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1. State whether the following statements are true or false. Give reasons for your answer : 

(a) ln the regression model Yi = B1 + B2Xi + ui, suppose we o~tain a 95% confidence 

interval for B2 as· (0.1934, 1.8499). We can say that the probability is 95% that this 

interval includes the true B2. 

necessarily pass through the origin. 

In the regression model Y i = B 1 + B2X2i + B3X3 i + ui, if all vaJues of X3 are identical, . 

I 

then the variance of the ordinary least squares estimators of the slope coefficients is not 

defined. 

(d) In log-linear regression models, the magnitude of the eStimated slope coefficients is 

invariant to the units in which the explanatory variables are measured, unlike linear 

models. 

(e) If a qualitative variable has three categories and we introduce three dummies in the regression 

model. the unknown parameters can still be estimated. [5x3=15] 
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( ~) ~~ ~ Y· = Bl + B2X· + U· ~)1 · = y.- y X·= x.- X- Rf.<"i:ld I l l ~l(!l I I ' I I ' 

% I 

P.T.O. 
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2. (a) Suppose that you are considering opening a restaurant at a location where average traffi~ 

volume is 1000 cars per day. To help you decide whether to open the restaurant or 

not. you collect data on daily sales (in thousands of rupees) and average traffic volume 

(in hundreds. of cars per day) for a random sample of 22 restaurants. You set up your 

model as : 

You know that L xyi = 17170, 1: Xf = 13055, Y = 32, X = 22.5. 

(i) Obtain the ordinary least square estimator of the slope coefficient and interpret it. 

(ii) Estimate the average sales for your potential restaurant location. 

. . . 
(iii) Will the value of the coefficient of determination change if you want to change the 

unit of measurement of sales from thousands of rupees to rupees, leaving units of 

traffic _volume unchanged ? Explain your answer. [5] 

(h) The following demand equation was estimated using monthly data on mineral water 

consumption, numbers in parentheses are standard errors : 

-In Q
1 

= 1.534 - 0.750 ln Pt + 0.251 In P
1
' 

se = (0.2011) (0.1012) (0.2001) 
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where: 

Q1 = millions of one litre mineral water bottles sold 
' 

Pt = price of one litre mineral water bottle 

pi* = price of one litre soda beverage bottle 

(i) Interpret the slope coefficients. 

(ii) Test, at 5% level of significance, whether the demand for mineral water is perfectly 

inelastic or not. [5] 

(c) Why is heteroscedasticity usually found in cross-sectional data? Briefly explain the method 

of weighted least squares used in the presence of heteroscedasticity. [5] . ' 

( 31) l1R fllf~~ fcn 31Pl ~ -Q:B ~ lR ~fi)~o;: ~· Cfil ~ Cf11: ~ % ~ 

£lldl£lld Cf1T ~ -qr?rT ~fdfu"i 1000 cnR % I ~@o;: ~ ~ ?:IT ~ ~ 

f.ruP:J if 31'-liT fl~llldl %TI 31Pl 22 ~fi)~o;: ~ ~ £ll~f-6€§Ch ~fd~!(f %TI ~ 

~ c~ m if) cr llldl£11(1 Cf1T ~ -qr?fT e-m CFiR !>lfaf~1) w ~ 

~ Cfl@ % I 31rl f.:tJ:r1f(1f~d ~ .Cfil f.:l1:rtur Cfl@ % 

31rl ~ % fcf> : I. XiYi = 17170, I. x; = 13055, Y = 32, X = 22.5. 

U) cm1 ~ ~ 'fll'tffi'UT '"1"1dt=t crt· 3"11ChC1Ch >f11.(f Cfilf\51~ cr. ~ &:~1&41 

ctilf~~ I 

P.T.O . 

. · 



I I. 

( 6 ) 7033 

(iii) ~ 31fq llldlllld Cfi1 TfBIT Cfi1 ~Cfll~4i "Cfll a:jqf{qfcfd ~ ~ ~ Cfi1 

~Cfl~~~l "Cfll ~ m ~ Cfi\ m Cfi\ ~~ err cp.rr f.f~ -~ "Cfl1 l1R 

qftqfJct m ~ ? ~ ~ "Cfll *"'~~~~~ . 1 . 

(~) f~<=t{t'J ctfG\ cfi ~~ -q-{ ~lff!Cfl ~ Cfi1 fl~lllctl -B R'"1f<:1f~ct l1Trr f!JflCfl.{OI 

&I I Cfl f<:1 ct fcfi?n Tf7lT 2lT, ~ Chl bdCfl -q l1RCfl" ~ ~ ~ ~ 

-- . * In Q, = 1.534-0.750 ln P1 + 0.251 ln P
1 

se = (0.2011) (0.1012) (0.2001) 

(ii) 5% ~~ m -rp: llfta:rur Cfllf~~ fcfl CF-IT f~<=t.{t'i ctfG\ Cfi1 l1Trr ~: 

~1-;;Hf~ct % 7.TI ~ ? 

("B) ~ fCitSf~dl (heteroscedasticity) fll~l'""ll: 3'tjSI~ ~ (cross-sectional data) 

-q m CFft ~ ~ % ? ~ fCibf~ctl Cfi1 ~ -q aq£flll ~ ~ c:rrffi 

~ '""{'"id~ Cf1t fciT'tT "Cfll 'BpJq_ -q fl~~~~~ I 

-··---~----
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3. (a) Based on 48 years annual data on inflation and unemployment, both measured in percentage, 

the following model was esti~ated : 

L\inf "-= B 1 + B2L\unemp + u 

where L\inf and L\unemp are, respectively, inflation and unemployment measured in first 

differences. 

The following table gives partial results of the regression : 

Coefficient Standard Error 

Constant -0.0781 0.348 

L\unemp -0.8429 0.314 

R2 = 0.832 

(i) Interpret the slope coefficient. 

. (ii) Test, at 5% level of significance, the claim that there is a one to ,one tradeoff between 

inflation and unemployment. Set up the null hypothesis carefully .. [5] 

P.T.O. 
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(h) The purpose of this empirical exercise was to check if the savings-income relation in 

the United States underwent a structural c~ange during the period 1970-1995 after the 

1 982 recession. The following model was estimated : 

The model was estimated fcrr three time periods and residual sum of squares was obtained 

for each time period. The results are summarized in the following table : 

Time Period Residual Sum of 

Squares, RSS 

Model 1 1970-1981 1785.03 

Model 2 1982-1995 10,005.22 

Model 3 1970-1995 23248.30 

Using this intormation, perform the Chow test of structural stability at· I% level of· 

significance. [5] • 
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(c) The following are the regression results for Cobb-Douglas production function estimated 

for Taiwan for the period 1958-1972 : 

In Q, = -7.8439 + 0.7148 In Lt + 1.1135 ln Kt 

t = (-0.2011) (4.6642) (3.7214) 

where: 

Q1 = real gross product, in billions of rupees 

L1 = labour input 

K1 = capital input 

The slope coefficient in the regression of In Kr on In Lr is 0.4875. 

Suppose the researcher estimates the following misspecified equation in which capital 

input is omitted : 

(i) Find the numerical value of E(a2) using the information given in the questiori, where 

a2 is the OLS estimator of A2. Is it biased upward or downward ? 

(ii) What will.be the other consequences of estimating this misspecified equation? [5] 

P.T.O. 
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~inf = B 1 + B2~unemp + u 

~o1ien '1Wicl) ~ 

~ -0.0781 0.348 

. 
L~Wlemp -0.8429 0.314 

R2 o= 0.832 

~ ~-~--~ (one to one) flxot~<"11CflH.l diC1A<1 (tradeoff) ~ I f.FUCfl{Of)~ 
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ctiiMiqfu" a;tq~IISGqif 

~' RSS 

. 
~1 1970-1981 1785.03 

~2 1982-1995 10,005.22 
. 

~3 1970-1995 23248.30 

· Cfllf~~ I 

P.T.O. 

r 
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1;(5, =· -7.8439 + 0.7148 ln Lt + 1.1135 ln Kt 

t = (-0.2011) (4.6642) (3.7214) 

L = s;;rq 31f1T(J 
t 

(i) >r.A' -q ~ ~ ~ cnT fl~llldl ~ E(a2) CfiT ~ llR ~ Cfllf~~ I . 

u2 A2 CfiT OLS 3"liCflC1Cfl % I ~ ~ cnT alR ~ ~31T % ~ ~ CfiT 
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4. (a) A three variable regression model gave the following results : 

Source of Sum of Degrees of Mean Sum of 

Variation Squares Freedom .Squares 

Due to 65,965 - -

Rebrression 

Due to - - -

Residuals 

Total 66.042 14 

(i) · Complete the table. 

(ii) · 'rest the model for overall goodness of fit at 5% level of significance. 

(iii) Calculate the value of iF for the model. 

7033 

[5] 

(h) (i) In the regression modeL In Yi = B1 + B2Di + ui, where Di is a dummy regressor, 

prove that the relative change in Y when the dummy changes from 0 to I can 

be obtained as : 

where e is the base of natural logarithm and b2 is the ordinary least squares estimator 

of the slope coefficient. 

(ii) Suppose you have quarterly data on air-conditioner sales. Explain how you can 

obtain average sales of air-conditioners for the four quarters separately using the 

method of dummy variables. 

(c) What are the consequences of multicollinearity ? 

[5] 

[5] 

P.T.O. 
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Rl~H CfiT m em m-rr "'R: ., '(<:4 kl "?! . Ch I 1!41 em~ 

Cfil~ 

'Bln~ ~ CfiRlJT 65,965 - -

3=jq~l~ cfi CflRlJT - - -

-
~ ·66,042 14 

(~) (i) ~ cnlf~~ fen ~ ln Yi = B1 + B2Di + ui "B ~, Di ~ ~- "T5R 

t oi rfi 1iR -B o -u 1 CfiT qf{qcf""' ~ 11\ v rfi liR_ ~ m Cflffi ma.f 
qf{qcf""t (eb2 - 1) mm t .~ e ~lq1fdCfl t1~JIOICfl CfiT 31T'tffi: ~ Cf2ll b2 -~. 

~ CfiT m~ r:?{'"ldl4 ·crt a:t1Cflt1Cfl ~ 1 

(ii) 1iR ('llf~~ fen ~ 11m qldljCfl,_t1Chl ~ ~ 11\ -~l41fftCfl ~ % I 

fll4~1~~ fen 3W1 ~ ~ Cf11 fl~l~dl 'B -:qffi fdl41fu'4l ~ 31WT-31WT qldljCfl,_t1ch'i 

~--------- == 
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5. (a) Show that the variance of or9inary least squares estimator of the slope coefficient in the 

regression model Yi = B1 + B2Xi + ui is given by : 

(j2 

Var(b ) = u 2 ( -)2 Li Xi -X 

where (j~ is the variance of the population error term. [5] 

(b) The Reserve Bank of India continuously monitors the rate of growth of money supply 

in the Indian economy. In this cop.text, explain the use of semi-log growth models in 

estimating instantaneous and compound rate of growth of money supply. What purpose 

would a linear trend model serve in this context ? [5] 

(c) Consider the following regression results on a model of demand for competitive imports 

based on U.K. quarterly data covering 1980(Q1) to 1996(Q4). 

In M
1 

= -5.5443 + 0.8105 In GDPt- 0.01131 In Pt+ 0.6178ln M1 _ 

R2 = 0.9897 

Durbin Watson, d = 1.8125 

where: 

M1 = aggregate imports in units of domestic currency at constant prices 

GDP1 = gross domestic product at constant prices 

P
1 

= an index of relative price of imports expressed in dome~tic currency 

Apply the Durbin's h-test to detect the ;>resence of first order autocorrelation. Based 

on your results, comment on the regression results reported above. [5] 

P.T.O. 

. I 
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( 31) C!:~IT~~ fcfl w:IT-w:rul ~ Yi = B 1 + B2Xi + ui ~ ~ ~ ~ 'BT'ti'RUT. '"1'"1dt:t 

CfTf ~ 1 Cfl (1 Cfl CfiT >RRUT f.l8 m ~ ~ 

~ cr~ ~ We CfiT >m\UT ~ I 
. 

(~) ~ ~ ~ ~ 31~~Cl~ ~ ~ cnl ~ cnl ~ lf\ cnl (1JIIdl< 

f.:PRI'il ~ ~ 1 ~· ~'4 -B ~ cn1 ~ Cfil dlfCfllrf!Cfl (instantaneous) Cf 

ilSFl~f~ ~ CfiT 3"11Cfl<1'1 CfiB "B ~-(1\jJIOIChltt (semi-logarithmic) r:fCscti ~ ~ 

CfiT f!t:t$1~~ 1 ~ ~'4 "B ~ ~ ~ fc.fm "Cfllli 3Th1T ~ ? 

("B) M2:vr 31~ ~ 1980(Ql) "?f 1996(Q4) CiCfl ~ "Rrlmft ~ lf\ 3ll~ •• 

>rfcR:x1m ~ Cfft· "LfllT ~ ~ ~ lf\ >rr{f f<ilJ"If<:1f€1d Wll.w:rul qf<UIIJ:il· 

lf\ fc:rr.m: c:nl f\Jl ~ : . . 

In M, = -5.5443 + 0.8105 ln GDP1 - 0.01131 ln P1 + 0.6178 ln M
1 

_ 1 

R2 = 0.9897 

Durbin Watson, d = 1.8125 

M/ ::= 'BLrn ~. ~ ~ Cfil ~Cfll~l!l ~. WR c:nlt:tffi lf\ 

GDP1 = ~ ~ ~. 'WR ~ lf\ 

P1 = ~ ~ ~ O!fcffi cnl ~ ~ Chl ~. CfiT ~~CfliCfl I 

·>~'~ 'Sfl11 ~ ~ '8 ~'8 ~ ~ CfiT 11cff ~ ~ :S {f&ll'""l CfiT h -r:rUa;TUT (1 J II~ Q\ I areA 

qf{UIIJOil ~ 3ll'i:W lf\ 3q~ 'B'lil-w:rul qf{UIIJOil lf\ f2:UJUf) cnlf-l'l~ I 

- I 
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6. (a) Consider the following model of monthly rents paid on rental units in industrial hub cities 

of an economy : 

ln(rent) = B0 + B1 ln(pop) + B2 ln(avinc) + B3(socind) + u 

where: 

rent = average monthly rent paid in rupees 

pop = city population 

avinc = average city income in rupees 

socind = index of social infrastructure 

(i) How will you test the hypothesis that city population and social infrastructure have 

no significant joint effects on monthly rents? Explain the steps involved in the test 

with reference to the above model. 

(ii) Suppose h 1 is estimated as 0.066. What is wrong with the statement: "A 10% 

increase in population is asso_ciated with a 6.6% increase in monthly rent." [5] 

(h) Consider the set of hypothetical data given in the following table : 

y 

-10 

-8 

---6 

0 

2 

4 

x2 
1 

2 

3 

4 

5 

6 

x3 

3 

5 

7 

9 

11 

P.T.O. 

------~--'-'-'-------~~------------ ----~--------
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(i) Explain, without solving, why you cannot estimate the three unknown parameters 

of the model. 

(ii) Are any linear functions of these parameters estimable ? Show the necessary 

derivations. [5] 

(c) Based on data on value added in manufacturing, MANU,' and gross domestic product 

tor 28 countries in 20 I 0, all measured in millions of U.S. dollars, the following regression 

results were reported (standard errors in parentheses), 

-MANUi = 604 + 0.194 GDPi 

se = (533.93) (0.013) 

Since the cross-sectional ·data were based on heterogeneous units, heteroscedasticity was 

likely to be present. White's test was performed using ordinary least squares residuals, 

ei, of. the above regression and the following results were obtained : 

....._ 

el = -62196 + 229.3508 GDPi - 0.000537 GD Pf 

R2 = 0.5891 

(i) Use the R2 value reported in the auxiliary regression to test if the model indeed 

suffers from heteroscedasticity. Perform the test at 5% level of significaJ!Ce. · 

(ii) In the .light of your answer in part (i) what can you say about the regression results 

reported above ? [5] 



.. 
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( 3l) ~ 3l~ cf; 3fl~fi1Ch ~ -q ~ "tR ~ $Chl$4i %TI ~ ~ 

41f~"!Cfl ~ cf; f-ic:tf~f@d ~ "tR fcRm: Cfllf\!1~ : 

(~) 

ln(rent) = B0 + B1 ln(pop) + B2 ln(avinc) + B3(socind) + u 

rent = "?J)Cflllll lP1f ~ 41fflCfl fCfl\1£11, ~ -q 

po p = ~ "Cfl1 \J1 'i :8 &:II 

avinc = ~ "Cfl1 ~ 3w:J ~ -q 

socind = '8141f(i"!Cfl 3ll'tW'lfJ fi\"61'"11 CfiT ~"ClCfliCfl 

U) ~ "Cfl1 \Jl'i'&i&:~l q- '8141f(i"!Cfl 3ll'tW'lfJ ~ CfiT 41f'8Cfl ~ "tR ~ w$:n 

• 'll'l1fCT ~ mcrr, ~ Sll% f4 'i 1 CfiT "Wa.lUr 3=JTq ~ ~· ? ~ "Wa.lUr 
if Rfucl ~ -Cfl) aq~ ~ cfl ~cq -q ~!{If$~ I 

(ii) l1R ctlf\l"f~ fcn h 1 -Cfl) 0.066 3"11Chf~C1 ~ lP1f ~ I f-ic:tf~f@d "Ch"~ -q 
cp:ff TK1(f ~ :. 

11
\Jl'ifi&:ll -q 10% -B ~ 41fflCfl ~ -q 6.6% ~ cf; 

w~ ~.-'tl mm ~ 1" 

f'"ic:tf~f@d ~ -q ftq: 
. ~ Cfll ('41 f-i Cfl ~ "tR fc:Rm:' Cfllf(i"j~ 

y x2 x3 
-10 1 . 1 

-8 2 3 

--6 3 5 

0 ~4 7 

2 5 9 

.4. 6 1l 

P.T.O. 
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y. = s, + s...;x2 . + s3x3 . + u.· 
I L I I I' 

U) m ~ fcfiir Bl"l~~~~ fcn m ~ ~ cfi ~ ~ ~ CfiT 3"11Chf<1d 

cpif -m en\ ~ 7 

(ii) CFIT ~ ~ cfi ~ ~ "Cfiffi &fiChft'ld fcfiir \liT ~ % 7 3"l1Cl~~Ch 

og:<;qf:a~i ~~IT~~ I · 

("B) 28 -m -q 2010 -q fctf~lOJTUI -q ~ ~ MANU d"2TT m ~ ~' ~ 
"Bm CfiT ~ ~ 30l~RCfll ~ -q 11r1T -rrn t 1R ~ cfi :mm\ 1R Rt=1f<1fum 

"f!TfT~ qftUIIlOJ ftq)i fcfiir -rrq: : ( Chl~ct;'j -q l1FfCfl ~ ~) 

MANU i = 604 + 0.194 GDP i 

se = (533.93) (0.013) 

¥ ~ ~ -q fct\111dl~ ~Chl~~i ~~~f~<'"l ~; ~ fqtstlOJdl cfi ~ 

m Cfll "B~ 2ft I 3Y4CH. "f!TfT~ .* "BT'tTRUT ~'"tdl"l crf 3"1Cl~ltii ei, Cfll 

\8 ~I~ d I ~ ~ 'ChT -qfta_:rur fcfi<:rr TPn (f2lJ f.-18 f <1 f-@ d . q R OlllOJ >TfC(f ~ 

~ = -62196 + 229.3508 GDPi- 0.000537 GDP? 

R2 = 0.5891 

(i) 3 q 4CRJ \8 ~Ill Ch "f1TfT ~ -q ~ -rrq: R 2 cfi 11A Cfll \8~ I~ d I ~ -qfta_:rur Cfll f\l1 ~ 

fcn CFIT ~ ~ ~ -q >Tm fct tstl"ld I ~ m % I -qfta_:rur SYo m$:nm 

~ LR Cfllf\11~ I 

(ii) WT (i) -q -~ "3W cfi ~~ -q m ~ ~ TTit '\8l=ITw:ruT qftonJOi'i · 

cfj~-q~%~%) 

. -
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7. (a) Explain the method of generalized least squares used in the presence 6f first order 

autoconelation. [5] 

(h) The purpose of this empirical exercise was to analy:z:e the impact of takeovers on CEO 

compensation. The model of interest was : 

where: 

Comp = CEO's compensation in hundreds of rupee~ 

SMP = index of firm's stock market performance 

0 = Dummy variable defined as I if the firm acquires another firm, 0 otherwise. 

The model was estimated from data on 34 firms. The results are summarized in the 

following table : 

Coefficient Standard Error 

Intercept 964.5202 69.1662 

SMP 1868.567 288.0425 

D 996.8745 111.9876 

SMP*D 5157.474 545.9090 

P.T.O. 
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(i) Using the regression results, interpret the coefficie)lts of D i and D i * SMP i' 

(ii) Test the hypothesis that compensation's relation with stock market performance remains 

the same irrespective of take-overs made by the firm. [5] 

(c) _Consider the population regression ~unction Yi = B1 + BiXi + ui. The stoQhastic error 

term ui is assumed to follow the normal distribution. 

(i) What is the rationale behind this assumption ? What is the role of this assumption 

in determining the sampling distribution of the ordinary least squares estimators? _ 

(ii) Explain the steps involved in the Jarque-Bera test for testing the validity of the • 

normality assumption in an empirical exercise. Perform the test for a JB test statistic 

value equal to 0.8153 at 5% level of significance. [5] 

( 31) >f2lli Sfll1 cfi fCi fi~Hi ~ ~ Cfl1 ~ -q ~ fc:fiif ~ c:rrffi flll"il~l $ d ~'"idli 

CfTT fclf~ cfi'r fl Ii ~I~~ 

("Gl) 3if~ cfi .lJ&r Cfli4CfliD 31f't!CfliR4i ct -itRT"tR ~ ~ 'Sf~ ~ fCI~<rltsfol 

Cfi'8 ct ~ ~ ~ 3fj'liql£~Cfl >P-WT • ~ 1"p:ff 1 ~ ~ m ~ 

-~- -~=----~~~-------------
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o = lien -=en: \liT f.p:;r m -qft~ ~ : 1 7.Tfu "tfl4 ~ "tfl4 cnr 

&If~ Cflcit ~~ ~~ 0 I 

ljOjjCfi 
~ 

l:rACfi" * 
~=~ 964.5202 69.1662 

SMP 1868.567 288.0425 

D 996.8745 . 111.9876 

· SMP*D 5157.474 545.9090 

P.T.O. 
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("B) ~ "Bln-w:ruf ~ Yi = B1 + B2Xi + ui "tR ~ Chlf-JJ~ I ~ l1RT lFTI 

% fen llliif-t:£9Cfi :g;fc:q~ ui CfiT ~ \jl~ll41'""ll_ % I 

(i) ~ l41 '""ll d I CfiT CRTI d lfch Cfi 3lT'i:ffi: % ? "fff'IWUT ~tid l4 crf 3"11 Cfi <1 cf)'j ~ 

\jlfij~~ffll ~ f.:f~ ~ # ~· l41'""lldl CfiT CRTI ~ % ? 

(ii) ~ 31J'**i('1Cfi ~ # ~ l41'""lldl CfiT ~~ CfiT -qffa_:rur ~ ~ aq~IJI 

~ -~- cn-0 ~-~ llfta:rur # f.:ifucf ~ cnT ~l4~1~~ I JB llfta_:rur 

\jlfd~!(T\Jl cfi liR = 0.8153 ~ 5% m~ m "tR ~ llfta:rur Chlf-JJ~ 1 

24 3,200 
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AREAS UNDER THE STANDARDIZED NORMAL DISTRIBUTION 

Example 

Pr(O s Z s 1.96) == 0.4750 

Pr(Z::: 1.96) == 0.5 - 0.4750 == 0.025 

0 1.96 
z 

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09 

0.0 .0000 .0040 .0080 .0120 .0160 .0199 .0239. .0279 .0319 .0359 0.1 .0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .071~ .0753 
0.2 .0793 .0832 .0871 .0910 .0948 .0987 .1026 . .. 1064 .1103 .1141 
0.3 .1179 .1217 .1255 .1293 .1331 .1368 .1406 .1443 .1480 .1517 
0.4 .1554 .1591 .1628 .1664 .1700 .1736 .1772 .1808 .1844 .1879 
0.5 .1915 .1950 .1985 .2019 .2054 .2088 .2123 . . 2157 .2190 .2224 
0.6 .2257 .2291 .2324 .2357 .2389 .2422 .2454 .2486 .2517 .2549 
0.7 .2580 .2611 .2642 .2673 .2704 .2734 .2764 .2794 .2823 .2852 
0.8 .2881 .2910 .2939 .2967 .2995 .3023 .3051 .3078 .3106 .3133 
0.9 .3159 .3186 :3212 .9238 .3264 .3289 .3315 .3340 1 .3365 .3389 
1.0 .3413 .3438 .3461 .3485 .3508 .3531 .3554 .3577 .3599 .3621 .. 
1.1 .3643 .3665 .3686 .3708 .3729 .3749 .3770 .3790 .3810 .3830 
1.2 .3849 .3869 .. 3888 .3907 .3925 .3944 .3962 .3980 .3997 .4015 
1.3 .4032 .4049 .4066 .4082 .4099 .4115 .4131 .4147 .4162 .4177 
t4 .4192 .4207 .4222 : .4236 .4251 .4265 .4279 . .4292 .4306 .4319 
1.5 .4332 .4345 .4357 .4370 .4382 .4394 .4406 .4418 .4429 .4441 
1.6 .4452 .4463 .4174 .4484 .4495 .4505 .4515 .4525 .4535 .4545 
1.7 .4454 .4564. .4573 .4582 .4591 .4599 .4608 .4616 .4625 .4633 
1.8 .4641 .4649 .4656 .4664 .4671 .4678 .4686 .4693 .4699 .4706 . 
1.9 .4713 .:4719 .4726 .4732 .4738 .4744 .4750 .4756 .4761 .4767 
2.0 .4772 .4778 .4783 .4788 .4793 .4798 .4803 .4808 .4812 .4817 
2.1 .4821 .4826 .4830 .4834 .4838 .4842 .4846 .4850 .4854 .4857 
2.2 .4861 .4864 .4868 .4871 .4875 .4878 '.4881 .4884 .4887 .4890 
2.3 .4893 .4896 .4898 .4901 .4904 .4906 .. 4909 .4911 .4913 .49W 
2.4 .4918 .4920 .4922 .4925 .4927 .4929 .4931 .4932 .4934 . .4936 
2.5 .4938 .4940 .4941 .4943 .4945 .4946 .4948 .4949 .4951 ~ .4952 
2.6 .4953 .4955 .4956 .4957 .4959. .4960 .4961 .4962 .4963 ., .4964 
2.7 .<1965 ' . .4966 .4967 .4968 .4969 .4970 .4971 .4972 .4973 .4974 
2.8 .4974 .4975 .4976 .4977 .4977 .4978 .4979 .4979 .4980 .498:1 
2.9 .4981 .4982 .4982 .4983 .4984 .4984 .4985 . .4985 .4986 .4986 
3.0 .4987 .4987 .4987 .4988 .4988 .4989 .4989 .4989 .4990 . .4990 . 

1~--
-J 
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PERCENTAGE POINTS OF THE'/ DISTRIBUTION 

Example 

Pr(l > 2.086) = O.G25 

Pr(t > 1.725) = 0~05 • for d.f. = 20 · 

Pr(jtj > 1.725) = 0.10 

~ 0.25 0.10 0.05 
0.50 0.20 0.10 . 

1 1.000 3.078 6.~14 
2 0.816 1.886 2.920 
3 0.765 1.638 2.353 
4 0.741 1.533 2.132 

5 0.727 1.476 2.015 
6 0.718 1.440 1.943 
7 0.711 1.415 1.895 
a. 0.706 1.397 1.860 
9 0.703 1.383 1.833 

10 0.700 1.372 1.812 
11 0.697. . 1.363 '1:796. 
12 0.695 1.356 1.782 
13 0.694 1.350 1.771 
14 0.692 1.345 1.761 

15 0.691 1.341 1.753 
16 0.690 1.337 1.746 
17 0.689 1.333 1.740 
18 0.688 1:330 1.734 
19 '0.688 1.328 1.729 

20 0.687 1.325 1.725 
21 0.686 1.323 1.721 
22 0.686 1.321 1.717 
23 0.685 1.319 1.714 
24 0.685 1.318 1.711 

25 0.684 1.316 1.708 
26 0.684 1.315 1.706 
27 0.684 1.314 1.703 
28 0.683 1.313 1.701 
29 0.683 1.311 1.699 

30 0.683 1.310 1.697 
40 0.681 1.303 1.684 
60 0.679 1.296 1.671 

±.677 1.289 1.658 
0.674 1.282 1.645 

~·-·~ 

0.025 
0.05 

12.706 
---•L3_Q3 

3.182 
2.776 

2.571 
2.447 
2.365 
2.306 
2.262 

2.228 
2.201 
2.179 
2.160 
2.145 

2.131 
2.120 
2.110 
2.101 
2.093 

2.086 
2.080 
2.074 
2.069 
2.064 

2.060 
2.056 
2.052 
2.048 
2.045 

2.042 
2.021 
2.000 
1.980 
1.960 

0 1.725 

0.01 0.005' 
0.02 0.010 

31.821 63.657 
6.965 - 9.925 
4.541 5.841 
3.747 4.604 

3.365 4.032 
3.143 3.707 
2.998 

.. 
• 3.499 

2.896 ' 3.355 
2.821 3.250 

2.764 3.169 
. 2.718 3.106 

2.681 3.055 
2.650 3.012 
2.624 2.977 

2.602 2.947 
2.583 e.921 
2.567 2.898 
2.552 '2.878 
2.539 2.861 

2.528 2.845 
2.518 2.831 

.2.508 2.819 
2.500 2.807 
2.492 2.797 

2.485 2,787 
2.479 2.779, 
2.473 2.771 
2.467 2.763 
2A62 2.756 

2.;457 ·2.750 
2.423 2.704 
2.390 2.660 
2.358 2.617 
2.326 2.576 

.... '0.001 

I 

I 

0.002 

318.31 
22.327 
10.214 

f 

7.173 

5.893 
5.208 
4.785 
4.501 
4.297 

4.144 
4.{)25 
3.930 
3.852 
3.787 

3.733 
3.686 
3.646 
3.610 
3.579 

3.55 2 
3.527 
3.505 
3.485 
3.46 

3.45 
3.435 
3.421 
3.40 
3.39 

3.38 
3.30 
3.23 

8 
6 

5 
7 
2 
0 
0 

3.16' 
.3.09 

:7033 
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UPPER PERCENTAGE POINTS OF THE FOISTRIBUTION 

.l:x•mple 

Pr(F ?' 1.59) = 0.25 

Pr(F > 2.42) = 0.10 ror d.f. N1 - 10 
Pr(F > 3.i4) = 0.05 and N2 = 9 

Pr!F > 5.26) = O.Ql 

.d.f;1o,; 
:denom· d.f.iornumerator Nt 
:inator 
:~ Pr 1 2 3 4 5 6 7 a 

.25 ·5o83 7.50 8.20 8.58 8.82 8.98 9.1,0 9.19 
'1 .10 39.90 49.50 53.60 55.80 57.20 58.20 55.9D 59.40 

.05 161.00 200.00 216.00 225.00 230.00 234.00 237.00 239.00 

.25 2.57 3.00 • 3.15 3.23 3.28 3.31 3.34 3.35 
2 .10 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 

.OS 18.50 19.00 19.20 19.20 19.30 19.30 19.40 19.40 

.Ol 96.50 99.00 99.20 99.20 99.30 99.30 ~9.40 99.40 

.25 2.02 2.28 2.36 2.39 2.41 2.42 2.43 2.44 
3 .10 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 

.05 10.10 9.55 9.28 9.12 9.01 8.9-1 8.C9 8.05 

.01 34.10 30.00 29.50 28.70 28.20 27.90 27.70 27.50 

.25 1.81 2.00 2.05 2.06 2.07 2.06 2.08 2.08 
4 •• .10 4.54 4.32 4.19 4.11 4.05 4.01 3.BB 3.95 

.05 7.71 8.94 6.59 6.39 8.28 6.16 6.09 6.04 

.01 21.20 18.00 16.70 16.00 15.50 15.20 15.00 14.80 

.25 1.69 1.85 1.88 1.89 1.89 1.89 1.89 1.89 
5 .10 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 

.05 6.6'1 6.79 . 5.~1 5.19 5.05 4.95 4.68 4.82 

.01 16.30 .13,30 12.10 11.1> 11.00 10.70 10.50 10.30 

.25 1.62 1.76 1.78 1.78 1.78 1.78 1.78 1.78 
6 .10 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 

.OS 5.99 5.14 4.76 4c53 4.39 4.28 4.21 4.15 

.01 13.70 10.90 9.78 9.15 8.75 8.47 8.26 8.10 

.25 1.57 1.70 1.72 1.72 1.71 1.71 1.70 1.78 
7 .10 3.59 .3.28 3.Q7 2.96 2.68 2.83 2.78 2.75 

.05 5.59 4.74 4.35 4.12 3.97 3.87 3.78 3.73 

.01 12.20 9.55 8.45 7.85 7.46 7.19 6.99 6.84 

.25 1.54 1.68 1.67 1.68 1.66 1:85 1.64 1.64 
8 .10 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 

.05 5.32 ·4..48 4.07 3.84 . 3.69 3.58 3.50 3.44 

.01 11.30 6.65 7.59 7.01 6.83 ~37 li.18 6.03 

.25 1.51 1.62 1.83 1.63 1.112 i.S1 1.60 1.00 
9 .10 3.36 3.01 2.81 2.89 2.81 2.SS 2.51 2.47 

.05 5.12 4.26 3.66 3.83 3.48 3.37 3.29 3.23 

.01 10.60 8.02 6.99 6.42 6.06 5.80 5.61 5.47 

. ··--~· -
d.f.ior oomerator N1 

9 10 11 12 15 20 24 30 40 50 60 100 120 200 500 "' Pr 

9.26 9.32 9.36 9.41 9.49 9.58 9.83 9.67 9.71 9.74 9.76 9.78 9.80 9.82 9.84 9.85 .25 
55.90 60.20 60.50 60.70 81.20 61.70 62.00 62.30 62.50 62.70 62.80 63.00 83.10 53.20 53.30 63.30 .10 

241.00 242.00 243.00 244.00 246.00 246.00 249.00 250.00 251.00 252.00 252.00 253.00 253.00 254.00 254.00 254.00 .05 

3.37 3.38 3.39 3.39 3.41 3.43 3.43 3.44. • 3.45 3.45 .. 3.46. . 3.47 3.47 3.48 3.48 3.48 .25 
9.38 9.36 9.40 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.47 9.48 9.46 9.49 9.49 9.49 .10 

19.40 19.40 19.40 19.40 19.40 19.40 19,50 19.50 19.50 19.50 19.50 19.50 19.50 19.50 19.50 19.50' .05 
99.40 99.40 99.40 99:40 99.40 99.40 99.50 99.50 89.50 99.50 119.50 99.50 99.50 99.50 99.50 99.50 .01 
2.44 2.44 2.45 2.45 2.46 2.46 . 2.46 2.47 2.47 2.47 2.47 2.47. 2.47 2.47 2.47 lM7 .25 
5.24 ~.23 5.22 5.22 5.20 5.18 5.18 5.17 5.16 5.15 5.15 5.14 5.14 5.14 5.14 5.13 .10 
8.81 8.79 8.76 8.74 .• 8.70 8.68 6.84 8.62 8.59 8.58 8.57 8.55, 8.55 8.54 8.sj 8.03 .05 

27ZO 27.20 27.10 27.10' ~6;fl0 26.70 26.60 26.50 26.40 26.40 26.30 26.20 26.20 26.20 26.10 26.10 .01 
2.00 2.00 2.08 2.08 2.00 2.08 2.00 2.05 2.08 2.03 2.08 2.06 2.08 2.06 2.08 2.08 .25 
3.94 3.92 3.91 3.90 3.87 3.84 3.83 3.82 3.00 3.80 3.79 3.78 3.78 3.77 3.76 3.76 .10 
6.00 5.98 5.94 5.91 5.66 5.80 5.77· 5.75 5.72 5.70 5.69· 5.66 5.66. 5.65 5.64. 5.63 .05 

14.70 14.50 14.40 14.40 14.20 14.00 13.90 13.60 13.70 13.70 13.70 13.60 13.60 13.50 13.50 13.50 .01 

1.89 1.89 1.89 1.09 1.99 1.08 1.08 1.BB 1.68 1.00 1.87 1.87- 1.87 1.87· 1.87 1.87 .25 
3.32 3.30 3.28 3.27 . 3.24 3.21 3.19 3.17 3.16 3.15 3.14 3.13· 3.12 3.12 3.11 3.10 .10 
4.77 4.i4 4.71 4.63 4.62 4.58 4.53 4.50 4.46 4.44 4.43 4.41' 4.40 4.39 4.37 4.36 .05 

10.20 10.10 9.98 9.89 9.72 9.55 9.47 9.38 9.29 9.24 9.20 9.13 9.11 9.08 9.04 9.02 .01 

1.77 1.77 1.77 .1.77 1.76 1.76 1.75 1.75 1.75 1.75 1.74 1,74 1.74 1.74 1.74 1J4 .25 
2.96 2.9-1 2.92 2.90 2.87 . 2.84 2.82 2.80 2.76 2.77 2.76 2.75 2.74 2.73 2.73 2.72 .10 
4.10 4,06' 4.03 4.00 3.9-1 3.67 3.64 3.81 3.77 3.75 3.74 3.71 3.70 3.69 3.68 3.67 .05 
7.96 7.87 7.78 7.72 7.56 7.40 7.31 7.23 7.14 7.09 7.06 6.99 6.97 6.93 6.90 6.68 .01 . 
1.69 1.69 1;69 1.68 1.68 1.67 1.67 1.68 • 1.68 1.68 1.65 1.65 1·.85 1.65 1.65 1.65 .25 
2.72 . 2.70 2.66 2.67 2.63 2.59 2.58 2.56 2.54 2.52 2.51 2.50 2.49 2.48 2,43 2.47 .10 
3.68 3.64 3.60 3.57 3-li1 3.44 3.41 3.38 3.34 3.32 3.30 3.27 3.27 3.25 3.24 3.23 .05 
6.72 6.62 6.54 6.47 6.31 6.18 6.07 5.99 5.91 5.68 5.82 5.75 5.74 5.70 5.57 5.85 .01 

1.63 1.83 1.63 1.62.· 1.82 1.61 . 1.60 ).60 1.59 1.59 1.59 1.58 1.58 1.68 1.58 1.58 .25 
2.68 2.54 2.52 '2.50 2.46 2.42 2.40 2.39 2.38 2.35 2.34 2.32 2.32 2.31 2.30 2.29 .10 
:i.39 3.35 3.31 3.28 3.22 3.15 3.12 3.08 3.04 2.02 3.01 2.97 2.97 us 2.9-1 2.93 .0$ 
5.91 5.61 S.73 5.67. 5.52 5,36 5.28 5.20 5.12 5.07 5.00 4.96 4.95 4.91 4.68 4.86 .01 

1.59 1.59 1.68 1.58 1.67 1.58 1.58 1.55 1.55 1.54 1.54 1.53 1.53 1.53 1.53 1.53 .25 
2.44 2.42 2.40 2.39 2.34 2.30 2.28 2.25 2.23 2.22 2.21 2.19 2.18 2:17 2.17 2.16 .10 
3.16 3.14 3.10. 3JJ7 3.01 2.94 2.!!0 2.66 2.83 2.80 2.79 2.76 2.75 2.73 2.72 2.71 .05 
5.35 5.26 5.18 5.11 4.B6 4.81 4.73 4.65 4.57 4.52 4.48 4.42 4.40 4.36 4.33 4.31 .01 

--· .. 
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UPPER PERCENTAGE POINTS OF THE Fi)ISTRIBUTION (CONTINUED) 

'd.f.b 
d.f. for numerator N1 d.f. for mmeralor N1 .. deorr.a-

Lnator 
Pr 1 ··2 3 4 5 a 1 a 9 to 11 12 15. . _20 24 30 40 so 60 100 120 200 soo oo Pr ~ 

• 
~ 

• m 
~ 

~ 

• m 
~ 

~ 

• m 
~ 

~ 

• m 
z 
~ 

• m 
~ 

~ 

• m 
z 
~ 

• m 

• 
~ 

• m •. 
~ 

• m 
z 
~ 

• m 

• 
~ 

~ 

m 

1.49 
3.21l 
4.96 

10.00 

1.47 
3.23 
4.64 
9.65 

1,<18 
3.18 
4.75 
9.33 

1.45 
3.14 
4.67 
9.07 

1.44 
3.10 
4.60 
8.86 

1.43 
3.07 
4.54 
8.66 

1.42 
3.05 
4.49 
8.53 

1.4~ 

3.03 
4.45 
8.40 

1.41 
3.01 
4.41 
8.29 

1.41 
2.99 
4.38 
8.18 

1.40 
2.97 
4.35 
8.10 

UO 1.60 
2.92 2.73 
4.10 3.71 
7.56 6.55 

1.58 1~ 
2.S6 2.66 
3.98 3.59 
7.21 .6.22 

1.56 1.56 
2.81 2.61 
3.89 3.49 
6.93 6.95 

1.55 1.~ 
2.78 2.56 
3.81 3.41 
6.10 . s.i4 

1.53 1.53 
2.73 2.52 
3.74 3.34 
6.51 5.56 

1.52 1.lil! 
2.70 2.4j 
3.66 3.29 
6.36 5.42 

1.51 1.51 
2.117 2.46 
3.63 3.24 
6.23 5.29 

1.51 1.50 
2.64 2.44 
3.59 3.20 
6.11 5.18 

1.50 1.49 
2.62 2.42. 
3.55 3.16 
6.01 S.GII 

1.49 1.49 
2.61 2.40 
3.52 3.13 
5.93 5.01 

1.49 1.48 
2.59 2.38 
3.49 3.10 
5.85 4;94 

1.59 
2.61 
3.48 
5.59 

1.57 
2.54 
3.36 
5.67 

1.55 
2.48 
3.26 
5.41 

1.53 
2.43 
3.18 
5.21 

1.52 
2.36 
3.11 
6.04 

1.51 
2.36 
3.06 
4.89 

1.50 
2.33 
3.01 

. 4.n 

1.49 
2.31 
2.98 
4.117 

1.48 
2.29 
2.93 
4.58 

1.47 
2.27 
2.90 
4.50 

1.46 
2.25 
2.87 
4.43 

1.59 
2.52 
3.33 
5.64 

1.58 
2.45 
3.20 
5.32 

1.54 
2.36 
3.11 
S.DG 
1.52 
2.35 
3.03 
4.66 

1.51 
2.31 
2.96 
4.89 

1.49 
2.27 
2.90 
4.58· 

1.-48 
2.24 
2.65 
4.44 

1.47 
2.22 
2.81 
4.34 

1.-48 
2.20 
2.n 
4Z 

1.45 
2.18 
2.74 
4.17 

1.45 
2.18 
2.71 
4.10 

1.58 
2.46 
3.22 
5.39 

1.55 
2.39 
3.09 
5.07 

1.53 
2.33 
3.00 
4.112 

1.51 
2.28 
2.92 
4.62 

1.50 
2.24 
2.85 
4.46 

1.-48 
2.21 
2.79 
4.32 

1.47 
2.18 
2.74 
4.20 

1.46 
2.15 
2.7Q 
4.1(1 

1.45 
2.13 
2.68 
4.01 

1.44 
2.11 
2.63 
3.94 

1.44 
2.09 
2.60 
3.87 

t57 
2.41 
3.14 
5.20 

1.54 
2.14 
3.01 
4.89 

1.52 
2.28 
2.91 
4.84 

1.50 
2.23 
2.83 
4.44 

1.49 
2.19 
2.76 
4.28 

1.47 
2.16 
2.71 
4.14 

1,4e 
·2.13 
2.68 
4.03 

1.45 
2.10 
2.61 
3.93 

1.44 
2.06 
2.58 
3.84 
1.43 
2.06 
2.54 
s.n 
1.43 
2.04 
2.51 
3.70 

1.56 
2.38 
3.07 
5.06 

1.53 
2.30 
2.95 
4.74 

1.51 
2.24 
2.85 
4.50 

1.49 
2.20 
2.n 
4.30 

1.-48 
2.15 
2.10 
4.14 

1.46 
2.12 
2.64 
4.00 

1.45 
2.09 
2.59 
3.89 

1.44 
2.06 
2.55 
3.79 

1.43 
2.04 
2.51 
3.71 

1.42 
2.02 
2.48 
3.63 

1.42 
2.00 
2.45 
3.56 

1.58 1.55 1.55 
2.35 2.32 2.30 
3.02 2.98 2.94 
4.94 4.85 4.n 

1.53 1.52 1.52 
22.7 2.25 2.23 
2.90 2.85 2.82 
4.63 4.54 . 4.4e 

1.1i1 1.50 1.50 
2.21 2.19 2.17 
2.80 2.75 2.72 
4.39 4.30. 4.22 

1.49 1.48 1.47 
2.16 2.14 2.12 
2. 71 2.&7 2.63 
4.19 4.10 4.02 

1.47 1.46 1.-48 
2.12 2.10 2.08 
2.65 . 2.80 2.57 
4.03 3.94 3.86 

1.46 1.45 1.44 
2.GII 2.08 2.04 
2.59 2.54 2.51 
3.89 3.80 3.73 

1.44 1.44 1.44 
2.08 2.03 2.01 
2.54 . 2.49 2.46 
3.78 3.69 3.62 

1.43 1.43 1.42 
2.03 2.80 1.96 
2.4i 2.45 2.41 
3.61! 3.59 3.52 

1.42 1.42 1.41 
2.00 U8 .1.96 
2.46 2.41 2.37 
3.80 3.51 3.43 

1.41 1.41 1.40 
1.98 1.96 1.94 
2.42 2.36 ~.34 

3.52 3.43 3.36 

1.41 1.40 1.39 
1.96 1.94 1.92 
2.39 2.35 2.31 
3.46 3.37 3.29 ·-------- ·--·-----... 

1.54 1.53 
2.28 2.24 
2.91 2.85 
4.71 4.56 

1.51 1.50 
2.21 2.17 
2.79 2.72 
~40 4.25 

1.49 1.48 
2.15 2.10 
2.69 2.62' 
4.16 4.01 

1.47 1.46 
2.10 2.~ 

2.60 2.53 
3.96 3.82 

1.45 1.44 
2.05 2.01 
2.53 2.48 
3.80 3.68 

1.44 1.43 
2.02 1.97 
2.48 2.40 
3.67 3.52 

1.43 1.41 
f.99 1.94 
2.42 2.35 
3.55 3.41 

1.41 1.40 
1.98 1.91 
2.38 2.31 
3.46 3.31 

1.40 1.39 
1.93 1.89 
2.34 2.27 
3.37 .3.23 

1.40 1.38 
1.91 1.86 
2.31 2.23 
3.30 3.15 

1.39 1.37 
1.89 1.84 
2.28 2.20 

1.52 
2.20 . 
2.77 
4.41 

1.49 
2.12 
2.65 
4.10 

1.47 
2.06 
2.54 
3.86 

. 1.45 

2.01 
2.46 
3.66 

1.43 
1.96 
2.39 
3.51 

1.41 
1.92 
2.33 
3.37 

1.40 
1.89 
2.28 
3.26 

1.39 
1.66 
223 
3.16 

1.38 
1.84 
2.19 
3.08 

1.37 
1.31 
2.16 
3.00 

1.36 
1.79 
2.12 

1.52 
2.18 
2.74 
4.33 

1.49 
2.10 
2.61 
4.02 

1.46 
2.04 
2.51 
3.78 

1.44 
1.98 
2.42 
3.59 

1.42 
1.94 
2.35 
3.43 

·1.51 .1.51 
2.16 2.13 
2.70 '2.66 
4.25 4.17 

1.~8 1.47 
2.08 2.05 
2.57 2.53 
3.94 3.86 

1.45 1.45 
2.01 1.59 
2.47 2.43 
3.70 3.62 

1.43 1.42 
1.98 1.93 
·2.38 2.34 
3.51 3.43 

1.41 1A1 
1.91 1.89 
2.31 2.27 
3.35 3.27 

1.-40 . l.39 
1.87 1.85 
2.25 2.20 
3.21 3.13 

1.38 ·1.37 
1.64 1.81 
2.19 2.15 
3.10 3.02 

1.37 1.36 
'1.81 1.78 
'2.15 2.10 
3.00 2.92 

1.36 1.35 
1.78 1.75 
2.11 2.06 
2.92 2.84 

1.35 1.34 
1.76 1.73 
2.07 2.03 
2.84 2.76 

1.34 1.33 
1.74 1.71 
2.04 1.99 

1.50 
2.12 
2.64 
4.12 

1.47 
2.04 

. 2.51 
3.81 

1.44 
1.97 
2.40 
3.57 

1.42 
1.92 
2.31 
3.38 

1.40 
1.87 
2.24 
3.22 

'1.39 
1.63 
2.18 
3.06 

1.37 
1.79 
2.12 
2.97 

1.35 
1.76 
2.08 
2.87 

1.34 
1.74 
2.04 
2.78 

1.33 
1.71 
2.00 
2.71 

1.33 
1.69 
1.97 

1.50 
2.11 
2.62 
4.08 

1.47 
2:03 
2.49 
3.78 

1.44 
1.96 
2.38 
3.54 

1.42 
1.90 
2.30 
3.34 

1.40 
1.86 
2.22 
3.18 

1.36 
1.82 
2.16 
3.05 

1.36 
1.78 
2.11 
2.93 

1.35 
1.75 
2.06 
2.83 
1.34 
1.72 
2.02 
2.75 

.1.33 
1.70 
1.98 
2.67 

1.49 
2.09 
2.59 
4.01 

1.46 
2.00 
2.46 
3.71 

1.43 
1.94 
2.35 
3.47 

1.41 
1.88 
2.26 
3.27 

1.39 
1.83 
2.19 
3.11 

l.38 
1.79 
2.12 
2.98 

1.36 
1.76 
2.07 
2.88 

1.49 
2.08 
2.50 
4.00 

1.46 
2.00 
2.45 
3.69 

1.43 
1.93 
2.34 
3.45 

1.41 
1.88 
2.25 
3.25 

1.39 
1.83 
2.18 
3.09 

1.37 
1.79 
2.11 
2.96 

1.35 
1.75 
2.06 
2.84 

1.34 
1.72 
2.01 
2.75 

1.49 
2.07 
2.56 
3.96 

1.46 
1.99 
2.43 
3.66 

1.43 
1.92 
2.32 
3.41 

1.40 
1.86 
2.23 
3.22 

1.39 
1.82 
2.16 
3.06 

1.37 
t77 
2.10 
2.92 

1.35 
1.74 
2.04 
2.81 

1.34 
1.71 
1.99 
2.71 

1.32 
1.68 
1.95 
2.62 
1.31 
1.65 
1.91 
2.55 

2.94 

1.41 
1.90 
2.29 
3.29 

1.39 
1.87 
2.24 
3.18 

1.38 
1.84 
2.19 
3.06 

1.37 
1.81 
2.15 
~.00 

1.36 
1.79 
2.11 
2.92 

1.35 
1.77 
2.08 
2.86. 2.79 2.69 2.64 

1.32 
1.68 
).95 
2.61 

1.34 
1.73 
2-02 
2.76 

1.33 
1.70 
1.98 
2.68 

1.32 
1.67 
1.94 
2.60 

1.31 
1.65 
1.91 
2.54 '~ :3.~09~-=--------------~--------------------

1.33 
1.69 
1.97 
2.66 

1.32 
1.67 
1.93 
2.58 
1.31 
1.64 
1.90, 
2.52 

1.30 
1.63 
1.88 
2.48 

1.48 
2.06 
2.55 
3.~ 

1.45 
1.98 
2.42 
3.62 

1.42 
1.91 
2.31 
3.38 

1.40 
1.85 
2.22 
3.19 

1.36 
1.80 
2.14 
3.03 

1.36 
1.76 
2.06 
2.89 
1.34 
1.73 
2.02 
2.78 

1.33 
1.69 
1.97 
2.68 

1.32 
1.67 
1.93 
2.59 

1.31 
1.64 
1.89 
2.51 

1.30 
i.62 
1.86 
2.44 

1.48 
2.06 
2.54 
3.91 

1.45 
1.97 
2.'10 
3.60 
1.42 
1.90 
2.30 
3.36 

1.40 
1.85 
2.21 
3.17 

1.38 
1.80 
2.13 
3.00 

1.36 
1.76 
2.07 
2.87 

1.34 
1.72 
2.01 
2.75 

1.33 

1.~ 
•1.96 
2.65 

1.32 
1.68 
1.92 
2.57 
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1.88 
2.49 
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1.84 
2.42 
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UPPER PERCENTAGE POINTS OF THE F DISTRIBUTION (CONTINUED) 

4~ ~b 
: denom- d.f. for numerator' N1 OJ. for numerator N1 deoom-
: inator · i11atot 
, N, Pr 1 2 3 4 5 6 • 7 8 9 10 11 12 15 20 24 30 40 so 60 100 120 200 500 oo Pr N,_ 
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1.40 
295 
4.30 
7.95 

1.39 
2.93 
48 
7.82 

1.38 
2.91 
4.23 
7.72 

1.38 
2.80 
4.20 
7.64 

1.38 
2.89 
4.17 
7.56 

1.36 
2.64 
4.0S 
7.31 

1.35 
279 
4.00 
7o00 

1.34 . 
2.75 
3.92 
6.85 

1.33 
2.73 
3.89 
6.76 

1.32 
2.71 
3.64 
6.60 

1.48 
2.56 
3.44 
5.72 

1.47 
2.54 
3.40 
5.61 

1.46 
2.52 
·3.37 
5.53 

1.46 
2.50 
3.34 
5.45 

1-.45 
2.49 
3.32 
5.39 

1.44 
2.44 
323 
5.18 

1.42 
239 
3.15 
4.98 

1.40 
235 
3.07 
4.79 

1.39 
2.33 
3.04 
4.71 

1.39 
2.30 
3.00 
4.61 

1.47 1.45 1.44 1.42 
2.35 2.22 2.13 2.06 
3.1)5 2.82 . 2.66 2.55 
4.82 4.31 3.9!l 3.76 

1.48 1.44 1.43 1.~1 

2.33 2.19 2.10 2.04 
3.01 2.78 2.62 2.51 
.4.72 422 3.90. 3.67 

1.45 1.44 1.42 1.41 
2.31 2.17 2.03 2.01 
2.98 2.74 2.59 2.47 
4.64 4.14 3.82 3.59 

1.45 1.43 1.41 1.40 
2.29 2.16 2.06 2.00 
2.95 2.71 2.56 2.45 
4.57 4.07 3.75 3.53 

1.44 1.42 1.41 1.39 
2.28 2.14 2.05 1.98 
2.92 2.89 2.53 . 2.42 
4.51 4.02 3.70 3.47 

1.42· 1.40 1.39 1.37 
223 2.00 2.00 1.93 
284 2.61 2.45 2.34. 
4.31 3.83 3.51 . 329' 

1.41 1.38 1.37 1.35 
2.18 2.04 1.95 1.87 
2.76 253 2.37 2.25 
4.13 3.65 3.~ 3.12 

1.39 1.37 1.35 1.33 
2.13 1.99 .1.90 1.82 
2.89 .2.45 2.29 2.17 
3.95 3.48 a 11 2.96 

1.38 1.36 1.34 1.32 
2.11 1.97 1.88 1.80 
2.65 2.42 226 2.14 
3.89 3.41 3.11 2.89 

1.37 1.35 1.33 1.31 
2.08 1.94 1.es 1.n 
2.60 . 2.37 2.21 2.10 
3.78 3.32 3.02 280 

1.41 • 1.40 
2.01 1.97 
2.46 2.40 
3.59 3.45 

1.40 1.39 
1.98 1.94 
2.42 2.36 
3.50 3.38 

1.39 1.38 
1.96 1.92 
2.39 2.32 
3.42 3.29 

1.39 1.38 
1.94 1.90 
2.38 2.29 
3.38 3.23 

1.38 1.37 
1.93 1.68 
2.33 2.27 
3.30 3.17 

1.96 1.35 
1.87 1.83 
2.25 2.18 
3.12 2.89 

1.33 1.32 
1.82 1.n 
2.17 2.10 
2.95 2.62 

1.31 1.30 
1.n 1.12 
2.09 2.02 
2.79 2.66 

1.31 ·1.29 
1.75 1.70 
2.06 1.98 
273 2.60 

1.29 1.28 
1.72 1.67 
2.01 1.94 
2.84 2.51 

1.39 
1.93 
2.34 
3.35 

1.38 
1.91 
2.30 
3.26 

1.37 
1.63 
2.27 
3.18 

1.37 
1.87 
224 
3.12 

1.36 
1.85 
2.21 
3.07 

1.34 
1.79 
2;12 
2.89 

1.31 
1.74 
.2.94 
2.72 

1.29 
1.68 
1.96 
2.56 

1.28 
1.66 
1.113 
2.50 

1.27 
1.63 
1.63 
2.41 

1.39 1.38 1.37 1.38 1.34 
1.90 1.88 1.66 1.81 1.76 
2.30 2.26 2.23 2.15 2.07 
326 3.18 3.12 2.98 2.83 

1.38 1.37 1.36 1.35 1.33 
1.88 1.85 1.83 1.78 1.73 
2.25 2.21 2.18 2.11 2.03 
3.17 3.09 3.03 . 2.6.9 2.74 

1.37 1.36 1.35 1.34 1.32 
1.88 1.84 1.81 1.78 1.71 
222 2.18 2.15 2.07 1.99 
3.00 3.02 2.96 2.81 2.66 

1.36 1.35 1.34 1.33 1.31 
1.64 1.81 1.79 1.74 1.69 
2.19 2.15 2.12 2.04 . 1.98 
3.03 . 2.96 2.90 2.75 2.60 

1.35 1.35 1.34 1.32 '1.30 
1.82 1.79 1.n 1.12 1.67 
2.16 2.13 2.09 2.01 1.93 
2.98 2.91 2.84 2.70 2.55 

1.33 1.32 1.31 1.30 1,26 
1.76 1.73 1.71 1.66 1.61 
2.08 2.04 2.00 1.92 1.84 
2.80 2.73 . 2.66 2.52 2.37 

1.30 1.29 1.29 1.27 1.25 
1.71 1.68 1.66 1.60 1.54 
1.99 1.95 1.92 1.84 1.75 
2.63 2.66 2.50 2.35 2.20 

i.28 1.27 126 1.24 1.22 
1.6s 1.62 ,:so· 1.55 1.48 
1.91 1.87 1.83 1.75 1.66 

·2.47 2.40 2.34 2.19 2.03 

1.27 1.26 1.25 (23 121 
1.83 1.60 1.57 1.52 1A6 
1.98 1.84 1.80 "1.72 1:62 
2.41 2.34 2.27 2.13 1.97 

1.25 1.24 
1.60 1.57 
1.83. 1.79 
2.32 2.25 

1.24 1.22 
1.55 '1.49 
1.75 1,67 
2.18 2.04 

1.19 
1.42 
1.57 
1.89 

1.33 1.32 1.31 
1.73 1.70 1.67 
2.03 1.98 1.94 
2.75 2.67 2.58 

1.32 1.31 1.30 
1.70. 1.67 1.64 
1.98 1.94 '1.89 
2.66 2.58 2.49 

1.31 1.30 1.29 
1.68 1.85 1.61 
1.95 1.90 1.85 
2.58 2.50 2.42 

1.30 1.29 126 
1.65 1.63 1.59 
1.91 1.87 1.82 
2.52 2.44 2.35 

1.29 128 1.27 
1.64 1.61 1.57 
1.89 1.64 1.79 
2.47 2.39 2.30 

1.26 125 1.24 
1.57 1.54 1.51 

. 1.79 1.74 1.69 
2.29 2.20 2.11 

124 1.22 1.21 
1.51 1.48 1.44 
uo 1.65 1.59 
2.12 • 2.03 . 1.94 
,121 1.19 1.18 
1.45 1.41 1.37 
1.61 1.55 1.50 
1.95 1.89 1.76 

120 1.18 1.16 
1.42 1.38 1.34 
1.51 1.52 1.46 
1.89 1.79 1.68 

1.18 1.16 1.14 
1.38 1.34 .1.30 
1.52 1.46 1.39 
1.79 1.70 1.59 

1.31 1.30 
1.85 1.64 
1.91 1.89 
2.53 2.50 

1.29 129 
1.62 1.61 
1.66 1.64 
2.44 2.40 

1.28 128 
1.59 1.58 
1.82 1.30 
2.35 2.33 

1.27 127 
1.57 .1.56 
1.79 1.77 
2.30 2.26. 

126 1.26 
1.55 1.54 
1.76 1.74 
2.25 2.21 

123 1.22 
1.48 1.47 
1.66 1.64 
2.06 2.02 

1.20 1.19 
1.41 1.40 
).58 1.53 
1.~ 1.84' 
1.17 1.16 
1.34 1.32 
1.48 1.43 
1.70 1.66 

1.14 1.12 
1.31 128 
1.41 1.39 
1.60 1.58 

1.13 1.12 
1.26 124 
1.35 1.32 
1.52 1.47 

1.30 
1.81 
1.65 
2.42 

1.28 
1.58 
1.80 
2.33 

1.26 
1.55 
1.78 
2.25 

1.25 
1.53 
1.73 
2.19 

125 
1.51 

1.70 
2.13 

121 
1.43 
1.59 
1.11! 
1.17 
1.35 
1.-48 
1.75 

1.14 
1.27 
1.37 
1.56 

1.11 
1.24 
1.32 
1.48 

1.09 
1.18 
1.24 
1.38 

1.30 
1.60 
,.84 
2.40 

1.28 
1.57 
1.79 
2.31 

126 
1.54 
1.75 
2.23 

125 
1.52 
1.71 
2.17 

1.24 
1.50 
1.66 
2.11 

1.21 
1.42 
1.58 
1.92 

1.17 
1.35 
1.47 
1.73 

1.13 
1.26 
1.35 
1.53 

1:10 
1.22 
1.29 
1.44 

1.08 
1.17 
1.22 
1.32 

1.29 
1.59 
1.82 
2.38 

127 
1.56 
1.n 
2.27 

126 
1.53 
1.73 
2.19 

1.25 
1.50 
1.69 
2.13 

124 
. 1.48 
1.65 
2.07 

1.20 
1.41 
1.56 
1.87 

1.16 
1.33 
1.44 
1.89 

1,12 
1.24 
1.32 
1.46 

1.09 
1.20 
1.26 
1.39 

1.07 
1.13 
1.17 
1.25 

1.29 
1.56 
1.80 
2.33 

1.27 
1.54 
1.75 
2.24 

1.25 
1.51 
1.71 
2.16• 

1.24 
1.49. 
1.67 
2.09 

1,23 
1.47 
1.614 
2.03 

1.19 
1.39 
1.53 
1.83 

1.15 
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1.41 

1.53 
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121 
128 
1.42 

1.08 
1.i7 
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1.33 
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1.08 
1.11 
1.15 
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1.73 
221 

1.25. 
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1.24 
1.46 
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UPPER PERCENTAGE POINTS OF THE I DISTRIBOTION 

25o/oarea 

Example 
_/ 

Pr(x' > 10.85) = 0.95 

Pr(x' > 23.83) = 0.25 ford.£.= 20 

Pt(x' > 3Ul) • 0.05 VI I I --- x' 
0 IO.SS 2:\.83 31.41 

Degrees ""'-.Pr I 
of Freedom "-., .995 . 990 .975 .950 

392704 X 10-tO 157088 x 10-• 982069 X 10-• 393214 X 10-B 

2 .Q100 .0201 .0506 .1026 

3 .0717 .1148 .2158 .3518 

4 .2070 .2971 .4844 .7107 

5 .4117 .5543 .8312 1.1455 

6 .6757 .8721 1.2373 1.8354 

7 .9893 1.2390 :1.6899 2.1674 

8 1.3444 1.8465 2.1797 2.7326 

9. 1.1349 2.0879 2.7004 3.3251 

10 2.1559 . 2.5582 3.2470 3.9403 

11 2.6032 3.0535 3.8158 4.5748 

12 3.0738 3.5706 4.4038 52260 

13 • 3.5650 4.1069 5.0087 5.8919 

14 4.0747 4.6604 5.6287 6.5706 

15 4.6009 5.2294 6.2621 72609 

18 5.1422 5,8122 8.9077 7.9616 

17 5.6972 6.4078 7.5642 8.6718 

18 6.2848 7.0149 82306 9.3905 

!9 6.8440 7.6327 8.9066 • 10.1170 

20 7.4339 8.2604 9.5908 10.8508 

21 8.0337 8.8972 10.282S 11:5913 

22 8.8427 9.5425 10.9823 12.3380 

23 92604 10.1957 11.6865 13.0905 

24 9.8882 10.8564 12.401! 13.8484 

25 10.5197 11.5240 13.1197 14.6114 

26 11.1603 12.1981 13.8439 15.3791 

27 11.8076 12.8788 14.5733 16.1513 

28 12.4613 13.5848 15.3079 16.9279 

29 13.1211 14.2565 16.0471 17.7083 

30 13.7867 14.9535 16.7908 18.4926 

40 20.7065 22.1643. 24.4331 26.5093 

so 27.9907 29.7067 32.3574 34.7642 

60 35.5346 37.4848 40.4il17 43.1879 

70 43.2752 45.4418 48.7576 51.7393 

60 51.1720 53.5400 57.1532 80.3915 

90 59.1983 61.7541 65.6466 69.1260 

100. 67.3276 70.{)848 74,2219 n.9295 

J 

.900 .750 .500 .250 

.0158 .1015 .4549 1.3233 
2107 .5754 1.3863 2.n25 
.5844 12125 2.3660 4.1084 

1.0636 1.9226 3.3567 5.3853 
1.6103 2.6746 4.3515 .6.6257 
2.2041 3.~546 5.3481 7.8408 
2.8331 42549 6.3458 9.0372 
3.4895 5.0708 7.3441 10.2186 
4.1682 5.8988 8.3428 11.3687 

4.6652 6.7372 9.3418 12.5489 
5.5778 7.5841 10.3410 13.7007 
6.3038 8.4384 11.3403 1~.8454 
7.0415 92991 12.3398 15.9839 
7.7895 10.1653 13.3393 17.1170 
8.5468 11.0365 14.3389 18.2451 
9.3122 11.9122 15.3385 19.3688 

10.0852 12.7919 16.3381 20.4687 
10.8849 '13.6753 17.3379 21.6049 
11.6509 14.5620 18.3376 22.7178 

12.4426 15.4518 19.3374 23.8277 
132396 16.3444 . 20.3372 24.9348 
14.0415 17.2398 21.3370 26.0393 
14.8479 18.1373 22.3369 27.1413 
15.8567 19.037?. 23.3367 282412 . 
16.4734 19.9393 .24.3366 29.3389 
17.2919 20.8434 25.3384 .30.4345. 
18.1138 21.7494 26.3363 31.5284 
18.9392 22.6572 '27.3353 32.6205 

·19.7q77 g_3.5686 28.3362 33.7109 

20.5992 24.4776 29.3.'160 ·34.7998 
29.0S05 - 33.6603 39.3354 45.6160 
37.6886 42.9421 49.3349 56.3338 
46.4589 52.2938 59.3347 86.9814 

55.3290 61.6983 69.3344 n.5766 
64.2n8 71.1445 79.3343 88.1303 
732912 60.5247 69.3342. 98.8499 
82.3581 90.1332 99.3341 109.141 

.100 .050 .025 

2.7055 3.8415 5.0239 
4.6052 5.991'5 7.3n8 
62514 7.8147 9.3484 
7.n94 s.4sn 11.1433 

. 9.2364 11.0705 12.8325 
10.8446 12.5916 14.4494 
12.0170 14.0871 16.0128 
13.3616 15.5073 17.5346 
14.6837 16.9100 19.0228 

15.9871 18.3070 20.4631 
17.2750 1s.s1s1 21.9200 
18.5494 21.0261 23.3367 
19.8119 22.3621 24.7356 
21.0'542 23.6848 26.1190 

22.3072 24.9958 27.4884 
23.5418 26.29~ 28.8454 
24.7690 27.5871 30.1910 
25.9894 28.8693 31.5284 
27.2036 30.1435 32.8523 

28.4120 31.4104 34.1696 
29.6151 32.6706 35.4789 
30.8133 33.9244 36.7807 
32.0089 35.1725 . 38.0757 
83.1963 36.4151 39.3841 

34.3816 37.6525 40.8465 
35.6831 . 38.8852 41.9232 
36.7412 40.1133 43.1944 
37.9159 41.3372 44.4607 
39.0875 42.5569 45.7222 

40.2560 43.n29 46.9792 
51.80'50 55.7585 59.34!7 
63.1671 67.5046 71.4202 
74.3970 79.0819 83.2976 

85.5271 90.5312 95.0231 
98.5782 101.879 . 106.629 

107.565 • 113.145 118.136 . 
11M98 124.342 129.561 

.010 

6.6349 
9.2103 

. 11.3449 
13.2767 

15.0883 
16.8119 
18.4753 
20'.0902 
21.8660 

23.2093 
24.7250 .. 
26.2170' 
27.6883 
29.1413 

30.5779 
31.9999 
33.4087 
34.8053 
36.1908 

37.5682 
38.9321 
402994 
41.8384 
42.9798 

44.3141 
45.8417 
46.9530 
46.2782 
49.5879 

50.6922 
63.6907 
76.1539 
88.3794 

100.425 
112.329 
124.116 
135.807 

.005 . 

• . 7.8794 
.,10.5966 
12.8361 
14,8602 

16:7496 
18.5476 

·2o2n'i. 
:21.9550 
23.5S93 

.2.5.188:?: 
26.7569 
28.2995 
29.8194 
31.3193 

32.8013 
34.2872 
35.7165 
37.1564 
38.5822 

39.9968 
41.4010 
42.7956 
44.1813 
45.5565 

46.9278 
48.2899 
49.8449 
50.9933 
52.3356 

53.6720 
66.7659 
79.4900 
91.9517 

104.215 
116.321 
128.299 
140.169 

---..1 
Q 
~ 
~ 

l 
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DURBIN-WATSON dSTATISTIC: SIGNIFICANCE POINTS OF dL AND duAT 0.05 LEVEL OF 
SIGNIFICANCE 

k' = 1 k' = 2 k' = 3 k' = 4 

0.610 1.400 
0.700 1.356 0.467 1.896 
0.763 1.332 0.559, 1.777 0.368 2.287 ' 
0.824 1.320 0.629 1.699 0.455 2.128 0.296 2.588 

10 0.879 1.320 0.697 1.641 0.525 2.016 0.376 2.414 0.243 2.822 
11 0.927 1.324 0.658 1.604 0.555 1.928 0.444 2.283 0.316 2.645 0.203 3.005 
12 0.971 1.331 0.812 1.579 0.658 1.864 0.512 '2.177 0.379 2.506 0.268 2.832 0.171 3.149 
13 1.010 1.340 0.861 1.562 0.715 1.816 0,574 2.094 0.445 2.390 0.328 2.692 0.230 2.985 0.147 3.266 
14 1.045 1.350 0.905 1.551 0.767 1.779 0.632 2.030 0.505 2.296 0.389 2.572 0.288 2.848 0.200 3.111 0.127 3.360 

k' = 10 

de du 

15 1.077 1.361 0.946 1.543 0.814 1.750 0.685 1.977 0.582 2.220 0.447 2.472 0.343 2.727 0.251 2.979 0.175 3.216 0.111 3.438 
16 1.106 1.371 0.982 1.539 0.857 1.728 0.734 1.935 0.615 2.157 0.502 2.388 0.398 2.624 0.304 2.860 0.222 3.090 0.155 3.304 
17 1.133 1.381 1.015 1.536 0.897 1.710 0.779 1.900 0.604 2.104 0.554 2.318 0.451 2.537 0.356 2.757 0.272 2.975 0.198 3.184 
18 1.158 1.391 1.046 1.535 0.933 1.696 0.820 1.872 0.710 2.060 0.603 2.257 0.502 2.461 0.407 2.667 0.321 2.873 0.244 3.073 
19 1.180 1.401 1.074 1.536 0.967 1.685 0.859 _1.848 0.752 2.023 0.649 2.206 0.549 2.396 0.456 2.588 0.369 2.783 0.290 ,;?.974 
20 1.201 1.411 1.100 1.537 0.998 1.676 0.894 1.828 0.792 1.991 0.692 2.162 0.595 2.339 0.502 2.521 0.41'6 2.704 0.336 2.885 
21 1.221 1.420 1.125 1.538 1.026 1.669 0.927 1.812 0.829 1.964 0.732 2.124 0.837 2.290 0.547 2.460 0.461 2.633 0.380 2.808 
22 1.239 1.429 1.147 1.541 I.Q53 1.664 0.958 1.797 0.863 1.940 0.769 2.090 0.677 2.246 0.~ 2.407 0.504 2.571 0.424 2.734 
23 1.257 1.437 .1.168 1.543 1.078 1.660 0.986 1.785 0.895 1.920 0.804 2.061 0.715 _2.208 0.628' 2.360, 0,545 ?.&14 0.465 '2,870 
24 1.273 1.446 1.188 1.546 1.101 1.666 1.013 1.775 0.925 1.902 0.837 2.035 0.751 2.174 0.666 2.318 0.584 2.464 0.506 2.613 
25 1.288 1.454 1.206 1.550' 1.123 1.654 1.038 1.767 0.953 1.888 0.888 2.012 0.784 2.144 0.702 2.280 0.621 2.419 0.544 2.560 
26 1.302 1.461 1.224 1.553 1.143 1.652 1.062 I 759 0.979 1.873 0.697 1.992 0.816 2.117 0,735 2.246 0.657 2.379 0.561 2.513 
27 1.316 1.469 1.240 1.556 1.162 1.651 1.064 1 753 1.004 1.861 0.925 1.974 0.845 2.093 0.767 2.216 0.691 2.342 0.616 2.470 
28 1.328 1.476 1.255 1.560 1.181 1.650 1.104 1.747 1.028 1.850 0.951 1.958 0.874 2.071 0.798, 2.188 0.723 2.309 0.650 2.431 

,29 1.341 t.483 1.210 1.563 1.198 1.650 1.124 1.743 1.oso 1.841 o:s75 .944 o.soo 2.052 0.826 2.164 0.753 2.278 o.sa2 2.396 
\30 1.352 1.489 1.284 1.567 1.214 1.650 1.143 1.739 1.071 1.833 0.998 1.931 0.926 2.034 0.854 2.141 0.782 2.251 0.712 2.363 
31 1.363 1.498 1.297 1.570 1.229 1.650 1.160 1.735 1.090 1.825 1.020 1.920 0.950 2.018 0.879 2.120 0.810 2.226 0.741 2.333 
32 1.373 1.502 1.309 _1.574 1.244 1.650 1.177 1.732 1.109 1.819 1.041 1.909 0.972 2.004 0.904 2.102 0.836 2.203 0.769 2.306 
33 1.~83 1.508 1.321 1.577 1.258 1.651 1.193 1.730 1.127 1.813 1.061 1.900. 0.994 1.991 0.927 2.085 0.861 2.181 0.795 2.281 
34 1.393 1.514 1.333 1.580 1.271 1.652 1.208 1.728 1.144 1.808 1.080 1,891 1.015 1.979 0.950 2.069 0.885 2.162 0.821 2.257 
35 1.402 1.519 1.343 1.584 1.283 1.653 1.222 1.726 j.180 1.803' 1.097 t.884 1.034 1.967 0.971 2.054 0.908, 2.144 0.846 ,2.236· 
36 1.411 1.525 1.354 1.567 1.295 1.654 1.236 1.724 1.175 1.799 1.114 ).877 1.053 1.957 0.991 2.041 0.930 2.127 0.688 2.216 
37 1.419 1.530 1.364 1.590 1.307 1.655 1.249 1.723 1.190 1.795 1.131 1.870 1.071 1.948 1.011 2.029 0.951 2.112 0.691 2.198 
38 1.427 1.535 1.373 1.594 1.318 1.558 1.261 1.722 1.204 1.792 1.146 1.864 1.088 1.939 1.0;!9 2.017 0.970 2.098 0.912 2.180 
39 1.~5 1.540 1.382 1.597 1.328 1.658 1.273 1.722 1.218 1.789 1.161 1.859 1.104 1.932 1.047 2.007 0.990 2.085 0.932 2.164 
40 1.442 1.544 1.391 1.600 1.338 1.659 1.285 1.721 1.230 1.788. 1.175 1.854 1.120 1.924 1.064 11.997 1.008 2.072 0.952 2.149 
45 1.475 1.566 1.430 1.615 1.383 1.666 1.336 1.720 1.287 1.776 1.238 1.835 1.169 1.895 1.139 1.958 1.089 2.022 1.038 2.068 
so 1.503 ·1.555 1.462 1.628 1.421 _1.674 1.378 1.721 1.335 1.771 1.291 1.822 1246 1.875 1.201 1.930 1.158 1.986 1.110 2.044 
55 1.528 1.801 1.490 1.641 1.452 1.681 1.414: 1.724 1.374 1.768 1.334 1.814 ·. 1.294 1.861 1.253 '1.909 1.212 1.959 1.170 2.010 
60 1.549 1.616 1.514 1.652 1.480 1.689 1.444 1.727 1.408 t.787 1.372 1.808 1.335 1.850 1.298 1.894 1.260 1.939 1.222 1.984 
65 1.567 1.629 1.536 1.682 1.503 1.696 1.471 1.731 1.438 1.767 1.404 1.805 1:370 1.843 1.338 1.882 1.301 1.923 1.266 1.964 
70 1.583 1.641 1.554 1.672 1.525 1.703 1.494 1.735 1.464 1.768 1.433 1.802 1.401 1.837 1.369 1.873 1.337 1.910 1.805 1.948 
75 1.598 1.652 1.571 1.680 1.543 1.709 1.515 1.'739 1.487 1.770 1.458 1.801 1.428 1.834 1.399 1.867 1.369 1.901 1.339 1.935 
80 1.611 1.662 1.585 1.688 1.560 1.715 1.534 1.743 1.507 1.772 1.480 1.801 1.453 1.831 1.425 1:881 1.397 1.893 1.369 1.925 
85 1.624 1.671 ' 1.600 1.696 1.575 1.721 1.550 1.747 1.525 1.774 1.500 1.801 1.474 1.829 1.448 1.~57 1.422 1.886 1.396 1.916 
901a1m1~1D1~1m1~1m 1.~1m1m~ 1•1.~1•1~1~1•1• 1~ 

95 1.845 1.687 1.623 1.709 1.602 1.732 1.579 1.755 1.557 1.778 1;535 1.802 1.512 1.827 1.489 1.852 1.465 1.877 1.442 1.903 
100 1.654 1.694 1.634 1.715 1.613 f736 1.592 1.756 1.571 1.780 1.550 1.803 1.528 1.826 1.508 1.650 1.484 1.874 ·1.462 1.898 
150 1.720 1.746 1.706 1.760 1.693 1.774 1.679 1.788 ·1.665 1.802 1.551 1.817 1.637 1:832 1.622 1.8H 1.808 1.862 1.594 1.877 
200 1.758 1.778 1.748 1.789 1.738 1.799 1.728 1.810 1.716 1.820 1.707 1.831 1.697 1.841 1.686 1f>52 ·1.675 1.883 1.665 1.874 

.· . . 

~-.. ----. 
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