
~~=~~~~~•m,~~~M~~, 

Jt~~1-•~ , •1e, 1t$ 0 

~ P}T J)I iJL %1] : # ft f Jf. h}f ,t PlT f 1Ji 

~1~*4 § ( 1~,?;,~) : 1Jttt~(4802) 

1. ~~~$~4(~)i~*~~~'#§~fflk~k~ 0 

2. 11 $ tf:1-ko ~ 1f JJtt~~fp fip1J ~ ~f '1Jf-~-f tf l:f t~A ~ bt_J.f. '1EL~1Jf--f-¥M 
il'.<jg.__g_ei} o 
1-r~,~ 

6. Jt-~ !.l ~ JJUl1J , i!JJL bt_ J.! ,&.Ao 7i" 7f A , tf § -fr tf 00 ;it~ t~ ~ i 1 ~ .ft. m
f. :k ~ ~~ #LM .&.it»Lh\ JJ. M ik J, $.tt_i½~*t~~ttoo1"F$~.t.tl=J~ cJ=7 

At f 11 ~ rTTJ f1i- :5fd~o ~ 0 



i FIT J}I jJL)31j : t4 ~i ~ Jf. 1ff ~ PIT f jJl( 0 5 4 8) 

~M~tt§ (4802): tttt$ 

tt-_12_}{ , i 1 J{ 

-. (20%, ~~ 5 ~) tf@J$ TRUE/FALSE jfJLfWffiJ;1ttL O *!¥t
ff11tti , ~-ttt~ 0 

1. ~ Jt-100 r~ 1fl1J¥1if ;t~ 1!l y, = /Jx, + c, 0 ;t~ 1!l 1 1fl1& ~ Jl il~1f 

'}!f-'fi. (homoskedasticity):c, "-' N(0,0- 2
) 0 -tl~ 2 1H.1&.~"-ii 

J+ ~ ~ - ,ti (heteorskedasticity): c,""' N(O,a-,2) , a-} :;ta-~ 0 1~1-tt 

estimates) HJ - tl 0 

2. 4'- (X, , ... , X
11

} ib - fa.Ji i.i.d. s tx. ~ (Bernoulli) fii.il ~ii, J{. 

1A f ~ o ~ 1 ; f t~ 1 at i~ $ ib P , ~'1 
II 

E(X;) = p, var(X,) = p(l- p), Vi O i:.;io X = II nLX; JJ; p a0 ~1t 
i = I 

1-stt i( , Jl1J var(X;) ag ~ 1t1ttt i( iJ; X(l-.X) 0 

3. 4'- 0 1~* 00 = l ag ~ 1t1ttt j\ ' ITTJ X ~- fiiil ~ti ' 

E(X) = 1, var(X) = 5 ' Ji. cov(B, X) = 2 ° ~1] #Jr 1-ii tt j\ Bi = 0 - X ~ 

02 = 0 + X J~ ib1t t!~-1ttt i( (biased estimator) ' 19 Bi ~c~~ 



t Pf(#I iJ1JJ1J : t-ttt If J!.~ 1EPJT f iJI.(0548) 

~t~t-t § ( 4802) : ft.fttt~ 

# 12 J{ • i_2_J{ 

11 11 

""'i =""'xi =0 ° L.J, L.J,, 
i=I i-l 

2 

J 



i ,Pfr J)I ill JJ'l : t4-ii tt Jf. ~ 1E ,Pfr f ill ( 0 5 4 8) 

~ti(lt § ( 4802) : ffttt * 
*'_12_J ' i_3_J 

~~~~~~~4~~~L'R~~~~$~~4$~~L-~*~ 
El J11fUf ~$-. 

_ (50%) Please answer the following questions. 

5. ( 10% )Suppose that the random var1able X is geometrically 

distributed, so that P(X = n) = pq 11 ,n = 0,1, ... , where 

q = 1- p,O < p < l. What is the answer of E(-1-) ? 
X +I 

6. ( 10%) A fair die has two green faces, two red faces and two blue 

faces, and the die is thrown once. Let 

{
1 if a gree face is uppermost, 

X= 
0 otherwise. 

{
1 if a blue face is uppermost, 

Y= 
0 otherwise. 

Find cov(X,Y) =? 

7. ( 10%) The independent observations x1 and x2 are distributed 

as Poisson random variables with mea:i µ
1 

and µ'!. respectively, 

where 

lnµ 1 = a, 

lnµ2 = a+ /3, 

with a and /J unknown parameters. 

Find the maximum likelihood estimator of a. 

8. (10%) The question is the same as tl:at in (C). Please find the 
maximum likelihood estimator of /J. 

3 



t Fff J)I ill )31] : ff-Ji f J_f ~ 1E PlT f ill( 0 5 4 8) 

~ t~ff- §1 ( 4802) : #ft tt ~ 
#_12_1{ , i _ 4_ 1i 

~~~~~~~~~~~i,RM~~~$~~~$~~i.~*~ 
§ JrlJ(}f>-#,i~. 

9. ( 10%) An investor wants to compare the risks associated with 

two different stocks. One way to measure the risk of a given 

stock is to measure the variation in the stock's daily price 

changes. The investor obtains a random sample of 20 daily 

price changes for stock 1 and 20 daily price changes for stock 2. 

These data are shown in the table below. Show how this 

investor can compare the risks associated with the two stocks by 

testing the null hypothesis that the variances of the stocks are 

equal. Use a= 0. l O and interpret the results of the statistical 

test. 

4 



* fly J)I iR%1l : f4 J.t f J!. bJf 1E fly f iR( 0 5 4 8) 

~t~f4 g ( 4802) : ~Jt;H* 

Jt- 12 w, i_s_w * tt 4 [ 1}- f 4 , +] 1'f :'§. 

Price Change Price Change 
Day for stock 1 for stock 2 

1 1.86 0.87 
2 1.80 1.33 

3 1.03 -0.27 
4 0.16 -0.20 
5 -0.73 0.25 
6 0.90 0.00 
7 0.09 0.09 
8 0.19 -0.71 
9 -0.42 -0.33 
10 0.56 0.12 
11 1.24 0.43 
12 -1.16 -0.23 
13 0.37 0.70 
14 -0.52 -0.24 
15 -0.09 -0.59 
16 1.07 0.24 
17 -0.88 0.66 
18 0.44 -0.54 
19 -0.21 0.55 
20 0.84 0.08 

5 



i PIT JjI #Ji %1J : fr .:Ji f J.f 1Jf-1E PlT f #Ji( 0 5 4 8) 

~t~lf-§ (4802): #fttt$ 

#_12_1{ , i_6_ J{ 

10. (30%, 4j--~-Jii¼ 15 5)--) 

1Kltt~1E:t--t tf ;ff ~f-x.~ ff-4~0 T: 

A. ft- .:Ji ,f J!. bff % rJT ~ lL ~ 2000 i¥- , k ~ J.i ~ j~ ili t-* J1J #Jr~ i 1J "l 
f J!. ,~ it~~~ 1t Al 1»; ✓t rnJ A lL Fi-J hff-~ PlT , 200 5 t- iE ~ lL tl ± 
J}I 0 

B. ~ PJf 1t ~ £ .tm l-A f4 ;Ji If J.f. ~ *t ,('._; ' ;fr :t" f4 ;Ji -ft 1R ' f4 ;Ji i 1J #Jr ' &. 
_A .,W- ~ .:!::l. 'th ,¼ -=~ ::f,:o -H::I :t-1I 4,- Wl-
J.E ~ ~ 1l'~ -1T q 07!'--1.£ 7)7L J!!1J ~ ,*-o 0 

C. I@ lL 5t * :k~f4-ti f J.f.1tf- tlPJT ¾_~lit s~l& 1l1-if=-*,~i2l~~~1t 
}fl -Z.t1J #Jr f J!. ~1f11f-1iL 0 

1~ltt%-f-t~ki~lL (independent) ~t~f1Jsgx.~l1Ft '1~ltt4ij:--100 
+ :t~ {§ _fL 1iJ iL ( ~r II f4 II 1k. 100 + • II -ti II ¾ 1iJ _IL 8() ) o ~ ~ o/ .>(_ .>(_ + 
~#~~~~,~~~~~~~~-~~%~*0 

11~11 m 2 *i~ ~ (i1 #ft it "1f it cii aJJ af- ~~ti aA ~11 m 1t ~L ttttt "1f 
i¼ , 5tr JLl#fttt *~ta ij~ , ~ -=f tt ~) , 'f t~~ff il-=-* ~ *4 rr sg "f4;Ji 
ifJ.! 11 i! 41im~~s1~~~r1fl (word segmentation)* (~;l1JJ=fHt,,t 
"1f iidt ~M ill *) 0 

6 



i ?}T J)I fa.JI. ;j1J f4- .ft 'W J.f htf Jt: ,P}T 'f fa.JI. ( 0 5 4 8) 

~t~f4- § ( 4802): ~Jt~t~ ,.. 0 '+ 

# 12 Jl - - ' 'Hi _ 7_ Jl *tf-{f_ [ ~ ~%, {-] 1-t ~ 

Cumulative Standardized Nonnal Distribution 

.A(z) is the inEgra1 of the standardized l100IL1d. 
. distribution from -en to z (m otber·wards, 1be 
area under-the mrveto the left of z). It gives the 
probability of a nmm.al random variable not 
being more than z standard deviations above its 
mean. V alnes of z of padicufar importance: 

t 
z .ii{!) 

1.645 0..9500 Laww Jimitofright 5% tail 
1.960 0.9750 Lawer limit of nd>f 2.5% tnl 
2.326 0.9900 Lower limit al. ript 1% 1ail 
2.576 0.9950 Lawer limit of right 6-5% bil 
3.090 0.9990 Lawer limit afript- 0.1% bil 
3..291 0.9995 Lawer limit of right 0_05% bil 

-4 -3 -,2 -1 D 1 z 2 3 4 

z o_oo 0.01 0.02 0.03 0_04 0_05 0.06 0.07 0.1)8 0.09 

0.0 0.:5000 0.5040 0.5080 0.5120 05160 0.5199 0..5239 0.5279 0.5319 0.5359 
0.1 0..5398 05438 0547s. 0.5517 0.5557 Q.5596 0.5636 Q5(;7j 0.5714 0.5753 
0.2. 0.579-3 0.5832 0-5871 0.5910 0.59@ o.5987 0.602:6 0.<,064 0..610$ 0"6141 
03 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517 
0.4 0 .. 6554 0.6591 0.662& 0,6664 0.6700 0.6736 O.fi112 0.680& 0.6844 0.6879 
0.:5 0.6915 0.@50 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.1224 
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549 
0.7 0.7580 0.7611 0.7642 0.1!i13 0.7104 0.7734 0.7764 0.7194 0.7&23 0.7852 
u 0.78&1 0.7910 0.7939 0.79<il 0.7995 0.8023 0.8051 0.807& 0.8106 0..8133 
0.9 0.1159 UlS6 0.8212. O.&238 0.8264 0.82S9 o.B315 0.8340 0.8365 U3B9 
LO 0.8413 0.8438 0.8461 O.M35 0.8508 0.1531 0.&554 0 .8571 0.&599 0.8621 
I.I 0.8643 0.8665 0.8686 0.870S o.8729 0.8149 0.8770 0.8790 · 0.8810 0..8830 
12 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0..9015 
1.3 0.9032 0.9049 0.9066 0.9082 0.9099 Q.9115 0.9131 0.9147 0.9162 0.9177 
1.4 0.9192 0.'llJJJ 0-9222 0.9236 0.9.251 0.9265 . 0.9279 0.9292 0.9306 0.9319 
1.5 0.933'2 0.9345 0.9357 0.9:370 0.9382 0.9394 OJ\406 0.9411 0.9429 0.9441 
L6 0.9452 0.9463 0.9474 0..94&4 0.9495 · 0.9505 0.9515 0.9525 0.9535 0..9545 
1.7 0.9554 0.9564 0.9573 0..9582 0.9591 o.9599 0.%08 0.9616 0.9625 0..9633 
u 0.9641 0..9649 0.9656 0.9664 0.9671 0.967! 0.9686 0.9693 0.9699 0.9706 
1.9 0.9713 0.9719 0.9726 0,9m 0.9731 0.9744 0.9750 0.9756 0.9761 0.97fi1 
2.0 0.9m 0.9778 0.9783 0.9788 0.9793 0.9ffl 0..9803 0.980& 0.9812 0..9817 
2.1 0.9t!21 0.9826 0.9830 0.9834 0.983& Q.9142 0.9846 0.9850 0.9854 0..9857 
2.2 0.9861 o.9864 0.986& 0.9871 0.9875 Q.987! o.9881 0.9884 0.9117 0~ 
23 0.9893 0.9896 0.989& 0.9901 0.9904 0.9906 0-9909 0.9911 0.9913 0.9916 
2.4 0.9918 0.9920 0.9922 0.9925 0.9917 0.9929 0.9'131 0.9'132 0.9934 0..9936 
2.5 0.9938 0.9940 0.9941 0.9943 0.9945 0-9946 0.9948 0.9949 0.9951 0..9952 
2.6 0.9953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0..9964 
2.7 0.9965 0..9966 0.9967 0.9968 0.9969 0.9970 0..9971 0.9972 0.9973 0..9974 
2..1 0.9974 0.9975 0.9976 0.9971 o.ran 0.997& 0..9979 0.9979 0.9980 0..9981 
2.9 0.9981 0.9982 0..91)82 0.9983 0.9984 0.9984 0.9985 0.9915 . 0.9986 0..9986 
3.0 0.9987 0.9987 0.9987 0.9988 0.99S'& 0.9989 0.9989 0.9989 0.9990 0.9990 
3.1 0.9990 0.9991 0.9991 0.9991 0.9992 0.999'1 0..999:2 0.9992 0.999.3 0.9'J9'3 
3.2 0.9993 0..9993 0.9994 0.9994 0.91»4 0.9994 0.9994 o.~5 0..9995 0..9995 
3..3 0.9995 0.9995 0.9995 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996 0~ 
3.4 0.9997 0.9997 0.9997 0.9997 0.9997 Q.9997 0.9997 0.9997 0.9997 0~9998 
3.5 0.9993 0.9998 0.999& 0.9998 0.9998 0.9993 o.ms 0.9991 0.9991 0.9998 
3..6 0.9991 0.9998 0.9999 



@l_ft. ~%A~ 1/=J ~ :.:r 108 ~ ~li. k~ ±JJI~t~A~t~~ 

i Pff J)I jJl Ji1J f4.fi f J!.b]f JtPtr lf jJl(0548) 

~1~f4 El ( 4802) ~Jt~t~ , •• 0 '-=F 

# 12 J{ , i_s_J *tt,ff. [$~4, +] 1'i=$ - -

t Distribution: Critiall Values of t 

Si:g,fi/ic,mcsln« 

~qf TwcHOIW.lffSt: 10% 5% 2% 1% 0.2% 0.1% 
Ji-do-· G,»..tailtltl tGt".. 5% 2.5% 1% 0.5% 0.1% 0.05% 

l 6.314 12.706 31.821 63.6.57 318309 636.619 
l 2.920 4303 6.%5 9.92:5 22.:327 31.599 
3 2353 3.182 4541 5..841 10.215 12.924 
4 2.132 2.716 3.7tfl 4..604 7.173 8.610 
5 2.015 2..571 3.365 4.032 5.891 · 6.869 

' 1.9.43 2.447 3.143 3."1<11 5.208 5.959 
7 l.894 2.365 29118 3.~ 4.785 5-408 
8 1..8(,() 2.306 2.896 3.355 4.501 5.041 , L833 2..262 2.821 3.250 4.297 4.7&1 

It 1.812 2.228 2.764 3.169· 4.144 4587 

ll 1.796 2.201 2.718 3.106 4.025 4.437 
ll L7&2 2.179 2.681 3.055 3.930 4318 
13 1.771 2.16.0 2.650 3.012 3.m 4-221 
14 1.761 2.145 2.624 2977 3.787 4.140 
li 1.753 2.131 2.602 2.947 3.733 4JITT 

16 l.746 2.120 1583 2.921 3.6S6 4.015 
17 1.740 2.HO 1.567 2..891 3a'46 3..965 
1B I.734. 2.101 2.552 2.m 3.610 3.912 
D l.729 2.003 2..539 2.861 3.579 3.883 
lt l.725 2.086 15'-8 2..845 3.552 3-850 

21 1.721 2J)80 2.518 . 2.&31 3.527 3.819 
?? l.717 2.074 2.508 2.819 3.505 3.792 
?.i l.714 2.~ 2.500 2..807 3.485 J:768 
?4 l.711 2.064 2.492 2.m 3.467 3.745 
25 1.708 2.060 1AS5 2.787 3.450 3.715 

26 1.706 2.056, 1.479 2.m 3.435 3.707 
rT 1.703 2.052 2.473 2.771 J.421 HBO 
Z8 1.701 2.04& 2.461 2.763 3.408 3.674 
%9 1.699 2.045 2.462 2.156 3.396 3-659 
3t Hill 2.042 2.451 2.750 3.385 3.646 

32 1.694 2.037 2.449 2.738 3.365 3.622 
34 1.691 2.012 2.441 2.723 3.341 3.601 
36 USS 2.02& 2.434 2.719 3.333 3.5!2 
JS 1.686 2.024 2.429 2.712 3.319 3..566 

• l.684 2.021 2.423 2.704 3307 3.SSl 

42 l.682 2.011 1.418 2.698 3.296 3.538 
44 l.680 2.015 1.414 2.692 3..286 3.526 
46 l.679 2.013 2.410 2.617 3277 3.51:S 
.fl l.fm 2.011 2.407 2.6&2 3..169 3.505 
51} l.676 2.009 2.403 2.678 3.261 3.496 

6t 1.671 2.000 2.390 2.660 3.232 3.460 
7t l.«iJ 1.994 2.381 2.648 3.211 3.43:S 
BO l.664. 1.990 2.374 2..639 3.195 3.416 ,. 1.662 1.987 2.368 2..632 3.183 J.:402 

100 1.660 1..984 2.364 2.626 3.174 3.390 

llt l.658 1..980 2.358 2.617 3.160 3373 
150 1.655 1.976 2.351 2.600 3.145 3.3.57 
200 1.653 1.m 2.345 2.601 3.131 3.340 
Jot l.650 1.968. 2.339 2.m. 3.llS 3.323 - 1.649 1.966 2.336 2.588 3.lll 3.315 

5()0 1.648 1.965 2.134 2.586 3.107 3.310 - l.647 1..964 2.333 2.584 3.104 3.307 

a:i 1.645 1..960 2.326 2.576 3.090 l.291 



~ _ft_~*~*~ 108 ~ ip-lt ~~ ± J)I~t;tA~t;t~ 

* ?}f J)I fJI.½1J #tt /f J.t~1ErJf f jJI.(0548) 

~t~f4 § ( 4802) : ~lt~t~ ,.. ii '-=F 

# 12 Jl• i_9_Jl *tt-1± [ $~%, -t] 1-'¥$ - -

F Disbibution: Critical Values of F (5% significance level) 

"1 I l 3 4 s ' 7 B ' Ul ll 14 16 11 lt 
1-'z 

I 161.45 199.50 215-7122458230.16 231.99 236.TI 23&.88 240..54 24L88 243.91245.36 246.46 241.32 248.01 
l 18.51 19.00 19.16 19.25 1930 19.33 19.35 19.37 19.38 19.40 19.41 19.42 19.43 19.44 19.45 
3 10.13 9.55 9.1.& 9.12 9.01 &.94 UIJ 8.85 Ul i.79 8.74 Ul · &.69 1.67 8.66 
4 7.71 6.94 6.59 639 626 6.16 6.09 6.04 ttOO 5.96 5.91 5-87 j..84 5.82 5.SO 
s. 6.61 5.19 5.41 5.19 5.05 4.95 4-81 4-82 4.71 4.74 4.68 4.64 4.60 4..58 4.56 

' 5.99 5.14 4.76 4.53 439 4.28 4.21 4.15 4.10 4.06 4..00 3.96 3.92 3.90 3.87 
7 5.59 4.74 u:s 4.12 3.97 3.17 3.79 3.73 3.68 3.64 3.51 353 3.49 3.47 3.44 
8 5.32 4.46 . 4JT1 3..84 3..69 3.58 3.50 3.44 3.39 HS 32& 3.24 3.20 3.17 3.15 
g S.12 4..26 1.16 '.U3 3.48 3.37 3.29 3.23 3.18 3.14 3.0'7 3.fl3 ~ 2.99 2.96 294 

10 4.96 4.10 3.71 3.48 333 3.22 3.14 3.07 3.02 298 2.91 2.86 2.13 2.80 2.n 

ll 4.M 3.9& 3.~ 3.36 3.20 3.()9 3.01 2.95 2.90 2.85 2.79 2.74 2.70 2.GJ 265 
ll 4.15 3.89 1.49 3..26 3.II .3.00 2.91 2.85 2.80 275 2.69 2.64 2.60 2.57 254 
13 4.67 3.81 3.41 3.li 3.03 2.92 2.13 2.71 2.71 2.61 2.(10 255 2.51 2.4S 2.46 
14 4.60 3.74 3.34 3.11 2.96 2.B5 2.76 2.70 2.65 260 2.53 2.48 2.44 2.41 2.39 
15 4.54 3.6& 3.29 3.06 2.90 279 2.71 2.64 259 2.54 2.48 2.42 2.38 23.S 233 

16 4.49 · 3.63 3.24 3.01 2..85 2.14 2.66 2.59 2.54 2.49 2.42 2.37 233 230 us 
17 4.45 359· 3.20 2.96 2.81 2.70 2.61 2.55 2..49 2.45 2.3& 2.13 229 2.26 2.23 
18 4.41 3.5:5 3.16 2 .93 2.77 266 2.58 2.51 . 246 l.41 2.34 2.29 2.25 2.22 2.19 
19 438 352 3.13 290 2.74 2.63 2.>4 248 2.42 2.38 2.31 2~ 221 2.18 2.16 
10 435 3.49 3.10 2.87 2.71 2.60 2.51 2.45 239 2.35 2.21 2.22 2.18 2.15 2.U 

ll 4.32 3.47 3.0'7 2.84 2.68 2.57 2.49 2.42 2.37 232 2.25 2.20 2.16 l.12 2.10 
21 4.30 3.44 l.05 2.82 2.66 255 2.46 2.40 2.34 2.30 2.23 2.17 2.13 2.10 2.frl 

" 4.28 3.42 3.03 280 2.64 253 2.44 2.37 2.32 227 2.20 2.15 2.11 2.08 2.05 
' 24 426 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.18 2.13 2.09 lJ)5 2.03 
lS 0.4 3.39· 2.~ 2.16 2.60 249 2.40 2.34 2.28 2.24. 2.16 211 2.07 lJ)4. 2.01 

16 4.22 3.31 2.9& 2.74 2.:59 1.47 2.39 2.32 U1 2.22 2-15 2.09 2..05 2.02 1.99 
17 4.21 3..J.j 2.96 2.73 2.57 1.46 2.37 2.31 2.25 2.20 2.13 2.08 2..04 2.00 1.97 
lS 4.20 3.34 295 .2.71 2.56 2.45 2.36 2.29 2.24 2.19 2.12 2.06 2.02 1.99 1.96 
29 4.11 333 293 2.10 2.55 243 2.35 228 2.22 2.18 2.10 2.05 2.01 1.97 1.94 
30 4.17 3.31 2.92 2.69 2.:53 1.42 2.33 2.27 1.21 216 2.09 2.04 1.99 1..96 1.93 

35 4.12 3~27 287 2~64 2.49 2.37 2.29 2.22 2.16 2.11 2.04 L99 1..94 1.91 1.88 
40 4.08 3~23 284 2~61 2.45 234 2.25 2.18 2.12 2.08 2.00 1.95 1.90 l..&1 1.84 
50 4.03 3.1& 2.79 2.56 2.40 2.29 2.20 213 21}7 203 1.95 U9 U5 Ul 1.78 
Q) 4.00 3.15 2.76 2:53 237 2.25 2.17 2.10 2.04 1.99 1.92 LB6 U2 1.78 1.75 
70 3.98 3.13 2..74 2.50 235 223 2.14 2JT/ 2.02 l.97 l.&9 l.S4 1.79 1.75 1.71 

80 3..96 3.11 2.71. 249 233 2..21 2.13 206 2.00 1.95 LB& LS2 1.77 l.73 1.70 
,0 3.95 3.10 2.71 247 232 2..2.0 . 2.Il 204 1..99 1.9,t 1.86 uo 1.76 1.72 l.69 

HO 3.94. 3a09 270 2.46 231 2.19 2.IO 2.03 1.97 1.93 1.85 1.79 I.15 I.TI 1.61 
uo 3.92 3.07 26& .2.45 2.29 2.18 2.09 202 1.96 1.91 l.83 1.71 1.73 l.9J 1.66 
150 3.90 3.06 2.66 2.43 2.27 2.16 2.(17 2.00 l.94 1.89 I.Bl I.76 1.71 1.67 1.64 

100 3.&9 J..04 2.65 2.42 226 2.14 2.06 us 1.91 us uo 1.74 1.69 1.66 1.62 
150 3.il 3.03 264 2.41 2.25 l.13 2.05 I.91 1.9:2 1.87 1.19 1.73 1.68 1.65 1.61 
lto 3..87 3.03 2.63 2.40 2.24 213 l.04 1.97 l.91 U6 1.7! 1.72 1.68 1.64 1.61 
480 l.86 3.02. 2.63 2.39 224 212 2.03 1.96 1.90 U5 L71 1.72 1.67 1.63 uo 
590 3Jl6 J..01 2.61 2.39 2.23 2.12 2.03 l.96 1.90 U5 1.71 1-71 1.66 1.62 1.59 

AO 3.86 3.01 2.62 239 223 2.ll 2.02 l.95 1.90 1..85 1.71 L71 1..66 1.62 1.59 
750 '.US 3.01 2.62 2.38 2.23 1.ll 2.02 1.95 U9 1..14 L71 1.70 1.66 1.62 1.:51 

1000 3..85 3JJO 261 238 2.22 2.U 2.02 l..95 l.&9 l.84 1.76 1.70 1.65 1.61 l.s& 
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i PIT J)I #Ji %11 ft?!* .ffhJf 1ErJr f #JI.(0548) 
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F Distnbutioo: Critical Values of F (5% significance level) 

1-i 25 30 3& 48 50 ~ 7; 100 150 200 
Vz 

I 149.26 250_10 250.69 l5U4 251.77 25210 252.62 253.04 253-46 15:1-68 
:? 19.46 19_46 19.47 19.47 19.48 19.48 19.48 19.49 19.49 l.9.49 
3 8.63 &.62 8.liO 8..59 &58 851 &.56 8..55 8-54 &.54 
4 5.TI 5~15 S.73 5.12 5.10 5.69 5.6& 5.66 5.65 5.65 
5 4.52 4.50 4..4S 4.46 4.44 4.43 4.41 4,41 4.39 4.39 

6 3.,83 3.81 3.79 3-77 3.75 U4 :3.73 3.71 3.70 3.69 
7 3.40 3.38 3.36 3.34 332 3.30 3-29 3.27 326 3.25 
8 3.U 3.0& 3J)6. 3.04 3.02 3.01 2.9.9 2.97 2.96 2.95 
9 2.89 2.86 284 283 2.80 2.79 2.71 2.76 2.74 2..73 

10 2..7.i 2.70 26& 266 2..64 262 2..60 2.59 2..57 2.56 

11 l .60 2..57 2.55 2.53 2.51 .2.49 2.47 2.46 2..44 2.43 
ll 2.50 2.47 2.44 2.43 2.40 2.3& 2.37 235 2.33 232 
13 2..41 2.31 236 234 231 2:30 228 2.26 l.24 2..23 
14 2..34 2.31 221 227 2.24 2.22 2.21 2.19 2.17 2.16 
15 2.28 2.25 2.22 2.20 2.18 2.16 2.14• 2.12 2..10 2.10 

16 2..23 2.19 2.17 2.15 2.12 2.11 2 .09 2.07 2.05 2J)4 
17 2..18 2.15 2 12 210 2.08 2.06 2.04 2.02 2.00 1..99 
18 2-14 2.11 2.0& 2.06 2.04 2.0l 2.00 l.9S 1.96 1.95 
19 :tu 2.(fl 2.05 2.03 2.00 1..9! l.96 1.94 1..92 1.91 
?O 2..f11 2.04 2.01 l..99 1.97 1.95 1.93 L91 1.89 1.83 

n 2.05 2.01 l..9& L96 1.94 l.92 1.90 1.88 1..86 1.84 
22 2..02 1.98 l.96 l.94 1.91 L89 L87 LS5 1.83 . l.82 
?3 2.00 1.96 l.93 l.91 l.88 1.86 L84 Ll2 1.80 l.79 
l4 1.97 1.94 1-91 l.89 1.86 1.14 1.82 1.80 1.78 I.TI 
l5 1.:96 1.92 1.89 U7 1.84 L&2 I.SO 1.78 1.76 1.75 

26. 1.94 1.90 U7 us l .82 1.80 1.71 L76 1.74 l.73 
27 1.92 us U6 U4 1.81 L79 1.76 1.74 1.72 1.71 
l8 1..91 1.87 1.14 U2 1.79 1.77 1.75 1.73 1.70 1.69 
29 L&9 1.85 l.83 I.al 1.77 1.15 L73 L71 1.69 1.67 
30 1.88 U4 Ul L79 1.76 1.74 1.72 L70 l.67 l.li6 

35 1.82 1.79 L76 L74 1.70 1.6! 1.66 l.63 1.61 1.60 
40 L78 1.74 l.72 L69 1.66 1.64 1.61 1.:59 1.56 1.5:5 
50 1.73 1.69 1.66 L63 1.60 1.51 1.5.5 · 1..52 1.50 1.48 
~ 1.69 U.5 l.62 1.59 1..56 153 1.51 1.48 1.45 L44 
70 1.66. 1.62 l.59 l 57 1.53 1.50 1.48 . L45 1.42 1.40 

JO l.M 1.60 l 57 l...54 1..51 1.48 L45 L43 139 1.38 
90 1.63 1.59 155 1..53 1.49 1.46 1..44 L41 138 l~ 

100 l.62 1.57 154 U2 1.48 1.45 1.42 1.39 1.36 1.34 
uo 1.60 1.55 L52 1-50 1.46 1.43 1.40 1.37 1.33 1.32 
150 1.58 1.54 I.SO L4S 1.44 1.41 1.31 1.34 131 1.29 

zoo l.56 1.52 l--48 l.46 1.41 1.39 1.3:5 1.32 1.28 1.26 
lSO 1.55 1.:50 l.47 l . .44 1.40 1.37 1..34 L31 127 1.25 
300 1.54 1.50 1.46 L43 139 1.36 L33 l..30 126 1.23 
400 1.53 1.49 U 5 1-42 1.38 135 1.32 1.28 1.24 1.22 
500 1.53 1.4& l.4j l.42 1.38 l.35 l.ll 1.28 1.23 1.21 

600 1.52 1.48 t-44 L41 137 1.34 1..3! L27 1.23 120 
?50 1.52 1.47 L44 1-41 137 1.34 1.30 1.26 122 1.20 

1000 1.52 1.47 l.43 1.41 136 1.33 1.30 1.26 122 l.19 
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# 12 J{ ' i_11_ J{ *tt-t£ [ -tt~4 , +] 11-tt - -

F Dismbutioo: Critical ValUes of F {1% :significance level) 

"I I l, l 4 5 ' 7 8 ' If u u 1, lJ lf) 

'f{z 

1 40».lS ffSlf..118 Jto-3..ll SOUi S7ti.6l :im.!'-' JIZ&.36 '9SL07 6022.47 61JS.S5 ,106.12 cU4l.67 §.l'JUO ffll.Il QOl..'73 
2 98.~ 99.00 99.17 99.25 99.30 99.3-3 99.36 99.37 99.3.g 99.40 99.42 99.-43 99.44 99.44 99.45 
3 34.12 30..82 19.46 28.71 28.24 27.91 27.fll 27.49 21.35 27.23 27.05 26..92 26.13 '11,.15 26.@ 
4 21.20 I &.00 16.69 15.98 15.52 1.5.21 14.93 14.80 14.-66 14.5.5 14.37 14.25 105 14.08 14.02 
; 16..26 U.27 12.06 11..19 10.97 Ul.67 10.46 10.29 10.16 IO.OS 9.89 9.77 9.68 9.61 9.55 

' 13.75. lo.92 9.7& 9.15 8.15 8.47 8.26 8.10 7.91 1.EJ 1.n 7.60 7.52 1~45 7AO 
7 12.25 9.55 8.45 7.85 1.46 7.19 6.99 6.84 6.71 6.62 6..47 6.36 628 6.21 6.16 . 
8 lL26 &.65 7.59 7.01 6.,63 6.37 6.11 6J)3 5.91 5.81 5.fil 556 5.48 5.41 5.36 
9 10.56 8..02 6.99 6.42 6.06 5.!0 5..61 5..47 5.35 526 5.Il 5.01 14.92 4.86 4.81 

IO 10.04 156 655 5.99 5.64 5.39 5.20 5.06 4.94 4..85 4.71 4.60 4.52 4.46 4.41 

11 9.65 7.21 6..22 5..ol 532 5.Ul 4.89 4:.74 4.63 4..54 4.40 4.29 421 4.15 4.10 
12 9.33 6.93 5.95 5.41 5.06 4.82 4.64 .4.,5() 439 430 4.16 4.05 3.97 3.91 3.86 
13 9JJ1 6.70 :S.74 5.21 4.86 4.62 4.44 4.30 4.19 4.10 3.96 3.86 3.78 3.72 3.66 
u 8..86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 l.94. 3.80 3.70 3.62 3.56 3.51 
IS 1.68 6.36 5.42 4.89 456 4.32 4.14 4J)O :U9 :3.80 3.67 356 3.49 3.42 3.37 

16 &.53 6..23 5.29 4.77 4.44 4.20 4.03 '.U9 3.78 3.69 3.55 3.45 337 3.31 3.26. 
17 8.40 Ul 5-18 Hil 434 4.10 H3 3.19 3.68 . 3.59 . 3.46 3.35 321 3.21 3.16 
18 8.29 6.01 5Jl9 us 4-25 4s01 1.84 3.71 3.60 351 331 3.27 3.19 3.13 3.01 
19 8-18 5.93 5.01 4.50 4.17 .3~94 3.TT 3.63 3.52 3.43 3.30 3-19 3.12 3.05 3.00 
20 uo 5.&5 4.94 4.43 4.10 3.87 3-70 3.56 3.46 3.37 3..23 3.13 3.05 2.99 2.94 

11 8.02 5.18 4.87 4.37 4.M 3.81 H4 3-51 3.40 :3.31 3.17 3.07 2.99 2.93 2.S& 
22 7.95 s.n 4.82 4.31 3.99 3.76 3.59 3.45 3.35 3.26 3.12 3.02 2..94 2.88 2.83 
23 7.88 5.66 4.76 4..26 3.94 3.71 3.:54 3.41 330 3.21 3.07 2.91 2..89 2..83 2.78 
l4 7.&2 5.61 4.72 4.22 3.90 Hi/ 3.50 3.36 3.26 3.17 3.03 2.93 2.B5 2.79 2.74 
1:; 1.71 5.57 4.68 us 3..85 3.63 3.46 3:32 3.22 3.13 m 2.89 2.81 2.15 2.70 

26 7.71 5.53 4.64 4.14 3.82 3.59 3.42 3.29 l.18 lJ>9 2.96 2.86 2.78 2.71. 2.66 
2,7 HS 5.@ .,uo 4.11 3.78 3.56 3.39 l.26 3.15 3.{)6 2.93 2.82 2.15 2.68 2.63 
18 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 3.03 2.90 279 2..72 2.65 2.00 
l9 7.60 5.42 454 4.04 3.73 3.50 3.33 3.lO 3.09 3.00 2.87 277 2..69 2.63 2.57 
30 7.56 5.39 4.51 4.02: 3.70 3.47 3.30 3.17 3.07 .2..91 2.84 2.74 2.66 2.60 2.55 

35 7.42 5.27 4.40 3.~l 3.59 3.37 3.20 3.07 2.96 2-SS 2.74 2.64 2.56 2.50 2.44 
40 7.31 5.11 4.31 3.83 3.51 3-.29 3.12 2.99 2.&9 280 2.66 2.56 2.48 2.42 2.37 
so 7.17 5.06 4.20 3.72 3.41 3.19 ~to2 2 .89 2.78 2..70 1.56 2.46 238 2-32 2.27 
Q} 7'.0S 4.98 4.13 3..65 3.34 3.12 1.95 2 .12 2.72 1.63 2.50 2.39 2.31 2.25 2.20 

. -70 7.01 4.92 4.01 3.fJO 3.29 3.07 2.91 2.78 2.GJ 2.59 2.45 2.35 227 2.20 2.15 

80 6.96 4.88 4J)4 3 • .56 3.26 3JM .287 1.14 2.,64 2.55 2 . .42 2.31 2.23 2.17 2.12 
,0 6.93 4.&5 4.01 3.53 323 3~01 2.84 2..12 2.61 2.52 2..39 2.29 221 2.14 . 2.09 

100 6.90 4.82 3.98 3..51 321 2:.99 2.K2 2.69 2..59 2.50 2.37 2.T1 2..19 2.12 2.07 
128 6.85 4.19 3.95 3.48 3.17 2.96 2.79 1.66 2.56 2.47 2.34 2.23 2..15 2.()9 2.03 
ISO .U I 4.75 3.91 3.4.5 3.14 292 2..76 2 .. 63 2.53 2.44 231 2.20 2.U 2.06 2.00 

?,00 6.16 4.71 3_sg 3.41 3.11 2.89 2.73 2.60 2..50 2.41 2.Tl 2.17 2.09 2.03 1.97 
:?SO 6.74 4.69 3.86 3.40 3.09 21:1 2.71 251 2.48 2.39 2.26 2l5 2..f11 2.01 1.95 
300 6.72 4.68 3.85 3.38 3.08 2.!6 2.70 2.51 2.47 2.38 2.24 2.14 2.06 1.99 1.94 
400 6.10 4.66 1.83 l.37 3.06 2;15 2.61 2..56 2.45 2.37 2.23 2.13 2.05 1.98 1.92 
500 6.69 4.65 3.82 3.36 3.05 2.84 2.6& 2.55 2.44 1.36 1.22 2.12 2.()4 1.97 1.92 

QlO 6.68 4.64 3.81 3.35 3.05 1.83 1.67 2.54 2.44 2.35 2.21 2.U 2.03 1..96 1.91 
750 6.<il 4.63 :Ul 334 3.04 . 2.SJ 1.66 2.53 2.43 2.34 2.21 2.11 2.02 1..96 l.90 

1000 6.66 4.63 3.80 3.34 3.04 2.82 2.66 2.:53 2.43 2.34 2.20 210 2.02 l.95 1.90 
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F Oistnbution: Critical Values of F (1% significance level) 

91 l5 J()- 35 .fi 50 60 '15 UN) 150 100 
112 

l QB.13 6'.H0.6i 127lSJ «!16.71 63Gl.l2 5313.0l 63ll.j6 6UU1 614-UI 6MU7 
2 99.46 99.47 99.47 99.47 99.48 99.4& 99_49 99_49 99.49 99.49 
3 26-58 26.50 26.45 26.41 26.35 26.32 26..28 26.24 26.20 26.18 .. 13.91 IJ.84 11.79. 13.75 13.69 13~65 13.61 13.58 13.54 1352 
5 9.45 9..31 9..33 9.29 92-4 9.20 9.17 9.13 9.09 9.08 

6 7.30 7.23 7.18 7.14 7..09 1.06 1.£11 6..99 6..95 6.93 
7 6.06 5.99 5.94 5.91 5.86 5.82 5.19 5.15 5.72 5.10 
8--. 5.26 5.20 5-15 S.12 5.07 5.03 5.00 4.96 4..93 4.91 
9 4.71 4.65 -4.60 4.57 4.52 4.48 4.-4.5 4.41 4.38 4.36 

10 431 4.25 4.20 4.17 4.12 4.08 4.05 4.01 3.98 3.96 

11 4.01 3~94 3.89 3.86 3.81 3.78 3.74 3.71 3.67 3.66 
u 3.76 3.10 3.65 3.62 3.57 3.54 uo 3-47 3.43 3.41 

. 13 351 3.51 3.46 3.43 338 3.34 3.31 3.21 3.24 3.22 
14 l.41 335 3.30 3.27 322 3.18 3.15 3.11 3.0S 3~06 
15 3.2S 321 3.17 3.13 3.08. 3.05 3.01 2.98 2.94 2.92 

16 3.16 3.10 3.05 3.02 297 2.93 290 2.16 l.,83 1.81 
17 3.07 3.00 296 2.92 22.7 2.&3 2.80 276 2.73 :t11 
18 2~98 2.:92 2 .87 2.84 2.78 2.15 2.71 2.61 2.64 2.62 
19 2.-91 2..84 2.80 2.76 2.71 2.fil 2.64 2.60 2.57 2.55 
.20 2.84 27& 273 2.69 2.64 261 257 2.54 250 HS 

ll 2.79 2.72 2.67 2.64 258 2.5j 2.51 2.48 2.44 2.42 
ll 2-73 1.fil 262 2.58 253 2.50 2-46 2.42 238 236 
!3 2.69 2{;2 257 2.54 2.48 245 2.41 237 234 232 
I4 2.64 2.58 2.53 2.49 2.44 2.40 2.37 2.33 2.29 2.TJ 
l5 2.60 2.54 2.49: 2.45 2.40 236 2.33 2.29 2.25 2.23 

!6 251 2.50 245 2.42 236 133 2.29 225 2.21 2.19 
17 2.54 2.47 2.42 2.38 233 2.29 2.26 2.22 2.18 2.16 
28 2.51 2.44 239 2.35 2.30 2.26 2.23 2.19 2.15 2.13 
l9 2.41 2.41 2.36 2.33 227 2.23 2.21) 216 2.12 2.10 
30 2.45 2:39 2.34 2.30 225 2.21 2.17 2.13 2.09 2J11 

36 2.35 22& 2.23 2.19 2.14 uo 2.06 2.02 1.98 L96 
40 221 2.20 2.15 2.11 2.06 2.02 1.98 l.94 1.90 1.87 
50 2.17 2.10 205 201 1.9:5 1.91 1.87 U.2 1.78 1.76 

'° 2.10 203 us l.94 1..88 1.84- L'.79 1 .. 75 1.70 1.68 
70 · 2.05 1.9& 1.93 l.89 1.83 1.78 1.74 I.70 1.65 1.62 

so 2~01 1.94 U9 l.85 1.79 1.75 L70 L65 1.61 1.58 

'° 1.99 1.91. U6 U2 1.76 1.72 L67 L62 1.57 l.55 
UJO 1.97 LU l.84 uo 1.74 1.69 1.65 l.60 1.55 1.52 
uo 1.93 U6 LSI 1-76 l.70 1.66 l.61 l-56 1.51 1.48 
150 L90 l.&3 1.77 1.73 1.66 1.62 1.57 l..52 1.46 1.43 

1-00 U7 1.79 l.74 L69 l.63 1.5! 1.53 l.48 1.42 1.39 
lSO U5 LTT 1.71 Ui7 l.6-1 1..5.6 1.51 L46 1.40 136 
300 1.-84 1.76 1.70 l.66 1.59 1.55 1.50 L44 138 135 
400 l.&2 1.15 1.69 1.64 1.58 1.53 1.48- 1.42 136 1.32 
500 LSI 1.74 1.68 L63 1.57 152 l.47 l.41 1.34 1.31 

600 I.SO U.3 1.67 l.63 1.56 1.51 L46 L40 1.34 130 
750 l.BO 1.n. l.66 1.62 1.55 1.50 1.45 1.39 133 1.29 

1000 1.19 1.72 1.66 1.61 1.54 1..50 1.44 1.38 132 l.2S 

--




