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where WyA Wxp Wy Wy is the endowment of good 

X and Y to consumer A and B. 

( What is the set of Pareto efficient allocations in 

this 2 x 2 exchange economy ? 

(i) Show the Pareto efficient allocations in an Section A 

Edgeworth box diagram. 

(ii) If wXA 12 and Wy4, then find the general 
1. (a) Two consumers A and B consume two goods X and 

equilibrium price ratio and allocation if consumer 
Y in an exchange economy and their preferences are 

A and B trade good X and Y competitively. 
given by 

37I A 7T B faHy 
U X + Y and U, = X, + YB 

Tafysar: where X Y Xg Y, are the consumption of X and 

Y by consumers A and B respectively. Endowment is 
U X + YA T U, = X,+ YB 

given as 

A 7T B GRT 54T: X TM Y T 51 37HT WXA+ WyR 16 and 

+WYa= 16, WyA 
P.T.O. 
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WA+ Wy 16 

m, n and p is given in table below 

WyA+WYB16 
Person C Person B Person A 

XA 
P 

WWyB FHT: 349HGTl A daT B T 
YB 

1 
fafer X 7T Y Ha 

n P (0 H 2 x 2 faffea 37 T 7 t GYT () 

( Set a voting agenda that result in allocation 'n' 

winning. 
(in) 

Also find an agenda that has p winning. 

(ii) Do you agree that pair-wise majority voting can 
(ii) 1 W = 12 W= 4, , ATH 

be manipulated by changing the order in which 

votes are taken to yield the desired outcome ? 
37HRIT A TT B 7 X 7 Y 

9.5+9 Explain. 

(6) Assume that there are three agents in an economy and 

that social preferences are decided by pair-wise 
m, 

P.T.O. 
majority voting. List of rankings for three alternatives, 
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U X + Y and 

T 
U X, Y 

af B afc C 
and their endowments are given as (0, 50) and 

(50, 0) respectively. 

P () Draw the Edgeworth box for this economy and m 

identify the endowment point. 

(ii) Will competitive exchange between them lead to 

( 
an equilibrium (where both consumers consumes 

positive amounts of both goods) that is 

i) 
(a) Efficient 

(6) Equitable 

ii) PT T HET f _i-aR 

(C) Fair. 

Give Explanations. 

T5 faff4 37ae argë (x 7T 
2. (a) In a pure exchange economy with two goods (X and 

Y) 3HTR 37AI A TAT B f4I 7f45 34fTT 
Y) and the two consumers A and B who have ordinal 

P.T.O. 

utility function given by 
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(b) If the utility possibility frontier is linear viz. 

U X, +Y 7T U U+20, = 400 

U,X Y and social welfare is maximized at a corner point, namely 

which of these cannot be the social at U, = 200, 

7T 34 TT ATu HRT: (0, 50) 74T 
welfare function ? Draw a diagram to explain your 

(50, 0) I 
answer. 

( 
() W Up + 20, 

(i) W= U +20 

(ii) W = U U 

(ii) 37 a tae7t TEIA-YTA, 
(iv) W = U+ U 8.5+10 

U +2U, = 400 

(a) 
3HTT5THaT , FUa U, = 200 , TH À TÀ 

(b) 
TH 

(c) ? 

P.T.O 
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(ii) If the socially optimum quantity of energy 

) W U + 2U efficient appliances is 20, find the value of 'E'. 

W U+ 20, If the government 
subsidized production of 

i) (i) 

energy efficient appliances by Rs. S per unit, 

(in) W U, U, 
what level of the subsidy would induce the 

(iv) W U + Up 
socially efficient level of production ? 

(a) The demand for energy efficient appliances is given 3. 

374UT 
as 

100 
100 P = 

Q P 

39hUT 
The market for energy efficient appliances is perfectly 

competitive. The marginal (private) cost of production 

of energy efficient appliances is given as MC Q. 34TC HATT (fAt) TMC = Q 

By reducing demand on the electricity network, energy 

efficient appliances generate an external marginai 37t T7 3777 MEB EQ ATHR T N 
benefit according to MEB = EQ, where E is some 

constant. 

() What is the equilibrium amount of energy-ei 
P.T.O. 

cient appliances traded in the private market 
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can't observe the quality of the cars but they know 

that the proportion of lemons in the market is p. 

(i) 
() What is the expression for the expected value 

HIAT 20, E' TT | 
(P*) of the car to the typical buyer ? 

(iii) 
Find the conditions under which only lemons will 

(i) 

Rs. S T q 3MT5 HETYAT (HTTEt) be sold ? 

t, 3AT}E5 HET (HfTST) 1 fTTHT 
(ii) Write the conditions under which all cars will 

be sold ? 

What should be the minimum value of B in 
(iv) 

(b) There are two types of cars in the used car market, 
terms of V,, V,, P, P, for all potential sellers to 

"Plums" i.e. good cars and "lemons" i.e. bad cars with sell their cars ? 

hidden defects. Potential buyers are willing to pay a 
() Write the condition under which no car would 

price of P, for "Plums" and P, for "lemons". There are 9+9.5 be sold? 

potential sellers who are willing to sell Plums at 

V, SP, and lemons at V, s P,. Potential sellers 

about the quality of car but the prospective buyers P.T.O. 
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Tasr "'" fY P, YT 

7T V, sP, 7 R 
(V) 

THTTAM t R 

(a) There are two agents and each agent has utility 
4. 

U(G, X) where X, is private consumption and G is the 

size of public good. 

() G 8, t82 

(P) f3yf ? 
where g, is agent i's contribution on the public good. 

(i) f The price of private consumption is P, and the price 

of the public good is Pe Each agent has an income 

M and thus has an individual budget constraint 

(ii) 

PyX, + PS 
= M. 

P.T.O. 



16 9190 
9190 17 

Let the utility functions of two agents be, 
3yfTaT 

U 300 In G + X, and uG, X) TÍ X, fA 374T T7 G HIsi-% 

U, 200 In G + X 

G 8, t 8 The incomes of the two agents M, and M, is given 

as 1000 each. PG is given as : 

Write an equation that expresses the condition 

for the provision of the Pareto efficient level of 

the public good and find the value of G. 
PX, + PS, M, 

(ii) Find the amount each person spends on private 374faT 

good, if each person shares the cost of the public 
U 300 In G + X, TT 

good equally ? 

U,= 200, In G + X 

(ii) Do you think as increase in income of both 

A M, 74T M, 1000T 
persons will increase the amount of public good 

Pa H1 
provided ? Give reason for your answer. 

P.T.O. 



18) 9190 9190 19 

Section B ( 

(EUE 'a) 

5. (a) Each of a group of 10 hunters has two options, either 

(ii) 
to catch a Stag or Hare. If at least 5 or more hunters 

pursue the Stag, they catch it (assume that there is 

a single stag). Captured Stag is shared equally by those 

(ii) F73TY 
who catch it. Those who go after Hare get the whole 

Hare. 

aPit? 
(i) What will be Nash Equilibria of the strategic 

game if each hunter prefers 1/10 of the Stag than 

(b) What kind of adverse selection problems would you 
a Hare ? 

expect health insurance companies to face ? 12+6.5 

i) What will be Nash equilibria if each hunter prefers 

3T 
1/7 of the Stag to a Hare, but prefers a Hare 

to any fraction smaller than 1/7 of the Stag. 

P.T.O. 
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(6) Firm A and B can compete on advertising and R&D. 

The table below represents the pay-offs measured in 

7 74 5 T5TRd TH profits (Rs. million) in a one-shot simultaneous move 

game. Firm *A's profits are shown first 

fex 3 GRI FHA5 

Firm B 

Advertising R&D 

Advertising 3, 3 3, 4 

Firm A 
() R&D 4, 5 2, 2 

RTIT 
Find out all Pure strategy Nash equilibrium of 

fe7 1/10 4TT TTH 
the above game nmatrix. 

(i) Find the mixed strategy Nash equilibrium, if any. 

(i) 

(ii) Draw the best response function diagram and 

identify all Nash equilibria. 

(iv) What is the expected pay-offs for each 

firm 10+9 

P.T.O 
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A 74T B fT Ta R&D TR T7Yi 

(ii) 

() 

6. A thug wants the contents of a safe and is threat- 
H B 

ening the owner, the only person who knows the code 

to open the safe. "I will kill you if you don't open 

the safe, and let you live if you do." The table belovw 

shows the value that each person places on the various fasTT 3. 3 5, 4 

possible outcomes 

7H A 

Thug (Player 2) 
4, 5 2, 2 

Thug Kills Thug does 

) 

not kill 

Player 1 Open the safe, 1,2 3, 4 
(i) 

(Safe Owner) Do not Open the safe 2. 1 4. 3 

P.T.O. 
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Draw the game tree for this sequential game with () faait 2 (3T) 

Safe Owner going first. 

(i What is the sub-game pertfect Nash equilibrium 

of this sequential game 2 
farciTst 1, 2 3, 4 

(iii) Is the thug's threat credible ? Should the (37THTRT 5 

information holder believe the threat and open HTfres) |37T4TR I2, 1 4, 3 

the safe ? 

fracist 

3HT 

Hg HgT T ? 

P.T.O. 
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b) Consider the game matrix below : 

Player B 

zUilfa* ? 

L R 

(i) 
U 140, 140 20. 160 

Player A 

D 90+X, 90 X 50, 50 

() For what values of X do both players have a 

dominant strategy 

7. (a) Consider the following duopoly game of differentiated 
What strategy is/are the Nash equilibria in this 

products for two firms 1 and 2. Firms have no pro0 case 2 

duction costs. The demand curves of duoploists are 
(iii) For what values of X do none of the player has 

a dominant strategy ? 10+9 given as 

Q, = 1 - P, + P./4 and 

farst B Q, 1 P, + P,/4 

L R 
where Q, and Q, are the quantities produced by the 

U 140, 140 20, 160 duopolist 1 and 2 respectively, and P, and P, are the 

famist a 
D 90+ X. 90 X| 50, 50 prices charged by the two duopolists. 

P.T.O 
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( (0 Solve for the Sub-game perfect Nash equilibrium Ta Q7T Q, 41: qanfer6ifiaT 1 7T 2 ET 

(SPNE) of the sequential price choice game if 

player I is the first mover. Compute the firm's T 

output and profits. 

(ii) Represent the equilibrium on a best response 

function diagram. 

(ii) If undercutting is possible, which firm will 

(i) 
gain ? 

54 1 74T 2 faifea 3ri fqaffad 

(b) What is the top-dog strategy in the sequential 

15+4 
games? 

,1 - P, + P./4 7T 

P.T.O. 

Q, I - P, + P /4 
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8. A monopolist faces two different demand curves from two 

kinds of consumers. The demand curves are given by . 

P= 40- Q, (for market 1) 

P, = 20 - Q,/2 (for market 2) 

P 40- Q, (STR I fy 

P, and P, are the prices charged by the monopolist from the 

P20- 9/2 (R 2 fAY two kinds of consumers. The monopolist has constant 

average and marginal cost 

AC MC 10. 

) What is the optimum linear two part tariff ? 

(i) What is the linear two part tariff if the monopolist 
AC MC = 10. 

could charge a different entry fee from each kind of 

consumer ? 

(iin) Suppose now that the monopolist can charge different 

(ii) 
prices from these two types of consumers and followS

a policy of third degree price discrimination, what would 
be the price charged in each market. Calculate quantity 

P.T.O. and profits in each market ? 19 
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1. (a) (i) Allowing firms to charge a price above the marginal
cost is important to promote innovations in the 

economy. Explain. 

AT, 7qRT F4TTR (innovation) prT& 
3 

Turn over 



(ii) Consider an economy with a fixed saving rate and no technological progress. Suppose there is a war that does not directly affect the capital stock but the casualties reduce the labour force. What is the immediate impact on total output and on output per worker? Assuming that the saving rate is unchanged and that the economy was in a steady state before the war, what happens subsequently to output per worker in a post war economy? Does the growth rate of output per worker increase or decrease after the war? 

(c) Consider an economy with the production function

Y KL4. Assume that a = 1/3. 

(i) Is this production functi on characterised by 

Constant Returns to Scale? 

ii) In terms of saving rate s and depreciation rate ö, 

derive expressions for capital per worker, output 

per worker and consumption per worker in the 

steady state. 

(iii) Suppose d = 0.08, and s = 0.32, what is the steady 

state capital per worker, output per worker and 

consumption per worker? 

3F47 50T Y = K°L" aTat ga TqeT R f4ar 

6tt| HA YY 5 a= 1/3 

returns to scale) YaisT RT E? 

i) E R sT t ETH T (depreciation rate) 8 5 

ii) HTMr 8 = 0.08 HT s = 0.32 sf 45 
RTRTTRT (steady state) t, Tr f5 TgT 7 

1+3+3 

2. (a) () What are the assumptions Friedman makes in his 

2+1+1 permanent income hypothesis? 

(b) Bring out the relationship between the warranted growth 
rate, the expected growth rate and the actual growth 

rate in the Harrod model. Using this explain the 

instability problem in capitalist economies. 
(i) Explain with the help of these assumptions, that for 

an above average income group, the consumption
income point lies below the permanent 
consumption line and the opposite is true for a lower 

than average income group. Can this analysis be 

72 
9191 3 Turn over 

9191 



used to describe short run cyclical fluctuations in income? Explain with the help of a diagram. 
4+3 

(c) i) Explain how Robert Hall reformulated the 

consumption theory by incorporating the 

assumption of rational expectations. 

(ii) What are the shortcomings of Hall's rational 

expectation approach? 

3+3+1% 
(b) (i) Suppose an individual has a utility function of the 

following form: U(c) = ln c, for every time period 
t. If he discounts future utilities at a constant discount 

TTET fAT 

4%+3 rate 8, show that his intertemporal optimizing 
behaviour, using an intertemporal budget constraint, 
leads to the result that the ratio of marginal utilities 
of consumption in each two adjacent periods over 

time is equal to the ratio of one plus the market 
interest rate to one plus the consumer discount 

6? 

3. (a) (i) 'A booming stock market is good for investment." 

Discuss. 

i) Explain why lenders may ration the quantity of 

credit rather than merely charge higher interest rates 

to more risky borrowers. 

iii) What is investment tax credit? Why does a 

temporary investment tax credit have a larger effect 

on investment than a permanent one? 

rate. 
(ii) Using the above result show and also explain under 

what conditions consumption will rise and fall over 

time. 

5 RYATT (intertemporal) q9e fay 
S7Et 3H TRYaT F7H5T (optimization) 
aaER uRUITTTAY AHT (adjacent) HaTeai 

(iii) TT 57 4 (investment tax credit) FAT B? 

2+3+24 
qIMR Z a (1+374F Tgè (discount) (b) ) Explain the process of determination of equilibrium 

in the housing market in the short run. 

5 Turn over 9191 
3000 

9191 



(ii) What are the factors that determine the position of 
the demand curve of housing in the short run? 

ii) When will the long run equilibrium of the housino 
industry be reached in a non-growing economy? 

(i) fbeit aezrqem 4f25 ATeT-GDP 4JA 3% 

5+2% 

(b) (i) Examine the view that debt financed govt. spending 

keeps economic activity unchanged. 

i) Explain how the debt-GDP ratio is affected when 

real interest rate increases and growth rate of output 

falls. 

(i) U-Yi97 (debt financed) H6TÄT J4 HTTP6 

BHtt? 3+3+1% 
(c) (i) Explain how the aggregate demand for money 

function with regressive expectations can be 
obtained from individual demand curves with the 
help of a diagram. 2+5 

(ii) What are the two shortcomings of this analysis? (c) The Real Business Cycle model's explanation of 

business cycles depends crucially on the slope of the 

labour supply curve. Discuss. To what extent can this 

model realistically explain persistent recessions? 

(i) 741TEy 5 ufTHT (regressive) YHTQTTTi AT 

TTR 6 aTkaf5 HÍST RT T 

5h+2 

4. (a) (i) Inflation targeting eliminates deviations of output 
from its natural level.' Discuss. What are the (persistent) HfRAf z5t faoT FHTAT T5 TUTUT: ATEAT 5 

shortcomings of this argument? 
(ii) The monetary base to GDP is 3% and nominal 

money growth is 5% per year. Calculate the revenue 
earned by the Central Bank. 

7/2 

5. (a) (i) Explain the three factors that commonly create a 

financial crisis in advanced countries. 
(i) hitt T6T (inflation targeting), JHT A4T i) Why does debt deflation make financial crisis 

Worse? 

TTT: fai ibai (financial crises) 7 4 

9191 6 Turn over 9191 Tum over 



(ii) RT-377rhfi (debt-deflation) facia HE a q 
4%+3 

(b) () What do you understand by golden rule steady 
state? Derive the condition for golden rule steady 

state. 
(11) An economy is at a steady state with less capital 

than the golden rule steady state. Show the transition 
paths of output, consumption and investment 

towards the golden rule steady state. 

(i) Fa Mya (golden rule) RTTRAT F TY T 

THET ?aPA fH44 fTRTTrAT E STT (condition) 

(transition paths) at zPMTET I 
(c) (i) Explain Friedman's and Phelps's versions of the 

4+3% 

fooling model. 

ii) Discuss how long term labor contracts can act as a 

source of a business cycle. 

4+3 
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State whether the following statements are true or false. Give reaca. 

1. 
for your 

answer 

(a) The adjusted R is always less than the unadjusted R2. 
(a) 

The OLS estimators are best linear unbiased estimators (BLUE) in the preseno 
(b) of 

heteroscedasticity. 

(c) All points of the sample cannot lie above the estimated least squares sample regression 

line 

(d) A regression model with a high R may not be judged to be good if one or more 

coefficients. have the wrong sign. 

5x3-15 (e) The smaller the p-value, the more contradictory is the data to H. 

(5) HHTfsa r2 zAy 

(a)sfafrei (Heterosecedasticity) fifa i sMZE (OLS) ATTTER 

A fA (BLUE) I 

(T) 4 7M T9g 47H-ATH ahi(least squares) aTH a 

Y =b + b,X; 
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() HfeHA R2 aITI THA 

(3)- faaa , 3TEI H 371 faTeTYTET I 
2 (a) Consider the regression model: 

YB, + B,X2 + B,X3; t u; 

ln order to check for presence of multicollinearity, the auxiliary regression is run and 
the results are as follows 

X2 2.456 + 0.7952 X 

(se) (0.56) (1.598) R = 0.90. 

(i) Compute variance inflation factor (VIF). Do you find evidence of multicollinearity ? 

(i) Would multicollinearity necessarily result in high standard errors of the OLS 
(ii) 

estimators in the above model ? 

Y, = B, + B,X2 + B,X3 t u; 

qR faar fg, Hrfaari (Multicollinearity) 5 34feufa da 

X 2.456 + 0.7952 X3i 

(se) (0.56) (1.598) R = 0.90. 

() faar pi 5 (Variance inflation factor) YTChleTa 5lu | RI ATT 

HratfeaRÅ (multicollinearity) 1 H YA ? 
P.T.O. 
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(ii) cf<:lT ~ ~ ~ ' ~~lcfJfe1~R2.1 ~ cnf{Ol , 3TI-~-~- (OLS) ~lch c?Hi:ficn 

cfi" -~ ~ c;f)l ~ 3-tf+::114 ~ "B ~ ~ ? 

(b) Let the population regression function be : 

The function is estimated using OLS and the residuals, e;, are found to be heteroscedastic. 

Transform the above model by applying tpe weigh~ed lea~t squares (WLS) method 

to obtain homoscedastic errors under each of the following cases. Do the transformed 

regressions in each case have an intercept term : 

5 

Z:if 1 ft &-f I 

~ SfffiJll-H Sfcfillf cf;l 3-tj/iH 3TI-~·~· fqf~ "B f.-1cfil<.11 ~ a~ 3-tctf¼ltS2., 

e;, ~?}~:Slf&cfi ~ ~ I '3cffi Jff:S<.1 col {'\4ict{UI ~ ~1ct4 qfl-1:fK1 

(Weighted Least Squares) M~ &JU chlf'liQ_ fi f11-1f~f@ct Sffllcfi lTilffi -q 
' . ' 

?li:n~:s,f&cfi We -qp.fi" "Z:ifT , ~ ., cp:JJ ~ m ctcii;l<.1 ~fcP11-11 ~~ -q 
3lcfU~ ~ (intercept term) m1Tf : 

(i) u. = E .x. where E ,· ~ N(O, a2) l l l 

(ii) 
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( c) The owner of a shopping mall is considering the possibility of redesigning the parking 

facili~. He first wants to check the claim that, on average, cars remain in the parking 

area for 42 .5 minutes. For this a random sample of 64 cars was investigated and 

. 
it was decided that the claim would be accepted if the sample mean falls between 

· 40.5 to 44.5 minutes. Assuming cr = 7.6 minutes, calculate the probability of rejecting · 

the ·null hypothesis when the null }1ypothesis is false because the true population 

mean is 38.5. 5 

~ · !(fffyJI ~ cf>T 1--11f<1cfi qlfq.;JI WCfm g-1f4~Zii'i . cfil "B~ l:J\ fct-ql{ 

~ "{ID i I ~ ~ ~ cf>l ~ ~ =q1~a1 i fen" ~ cfm: 3tRTTf 

42.5 ~ q;- ~ qlfq.;JI ~ "B Will i -, ~ ~ 64 ~ cf>T ~ 

41~fajcfi ~ ~ -rm, ~ cfil ~ 3W ~ -~ ~ ~ fen ~ 

fcllcfil{ ~ ZiilQ_JII 3l1R ~ -3m 40.5 3W 44.5 ~ ~ ~ ~ I 

~ llFffi ~ fen" cr = 7.6 ~' 3WJcRf qRcfi~11 (Null Hypothesis) q;- ©IRZii 

"cfil ajcqJcRT "cfil TfURT ct>lf\!fQ, ~ ~ qn:cfi~'il "lTffif i, ~ 3-11~1~1 

~ 38.5 i I 

(a) Data on monthly income (X, 'in Rs, '000) and monthly food expenditure (Y, in 

Rs. ' 000) of seven households yielded the following information : . 

L xiyi = 211.7143, L xl = 801.4286, L Yi ~ 60.8571 , 

Y = 9.143, X - = 30.286 

P.T.O. 
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where 

Y; = Y; - y' X; = X; - X 

(i) Obtain the · estimated regression line of monthly food expenditure on monthly 

mcome. 

(ii) Calcl:(late the standard error of regression. 

(iii) What proportion of the_ total variation in food expenditure of households can be 

attributed to the linear relationship b.etween food expenditure and income ? 5 

ffl 9Rcfl-0 cf>T 41fficfi ~ (X, '000 ~-) 3W: l-llfficfi ~ o!p:J (Y, '000 ~-) 

~ &1icfi~1 ~ P1~fe1f@a '-liHcfit~l fi:R;ft : 

I 

.L XiYi = 211.7143, L x; = 801.4286, Ly,.2 = 60.8571, 

Y = 9.'143, X = 30.286. 

(i) 

(ii) ~fc-Pll-1--1 "cfi1 · l-!Hcfi ~ cfft. TTUFTT cf>lf'JJQ, I · 

(iii) qf{cf,il ~ ~ "aJ7.J ~ ~ fcq;;@l "cfil fcha-11 ~ ~ ~ afu 

3Wf ~ ~ 1f@c.fi ~tjt cf)) f\lfl-A~I{ cl~{l41 ~ ficfidl % ? 
• 
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(h) (1·) D iscuss any two reasons for the presence of autocorrelation. 

~:B~B~~ (Autocorrelation) ~ ~ ~ q. GT cf>l{UTI cfft ~ 

cf>l f\l1Q. I 

(ii) If P i~ known to be 0.8, discuss how th~ problem of autocorrelation can be 

remedied using Generalized Least Squares (GLS) for the following two-variable 

regression model, 5 

where the disturbance term, u1, follows AR(l) scheme, that is, 

~ p (-U) cfiT llR" 0.8 t 7-T ~ cf>7f'51Q. fcfl f-1!--ifcif@a ~--=q{ ~@JltH 

iff-s<1 ~ ~tj ~ fcRl >fcflTI: BIGl;4lq;a ;.q_1aq qTf-~ (Generalized 

Least Squares) cfiT ~«1141<1 en{ ~ :B~B~~ (Autocorrelation) cfft fll-if-41 ~ 

~ ~ ~ Bcf>d7 i 

y I = BI + B2X, + u I 

~ 3icl~IIS2. ~ u
1 
~: ~fctJl141 AR(l) ~ 3l~ 

P.T.O. 
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(c) If the regr~ssion model 

• . ve that the OLS residuals 
is estimated usmg the method of least squares, pro , ei 

would be uncorrelated with the e~timated Y values. 5 

.cfil ~ ~ .. kil-1_ crf-~ (Least Square) M'tl "B ~ ~ cTT filf~a ~ 

4. (a) Are the OLS estimators BLUE in the presence of high multicollinearity among the 

regressors ? What are the practical consequences of estimating a regression model 

in the presence of multicollinearity ? 5 

cp;rr 3lf.~.~- d-ljl-fl1cfi ~ ~-fi1-f~f@cfidl ( Multicollinearity) ch1 ~ 

.-q BLUE ~ ~ ? ~-fi1-f~f@cfidl (Multicollinearity) "cfiT ~ -q fcfim ~@lllfrf 
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(b) 'A three-variable regression model gave the foll owing results : 

Source of Sum of Squares Degrees of . Mean Sum of 

Variation Freedom Squares 

Due to Regression , 32621 - -

Due to Residuals - - -

Total 39472 33 . . 
(i) Complete the table. 

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

(iii) Calculate the value of R 2 for the model. 5 

Source of Sum of Squares Degrees of Mean Sum of 

Variation Freedom Squares 
' 

Due to Regression 32621 - -

Due to Residuals - - -

. 
Total 39472 33 

P.T.O. 
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(i) ~ a1fe1cfi1 q;) ~ cnlf-iiq: 1 

(ii) ~ q;j" w:rn 5,'J«i<ll qft ~ (goodness of fit)_ cflT -qft!\lUI 1TT,cq <'ii S¾ 

(c) The regression results from the model, 

are obtained for a cross-section of 30 households, where Y 1s consumption 

· ex:penditures (in R~. thousands) and X is income (in Rs. thousands) . In order to 

check for the presence of heteroscedasticity, the observations are arranged in the 

increasing order of the magnitude of X. The regression is run separately . for first 11 

(Group 1) and last 11 observations (Group 2). The regression results . for these 

two subgroups are reported as follows (standard errors a.re reported in the 
/ 

parentheses) : 

Group 1 
_,..._ 

1.,0533 + 0.876 x. Yi = 
, I 

(se) = (0.616) (0.038) R2 = 0.9851 RSSI = 0.475 X 10? ' 

Group 2 
_,..._ 

Yi = 3.279 + o.835 xi 

(se) = (3.443) (0.096) R2 = 0.9585 RSS2 = 3.154 X 1 o5 
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(i) Perfonn Goldfeld~Quandt test at 5% level of significance. State the null and alternate 
• 

hypotheses clearly. Do you find evidence of heteroscedasticity ? 

. 
(ii) List the underlying assumptions related to the disturbance term made in the · 

above test. 5 

Y · = B 1 + B2X . + u. I · l I 

i _ ~ %~:?rsf ~fflil (Heteroscedasticity) cf>T "9'dT m ~ . ~ d-!Cfctlcfi'il cfil 

. ' 

, - (se) = (0.616) · (0.038) R2 = 0.9851 RSSI = .0.475 x 105 

~ 2 )\ = 3.279 + 0.835 X; 

(se) = (3.443) (0.096) R2 = 0.9585 RSS2 ·= 3.154 x 105 

P.T.O. 
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(i) ~ ~ 5% ~ "ffi 1R (Goldfeld-Quandt) 1TTT8JU1 cf>lf-:r1q_ I 3ffic@ afr-{ ~ 
• 

YRcfic?G.-flaTI "cfiT ~~"fl' ~dl$Q_ I cfllT 3TitT %?).i:Psffc.f-82.1 (Heteroscedasticity) 

(ii) aq~ -qiran ~ ~ ~ ~ zjaj'~ "ffi ~ aiaf4foa 1--11;,qa1'1TI "cfiT ~ 

c:.1 F-:r1 Cl_ 

.. 
5. (a) The following regression model was estimated using annual time-series data for the 

period 1990-2012 for a certain country : 

where Y 1 ~ demand for cheese (in kg.) 

X2 = disposable income (in Rs. '000) 

X3 = price of cheese (in Rs. per kg.) . 

The results are summarized in the following table : 

Coefficient Standard error 

Intercept 2.03 0.116 

0.45 0.025 

- 0.377 0.063 
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(i) Interpret the partial slope coeffici ents. 

(ii) If the calculated F statistic for the estimated model is 492.5 13 , what is its R2 ? 5 

f.-11--1f(1f@a ~faJP-H 1-ff:s<1 q11 3-ljl-!H 1990 3T<:TT'tf, ~ f.:tf~-c1a ~ ~ ~ 

cllMch ~ 51©<11 ~ q1l d9l!
1PI cf>1: 2012 ~ ~ t--Pll~i Tflll : 

-ln Y1 = b 1 + b2lnX21 + b3lnX31 

qn:011q f.:r8 ctlf(1chl ~ Bl-lf~a % 

4Hch 

(Coefficient) (Standard erro_r) 

3f<SrUq;r (Intercept) 2.03 0.116 

0.45 0.025 

- 0.377 0.063 

(i) 3-li~lch ~ ~Ulich cfi1 6!-11&-fl cf>lf~q_ 

(ii) WR 3-ljAH Als<1 cfi ~ ~ ~ifMcf>I cfll ~ 492 .513 % €T $Behl R2 

I 

P.T.O. 
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/ 

(h) A researcher estimated the d~mand function for money for an economy for 100 quarters 
) 

using qu~erly data for the period Q 1 : 1985-1986 to Q2 : 2010-2011 . The r~gression 

results are as follows (standard errors a~e mentioned in t~e brackets and , In indicates 

natural log) : 

I~ = 2.6027 ~ 0.4024 lnR1 + 0.59 In Y1 

(se) = ( 1.24) . (0·.36) (0.34) 

R2 = 0.92 Durbin-Watson d-statistic = 1.755 

where M 1 = real cash balances 

R
1 

= long-term interest rate 

Y
1 

= aggregate real national income 

Use Durbin-Watson d test ·to check for the presence of first orde~ autocorrelation 

at 5% level of significance. 5 

"q:cfl °W~ -q _100 @l-iff½<.fi ~l-ilfflcfi . ~ (@l.ilQ1 1 : 1985.:1986 "B @141Q1 

2 : 2010-2011) cfil d91.fi11 ~ ~ ai4c11cH-'!!1 ~ R'l1l; ./[r1 {lqi{l~ dijqlf.lct 

~ Slfa'll-i~ qf<olll-i . ~ · Vc:nR % ("tlRcn,. ~ cf>l6dcf> # dffi{§J ~ ~ 

~ ~ ~-"Q:f. Sllct>facfi ~ zy@ cfmfr ~") : 

In l\l; = 2.6027 - 0.4024 lnR, + 0.59 In y 
t 



( i-lHcfi" ~) ::11c. = (1.24) 

( 15 ) 

(0.36) (0.34) 

R
2 = 0.92 ~-c:412.fH ir:--Rfc.f&cfi = 1.755 

Mt=~~~ 

9192-

~ . ~ 5% ~ · «R ~ ~~ ~ ~:fl~fl~'q (A1,1tocorrelation) cnl ~ · 

cfft ~ cf)"8 ~ -~ ~-q12f11 ·m -qf)-aJUr cf)T aqlJ1 11 chlf'11CJ: , . 

(c) For the .log-inverse and lin-l~g functional forms ·give~ _below, find the slope and elasticity 

of Y with respect . to _. X : 

(i) ln(Y) = B 1 + Bi 1/X) 
' 

(ii) · Y = Bl + B2 ln(X). 5 

~ -~ ~ "ffTll--lckfl~ 3W f(."11('"11'1 cfil~h-~cfi ~ ~- ~, Y cn1 X ~ 

~'tl ll ~ ~ · ffi7q l@T chlf'1iQ. 

(ii) Y = B1 + B2 ln(X) I 

P.T.O. 
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6. (a) The management of a cookie manufacturing company does not want the variance of 

the net weight of these cookies in a pack to . be more than 0.015 square grams. 

If the variance is not within this limit, the machine used for .packagin~ i s stopped 

and adjusted. A recently taken r~ndom sample of 25 package from the p~oduction 

line gave a variance of 0.029 square grams. 

Based on this information, do you think the machine needs an adjustment ? Use 

a 5% level .of significance. State_ the underlying assumption, if any. 5 

~ fcfq{•OI 0.015 crf . mtr "B ~'tfc:f) 1'm ~ I 7lfc:: fcfq,(01 ~ mlTI 
' 

~ ~ 1@ %J ell ~~f~ll -~ ~ ~«jql(?t °cfil ~ ~ . q~f11 -~ ~ ­

cf){ m ~ -% -3W Bqllflf-ild ~ ~ t I d011<:!.1 ~ "B 00 m 
~ ~ ~ 25 ~~~ ~ ~ '41~fajcfi ~ ~ 0.029 cf1l m1l cfiT fc:fq(,-fl 
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In the regression model 

suppose 

Y .... . = 10 + 3X .)[ . . 2i · . 

Show that we cannot uniq~ely estimate . the original parameters A 
1
, A

2 

and A3. 
i • 

·Y
3 . = . 10 + 3X2 . 

1 . l 

~ ci·>lf\ll.Q_ fcn ~ ~ ~{1412.{ A 1, A2 3W A3 _cf>T ~ &ljl-lH -m 
cf>\ ftcfict 

(ii) Discuss a,riy two· remedial · measures to eliminate . the problem of 

multicollinearity. 5 

~-'tf@cfidl (Multicollinearity) cfft r, fiJ.H-41 cf,1 ~ cf>8 cfi" . ~ fch~l 

cqt :m 39-tjl{l,l-lcfi 3q1lfi ~ -=q-aj cnlf\l1Q_ I 

P.T.0. 
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( c) The following regression output relates to the advertisement e~penditure (X) and sales 

(Y) of a fim1 inanufacturing gannents using cross-sectional data collected in a particular 

year from 14 stores that the Con1pany owns : 

Yi - 1.2088 + 2.07_42 X; 

se - (0.9949) ·. · (0.2536) . 

· (i) Conduct a two-tailed test for the statistical significance qf .the slope coefficient . . 

at ·I% level of significance. 

(ii) Apply t_he F test to test the preceding hyp?thesis. ·•· 5· 

Rl-rff(1f@a s,fa,11--11 fq~1q1 ~ (X) 3lR f<S4shl. (Y) ~ · ~~ i 1 3-ficfi~l 

sfim-~cqrw:r % am: ~ ~ -fq~1t5i ~ -. -ij 14 m .cffffi ·cfi4-$1 P11-1fa1 cfiq4l 

~ fl!-4f..-cm % : , 

1.2088 + · 2.074i- X. 
, . , I 

se - (0.9949) _(0.2536) 

(i) I% l-fi?(tj ~ 1R ca("fH ~oiicfi . ~ . fiif&1<"-f>llf li~fcf • c6 ·. ~ (two-tailed) 
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Consider th £ 11 · e o owmg regression model. : 

y = Bo + B1 ln(X,) + _B2ln(X2) + B I (X 3 n 3) + B4In(X4) + u 

where 

y = per capita consumption of potatoes in kg, 

X1 = per capita mcome m Rs. '000, 

X2 - pnce of potatoes m Rs. per . kg. 

. X3 = · price of cauliflower in Rs. per kg. 

X4 - pnce of cabl?age m Rs. per kg. 

(i) Ho~ will you test the joint hypothesis that potato consumption i~ not affected by 
. ' 

. 

the prices of cabbage and cauliflower ? Explain the sters involved in the test with 

reference to the above model. 

(ii) If the estimated v~lue of b I is 200, it means "a 1 % increase in income is associated 

with a 200% increase in per capita consumption of potatoes,' everything else kept 

contant." Is the above interpretation correct ? Explain. 5 

P.T.O. 
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. 
y = fcflffi ~ ·~ cfft 1ml 64~ "@t@, 

,..+!r o4RH 3Wl_ ' 006 m ~-, X1 = ,>IICJ 

~ ~ Cfi~Pnm cf)1" cf>ll-f c:1 · X3 = >IICJ 191~1, c. _ . 

' ' 

(1) 3W1 TT 3i jl-11..if <flT -!i ~ 1m8JUI .~ ffl fcl;- 1Tl-.ft 3W . q:,"a •TI '4t cfflr 

i:iil'-lcti fl ·31Rt cfflr ~ ,;r• ~ ~ % 1 aq~ 4fac1 c:i;: ~'ll 

~ WR ff gQ:, 3WI ii 1 % cfflr ~ ~ cfflr i;rra o1.1Fc@ ~ ii 200% 
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(b) For the .regression model 

th~ fitted _regression equation is : 

In each of t~e cases bel~w, find the new fitted regression equation, y; and express 

,it in terms of-yi. -

(i) _ if we add a constant A to each X value. 

(ii) - if we . add a constant µ to each· Y_ value. 5 

~ fu:Q: Tfi:!: ~-~ch i:i1q8 ·-q, ~ - 7.lJrlr sifai1q1 fP=tlcfi{OI; y; ~ (f~ 

Yi ~ ~'lf "il o!fcRf ct>lf'1i~ : 

(i) 
WR ~ X cf> Slfllch lfR ~ fu-q: ~ chR~ A Zlil-$d i 

P.T.O. 



( 22 ) 9192 

(c) The following mode'] _of consumptiof1: 1s · estimated for an economy for the 

years 1947-2000 : 

where C = real consumption expenditures in billions of dollars 

PDI_ = real disposable personal income in billions of dollars 

INT = real interest rate 

and In indicates natural log. 

The '._OtS residuals (e
1
) are then regressed on JnPDI, INT and e1_ 1 as follows 

The ab~ve regression is reported to have R2 = 0.0983. Perform Breusch-Godfrey 

test to check for the presence of autocorrelation at 5% level· of significance, 5 

~ 1947-2000 cf>1" atcff'tl ct · ~ "3"l:fcqJ1T ct f1J...-1fcif@a . Al-5<1 qi"[ d-lj/-111 

t : 

~ ' C 

PDI 

INT=~~~ 

3lR 1n !41ifi@ch ffifT . Wffi ~ i I 
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3Tf.~.~. ~qf~ttSc (.e
1
). ~ lnPDI, fN.T 31T{ e

1
_

1 
1R ~ ~chi{ -slf<-Pllf~a ~ 

TfQ. : 

,, 

, .. et,· . 'A1 + A~ln.PDI1 + _ A3INT1 + A4 e1_ 1 + v1 

. ' ' 

&4{ ~ -~ Slfal _l41 ·--~-·_ R2 . = 0.0983 t- I 5% ~ ~ q~tq · ~ ~:~-

. ~~ , __ (Autocorrelat~o~) cfil•_-~ cfft ~ ~ ~ ~"ff-llfs~ 1:fUa.-TI 

· cf>1f 'lil!_,· ... :, .· · . 

,i ' ,, i• I 

P.T.0. 
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Table A.3 Standard Normal Curve Areas <P (z) .= P(_Z :5. z) 

Standard nonnal density curve 

/ 

; ~,~-. 
0 z 

z .00 .01 .02 . ·.o3 .04 .OS .06 .07 .08 · .09 

-3.4 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 · .0003 .0002 
-3.3 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003 
-3.2 .0007 .0007 . .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005 
-3.l .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0()98 .0007 .0007 
--3.0 · .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010 
-2.9 .0019 .0018 .0017 .0017 .0016 .0016 .0015 .0015 .00.14 .0014 
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019 

· -2.7 .0035 .0034 .0033 · .0032 .0031 .0030 .0029 .0028 .0027' .0026 
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036 
-2.5 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0038 
-2.4 .0082- .0080 .0078 .0075 .0073: .0071 .0069 .0068 .0066 .0064 
-2.3 .0107 .0104 .0102 .0099 :0096 · .0094 .0091 I .0089 .0087 .0084 
.-2.2 .0139 .0136 .0132 .0129 .ops .0122 .0119 .0116 .0113 .0110 
-2.l .0179 .0174 .0170 .0166 .0162 .0158 {0154 .0150 .0146 .0143 
-2.0 .0228 .0222 .0217 .02J2 .0207 .0202 .0197 .0192 .0188 .0183 

-1.9 .0287 .0281 .027'4 .0268 .0262 .0256 .0250 .0244 .0239 .0233 
-1.8 .0359 .0352 .0344 .0336 .0329' .0322 .0314 .0307 ·.0301 .0294 
-1.7 .0446 .0436 · .0427 .0418 .0409 .0401 .0392 .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 

-1.4 .0808 .0793 ' .0778 .0764 .0749 .0735 .0722 .0708 .0694 .0681 
·"'"'.'1.3 .0968 . . 0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823 
-1.2 .1151 .1131 .1112 .1093 .1075 . . 1056 . 1038 · .1020 . .1003 .0985 
-1.1 .1357 .1335 ..1314 .1292 .1271 .1251 .1230 .1210 .1190 .1170 
-1.0 .1587 .,1562 .1539 .1515 .1492 .1469 .1446 .1423 .1401 .1379 

-0.9 .1841 .1814 .1788 .1762 .1736 .1711 .1685 .1660 .1635 .1611 
-0.8 .2119 .2090 .2061 .2033 .2005 .1977 .1949 .1922 .1894 .1867 
-0.7 ,2420 .2389 .2358 .2327 .2296 .2266 .2236 .2206 · .2177 .2148 
..:..o.6 .2743 . .2709 .2676 .2643 .2611 .2578 .2546 .2514 .2483 .2451 
-0.5 .3085 .3050 .3015 .2981 .2946 .2912 .2877 .2843 .2810 .2776 

-0.4 .3446 .3409 .3372 .3336 .3300 .32(>4 .3228 .3192 .3156 .3 121 " 
-0.3 . 3821 '.3783 . .3745 .3707 .3669 .3632 .3594 .3557 .3520 .3482 

.4168 .4129 .4090 .4052 .4013 .3974 .3936 .3897 .3859 -0.2 .4207 
.4522 .4483 .4443 .4404 r .4364 .4325 .4286 -0.1 · .4602 .4562 .4247 
.4920 .4880 .4840 .4801 .4761 .4721 . .4681 .464 ] -0.0 .5000 .4960 

(continued) 
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I 

<t>(z) = P(Z $ z) 

Table A.3 Standard Normal Curve Areas (cont.) 

z .00 • 01 .02 .03 .0.f .05 . .06 .01 .OB .09 

0.0 • .5000 '- .5040 .5080 .5160 .5199 .5239 . 5279 .5319 .5359 . 
.S120 

0.1 .S398 .5438 .S478 .5517 .55S7 .5S96 .5636 .5675 .S714 .5753 

0.2 .S793 · .S832 .5871 .5910 .5948 .5987 .6026 .6064 .6103 .6141 

0.3 .6179 .6217 .62SS .6293 .6331 .6368 .6406 .6443 .6480 .6517 

0.4 .6554 .6591 .6628 .6664 .6700 .6736 .6772 .6808 .6844 .6879 

0.5 .6915 . .6950 .6985 .7019 .7054 .7088 .7123 .7157 .7190 .7224 

. ·0.6 .7257 . 7291 .7324 .7357 .7389 .7422 .7454 . .7486 .7S17 .7549 
0.7 , .7580 .7611 .7642 . .7673' .7704 .7734 .7764 .]794 .7823 .7852 
0.8 ,7881 .7910 .7939 .7967 .7995 .8023 .8051 .8078 .8106 .8133 
0.9 .8159 .8186 .8212 .8238 .8264 .8289 · .8315 .8340 .8365 .8389 
1.0 .8413 ;8438 .. 8461 .8485 .8508 .8531 .8S54 .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 
1.3 • 

.9032 .9049 .9066 .9082 .9099 .9115 .9131 .9147 .9162 .9177 
1.4 .9192 .9207 .9222 .9236 .9251 .9265 .9279 ,9292 .9306 .9319 
1.S .9332 .934S .9357 .9370 .9382 .9394 .9406 .9418 .9429 .9441 
1.6 .9452 .9463 .9474 .9484 .9495 .950S .9515 .952S .953S .9545 
1.7 .9554 .9564 .9573 .9582 .9591 .9599 .9608 ' .9616 .9625 .9633 
1.8 .9641 .9649 .9656 .9664 .9671 .9678 .9686 .9693 .9699 .9706 J 

1.9 .9713 .9719 .9726 .9732 .9738 .9744 .9750 .9756 .9761 .9767 
-2.0 .9772 .9778 .9783 .9788 .9793 .9798 .9803 .· .9808· .9812 .9817 
2.1 .9821 .9826 .9830 .9834 .9838 .9842 .9846 .9850 .9854 .9857 
2.2 .9861 .9864 .9868 .9871 · .9875 .9878 .9881 .9884 .9887 .9890 I 
2.3 . . 9893 .9896 .9898 .9901 .9904 .9906 .9909 .9911 .9913 .~,16 I 
2.4 .9918 .9920 · .9922 .9925 .9927 .9929 .9931 .9932 .9934 .9936 I 2.5 .9938 .9940 .9941 .9943 .9945 .9946 .9948 .9949 

.9953 .9955 .9956 .9951 .9959 .99S1 .99S2 , 
2.6 .9960 .9961 .9962 
21 .9965 .9966 .9967 .9968 .9969 .9970 

.9963 .9964 I 

.9971 .,,n .99]4 I 

2.8 .9974 .9975 .9976 .99n · .9977 .9973 
.9978 .9979 .9979 .9980 ,9981 I 2.9 .9981 .9982 .9982 .9983 .9984 .9984 .9985 

.9987 .9987 .9988 ' .9.985 .9986 .9986 I 3.0 .9987 .9988 .9989 · .9989 
3.1 .9990 .9991 .9991 .9991 .9992 .9992 

.9989 .9990 , .9990 
.9992 

.9993 .9993 .9994 .9994 .9994 .9992 .9993 .9993 3.2 .9994 .9994 

.999S .999$ .9995 .9996 .9996 .999S .9995 .9995 3.3 .9~96 .9996 

.9997 .9997 . .9997 .9997 .9997 .9996 .9996 .9997 3.4 .9997 .9997 .9997 .9997 .9998 
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Table A.8 t Curve Tail Areas 

I V 1 2 3' 4 \ s () 7 8 9 10 11 12 13 14 15 16 17 18 

o.o .500 .500 .500 .500 
0.1 .468 

.500 .500 · ·.500 .500 .500 .500 
.465 .463 .463 .462. 

.500 .500 .500 .500 .500 .500 .500 .500 

0.2 . .437 .430 .427 . . 426 
.462 .462 .461 .461 .461 .461 . .461 .461 .461 .461 .461 .461 .461 

0.3 .407 
,425 ..424 .424 .423 .423 .422 .422 .422 

.396 .392 
.423 .423 .422 .422 .422 .422 

.390 388 .387 
0.4 .379 .364 .358 

.386 .386 .386 .385 .385 .385 1.384 .384 .384 .384 .384 .384 
.355 .353 .352 .351 

0.5 .352 .333 .326 
·.350 , .349 .349 .348 .348 .348 .'347 .347 .347 .347 .347 

.322 .319 -.317 .316 .315 .315 .. 314 .313 .313 .313 .3·12 .312 .312 .312 .312 

0.6 .328 .305- .295 .290 .287 .285 
0.7 .306 .278 

.284 .283 .282 . .281 .280 .280 .279 .279 .279 .278 .278 .278 
.267 .261 .258 · .255 

0.8 .285 .254 .241 
.253 .252 .251 .250 .249 .249 .248 .247 .247 .247 .247 .246 

0.9 .267 .232 
.2~4 .230 227 :225 .223 .222 .221 .220 .220 .219 .218 .2•18 .218 .217 .217 

.217 .210 ·.205 ' .201 .199 
1.0 .250 .211 .196 

.197 .196 .195 .194 .193 .192 .191 .191 .191 .190 .190 

.187 .184 .178 .175 .173 .172 .170 .169 .169 .168 .167. .167 .166 .166 .165 

1.1 .235 .193 · .176 .167 .162 .157 .152 
1.2 .221 .177 

.154 .l50 .149 .147 .146 .146 .144 .144 .144 .143 .143 

.158 .148 .142 , .138 .135 .\32 .130 .129 .128 .127 ·.126 .124 .124 .124 .123 .123 

1.3 .209 .162 .142 .132 .125 .121 .117 .115 .113 .111 .110 .109 .108 .107 .107 .106 .105 · .J05 

1.4 .197 .148 ;128 .117 .ll0 . .106 · .102 .100 .089 

1.5 .187 
.098 .096 .095 . . .093 .092 . . 091 .091 .090 .090 

.136 .115 .104 .097 .092 .089 .086 .084 .082 .081 .080 .079 .077 .077 .077 .076 .075 

. 1.6 .178 .125 .104 .092 .085 .080 .077 .074 .072 .070 .069 .068 .065 .065 · .064 .064 .067 .065 
1.7 .169 .116 .094 .082 .075 .070 .065 .064 .062 .060 .059 .057 .056 .055 .055 .054 .054 .053 

1.8 .161 .107 .085 .073 .066 .061 .. 057 .055 .053 .051 ,.050 .049 .048 .046 .046 .045 .045 .044 

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

2.0 .148_ .092 .070 .058 .051 .046 .043 .040 .038 .037 .035 .034 
) 

.031 .031 .030 .033 .032 .032 

2.1 . .141 .085 .063 .052 .045 .040 .037 .034 .033 .031 .030 .029 .028 .027 .027 .026 .025 .025 

2.2 .136 .079 .058 .046 .040 .035 .032 .029 .028 .026 .025 .024 .023 .022 .022 .021 .021 .021 

2.3 .131 .074 .052 :.041 .035 .031 .027 .025 .023 · .022 .021 .020 .019 ,018 .018 .018 .017 .017 

2.4 .126 .069 .048 .0~7 .031 .027 .024 .022 .020 .019 .018 .017 .016 .015 .015 .014 •.014 .014 

2.5 .121 .065 .044 .033 .027 .023 .020 .018 .017 .016 .015 .014 .013 , .012 .012 .012 .011 .011 

2.6 .117 .061 .040 .030 .024 .020 .018 .016 .014 .013 .012 .012 .011 .010 .010 .010 .009 .009 

2.7 .113 .057 .037 .027 .021 .018 .015 .014 .012 .0ll .010 .010 .00,9 .008 .008 .008 .008 .001' 

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

2.9 .106 .051 .031 .022 .017 .014 .011 .010 .009 .008 .007 .007 .006 .005 .005 .00? .005 .005 

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

3.1 .099 .045 .027 .018 .013 .011 .009 .007 .006 .006 .005 .005 :004 .004 ~004 .003 .003 .003 

3.2 · .096 .043 .025 .016 .012 .009 .008 .006 .005 .005 '.004 .004 .003 .003 .003 .003 .00~ .002 

3.3 . . 094 .040 .023 .015 .011 .008 .007 .005 .005 .004 .004 .003 .003 .002 .002 .002 .002 .002 

3.4 .09'1 .038 .021 .014 .010 .007 .006 .005 '· .004 , .003 .003 > .003 .002 .002 .002 .002 .002 .002 

3.5 .. 089 .036 .020 .012 .009 .OQ6 .005 .004 ·.003 .003 .002 .002 .002 .OQ2 .002 .001 .001 ;001 

3.6 ,086 .035 .018 .Oll .008 .006 .004 .004 .003 .ooi .002 .002 .002 . ,001 .001 .001 .001 .001 

3.7 .084 .033 .017 .010 .007 .005 .004 .003 .002 .002 .002 .002 .001 .001 .001· .001 .001 ,001 

3.8 .082 .031 .016 .010 .006 .004 .003 .003 .002 . . 002 :001 .001 .001 .001 .001 .oor .001 .001 

3.9 .080 .030 .015 .009 .006 .004 .003 .002 .002 1 .001 .001 .001 .001 .001 .001 .001 .001 .0()1 

4.0 .078 .029 .014 .008 .005 .004 .003 .002 .002 · .001 .001 .001 .001 .001 .001 .001 .000 .000 

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

t V 19 20 21 22 23 24 25 26 27 28 29 30 35 40 60 . -120 oo(= z) 

o.o .50Q .500 .500 .500 .500 .500 .500 .500 .500 .500 .500 ,500 .500 ' .500 .500 .500 .500 

0.1 .46-t .461 .461 .461 .461 .461 .461 .461 .461 .461 .461 .461 .460 .460 .460 .460 .460 

0.2 .422 .422 .422 .422 .422 .422 .422 .422 .421 .421 .421 .421 .421 .421 .421 · .421 .421 

0.3 .384 .384 .384 .383 .383 .383 .383 .383 .383 .383 .383 .383 .383 .383 .383 .382 .382 

0.4 . .347 .347 · .347 .347 .346 .346 .346 .346 .346 .346 .346 .346 .346 .346 .345 .345 .345 

0.5 .311· .311 .311 .311 .311 .311 .311 .311 .311 .310 .310 .310 .310 .310 .309 .309 .309 

0.6 .278 .278 .278 .277 .277 .277 .277 .277 .277 .277 .277 .277 .276 .276 .275 .275 .274 

0.7 .246 .246 .246 .246 .245 . . 245 .245 :245 .245 .245 .245 .245 .244 .244 .243 .243 .242 

0.8 .217 --~17 .216 .216 .216 .216 .216 .215 .215 .215 .215 .215 .215 .214 .213 .213 .212 

0,9 · .190 .189 .189 .189 .189 .189 .188 :188 .188 .188 .188 -.188 .187 .187 .186 .185 .184 

1.0 .165 .165 .164 .164 .164 .164 .163 .163 .163 .163 .163 .163 .162 .162 .161 .160 .159 

1.1 .143 .142 .142 .142 .141 .141 .141 .141 .141 .140 .140 .140 .139 .139 .138 .137 .136 

1.2 ' .120 .119 .119 .117 .i 16 .115 
.122 .122 .122 .121 .121 .121 .121 . .120 .120 .120 .120 

1.3 .105 .104 .104 .104 .103 .103 .103- .103 .102 .102 .102' .102 .101 .101 .099 .098 .097 

1.4 .089 .089 .088 .088 .087 .087 .087 .087 .086 .086 .086 .086 .085 .085 .083 .082 .081 

.1.5 I .075 .075 .074 .074 .074 .073 .073 .073 .073 .072 .072 -.072 .071 .07} .069 .068 .067 

1.6 .063 .063 .062 .062 .062 .061 .061 .061 .061 .060 .060 .060 .059 .059 .057 .056 .055 

1.7 .053 · .052 .052 .052 .051 .051 .051 .051 .050 .050 .050 .050 .049 .048 .047 .046 .045 

1.8 .044 .043 .043 .043 .042 .042 .042 .042 .042 .041 .041 .041 .040 .040 .038 .037 .036 

1.9 .036 .036 .036 .035 .035 .035 .035 ' .034 .034 .034 .034 .034 .033 .032 .031 .030 .029 

2.0 _930 .030 .029 .029 · .029 .028 .028 .028 .028 .028 .027 .027 .027 .026 .025 .024 .023 

2.1 .025 .024 .024 .024 .023 .023 .023 · .023 .023 .022 .022 .022 ;022 .021 .020 .019 .018 

2.2 .020 ,020 .020 .019 .019 .019 .019 .018 .018 .018 .018 .018 .017 .017 .016 .015 .014 

2.3 .016 .016 .016 .016 .015 .015 :oI5 .015 .ot5 .015 .014 .014 .01.4 .013 .012 .012 .01'1 
2.4 .OB .013 .013 .013 .012 .012 .012 .012 .012 .012 .012 .011 .011 .011 .010 .009 .008 

2.5 .011 .011 .010 .010 , .QlO .010 .010 .010 .009 .009 .009 .009 .009 .008· .008 .007 .006 

2.6 .009 .009 .008 .008 . . 008 .008 .008 .008 .007 .007 .007 .007 .007 .007 .006 .005 .005 
2.7 .007 .007 .007 .007 .006 .006 .006 .006 .006 ,006 .006 .006 .005 .005 .004 .004 .003 
2.8 .006 .006 .005 .005 .005 .005 .005 .005 .005 .005

1 

.005 .004 .004 .004 .003 .003 .003 
2.9 .005 .004 .004 · .004 .004 .004 .004 .004 

,, 
.004 .004 .004 .003 .003 .003 .003 .002 .002 

3.0 .004 .004 .003 .003 .003 .003 .003 .003 .003 .003 .003 .003 .002 .002 .002 .002 .001 

3.1 .003 .003 .003 .003 .003 .002 .002 .002 .002 .002 .002 .002 .002 .001 
3.2 .002 .002 .002 .002 .002 .002 .002 .002 

.002 .001 .001 
.002 .002 .002 .002 .001 .001 .001 .001 .001 

3.3 .002 .002 .002 . 002 .002 . .001 ·J>Ol .001 
J ,'- . .001 .001 .001 .001 .001 .001 .001 .001 .000 

3.4 .002 .001 · .001 .001 .001 .001 001 ' , . ' .001 , .001 .001 .001 .001 .001 .001 .001 .000 .000 
3.S .001 .001 .001 .001 .001 .001 :001 .001 .0,01 .001 .001 .001 .001 . . 001 .000 .000 .000 
3.6 .001 .001 .001 .001 .001 .001 .001 .001 .001 

' 
.001 .001 .001 .000 .000 .000 I 

3.7 .001 .001 .001 .001 .001 .001 .001 .001 .000 
.000 .000 

.000 .000 .000 .000 .000 .ooo 
3.8 .001 .001 .001 .000 .000 .000 .000 .000 

.. ooo .000 
.000 .000 .000 .000 .000 .ooo 

3.9 .000 .000 .000 .000 .060 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .ooo 
4.0 .000 .000 .000 .000 .000 .000 .000 .000 .000 .ooo .000 · .000 .000 .000 .ooo .000 .000 .000 .000 
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AREAS UNDER THE STANDARDIZED NORMAL DISTRIBUTION 

Example 

Pr (0 :5 z~ 1.96) = 0.4750 

Pr ( Z 2: 1-96) = 0.5 - 0.4750 = 0.025 

z 
0 1.96 

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

0.0 .0000 .0040 · .0080 ;01 20 .0160 .0199 .0239 .0279 .0319 .0359 

' 0.1 .0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0753 

0.2 .0793 ._0832 .0871 .091 0 :0948 .0987 .1 026 .1064 .1 103 .1141 

0.3 .1179 .1217 .1255 .1293 .1331 ·.1368 .1406 .1443 .1480 .1 51.7 

0.4 .1554 .1591 .1628 .1 664 .1700 .1 736 - .1772 .1 808 •. :t.844 .1879 

0.5 .191 5 ·.1 950 .1985 .2019 .2054 .2088 .2123 -~1.57 .21 90 .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 .3238 .3264 .3289 .3315 .3340 .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 · .401 5 

1.3 .4032 .4049 .4066 .4082 .4099 .4115 .4131 .4147 .4162 .4177 

1.4 .4192 .4207 .4222 .4236 .4251 .4265 .·.4279 .4292 .4306 .431 9 

1.5 .4332 .4345 .4357 .4370 .4382 .4394 .4406 .4418 .4429 .4441 

1.6 .4452 .4463 .4474 . .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 .4n2 .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 .4°913 .4916 

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 .4965 )t966 .4967. .4968 .4969 .4970 .4971 .4972 .4973 .4974 

2.8 .4974 .4975 .4976 . .4977 .49TT .4978 .4979 .4979 .4980 .4981 

2.9 .4981 .4982 .4982 .4983 .4984 .4984 .4985 .4985 .4986 .4986 

3.0 .4987 .4987 .4987 .4988 .4988 .4989 .4989 . .4989 . . 4990 .4990 
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PERCENTAGE POINTS OF THEt DISTRIBUTION 
Example 
Pr(t> 2.086) = 0.025 

Pr(t>1.725) = 0.05
Pr(1>1.725) = 0.10 

for df 20 0.05 

0 1.725 

Pr 
df 

0.25 
0.50

0.10
0.20 

0.005 
0.010 

0.001 
0.002 

0.05 0.01 0.025 
0.05 0.10 0.02

1.000 3.078 318.31 12.706 
4.303 

6.314 31.821 63.657 
0.816 886 2.920 6.965 9.925 22.327 

3 0.765 1.638 
1.533 

2.353 3.182 4.541 5.841 10.214 
4 0.741 2.132 2.776 3.747 4.604 7.173 

5 0.727 1.476 2.015 2.571 3.365 4.032 5.893 
0.718 
0.711 

6 1.440 1.943 2.447 3.143 3.707 5.208 
1.415 
1.397 

1.895 
1.860 
1.833 

2.365 

2.306 
3.499 
3.355 

2.998 4.785 

0.706 
0.703 

8 2.896 4.501 
9 1.383 2.262 2.821 3.250 4.297 

10 0.700 
0.697 

1.372 
1.363 

1.812 2.228 2.764 3.169 4.144 
11 1.796 2.201 2.718 3.106 4.025
12 0.695 1.356 1.782 3.055 

3.012 
2.179 3.930

3.852 
.681 

13 0.694 1.350 1.771 2.160 2.650 
14 0.692 1.345 1.761 2.145 2.624 2.977 3.787

15 0.691 1.341 1.753 2.131 2.602 2.947 3.733 
16 0.690 1.337 1.746 2.120 2.583 2.921 3.686 

3.646 17 0.689 1.333 1.740 2.110 2.567 2.898 
2.8781.330 

1.328 
18 0.688 1.734 2.101 2.552 3.610 
19 0.688 1.729 2.093 2.539 2.861 3.579
20 0.687 1.325 1.725 2.086 2.528 2.845 3.552 

0.686 
0.686 

21 1.323 1.721 2.080 2.518 2.831 3.527 
2.074 
2.069

22 1.321 1.717 2.508 
2.500 

2.819 
2.807

3.505 
3.48523 0.685 1.319 1.714 

24 0.685 1.318 1.711 2.064 2.492 2.797 3.467 
0.684 1.316 1.708 2.060 

2.056 
25 2.485 2.787 

2.779 
3.450 

26 0.684 1.315 1.706 2.479 3.435 
1.703 0.684 

0.683 
27 1.314 2.052 2.473 2.771 3.421 
28 1.313 1.701 2.048 2.467 2.763 3.408 
29 0.683 1.311 1.699 2.045 2.462 2.756 3.396 

30 0.683 1.310 1.697 2.042 2.457 2.750 3.385
0.681 1.303 1.684 2.021 2.423 2.704

2.660 

2.6 
2.576

40 3.307
1.296 1.671 0.679 

0.677 
0.674 

60 2.000 2.390 3.232 
120 1.289 1.658 1.980 2.358 3.160 

1.282 1.645 1.960 2.326 3.090 
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UPPER PERCENTAGE POINTS OF THE F DISTRIBUTION

Example 
Pr(F>1.59) = 0.25 
Pr(F> 2.42) = 0.10 for df =10 

and 9 
5% area 

Pr(F 3.14) = 0.05 

Pr(F 5.26) = 0.01 
1% area 

3.14 5.26 

for df or 
denom

inator 
N 

df for numerator df for numerator 4 deno 
inator 

Pr 1 2 8 10 11 12 15 20 24 30 40 50 60 100 120 200 500 Pr 

25 5.83 7.50 8.20 8.58 9.84 9.85 25 
1 

8.82 8.98 9.10 9.19 9.26 9.32 9.36 9.41 9.49 9.58 9.63 9.67 9.71 9.74 9.76 9.78 9.80 9.82 

10 39.9 49.5 53.6 55.8 57.2 58.2 58.9 59.4 59.9 60.2 60.5 60.7 61.2 61.7 62.0 62.3 2.5 62.7 62.8 63.0 63.1 63.2 63.3 63.3. 
.05 161 200 216 225 280 234 237 239 241 242 243 244 246 248 249 250 251 252 252 253 253 254 254 254 05 

25 2.57 3.00 3.1 5 3.23 3.28 .31 3.34 3.35 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 
9.49 .10 

05 
.10 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39 9.40 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.47 9.48 9.48 9.49 9.49 

2 
18.5 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.5 19.5 9.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5 

01 98.5 99.0 99.2 99.2 99.3 99.3 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 99.5 01 

2.47 25 
5.13 .10 

8.53 .05 
01 

.25 2.02 2.28 2.36 2.39 2.41 2.42 2.43 2.44 2.44 2.44 2.45 2.45 2.48 2.46 2.46 2.47 2.47 2.47 2.47 2.47 2.47 2.47 2.47 

.10 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 5.28 5.22 5.22 5.20 5.18 5.18 5.17 5.16 5.15 5.15 5.14 .14 5.14 5.14 

10.1 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.76 8.74 8.70 8.66 8.64 8.62 8.59 8.58 8.57 8.55 8.55 8.54 8.53 

34.1 30.8 29.5 28.7 28.2 27.9 27.7 27.5 27.3 27.2 27.1 27.1 26.8 26.7 26.6 26.5 26.4 26.4 26.3 26.2 26.2 26.2 26.1 26.1 

25 1.81 2.00 2.05 2.06 2.07 2.08 2.08 2.08 2.08 2.08 2.08 2,08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08.25 
3.76 .10 
5.63 .0D5 

13.5 01 

10 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 3.92 3.91 3.90 3.87 3.84 3.83 3.82 3.80 3.80 3.79 3.78 3.78 3.77 3.76 

7.71 6.94 6.58 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.94 5.91 5.86 5.80 5.77 5.75 5.72 5.70 5.69 5.66 5.66 5.65 5.64 

01 21.2 18.0 16.7 16.0 15.5 15.2 15.0 14.8 14.7 14.5 14.4 144 14.2 14.0 13.9 13.8 13.7 13.7 13.7 13.6 13.6 13.5 13.5 

1.87 .25 
3.10 .10
4.36 .05 

9.p2 .01 

1.69 1.85 1.88 1.89 1.89 1.88 I.89 1.89 1.89 1.89 1.89 1.89 1.89 1.88 1.88 1.88 1.88 1.88 1.87 1.87 1.87 1.87 1.8/ 
25 

3.37 3.32 3.21 3.17 .16 15 3.14 3.13 .12 3.12 3.11 4.06 3.78 3.62 3.52 3.45 3.40 3.84 3.30 3.28 3.27 3.24 . 3. 

6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77 4.74 4.71 4.68 4.62 4.56 4.53 4.50 4.46 4.44 4.43 4.41 4.40 4.39 4.37 
5 

10.3 10.1 9.96 9.89 9.72 9.55 9.47 9.38 9.29 9.24 9.20 9.13 9.11 9.08 9.04
16.3 13.3 12.1 11.4 11.0 10.7 10.5 10.2 

.7 75 1.75 1.75 1. .74 1.74 1.74 1.74 1.74 1.74 25 
1.62 1.76 1.78 1.79 1.79 1.78 1.78 1.78 1.77 1.77 1.77 1.7 1.76 1./ 1.75 25 

3.01 2.98 2.96 2.94 2.92 2.90 2.87 2,84 2.82 2.80 2.78 2.77 2.76 2.75 2.74 2.73 2.73 2.72 .10
10 3.78 3.48 3.29 3.18 3.11 3.0 

4.10 4.06 4.03 4.00 3.94 3.87 3.84 3.81 3.77 3.75 3.74 3.71 3.70 3.69 3.68 3.67 4 4.21 
8.26

05 5.99 5.14 4.76 4.53 439 28 . 15 

13.7 10.9 9.15 8.75 8.47 3.1 10 7.98 7.87 7.79 7.72 7.56 7.40 7.31 7.23 7.14 7.09 7.06 6.99 6.97 6.93 6.90 6.88 01 
01 9.78 

1.70 1.69 1.69 1.68 1.68 1.67 1.67 1.66 1.66 1.66 1.65 1.65 1.65 1.65 1.65 1.65 25 
25 1.57 1.70 1.72 1.72 1.71 1.71 1.70 1.69 

2.47 .10 
3.23 05 

5.65 01 

2.83 2.78 2.72 2.70 2.68 2.67 2.63 2.59 2.58 2.56 2.54 2.52 2.51 2.50 2.49 2.48 2.48 
3.59 3.26 3.07 2.98 2.88 2./5 

4.35 .79 3.73 3.68 3.64 3.60 3.57 3.51 3.44 3.41 3.38 3.34 3.32 3.30 3.27 3.2/ 3.26 3.24 
05 5.59 4.74 4.12 3.97 3.87 

9.55 8.45 7.19 6.99 6.84 6.72 6.62 6.54 6.47 6.31 6.16 6.07 5.99 5.91 5.86 5.82 5.75 5.74 5.70 5.67 
12.2 7.85 7.46 

1.59 1.58 1.58 1.58 .25 1.58 
2.32 

1.64 1.63 1.63 1.63 1.62 1.62 1.61 1.60 1.60 1.59 1.59 1.58 
1.65 

2.87 
25 1.54 1.66 1.67 1.66 1.66 1.64 

2.59 2.56 2.54 2.52 2.50 2.46 2.42 240 2.38 2.36 2.35 2.34 2.32 2.31 2.30 2.29 .10 
10 3.46 3.11 2.92 2.81 2.73 2.62 

3.44 3.39 3.35 3.31 3.28 3.22 3.15 3.12 3.08 3.04 2.02 3.01 2.97 2.97 2.95 2.94 2.93 .05 
.05 5.32 4.46 4.07 3.84 3.69 3.58 3.50 

6.03 5.91 5.81 5.73 5.67 5.52 5.36 5.28 5.20 5.12 5.07 5.03 4.96 4.95 4.91 4.88 4.86 01 
01 11.3 8.65 7.59 7.01 6.63 6.37 6.18 

1.60 1.59 1.59 1.58 1.58 1.57 1.56 1.56 1.55 1.55 1.54 1.54 1.53 1.53 1.53 1.53 1.53 25 
25 1.51 1.62 1.63 1.63 1.62 1.61 1.60 

2.44 2.42 2.40 2.38 2.34 2.30 2.28 2.25 2.23 2.22 2.21 2.19 2.18 2.17 2.1/ 2.16 .10 
.10 3. .36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 9 

./105 

4.31 
9 2.79 2.76 2.75 2.73 2.72 3.07 3.01 

5.11 4.96 
05 5.1 12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3. .10 2.94 2.90 2.86 2.83 2.80 

6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 5.18 4.81 4.73 4.65 4.57 4.52 4.48 4.42 4.40 4.36 4.33 01 
01 10.6 8.02 
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UPPER PERCENTAGE POINTS OF THE FDISTRIBUTION (Continued) 

df for d for 
denom- df for numerator denom 

inator 
df for numerator N 

inator 
Pr 1 3 5 100 120 200 500 2 9 10 12 15 20 24 30 0 50 60 Pr 

25 9 1.60 1.60 1.59 1.59 1.49 1.49 1.48 1.48 1.56 

2.38 
1.58 1.57 1.56 1.55 1.55 1.54 1.53 1.52 1.52 1.51 1.51 1.50 1.50 1.49 25 

.10 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.35 2.32 2.30 2.28 2.24 2.20 2.18 2.16 2.13 2.12 2.11 2.09 2.08 2.07 2.06 2.06 10 10 
.05 A9 4.10 3.71 2.58 

4.00 

3.48 3.33 3.22 3.14 3.07 3.02 2.98 2.94 2.91 2.85 2.77 2.74 2.70 2.66 2.64 2.62 2.59 2.56 2.55 2.54 .05 

01 10.0 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85 4.77 4.71 4.56 4.41 4.33 4.25 4.17 4.12 4.08 4.01 3.96 3.93 3.91 01 

25 1.47 1.58 1.58 1.57 1.56 1.55 1.54 1.53 1.53 1.52 1.52 1.51 1.50 1.49 1.49 1.48 1.47 1.47 1.47 1.46 1.46 1.46 1.45 1.45 25 

.10 2.86 2.65 2.54 2.45 2.03 

2.49 

3.23 2.34 2.04 2.00 2.00 1.99 1.98 1.97 .10 39 

3.09 
2.30 2.27 2.25 2.23 2.21 2.17 2.12 2.10 2.08 2.05 1 1 

5 4.84 3.98 3.59 3.36 3.20 3.01 2.95 2.90 2.85 2.82 2.79 2.72 2.65 2.61 2.57 2.53 2.51 2.46 2.45 2.43 2.42 2.40 .05 
01 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63 4.54 4.48 4.40 4.25 4.10 4.02 3.94 3.86 3.81 3.78 3.71 3.69 3.66 3.62 3.60 .01 

25 1.48 1.58 1.56 1.55 1.54 1.53 1.52 1.51 1.51 1.50 1.50 1.49 1.48 1.47 1.46 1.45 1.45 1.44 1.44 1.43 1.43 1.43 1.42 1.42 25 

3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 2.21 2.19 2.17 2.15 2.10 2.08 2.04 2.01 1.99 1.97 1.96 1.94 1.93 1.92 1.91 1.90 
12 12 

U5 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80 2.75 2.72 2.69 2.62 2.54 2.51 2.47 2.43 2.40 2.38 2.35 2.34 2.32 2.31 2.30 .U5 

01 9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 39 4.30 4.22 4.16 4.01 3.86 3.78 3.70 3.62 3.57 3.54 3.47 3.45 3.41 3.38 3.36 01 

25 1.45 1.55 1.55 1.53 1.52 1.51 1.50 1.49 49 1.48 1.47 1.47 146 1.45 1.44 1.43 1.42 1.42 1.42 1.41 1.41 1.40 1.40 1.40 25 
.10 3.14 2.76 2.56 2.43 2.35 2.28 2.23 2.20 2.16 2.14 2.12 2.10 2.05 2.01 1.98 I.96 1.93 1.92 1.90 1.88 1.88 1.8 1.85 1.85 .10 

13 13 
05 4.67 3.81 3.41 3.1 18 3.03 2.92 2.83 2.77 2.57 2.63 2.60 2.53 2.46 2.42 2.38 2.34 2.31 2.30 2.26 2.25 2.23 2.22 2.21 05 
01 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 19 4.10 4.02 3.96 3.82 3.66 3.59 3.51 3.43 3.3 3.34 3.27 3.25 3.22 3.19 3.17 01 

25 1.44 1.53 1.53 1.52 1.51 1.50 1.49 1.48 1.47 1.46 1.46 1.45 1.44 1.43 1.42 1.41 1.41 1.40 1.40 1.39 1.38 1.39 1.38 1.38 .25 
.10 3.10 2.73 2.52 2.39 2.31 2.24 2.19 2.15 2.12 2.10 2.08 2.05 2.01 1.96 1.94 1.91 1.89 1.87 1.86 1.83 1.83 1.82 1.80 1.80 .10 

14 14 
05 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 65 2.60 2.57 2.53 2.46 2.39 2.35 2.31 2.27 2.24 2.22 2.19 2.18 2.16 2.14 2.13 05 

01 8.86 8.51 5.56 5.04 .69 4.46 4.28 4.14 4.03 .94 3.86 3.80 3.66 3.51 3.43 3.35 3.27 3.22 3.18 3.11 3.09 3.06 3.03 3.00 01 

25 1.43 1.52 1.52 1.51 1.49 1.48 1.47 1.46 1.4 1.45 1.44 1.44 1.43 1.41 1.41 1.40 1.39 1.39 1.38 1.38 1.37 1.37 1.36 1.36 25 
1.90 1.82 1.76 1.76 2.21 

2.79 
3.07 2.70 2.49 2.36 2.27 2.16 2.12 2.09 2.06 2.04 2.02 1.97 1.92 1.87 1.85 1.83 1.79 1.79 1.77 

15 15 
05 4.54 3.68 3.29 3.06 2.90 2.71 2.64 2.59 2.54 2.51 2.48 2.40 2.33 2.29 2.25 2.20 2.18 2.16 2.12 2.11 2.10 2.08 2.07 05 

.01 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.73 3.67 3.52 3.37 3.29 3.21 3.13 3.08 3.05 2.98 2.96 2.92 2.89 2.87 01 

.25 1.42 1.51 1.51 1.50 1.48 1.47 1.46 I,45 1.44 1.44 1.44 1.43 1.41 1.40 .39 1.38 1.37 1.37 1.38 1.3 1.35 1.35 1.34 1.34 25 

2.24 2.09 2.03 2.01 1.87 1.84 1.99 1.94 

2.35 
.10 05 2.67 2.46 2.33 2.18 2.13 2.06 1. 89 1.81 1.79 1.78 1.76 1.75 1.74 1.73 1.72.10 

16 
449 3.24 2.85 2.74 2.59 2.54 2. 49 2.42 2.28 2.24 2.19 2.15 2.12 2.11 2.07 2.06 2.04 2.02 2.01 05 .05 3.63 3.01 2.6 2.46 

8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 3.69 3.62 3.55 3.41 3.26 3.18 3.10 3.02 2.97 2.93 2.86 2.84 2.81 2.78 2.75 01 

25 1.42 1.51 1.50 1.49 1.47 1.46 1.45 1.44 43 1.43 1.42 1.41 1.40 1.39 1.38 1.37 1.36 1.35 1.35 1.34 1.34 1.34 T.33 1.33 .25 

2.03 
A9 

3.03 2.64 2.44 2.31 2.22 2. 2.1 10 2.06 2.00 1.98 1.96 1.91 1.86 1.84 1.81 1.78 I.76 1.75 1.73 1.72 1.71 1.69 1.69 .10 
17 17 

05 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.45 2.41 2.38 2.31 2.23 2.19 2.15 2.10 2.08 2.06 2.02 2.01 1.99 1.97 1.96 05 

.01 8.40 5.18 4.67 4.34 4,10 3.93 3.79 3.68 3.59 3.52 3.46 3.31 3.16 3.08 3.00 2.92 2.87 2.83 2.76 2.75 2.71 2.68 2.65 01 

.25 1.41 1.50 1.49 48 1.46 1.45 1.44 1.43 1.42 1.42 1.41 1.40 1.39 1.38 1.37 1.3 36 1.35 1.34 1.34 1.33 1.33 1.32 32 1.32 25 

.10 3.01 2.62 2.42 2.29 2.20 2.1 13 2.08 2.04 2.00 1.98 1.96 1.93 1.89 1.84 1.81 1.78 1.75 1.74 1.72 1.70 1.69 1.68 1.67 1.66 10 
18 8 

.05 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41 2.37 2.34 2.27 2.19 2.15 2.11 2.06 2.04 2.02 1.98 1.97 1.95 1.93 1.92 05 

.01 8.29 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.60 3.51 3.43 3.37 3.23 3.08 3.00 2.92 2.84 2.78 2.75 2.68 2.66 2.62 2.59 2.57 01 

1.35 1.32 

1.67
25 1.41 1.49 1.49 1.47 |.46 1.44 1.43 1.42 1.41 1.41 1.40 1.40 1.38 1.37 1.36 1.34 1.33 1.33 1.32 1.31 1.31 1.30 .25 

.10 2.89 2.61 2.40 2.27 2.18 2.1 11 2.06 2.02 |.98 1.96 1.94 1.91 1.86 1.81 1.79 1.76 1.73 1.71 1.70 1.67 1.65 1.64 1.63 10 
19 19 4.38 2.63 2.54 2.48 2.42 2.38 2.34 2.31 2.23 2.16 2.11 2.07 2.03 2.00 1.98 1.94 1.93 1.91 1.89 1.88 .05 05 3.52 3.13 2.90 2.74 

.01 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52 3.43 3.36 3.30 3.15 3.00 2.92 2.84 2.76 2.71 2.67 2.60 2.58 2.55 2.51 2.49 .01 

.25 1.40 1.49 1.48 1.46 1.45 1.44 1.43 1.42 1. 1.40 1.39 1.39 1.37 1.36 1.35 1.34 1.33 1.33 1.32 1.31 1.31 1.30 1.30 1.29 25 

.10 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96 1.94 1.92 1.89 1.84 1.79 1.77 1.74 1.71 1.69 1.68 1.65 1.64 1.63 1.62 1.61 .10 
20 20 

.05 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35 2.31 2.28 2.20 2.1 2 2.08 2.04 1.97 1.95 1.91 1.90 1.88 1.86 1.84 5 

01 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 3.37 3.29 3.23 3.09 2.94 2.86 2.78 2.69 2.64 2.61 2.54 2.52 2.48 2.44 2.42 .01 
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UPPER PERCENTAGE POINTS OF THE FDISTRIBUTION (Continued) 

f for d for 
denom d for numerator N df for numerator 

denoi 

inator inatos 

Pr 1 3 5 120 200 500 Pr M 
8 10 11 12 15 20 24 30 40 50 60 100 

25 1.40 1.48 1.47 1.45 1.44 1.42 1.41 1.40 1.30 1.30 1.28 1.29 1.28 25 
1.39 1.39 1.38 1.37 1.36 1.34 1.33 1.32 1.31 1.31 1.30 

10 2.95 2.58 2.35 2.22 2.13 1.60 1.58 1.57 .10 2.06 2.01 1.97 1.93 I.90 1.88 1.86 1.81 1.76 1.73 1.70 1.67 1.65 1.84 1.61 1.59 22 2 
4.30 1.78 .05 1.85 

2.42 

0 3.44 3.05 2.82 2.66 2.55 2.46 2.40 34 2.30 2.26 2.23 2.15 2.07 2.03 1.98 1.94 1.91 1.89 1.84 1.82 1.8 30 

01 7.95 5.72 4.82 4.31 3.99 3.76 3,59 3.45 2.50 2.40 2.38 2.33 2.31 01 
3.35 3.26 3.18 3.12 2.98 2.83 2.75 2.67 2.58 2.53 

25 1.39 1.47 146 1.44 1.43 1.41 1.40 1.39 38 1.38 1.37 1.36 1.35 1.33 1.32 1.31 1.30 1.29 1.29 1.28 1.28 1.27 1.27 1.26 25 

.10 2.83 2.54 2.10 1.58 1.56 1.54 1.53 .10 2.33 2.19 2.04 1.98 1.94 1.91 1.88 1.85 1.83 1.78 1.73 1.70 1.67 1.64 1.62 1.61 1.57 24 24 
05 26 3.40 1.79 1.77 1.75 1.73 05 3.01 2.78 2.62 2.51 2.42 2.38 2.30 2.25 2.21 2.18 2.11 2.03 1.98 1.94 1.89 1.86 1.84 1.80 
01 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3.09 3.03 2.89 2.74 2.66 2.58 2.49 2.44 2.40 2.33 2.31 2.27 2.24 2.21 .01 

25 1.48 1.28 1.28 1.26 1.26 1.28 1.25 1.25 25 38 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.37 1.36 1.35 1.34 1.32 1.31 1.30 1.29 
2.91 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88 1.86 1.84 1.81 1.76 1.71 I.68 1.65 1.61 1.59 1.58 155 1.54 1.53 1.51 1.50 .10 

20 28 
05 4.23 3.37 2.47 |.82 1.80 1.76 1.75 1.73 1.71 1.89 .05 2.98 2.74 2. 59 2.39 2.32 2.27 .22 2.18 2.15 2.07 1.98 1.95 1.90 1.85 

01 7.72 5.53 4.84 4.14 3.82 3.59 3.42 3.29 3.09 3.02 2.96 2.66 2.42 2.36 2.33 2.25 2.23 2.19 2.16 2.13 01 18 2.81 2.58 2.50 

25 1.38 1.46 1.45 1.43 1.41 1.40 1.39 1.38 .37 1.36 1.35 1.34 1.33 1.31 1.30 129 1.28 1.27 1.27 1.26 1.25 1.25 1.24 1.24 25 

2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1.81 1.79 1.74 1.69 1.66 1.63 1.59 1.57 1.56 1.53 1.52 1.50 1.49 1.48 .10 
28 

05 4.20 3.34 2.05 2.71 2.58 2.45 2.36 2.29 2.24 2.19 2.15 2.12 2.04 1.98 1.91 1.87 1.82 1.79 1.77 1.73 1.71 1.69 .67 1.65 

01 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 3.03 2.96 2.90 2.75 2.60 2.52 2.44 2.35 2.30 2.26 2.19 2.17 2.13 2.09 2.06 

1.38 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.35 1.35 1.34 1.30 1.29 1.28 1.27 1.26 1.26 1.25 1.24 1.24 |23 1.23 25 25 36 1.32 

10 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85 1.82 1.79 1.77 1.72 1.67 1.64 1.61 1.57 I.55 1.54 1.51 1.50 1.48 1.47 1.48 10 
30 30 

05 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 21 2.16 2.13 2.09 2.01 1.93 1.89 1.84 1.79 1.76 1.74 1.70 1.68 1.66 1.64 1.62 05 

2.84 2.70D 2.13 2.11 2.07 2.03 2.01 7.58 5.39 4.51 4.02 3.70 3.47 3.30 3.17 07 2.98 2.91 2.55 2.47 2.39 2.30 2.25 2.21 .01 

25 1.36 1.44 1.42 1.40 1.39 1.37 1.36 1.35 34 1.33 1.32 1.31 1.30 1.28 1.26 1.25 1.24 1.23 1.22 1.21 1.21 1.20 1.19 1.19 25 

10 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 .79 1.76 1.73 1.71 1.66 1.61 1.57 1.54 1.51 1.48 1.47 1.43 1.42 1.41 1.39 1.38 .10 AO 
05 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12 2.08 2.04 2.00 1.92 1.84 1.79 1.74 1.69 1.66 1.64 1.59 1.58 1.55 1.53 1.51 05 

7.31 5.1 18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.73 2.66 2.52 2.37 2.29 2.20 2.11 2.06 2.02 1.94 1.92 1.87 1.83 1.80 

.24 

1.51 
25 1.35 1.42 1.41 1.38 1.37 1.35 1.33 1.32 1.31 1.30 1.29 1.29 1.27 1.25 1.22 1.21 1.20 1.19 1.17 1.17 1:16 1.15 1.15 25 

10 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 74 1.71 1.68 1.66 1.60 1.54 1.48 1.44 1.41 1.40 1.36 1.35 1.33 1.31 1.29 10 
60 

4.00 3.15 2.78 2.53 2.37 2.25 2.17 2.10 2.04 1.99 1.95 1.92 1.84 1.75 1.70 1.65 15 .56 1.53 14 1.47 1.44 1.41 1.39 05 

7.08 4.88 4.13 3.65 3.34 3.12 2.95 2.82 2.72 2.63 2.56 2.50 2.35 2.20 2.12 2.03 1.94 1.88 1.84 1.75 1.73 1.68 1.63 1.60 01 

25 1.34 1.40 1.39 1.37 1.35 1.33 1.31 1.30 1.29 1.28 1.27 1.26 1.24 1.22 1.21 1.19 1.18 1.17 1.16 1.14 1.13 1.1 12 1.11 1.10 25 

2.75 2.35 1.99 1.90 I.82 1.77 1 .72 1.68 1.65 1.62 1.60 1.55 1.48 1.45 1.41 1.37 1.34 1.32 1.27 1.26 1.24 1.21 1.19 2. .13 

2.68 

10 

120 120 
5 3. 3.07 2.45 2.29 2.17 2.09 2.02 1.96 1.91 1.87 1.83 1.75 1.66 1.61 1.55 1.50 1.46 1.43 1.37 1.35 1.32 1.28 1.25 05 

3.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56 2.47 2.40 2.34 2.19 2.03 1.95 1.86 1.76 1.70 1.66 1.56 1.53 1.48 1.42 1.38 01 

25 1.33 1.39 1.38 1.36 1.34 132 1.31 1.29 1.28 1.27 1.26 1.25 1.23 1.21 1.20 1.18 1.1 16 1.14 1.12 1.11 1.10 1.09 1.08 1.06 25 

10 2.73 233 2.11 1.97 1.88 1.80 1.75 1.70 1.68 1.63 I.60 1.57 1.52 1.46 1.42 1.38 1.34 1.31 1.28 1.24 1.22 1.20 1.17 1.14 .10 
200 200 

3.89 3.04 2.65 2.42 2.26 2.14 2.06 1.98 1.93 1.88 1.84 1.80 1.72 1.62 1.57 1.52 1.46 141 1.39 1.32 1.29 1.26 1.22 1.19 05 

01 6.76 4.71 3.88 3.41 3.11 2.89 2.73 2.60 2.50 2.41 2.34 2.27 2.13 1.97 1.89 1.79 1.69 1.63 1.58 1.48 1.44 1.39 1.33 1.28 01 

25 1.32 1.39 1.37 1.35 1.33 1.31 1.29 1.28 1.27 25 1.24 1.24 1.22 1.19 1.18 1.16 1.14 1.13 1.12 1.09 1.08 1.07 I.04 1.00 .25 

.10 2.71 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63 1.60 1.57 1.55 1.49 1.42 1.38 1.34 1.30 1.26 1.24 1.18 1.17 1.13 1.08 1.00 10 
1.75 1.67 

2.18 2.04 
05 3.84 3.00 2.80 2.37 2.21 2.10 2.01 1.94 1.88 1.83 1.79 1.57 1.52 1.46 1.39 1.35 1.32 1.24 1.22 1.17 1.11 1.00 .05 

01 6.63 4.61 3.78 3.32 3.02 2.80 2.64 2.51 2.41 2.32 2.25 1.88 1.79 1.70 1.59 1.52 1.47 1.36 1.32 1.25 11 15 1.00 01 
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UPPER PERCENTAGE POINTS OF THE2 DISTRIBUTION 

Example 25% area 
Prix2> 10.85) = 0.95 
Pr(x2>23.83) = 0.25 
Prl>31.41) = 0.05 

95% area 
for df= 20 

5% area 

0 10.85 23.83 31.41 

Degrees Pr 
of freedom 995 990 975 950 900 750 500 250 100 050 025 010 .005 

6.63490 7.87944 392704x 10-10 157088 x 10 982069x 10-3 393214 x 10- 
.0100251 

1.32330 2.70554 3.84146 5.02389 .1015308 
575364 

0157908 454937 
9.21034 

11.3449 
10.5966 
12.8381 

0201007 5.99147 7.37776 4.60517 

6.25139 
7.77944 

0506356 2.77259 .102587 

351846 
210720 1.38629 

0717212 114832 215795 .584375 1.212534 2.36597 4.10835 7.81473 9.34840 
206990 297110 484419 710721 1.063623 1.92255 3.35670 5.38527 9.48773 11.1433 13.2767 14.8602 

5 15.0863 
16.8119 

411740 554300 831211 1.145476 1.61031 2.67460 4.35146 6.62568 9.23635 1 I.0705 12.8325 16.7496 
675727 18.5476 872085 

1.239043 
1.237347 12.5916 14.4494 5.34812 

6.34581 
7.34412 

1.63539 3.45460 10.6446 7.84080 
9.03715 

10.2188 

2.20413 
.989265 20.2777 4753 

20.0902 
1.68987 2 

2.73264 
4.25485 16.0128 12.0170 

13.3616 
14.0671 
15.5073 

16735 2.83311 
1.344419 

1.734926 
1.646482 2.17973 

2.70039 
3.48954 5.07064 17.5346 21.9550 

2.087912 3.32511 4.16816 5.89883 8.34283 11.3887 4 6837 6.9190 19.0228 21.6660 23.5893 

2.15585 2.55821 3.24697 

3.81575 
3.94030
4.57481 

23.2093

24.7250 
25.1882
26.7589 

4.86518 6.73720 9.34182 12.5489
13.7007 

14.8454 

15.9871 18.3070 20.4831
2.60321 3.05347 5.57779 7.58412 .3410 17.2750

18.5494
19.8119

19.6751
3.07382
3.56503

11.3403
12.3398
13.3393

21. 9200 

23.33673.57056 4.40379 5.22603
5.89186

6.30380 8.43842 1.0261 26.2170 28.2995
5.00874
5.62872

10691 7.04150
7.78953

9.29906 15.9839 22.3621 24 t.7356 27.6883 29.8194
4.07468 4.66043 6.57063 10.1653 17.1170 21.0642 23.6848 26.1190 29.1413 31.3193 
4.60094 6.26214

6.90766

7.56418
8.23075

5.22935 18.2451

19.3688
7.26094 8.54675 11.0365 14.3389 22.3072

23.5418
24.7690

24.99 27.4884 30.5779 32.8013 
5.14224

5.69724

6.26481

5.81221

6.40776

7.01491 
7.63273

7.96164

8.67176
9.39046

11.9122 15.3385
16.3381

9.312233 26.2962 28.8454 31.9999
10.0852
10.8649
11. .6509 

34.2672
35.7185 
37.1584

12.7919 20.4 4887 7.5871 30.1910 4087 

34.8053
36.1908

13.6753 .3379 21 6049 25.9894
27.2036

28.8693

30.1435
31.5264

6.84398 8.90655 10.1170 14.5620 18.3376 22.7178 32.8523 38.5822
7.43386 8.26040 10.8508

11.5913
9.59083 12.4426 15.4518 19.3374 23.8277 28.4120 31.4104 34.1 1696 37.5662

38.9321
39.9968
41.4010
42.7955

8.03366 10.28293 21 
22 
23 

24.9348
26.0393

8.89720 13.2396 16.3444 20.3372 29.6151 

30.8133
32.6705 
33.9244 

35.4789 
8.64272 9.54249 10.9823 12.3380 4. 0415 17.2 2396 I.3370 36.7807 40.2894 
9.26042 10.19567 22.3369 13.0905 

13.8484 
11.6885 14.8479 18.1373 27.1413 32.0069 

33.1963 
1725 38.0757 41.6384 

42.9798 
44.1813 

24 9.88623 10.8564 12.4011 15.6587 19.0372 23.3367 28.2412 36.4151 39.3641 45.5585 
25 10.5197 I.5240 14.6114 19.9393 13.1 1197 

13.8439 
16.4734 24.3366 29.3389 3816 

35.5631 
37.6525 
38.8852 

40.6465 44.3141 
45.6417 

46.9278 
48.2899 
49.6449 
50.9933 
52.3356 

20.8434 
21.7494 

25.3364 

26.3363 
26 1. .1603 2. 1981 15.3791 2919 30.4345 41.9232 

16.1513 

16.9279 
11.8076 .8786 14.5733 18.1138 31.5284 

32.6205 
36.7412 

27.3363 

28.3362 

40.1133 
41.3372 
42.5569 

43.1944 
44.4607
45.7222

46.9630 
48.2782 13.5648 22.6572 18.9392 

19.7677 
28 12.4613 15.3079 37.9159 

13.1211 14.2565 16.0471 17.7083 23.5666 33.7109 39.0875 49.5879 
16.7908 24.4776 

33.6603 
29.3360 
39.3354 

18.4 4926 14.9535 

22.1643
29.7067 

20. .5992 

.0505 
34.7998 
45.6160 

13.7867 40.2560 43.7729 46.9792 50.8922 
63.6907 
76.1539 
88.3794 

53.6720 
66.7659 24.4331 

32.3574 
40.4817 

20.7065 26.50 51.8050 55.7585 59.3417 
71.4202 
83.2976 

S7 6886 42.9421 3349 56.3336 27.9907 

35.5346 
34.7642 63.1671 67.5048 79.4900 

91.9517 37.4848 43.1879 46.4589 52.2938 59.3347 66.9814 74.3970 79.0819 
55.3290 
64.2778 

51.7393 61.6983 69.3344 45.4418 

53.5400 

48.7576 77.5766 85.5271 90.531243.2752 
51.1720 

95.0231 
57.1532 

65.6466 
79.3343 
89.3342 

100.4 425 
112.329 

104.215 
116.3 

60.3915 71.1445 3.1303 96.5782 101.8 106. 629 
118.136 
129.5 

30 
80.6247 98.6499 

109.141 
69.1260 73.2912 107. 565 

118.498 
113.145 61.7541 

70.0648 
59.1963 124. .116 

135.807 
128.299 
140.169 100 67.3276 74.2219 77.9295 82.3581 90.1332 99.3341 124.342 

o R 



9192 
DUP URBIN-WATSON d STATISTIC: SIGNIFICANCE POINTS OF d AND d AT 0.05 LEVEL OF SIGNIFICANGE 

K=1 k'= 2 k' 3 k'=4 k'=5 k'=7 ' 8 K 9 k' 10 6 

du du du du d du du d du du d du du 

6 0.610 1.400 

7 0.700 1.356 0.467 1.896 

& 0.763 1.332 0.559 1.777 0.368 2.287 
9 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 0.595 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 1.360 0.905 1.551 0.767 1.779 0.632 2.030 0.505 2.296 0.389 2.572 0.286 2.848 0.200 3.111 0.2 d 3.360 

15 1.07 .361 0.946 1.543 0.814 i.750 0.685 1.977 0.562 2.220 0.447 2.472 0.343 2.727 0.251 2.979 0.175 3.210 .+0 

16 1.106 1.3/1 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 3.060 0.155 3.J0 
17 1.180 1.381 1.015 1.536 0.897 1.710 0.779 1.900 0.664 2.104 0.554 2.318 0.451 2.537 0.356 2.757 0.272 2.975 0.198 3.184 
18 1.1b8 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 2.589 0.369 2.783 0.290 2.94 
20 .E0 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 0.416 2.704 0.338 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 0.637 2.290 0.547 2.460 0.461 2.633 0.380 2.600 
22 126 1.429 1.147 1.541 1.053 1.664 0.958 1.797 0.863 1.940 0.769 2.090 0.677 2.246 0.588 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 2.514 0.465 2.670 
24 12/3 1.446 1.188 1.546 1.101 1.656 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 2.813 
25 1.288 1.454 1.206 1.550 1.123 1.654 1.038 1.767 0.9531.886 0.868 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 1.759 0.979 1.873 0.897 1.992 0.816 2.117 0.735 2.246 0.657 2.379 0.581 2.513 
27 1.316 1.469 1.240 1.556 1.162 1.651 1.084 1.753 1.004 1.861 0.925 1.974 0.845 2.093 0.767 2.216 0.691 2.342 0.816 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 1.483 1.270 1.563 1.198 1.650 1.124 1.743 1.050 1.841 0.975 1.944 0.900 2.052 0.826 2.164 0.753 2.278 0.682 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 1.496 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 1.383 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 1.160 1.803 1.097 1.884 1.034 1.967 0.971 2.054 0.908 2.144 0.845 2.236 

36 1.411 1.525 1.354 1.587 1.295 1.654 1.236 1.724 1.175 1.799 1.114 1.877 1.053 1.957 0.991 2.041 0.930 2.127 0.868 2.216 

37 1419 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 0.891 2.198 

38 1.427 1.535 1.373 1.594 1.318 1.656 1.261 1.722 1.204 1.792 1.146 1.864 1.088 1.939 1.029 2.017 0.970 2.098 0.912 2.1800 

39 1.435 1.540 1.382 1.597 1.328 1.658 1273 1.722 1.218 1.789 1.161 1.859 1.104 1.902 1.047 2.007 0.990, 2.085 0.832 2.164 
40 1.442 1.544 1.391 1.600 1.338 1.858 1.285 1.721 1.230 1.786 1.175 1.854 1.120 1.924 1.064 1.997 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 1.189 1.895 1.139 1.958 1.089 2.022 1.038 2.0888 

1.421 1.674 1.378 1.721 1.335 1.771 1.291 1.822 1.246 1.875 1.201 1.930 1.156 1.986 1.110 2.044 
50 1.503 1.585 1.462 1.628 

55 1.528 1,601 1.490 1.641 1.452 1.681 1414 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 1.767 1.372 1.808 1.335 1.850 1.298 1.894 1.260 1.939 1.222 1.984 

66 1 699 1.536 1.662 1.503 1.696 1.471 1.731 1.438 1.767 1.404 1.805 1.370 1.843 1.336 1.882 1.301 1.923 1.266 1.964 1.567 
70 1583 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 1.305 1.948 

75 1.598 1.652 1.571 1.680 1543 1.709 1.515 1.739 1.487 1.770 1.458 1.801 1428 1.834 1.399 1.867 1.369 1.901 1.399 1.355 
80 1.611 1.662 1.586 1.688 1.560 1.715 1.594 1.743 1.507 1.772 1.480 1.801 1.453 1.831 1.425. 1.861 1.397 1.893 1.369 1.925 

85 1.624 1.671 1.600 1.696 1.575 1.721 1.50 1.747 1.525 1.774 1.500 1.801 1474 1.829 1.48 1.857 1.422 1.886 1.396 1.916 
90 1.635 1.679 1.612 1 703 1.589 1.726 1.566 1.751 1.542 1.776 1.518 1.801 1.494 1.827 1.469 1.854 1.445 1.881 1420 1.909 
95 1.645 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 1.42 1.S03 

100 1.654 1.694 1.634 1.715 1.613 1.736 1.592 1.758 1.571 1.780 1.550 1.803 1.528 1.826 1.506 1.850 1.484 1.874 1462 1.898 
1501 72n 1746 1.706 1.760 1.693 1.774 1.679 1.788 1.665 1.802 1.651 1.817 1.637 1.832 1.622 1.847 1.608 1.862 1.594 1.877 
an 7 1748 1.789 1.738 1.799 1.728 1.810 1.718 1.820 1.707 1.831 1.697 1.841 1.686 1.852 1.675 1.863 1.665 1.874 
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