwen o A & w6 @
T HA A T @ 87

IR 6 R T 8 T & W &I ET Tl A TGl o JA9 1 LTS TR I | A8
uran ¥ & 40 v & A ¥ SEaT 247.3 gEeE d5d W A 9aW S o wEih
30 9=E & A0 A g o A sheee 2541 UTEaE WAw I o | FERR T 9E
faee T s, =152 3R 5, = 187 B | IFT URSETA p, — p, = 0 T dhfcdsh TRepeT
W, —u, #0 % fo%E AEE o = 0.01, T T I GAEI AT | p- ST T TN e
e ARy B ?

A student is timed 20 times in the performance of a task, getting mean
X = 7.9 minutes and standard deviation s = 1.2 minutes. If the probability
of a Type I error is to be at most 0.05, does this constitute evidence against
the null hypothesis that the average time is less than or equal to 7.5 minutes?

Find the p-value of the test.

Playing 10 rounds of golf every week, a golf professional averaged 71.3
with a standard deviation of 2.64. Test the null hypothesis that the consistency
of his game is actually measured by standard deviation o = 2.40, against the
alternative hypothesis that he is less consistent. Use the level of significance
0.05. Assume that .the distribution of his score every week, is approximately

normal. (5+5)
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() T BT Ok o F e A 20 TR G R W B, WA K= 7.9 e S A

()

10. (a)

(b)

e s — 1.2 e Wi B 21 9 R v o 3 o e st 0.05
2, w1 9F T IR @ R e W S e @ o sitew ' 7.5 fe
%awmsa%w%? QU T p-AF T DTG |

BB Wew @ 10 T3S Qeld §Y, Th TMeh YR A G 2.64 D AE e
W WY 7.3 A | I IR I ARG ue At ) PR awad §
A 9o o = 2.40 3R WA W 8, ey UReew & g fF 9w W
YA 81 WETT & WR 0.05 & ITART FHOC| A AIE fof 3T R Iah ©hR
fareRor s G #

Suppose an automobile company is looking for additives that might increase
gas mileage. As a pilot study, they send thirty cars fueled with a new additive
on a road trip from Bengaluru to Ahmedabad. Without the additive, those
same cars are known to average 25.0 mpg with a standard deviation (o)
of 2.4mpg. Suppose it turns out that the thirty cars average y = 26.3 mpg
with the additive. What should the company conclude at 5% level of

significance?

Using the same information as in part a) suppose the company can commit
two different types of errors. If the additive is effective but the position is
taken that the increase from 25.0 to 26.3 is due solely to chance, the company
will mistakenly pass up a potentially lucrative product. On the other hand,
if the additive is not effective but the firm interprets the mileage increase as
“proof”’ that the additive works, time and money will ultimately be wasted
developing a product that has no intrinsic value. What are these errors known
as? Calculate the probability of both the errors if the rejection region is
given as X = 25.718. Also assume that the true population mean (with the

additive) is 25.750. (5+5)

A L0,
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(31) W e TR o feraTEe ol TRfder & qam R W B A A WA el

(a)

Tl 21 UF UEEC FAET D €9 F, F SR ¥ FEHEEE T 9SS I W R A
R @ @Y 9E FR A e 21 A @, I B B 24mpg AR
e (o) 991 25.0 mpg & T D WY ST T 8 | A Ao foh 48 Ial Tl
2 for g R & SaT § =26.3 mpg TRRT & A 7 1 5% WEA W W T
ot T e e afke?

HIT () & 4 AHHIQ T ST e A T o a3 o1 - e TR
ﬁgﬁmwwﬁrélaﬁlﬁmwﬁ%,ﬁﬁﬁﬁmﬁﬂg%%%oﬁ26.3 ED
=l gfe 10 We | T H TR 2, A BN T o Vb e e Iee
o 1 g IR, AR Ao R 2, Ao A IR W A @
& # =rEn a2 dieies W e 2, e Sk G s T O IEe @
fenfee et A wie 81 wmemn forrem e staRes a0 78 2 | 5= 3RA @ @@ @
SN 37 Al s & x>25.718 & w1 A far wn 2, @ A 7R o e
S O ST I8 o W= S o arafien S e (ARTS @ 9r) 25.750
2

A random sample of 1000 workers from South India shows that their mean
wages are Rs. 47 per hour with a standard deviation of Rs. 28. A random
sample of 1500 workers from North India gives a mean wage of Rs. 49 per
hour with a standard deviation of Rs. 40. Test if there is any significant
difference between mean wages across North and South India for the

population of workers at 1 % level of significance.
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Two different computer processors are compared by measuring the processing
speed for different operations performed by computers using the two
processors. If 12 measurements with the first processor had a standard
deviation of 0.1 GHz and 16 measurements with the second processor had
a standard deviation of 0.15 GHz, can it be concluded that the processing
speed of the second processor is less uniform? Use o = 0.05 level of
significance. What assumptions must be made as to how the two samples are

obtained? (5+5)

(37) wferor wRE & 1000 AR T v AGRoE T T § B S dad Aued 47

12. (a)

L

T N A e iy weT 28 T B ITR HRA & 1500 A 1 O Arghew
T SEE AT 49 TR ofy Her won weE e 40 v W wer B 1%
e TR W AT H e & fore I Sl wfinr vk A siew woed @ S
HECA! SR © AT AL, THHRT IS0 Horg |

T T~ FERT LT WG Sl Gl 3 MG Sl ST o e 31 g g
Tafer =l & T e 1 = A @ B e W 21 OfR vee e & w9
12 W A 0.1 RS W wEn oo o sk g DR @ A 16 W ¥ 015
MESS &t aFes e o, @ =0 a8 et Feen o oo 2 & ol M
I TR T 6 TR B 7 WETE & 0.05 TR 1 ITANT HG 1 8 T B
W T 9, 3 R A R GRS S ey ?

In a pilot process, almond milk was manufactured in n = 8 plants to yield

(in litres) in a week.

1268 [325 [297 [246 [315 [398 [265 [199 |

BT.0.
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(b)
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Conduct a test of hypotheses with the intent of showing that the mean
production is less than 36.2. Take level of significance o = 0.01 and assume
a normal population. Based on your conclusion, what error could you have

made? Explain in the context of the problem.

Using the 95% confidence interval, for the mean reading time, following

information is obtained:

Sample Standard | 95% Confidence
N Sample Mean
Deviation Interval
15 6.009 1.078 (5.412, 6.606)

(i) Decide whether or not to reject H: p = 5.5 hours in favour of

H : p # 5.5 hours at level of significance o = 0.05.

(ii) Decide whether or not to reject H;: p = 5.3 hours in favour of

H,: p # 5.3 hours at level of significance a = 0.05.

(iti) Based on the example what is the relationship between tests for two-

sided alternatives and confidence intervals? {545}

(3r) e e vl F, SEE T g 0= 8 Uil ¥ g ¥wE & 9ud (el #) & forw

ﬁﬁamwm

[268 [325 [29.7 [246 [315 [398 [265 199 |

T IET 362 ¥ 9 € 48 REm & T0¢ ¥ IRGeaAT &1 qdert Hkw | 98
& W o= 0.01, AT 3 TF IEFT TGS AT w1 e (e @ SR
T, M9 R JR T gET A7 W @ GeN H A i |
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(=) sdag X @ wE @ U 95%
ar:rasrﬁmtaa%’tmré’r%:

Sample Standard 95% Confidence
Sample Mean )
Deviation Interval

(i) =a o & H,;p=55% @ SreSterTC el 2 A H W% 5.5 BT H 9E

¥, wEea & TN a=0.05TI

(i) v i H,;p=539c¢ @ e Tl B A 8 Hyip# 53 e & e

¥, wEed @ W =005 a1

(iii) ST B SR T A T e A siaer & Forg Qe & S

Far GEa 27

PTCL
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A-2 Abpendiz Tatlas

;ratlﬁ IS\J Cumulative Binomiaj Probabilities Blx; n,p) = 2 b(y; n, p)
. = =0

0.01 0.05 0.10 0.20 025 (.39 040 ¢.350 060 070 o, 75 0.80 0.9¢  9.95 0.99
0 951 174 .590 328 237 168 078 031 010 0pm2 001 000 000 000 000
1 1 .999 977 919 737 633 528 337 1s% 087 031 016 007 000 000 000
i X 2  1.000 999 991 942 g9 837 683 500 317 163 104 058 009 001 poo
3
4

L000  1.000 Logo 993 984 949 913 812 663 472 367 263 OBL 023 ooy
LO00  1.000 L0O00  1.000 999 998 990 949 922 832 763 672 410 226 049

b. r =19
MMMN A e <
P
s IR R o

0.01 0.08 0.10 020 925 0.30 040 959 0.60 070 g7 0.80 090 .95 0.99
MMMMMHM%— e et i
904 599 349 d07 056 o2 006 001 oo 000 000 00p 000 000 oo

.996 914 736 376 244 149 0ds  on1 002 000 oo D00 000 g 000

L.o00 988 930 678 526 383 A67 055 12 002 000 opp 000 000 oop

1.000 .999 987 879 776 650 382 172 055 011 004 g0 000 000 oo

1000 1.000 998 967 922 gsp 633 377 iss 047 020 006 000 000 000

0

1

2

3

4

5 L000  1o0o 1.000 994 980 953 834 623 367 150 078 033 002 000 g0
6

7

8

9

LO00 1000 1.000 999 996 989 945 828 618 350 224 g3 013 001 oo
1000 1.000 1.000  1.ooo 1000 998  ggg 945 833 617 474 322 o7 012 o000
LO00 1000 g 000 1.000 1.000 1.000 998  gg9 954 8s1 756 624 264 084 004
LO00 1000 1.000 1000 1.000 1000 1000 999  goq 972 944 go3 651 401 094

0 463 i 035 013 005 000 000 opo 000 000 opo 000 000 oo
I 990 .829 .549 167 080 035 005 000 opo 000 000 .ogp 000 000 opp
2 1.000 .964 816 398 236 127 027 004 oo 000 000 000 000 000 oo
3 1000 995 944 648 461 297 090 018 o002 000 000 00 000 000 000
4 1.000 999 987 836 686 515 217 059 009 001 000 000 000 000 pgo
5

6
7
8
9

1.600  1.000 .998 939 852 m 403 151 034 004 001 oo 000 000 00
1060 1.000 1.00p 982 943 g6y 610 304 o5 015 004 o 060 000 000
L0060 1000  1.000 996 983 950 787 500 313 050 017  gpg 000 000 0o
1.000  1.000 L.o0o 999 996  ogs 905 696 390 A31 057 opg 000 000 o0
L0oo0  1.000 1.000 LO00 999  ggg 966 849 597 278 148 061 002 000 000

10 1.000 1.000 1.000  1.000 1.000 999 991 g4y 783 485 314 Jd64 013 oop .000
I 1000  1.000 1000 1.000 1 000 1.000 998 982 900 703 539 352 056 005 000
12 1000 1000 100D 1.000 1.000 LO00 1000 996 973 873 764 602 184 036 000
I3 1000 1.000 LO00  1.000 1.000 1.000 1.000 1.000 995 965 939 833 451 71 010

14 Looo 1.000  1.000 L0O00 1.000 1000 1.000 L.000  1.000 995 987 965 794 337 140
: - (L'Gﬂlifu:r!a')
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Appen by Tabli A3 |

Table A1 Cumulative Binomial Probabilities (cont.) By = % e
d n=20 e "

0.01 0.05 0.10 020 025 030 040 050 060 070 075 080 096 095

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

0 :
1 983 736 392 069 024 008 001 000 000 .000 000 600 000 000 000
2 999 925 677 206 091 035 .004 000 .000 .000 000 000 000 .000 .000 .
3 1.000 984 .867 411 225 107 016 001 000 .000 .0OO 000 000 000 000 -
4 1000 997 957 630 415 238 051 006 .000 .000 000 .006 .000 000 .000 ]
5 1.000 1.000 .989 804 617 Al6 126 021 002 .000 .000 000 000 000 000
6 1.000 1.000 998 913 186 608 250 058 006 .000 000 600 .000 000 .000
7 1.000 1.000 1.000 968 898 772 A4le 132 021 .00l .000 000 000 000 .000
8 1.000 1.000 1.000 990 959 887 596 252 057 .005 001 000 000 000 .000 '
9 1.000 1.000 1.000 997 98 952 755 4l2 128 017 004 001 000 000 .000
* 10 1.000 1.000 1.000 999 006 983 872 588 245 048 014 003 000 .000 .000

11 1.000 (000 1000 1.000 .999 .995 943 748 404 113 041 010 000 000 .000

12 1000 1000 1000 1000 1000 .999 979 868 584 228 102 032 .000 .000 {000

13 1000 1.000 1000 1000 1.000 1.000 904 942 750 392 214 087 .002 006 .000

14 1000 1.000  1.000 1000 1.000 1.000 998 979 874 584 383 196 .01l 000 000

15 1.000 1000 1000 1000 1000 1 000 1000 994 949 762 585 370 043 003 .000

16 1.000 1000 1.000 1.000 1.000 1.000 1000 999 984 893 775 589 .133 016 000

17 1000 1.000 1,000 1.000 1.000 1.000 1000 1.000 996 965 909 794 323 075 001

18 1000 1.000 1.000 1000 1.000 1.000 1 000 1.000 999 992 976 931 608 264 017

19 1.060 1000 1.000 1.000 1.000 1.000 1000 1.000 1000 999 997 988 .B78 642 .182

{continued)

B T.0.
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T A4 Appendix Tables

| Table A1 Cumulative Binomial Probabilities (cont.} Bimp) = 3 bty n,p)
e n=25 a

0.01 0.05 0.10 020 025 030 040 050 0.60 070 075 080 0.90 0.95  0.99

778 277 .072 004 001 000 .000 000 000 000 .000 000 2000 000 .000
.974 642 AT 027 007 002 000 000 000 000 000 000 000 000 000
998 873 537 098 032 009 000 .000 000 000 000 000 000 000 000
1.000 .966 764 234 096 033 002 .000 000 000 000 000 000 000 000
1.000 993 902 421 214 0% 009 000 000 000 000 000 .000 000 000

1.000 999 967 617 378 193 029 002 000 000 000 000 000 000 000
1.000  1.000 991 780 561 341 074 007 000 000 000 000 000 000 000
1.000  1.000 998 891 727 512 154 022 001 000 000 000 000 000 000
1000  1.000 1.000 953 851 677 274 054 004 000 000 000 000 000 000
1000 1.000  1.000 983 929  8H 425 115 013 000 000 000 000 000 000

10 1.000  1.000 1.000 594 970 902 586 212 034 002 000 000 000 000 000
1T 1000 1000 1.000 998 980 956 .732 345 078 006 008 000 000 000 000
x 12 1000 1.000 1.000 1.000 997 983 B46 500 154 017 003 000 000 000 .000
I3 1000 1.000 1.000 1.000 999 994 922 655 268 044 0200 002 000 000 000
14 1000 1.000 1000 1.000 LOD0 998 966 788 414 o8 030 006 000 000 000

15 1.000 1.000 1.000 1.000 1.000 1.000 987 885 575 A89 071 017 000 000 000
16 1.000 1000 1.000 1000 1.000 1000 996 946 726 323 149 047 000 000 000
17 1000 1.000 1000 1.000 LO0O 1.000 999 978 846 A88 273 109 002 000 000
18 1000 1.000 1.000 1.000 1 000 1.000 1000 993 926 50 439 2200 009 000 000
19 1.000 1000 1.000 1.000 1000 1.000 1.000 998 971 807 622 383 033 001 .000

20 1000 1.000 1.000 1.000 1000 1.000 1.000 1.000 991 .90 786 579 098 007 .000
21 1000 1,000 1.000 1.000 1000 1.000 1000 1.000 998 .97 904 766 236 034 000
22 1000 100G 1.000 1.000 1| 000 1.000 1000 1.000 1000 991 968 902 463 127 002
23 1000 1.000 1.000 1.000 1.000 1000 1.000 1.000 1.000 998 .993 973 720 358 026
24 1000 1000 1.000 1.000 1.000 1000 1.000 1.000 1.000 1.000 .999 996 928 723 222

WA bW

Table A2 Cumulative Poisson Probabilities o e H
e Poisson Probabilitie Fsp) =3 .
r=0 .
"
1 2 3 4 5 .6 7 8 9 i.0
0 905 819 741 670 607 .549 497 449 407 368
1 995 982 963 938 910 878 844 809 12 736
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 1.000 999 999 998 996
5 1.000 1.000 1.000 999
6 1.000

(continied)
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Appendi Tables A5

gean A nal T
Table A.2 Cumulative Poisson Probabilities (cont.) Foup =38 v"‘
o !
m
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 100 150 200
0 35 050 018 007 002 001 000 000 000  .000  .000
1 406 199 092 040 017 007 003 .00 000 000 000
2 677 423 238 25 062 030 014 006 003 000 000
3 857 647 433 265  .AS1 082 042 021 010 000 000
4 947 815 629 440 285 173 .00 055 029 001 000
5 983 916 785 616 446 301 191 A6 067 003 .000
6 995 966 889 %62 606 450 313 207  .130 008  .000 |
7 999 988 949 867  .744 599 453 324 220 018 00l
8§ 1000 99 979 932 847 729 593 . 456 333 037 002
9 999 992 98 916 830 JI17 587 458 070 005
10 1000 997 98 957 901 816 706 583 118 .01l
i1 999 995 980 947 888 803 697 .85 021 |
12 1000 998 991 973 .93 876 792 268 039
13 ' 999 99 987 966 926 864 363 066 {
14 1000 999 994 983 959 917 466 105 .
15 999 998 992 978 951 568 157 &
16 1.000 999 996 989 973 664 21 -
17 1000 998 995 .98 749 297
18 999 998 993 819 381
S 1000 999 997 875 470
20 1000 998 917 550
21 999 947 644
22 1000 967 721
23 981 787
24 989 843
25 994 888
26 997 922
27 998 948
28 999 066
29 1.000 978
30 987
31 992
32 995
33 997
34 999
35 999
36 1.000
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A-6 Appentlix Tables

| Table A3 Standard Normal Curve Areas O =PZ=z)
Standard normal density curve

Shaded area= (z)

i

|

{

i

1

H

0 4

z 00 01 02 03 04 05 06 07 08 09
-34 0003 .0003 .0003 .0003 0003 0003 .0003 .0003 .0003 0002
-3.3 0005 0005 .0005 .0004 .0004 L0004 .0004 .0004 .0004 .0003
=32 0007 0007 0006 0006 0006 0006 .0006 0005 .0005 0005
—3.1 0010 0009 0009 0009 .0008 .0008 .0008 0008 0007 0007
-3.0 0013 .0013 0013 .0012 0012 .0011 0011 0011 0010 0010
=29 .0019 0018 0017 .0017 0016 0016 0015 0015 0014 .0014
-2.8 .0026 0025 0024 0023 .0023 0022 0021 0021 0020 0019
=27 .0035 0034 0033 0032 0031 .0030 .0029 .0028 0027 0026
N —-2.6 - .0047 .0045 .0044 0043 0041 0040 0039 0038 0037 .0036
E —2.5 00662 0060 .0059 0057 0055 0054 0052 .0051 .0049 .0038
E —2.4 0082 .0080 0078 0075 0073 .0071 0069 .0068 0066 0064
—-2.3 0107 0104 .0102 .0099 .0096 0094 .0091 .0089 .0087 .0084
| =22 0139 .0136 0132 0129 .0125 0122 0119 0116 0113 0110
=21 0179 0174 0170 0166 .0162 0158 0154 0150 0146 0143
§i —2.0 0228 0222 0217 0212 0207 10202 0197 0192 0188 0183
B —1.9 0287 L0281 .0274 0268 10262 .0256 .0250 . 0244 .0239 - .0233
i —1.8 0359 0352 0344 0336 0329 0322 0314 0307 0301 10294
N 17 0446 0436 0427 0418 0409 0401 0392 0384 .0375 .0367
B —1.6 0548 0537 0526 0516 0505 .0495 0485 0475 .0465 0455
P 1.5 0668 0655 .0643 0630 0618 0606 0594 0582 0571 .0559
."""f: -14 .0808 0793 0778 0764 0749 .0735 0722 .0708 0694 .0681
g‘;:‘ -13 0968 0951 0934 0918 0901 .0885 0869 0853 .0838 .0823
. —1.2 1151 131 0 1112 .1093 1075 1056 .1038 1020 .1003 .0985
N 1.1 1357 1335 1314 1292 1271 1251 L1230 1210 1190 1170
-1.0 1587 1562 1539 1515 .1492 .1469 .1446 .1423 .1401 1379
—=0.9 1841 1814 1788 1762 1736 1711 .1685 1660 1635 1611
-0.8 2119 .2090 2061 2033 .2005 1977 .1949 1922 1894 1867
-0.7 2420 2389 .2358 2327 .2296 2266 2236 2206 2177 2148
=0.6 2743 2709 .2676 .2643 2611 2578 2546 2514 2483 2451
-0.5 3085 23050 3015 2981 2946 2912 2877 2843 2810 2776
-0.4 3446 3409 3372 3336 3300 3264 3228 3192 3156 3121
-0.3 3821 3783 3745 3707 .3669 3632 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 14325 4286 4247
=0.0 5000 4960 4920 4880 4840 4301 4761 4721 4681 4641

(continued)
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Appendix Tables AT S8

Table A3 Standard Nermal Curve Areas (cont.) B = P(Z=2) B
z 00 01 02 03 04 05 06 07 08 09

0.0 5000 5040 5080 5120 5160 5199 5239 5279 5319 5359 1
0.1 5398 5438 5478 5517 5557 5596 5636 5675 5714 5753 S
02 5793 5832 5871 5910 5948 5987 6026 6064 6103 614l e
0.3 6179 6217 6255 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 104 S
0.6 7257 7291 7324 1357 1389 7422 7454 7486 517 7549 5
0.7 7580 611 7642 7673 7704 734 7764 7794 7823 7852 & ‘.
08 7881 7910 7939 1967 7995 8023 8051 8078 8106 8133 S
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 2849 8869 8888 8907 8925 8944 8962 8980 8997 9015
1.3 9032 9049 9066 9082 9099 9115 9131 9147 9162 9177

14 9192 9207 9222 9236 9251 9265 9278 9292 9306 9319

1.5 9332 9345 9357 9370 9382 9394 9406 9418 9429 9441

1.6 9452 9463 9474 9484 9495 9505 9515 9525 9535 9545

1.7 9554 9564 9573 9582 9591 9599 9608 9616 9625 9633

1.8 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706

19 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767

2.0 92 9778 9783 9788 9793 9798 9803 9808 9812 9817

21 9821 9826 9830 9834 9838 9842 9846 9850 9854 9857

22 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890

23 9893 9896 9898 9901 9904 9906 9909 9911 9913 9916

24 9918 9920 9922 9925 9927 9929 9931 9932 9934 9936

2.5 9938 9940 9941 9943 9945 9946 9948 9949 9951 99352

2.6 9953 9955 9956 9957 9959 9960 9961 5962 9963 9964

27 9965 9966 9967 9968 9969 9970 9971 9972 9973 9974

28 9974 9975 9976 9977 9977 9978 9979 9979 9980 9981

29 9981 19982 9982 9983 9984 9984 9985 9985 9986 9986

3.0 0987 9987 9987 9988 9988 9989 9989 9989 9990 9990

3.1 9990 9991 9991 9991 9992 9992 15992 9992 9993 9993

32 9993 9993 9994 9994 9994 9994 9994 9995 - .9995 9995

33 9995 9995 9995 9996 9996 9996 9996 9996 9996 9997

34 9997 9997 9997 9997 9997 9997 9997 9997 9997 9998
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Appetidix Table, A-9 e

Table A5 Criticai Values for ¢ Distributions /tu density curve

Shaded arca = 1y

///
|
:-;

0005

! 3.078 6314 12.706 31.821 63.657 31831 636.62 §
2 1.886 2.920 4303 6.965 9.925 22326 31598 §

3 1.638 2.353 3.182 4.541 5.841 10.213 12924 S
4 1533 2.132 2.776 3747 4.604 7173 8.610

5 1476 2.015 2.571 3.365 4.032 5.893 6.869

6 1.440 1.943 2.447 3.143 3.707 5.208 5.959 ‘-
7 1415 1.895 2.365 2.998 3.499 4785 S408 R
8 1397 1.860 2.306 2.896 3.355 4.501 5.041 S8
9 1.383 1.833 2.262 2821 3.250 4.297 4.781
10 1372 1:812 2228 2.764 3.169 4.144 4587
11 1363 1.796 2201 2718 3.106 4.025 4437

12 1.356 1.782 2,179 2.681 3.055 3.930 4318

13 1.350 1771 2,160 2,650 3.012 3.852 4221

14 1.345 1.761 2.145 2.624 2977 3.787 4.140

15 1341 1.753 2.131 2.602 2.947 3.733 4.073

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 2552 2.878 3.610 3.922

19 1.328 1.729 2.093 2539 2.861 3.579 3.883

20 1325 1.725 2.086 2528 2.845 3.552 3.850

21 1.323 1.721 2.080 2518 2.831 3527 3.819

22 1.321 1717 2.074 2.508 2.819 3.505 3.792

23 1319 1.714 2.069 2.500 2.807 3485 3.767

24 1318 1711 2.064 2492 2.797 3.467 3.745

25 1316 1.708 2.060 2.485 2787 3.450 3725

26 1315 1.706 2.056 2479 2.779 3435 3.707

27 1314 1.703 2052 2473 277 3421 3.690

28 1313 1.701 2.048 2.467 2.763 3.408 3.674

29 1311 1.699 2.045 2462 2756 3.396 3.659

30 1310 1.697 2.042 2457 2750 3.385 3.646

32 1309 1.694 2.037 2.449 2.738 3.365 3622

34 1.307 1.691 2.032 2.441 2.728 3.348 3.601

36 1306 1.688 2.028 2434 2.719 3.333 3.582

38 1304 1.686 2024 2.429 2712 3319 3.566

40 1303 1.684 2.021 2.423 2.704 3.307 3.551

50 1.299 1.676 2.009 2.403 2678 3.262 3.49

60 1.296 1.671 2.000 2.390 2.660 3232 3.460
120 1.289 1.658 1980 2.358 2.617 3.160 3.373

1.282 1:645 1.960 2.326 2.576 3.090 3.291
B o T T . e e

Copyright 2010 Cengage Learning. All Rights Rescrved. May nat be copicd, scanned, or duplicated, in whole or in part. Bue 1o electronic rights, some third party content may be suppressed from the elBoak anor ¢Chapierfs).
Editorial revicw has deemed thal any suppressed content docs ol materially affect the overall learning experience. Cengage Learning reserves the right to remove additional conient atany time if subsequent rights restrictions requir .



Appenadix Table.  A-11 AECY

X2 density curve

Shaded area = o

1349 23
Table A.7 Critical Values for Chi-Squared Distributions
o
v 995 .99 975 95 90 .10 05
1 0.000 0.000 0.001 .0.004 0.016 2.706 3.843
) 0.010 0.020 0.051 0.103 0211 4.605 5.992
3 0.072 0.115 0216 0.352 0.584 6.251 7.815
4 0.207 0.297 0.484 0,711 1.064 7.779 9.488
3 0412 0.554 0.831 1.145 1.610 9.236 11.070
6 0.676 0.372 1.237 1.635 2.204 10.645 12,592
21k 0.989 1.239 1.690 2.167 2.833 12.017 14.067
8 1.344 1.646 2.180 2,733 3.490 13362 15507
9 1.735 2.088 2.700 3.325 4168 14.684 16.919
10 2.156 2.558 3247 3.940 4.865 15.987 18.307
11 2.603 3.053 3816 4.575 5.578 17.275 19.675
12 3.074 3.571 4.404 5226 6.304 18.549 21.026
13 3.565 4.107 5.009 5.892 7.041 19.812 22.362
14 4.075 4.660 5.629 6.571 7.790 21.064 23.685
15 4.600 5.229 6.262 7.261 8.547 22.307 24.996
i6 5.142 5.812 6.908 7.962 9.312 23.542 26.296
17 5.697 6.407 7.564 8.682 10.085 24,769 27.587
18 6.265 7015 8.231 9.390 10.865 25.989 28.869
19 6.843 7.632 8.906 10.117 11.651 27.203 30.143
20 7.434° 8.260 9.591 10.851 12.443 28.412 31410
21 8.033 8.897 10.283 11.591 13.240 29.615 32.670
22 8.643 9.542 10.982 12.338 14.042 30.813 33.924
23 9.260 10.195 11.688 13.090 14.84% 32.007 35.172
24 9.886 10.856 12.401 13.848 15.659 33.196 36.415
25 10.519 11.523 13.120 14.611 16.473 34.381 37.652
26 11.160 12.198 13.844 15379 17.292 35.563 38.885
27 11.807 12.878 14.573 16.151 18.114 36.741 40,113
28 12.46] 13,565 15.308 16.928 18.939 37.916 41.337
29 13.120 14.256 16.147 17.708 19.768 39.087 42.557
30 13.787 14.954 16.791 18.493 20.599 40.256 43.773
31 14.457 15.655 17.538 19.280 21.433 41.422 44.985
32 15.134 16.362 18.291 20.072 22.271 42.585 46.194
33 15.814 17.073 19.046 20.866 23.110 43.745 47.400
34 16.501 17.789 19.806 21.664 23.952 44.903 48.602
35 17.191 18.508 20.569 22.465 24.796 46.059 49.802
36 17.887 19.233 21.336 23.269 25.643 47.212 50.998
37 18.584 19.960 22.105 24.075 26.492 48363 52.192
38 19.289 20.691 22.878 24.884 27.343 49.513 53.384
39 19.994 21425 23.654 25.695 28.196 50.660 54.572
40 20.706 22.164 24433 26.509 29.050 51.805 55.758

! i
1 —
L ¥2 f
025 01
5.025 6.637
7.378 9.210
9.348 11.344
11.143 13.277
12.832 15.085
14.440 16.812
16.012 18.474
17.534 20.090
19.022 21.665
20.483 23.209 -
21.920 24.724
23.337 26217
24735 27.687
26.119 29.141
27.488 30.577
28.845 32.000
30.190 33.408
31.526 34.805
32.852 36.190
34.170 37.566
35478 38.930
36.781 40.289
38.075 41.637
39.364 42 980
40.646 44,313
41,923 45.642
43.194 46.962
44 461 48.278
45772 49.586
46.979 50.892
48.231 52.190
49.480 53.486
50.724 54,774
51.966 56.061
53.203 57.340
54437 58.619
55.667 59.891
56.896 61.162
58.119 62.426
59.342 63.691

PO,
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A-12  Appendix Tadles

i Table A.8 f Curve Tail Areas

t curve Area to the
Nf t
| [l
0

f

N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 11 18

§ 0.0 T.SOO 500 .500 .500 .500 500 500 .500 .500 .500 .500 500 .500 .500 .500 .500 500 500
0.1 A68 465 .463 463 A62. 462 462 461 461 461 461 461 461 461 46l 461 461 461
6.2 437 430 ~427 426 A5 424 424 423 423 4D 423 422 422 422 A2 422 422 422
03 407 396 .392 390 388 387 386 386 .38 .385 385 385 384 .84 384 384 384 384
0.4 379 364 358 355 353 352 351 350 349 349 348 348 348 347 347 347 347 347
0.5 357 333 326 322 319 317 316 315 315 314 313 313 313 312 312 312 312 312

,: 0.6 328 305 295 .290 .287 285 284 283 282 281 980 280 279 279 279 278 278 278
¢ 0.7 306 278 267 261 258 255 253 252 251 250 249 249 248 247 247 247 247 246
. 08 285 254 241 234 230 221 295 1223 222 221 220 220 219 218 213 28 217 217
. 0.9 267 232 217 210 205 201 199 197 196 .195 194 193 .192 191 191 .191 190 190
i 1.0 250 211 .196 .187 182 .178 175 173 172 170 169 .169 168 167 .167 .66 .166 165

1.1 235 193 .176 167 .62 157 154 152 150 149 .147 .146 .146 .144 144 144 143 143

i 1.2 991 177 .58 .148 142 138 135 132 .30 129 .128 127 126 .24 124 124 123 123
13 200 162 .42 132 125 121 117 115 .3 I L1 109 108 .107 .107 .106 .105 105
e 1.4 197 148 128 117 110 106 .102 .100 098 .096 095 093 092 091 .09% 090 090 .089

15 187 136 115 .104 .097 092 .080 086 .084 .082 .08l 080 079 077 071 077 076 075

. 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 | .16l 107 085 073 066 061 057 055 .053 051 .050 .049 .04 .046 046 045 045 .044

1.9 154 099 077 .065 058 053 050 .047 045 043 042 041 040 038 033 038 .037 .037

2,0 148 092 070 058 .05l -046 043 040 038 037 .035 034 033 .032 032 031 .031 030

e 2.1 141 085 063 052 045 040 037 034 .033 031 .030 029 028 027 .027 .026 025 025
B 22 136 .079 .058 .046 040 035 032 029 .028 026 .025 .024 023 022 022 021 .021 .02
2.3 131 074 052 .041 035 .03l 027 .25 023 022 021 020 019 018 .018 018 017 017

24 126 069 .048 037 .031 027 024 022 020 .019 018 017 016 015 015 014 014 014

25 121, 065 044 033 027 023 020 018 017 016 015 o014 013 012 012 012 011 0Ll

2.6 117 061 .040 030 024 020 018 016 .014 013 012 012 0i1 .010 .0l0 010 .009 .009

27 113 057 037 027 021 (018 015 014 012 011 010 010 009 .008 .008 .008 .008 .007

2.8 109 054 .034 024 019 016 013 012 010 009 .009 .008 008 .007 007 .006 .006 006

2.9 106 051 .031 022 .017 .014 011 010 009 .008 .007 .007 006 005 .005 .005 .005 .005

3.0 102 048 029 .020 .015 012 010 009 .007 .007 006 006 .005 .004 .004 .004 004 004

3.1 099 045 .027 018 013 .01 009 007 .006 006 .005 005 004 .004 .004 003 .003 003
3.2 096 .043 025 016 012 009 008 006 .005 .005 .004 .004 003 003 003 .003 .003 002
33 094 040 023 .015 .0l 008 .007 .005 .005 .004 .004 003 003 .002 002 .002 002 002
34 091 038 .021 .014 010 .007 006 005 .004 003 .003 003 002 002 .002 002 002 002
35 089 036 .020 .012 009 .006 005 004 .003 003 .002 .002 002 .002 .002 001 .001 001

3.6 086 .035 018 .01l .008 .006 004 004 003 002 .002 .002 002 001 001 .00t 001 .00l
33 084 033 .017 010 007 .005 004 003 .002 002 .002 .002 001 00L 001 .01 001 .00l
3.8 082 031 .016 .010 .006 .004 003 003 .002 .002 .001 .00 001 .001 .001 001 .001 .00l
39 080 .030 .015 009 .006 004 .003 002 002 .001 .00t 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

(continued}
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Table A.8 t Curve Tail Areas {cont.)

25

Appendix Tablos  A-13 |

i curve Area to the
1 pT
0 [}
t
H 19 20 21 22 23 24 25 26 27 28 29 30 35 40 60 120 =»(=3z)
0.0 500 500 .500 500 500 .500 .500 .500 500 500 500 .500 500 500 500 500 500
0.1 461 461 461 461 461 461 461 461 461 461 461 461 460 460 460 460 460
0.2 A22 422 422 422 422 422 422 422 421 421 421 421 421 421 421 421 421
0.3 384 384 384 383 383 383 .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
0.5 311 310 311 311 311 311 311 311 G311 310 310 310 310 310 309 .309 309
0.6 278 278 278 297 237 277 2T 3T 7 277 277 277 276 276 275 275 274
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 Ji4 713 213 212
0.9 90 189 189 189 .189 .189 .188 .188 188 188 188 .188 187 .187 .18 .185 84
1.0 d65 165 164 164 .164 164 .163 63 163 163 .163 .163 .162 .162 .16l 160 159 &8
1.1 43 142 142 142 141 141 .141 141 141 140 (140 .140 139 139 138 137 d36 0
1.2 220122 122 121 121 121 121 120 200 120 120 120 119 119 117 116 115
1.3 05 104 104 104 (103 103 .103 103 .102 02102 (102 101 101 099  .098 097
14 089 089 .088 .088 .087 .087 .087 - .087 086 .086 .086 .086 .085 .085 .083 .082 .081
1.5 075 075 074 074 074 073 073 073 073 072 072 072 071 07T 069 068 067
1.6 063 063 062 .062 .062 .061 .061 .06l 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
1.8 044 043 043 043 042 042 - 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
2.0 030 030 .029 029 .029 .028 028 .028 .028 028 027 027 .027 026 025 024 023
2.1 025 024 024 024 .023 023 .023 023 .023 022 022 .022 022 02F 020 019 018
2.2 020 .020 020 .019 .019 .019 019 .018 .018 018 .018 .018 .017 017 016 015 014
23 016 016 .016 016 015 .015 015 .015 .015 .015 014 014 014 013 012 .012 011
24 013 013 013 013 012 .012 0I2 .012 012 012 012 011 011 011 010 .009 008
25 011 .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
2.8 006 006 005 .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
3.0 004 004 .003 003 .003 .003 .003 .003 .003 .003 003003 .002 002 002 .002 001
3.1 003 .003 .003 .003 003 .002 .002 002 .002 002 002 002 002 002 001 .001 001
32 002 002 002 002 .002 002 002 .002 .002 002 002 .002° 001 .001 .001 .001 .001
33 002 .002 002 002 .002 001 001 001 .001 .001 001 001 001 .001 001 .001 .000
34 002 .001 001 .001 .001 .001 .001 .001 .001 .001 001 001 .001 001 .00F .000 .000
35 001 001 .001 .001 .001 .001 .001 .001 .001 .001 001 .001 001 001 .000 .000 000
3.6 001 .001 .001 .001 .001 .001 .001 .001 .00l 001 001 .001 .000 .000 .000 .000 000
37 001 001 .001 .001 .001 .001 .001 .001 .000 .000 000 .000 .000 .000 .000 .000 000
38 001 001 .001 .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 .600 .000 .000
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A-14  Appendix Tables

Table A.9 Critical Values for F Distributions

¥, = numerator df

o 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
1 050 161.45 199.50 21571 224.58 230.16 233.99 236.77 238.88 240.54
010 | 405220 4999.50 540340  5624.60  5763.60  5859.00 592840  5981.10 6022.50
001 | 405284 500,000 540,379 562500 576405 585937 592,873 598,144 602,284
100 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38
2 050 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38
010 98.50 99.00 9907 99.25 99.30 99.33 99.36 99.37 99.39
001 998.50 999.00 999.17 999.25 999.30 999.33 999.36 999.37 999.39
100 5.54 5.46 5.39 5.34 5.31 528 527 5.25 5.24
3 050 10.13 9.55 9.28 912 9.01 8.94 8.89 8.85 8.81
810 34.12 30.82 29.46 28.71 2824 2791 27.67 2749 27.35
001 167.03 148.50 141.11 137.10 134.58 132.85 131.58 130.62 129.86
100 4.54 432 4,19 411 405 4.01 3.98 3.95 394
% 050 7.7 6.94 6.59 6.39 6.26 6.16 6.00 6.04 6.00
010 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66
001 74.14 61.25 56.18 5344 5171 50.53 49.66 49.00 4847
100 4.06 3.78 3.62 252 345 340 3.37 3.34 332
5 050 6.61 5.7% 541 5.19 5.05 495 438 482 471
410 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16
001 47.18 37.12 33.20 31.09 29.75 28.83 28.16 27.65 2724
5 .100 3.78 346 3.29 3.18 3.1 3.05 3.01 2.98 2.96
8 6 050 5.99 5.14 4.76 4.53 439 428 421 4.15 4.10
2 010 13.75 10.92 9.78 9.15 8.75 847 8.26 8.10 7.98
e E 001 35.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69
o ] é .100 359 3.26 3.07 2.96 2.88 2.83 2.78 2175 2.72
e o7 050 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68
o 010 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72
081 29.25 21.69 18.77 17.20 16.21 15:52 15.02 14.63 1433
100 3.46 3.11 292 2.81 273 2.67 2.62 2.59 2.56
8 050 5.32 446 4.07 3.84 3.69 3.58 3.50 344 3.39
010 11.26 8.65 7.59 7.0} 6.63 6.37 6.18 6.03 5.91
001 2541 18.49 15.83 14,39 1348 12.86 12.40 12.05 1177
100 3.36 3.01 2.81 2.69 2.61 2.55 2.51 247 2.44
9 050 5.12 4.26 3.86 3.63 3.48 337 3.29 3.23 318
010 10.56 8.02 699 - 642 6.06 5.80 5,61 547 5.35
.001 22.86 16.39 13.90 12.56 1L71 113 10.70 10.37 10.11
100 329 2.92 2.9% 2.61 253 246 241 238 2.35
10 050 4.96 4.10 1M 3.48 349 322 3.14 3.07 3.02
010 10.04 7.56 6.55 599 5.64 5.39 5.20 5.06 4.94
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 2.39 234 230 221
i 050 4.84 3.98 3.59 3.36 3.20 3.09 3.0L 2.95 2.90
010 9.65 7.21 6.22 5.67 532 5.07 4.89 4.74 4.63
001 19.69 13.81 11.56 10.35 9.58 9.05 8.66 8.35 8.12
100 3.18 2.81 2.61 248 2.39 233 2.28 2.24 221
12 050 4.75 3.89 349 - 326 EA 3.00 291 2.85 2.80
010 933 6.93 5.95 5.41 5.06 4.82 4.64 4.50 439
001 18.64 12.97 10.80 9.63 8.39 838 8.00 7.71 7.48

(continued)
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Appendlx Tablos

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

¥, = pumerator df

A-15

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 |
241.88 24391 24595 24801 24996 25010 25114 25177 25230 95325 254.19 NS
6055.80 610630 615730 620870 6239.80 626060 - 6286.80  6302.50 631300 6339.40  6362.70
605,621 610,668 615764 620,908 624017 626,099 628,712 630,285 631,337 633972 636301 (0

939 9.41 942 9.44 9.45 9.46 947 9.47 9.47 9.48 9.49 ;
19.40 19.41 19.43 19.45 1945 19.46 19.47 19.43 19.48 19.49 19.49 S
99.40 99.42 99.43 99.45 99.46 99.47 99.47 99.48 99.48 99.49 99.50 &
99940 99942 99943 99945 09946 99947 99947 99948 99948 99949 999.50 £

523 522 5.20 518 . 517 5.17 5.16 5.15 515 5.14 513 0

8.79 8.74 8.70 8.66 8.63 8.62 8.59 8.58 8.57 8.55 853 S
27.23 27.05 26.87 26.69 26.58 26.50 26.41 26.35 26.32 26.22 26.14 S
12925 12832 12737 12642 12584 12545 12496 12466 12447 12397 123.53 =

3.92 3.90 3.87 3.84 3.83 3.82 3.80 3.80 3.79 378 376

5.96 581 586 5.80 577 5.75 572 5.70 5.69 5.66 5.63
14.55 14.37 14.20 14.02 13.91 13.84 13.75 13.69 13.65 13.56 13.47 |
48.05 4741 46.76 46.10 45.70 4543 45.09 44.88 44.75 44.40 44.09

3.30 327 3.24 3.21 3.19 3.17 3.16 3.5 3.14 312 310

4.74 4.68 4.62 4.56 4.52 4.50 4.46 4.44 4.43 440 437

10.05 9.89 9.72 9.55 9.45 9.38 9.29 9.24 9.20 9.1t 9,03
2692 26.42 25.91 25.39 25.08 24.87 24,60 24.44 24.33 24.06 23.82

294 2.90 2.87 2.84 2.81 2.80 298 =27 2.76 2.74 272

4.06 4.00 304 3.87 3.83 3.81 377 375 3.74 3.70 3.67

7.87 7.72 7.56 7.40 7.30 7.23 7.14 7.09 7.06 6.97 6.89

1841 17.99 17.56 17.12 16.85 16.67 16.44 16.31 16.21 15.98 15.77

2,70 2.67 2.63 2.59 2.57 2.56 2.54 2.52 2.51 249 247

3.64 3.57 3.51 3.44 3.40 3.38 3.34 3.32 3.30 3.27 3.23

6.62 647 6.31 6.16 6.06 5.99 591 5.86 5.82 5.74 5.66
14.08 13.71 13.32 1293 1269 12.53 1233 12.20 12.12 1191 172

2.54 2.50 2.46 242 2.40 238 2.36 2.35 234 2.32 2.30

335 3.28 322 3.15 311 3.08 3.04 3.02 3.01 297 2,93

5.81 5.67 5.52 5.36 5.26 5.20 5.12 5.07 5.03 495 4.87
11.54 11.19 10.84 10.48 10.26 10.11 9.92 9.80 9.73 9.53 9.36

242 238 234 2.30 227 225 223 2.22 2.21 2.18 2.16

3.14 3.07 3.01 2.94 2.89 2.86 283 2.80 2.79 2.75. 2.7

5.26 s.1 4.96 4381 471 4.65 4.57 4.52 448 4.40 432

9.89 9.57 9.24 8.90 8.69 8.55 8.37 8.26 8.19 8.00 7.84

2.32 228 2.24 220 2.17 2.16 2.13 2.12 2.11 2.08 2,06

2.98 2.91 2.85 2.77 2.73 2.70 2.66 2.64 2.62 2.58 2.54

4.85 471 4.56 4.41 431 4.25 4.17 4.12 4.08 4.00 3.92

8.75 845 8.13 7.80 7.60 7.47 7.30 7.19 7.12 6.94 6.78

225 221 2.17 2.12 2,10 2.08 2.05 2.04 2.03 2.00 1.98

2.85 2.79 2,92 2.65 260 2,57 253 251 2.49 2.45 2.41

4.54 4.40 425 4.10 401 3.94 3.86 3.8 378 . 369 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 1.97 1.96 1.93 1.91

2.75 2.69 2.62 2.54 2.50 247 243 2.40 2.38 2.34 2.30

4.30 4.16 4,01 3.86 376 1.70 3.62 3.57 154 3.45 337

7.29 7.00 6.71 6.40 6.22 6.09 5.93 5.83 5.76 5.59 5.44

{continued)
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A-16 Appendix Tables

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

7, = numerator df

a 1 2 3 4 5 6 7 B 9
160 3.14 2.76 2.56 243 2.35 2.28 223 220 2.16
13 050 4.67 3.81 341 3.18 3.03 2.92 2.83 277 2.71
010 9.07 6.70 5.74 5.21 486 4.62 444 430 4.19
001 17.82 12.31 10.21 9.07 8.35 7.86 7.49 T2l 6.98
100 3.10 2.13 252 2.39 2.31 224 2.19 2.15 2.12
14 0590 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65
010 8.86 6.51 5.56 5.04 4.69 4.46 428 4,14 4.03
001 17.14 11.78 9.73 8.62 192 7.44 7.08 6.80 6.58
100 3.07 2.70 249 2.36 227 221 2.16 2.12 2.09
15 050 4.54 3.68 329 3.06 2.90 2.79 271 2.64 2.59
- 010 8.68 6.36 542 489 4.56 432 4.14 4.00 3.89
001 16.59 11.34 9.34 8.25 7.57 7.09 6.74 6.47 6.26
- 100 3.05 2.67 246 2.33 2.24 2.18 2.13 2.09 2.06
16 050 4.49 3.63 3.24 3.01 2.85 2.74 2.66 1259 2.54
010 8.53 6.23 5.29 4.77 4.44 420 4.03 3.89 3.78
001 16.12 10.97 2.01 7.94 727 6.80 6.46 6.19 5.98
100 3.03 2.64 244 231 2.22 2:15 2.10 2.06 2.03
7 050 4.45 3.59 3.20 296 = 281 2.70 2.61 255 2.49
010 8.40 6.11 519 4.67 4.34 4.10 3.93 379 3.68
001 1572 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.5
= 108 3.01 2.62 242 229 220 2:13 2.08 2.04 2.00
= 18 050 441 3.55 3.16 293 277 2.66 2.58 2.51 2.46
-] 010 8.29 6.01 5.09 458 425 4.01 3.84 371 3.60
'E 001 15.38 10.39 8.49 7.46 6.81 6.35 6.02 5.76 5.56
: E 160 2.99 2.61 2.40 2.27 2.18 2.11 2.06 2.02 1.98
= 19 850 438 3.52 3.13 2.90 2.74 2.63 2.54 248 242
“'_ 010 8.18 593 5.01 4.50 4.17 3.94 377 363 352
& 001 15.08 10.16 828 7.27 6.62 6.18 5.85 5.59 5.39
100 297 2.5% 2.38 2.25 2.16 2.09 2.04 2.00 1.96
: 20 050 4.35 3.49 3.10 2.87 2n 2.60 2.51 245 2.39
010 2.10 5.85 494 4.43 4.10 3.87 3.70 3.56 3.46
001 14.82 9.95 8.10 7.10 6.46 6.02 5.69 544 524
.100 2.96 2587 236 2.23 2.14 2.08 2.02 1.98 1.95
2 050 432 347 3.07 2.84 2.68 2.57 249 242 2.37
010 8.02 5.78 4.87 437 404 3.81 3.64 3.51 3.40
001 14.59 9.77 7.94 6.95 6.32 5.88 5.56 5.31 5.1t
106 2.95 2.56 2.35 222 2.13 2.06 2.01 1.97 1.93
32 050 4.30 344 3.05 2.82 2.66 2.55 246 2.40 2.34
010 7.95 5.72 4.82 431 3.99 3.76 3.59 345 335
001 1438 9.61 7.80 6.81 6.19 5.76 5.44 5.19 499
180 294 2.55 234 221 211 2.05 1.99 1.95 1.92
2 050 428 342 303 2.80 2.64 2.53 2.44 2.37 232
.010 7.88 5.66 4.76 4.26 3.94 3171 3.54 341 3.30
001 14,20 9.47 7.67 6.70 - 6.08 5.65 5.33 5.09 4.89
100 . 2093 2.54 233 2.19 2.10 2.04 1.98 1.94 1.91
24 050 4.26 3.40 3.01 2.78 2.62 2.51 242 2.36 2.30
010 7.82 5.61 4.72 422 3.90 3.67 350 3.36 3.26
001 14.03 9.34 7.55 6.59 5.98 5.55 5.23 499 480
{continwed)
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Appendin fables

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

¥, = numerator df

10 12 15 20 25 30 40 50 60 120
2.14 210 2.05 2.01 1.98 1.96 1.93 1.92 1.90 1.88
2.67 T 2,60 253 2.46 241 2.38 2.34 231 2.30 225
4.10 3.96 3182 3.66 3.57 3.51 343 338 3.34 325
6.80 6.52 6.23 5.93 595 5.63 547 537 5.30 5.14
2.10 2.05 2.01 1.96 1.93 1.91 1.89 1.87 1.86 1.83
2.60 2.53 2.46 2.39 234 231 2.27 2.24 2.22 2.18
394 3.80 3.66 3.51 341 3.35 327 - 322 3.18 3.09
6.40 6.13 5.85 5.56 5.38 5.25 5.10 5.00 4.94 4.77
2.06 2.02 1.97 1.92 1.89 1.87 1.85 1.83 1.82 .79
2.54 248 240 233 2.28 2.25 2.20 218 216 211
3.80 3.67 3.52 3.37 3.28 32 313 3.08 305 T 296
6.08 5.81 5.54 525 5.07 4.95 4.80 4.70 4.64 447
2.03 1.99 1.94 1.89 1.86 1.84 1.81 1:29 1.78 1.75
249 2.42 235 228 223 2.19 2.15 212 2.11 2.06
3.69 3.55 341 3.26 3.16 10 3.02 297 2.93 2.84
5.81 5.55 527 4.99 4.82 4.70 4.54 4.45 4.39 423
2.00 1.96 1.91 1.86 1.83 1.81 1.78 1.76 1.75 1.72
245 2.38 231 293 2.18 2.15 2.10 2.08 2.06 2.01
3.59 346 33 3.16 3.07 3.00 292 2.87 2.83 275
5.58 5.32 5.05 4.78 4.60 4.48 433 4.24 4.18 4.02
1.98 1.93 1.89 1.84 1.80 1.78 1475 1.74 1.72 1.69
241 2.34 227 2.19 2.14 2.1 2.06 2.04 2.02 1.97
3.51 3.37 3.23 3.08 2.98 292 2.84 2.78 2.75 2.66
539 5.13 487 4.59 442 4.30 4.15 4.06 4.00 384
1.96 1.91 1.86 1.81 1.78 1.76 1.73 1.71 1.70 1.67
2.38 2.31 223 2.16 2.11 207 2.03 2.00 1.98 1.93
343 3.30 3.15 3.00 291 2.84 2.76 271 2.67 2.58
522 497 4,70 443 4.26 4.14 3.99 3.90 3.84 3.68
1.94 1.89 1.84 1.79 1.76 1.74 1.71 1.69 1.68 1.64 1.61
235 2.28 2.20 2,12 2.07 2.04 1.99 1.97 1.95 1.90 1.85
3.37 3.23 3.09 2.94 2.34 2.78 2.69 2.64 2.61 2.52 2.43
3.08 4.82 4.56 4.29 4.12 4.00 3.86 3.77 3 3.54 340
1.92 1.87 1.83 1.78 1.74 1.72 1.69 1.67 1.66 1.62 1.59
232 2.25 2.18 2.10 205 2.01 1.96 1.94 1.92 1.87 1.82
331 3.17 3.03 2.88 2.79 2.72 264 258 2.55 2.46 237
4.95 470 444 4.17 4.00 3.88 3.74 3.64 3.58 3.42 3.2%
1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.65 164 1.60 1.57
2.30 2.23 2.15 .2.07 2.02 1.98 1.94 1.91 1.89 i.84 1.79
3.26 3.12 2.98 2.83 273 2.07 2.58 2.53 2.50 240 2.32
4.83 4.58 4,33 4.06 3.89 3.78 3.63 3.54 348 3.32 3.17
1.89 1.84 1.80 1.74 1.71 1.69 1.66 .64 1.62 1.59 1.55
227 2.20 2.3 2.05 2.00 1.96 191 1.88 1.86 181 1.76
321 3.07 293 2.78 2.69 2.62 2.54 248 245 238 27
4.73 448 4.23 3.96 3.79 3.68 353 344 3.38 3.22 3.08
1.88 1.83 1.78 L.73 1.70 1.67 1.64 1.62 1.61 1.57 1.54
225 2.18 211 2.03 1.97 1.94 1.89 1.86 1.84 .79 1.74
317 3.03 2.89 2.74 2.64 2,58 2.49 244 240 2.31 222
4.64 4.39 4.14 3.87 3 3.59 345 3.36 3.29 3.14 299
(continued)
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A-18 Appendix Tables

Tahle A8 Critical Values for F Distributions {cont.)

¥, = numerator df

e 1 2 3 4 5 6 7 8 9
100 2.92 2.53 2.32 218 2,00 2.02 197 1.93 1.89

»s 050 424 339 209 276 2.60 2.49 2.40 234 2.28

010 7.77 5.57 4.68 418 3.85 3.63 3.46 332 322

001 13.88 922 7.45 6.49 5.89 5.46 5.15 491 471

100 291 252 231 217 2.08 201 1.96 1.92 1.8

050 423 337 2.98 2.74 259 247 239 2.32 2.27
4 010 772 5.53 4.64 414 3.2 3.59 342 3.9 118

001 13.74 9.12 736 6.41 5.80 538 5.07 483 464

100 2.90 251 2.30 217 2.07 2.00 1.95 191 187

050 421 335 2.96 273 257 246 237 231 225

R 010 7.68 549 460 411 378 3.56 3.39 126 3.15

001 13.61 9.02 727 6.33 573 531 5.00 476 4.57

100 289 250 2.29 2.16 2.06 2.00 1.94 1.90 187
28 050 420 134 2.95 271 2.56 245 236 2.29 224

010 7.64 5.45 457 407 375 353 336 323 312

001 13.50 §.93 7.19 625 5.66 524 493 469 450
100 2.89 2.50 228 215 2.06 1.99 1.93 1.89 1.86

i 050 418 133 293 270 255 243 235 228 222

010 7.60 542 4.54 404 373 3.50 113 320 1.09

001 13.39 8.85 712 6.19 5.59 518 487 4.64 445

= 100 2.88 2.49 228 2.14 2.05 1.98 1.93 1.88 1.85
= = 050 417 132 2.92 2.69 253 242 2.33 227 221
5 010 156 5.39 451 402 370 347 130 117 307
£ 001 13.29 3.77 7.05 6.12 5.53 5.12 482 4.58 439
5 100 2.84 244 223 209 2.00 1.93 1.87 1.83 1.79
. - 050 4.08 323 284 2.61 245 2,34 225 2.18 212
e 010 731 5.18 431 383 151 329 3.12 2.99 2.89
001 12.61 825 6.59 5.70 5.13 473 4.44 421 402

100 281 241 2.20 2.06 1.97 1.90 1.84 1.80 1.76

- 050 403 3.18 2.79 2.56 2.40 2.29 220 213 207

010 7.17 5.06 420 372 341 119 3.02 289 278

001 12.22 7.96 6.34 5.46 490 451 422 400 3.82
100 279 239 218 2.04 1.95 187 1.82 177 174

6 050 4,00 315 2.76 253 237 225 217 2.10 2.04

010 7.08 498 413 3.65 3.34 312 295 282 272

001 11.97 777 6.17 531 476 437 409 . 386 3.69

100 2.76 2.36 2.14 2.00 191 1.83 178 1,73 1.6

ik 050 3.94 3.09 270 2.46 231 2.19 2.10 2.03 1.97

010 6.90 482 3.08 351 321 2.99 2.82 2.69 2.59

001 11.50 7.41 5.86 5.02 4.48 411 383 361 344

100 273 2.33 211 1.97 1.88 1.80 175 1.70 1.66

i 050 3.89 3,04 2.65 242 2.26 2.14 2.06 1.98 193

010 6.76 471 1.88 341 311 2.89 273 2.60 2.50

001 115 7.15 5.63 481 429 3.2 3.65 343 326

100 271 231 209 195 1.85 178 1.72 1.68 1.64

— 050 185 3.00 2.61 2.38 222 211 2.02 1.95 1.89

010 6.66 4.63 3.80 3.34 3.04 2.82 2.66 253 2.43

001 10.89 6.96 5.46 465 414 3.78 3.51 3.30 313

(continued)
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fAppendix Tables A-19
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Table A9 Critical Values for F pistributions {cont.)
v,

, = numerator af

—/////w—d_w~w‘w—— e
10 12 15 20 25 30 40 50 60 120 1000 |
187 1.82 177 1.72 1.68 1.66 1.63 1.61 1.59 156 152 §
224 2.16 2.09 2.01 1.96 1.92 187 1.84 1.82 177 172 1
3.13 2.99 2.85 270 2.60 2.54 245 240 236 227 - 218
456 431 406 3.79 3.63 3.52 337 328 322 3.06 291
1.86 1.81 1.76 1.7 1.67 165 . 16l 1.59 1.58 1.54 151 |
222 2.15 2.07 1.99 1.94 1.90 185 1.82 1.80 1.75 170 |
3.09 2.96 281 2.66 2.57 2.50 242 236 233 223 214 @
448 4.24 3.99 3.12 3.56 3.44 3.30 321 3.15 299 284
1.85 1.80 175 1.70 1.66 1.64 1.60 1.58 1.57 1.53 150
220 213 2.06 1.97 192 1.88 184 181 179 1.73 168 |
3.06 2.93 2.78 2.63 2.54 247 238 233 229 220 211
441 417 392 3.66 349 3.38 123 3,14 3.08 292 2.78
1.84 179 1.74 1.69 1.65 1.63 1.59 1.57 1.56 1.52 1.48
2.19 212 2.04 1.96 191 1.87 1.82 1.79 177 17 166
3.03 290 275 2.60 2.51 244 235 230 2.26 217 2.08
435 411 3.86 3.60 3.43 332 3.18 3.09 3.02 286 272
183 1.78 173 1.68 1.64 162 1.58 1.56 1.55 1.51 147
2.18 2.10 2.03 1.94 1.89 1.85 181 B 1.70 1.65
3.00 287 273 2.57 248 2.41 233 221 223 2.14 2.05
429 405 3.80 3.54 3.38 3.27 312 3.03 201 281 2.66
182 177 1.72 1.67 1.63 1.61 1.57 1.55 1.54 1.50 1.46
216 2.09 2,01 1.93 1.88 1.84 179 1.76 1.74 1.68 1.63
2.98 2.84 2.70 2.55 245 239 2.30 225 221 2.11 2.02
424 4.00 375 3.49 s 322 3.07 2.98 292 2.16 2.6
176 171 1.66 1.61 1.57 1.54 1.51 148 147 1.42 1.38
2.08 2.00 192 1.84 178 1.74 1.69 1.66 1.64 1.58 152
2.80 2.66 252 237 227 2.20 211 2.06 2.02 1.92 1.82
3.87 3.64 3,40 3.14 2.98 287 2.73 2.64 2.57 2.41 2.25
173 1.68 1.63 1.57 153 150 146 144 142 138 1.33

2.03 1.95 1.87 1.78 173 1.69 1.63 1.60 1.58 151 1.45
2.70 2.56 242 227 2.17 2.10 2,01 1.95 1.91 1.80 1.70
367 3.44 3.20 2.95 279 2.68 2.53 244 2.38 2.21 2.05

171 1.66 1.60 1.54 1.50 1.48 1.44 1.41 1.40 1.35 1.30
199 192 1.84 175 1.69 1.65 1.59 1.56 153 147 1.40

2.63 2.50 2.35 220 2.10 2.03 1.94 188 1.84 1.73 1.62
3.54 3.32 3.08 2.83 2.67 2.55 241 232 225 . 208 1.92
1.66 1.61 1.56 149 145 1.42 138 135 p34 LB 1.22
1.93 1.85 177 1.68 1.62 157 152 1.48 1.45 1.38 130
2.50 237 222 2,07 197 1.89 1.80 1.74 1.69 1.57 1.45
330 3.07 2.84 2.59 243 2.32 217 2.08 2,01 183 1.64
1.63 1.58 1.52 1.46 141 1.38 1.34 1.31 1.29 1.23 1.16
1.88 1.80 1.72 1.62 1.56 152 146 . L4l 1.39 1.30 1.21
241 227 213 1.97 1.87 1.79 1.69 1.63 1.58 1.45 1.30
3.12 2,90 267 242 . 226 2.15 2.00 1.90 1.83 1.64 143
161 155 1.49 143 138 135 130 127 125 118 1.08
1.84 1.76 1.68 1.58 152 147 141 1.36 1.33 |24 L1l
234 2.20 2.06 1.90 L.79 172 161 1.54 1.50 1.35 116

299 2.54 230 214 202 1.87 1.77 1.69 1.49 ) 1.22
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A-20 Appendix Tabjes
Mw—w____w_%_w_mm
L T T T
6.80 6.99 7.17 7.32
9.97 10.24 10.48 10.70
6.32 6.49 6.65 6.79
8.87 9.10 930 | 948
6.00 6.16 630 | ga3
8.17 8.37 8.55 8.71
577 5.92 6.05 ] 6.18
7.68 786 | wos R E
574 587 | 3508
7.49 765 | 778
5.60 572 | sa3
7.21 7.36 f 7.49
549 | 561 [ 571
699 § 753 | 725
5.39 551 | 5]
6.81 694 | 706
H
5.32 5.43 5.53
6.67 6.79 6.90
5.25 536 5.46
6.54 6.66 6.77
5.20 5.3] 5.40
6.44 6.55 6.66
5.15 5.26 535
6.35 646 | 4356
51 5.21 J 531
6.27 6.38 6.48
507 ,’ 5.17 527
6.20 I 631 | g4
504 | 54 f 523
6.14 f 625 | 634
5.01 511 1 35920
6.09 6.19 { 6.28
492 | so1 | sy
592 i’ 6.02 6.11
482 | 49 5.00
5.76 [ 5.85 5.93
473 | 48 f 4.90
5.60 ] 569 | 576
4.65 473 | 48]
5.45 5.53 ! 5.60
4.56 464 | 47y
5.30 5.37 [ 544

4.47 4.55 4.62
3.16 5.23 529
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