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Instructions for Candidates

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

2. Paper is divided into four Sections. Attempt all Sections. Choice is applicable
in Section III and IV only. '

3. Answer to all question within each Section are to follow each other. Start the
answer to each question on a new page and all sub-parts of a question should
follow one after the other.

4. Use of simple calculator is permitted. -
5. Required statistical tables are attached with this question paper.

6. Answer may be written either in English or Hindi; but the same medium should
be used throughout the paper.
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SECTION -1
(s -1)
Attempt all questions..

it g & IR AT |

I Thaeight of a certain kind of screws is a random variable with mean 2/3 mg
and variance 1/2 mg. If 100 screws are selected randomly,

(i) Find the probability that their :
(a) Total weight is greater than 59.67 mg.
(b) Average weight is greater than 0.69 mg.

(ii) Tan the probability in part (b) above be calculated if instead a sample of 10
screws was selected ? Why or why not ? (5)

v Rftaa yoR @ 39 @ WR UE awam W 2, e W 2/3 mg T R 172 mg
21 7R 100 ¥ = ITEE TN A FA AT A < -

(i) wTE T W
(3r) Tl HA MR 59.67 mg ¥ S Brm ?
() T SET ¥R 0.69 mg ¥ Jftr B ?
(i) =R wmr (&) A TTEE A Ao gEat €, AR 10 ¥ @ T @ gAa e e ?

= g . A8 7

2. The probability distribution of the number of boxes of chocolates sold (X) on a
given day by a seller is given as follows :
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X 0 1

PX) : 0.2 0.8

Let (X, X,) be a random sample of the number of boxes sold on an.y two
randomly chosen days. Write the sampling distribution of s? (sample variance).
What is the relationship between E(s?) and 6* ? ' —(5)

wﬁaﬁr’m%&twﬁ#wﬁaﬁmm:ﬁaﬁéﬁ%ﬁw (X) o g A
fareor e fRar 2 :-

X 0 1
P(X) : 0.2 0.8
7+ e o (xl,xz)wmaﬁ_élﬁiﬁaﬁﬁfﬂﬁaﬁf%ﬁaﬁaﬁﬂim

= ¢ (e fae) @ e R fafEw ) E(sY) | ol & A T R 7

‘ SECTION -11
(wmT - 1)
Attempt all quésn'ons.

asht ywt &1 IR a1

3. (a) Consider two estimators él and éz.él is unbiased while 62 is biased. Would

él always be preferred to él ? Why or why not ? Explain.

(b) How does an increase in the confidence level affect the precision of estimates ?

Explain. (5)

(3r) @ e 6, @ 6, W R 6, Fromer 2, wafd 6, waTh & 1 6, wa
6, ¥ e B ? A AW T T T |

P.T.O.
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(1) R wam reavE =R X e wEwew @ g B oo w1 @ 7
ALY | B

P

4, Suppose we want to estimate the mean price of a 2-bedroom house in Delhi.
From previous studies, it is known that the standard deviation is approximately

Rs. 60,000.

(i) Construct a 97% confidence interval for the mean price of a 2-bedroom_'

house if a sample of 49 observations gave a mean of Rs. 6,00,000.

(i) If we want to be 90% sure that the mean price of a 2-bedroom house in
Delhi differs from our sample mean price by no more than Rs. 5000, how

large a sample should we take ? (5)

1 Afoe &% Ree A 2-Feen @ W S slew Fwa B Faie wen TEd 1w
g A 7E A ¢ & A ueT s w 60,000/ ®

(i) v 2-¥z® & W it 3T v D RIw 97% efavam sFaae a99e, 3l 49
TG H R A WA T 6,00,000/- W B

(ii) afe &7 90% ghRfiwa B wmet &, f e F W A shaw o o wea v
3 50006.%3%&?3&&,@&%@3@%%?

5. (a) In 16 test runs, the gasoline consumption of an engine had a standard deviation

of 2.2 gallons. Assuming normal distribution, find 99% lower confidence
bound for 62 and interpret it.

(b) Determine the confidence level for each of the following one-sided confidence
bounds :

() Upper bound : X + .74 s/\}100

(i) Lower bound: ¥ - 2.06 s/\/150
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(u) Upper bound : X +1.753 s/\/_ : (5)

(31) 16 ¥ @ F, Wm%mwwwmmzzﬂmﬁlmm
2 A 2 T AT w9 R R 2 1 of @ R 99% Fre sefvam A
A F AU TES Rl @

(1) et Tow - T e el @ R sl wR AR
- '

() 9@ dq3: X +.74 /100
(ii) Praen @3 % - 2.06 5/V150
(iii) IR qIz: X +1.753 5/4/16

X , be a random sample from a uniform population :

1/6 for 0<x<®9

=
Z
I

I

0 otherwise
(i) Find the moment estimator of 6.
(ii) Intuitively explain why max (X)) will be a biased estimator of 0 ?

(iii) If the bias of the estimator-max (X)) is —8/(n+1), how would you transform
it to make it unbiased ? (5)

7= AR X, xjw@tﬁrﬁm%ﬁqummm%

1/6 for 0<x<06

~
z
[

I
(=]

=

PTO.
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(i) ‘0’ = AT TawEE T W

: "f'(ii’) wfar g7 a:maf( for & max(X) ‘0’ T AW WEFRHAH B ?

+ (iii) afd Wrherd max(X) W 9E -é/(n+1) 2, @ 1T R o T & fo e

o, Rafda w0
7. LetX;...... Xn be at random éamf)le from a population with the following pdf :
o
fix) = for 0<x<1, a>1
a
=0 otherwise,

Derive the maximum likelihood estimator of a based on a sample of size n.

(%)

T AR X ... X, v vae A fom man dada e 2, e pdf Preeffes

fx)

for 0<x<l, a>1

0 Jqq

TE ‘0’ AHR H TR W MR ‘o F A anaige wewes W |

SECTION - III
(¥ - 110)
Question 8 is compulsory. Do any two questions from 9, 10 and 11.

TV 8 a8 1 qE 9,10 va 11 ¥ @ Bl @t T IeR Ao |

8. (a) What do you understand by p-value ? Why is it also called the observed

significance level ?
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(b)

7

Consider test of the following hypotheses : k
H,: p =50 against H : p > 50

Using a sample of 16 items from a normal population the sample mean was
found to be 51.9 and the sample standard deviation was 4. Determine the
p-value of the test. Would you reject the null hypothesis at 5% level of
significance ? Explain. _ ' (5)

(3) p-value ¥ 39 1 W ¥ ? T @ Jeaerds Woed Wt FEd 2 7

(@) frafofes dResrn 27 w faam =X -

9. (a)

(b)

H: pn =50 versus H : p > 50

16 SETEA T A Qe A e s & form man sk Sae o A 51.9
T A 9o 4 90 @1 | 2= F p-value T H S AW WE@ TR W 4
7 gE s @war 8 7 9Wasy |

A driving test of 200 young and 400 senior drivers showed that 50% of the
young and 60% of the senior drivers were cautious drivers. Use this data to
test whether the proportion of cautious drivers is higher for the senior drivers.
Find the p-value for the test and test at 5% level of significance. What
assumptions have been made in conducting this test ?

A company claims that their batteries last for at least 5.5 years. The life of
such batteries are assumed to be normally distributed with standard deviation
& = 9 months. To test the claim a sample of 49 batteries is selected randomly.
The claim is rejected if the sample average life of batteries is less than 5.25
years. Determine the probability of type-I error. (10)

() 200 T T 400 aR Tl B FRRT 2 J 7 T Toww B, B 50% FA T 60%

s T TS TEE § | 98 3 T @ forg B wee Tt @ g ais
T ¥ JRE 2 T AES W I W | 2w B Y pvalue TE W R 5%
A TR W 2w A | W 2R W w D forg B waast @ for a2

PT.O.
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(7) v wE o e 2, T A o A 5.5 78 v T # | 3 Ew A
aﬁmmﬁaﬁa%as_mﬁamoﬂm%%uwzﬁaﬁ%ewﬁa‘l
o 49iflﬁwwimﬁifﬁwjr%mmmﬁmmmﬁm% IR XA
Rt TE WA Fg 5.25 af § w9 A TR- [ IR A T AW w
s :

10. An insurance company wants to know if the averége_ speed at which men drive
cars is greater than that of women drivers. The company took a random sample
of 26 cars driven by men on a highway and found the mean -speéd to be 72 miles
per hour with a standard deviation of 2.2 miles per hour. Another independent
sample of 21 cars driven by women on the same highway gave a mean speed to
be 68 miles per hour with a standard deviation of 2.5 miles per hour. Assume that

the speeds at which all men and all women drive cars on this highway are both
normally distributed.

(i) Test at 10% level of significance whether the variance of speed of all cars

driven by men on the highway is different from the variance of speed of all
cars driven by women on the highway.

(i) Based on your answer to (i) test at 5% level of significance whether the
mean speed of cars driven by all men drivers on the highway is greater than
the mean speed of cars driven by all women drivers. (10)

T AN F qE T A 2, B e @ M T A sted af a2
e T N st Y A Ffo 21 T T g B g e W ward 26 Y
mwmw@ﬁm IR or B st Tl 72 mph 2 Sﬁlwﬁﬂaﬂﬂlmph?l
ARAR B g7 8EY | s 7 21 WA 1 v AR Feea w3k v Ry stag

wtf'a68mph%sﬂtwﬁwz.Smph%nmm%%Mﬁsﬂtw&?m
w7 WA 9 vy arrg Rk 2

(i) lowﬁmmwwﬁeﬁﬁwgﬁmmﬁn@&faﬁmwﬁm
w@mﬁmmﬁmﬁnﬁa}m%ﬁwén



1322 9 ,
(i) 3ma= W (ij%mmmmﬁasmmwwéeﬁﬁ:wﬁm'
e ¢ A R e AR A gy wE o WER A s A A S
N | . .

4

Il. (a) Letp denote the true average life-time :of a certain type of light bulbs.
Consider testing, H : p = 6,000 versus H : p > 6,000 bzi‘sed qxi a sample

. of size n =16 from a normal population distribixtion with o = 150

(i) If type I error (o) = .01 determine the probability of making a type

I1 error when true p = 6,100.

(i) What should be the size of the sample if it is required that type I error
() = .01 and type II error, B (6,100) = 1072 '

(b) College authorities claim that at most 60% of students were residents of
Delhi. A random sample of 150 students revealed that 100 were residents of

Delhi. Does this data support the claim of the authorities ? Test at 10% level

of significance. : (10)

(3r) wwe i f& ‘w u Pftad FER @ Ee a9 e e ofta-Fe &
gt # 1 2R H, : =6,000F H,: > 6,000 R Faw =t < o =150 & &
A e e R R T = 16 ER B T W iR #

(i) v erga-1 3R (o) =.01 7 1= 6100 B A 2~ [ R A H T
o FRuifa =)

(ii) 7 W SR FW B A A wawEa 78 ® 6 o eea-1 R
(o) =.01 & zvgu-11 3R B(6,100) = .10 B |

(=) ﬁhmsmwﬁ%%aﬁm&%mﬁﬁﬂ%ﬁmﬁﬁlw 150 oA
%iﬁaa@%wmgmﬁ? 100 et @ frad & | = T8 FEFS WIEA D

2@ & T @ B 7 10% 7Ee &R W & W |

P.T.O.
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SECTION -1V
(W1 -1V)
Quesuon 12 is compulsory Do any one quest:on from 13 and 14.

ws 12 Wé:mlswu ’??}M‘Q&'ﬁ FT ITR MY |

12. (a) Supposc the relation between Y and X can be. descnbcd by the simple linear

13.

regression model with the true liney = 50 - 1. 5 x and 6 = 7.5. What is the
probability thaty is greater than 35 but less than 40 given that x = 3.

(b) Letp,, =B, + B, X +¢€ be the true relation between X and Y and its OLS

estimate fi,, = b, +bX.Is B, a random variable ? Is b, a random variable ?
Give reasons. (5)

() #= ARY Y 7 X D 99 3 U § UF Wa @ qieeT dea g fga e
T 2, fore arafds W@ y=50-1.5x3 0=7.52 | @@ v B & y 35
Fftr o 40 ¥ & Bl x =3 fRar mw 2

(@) W AT X 7.y @ 9 arafds @ g, = B, +BX + & 8 a0 g@& OLS

WEFFH fiy, =by+b, X B 1 ¥ B v& AT W B ? T b, T Il W
2 ? HRU FaEy |

For 10 countries the data for cigarette consumption per adult per year (X) and
the death rates due to coronary heart disease (Y) gave the following :

2. x=160, 3" y=110, Y x*=3154, Y y?=1442.54 and DXy = 2042
(i) Estimate the ordinary least square regression line when Y is regressed on X.
() Find the variance of the estimated slope coefficient (b).

(iii) Test Hy: B, =0, H,: B, # 0 at 1% level of significance, where B, is the
slope ofthc populatlon regression line, (10)



1322 11
10 390 @ wfa =res wfvad Rme Iav (X) 7o IR gea A & www e /()

PR

Y x=160, Yy=110, Zx2=3154,2yi=1442;54 and ¥ xy=2042

(i) siER fordee el wfRTeeT T W W @ Y X W wfwfde fmn wwr 21

(ii) ze Fone b, @ faRer A A

(iii) H,:B,=0,H,:p,z0H 1% B TR W 2 A | e B, S i Y
1 TR T B ' '

14. Let X : Marks obtained by a student in internal tests
Y : Marks obtained by the student in u-niversity exam
Data for 5 students shows :
X: 9 10 12 18 21
Y: 65 68 65 70 72

(i) Calculate coefficient of correlation (r).

(i) Test at 1% level of significance, whether there is any linear relationship

between the two variables.

(i) What assumptions have you made about the joint probability distribution of
X and Y to conduct the test in part (ii) ?

(iv) Calculate coefficient of determination and interpret it.

(v) Find the error sum of squares (SSE) when Y is regressed on X. (10)

P.T.O.
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| e @i X sieRE T0e ¥ o g W i |
Yf&ﬁﬁﬂmqﬁmiaﬁmmmn
Sﬁmﬁﬁf'mm-ﬁl .‘
X: 9 10 12 18 21
Y: 65 68 '65. '70. 72
(i) v @ o (r) T W
(i) l%m_mwmﬁ,wﬁa‘faﬁ%ﬁaaﬁémmél

(iii) Wt (ii) ¥ 2w A @ g s X 7 Y & wga Ve faeo & foe a aeaa
wE?

(iv)ﬁuﬁwmgvﬁmmﬁw‘zﬁhmﬁl

(v) 9@ Y =t X R widnfa fer s @ 3 @ sitw whia (SSE) 7| @i o
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n‘u:u Standard Normal Curve Afeai

13

z 00 o1 02 0 - 04 05, 06 - 07 -08 09
-34 0003 0003 . - 0003 0003 - .0003 0003 0003 0003 10003 .0002
-33 0005 0005 0005 -.0004. 0004 0004 0004 0004 0004 .0003
-32 0007 0007 0006 0006 L0006 0006 0006 10005 0005 . .0005
=31 0010 0009 0009 . .0009 0008 10008 0008 0008 0007 0007
=30 0013 0013 0013 0012 0012 Q0011 0011 0011 0010 0010
-29 0019 0018 0017 0017 . 0016 0016 0015 0015 0014 0014
-28 0026 0025 0024 0023 10023 0022 0021 0021 0020 0019
-27. 0035 0034 0033 0032 0031, .0030 0029 0028 0027 0026
-26 0047 0045 0044 0043 .004) 0040 0039 0038 0037 0036
=25 0062 0060 0059 0057 005 0054 0052 0051 0049 0038
-24 0082 0080 0078 0075 0073 0071 * 0069 10068 0066 0064
-23 0107 0104 0102 0099 0096 0094 0091 0089 0087 0084
-22 0139 0136 0122 0129 0125 o2 0119 0116 0113 010
-21 0179 L0174 0170 0166 0162 0158 0154 0150 0146 0143
=20 0228 222 0217 0212 0207 0202 09 0192 0188 0183
-19 0287 0281 0214 . 0268 Q62 0256 0250 0244 0239 0233
-1.8 0359 0352 0344 0336 0929 0322 034 0307 . 030L 0294
-1.7 0446 0436 047 0418 0409 0401 03 0384 0375 0367
-1.6 0548 0537 0526 - 0516 0505 0495 0485 0475 0465 0455
-1.5 0668 0655 0643 0630 0618 0606+ 0594 0582 0571 0559
-14 0808 0793 078, 0764 0749 0135 Wizys] 0708 0694 0681
-1.3 0968 0951 09 0918 0901 0885 0869 0853 0838 0823
-12 1151 1131 A2 1093 1075 1056 1038 1020 .1003 0985
-1l 1357 1335 1314 1292 am 125} 1230 1210 1190 1170
-1.0 1587 1562 11539 1515 1492 1469 1446 1423 1401 1379
-09 1841 1814 1788 AT6Z 1736 A7 1685 - L1660 1635 1611
~08 219 2090 2061 2033 12005 a9 1949 1922 1894 1867
-0.7 .2420 2389 2358 a3 2296 2266 2236 2206 21m 2148
-06 2743 2709 2676 L2643 2611 2578 2546 2514 2483 2451
-0.5 3085 3050 . 3015 2981 2946 2912 2M 2843 2810 2m6
-04 3446 3409 amn 3336 3300 3264 3228 3192 L3186 3121
-03 3821 3783 . 3745 a3 3669 3632 3594 3557 3520 3482
-02 4207 4168 A129 A0 any? 4012 M4 2930 Syl L
-1 46U As62 A5 4483 4443 4404 AT64 A325 A286 4247
-0.0 5000 A960 4920 A880 4840 4801 4761 AT21 4681 4641

(continsed)

PT.O.
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‘Table A3 Standard Normal Curve Areas (cont,) -

-

14

Appendix Tables A7

) =PZs
z 00 01 02 /03 04 . 05 06 0 .08 0
0.0 5000 5040 5080 5120 5160 5199 5239 5279 5319 5159
o1 | .5398 5438 5478 " 5517 5557 5506 5636 5675 5714 5153
02 5793 ..5832 5871 5910 5548 987, 6026 6064 6103 6141
0.3 6179 6217 6255 £293 6331 . 6368 - .6406 6443 5480 6517
0.4 . 6554 6591 6628 6664 6700 6736 6772 6808 6844 6879
0.5 £915 6950 6985 J019 7054 .7088 B .- 7187 719 J04
0.6 7257 nn T4 . N 7389 ~7422 7454 7486 517 7549
0.7 7580 611 642 . CI6T3. 704 T34 T764 T794 83 7852
0.8 7881 7910 7939 1967 7995 8023 8051 8078 8106 8133
09 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
1.2 8849 8869 8888 8907 8925 8944 .8962 8980  .8997 9015
13 9032 9049 . .9066 9082 9099 9115 9131 9147 9162 9N
1.4 9192 9207 nn 9236 9251 9265 N/ . 99N 9306 9319
1.5 9332 9345 9357 9370 9382 9394 9406 9418 9429 5441
1.6 9452 9463 9474 9484 9495 9505 9515 9525 9535 9545
1.7 9554 9564 9573 952 9591 9599 9608 9616 9625 9633
1.8 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706
1.9 9713, 8719 5726 9712 9738 9744 5750 9756 9761 9761
20 9172 978 9783 9788 97193 9798 9803 9808 9812 9817
2.1 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 591 9904 9906 9909 991 913 916
24 9918 9920 - 9922 9925 977 9929 9931 5932 9934 5936
25 9938 9940 9941 9943 9945 9946 9948 9949 9951 9952
26 9953 9955 9956 9957 5959 9960 99%1 - 9962 9963 9964
2.7 . 9965 9966 9967 9968 9969 9970 9971 9m 9M 9974
28 . 9974 5915 9976 97 M7 97 979 9979 9980 9981
29 9981 - 9982 9982 9983 9984 9984 9985 5985 9986 9986
10 9587 9987 9981 9988 9988 9989 9989 9989 9990 9950
3l 9990 9991 - 9991 9991 5992 992 9992 9992 9993 9993
32. 5993 9993 9994 9994 9994 9994 9994 9995 9995 9995
33 9995 995 . 9995 9996 9996 9996 9996 999 9996 9997
34 9997 5997 5997 9997 9997 9997 9997 9997 9997 9998
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Appendix Tables A
- . N . {
Table A5 Critical Values for ¢ Distributions tdensity curve
. " - " ] . ]
L] . .
i Shaded aea = a
« 0
0 fay :
v\ 10 205 025 01 008 001 0005
1 3.078 6314 12.706 31.821 63.657 31831 636.62
2 1.886 2920 4303 6.965 9.925 22.326 31598
3 1.638 2353 ERL.v] 4541 5.841 10.213 12.924
4 1533 2132 2776 3.747 4,604 7173 8.610
5 1476 2.015 2571 3.365 4092 5.893 6.969
6 1.340 1.943 2447 3.143 3.707 5208 5959
7 1415 1.895 2.365 2.998 3.499 4785 5.408
8 1397 1.860 2.306 2.896 3355 4501 5.041
9 1.383 1833 2.262 2821 3250 4297 4.781
10 1372 1.812 2228 2764 3.169 4.144 4.587
1 1.363 1.796 2.201 2718 3.106 4,025 4437
12 1.356 1.782 2.179 2.681 3,085 3.930 4318
13 1.350 1.7 2160 2650 3012 3.852 4221
14 1.345 1.761 2.145 2.624 29M 3787 4,140
15 1.341 L753 2131 2.602 2947 3733 407
16 1.337 1.746 2.120 2.583 2921 3,686 4015
17 1333 1.740° 2110 2.567 2898 3.646 3.965
18 1.330 1734 2.101 2552 2.878 3610 39
19 1.328 1.729 2.093 2539 2861 3579 3883
20 1.325 1.725 2086 2528 2845 3552 3850
2 1.323 1721 2.080 2518 2831 3527 3819
2 1321 1717 2074 2508 2819 3.505 319
9 1219 L714 2 ©2.500 2807 1485 1767
24 1318 1711 2.064 2492 2797 3467 3.745
25 1.316 1.708 2.060 2.485 2787 3450 3.725
26 1.315 1.706 2.056 2479 2779 3435 3,707
7 1314 1.703 2,052 2473 277 3421 3.690
2 1313 1.701 2,048 2467 2763 3408 1674
29 1311 1699 2045 2462 2.756 339 3659
30 1.310 1.697 2,042 2457 2.750 3388 3.646
2 1.309 1.694 . 2,037 2449 2738 3.365. 3622
7 1.307 1.691 2032 2441 2728 3.348 3.601
3% 1.306 1.688 2008 243 2719 1333 3582
a8 1.304 1.686 2024 2429 2712 3319° 3.566
4 1.303 1684 2.021 2423 2704 3307 3551
50 1.299 1.676 2.009 2403 2678 3.262 3.496
60 1.296 16711 2.000 2.390 2660 112 3460
120 1.289 1.658 1.980 2358 2617 3.160 3373
® 1282 1.645 1.960 232% 2576 3.090 3291

P.T.O.
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R - : .. © . Agpendinlobles  A-14
TableA7 Critical Vafues for Chi-Squared Distributions % donsity curvo

‘- . _Muﬁ-u

.t v ) G

o L L. o L
-
_ . -4

v 995 9 s - 95 50 10 .08 "8 n HOS.
1 0000 0000  0.00i 0.004 0016 2706 3343 5.025 6.637 7.887
2 0010 0020 0.051 0.103 0211 4.605 5992 7.378 9210 10597
3 0072 0115 0216 0.352 0.584 6.251 7815 9348 11344 1287
4 0.207 0297 0.484 0711 1.064 779 9488 11143 13277 14860
5 0412 0.554 0.831 1.145 1610 923 11070 12832 15085 16748
6 0.676 0872 1237 1635 2204 10645, 12592 14440 16812 18548
7 0989 - 1239 1.690 2167 2833 12017 14067 16012 18474 20276
8 1.344 1.646 2180 2133 3490 13362 15507 17534 20090 21954
9 L7358 2088 2700 3325 4168 14684 16919 19022 21665 23587
10 2.156 2.558 3.247 3940 4865 15987 18307 20483 23209  25.88
1 2603 3.083 3816 4575 5578 172275 19675 21920 24724 26755
12 | 307 3571 4.404 5:226 6304 18549 21026 2331 26217 28300
) ases 407 5.009 5.892 7041 19812 22362 24735 27687 29817
14 4075 4,660 5.629 6571 7790 21064 23685 26119 29041 . 31319
15 4.600 5229 6.262 7.261 8547 22307 24996 27488 30577 32799
16 5.142 5812 6908 7962 9312 23542 2629 @ 28845 32000 34787
17 | 5697 6.407 7564 8682 10085 24769 27587 3090 33408 35716
18 6.265 7015 8.231 9390  10.865 25989 28869 < 31526 34805  37.1%
19 6.843 7632 8906 1017 11651 27203 30043 32852 36190  38.580
20 7434 8.260 9.591 10851 12443 28412 31410 34170 37566 39.997
21 8.033 8897 10283 11591 13240 29615 32670 35478 38930 41399
2 R643 9542 INORZ  1233R 140427 M0ORIZ 94 IATRI 40289 479
pi) 9260 10195 11688 1309 14848 32007 35172 38075 41637 4407
24 9886 10856 12401 13848 15659 33196 36415 39364 42980 45558
25 { 10519 11523 13120 14611 16473 34381 37652 40646 44313 46925
26 | (L1600 12198 13844 15379 17292 35563 38885 41923 45642 48290
27 | 11807 12878 14573 16151 18114 36741 40013 43094 46962 49642
28 | 12461 13565 15308 16928 18939 37916 41337 44461 48278 50993
29 | 13120 1425 16147 17708 19768  39.087 42557 45772 49.586 52333
30 | 13787 14954 16791 18493 20599 40256 . 43773 46979 5082 SIS
31 | 14457 15655 17538 19280 21433 4142 44985 48231 52190  55.000
32 | 15134 1636 18291 20072 22271 42585 46194 49480 51486 56328
33 | 15814 17073 19046 20866 23110 43745 47400  S0724  S4TM 57.646
34 | 16501 17789 19.806 21664 23952 44903 48602  S1966 56061  $8.964
35 | 1791 18508 20569 22465 2479 46059 49802 53203 57340  60.272
36 | 17887 (19233 21336 23260 25643 47212 50998 54437 586

! . ! : 619 1

37 | 18584 19960 22105 24075 26492 48363  S2192  SS5667  $9.891 :zig
38 | 19289 20691 22878  24:884 27343 49513 53384 56896  6L162  64.18I

_ 39 | 1999 21425 23654 25695 . 28196  S0660 C S4ST2  SRM9 62426 65473

0 | 20706 22164 24433 © 26500 29050 S80S S51S8 59342 63691 66766
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A-12  Appondix Tablos
Table A8 _t Curve Tail Areas’
reurve Area to the
- 1
0 t
i
! 12’34541-3910 1 12 13 14 15 16 17 18
00 500 500 .S00 .500 500 500 500 500 .500 .500 .500 500 .S00 500 300 .500 .500 500
01 468 465 AG) 463 4G). 462 462 A1 461 461 461 461 461 461 . 461 461 461 A6l
02 | 437 430 427 426 425 424 424 423 423 A} AL AR 4 AR AR 422 -A22 412
03 407 396 1297 390 .88 387 386 386 386 385 385 385 384 384 384 384 384 384
04 379 364 358 355 353 352 351 350 349 349 348 348 348 347 347 347 347 340
0.5 352 333 226 32 319 317 316 315 315 34 313 33 313 302 302. dizg 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 (249 249 248 241 247 2477 247 246
0.8 285 254 241 M 230 227 225 .23 222 221 220 - 220 219 218 18 218y 217 217
09 267 232 217 210 205 201 .19 .97 .196 195 .194 193 7.i%2 191 .91 .191¥ 150 .190
10 | 250 211 .196 .187 .82 178 .175 473 .72 .I70 .16® .169 .168 -.167 167 166 166 .165
11 235 193 176 .67 .162 .I57 154 .152 150 149 .147 .146 .146 .le4 144 144 143 .143
12 221 177 158 48 142 138 .135 132 130 129 128 127 126 124 124 124 123 .ID3
13 | 200 162 .42 132 125 20 .17 1S .13 301 110 <109 108 107 107 .106 .105 105
14 197 148 .28 17 .10 106 .102 .100° 098 096 095 093 092 (091 091 090 .09 .089
LS5 187 136 .11S 104 097 092 08 086 084 082 081 .080. 079 (077 077 077 076 075
L6 | 178 125 .04 092 085 080 077 Q74 072 070 069 068 067 065 065 .065 064 064
17 169 .116 094 082 075 070 065 064 062 060 059 057 056 085 (055 054 054 053
18 161 107 085 073 066 061 057 058 053051 050 049 048 046 046 045 045 044
19 1S4 099 077 065 0S8 053 050 047 045 043 042 041 040 038 038 ".038 037 0N
‘20 148 092 070 058 051 046 043 040 038 037 035 034 033 0% 07 031 031 030
21 141 085 061 052 045 040 037 03 033 031 030 029 028 027 07 .26 025 (023
22 136 079 058 046 040 035 032 029 028 026 Q025 Q24 023 02 02 021 (21 021
23 131 074 052 041 035 031 027 025 023 022 021 020 019 Q018 018 018 ..017 007
24 ‘126 060 048 037 031 027 024 022 020 019 018 017 0i6 015 015 014 0M 014
25 121 065 04 033 027 023 020 018 017 016 0I5 Ol4 013 012 012 012 011 Qi
26 117 061 040 030 024 020 018 016 014 013 012 012 011 010 010 .0i0 .009 .009
27 W3 057 037 027 021 018 015 014. 012 01l 010 .00 009 008 008 008 008 .007
28 109 0S4 034 024 019 016 013 012 010 009 009 008 008 007 007 006 .006 006
29 106 051 031 02 O17 014 01 010 009 008 -007 .007 006 005 005 005 .005 .00
30 102 048 029 020 015 012 010 .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 06 043 025 016 012 009 008 006 005 005 004 004 003 003 003 003 003 002
u'm.ow.onms.oummmsmsm.ommm.mm,m.mm
34 .m:ms.on.oumom.m.unm.ommmm.ommmmnm
3s 089 036 020 012 009 006 005 004 003 003 002 002 002 002 002 001 .001 001
36 086 035 018 O1l 008 006 004 004 003 .002 002 002 002 .001 001 .00V .001 001
31 084 033 017 010 007 005 004 003 002 002 002 002 Q001 001 001 .001 001 .00
38 082 031 016 010 006 004 003 003 002 002 001 001 001 001 001 .001 .00 001
39 080 030 015 009 006 .004 003 002 002 001 001 00I 001 001 .001 .001 001 001
40 018 029 014 008 005 004 003 .002 002 001 001 00I 001 .00! 001 .001 .000 .000
(comtinped)

PT.O.
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Table A9 Uitical Vatues for £ Distridutions (cont)
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Table A9 Critical Values for F Distributions (cont.)
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