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(d) Attempt four questions in all, selecting twoquestions from Section-A and two questions from Section-B. 
Can you find whether at this equilibrium (ii) 
allocation any agent envies the other ? 

(d Use of simple calculator is permitted. (iii) Is this equilibrium allocation fair ? Why or 

why not? 
Section - A 

(b) In the context of a pure exchange economy is it 

possible to have a Pareto efficient allocation that 

is not an equilibrium that can be achieved by 

competitive markets ? Use an Edgeworth Box 

1. (a)In a 2x2 pure exchange economy (with two 

consumers A and B and two goods X and Y) the 

initial endowments are W (12,12) and W, 
(24,0). Their utility functions 

U,XY)=0.5 In X, +0.5 InY, and U, Y)=X,Y 

diagram to explain. 

are 5 

9 

2x2 gI faf44 ejarqreT (a 34HHI A T B, a 

aX. r Y) Tf5 ifeT Ar W, = (12,12) ax 

W = (24,0) I 3H 3T9AT EETT U, (X Y = 0.5 

InX,+0.5 InY, ott U (XY) - Xp Y,3I 

(c) In the context of a pure exchange economy 
explain the second welfare theorem. 5 

(i) If competitive trade takes place between 

2. (a) Five students A, B, C, D, and E are to decide who 

will be the leader of their group ? Their ranking 

them, find the general equilibrium price 

ratio and allocation. 

from most preferred (at the top) to least preferred 
(at the bottom) are : 7 

3 P.T.O. 
2 
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qi A, B, C, D TT E aE T 5T 
(b) In a pure exchange economy the ordinal utilityy 

functions of two agents A and B are given by 
U,XY X+ 4Y, and U, (Xg.Yp) = 4X, +Y 

respectively. Assuming that there are 40 units 
B C D E Student>|A 

of X and 40 units of Y in the economy, mark (i) 
the Pareto set and (i) the set of fair allocations 
in an Edgeworth Box. 

1 

Ranking 
6 SATRYHDEITY 

A B B D E 
3T4fT T: U (X Y = X, + 4Y 3R U 

(XY4X +Y fY T �IE H E P59TqRT 
X 40 5 T Y 40 , 7 QTq 

D E E C 

A C B 

B D D A D 

C A E B A 3E , faea fyI 
(i) If they decide their leader by rank order 

voting, who will it be ? 
(c) In an economy the utility possibilities frontier 

is given by U+ U 8100. Draw a diagram and 
explain in which case(s) will social welfare, W, 
be maximized necessarily at an interior point. f C does not remain a contender for tne 

leaders post, but each voters rankings 

remain the same for all the other contenders, 

whom will they choose now? 

6 (ii) 

U+U 8100 arRT å I g 3Te tifeg 3T 

(i) W max(U,U) 

(ii) W aU+bU, a,b>0 (111) What do your answers to parts (i) and 

illustrate ? (ii) W-U,U, 

5 P.T.O. 4 
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3. (a) The production of good X confers external 

benefits on the producer of Y through a reduction 

in the latter's cost of production. Specificallu. 

(iv) Find the amount of subsidy per unit that 

the producer of X must be given in order to 

induce him to produce the socially optimun 
Cx x/4 and C(y) = y*/2 - 20x are the total 

cost functions of goods X and Y respectively. X 

and Y are sold in competitive markets at prices 
Px = 30 and P, = 90 respectively. 

amount. 

9 

(b) Explain why, in a system where people pay for 

their own education, there might be Cx)-x/4 otr Cy)=y/2-20x, 2T: X ott Y 

HTTY TTT X underspending on education. 4 
tTRTet aTTRT T 5HRT: Pr = 30 R P, = 90 

Find the amounts of X and Y produced and (i) 
their profits if each producer operates 

independently. 
(c) In a town of 20,000 residents 'security' is a 

public good. It costs 500 to provide a unit of 
security. The marginal benefit (MB) of a unit of 
security' to each resident is given by MB= 1/ 
(1+G) when G units of 'security' are provided. What is the Pareto efficient amount of 'security' 

(11 Find the socially optimum amounts of X and 

Y. 
for this town ? 

6 

(111) Find the total profits at the socially optimum 

500 fd 34 I af TET gAT G 5ET amounts of X and Y. 

zsiT TTT (MB), MB=1/(1+G) f4T T4TI 7 TET G 

7 
P.T.O. 
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4. (a) Arun and Barun are deciding whether or not to 
buy a TV for a room they share (if bought, it would 

be a public good for them). Arun's utility 
function is given by U= (1+G)M, and Barun's by 
U, = (3+G)M,, where M, and M, are the amounts 

they spend on their private consumption 

respectively. G =1 if the TV is bought, and G=0 if 

it is not bought. Both of them have R 60,000 each 

to spend on the public good and their private 

consumption and the TV costs 50,000. Is it 
Pareto efficient for them to buy the TV ? Explain. 

quality of a gas-lighter available in the market 

by the average quality sold. There is a large 

number of sellers in the market. In equilibrium 

what fraction of producers will sell high quality 

gas-lighters ? Use a diagram to show the

8 determination of equilibrium quality. 

-IET ETT 100 8IGTHIT5T TraT 

6 

U= (1+G)M, arT fT TT N T5T U 
(3+G)M TT fAT T8, Te M,iTT M,HRT: 3T 

(c) Briefly explain the problem of Moral Hazard that 
arises in the insurance industry. 5 

TT 5T 60,000 7 T Et 

Section - B 

(D Two types of gas-lighters are available in the

market : high quality 'and low quality. It costs 

100 to produce a gas-lighter of either quali 
Consumers value a high quality lighter a 
120 and a low quality lighter at 50. Both tyPes 

5. (a) Two players play a game in which each has three 
possible strategies, player 1 has to choose from 
Top, Middle and Bottom, while player 2 chooses 
from Left, Centre and Right. Their payoffs are 
given in the table below: 

he 

look exactly alike so consumers judge 8 
9 P.T.O. 

8 
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(b Tom and Jerry, both can hunt for food from the 

same kitchen either in the day or at night. Each fts, 
prefers to hunt at night if his opponent hunts in 

the day and each prefers to hunt in the day if his 

Player 2 opponent hunts at night. Given his own strategy 

famy 2 each player prefers the outcome in which his 

L C R opponent hunts at night. to the one in which his 

3, 2 5,2 1/2,4 opponent hunts in the day. Formulate the 
Player 1 

ordinal payoff matrix and find the Nash 

6 7, 1/2 3,1 

5,2 9,-2 2,3 
(i) Does either player have a strategy that is 

strictly dominated by another ? If so which 

M 4,3 equilibrium of the game. 

B 

one(s) ? 

H T4TfaT & ? fr i, a 7-zt ? 

(ii) What is/are the pure strategy Nash Equilibria 
of this game ? 

(ii) After removing the strategies that are strictly 

dominated, find the mixed strategy Nasn 

Equilibrium of the game. 

Explain the two player Stag hunt game and its (c 
Nash equilibria. 

4.5 

11 P.T.O. 10 
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6. (a) Each of 'n' people chooses whether or not to 
contribute a fixed amount towards the provision Worst: The public good is not provided and she 

contribu�es. of a public good. The good is provided if and only 

if at least k people contribute towards it where 2 
k n. Contributions are not refunded if the 

public good is not provided. For each person the Find the pure strategy Nash Equilibria of this 

strategic game. outcomes from best to worst are ranks as follows 10 

(b) Austin starts this sequential game where he can 

go up to Jane (who is reading a book) and either 

snatch it or refrain. If he refrains then he gets 
no utility while Jane gets +10. If he snatches 
her book then he gets a utility of +5 and Jane of 

-10 provided that Jane doesn't retaliate. If Jane 
retaliates (after her book is snatched) then 
Austin's utility changes from +5 to -5 while 
Jane's utility changes from -10 to -10+x. Draw 
the game tree (extensive form) of this sequential 
game. For what values of x ill Austin snatch 
her book in the subgame perfect Nash 
equilibrium ? 

5T k aT ZH6 RZ TAA 5T TET 2 k sniartGTT 

Best The public good is provided and she does 

not contribute, 

8.5 
Second: The public good is provided and she 

contributes,

Third: The public good is not provided and she 

does not contribute, 
& s 5 3TatfaT PETt&, af t -10 

13 P.T.O. 12 
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-5 aeTT , Tafas 37T -10 -10+x and the total profits earned by the two duopolists 
together? 4 

sg fey aTT HTT EE5 P = 200-20 aTRT fYT 

7. (a) The market demand function for a good is 

given by P = 1000 20. There are two duopolists 

1 and 2, producing this good, with their respective 

average and marginal costs AC, = MC, = 200 and 

AC, MC, = 240. Find the Cournot equilibrium, 
feeTTTT? 

price, quantities of both duopolists, and profits 
made by both. How do these change if the second 

duopolist is the Stackel bergleader ? 

(c) What does it mean when we say that in the price 
leadership game of differentiated duopoly the 
leader plays a puppy-dog strategy? 

10 

e ag 5 R HTT T P = 100 - 20 ERT fY 
4.5 

AC, MC, = 200 eT AC, = MC, = 240 H a 

fa-fr 1 eîr 2 I fa-fereifai y 8. (a) If the demand curves of two consumers who buy 
from a monopolist are given by p=9-0.5q, and 

P 8 

AC MC = 4. 
0.5q2 and his Constant 

? 

(b) The market demand curve for widgets is given 

by P = 200 2Q. Two homogeneous duopolisis 

producing this identical product both can 

produce as much as they want (that is they hav 
P=9-0.5q eir P,- 8-0.5q, zRI Ry iR 
gef5r fer AC = MC = 4 

and 

(i) What will be the O, Tariff ? unlimited capacity) at a constant average 

marginal cost of 50. If there is price compeu 
i.e. both set their prices simultaneously (ina 

0,eR5 RT T TTT? one 

dgets 
period game) what will be the price ot wib 

15 P.T.O. 14 
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(ii) What optimal linear two part tariff will be 

charged if the entry fee must be the same for 

both the consumers ? What is the average 

price paid by each consumer ? 6.5 

(b) In a Natural Monopoly, use a diagram to explain 
how a two tier pricing system can be used as a 

way to solve the marginal cost pricing dilemma. 
6 

(c) For a monopolist if the demand curve is given 
by Q = P2 and his constant average and marginal 

cost is C, find' the ratio of consumer surplus 
under monopoly to consumer surplus under 

perfect competition. 6 

fe e5gFEITYEH{T fe HT a Q = P2 aRI T 

16 3000 
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(a) In the Harrod's model, the interaction between the 
. 

(in) Describe graphically how an economy 
attains 

accelerator and the multiplier can lead to upwards or golden rule of capital 
accumulation. If an economy 

downwards instability depending upon the initial starts with too little capital, show the transition 

configuration of entrepreneur's expectation. Explain. 7.5 path of output per worker, consumption per worker 

and investment per worker to reach the. golden 

3-+4.5 
(b) Suppose in the Solow Model output in a country 

rule steady state. 

is produced with the production function 

() Assuming a = 1 and d = 0 explain how a onetime 

() Y = AK°La where 0 <a < 1. Capital 
increase in the productivity of research as 

depreciates at the rate ß and productivity, A, and 

measured by an increase in & would affect growth 

saving rate s, is assumed constant. Suppose initially 
rate and the level of technology overtime in the 

economy is at the steady state with constant Romer Model ? 

population growth rate n. Depict the steady state 
Explain why the share of population that works 

equilibrium in a graph. Now suppose there is a 
in the research sector is less than optimal in the 

one-time increase in immigration, perhaps due to Romer Model. 4.5+3 

the influx of refugees from a troubled foreign 

country. Use the previous graph to illustrate the fq-TH 

short-run and the long-run effects of this on the 

domestic economy. 

P.T.O. 
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() 
(H) () HT1 T f6 = 1 3H D = 0 E, TE 

3HI hA Y = AK"L«, 0< < a<1 

R 3FHK5ll A, AR T, s, TT fAtR 
T4TG ? 

(i) 

f 3TYqTH v% 
In the Life Cycle hypothesis an individual's consumption 2 (a) 

is proportional present value of future income. Explain 

the factors that determine the present value. Assuming 

capital markets to be working efficiently, if there is an 

unexpected increase in income from real estate how 

1.5 would it affect consumption ? 

() State the assumptions concerning Friedman's (b) 

permanent income hypothesis. Using his analysis 

showing the variation in average consumption and 

income over the business cycle explain why 
MPC<APC in the short run and APC MPC 

in the long run 
5.5 

P.T.O. 
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(i) Why is the model less satisfactory than the Ando (a) () 
FT 3T fRTYAI 

Modigliani Model ? 
2 

(n In a two period (period' 0 and period 1 

consumption optimization model given by Irving 

Fisher suppose the individual's Coyo Where 

c is consumption, y is income and r is the rate 

of interest on borrowing and saving. Consider a 

consumer's preferences over current and future 

() 
consumption given by U (o» c). Show the utility (39f0 3 3af 1). 3HT 31 

TST TT ifz f ateo<o maximization point with the help of a figure. 

, 3 AR r 34R 
(i) How would his consumption be affected in period 

0 and 1 if income increases in period 0 and if 

interest rate on savings increases. Consider 

consumption has normal good property. 3.5+4 AfercrqHaT fg 

P.T.O 
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(a) (Explain the gradual adjustment formulation of nas 
3 net 

(i) investment in the neoclassical approach. Explain 

how the increase in the expected output; an 

increase in real interest rate, and a temporar 

() Evfert ada. zfieaty 'fafaera TTAT 
increase in investment tax credit affects the rate 

of investment. 

(i) Explain the q theory of investment and how it is 

2.5 used to determine housing investment. 

Determine the equilibrium portfolio choice of a (b) () 3aT HIST I 3947 FHITE f 7- 
diversifier in the portfolio balance approach. Explain 

with the help of a figure why the demand for money 

must decrease by progressively smaller amounts as 

interest rate increases by constant increments. 3+4.5 

4 (a) (Explain the factors that affect the debt GDP ratio. 
Explain using an appropriate model why transactions 

How does an increase in inflation and primary demand for money increases with square root of income 

budget surplus affect the debt GDP ratio ? Explain and decreases with the square root of interest rate. /.3 

why private investors would be unwilling to hold 

govemment debt. 5 

(i) What is the merit of using cyclically adjusted deficit ? 

What are the implications when cyclically adjusted 
deficit is positive 

2.5 

P.T.O. 
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The Phillips 
curve is given by 

() 
- -a (4-u) 

ion target n* 
Suppose the central bank has an inflation ta 

the inflation 
If the central bank iS able to keep the infla: 

rate equal to the target flation rate every period 

will the economy experience tluctuations in 
unemployment ? 

i) 

ges i0 If the natural rate of unemployment chanoee 
51 TTT ? F7 7 FHTAT T 

frequently will the central bank be able to hit the 
e 

inflation target ? 

() fufaH 
(iin) Suppose a = l and the central bank is keen to 

IT 
reduce the unemployment rate below the natural 

rate by 1 per cent how will it affect inflation 

overtime? 

(iv) What is time inconsistency of optimal policy and 

which policy can be used to overcome it ? 

1.5+1.5+2+2.5 

() ( Explain how asymmetric information problems 3TR-Ç T 7t? 
hinder the operation of the financial systems ? 

Discuss the ways in which the government can 

improve the quality of financial information ? 

E () Outline the key equations of the basic Ds 
2.5 P.T.O. 

model. 



12 9093 13 9093 

(i) What is the source of business cycle in the policy 

ineffectiveness proposition ? Does it provide a 

satisfactory explanation of business cycles ? 2.5 

7HT T? ( How does an adverse supply shock affect the (6) 

production function and labour demand in the RBC 

model ? What are the limitations of these 

models ? 

(i) Examine the effectiveness of Seignorage as a way 

of raising revenues for the government. 2.5 

farit yuferai HAICTT TT 3I A central bank that, follows the Taylor rule will 

stabilize activity and achieve its target inflation rate 

in the medium run. Explain. 

Given government budget constraint, suppose the 

budget is balanced till the end of year 0. The 

govermment decides to decrease taxes by 1 in year 1. 
Find out the amount of primary surplus that is 

necessary to retire the debt in year t. If Ricardian (a) What are the two types of asset price bubble and 5. ( 

equivalence holds how would the tax cut affect 
ncial 

Wnich one possess a bigger threat to tn the economy ? 

3.5 
to nd 

System ? How should central banks 
P.T.O 

asset price bubbles ? 
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(37) ) 
R R-R 

(i) 

1f4 7 f Tayy% 

37te7 7HAT Tit ? 
() ( 

5T? 

(i) 

T (Seignorage) THTYiTGTI 

() ) 

9093 
15 
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(c) Answer any five questions out of Seven. 
(b) In regression through origin models the 

conventionally computed r? may not be 

(d) All questions carry equal marks. 
meaningful. 

(e) Use of simple non-programmable calculator 
is allowed. Statistical tables are attached 
for your reference. (c) In simple regression model Y, = P, +p,X, +uj, 

the OLS estimators B, and B, each follow 

normal distribution only if u, follows normal 
distribution. 

1. State whether the following statements are True HTT THT7 ATST Y = B, +B,X, +u,,À OLS 

or False. Give reasons for your 'answer. 
sTBRT (estimators) B, a B, 5 

5x3-15 
(distribution) {ITHI7 (normal) Trît BaT zf 

(a In a regression model In Y, = B,+BX, +u,, 1 

B is multiplied by 100 we obtain the growtn 
(d) P-value of a test statistic is equal to the level 

of significance.
rate estimate of Yi. 

it TfdralT (test statistic) a5T P-HIT FITAT ITT (regression) sTT In Y, = B, +B,Xj+Uis 

4, a P 100 TOT fe5eT THT Y, 201 
T T5TT (estimate) AIT ETT| 

T (level of significance) RTAR BaTI 

3 
2 P.T.O. 
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(i) Establish 95% interval for the popul�tion 

slope coefficient B, 
(e) If the estimate of slope coefficient in a 

bivariate regression is zero, the measure of TH (population) T TTi5 B, 95% 

aar T 3TRIT (confidence interval) coefficient of determination is also zero. 
7 (ii) R2 

f g -T FHTT7T TIT TUT5 (slope (b Average score of students in a certain exam 

are known to be normally distributed with 

mean value 75 and standard deviation 9 

Some coaching classes claim that it is 

possible to increase the average score of 

coefficient) 5T HTTTT B, MatrT Tis 
(coefficient of determination) TM d R 

students with an additional use of their 

study material. It is believed that score with 

additional study material would remain 

normally. distributed with o=9. Let 
denote the true average score of students 

when additional material is used. 

2. (a) You have the following information: 

5 
2X = 1680, Y = 1110, 2XY = 204200, 

(score) 5T e ATATA HA TA (mean) 
75 7 HT TT (standard deviation) 9 

X 315400, Y2 = 133300, n =10. Assume 

all assumptions of CLRM are fulfilled. Obtain 

) B, and B 3747TTT AUfÝTd aTfR5 s (true score) 

5 P.T.O 
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(i) What are the appropriate null and (iii) Using the testing procedure in (ii) what 
alternative hypothesis ? is the probability of type II error when in 

375 (null) a apTTe5 (alternate) fact 80. 
qferyg (hypotheses) T ? 

(ii) Let X denote the sample average score 

for 25 randomly selected students. H= 80. 
Consider the test procedure with test (c) In aregression model, Y, =P, +B,X, +u;, show
statistic and rejection region x277.9. that the mean of actual Y, is equal to the 

What is the probability distribution of the 
mean of estimated Y; . 3 

statistic when H, is true ? What is the 
THT7 HSTT Y, =B+B,X, +u, , zET P 

probability of Type I error ?P 
aT 5 Y, FTE (mean) 35TT Y, 5 HT7 

I g f5 ATEfs iT (randomly) 

a 25 faefei TT Eg sfaaef sitra 
3. (a) Consider the following simple regression5 (sample average score) ITT AdaaT 

model 
X 7FTp-a (rejection region) 

price =Po + B assess + u 
277.9 

where price is the housing price assess and 

(probability distribution) T EPT ?ITR is the assessment of housing prices. The 

5Te (error) z stfer5AT (probability) *T estimated equation is: 

7 P.T.O. 
6 
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(ii) Suppose now that the estimated model price Po + B, assess +u 
is 

T6I price TeTHT 6 47 TT assess 3HqTR 

price = Bo+ B,assess + B, lotsize + 

B, sqrft + B, bdrms + u 

price-14.47 + O.976 assess where 

t (16.27) (0.049) 
lotsize = the size of the lot 

n 88, SSR = 165644.51, r? = 0.820 

i) How will you test the constraints B=1 
sqrft = the square footage and B,=0 in the above regression if you 

are given the SSR in the restricted 

bdrms = the number of bedroons 
model as 209448.99 ? Conduct the 

necessary test(s) at 1% level of 

significance and give your conclusion. 3 The R2 from estimating this model using 
the same 88 houses is 0.829. Test at 1% 37t THT34T 3ATT IN-T (restrictions) 
level of significance that all partial slope 

P=1a B, = 0 TerT fa ye 5 a 
coefficients are equal to zero. 2 

37 88 at FTETTAT H ZH HISTT BG R'0.829 
restricted regression) SSR HIT 

209448.99? 3TRT5 TÅterT (TTTTi) *71 

5THT 3ifRI5 (partial) TT TTiEBÍ HTT 

8 9 P.T.O 



9134 
9134 

(b) Let X N u,o), Consider two independent (c) For each of the following pairs of dependent 
random samples of observations on X. The (Y) and independent variables (X), pick the 

samples are, of size n1 and n2 with means 
most appropriate functional form. Explain the 

Xand X, respectively. Two estimators of 
reason for your answer: 6 

rfeT TFr (dependent) (Y) a F7 the population mean are proposed: 4 
(independent) (X) aRI E5 Ta ag, Faifees 

T1 ifTT X - N (4,), x e Perit 
34t5 5o-ta F7 (functional form) *T 

T (random) eT (samples) T7 fae 

i) Y= demand for food X=price of food 

Y 4T97 HT X = q7 4t z5T47 

(i) Y = AFC of production X = output (estimators) tifeTT f5 
Y = 3F9TT AFC X = 3rTG 

A-ti -n,X, +n,X, 
(iii) Y = Population in India X = time n,+n2 

Y = HTT TTHUT X = TT4 Check whether these estimators are 
4. (a) In a regression of average wages (W) on the unbiased and calculate their variance. 

number of employees (N) for a random 
GbEhi z5 7fqTaar (unbiasedness) 

sample of 30 firms, the following results 
I br TYT HHRUd (variances) 5iIT 

were obtained 6 

10 11 P.T.O. 
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(iii) Can you relate the slopes and intercepts 

of the two models ? 

Regression 1: w = 7.5 +0.009 N 
HHTT7T 1: 

FHT T Hf3Ti FT (slopes) a 

t = (16.10) R? = 0.90 

(iv) Can you compare the R2 of the two Regression 2 : = 0.008 +7.8 N models? Give reasons. 
HHT4 2 

t (14.43) (76.58) R = 0.99 

() How would you interpret the two 
regressions ? (b) The thickness of the graph paper (measured 

in GSM) used during examinations should 
be such that it does not tear off easily while 

(ii) What might be the reason for for plotting a graph. Let u denote the true 

transforming Regression 1 into average thickness of the new type of graph 
Regression 2 ? What assumption has paper under consideration. The true average 
been made about the error variance in thickness of the graph paper should be 

going from Regression 1 to Regression 2? 
greater than or equal to 20 GSM for it to be 

FHTT 1 FATequT 2 AYIiRT 5 acceptable for all practical uses. A randomn 

T T 5TT EI FAI ? THTAYUT 1 

HTT 2 TT afe y« (error term) 
Sample of size n is drawn from a population 
with normal distribution. What conclusion 
1s appropriate in each case ? 3 

12 13 P.T.O. 



9134 
9134 

variable)RHfda zsfg IgaT (unskilled) 
Hfa T (reference category) 

f% (true) 
(ii) Develop a model which is linear in 

atear E eJ SHSI aTErtee5 SiTTT HTETE 20 GSM parameters that shows earnings of an 

individual as a function of work 

experience and whether they are skilled. 

Interpret your model. 

HTE (parameters) Ti TEtY (linear) 
(i) n= 15, t = 3.2, a = .05 

(ii) n = 9, t = 1.8, a = .01 

(ii) n = 24, t = -0.2 

(c) Suppose that earnings of individuals are 

dependent on whether they are skilled 
workers and their work experience over the (iii) Now assume that there is an interaction 

6 between skill of the workers and their 
years. 

work experience. How would the model 

in (i) change. Interpret the new model. 5t&f 4T zTT (skilled), TT 3T6 
44(work experience) fbdIE| 

) Define dummy variables to capture 

whether workers are skilled or not. Take 5 T (interaction) Ta i I3T TT 

Workers being unskilled as the reference

category.
15 P.T.O. 
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(c) State and prove the minimum va. riance 
prope~ty of the slope coefficient in . 

a two 
variable regression model. · 

5 
~ futj,c Bt=rT~ ~ls(rl if ~ ~,uiicfi.;;.. ~-

.--!) 9? ~ 'i ci +:f 

~H--1{ 0 1 TT~ (minimum variance property)c€t 

fB-1 ml Q cf ~ ch1 ~ Q. I 

6. (a) Consider the following models : 5 

i:i1:sa I : 

"' Model II : In Yi = ~1 + ~2InX i + u; 

i:i1:s<1 II : 

h Y* - y and x*l. = w_'.lx!. ' the w's w ere i = w 1 i 

being constants. 

,..,, * ,T x"'t.· = w zx,., ~r~r w 0{'2TZ· \J'n=n Yi = w ,Yi -.-, 

(constants) ~ I 

18 
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• (i) Establish the relationships between the 
two sets of regression coefficients and 

their standard errors. 

fr=IT~ :1°1ichf q ~ ~ jR:<i'i c6 ~ ~ 
~ cf) l{tZf ~~ '{~ c:filPtiJ. i 

(ii) ls the R2 different between the two models? 

cF-TT 0 en l--17s@ cf) R2 ~ ~ ? 

(b) Suppose the CLRM applies to °Yi = f3 2X i + Ei · 

liF, ~IPIQ, ~ Yi= f32Xi + Ei q-{ CLRM ~mill~ 
(i) Find the slope coefficient in the 

regression of Y on X , 

(ii) Suppose now we have a regression of X 

on Y, Xi = y 2 Yi +vi . Is slope coefficient of 

regression on X on Y an inverse of slope 

of regression of Y on X. 4 

'3~ ~ "11MiJ. fcf> ~ trrn X cnT Y "CfZ Bl11~ 
' 

X1 =y2Yi +vi% lcp::jl"X c6Y "CfZ'Bl1T~l1' ~ 
j 0 1icfi Y cf5 X "CfZ ~ :J,0 1ich cf)f 2:i<'ffil--1 (inverse) 

mm% ? 

19 P.T.O. 



9 134 

(c) Using data on compensation per employee 

in thousands of dollars (COMP) and average 

productivity in thousands of dollars (PROD) 

for a cross . section of 50 firms for the year 

1958, · the following regression results were 

obtained (t ratios in parentheses) : 6 

50 ~ cf5 ~ 0~ (cross section) ~ qtf 

1958 if >lfu ~ cb9'91~ ~ (~ :s1<1li if) 

(COMP) q 0~~lr;cbctl (~ :s1<1U if) (PROD) 

cf5 0~ c51 {it;l'4ctl B Pl9R-\mtd BlTT~ qft 0 119 

~ ~ (c€i!S6c\?i if t 0-15,q1ct ~) : 

= 1992.35 + 0.233PRODi 

t = (2 .1275) (2.333) R2 == 0.5891 

Since the cross-sectional data included 
· ·tywas heterogeneous units, heteroscedastici . 

likely to be present. The Park test was 
· . ults of p erfor med and the following res 

~uxiliary regression were obtained : 

20 

91 34 

~ -:3:rj>R~ 0-lJchsl if fc1011cfl;q (heterogen eous ) 

~chi~¼ Hfa-ifB-lrj ~' SR-I { 0 1-fcltp--@ (heteroskedasticity) 

if5fcl~91rl ~cBl"W~~ 1wtcfil~(Park's 

test) ~ TP1T cf~ f!Ql'4ch (auxiliary) B1TI~ 

°B f:!19fBif<srn qn. 0 119 m-q, ~ : 

,;;f = 35.817 -2.8099PROD. 
I 

t= (0.934) (-0.667) 'R2 = 0.0595 

(i) .Use the res:ult of auxiliary regression to 

check if the mod~l indeed suff e:i;-s from 

heteroscedasticity. Perform the test at 
5% level of significance. 

{1$l'4cf5 B"91~ ~ qf{u11l--11· ~ {iQl;qc:11 ft~ 
c61P!rrrcn;=on- -.-,,;'-";-......_ " ---,.....,, % l--lis<1 =-q,...,..l{~fiq if :sn=n: 0 1-FcJ 61 i:ia, 

-« m ~ 1 5% m%ct"T «rz ~ w-~ cf3)fC½~ 
1 

(ii) Wh~t could be the possible remedies of 

heterosc~dasticity ? 
6 

S:H.--1<01-RilSl9a1 ~cp::rrw~c3q=q1 < m~~? 
21 

P.T .O . 
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7. · (a) The following model was estimated for 
United States from 1958 to 1977 : 5 
Pl_9Rt~ct Yls~ cBT 1958 ~ 1977 ~ {-tgm ~ 
01i:\n.c-hl ~ (j-ilc=h@ct ~ ~ ~ : 

,;\= 10.078 - 10.337 D, - 17.549(~.J+ 

38.173D, UJ 
' se = (1.4204) (1.6859) (8.3373) (9.399) 
R2 = 0.8787 

where Y = year-to-year percentage change 
in the index of hourly earnings 

. ~ Y = >ITTf ~ 9Cil ~{1 cfi {g:Fhi cf5 if crf-~ -crf 
>ITTf~Td qf{qJ-1 

~ = percent unemployment rate 

X = >ITTf ~Td €1 D c;p II .(1 ~ ~ 

D = 1 for 1958-1969 

== 0 if otherwise 

D = 1, 1958-1969 ~ 

= 0 '3Fl~ 

22 
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(i) Show the Phillips curve for two periods 
separately. 

~ '3~ ~ r-b~l'-{1 ~ 9?l 0R11T-'3=rwT 

~~TWz I 

(ii) Are differential intercept and slope 
. coefficients statistically significant ? 

What does this suggest ? 

cF1T fcr~~ (differential)'1T~:~1:rg 9 ~ 

:1°1icfi {--tifu;qc:6),q ~ q"{ m$n ~ ? ~ cp:rr 

<S@Till i ? 

(iii)Interpret the regression. 

~ Bl1f~ ~ 6Yl@LII c61PICJ. I 

(b) Two models for Engel expenditure function 
are estimated. 5 

~ ci:p:i' ~ (Engel expenditure function) 
~ m ~ 041 c.hfui a ~ ~ ~. 
Model I: Yt = 1Q87.930+0.077X1 

t == (25.58) (21.64) R2 = 0.350 

23 

F= 468.645 

P.T.O . 
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Model II: Yt = 4005.077 + 0_33 811x 
t 

l-ils<1 II : 

t = (19.259) (-20.816) R2 = 0 .333 F= 433 _310 

where Yt = expenditure on food in rupees 

~ Yt = ~ "Q"{ ~ , _:oq.qi -?f 

= total expenditure in rupees 

(i) Interpret all coefficient valu e of the two · 

models. 

~ en l-flS'11 cfi "B"m ·:1°1icbl cfi ~ cfi1" a:u&--H 

chlMQ I 

(ii) Are the sign of the coefficien ts in the 

two models contra dictory? 

cF=lT ~ m l-fls~1· if ~0 1ic€i cf) ~ ~ 

fcrnm (contradictory) ~ ? 

24 
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(iii) Can we compare the results of the two 

models? 

ifl:lT ~~en J-jl.s""Tf cV> qR. 0 11'-il ~ ~ cnt 

~~? 

(iv) Diagrammatically show the sample 

regression function in the above model. 

-:39-<lw "tjf~ ~ ~~f B+TT~ ~ cnr 
°<©IRl-5! 951 (i!$1_.tjdl B ~~~ I . 

(c) Consider the following fitted regression 
model. Standard error is given in parenthesis : 

5 

PP-11 RI~ a 0-11 cnftl a B+TT ~ ~ tr{ fcl =q 1 < 
c:fi)f;tQ. I~ 1R:.q"f ch)tScicif -q ~ :eN ~ : 

• -...:::> 

yt = -9.6 + 2. lXl + 0.45X2 R2 = 0.92 

se = (8 .3) ( 1. 98) ( 1. 77) 

(i) Do you see any problem with this 

regression ? 

cf.qT ~ ~ fJlTT~ -q ~ (ilif.ql ~ 

~ %. ? 

25 P.T.O. 
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(ii) If yes, what is the problem ? 

~ -"ITT, fil c"ffi" {-f l=f {~I cF1T ~ ? 

(iii) Outline -the · steps for · performing an 
auxiliary regressi.on to detect the 
presence of problem in the regression. 
~ ~J3.l.q 0 1 if {-ll=f {~I cnf qm <rJJII~ ~ H$1llcf? 

· ~~ch{~ ~51~ ~~tj{ 00 ~ {~Y{<sll 
{)fuiQ I 

26 
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60 3981 39~)0 3999 :1009 
3945 3954 3963 3972 1 2 

(, 7 s 
ilO'JS 1027 11036 •1008 4055 

3 4 5 5 6 7 s 
·1061 1 2 3 4 5 6 6 7 s 

61 ,!07•1 <10.13 ,W:)3 11102 ,)111 11128 41?6 41 110 4150 
62 4169 4176 ,nss 4196 4207 ·1217 1227 

4159 2 3 ,J 5 6 7 8 9 
6-1 -1266 4276 4285 4295 1303 

4236 42'10 1J2% , J 2 3 
431~ 432$· ,1335 4315 

5 (, 7 8 9 

6'~ ,1}65 4375 •B85 •13S5 ,1 ,10& '1116 
11355 1 2 3 4 5 6· 7 6 

·1'126 ;1,136 '11·16 ,1457 
•) 

65 4407 4477 44S7 4498 450S 4519 4529 
?. 3 4 5 6 7 ~ 9 4539 4550 4560 2 3 4 s 6 7 8 9 

66 iJ576 tl5SI 4592 4-003 '1613 4.624 463'1 4615 11656 
67 . 1J(177 4(,88 ,'i6<J9 

4667 2 3 •l ,5 
tl 710 .-1721 -1732 1742 

6 7 9 10 

68 ,17SO 11797 
4753 4'164 · 4775 2 ., 

4806 11819 '1831 ,13,n qs5:j •186•1 1sn: 
,> 1\ 5 7 s 9 10 

(/J ·IS9S ,!')09 ·.1920 :19]?. 
4887 l 2 3 ,; (> 7 e 

·i943 4955 ·1966 
9 10 

70 5012 5023 5035 sc,i7 Jtl5S 
4977 49S9 5000 1 2 ') 5 6 '7 s 

5070 jQS2 
J I 9 JO 

5093 51(1'.> 511? I 7. ,i s {:, 'I s (J ti 

71 5129 5140 til!.>2 !.>1!J-l !il'lo t>:JBti :.i2lJ\J !,'l.'12 '.jn,i 5').?,f) 1 2 ,J 
:'"!. 52-0S .S?.60 5272 52S4 5297 5309 5321 5383 5346 53JS 

5 6 7 8 10 ll 
l 2 ,i ~ 0 '/ ') 1V :1 

7' ,/ 5370 5383 5}% 5'108 :.,,120 5.133 !i•Hi (,-1$3 r;.17n s-1~:1 .'.I • ,1 5 6 B 9 iO 11 
74 . ~/(f15 :;sor, 55?.1 :iS34 5546 5559 5572 5535 559S 5610 3 4 5 · (l l> '.) t(J . 12 ,., .. 
I) 562J 5636 5M9 5662 :¼.,./j :36o0 ~r·u;~ :;71~; :;n11 '.i:;';1) I 1 ,1 ,; 7 R 9 to 12 

76 :>'l'.j1l 5/iJti . '.)1 /j] S'.l<J11 . Jl\Ot.i ~•tl21 ~8:},J !ilJ,1f, ::i86l 5R7 5, l ~ .. , . s 7 8 9 11 !2 
77 ~;~!8H !>907. 591 () 59?.9 5943 5957 5970 5984 5996 6012 1 :, 'I 5 '/ !) IU 11 J' ' 

7S 6026 .· 603~ 6053 606, li0$) 609:> (>lO\I (ii 2·1 (>l :it, (,l !i2 > •l (, 7 s 10 JJ 13 
79 · 6166 61SO 6194 6209 622$ 6237 . 6?.52 6266 6231 li295 3 'l (l 7 ') J(J ll u 
so .6310 632-1 633~) 6~53 6368 .6383 6307 6112 6-127 9,142 3 ·l () 7 9 10 12 13 

81 6457 6471 MS6 6501 6516 6531 65'16 6561 6577 6592 2. 3 . s 6 s 9 11 12 M 

62 <>607 6622 6637 6653 6668 6683 6699 6714 6730 6745 2 3 5 6 s 9 11 12 14 

S3 6761 6776 6792 6S06 6823 6839 6855 6871 6887 6902 2 3 5. 6 6 9 11 13 1'1 

84 691S 693'1 6950 6966 · 6982 · 6998 7015 7031 70-17 7063 2. 3 5 6 s 10 . 11 13 15 

6S 7()79 70% 7112 . 7129 71~5 7161 7176 719~ 7~11 7228 2 3 5 7 0 '10 12 13 15 

66 7214 7261 7276 7295 7.Hl 7326 7345 7362 7379 7396 2 3 5 7 8 10 12 13 IS 

~ 7417. 7516 
, 

7534 7551 7506 2 3 5 j() 
7•130 7417 746'! 7462 7499 7 9 · 12 14 16 

ss 7580 7603 7610 763S '765.6 7674 7691 7i09 7727 7745 2 4 5 7 9 11 12 14 16 

S9 7'J62 77SO 7796 7616 7834 7852 7870 78S9 7907 7925 2 4 1· 7 ~) 11 . 13 1-1 16 ,,) 

90 7943 7962 '.11JSO 7995 6017 8035 6054 6072 6091 8110 ~ 4 6 7 9 11 I" 15 17 , .) 

91 8128 Sl4'.i' 8166 6165 S204 8222 6241 S260 6279 8290 2 1j 6 6 <) l l 13 '15 17 

92 SJlo &337 8356 837~ S395 8'111 S433 8'iS3 8'172 s,192 2 ,, 6 s 10 12 11 15 l'l 

93 6511 8531 8551 S570 8599 8610 8636 8650 8670 8690 2 \l 6 8 to 12 14 16 16 

94 6716 6720 6750 6770 S790 8$10 6831 6S51 6672 SS92 2 ·'1 6 s 10 12 14 16 lo 

95 6913 8933.- 6954 8971 S995 9016 9036 9057 9076 9099 2 1 6 6 10 12 l5 17 19 

96 9129 91'11 9204 9226 9247 626S 9290 9311 . 2 4 6, 8 11 13 15 17 19 

9163 9168 13 15 17 20 
97 9233 94'11. 9482 9:J84 9•10<> 9538 2 4 7 9 11 

1)8 
9354 9376 9397 9415 9750 2 .; 7 9 11 13 16 18 20 

955{) 9522 9524 9616 ')638 9661 9688 9705 9727 

99 9773 9956 9931 9951 9977 2 5 7 9 11 · 14 lo 18 20 

9795 9Sl'.I 9849 9SOS 9888 

29 P.T.0. 
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---- - --- - -
2 3 . 4 0 

5 6 7 8 9 

Appentdnx lj "lfll"t 
I l,71 

______ ___._.-:-----...._, 
2 3 ' 4 5 6 7 8 9 

00 
01 
02 
03 
u,t 

05 
06 
07 
O& 

1000 1002 1006 1007 1009 1012 1014 1016 1019 · 1021 0 {} 

~ S 1040 1042 1045 0 0 
1023 , 1026 1028 1030 1033 1035 103 . 

1047 1050 1052 1054 1057 1059 1062 1064 1067 1069 0 0 

1072 1074 J.076 1079 1081 1084 1086 1089 1091 1094 0 0 
1090 1099 1102 '1101 1107 1109 1ll.2 1111 1117 lll.9 0 'J 

1122 1125 1127 1130 · 1132 1135 1138 1140 !Hf 1146 0 
1148 1151 1153 1156 1159 1161 1164 1167 1:169 1172 0 · 1 

1175 1178 1180 1183 1186 1189 1191 1194 1197 1199 0 1 

1202 1205 120s 1211 1213 :m6 1-219 1222 1225 · 1227 o 

1230 1233 · 1236 1239 l.242 1245 '1247 1250 1252 1256 0 

1 

1 

1 
1 , 1 

·1 2 

2 
l 2 

1 ?. 
l ?. 

. 1 2 

2 2 2 
2 ?. 2 

2 2 2 
2 2 L 

2 1 2 
2 2 2 

2 2 2 
2 . 2 3 

09 
lO 125~, 1262 1265 126s 1271 1,.7,1 · 1276 1279 1272 use; ·ti 1 · 1 . 1 

2· 2 3 
.l 2 

11 
12 

1283 1291 1294 1297 1300 '1303 1306 1309 1312 1315 0 1 1 ·2 2 2 1 ~ 

1318 1321 1324 1327 133(} 1334 1337- 1310 13rl:::l l346 0 1 1 l 2 2 

2 ' 2 
2 2 

2 'L :, 

13 
14 

1349 1352 1355 1358 1361 1365 1368 1371 1374 1377 0 1 1 2 3 3 

1380 !3M 1387 1390 1393 1396 1400 MO;.\ l106 1409 0 1 J 'l. :~ .:i 

15 

16 
·J~13 1416 1•118 1<12?. 1,126 1429 1d32 JA35 14~9 1442 0 ·t 

1445 1449 1452 1455 11{59 1162 1466 1%9 1472 1476 0 l 

1.7 1'170 11&1 M B(, 11S9 11193 1'1% 1500 .t50;1 1507 1!,10 0 I. 

· 18 · 1514- 1517 1521 '1524 152S 1531 l53S 1538 '1542 1545 0 ·J 

19 154~ 1552 1556 1560 1563 1567 1570 1571( '1578 l5M O ·1 

20 1585 1589 1592 1596 '.l6Ub 1603 1607 1611 1614 16J6 o i 

21 1622 1626 1629 16-33 1637 1641 · 1644 1643 1652 1656 0 1 

22 1660 1663 1667 1671 1675 ' 1679 1683 1687 1690 1694. ll 1 

23 J6g8 1702 1706 1710 1714 1718 1722 1726 1730 1734 0 1 

24 . 1738 1742 1746 1750 1754 1758 1762 1760 1770 1774 0 l 

25 1776 1782 1786 1791 1795 1799 1803 1807 1811 1816 0 1 

26 1B20 1824 1825 1832 1637 1$41 1845 1849 1854 1658 0 

27 1862 1866 · 1S'll 1675 1379 1S84 1S88 1692 1897 ·1901 0 . l 

28 1905 1910 ' 1914 1919 1923 1928 1932 1936 1941 1945 0 ' 'J · 

29 1950 19511 1959 1963 1968 1972 1977 19S2 1986 1991 0 ·. 1 

30 1995 2000 2004 2009 2014 2018 2023 2028 . 2032 2037 0 : 1 

31 2042 2046 2051 2056 2061 2065 2070 2075 2080 '2084 0 

32 2089 2094 2099 2104, 2109 2113 - 2118 2123 2128 2133 0 · 1 

33 2136 2143 214& 2153 · 2158 2163 2106 2173 2178 2183 0 · 

3.1 2168 2193 2198 27.03 2208 2213 2218 2223 2228 ?.234 1 

35 2?.39 2214 2249 2254 2250 · 2265 . 2270 227(5 2280 2266 l ·. 1 

36 2291 2296 2301 2307 23t2 2317 2323 :ms 2323 ?.339 1 · 1 

37 2344 2350 2355 2360 2366 ?.371 '2377 2382 2386 2393 1 1 

36 2399 2404 2110 2415 2421 24 7 2-119 1 1. 
,2 2432 2435 2443 •u 

39 2,155 2460 7.466 2472 24?7 2483 2480 249,? 2500 2506 1 

40 2512 2518 2523 2529 2536 2541 2547 2553 2559 2564 1 

41 2570 2576 256,2 2586 2594 2600 2606 2612 '2618 2624 1 

42 2630 2636 2642 2649 2655 2661 2667 2673 . 2679 2685 l 

43 2692 2696 2704 27,10 2716 2i'23 2729 27°85 2742 2746 1 l 

~it 2754 2761 2767 2773 2766 2786 2786 279S 2805 2812 1 1, 

•lS · 2818 2825 1631 2608 2844 2851 2856 2666 2871 2877 l 

4h 288.4 2&91 '1667 29'01' 2911 ~.91.7 2924 2931 2938 2944 l 

,!7 2951 2958 2955 2972 2974 2985 2992 2999 3006 3013 l 

.;t :5:F,,:; .3f)2J 30?4 304.3 304~ 3U3S 3062 3069 3076 3\)IJJ l l 

.;9 ·¥.r,ri '.>(¥)7 • oe 
·· .',l ·' :111 2 3119 3126 3138 :!141 ~11)$ 3'155 1 J 

30 

?. ?. 
2 2 

2 2 
2 2 

2 :3 3 
., 
; , :', 

2 
3 3 ~;; 

1223 -~:: 

2 2. 2 3 3 3 

2 2 2 3 3 3 

2 2 2 3 3 l: 

l 2 2 2 3 3 4. 

12223 3 ~: 
2 23 3 3 ,1. 

2 2 3 
2 2 3 
2 ~ j 

l 2 2 . 3 

1 2 2 3 
2 2 3 

1 2 2 3 

2 2 3. 3 
2 

2 
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2 
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2 . 2· 
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2 
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2 
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;able A.3 Standard Normal Curve Areas 
Cl>(z) = P(Z :s: 7,) 

Standard nonnal density curve 
' · 1 
I 
r Shaded area:. ¢(~) 
I 
I JI I 
I 

--···-- 0 z 

.00 .01 .02 .o3 .04 .05 .06 .07 .OS .09 

-3.4_ .0003 .Ol'<J3 .0003 -~3 .0003 .0003 .0003 .0003 .0003 .0002 ·- 3.3 .0005 .0005 .0005 .CXl04 .0004 .0004 .0004 .0004 .0004 .C003 -3.2 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005 -3.l .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 · .0007 .0007 .. 3,0 • · .0013 .0013 .0013 ,0012 .0012 .0011 .O(Jll .001 l .0010 .00 I 0 
-2.9 .0019 .0018 .0017 .00i7 .0016 . .0016 .0015 .0015 .0014 .0014 ·2.8 :0026 .0025 · .0024 .0023 .0021 .0022 .0021 .0021 ,0020 .0019 -2.7 .0035 .0034 · .0033 .0032 · .003 ! .0030 .0029 _()028 .0()27 .0026 ;2.6 .0047 ,()()45 .0044 .0043 .. (l04I ,()()40 ,0039 .0036 .0037 .0036 .. 2_5, .0062. .0060 .0059 .0057 .0055 .00511 .0057. .00.'il .00:19 .0()1)! 

-2.4 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064 
"'.2.3 ,0107 .0104 .0102 .0099 .0096 .0094 .!YJ9 I .0089 .0087 .0084 
-2.2 .0139 .0136 .0132 .0129 ,()125 .0122 .0119 .0116 .0113 . . 0110 
-2.l ,0!79 .0174 .0170 .0166 .0162 .0158 .0154 .0150 .0146 .0143 
-2.0 .07:28 .0222 .0217 .0212 .0207 .0202 .0197 . . 0192 .0188 .lH83 

-1.9 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233 
-1.8 ;0}59 .0352 .0344 .0336 .0329 .0322 .0314 .0307 .OJO! .0294 

1.7 .0.1,u; .(>416 .0~27 .Q.tl8 .0-109 .0-10[ · .0392 .():J8,1 .0375 .0367 
• 1.6 .0548 .0537 .0526 .0516 .OS05 .0495 .0485 .(}475 .0465 .0455 
·U .0668 .0655 .o6'n .06'.1() ,0618 .0606 .05~4 ,0582 .0571 ,0559 
-1.4 .0808 .0793 .0778 .()7(i4 .0749 .0'/:}5 .0722 ~ .()]08 .WJ4 .068! 
-IJ .0968 .0951 .09J4 .0918 .0001 .08115 .0869 .0853 .0838 .0823 
· 1.2 .1151 .1131 .1112 .1093 . l-075 .'1056 ·.ro38 . .1020 .1003 .0985 
·I.I .1357 .1335 · .1314 .1292 .1271 .1251 .1230 .1210 .1190 . ll.70 
-1.0 .1587 .!562 .1539 .1515 .1492 .1469 , .1446 .1423 .1401 .1379 

-0.9 .1&41 .1814 . 1788 .1762 .1736 .1711 .1685 .1660 .1635 · .16 l l · 
-0.8 .2119 .2090 .2061 .2033 .2005 .1977 .1949 .1922 .1894 .. 1867 
-0.7 ·.2420. .2389 .2358 .2327 · .2296 .2266 .2236 .2206 .2177 .2148 
·0.6 ,2743 .. 2709 .2676 .2643 .261 I .2578 .2546 .2514 .2483 .2451 
·0.S .3085 J050 .3015 .2981 .4946 .2912 .2877 .2843 .2810 .2776 

·0.4 .3446 .3409 .3372 .3336 .3300 .3264 3228 .3192 .3156 .3121 
·0.3 .3821 .3783 . .3745 .3707 .3669 · .3632 .3594 .3557 .3520 .3482 
·0.2 , .4207 .4129 .4()()() .4052 · .40!3 .3974 3936 .3897 .3S59 .4168 
·0.1 .4602 ,4562 .4522 .4483 .4443 .4404 .4364 .4325 .4286 .4247 
-o.o .5()()0 .4880 .4840 .4801 .4761. .4721 .4681 ·.4641 

.4960 .4920 

(comin11,J) 

31 P.T.0. 
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Table A.3 Standard Normal Curve Areas (cont.) q>(z) == P(Z s z) 

• • ·· - •· · - ~·--·- ··· - --· ·- - -·'"- - · ···--····- - - ···· - ·· -· - • • o;w. • ~ --· - -- • ., • • __ ___ _ 

·-····•··-
,00 .01 .02 .03 .04 .05 .06 .o7 ,08 .09 i 

._, ........ --... ~-·-,.,,..- -- ~ .._.,,._..__ ____ .., ____ . ___ ._.. ..... ----·--
I 

.5040 .5080 .5120 .5160 .5199 .5239 .5279 .5319 0.0 
I .500) .5359 . l 

0.1 I .5398 ,5438 .5478 .5517 .5557 .5596 .5636 .5675 .5714 .5753 
0.2 .5793 .5832 .5871 .5910 .5948 .5~7 .6026 .6064 ·.6!03 .6141 
0.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480 .6517 
0.4 .6554 .6591 .6628 .6661 .6700 .6736 .6772 .6308 .6844 .6879 

0.5 .6915 .6950 .6985 .7019 .7054 .7088 .7123 .7157 .71,90 ,7224 
0.6 .7257 .7291 .7324 .7357 .7389 .7422 .7454 .7486 .7.m .7549 
0.7 .7580 .7611 .7642 .7673 - .7704 .7734 .7764 .7794 .7823 .7852 J 

0.8 . ! .7881 - .7910 .7939 .7967 .7995 .8023 .8051 .8078 .8106 .8133 
0.9 i :s1s9 .8l86 .8212 . 823& .8264 .8289 .8315 ;8140 .8365 . .8389 i 
1.0 ; .8413 .8438 .8461 · .8485 · .8508 .8531 .8554 .8577 .8599 .8621 i 

l.l I , .8643 .8665 .8686 .. 8708 .8729 .8749 .8770 .8790 .88]0 .88JG 
1.2 

\ 
.8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 .901.5 

L3 ! .9032 .9049 .9066 .9082 .9099 .9115 .913! .9147- .9162 .9177 
1.4 .9192 .9207 .9222 . . 9236 .9251 .9265 · .9278 .9292 .9306 .9319 

1.5 .933} .9345 .9357 .. 9370 .9382 .9]94 ,9406 .9418 ,9429 .9441 
1.6 .9452. .9463 .9474 .9484 .9495 .9505 .9515 .9525 .9535 .9545 
1.7 

I 
.9554 .9564 .9573 .9582 .959) .9599 .9608 · .%16 .9625 .9633 

1.8 .%11 .9649 .%56 .%64 .9671 .9678 .9686 .9693 .9699 · .9706 
1.9 .971 3 :9119- ,9726 .9732 .973S .9744 .9.750 .9756 .9761 .9767 
2.0 .9772 .9778 .9783 ,9788 .9793 .9798 .9~0.l ,9608 .9~12 .9817 
2.1 ' .9821 .9826 .9830 .9857 .9834 ,9838 .9842 - .9846 .9850 .9854 
2,2 .9~61 .98(i4 .9~68 .9871 .9875 .9878 .9881 .9884 .9887 .98'Xl 
2J .%93 .Q896 ~898 .99fll .99():1 .99()6 .99()1) .991 l .WIJ .lJ9i{J 

2A .9918 .9920 .9922 .9925 .9927 .9929 .9931 .9932 .99J•I .9936 

2.5 .91)38 .1)40 .9941 .9943 .9945 . 9946 .9948 . .9949 .9951 .9952 
2.6 ,995] .9955 ,9956 .9')57 .99~9 .9.960 :9<)61 .9962 .9%3 .9964 
2.7 .99(15 .9966 .9967 .9968 .9%9 .9970 .9971 .99n ,9974 

.997l. 2.8 .9974 .9975 ,9976 .9977 .9977 .997~ .9979 .9980 .9'JSI 

.9979 2.9 .99~1 .9982 .9982 .9983 .9984 .9986 .9986 
,9984 .9985 .9985 

3.0 .9987 .9987 .9987 .9988 .9990 .9rf!J 
3.1 .9990 .9988 .9989 .9989 .9989 .9993 .9991 .9991 .9991 .9992 .9992 .9992 .9992 .9993 3.2 .9995 ,9993 ,9993 .9994 .9994 .9994 .9994 .9994 .9995 .9995 3.3 .9995 .9995 .9<JJ1 
l4 .9995 .9996 .99% .9996 .9996 .9996 .9996 

_9'{,)8 .o/)97 .9997 .9997 .9997 - --L__., _ ___ .9997 .9997 .9997 .9997 .9997 -------

32 
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table A.5 
Critical Values for t Oi$tributiom J lv•·W>S.~=, 

\7=·· I 
I I 

0 le• 
~ --~ ·_. _,,,,,_ ~ 

a 
••-••., •••-- ___..,,.n~-,1,,"•- , ·--••--•• -'I __ .,_. 

. \ .10 .OS .()25 .01 .005 . I' \ .00) .0005 
.. ,- .. , .. - ,. ... ----

3.078 6.314 12.706 3 l.821 63.657 3!SJ I 63662 
1 1.886 2.920 4.303 6.965 9.915 22J26 3! 596 
'3 1.638 2.353 3.182 4.541 5.841 l0.213 12.92~ 
4 1.533 . 2.132 2.776 3.747 4.6."A 7.ti3 8.6:0 
s 1.476 2.015 2.57] 3.365 4.032 5.891 6%9 
6 l.440 \.943 1.447 3.143 3.707 5100 5.959 
7 1.415 1.895 2.365 2.998 3.499 4.785 5.~ 
8 1.397. 1.860 2.306 2.8% 3355 4.5-0l i&! J 
9 1.383 \.&33 2.262 . 2.821 }150 4197 4JS1 

IO i 172 l.812 2.228 2.764 3.161 4.144 4.5$7 
ll 1.363 1.796 2.201 2.718 3. lC'6 4J)25 4.437 
12 l.356 1.782 2.179 2.681 3.055 3.930 .tj}~ 

IJ l.15,0 l.77J '2..J60 2.650 3.0IZ 1&52 41U 
14 lJ45 l.761 2.145 2.624 2.977 3.i67 4.140 

15 1.341 . l.753 2.131 21/J2 ,_947 3.733 4 uiJ 

16 t.:m J.'/46 . 2,120 2.583 2.92\ 16&6 ,!.Ol5 
11 · \,'.BJ l.740 2.110 7,_S(i7 2.&98 J.646 J.%5 
16 . 1.330 1.734 2.101 2.552 1$78 3.610 . 3.9?'~ 

l9 1.ns [ .729 2.093 2.539 2.&6[ 3.Si'9 3.~1 
20 IJ25 l.725 2.086 2.ms 7..845 3.552 J.&50 
. 2r l.323 L'J2l 2.0&0 2,5!R 2.&Jl }.57.7 HH9 

22 l.32,t l.717 · 2.074 2.508 2.819 :uos 3.m 

23 1.3}9 l.714 2.009 2.500 2.sro. 3AS5 }~767 

u 1.318 1.711 2.064 1.492 2.797 3-46? 3.745 

25 1.316 1.708 2.MO 2.485 2.tg-] 3.450 3.T~ 
26 L315 1.706 2.056 2.479 2.779 3.435 3 701 
n 1.314 1.703 2.0S2 2.473 2.77l 3.42\ 3.~ 
28 1.313 l.701 2,048 2.467 2.763 HOS 3.67.! 
29 1.31 i 1.699 2.045 2.462 2.756 3396 3-659 

Y.} 
1.310 1.697 2.042 2.457 2.750 3.3S5 3.646 

32 l.309 1.694 2.037 2.449 2.73& 33b5 3 6-"1 
34 1.307 1.691 2.032 2,441 2.728 3.348 Hill 
J6 

1.306 2.028 2.434 2.719 3333 \ 5S2 
i8 1.688 )jt9 1566 

l.304 l.6&6 2.024 1.429 2.712 
4() 

1.303 2.423 2.704 1307 3~5 i 
~~ I 684 2.021 3.496 

t .199 1.676 7.,009 2.403 2.678 ).2/12 
(i(j 3.232 3 ~60 

1.196 1.671 2.000 2.390 2.fHJ 
l2n J.161 3.:7: 

l.289 1.653 1.9W 2.35S 2.617 
'II 

2.576 3.0W 1 : 01 
I ?.S2 1,(,45· 1.960 2.326 -- - P.T.0. 33 
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able A.9 Critical Values for F Distributions 
__ _ ., ____ . -- --·--· ·· .-•---.. .. , .. .. ···- ·-··· . . . ... · ··· ·••;••··· -- ·· --· .. ··-- .. ·-··· . . ·-- . ·-- ··--- ·-···· .. ·-· . ..... 

v1 = numerat()r d( · ···-... 

. --· ···-·· ... ----! .- , .. --•-"···-····---- .... --- ... ··------ . ... . ·-·· •-........ ·----···· · --.. , __ _____ 
a . i 2 3 4 s 6 7 8 9 

00 .... - - M -- - 0 • · - -- - -··--·- .. --·-·· ··-- -· . ··---·· ----· -... ~-----·... : - --------
.100 · I 39.86 49.50 53.59 55.83 57 24 58.20 58.91 59.44 59.86 I 

.050 ! 161.45 199.50 -~15.71 224.58 230.16 23199 236.i7 238.38 240.54 

.OlO I 4052.20 4999.50 5403.40 5624.60 5763.60 5859.00 5928.40 5981.10 6022.50 

.001 I 405,284 500.000 540,}79 562.500 576,405 585,937 592,873 598.144 602,284 

.100 S.53 · 9.00 916 9.24 9.29 9.33 9.35 9.37 9.38 

.050 1_8.51 19.0(t 19,[6 19.25 19..30 19.33 19.35 19.37 !9J8 2 

.010 98.SO 99.00 99.17 99.25 99.30 99.33 99.36 99J7 99.39 

.001 998.50 999.00 999.17 999.25 999.30 999.33 999.36 999.37 999.39 

.100 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 

.050 i0.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 3 

.010 34.12 30.82 29.46 28.71 28 24 27.91 27.67 27.49 27.35 

.001 167.03 148.50 141.l l 137.lO 134.58 132.85 131.58 130.62 129.86 

.foo 4.54 4.:\2 4.19. 4.11 4.05 4.01 3.98 3.95 3.94 

.oso 7.i! 6.94 659 6.39 · 6.26 6.16 6.09 6.04 6.00 4 

.010 21.20 l8.0C) 10.69 15.98 15.52 15.21 14.98 14.80 14.66 
.t101 71\.14 61.25 56.18 53.-1~1 51.71 ~0 . .51 49.66 49.00 48.47 
.100 4,{)6 3.78 :l.62 3.52 3.45 3.40 3.37 3.34 3.32 
.050 • I (i.61 5.79 ·s.111 5.19 5.05 4.95 4.8~ 4.82 4.T! 5 
.010 16.26 U.27 12.06 ll.39 10.97 l0.67 10.46 10.29 , 10.16 
.001 •17.IS 37.1?. 31.'.W 31.09 29.75 2S.R3 28.16 27:65 27.24 

'- .100 1.78 3.46 3.29 3. IS 3.11 3.05 3.01 2.98 2.96 "0 
L. .050 · 5.99 5.14 4.76 4.5} 4J') 4.28 4.21 :k 15 4 , 1() 0 
-; 6 

.OLO 13:15 10.n 8.10 7.98 { 1) .78 9.15 ~.75 8.47 8.26 

.001 )5 .51 7.7.00 2170 21.92 20.80 20.03 l~.46 19.0:l 18M 0 
l: .JOO 3 59 3.26 3.07 2.96 2.88 2.83 2.n 2.75 2.n ~ ,, 

.050 5.59 4.74 4.35 4.12 3.97 H7 3.79 J.7J ).66 II 7 ... .010 12.25 ·955 K4:i 7.85' i.4(., 7.19 6.99 6.R-1 6.71 ~ 

.001 29.25 21.69 llS.Tl l7 .20 16.21 15.52 15.02 14.63 14.33 

.100 3.46 3.11 2.92 . 2.31 2.73 2.67 2.62 2.59 2.56 

8 ·.050 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 
.. om 11.26 8.65 7.59 7.01 6.63 6.37 . 6.18 6.03 5.91 
.001 25.41 18.49 15.83 14.39 13:48 12.86 12.40 l2.05 .1 l.77 

.100 3.36 3.0l 2.81 2.69 2.61 i:ss · 2.51 2.47 2.44 

9 .050 · 5.12 4.26 3.86 3.63 3.48 3.37- 3.29 3.23 3.18 
.OJO 10.56 8.02 6.99 6.42 6.06 5.80 · :S.61 5.47 5.35 
.001 22.86 16.39 13.90 12.56 I l.71 11.13 10.70 10.37 10.11 
.100 3.29 2!92 2.73 2.61 2.52 2.46 2.41 2.38 2.35 

10 .oso 4.96 4.10 3.71 3.48 3.33 3.22 J.I4 3.07 3.02 
.010 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 ~94 
.001 21.04 14.91 12.55 I t.21> 10.'18 9.93 ').52 9.20 R% 

.100 123 2.86 2.66 2.54 2.45 2.39 234 1.30 2.27 

11 .oso 4.84 3.98 3.59 J.36 3.20 J.09 3.01 2.95 2.90 
.010 9.65 7.2t 6.22 5.67 5.32 5.07 4.89 4.74 · 4.63 
.OOJ l9.69 13.81 I l.56 10.35 9.58 9.05 8.66 8.35 8.1 2 

.100 3.18 2.81 2.61 2.48 2.J9 2.33 2.28 . 2.24 2.21 

.oso \ 2.80 12 4.75 3.89 3.49 3.26 3. 11 3.00 ' 2.91 2.85 .010 4.39 9.33 6.93 5.?5 5.41 5.06 4.82 4.64 4.50 .001 18.64 12.97 S.00 7.71 7.48 10.8() 9.63 8.69 8J8 
(co11tin11rd ) 

34 
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Table A.9 Critical Values for F Distributions (cont.) 
__:...--·----- · __ _.. ..... - --· 

111 = numttator df ... ~------------~.~-----. 
12 15 20 25 JO 40 -·-----10 50 6'J l20 1000 -- --.- .. ----··----·----61.22 61.74 60.19 60.71 62.05 62.26 62.53 62.69 62.79 63.06 63J0 241.SS 243.9! 245.95 248.01 249.26 250.10 251.14 25 l.77 252.20 253.25 254.19 6055.80 6!06.30 6157.30 6208.70 6239.80 6260.60 6286.S0 6302.50 6313.00 6339.4() 6362.70 605,621 610.668 615.764 620.908 . 624,017 626,<m 628.712 630,285 631 ,337 633,972 636.301 

9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.47 9.48 9.49 19.40 19.4! 19.43 19.45 19.46 19.46 19.47 19.48 19.48 19.49 19.49 
99.40 99.42 99.43 99.45 99.46 99.47 99.47 99.48 99.48 99.49 99.50 ·999.40 999.42 999.43 999.45 999A6 999.47 999.47 999.48 999.48 999.49 999.50 
5.23 5.22 5.20 5.18 5.17 5.17 5.16 5.15 5.15 5.14 5.13 
8.79 8,74 8.70 8.66 8.63 8.62 8.59 8.58 8.57 8.55 8.53 

27.23 27.05 26.87 26.69 26.58 26.50 26.4[ 26.35 26:J2 26.22.._ 26.14 
129.25 128.32 127.37 126.42 125.84 125.45 ' 124.96 124.66 124.47 '123.97 123.53 

192 3.90 3.37 3.84 3.83 182 3.80 3.80 3.79 3.78 3.76 
5.96 5.91 5.86 5.80 5.77 5.15 5.72 5.70 5.69 5.66 5.63 

14.55 .14.37 14.20 14 .02 13.91 13.84 13.75 13.69 13.6S 13.56 13.47 
48.05 47.41 46.76 46.10 45.70 45.43 45.09 44.88 44.75 . 44.40 44.09 

3.30 3.27 3.24 3.21 3.19 3.17 3.16 J.15 3.14 3.12 3.11 
A.74 ' 4.68 4.62 4.56 4.52 4.50 4.46 4.44 4.43 4.40 '1 .37 

10.05 9,89 9.72 9.55 9.45 9.38. 9.29 9.24 9.20 9.1 l 9.03 
26.92 26.42 25.91 ?.5.39 25.08 24.87 24.60 24.44 24.33 24.()(> 23.~2 
2.94 2.()() . 2.87 2.IH 2.81 2.SO Z.78 2.77 2:/(J 2,74 2:12 

4.06 4.00 3.94 3.87 3.83 3.81 3.77 3.75 3.74 .no J.67 

7.87 n2 7.56 7.40 7.)0 7.23 7.14 7.09 7.06 6.97 6.89 
IR.41 17.9() 17.56 · 17.12 16.l!.'i 16.67 J(,.4,1 16.31 · 16.21 15.91! 15.77 

2.70 2.67 2.63 2.59 2.57 2.56 ?...54 2.52 2.51 2.49 2.47 

164 3.57 3.51 3.44 3.40 3.38 3.34 3.32 3.30 3.27 ).23 

6.62 6.47 6.31 6, 16 6.06 5.99 5.9l 5.86 5.82 5.74 5.66 

14.08 13.71 13.32 12.93 12.69 12.53 12JJ 12.20 12.12 11.91 11.72 
l 

2.54 2.50 2.46 2.42 2.40 . 2.38 2.36 2.35 ·2.34 2.32 2.30 

3.35 3.28 3.22 3.15 · 3.11 3.08 3.04 3.02 3.01 2.97 2.93 
4.95 4.87 5.20 5.12 5.07 5.03 5.81 5.67 5.52 5.36 5.26 

. 9.53 9.36 
10.48 I0.26 10.11 9.92 9.80 9.13 1154 l 1.I9 10.84 

. 2.21 2.18 2.16 2.25 2.23 2.22 2.42 2.38 2.34 2.30 2.27 
2.80 2.79 · 2.75 2.71 

2.94 2.89 2.86 2.83 
4.32 3.i4 3.07 3.01 

4.65 4.57- 4.52 4.48 4.40 
5.26 5.11 4.96 ~.81 · 4.71 

8.26 s:19 8.00 7.8\ 8.69 8.55 8.37 
9.89 9.57 9.24 &.90 

2.12 2.11 2.08 2.06' 
2.20 2.17 2.16 2.!J 

'2j8 2.54 2.32 2.28 2.24 
2.66 2.64 2.62 

2.85 2.77 2.73 2.70 
, 4.)2 4.08 4.00 3.92 2.98 2.91 

4.31 4.25 4.17 
6.78 4.85 4.71 4.56 4.41 

. 7.30 7.19 7.12 6.94 
7.60 7.47 PS 8.45 8.13 7.80 

2.04 2.03 2.00 1.98 
2.12 2.10 2.08 2.05 

2.49 2.45 2.41 2.25 2.21 2.17 2.~3 2.51 
2.65 . 2.60 251 

3.78 3.69 3.61 2.85 2.79 2.72 3.86 3.81 
4.01 3.94 6.18 6.02 4.S4 4.40 4.25 4.10 

6.52 6.42 6.35 
7.92 7.01 6.81 6.68 

1.96 1.93 1.91 7,63 7.32 1.97 
106 2.03 2.01 1.99 

2J8 2.34 2.30 2.19 2,15 2.10 2.47 2.43 2.40 
3.37 2.54 2.50 

3.57 J.54 3.45 2.75 2.69 2.62 
3.76 3.70 3.62 

5.76 5j9 5.44 4.30 4.01 3.86 5.93 5.83 4.16 6.~2 6.09 
(~vntu:utd) 7.29 6.71 6..-10 7.00 

35 
P.T.0. 
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Table A.9 Critical Values for F Distributions (cont.) 

·-------· T- ·-- v, = numerator df ····--
1 2 3 4 s ' --a 7 8 9 

2.56 2.43 2.35 --.100 3.14 2.76 2.28 2.23 2.20 2.16 
.050 4.67 · 3.81 3.41 3.18 3.03 2.92 2.83 2.77 2.71 13 
.010 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19 
.001 l7 .82 )2.31 l0.21 9.07 8.35 7.86 7.49 7.2) 6.98 
.JOO 110 2.73 2.52 2.39 2.31 2.24 2.19 2.15 2.12 

14 
.050 4,60 3.74 3.34 · 3.1 l 2.96 2.85 2.76 2.70 2.65 
.010 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 
.001 17 .14 11.78 9.73 8.6?. 7.92 7.44 7.08 6.80 6.58 
.100 3.07 2.70 2.49 2.36 2.27 2.21 2.16 2.12 2.09 

l5 
.050 4.54 3.68 3.29 3.06 2.90 ' 2.79 2.71 2.64 . 2.59 
.OJO 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 
.001 16.59 11.34 9.3!1 8.25 is1 1.09 6.74 ' 6.47 6.26 
.100 3.05 ' 2.67 2.46 2.33 2.24 2.18 2.IJ 2.09 2.06 

16 
.050 4.49 3.63 3.24 3.0! 2.85 2.74 2.66 2.59 2.54 
.010 ~-53 6.23 5.29 4.77 4.44 4.20 4.0~ 3.89 3.78 
.001 16.12 10.97 9.01 7.94 7.27 6.80 6.46 6.19 5.98 
.100 3.03' 2.64 2.44 2)1 'J ?'l 2.J.5 · 2.10 2.06 2.03 .,,._4 

l7 
.oso •l.'15 3.59 3.20 2.96 2.81 2.70 2.61 2.55 . 2.49 
.010 R.4() 6.l I 5.19 4.67 4.34 4.10 3.93 3.79 168 
·.001 · 15.72 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.15, 

lo. .100 3.01 2.62 2.42 2.29 2.20 Z.13 2.0~ 2.04 2.00 · 
-:::, .oso 4At 3.55 :u6 2.66 .. 

IS 2.93 2.77 2.:'i8 ?,..'i l ~..-16 
3 .010 8.29 . 6.01 5.09 4.5& 4.25 4.01 3.84 J.71 160 L'II .: · · .001 15J8 10.39 H.49 7.46 6.81 6.3~ 6.02 5.76 . :i.56 ,. 
= S" .ltl0 2.99 2.61 2.40 2.27 2.18 2.11 2.06 2.02 1.98 ::; 
-= .050 4.38 3.52 3.13 .. 2.90 2.74 . 2.63 2.54 2.46 2.42 . t9 .010 . 8.18 5.9) 5.01 . 4,50 4.1.7 3.94 3.77 3.63 3.S2 

-:."' .001 15.08 10.16 8.28. 7.27 6.62 6.18 5.85 5.59 5.39 
.100 2.97 2.59 2.38 2.is 2.16 2.09 2.04 2.00 1.96 

20 .050 4.35 3.49 3.10 2.87 2.71 2.60 • 2.51 . 2>15 2.39 
.010 8.10 5.85 4.94 · 4.43 4.10 3.87 3.70 3.56 3.46 
.OOJ 14.82 9.95 8.10 7.10 6.46 6.02 . 5.69 5.44 5.24 

.100 2.96 2.57 2.36 2.23 2.14 2.08 2.02 1.98 l.95 

.050 · 4.:32 3.47 3.07 2.84 2.63 2.57 2.49 2.42 2.37 
21 

.010 8.02 5.78 .3.8l j,64 3.51 3.40 4.87 4.37 4.04 

.001 ·14.59 9.77 7:94 6.95 6.32 5.88 5.56 5.31 . 5.11 

.100 2.95- 2.56 2.35 2.22 ·2.13 ·2.06 2.01 1.97 1.93 

.050 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34 
22 

.010 7.95 3.76 3.59 3.45 3.35 · 5.72 4.82 4.31 3.99 

.001 14.38 9.61 7.80 6.81 6.19 ·5.76 · 5.44 5.19 4.99 

.100 2.94 2.55 2.34 2.21 2.ll 2.05 l.99 J.95 1.92 

.050 4,28 3.42 3,93 2.80 2.64 2.53 2.44 2.37 2.32 
23 

3.41 3.30 .010 7.88 5.66 4.76 4.26 3.94 3.71 3.54· 
.001 14.20 9.47 7.67 6.70 6.08 S.65 5.33 5.09 4.89 

.100 2.93 2.54 2.33 2.19 2.10 2.04 1.98 1.94 I.91 

.050 4.26 3.40 3.01 2.78 2.62 2.51 2.42 ·, . 2.36 2.30 
24 · 3.26 .010 - 7.82 5.61 4.'72 4.22 3.90 3.67 3.50 3:36 

4.80 · .001 14.03 9.3'4 7.55 6.59 5.98 5.55 5.23 4.99 
(co,iJinutd) 

36 
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Table A.9 Critical Values for F Di~tributioos (cont.) 
,.,_.-,.--- . ---· ,_...,.__.,. ,, - .. ,,, . , __ 

111 • llURlf.-QlOr dt 
·---,··-· .. --- ·- ..... --.... _~ -

--- ~-- .. ----·- · 
JO 12 lS .20 

·- - ,...,_ ___,.._, 

25 30 40 so ----- ·------·· 60 120 1000 

2.14 2.10 2.05 2.01 1.98 -----------
2.60 2.53 

1.96 l.93 1.92 ·- -
2.67 2.46 2.41 2.38 

1.90 1.88 1.8.~ 

4.10 3.96 182 3.66 
2.34 2.31 2.30 2,25 

3.57 2,21 

6.80 6.52 6.23 5.9) 
).51 3.4) 3.38 3.34 3.2.5 

S.15 5.63 5.47 5.37 ~.30 
3. J8 

2.10 2.05 2.0l 1.96 
5.14 4.99 

1.93 1.91 1.89 
2,f/J 2.53 2.46 2.39 

1.87 1.86 1.83 1,80 
2.34 2.31 2.27 

3.94 3.80 3.66 3.51 
2.24 2.22 2.18 2.14 

3.41 3.35 '.1.27 
6.40 6.13 5'.85 5.56 5.38 

3.22 3.18 3,()C) 3.02 
5.25 5.IO :5.00 4,94 

2.06 2.02 l.97 1.92 1.89 
, 4.77 4.62 

2.48 
1.87 1.85 1.83 1.82 

2.54 2.40 2.33 2.28 
1.79 1.76 

· 3.80 3.67 3.52 
2.25 7..20 2.18 2.16 2.11 

3.37 3.28 
2.07 

6.08 5.81 .5.54 
3.21 3.1 3 3.08 3.05 2.96 2.88 

5.25 5.07 4.95 4,80 4.70 4,64 4.47 4.33 
2.b3 1.99 1.94 1.89 l.86 
2.49 2.42 2.35 

1.84 1.81 1.79 1.78 1.75 1.72 
2.28 2.23 2.J9 

3.69 3.55 3.4 l 3.26 
2.1.S 2.12 2.11 2.06 2.02 

3.16 3.10 
5.81 5.55 5.27 4.99 

3.02 2.97 2.93 2.84 2.76 
4.82 4.70 4.54 4.45 4.39 4.23 4.08 

2.00 1.96 1.91 1.86 1.8) 1.81 ·1.n 1,76 1.75 l.72 l .Ci9 
2.45 2.38 'lJl 2.2) 2.18 2.15 2.10 2.08 2.06 2.01 1.97 
3.59 ~ 116 DI :l , I(, 3.07 3.00 2.92 2.87 2,8) 2:1s 2,(>6 

5.58 5.32 5.05 4,78 4.60 4.48 4.33 4,24 4.18 4.07. 3.87 

1.98 1.93 1.89 1.84 1.80 1.78 l.75 l.74 1.72 1.69 1.66 
2.41 2.:H i.:l:I 2.!9 2,14 2.11 2.06 2.04 2.02 1.97 l.92 
3.51 · 1.17 J.23 :1.08 2.98 2.?2 2.!!4 2,'.18 2:15 2.()1; 2.58 
5.39 5.13 4.87 4.59 4.42 00 41.5 4,06 ,t,00 3.84 J.69 

l.96 1.91 L86 1.81 1.78 1.76 1.73 1.71 J.70 1.67 1.64 

2.J8 2JI 2.2) 2. 16 2. 11 2.07 2.03 2.00 l.98 . 1.93 J.88 

3.43 ~.JO 3.15 3.00 2.91 2.:$4 2.76 2.71 2.67 2.58 2.5() 

S.22 4.97 4.70 1,43 4.26 4.14 3.99 3.90 3.84 3.68 3.53 

1.94 l.89 1.84 1.79 1.76 l.74 1.71 1.69 1.68 1.64 1.61 

2.35 2.28 2.20 2.12 2.07 2.04 1.99 1.97 1.95 . 1.90 1.85 

3.37 3.23 3.09 2.94 2.84 2,78 2.69 2.64 2.61 2.52 2.43 

5.08 4,82 4.56 4.29 4.12 4.00 3.86 3.77 ).70 3.54 3.40 

1.92 l.87 1.83 1.78 1.74 1.72 l.69 : 1.67 1.6u 1.62 1.59 

1.32 2.25 , 2.18 2.10 2.05 2.01 1.96 ' 1.94 1.92 1.87 1.82 

3.31 3.17 3.03 2.88 2.79 2.72 2.64.' 2.58 2.55 2.46 2.37 

4.95 4.70 4.44 4.17 4.00. 3.88 3.74 3.64 3.58 · 3.42 3.28 

1.90 1.86 I.SI l.76 l.73 1.70 1.67 l.65 1.64 1.60 1.57 

2.30 2.23 2.15 2.07 2.02 1.98 1.94 1.91 1.89 1.84 1.79 

3.26 3.12 2.98 2.83 2.73 2.67 2.58 2.53 2.50 2.4Q 2.32 

4.83 4.58 4.33 4.06 3.89 3.78 3.63 . 3.54 3.48 3.32 3.17 

1.89 1.84 1.80 l.74 · 1.71 1.69 1.66 1.64 1.62 1.59 1.55 

2.27 2.20 2.n 2.05 z.oo 1.96 l.91 1.88 1,86 1.81 l.76 

3.21 3.07 2.93 2.78 2.69 2.6t 2.54 2.48 2.45 2.35 2.27 

4.73 4.48 4.23 3.96 3.79 3.68 3.53 3.44 3.38 3.22 3.08 

l.88 1.83 1.78 1.73 1.70 1.67 1.64 1.62 1.61 l.57 1.54 

2.25 2.18 2.11 2.03 1.97 1.94 1.89 1.86 t.84 1.79 1.74 

3.l7 3.03 2.74 2.64 2.58 2.49 '2.44 2.40 2.31 2.22 

2.89 
4.64 '4.39 , 3.87 3.71 3.59 3.45 3.36 3.29 3.14 199 

4.1 4 (rontinll(d) 

37 P.T.0 . 
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,te A.9 Critical Values for F Distributions (cont.)' 

--- ·· -------·· .. . T . v
1 
= numerator c.lf 

_.:...o'·-
' l 2 3 4 5 ---------- - ···· --

·~- ---·· ·--· ·---~l:-r-~ 9;·--2.5;----·-··- 2.-32 ___ 2.-18 ___ 2_-09 ___ 2_-:1-··-·- -~------~~-~-~~~ 
,
5 

.050 ! •U4 3.39 2.99 2.76 . 2.60 2.49 ~ :~~ ;:~ 1.89 
- . . 010 7.77 5.57 4.68 4.18 l85 3.63 3.46 3.32 

2
-
2
8 

.001 13.88 9.22 7.45 6.49 5.89 5.46 5.15 4.91 3.
22 

.100 2.91 2.52 2.31 2.17 2.0S 2.01 1 ()6 .4.? l 
05 7 

. . 1.92 1.88 
. 0 4.23 3.3 2.98 2.74 2.59 2.47 2.39 2.32 

·~~ I~-;~ ~-~~ . ;-~ ~-~~ ;·:i ~.59 3.42 3.29 ~:~; 
· · · · - · · • · · 5.38 5.07 4.83 4.64 

26 

27 
:~~~ ~:~~ ~-~l ~-: ~-~~.) . ..2"-~77 ~.C4X6J ~-:75 21.9] l.87 

. . .. } '" ~.) .3 ! 2.25 

~~~~ 1 ;:~~ !:~; ;~~ ::~~ ;:;i ;:;~ !:~~ ;:~: ~ :~~ 
::l~~ ~:~~ ~:~~ ~:!; ~:~~ ;:~~ . ~:~; ~:~: ~:;~ ~:;: , 
.·~!i 137.~0 ~-9453 4.57 4.07 3.7S 3:53 3.36 3.23 ·}.12 
~ .5 :5. • 7.19 6.25 5.66 5.2•1 ,i,93 4.69 4.50 

2S 

.100 2.89 2.50 2.28 2.15 2.06 1.99 1.93 1.89 1.86 

.050 4. J 8 3.33 2.93 . 2.70 2.55 2.4'.i 2J5 2.28 2.22 

.OlO l 6<> 5.42 ·1.54 '1 .01 1.n 350 :LB 120 '.W9 

.001 13.39 8.85 7.12 6.19 5.59 5.18 4.~7 4.64 4.45 

.100 2.88 2.49 2.28 2.14 2.05 1.98 l.93 1.88 1.X5 
,1)50 4.11 J.32 2.92 2.()9 L5J 2A2 2.33 2 .27 ·2.21 

.OJO 7.5Ci 5.19 4.51 4.02 1.70 :l.47 .3.30 1.17 3.07 30 

.001 13.29 lU7 7.0S 612 5.53 5.12 4.82 4.58 4.39 

.1 00 2.R4 2.4•1 2.23 2.09 2.00 1.93 1.87 l.83 1.79 

.050 4.08 3.23 2.84 2.6i 2.45 2.34 2.25 2.l8 -2.12 

.010 _7.31 5.18 4.31 '.l.83 3.51 3.29 '.U2 2.Y9 2.89 40 

.001 12.61 8.25 6.59 . 5.70 5.13 4.73 4.44 4.2l 4.02 

.100 2.81 2.4 I 2.iO 2.06 1.97 1.90 1.84 1.80 l.76 

.050 4.()) 3.18 2.79 2.56 2.40 . 2.29 2.20 2.13 2.07 

.010 . 7.l 7 5.06 4.20 3.72 3.4 i 3.19 3.02 2.89 2.78 

.001 i 12.22 7.96 6J4 5.46 4.90 4.51 4.22 4.00 . 3.82 

50 

. 100 _ Ii .~ 79 . 2.:19 :us - 2.0-1 1.9s 1:s1 1.s2 1.11 1.14 
.050 4.00 3. !5 2.76 2.53 2.37 2.25 2.17 2.10 2.04 
.01() i 7.08 4.98 4.13 3.65 3.34 3. I 2 2.9.5 2.l$2 2.72 

.OIH ll I 1.97 7.77 6.17 5.31 4.76 4.37 4.09 3.86 3.69 

.100 2.76 2.36. 2.14 2.00 1.91 1.83 l 78 1.73 1.69 

.050 3.94 3.09 -2.70 · 2.46 2J I 2. I 9 2.10 2.03 l.97 

.010 6.90 4.82 3.98 3.51 3.21 2.99 2.82 2.69 2.59 

.001 ll.50 7.41 5.86 5.02 4.48 4.11 3.83 3.61 3.44 

.100 2.73 2.33 2.1 J . L97 1.88 1.so l.75 1.70 1.66 

.050 3.89 3.04 2.65 242 2.26 2.14 2.06 l.98 }.93 

.OlO 6.76 4.71 3.88 3.41 3.11 2.89 2.73 2.60 2.50 

.001 11.l 5 7.15 5.63 4.81 4.29 3.92 3.65 3.43 3.26 

.100 2.71 2.31 2.09 1.95 1.85 1.78 . 1.72 l.68 1.64 

.050 3.85 3.00 2.61 2.38 2.22 2.1 1 2.02 t95 1.89 

.010 6.66 4.63 3.80 3.34 J.04 2.82 2.66 2.53 
2

.4
3 

.001 10.89 6.96 ' 5.46 4.65 4.14 3.78 3.5l 3.30 . 3.!
3 

60 

100 

200 

1000 

(continu<'d ) 
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fable A.9 Critical Values for F Distributions (cont.) 

--- ----·- - -· ' -·-------- - ···-----------•~ ---·- --·····--··--... __ 
------11, = numcrutor df -- ----

12 15 20 25 30 -·~--------10 40 50 60 120 1000 ------- ···- - -· -------- ------ ·------------=-------l.82 1.77 1.72 1.68 l.66 - •··---J.87 1.63 1.61 l.59 2.16 2.09 2.01 1.96 1.56 1.52 
2.24 1.92 1.87 1.84 1.82 2.99 2.85 no 1.77 1.72 

· J.'13 2:60 2.54 2.45 2:+0 2J6 2.27 4.06 3.79 2.18 
4.56 4.31 3.63 3.52 3.37 3.28 3.22 3.06 2.91 
1.86 1.81 1.76 1.7 l 1.67 1.65 1.61 L59 1.58 1.54 1.51 
2.22 2.15 2.07 1.99 1.94 1.90 l.85 l.82 l.80 l.75 1.70 
3.09 2.96 2.81 2.66" 2.57 2.50 2,42 2.36 2.33 2.23 2.14 
4.48 4.24 3.99 3.72 3.56 3.44 3.30 3.21 3. 15 2.99 2.84 
1.ss l.80 l.75 1.70 1.66. 1.64 1.60 1.58 1.57 1.53 l.50 
2.20 2.13 2.06 1.97 l.92' l.&8 1.84 1.31 1.79 1.73 1.6$ 
3,06 2.93 2.78 2.63 2.54 2.47 2.38 ' 2.33 2.29 2.20 2.ll 
4.41 4,17- 3.92 J.66 3.49 3.38 . 3.23 3.14 3.08 2.92 2.78 
t.84 1.79 1.74 1.69 l.65 1.63 1.59 1.57 1.56 1.52 1.48 
2.19 · 2.12 2.04 1.96 1.9! l.87 J.82 . 1.79 1.77 1.71 l.66 
3.03 2'.90 2.75 2.60 2.51 2.44 -2.35 2.30· 2.26 2.17 2.08 
4.35 4.11 3.86 3.60 143 3.32 J.18 3.09 3.02 ?..86 2.72 
1.83 1.78 l 1.73 1.68 1.64 1.62 1.58 1.56 1.55 I.SI l.47 
2.18 2.10 2.03 1.94 l.tl9 'l.85 1.81 1..77 1.75 1.70 l.(i.5 

3.00 2 87 2.73 2.S7 2.48 2.41 . 2.33 2.27 2.23 2.l-1 2.0.'i 
4.29 4.05 3.80 3.54 J.38 3.27 3.12 3.03 2.97 2.81 2.66 
l.~2 1.77 l.72 1.()7 l.6J 1.61 1.57 1.55 1..54 J.50 1.46 
7. 16 2 .0!) '.)OJ 1.9) 1.88 J.84 1.79 1.7(, . 1.74 l.(18 1.63 

2.98 2.84 2.70 2.55 2.45. 2.39 2.30 7 .. 2.'i 2.2! 2.11 2.02 
4.24 4.00 3.75 3.49 3.33 3.22 3.07 2.98 2.92 2.76 2.61 

1.76 !.71 1.66 1.61 1.57 1.54 1.51 1.48 1.47 1.4'2 1.38 
2,08 2.00 l.92 1.84 1.78 1.74 1.69 1.66 1.64 . 1.58 1.52 
2.80 2.66 2.52 2.37 2.27 2.20 2.11 2.06 2.02 1.92 l.82 

3.87 3.64 ,.3.40 3.14 -2.98 2,87 · 2.73 2.64 2.57 2.4l 2.25 

l.73 1.68 1.63 I.Si 1.53 1.5() 1.46 1.44 1.42 1.38 IJJ 

2.03 1.95 1.87 1.73 1.73 1.69 1.63 1.60 l.5S l.5l 1.45 

2.42 ~.27 2.17 2.iO 2.01 1.95 1.91 1.80 1.70 2.70 2.56 
3.67 3.44 3.20 2.95 2.79 2.68 2.53' 2.44 2.38 2.21 2.05 

I. 71 1.66 1.60 1.54 1.50 1.48 1.44 : . 1.41 1.40 1.35 1.30 

1.99 L92 l.84 l.75 · i.69 1.65 1.59. 1.56 1.53 1.47 1.40 

2.63 2.50 2.35 2.20 2.10 2.03 1.94 · 1.88 1.84 l.7J 1.62 

3.54 3.32 3.08 2.83 2.67 2.55 2.41 2.32 2.25 2.0& · 1.92 

1.66 1.6 t 1.56 1.49 l.45 ' 1.42 1.38 1.35 1.34 1.28 l.22 

1.38 1,30 1.57 152 1.48 1.45 
1.93 l.85 ' 1.77 1.68 l.62 

1.57 {45 
1.89 1.80 1.74 1.69 

2.50 237 2.22 2.07 l.97 

3.30 3.07 2.&4 2.59 2.43 . 2.32 2.17 2.08 2.01 1.83 1.64 

l.63 I 58 1.52 1.46 1.41 1.38 1.34 1.31 1.29 1.23 1.16 

1.52 1.46 1.41 . 1.39 130 1.21 
1.88 1.80 l.72 1.62 1.56 

J.69 1.63 1.58 1.45 1.30 
1.79 

2.41 2.27 2.1.3 1.97 1.87 
1.90 1.83 1.64 1.43 

2.26 2.15 2.00 
3. 12 2.90 2.67 2.42 

l.18 I.OS 
130 l..27 1.25 

1.38 1.35 I.I I 1.6 l 1.55 1.49 1.43 
1.47 1.41 1.36 "}:33 l.24 

1.58 . 1.52 l.35 1.16 . l.84 1.76 1.68 
1.72 1.61 1.54 1.50 

1..90 1.79 l.49 1.2.2 2.34 2.20 2,06 
2.02 1.87 . 1.77 1.69 

2.99 2.77 2.54 2.30 2,14 

39 P.T.0 . 
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TABLEO.1 AREAS UNDER TH~ STANOAROIZEO ~ORMAL OISTRISUT!ON 
Example . 
Pt(O 5 Z ~ l.96) a: 0.4750 
Pr(Z ~ 1.96) = 0.5 - 0.47SO .~ 0.025 · ... 0 , .. -o . '; /' ... , :i 

:.,. J, 
:,1-( ; 

;iJil 
0 -----z 1.9~ 

-l .00 .Ot .02 ,03 .04 .05 .Do .07 ,;:3 .Ou 
0.0 .0000 .0040 .0080 .0120 .0160 .0199 .0239 .02i9 .0319 .035S O,l .0398 .0438 .0478 .0517 .0557 ,0596 .0$35 .0675 .0714 ;0753 0.2 .0793 .0832 .087t .0910 .0948 .0987 .102.6 .1 Os.! .1103 .ll!I 0.3 ~ 1179 .1217 .1255 .1293 .1331 .1358 .1406 .14~3 J~SO .1517 0.4 .1554 .1591 .16?.8 ·,1664 .1700 .1736 .1 772 .1M3 ,13~4 .1en 0.5 ,1915 .1950 .1955 .20i9 . . 2054 .2CS8 .2123 .215! .2190 .2W 
0.G ,2257 .229i .232·\ .2357 .2389 .2422 .2454 .2~&5 ,2511 .2~9 0.7 .2580 .2611 26-42 .2673 .2704 .2734 .2764 ;27S! .2823 .2a~2 0.8 .2881 ,29t0 -~39 .2967 ,2995 .3023 .3.051 .3073 .:1106 .3133 0.9 .3159 .3186 .3212 .3236 .3264 .3289 .331$ .33-!l .3355 .3339 1.0 ,3413 .3438 .3461 .3465 .3508 .3531 .355~ .3577 3599 .3$21 . 
1.1 .3643 .3665 .3686 .3708 . 3729 .3749 · 3770 .3r~O .3810 -~..:-0 1.2 .3849 .3869 .3888. .3907 .. 3925 .3944 .3962 .39$) .399i .4015 t.3 .4032 .4049 .406G .4082 .4099 ;4115 .4 i31 .4147 .4162 .41i7 1.4 .419~ .4207 A222 .4236 .4251 .4265 .4279 .4~2 .43~ Aj19 1.5 .4332 .4345 .4357 .4370 .4382 .4394 .4405 .4~'.8 .4429 .~4-!1 
1.6 .4452 . .~463 .4474 A484 .4495 .4505 .4515 ,4525 .4535 A545 1..7 .4454 .4564 .4573 .4582 .4591 , .4599 .460S .t.€16 .4625 .4:.J3 '-1.8 .4641 .4649 .4656 .4664 .4671 .4678 .458€ .~€~3 .4699 .4706 1,9 .4713 .4719 .4726 .4732 .4738 .4744 .4750 .4756 .476i Al67 2.0 .4772 .4n8 .41e3 ,4788 .4793 .47!18 .4803 .t.cDB .4812 ,l$17 · 

2.1 .482\ .4826 A830 .4634 .4$J3 .4842 AS4: .4S50 A85! .~-657 l.2 .4861 .48:34 A868 .4871 .4875 .4878 .48Si .,.$$~ .4837 .,.5so 
2.3 .4893 .4896 .4898 .4901 .4904 .4906 .49-39 A9tl .49lS .4916 2.4 .491$ .4920 .4922 A925 .4927 .4929 .4931 A932 .49~ .~936 2.5 .4938 .4940 .4941 .4943 .4945 .4946 .4943 .~949 .4951 .¢952 
2.6 .4953 .4955 .4956 .4957 .4959 .4960 .. 495! -~?~2 .4963 .~964 
2.7 .4W5 .4966 . .4967 .4968 .4969 .4970 .497i ,!?72 .4973 A974 
2.8 A974 .4975 .4976 .49TT .4977 ,4978 .497S .~979 .49Sil .i981 
2.9 .4981 .4982 .4982 .4983 .4984 .4984 .4S55 ASSS .49:S .~986 
3.0 · .4987 .4987 .4987 .4988 .4938 .4969 A9H .4969 .49~ .4990 

N~c:This tatxe gi,-es tt'.c-area in :l'.c right-hand 1aa ol It~ diSlr¢vf4~ {i .e .. Z ~ O),S~t st~~ thv~~~~ dist.~~~:i is sym;r.t~'iC.ll aoo:.1 z = o. t.".~ ~re.ail\ L~ lcl'l·ha.n-d 1ail is N sam$~S t.'ieuea l',~~~-c 1~5.~ ,th:-Nlt..o taH« e:J.1'~. PH~~ Z 5 0) ~ 0.47SO, Thec~!ore. ~-1.SQ ~ l ~ 1.~) >ZZ{O.H>1) :;. • 
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TABLEO.2 

p 

APPENDIX 0: s·r,\ilSTiCAL TAOl.c3 sa 1 

PEHC~NTAGE POINTS OF THE t 0ISiAIBUTION 

Example 

Pr { t > 2 .. OS~) :: 0.025 

Pr {t > 1 .725) = 0.05 ford ~~ 20 

Pr (lri > 1.725) = 0.1 O 

0 l.725 

~-~ -..,--o-.2·s------~.to ·-r--o_o-s-.,._o_.02_s -"'Y'--0_0_1 _____ -~l o.~ 

t ,.J o.so ···-_o_.2_0~~-0._10_~_0_.o_s _ _.:,__o_.0_2~- ~ 
I ! I· 1 
I, LOC~ 3.078 6.314 12.706 I 3,1.821 '. 63.657 318.3i 

2 0.816 1.65'3 2.920 4.303 I 6.965 9.925 22.327 
... ! 0 75~ 1.~"ln. • 3 
~ !,; · :> v-x, 2. 53 3.1$2 4.S41 5.841 f0.214 

1. 0.741 1 .. 533 2.132 2.776 3.747 4.604 7.173 
i 

S i 0.727 1.476 2.015 2.S71 3.365 Q 4.032 5.893 

6 i o. i1a 1.440 t .943 i.447 . 3. t 43 J.101 s.~oa 
7 · ! · 0.111 1 415 I t895 I 2.365 1 2.::?96 ! 3.499 4.785 

8 ' 0.70.3 1:397 I 1.660 l · 22 ,~~ 2.896 3.355 4.501 

9 0.7Q3 1.383 i 1.83.'.) ..:.Q<:. 2.821 3.250 I 4.297 

t • f 
10 
1~ 

14 

15 
15 
17 
1S 
19 

25 
25 
21 ' 

za 
29 

3,) 

.!O 

€0 
120 

; 0.700 
l o.697 

0.695 
0.S94 
0.692 

0.691 
0.690 
0:689 
0.688 

! 0.688 ; 
i 0.687 

·o.686 
0.686 
0.685 
0.685 

o.6e4 
0.684 
.0.684 
0683 
0.683 

0.683 
0.681 
0.679 
0.677 
0.674 I 

1_372•· 
1,363, 
1.356 
1.350 
1.345· 

l.341 
1.337 
1.333 
1.330 -
t.328 

1.325 
1.323 
1.321 

1.319 
1.318 

1,316 
1.315 
1.314 
1.313 
1.311 -

1.310 
1.303 
1.296 
1.289 
1282 

1.812 2.228 2.764 3.169 , 

t.795 2.201 2.718 3.1~ 

1.782 2.179 2.68i 3.0S5 

1.n1 2.160 2.sso •3.012 

1.761 2.145 2.624 2.9n 

us3 2.131 2.602 I 2.947 
1.746 2.120 2:583 2.921 

1.740 2.110 2.567 I 2.898 

1.734 2.101 2.552 2.878 

1.729 2.093' 2.539 , 2.851 1 

1.725 2.086 2.528 2.845 

1.721 2.080 2.518 2.831 

1.111 2.014 2.soa 2.s19 

l.714 l 2.069 2.500 2.807 

t.711 

1.708 
1.706 
1.703 

. , 1.701 ., 
1.699 

1.697 

1.684 
1.671 
1.658 
1.645 

2.064 ~ 2.492 2797 

2.060 2.485 2.787 

2.oss 2.479 2.n9 

2.os2 2.473 2.n1 
2.048 V467 2.763 

2.045 2.462 2.756 

2.042 2.457 2.750 

2.021 2.423 2.704 
2.000 2.390 2.660 

· 1.980 2.358 2.617 

1.960 2.326 2.S75 

4,025 ' 
3.930 
3.852 
3.787 

J.733 
3.686 
3°.6~5 
3.610 
3.S79 

3,552 
3.527 
3.505 
3.~85 
3.467 

3.450 
3.435 
3.421 
3.408 
3.3$6 

.J .385 
3.307 
3.232 
3.160 
3.090 

,.._.,.ty shoY,-n at ow h-iad ot each co:urnn is the M~3 i(l C-1"..e t.111· the la!ger P<ebati~tt 
ttdi: The $t'na!for ~tOt:.wwi 

1l :he area in both tails. · . . H O Hartley, eds .• BJomotrika T.1bt~s for St.itisriciar,s, 1.'0I. 1, 3d Qd .• ~bto 12, 

Sou~: Ft";)11'1 E_. S. Pearson and .. ,; 1966_ Re--rodoccd by pcrrnissio:'\ o! L"te e~:~O(S aod ttvslce$ of 6.iome!ri'lc.a, 
r- ....,b-~"' U&tercrt-.1 Press. New Yo,... • ., 

~ .. .. ~ ...... , 
41 
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TABLED.4 UPPER PERCENTAGE POINTS Of! lHE: x. 2 OISlAIBUTION 
Example 

Pttxl > 10.6'5) = 0.95 

Pr(x? > 23.83) ~ 0.25 for di ~ 20 
95%a~a 

Pr(x2 
:i, 3L41) = 0.05 

0 23.133 31.41 

.sss ,990 .975 .9SO 

1 392704 x 1O-t0 t~ross )( 10-~ 982069 x ,0-·9 3SJi14 x 10·8 

2 ,010025l .0201007 .0506356 ,102587 
3 .07t 7212 .114832 .215795 .351846 
4 .206990 .297\ \0 .484419 ,710721 
s Atmo .S54300 .631Z11 t.145476 e .575727 .872085 1.237347 U3S39 
1 .9892$5 1.239043 1.65987 2.~6735 
8 . 1.344\S 1.~ 2.17973 • 2.i3~ 
1 l.7l4S26 2.087912 2.70031 3.325H 

10 2.1SS8$ 2.ssa21 3,i4697 3.94030 
11 2.60321 3.05347 3.81575 4.57481 

112 3.0135'2 3.57056 4.40379 5.22603 
13 3.56503 4.10691 S.00&74 · S.89186 
14 4.07468 4.06043 5.62872 6,57063 

15 4.60094 5.22935 8.26214 7,26094 
16 5.14224 5.81221 6.90766 7.96164 
11 5.69724 'SA0776 7.5$413 I 8.67176 
,a 626~&1 7.01491 8.23075 9~ 
19 6.64396 7.63273 8.9'.165$ 10.lt70 

20 7.4JJ$$ 8.26040 95908:J 10.esos 
21 6.03386 6.89720 -10.28293 11.5913 
22 a.e~~n 9.54249 10 .. 9823 12.3380 
23 9.26042 l0.113567 11.6865 13.0905 
24 9.88623 10,8564 12.4011 1~.8-™ 

25 10.5197 11.$240 13.1197 14.6114 
20 11.16~ 12J981 13.S439 1$.3791 

'ti 11.8076 t2.8786 14.5733 16.1S13 

28 12.4613 13.5648 15.3079 16.927g 

29 ,3.m, 14.2565 1s.o,m 17.7083 

30 13.7867 t4.SS35 16.7908 18..4926 

40 20.7C65 22.16-13 24.4331 26.5093 

50 27.990i 29.7067 32.3574 34.7642 

eo 35.5346 37.4848 40.4817 411879 

70 43.2752 45.4416 48.7S76 . 51.739.1 

80 51.1720 $3.5400 57.1532 60.3915 

90 59.1963 61.7541 65,6466 69.12&> 
n.9295 100' 67.3276 70.064$ 74.2;2t9 

9134 

.ooo 

.0157~ 
210720 
.5643,S 

1.06362.3 

1.61031 
2.20413 
2.83311 
3..48$~ 
,0681$ 

4.BS?ta 
. ssrm 

6.30380 
·7.04150 
1.78953 

8.54675 
9.31123 

10.0852 
10_.8~ 
i1.6SOS 

12.4420 
112396 
14.0415 
H.8479 
15.6587 

lS.47~ 
172919 
18.113.S 
tS.93~ 
19.76n 

20.599i 
29.0505 
37.6886 
~.4589 

55.329':l 
6.t277S 
T.l.2912 
82.3S8i 

~1-gr~aterthan 100 the exprossioa./fii-J(2k-1) := Zfcl~~1atdi~rctmal~tl. 
Vtl':~re JI reprc::.ents the degrees ot freedom. 
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.750 .500 ~ .100 .050 .025 ,OtO .005 
..... .._~~~· 

.tQiscca .454937 1.32:00 2.7{;654 3.84146 5.02389 6.63490 - 7.87944 

.57)3$4 1.38629 2..ms9 -1.sosr, 5,99f.:i1 7.37716 9.21034 10.5960 
l.212534 2.36597 4.10836 6,25139 7.f>H'l3 9.34840 11.~49 12.8381 
1,92255 ~t~5670 -S.~'21. 7.TT.944 9.4877-3 11.1433 13,2767 14.8602 
2.67460 4.35146 6.625&.l 9.23635 ,11.o705 12.8325 JS.0863 16.7496 
3.45460 5.2-4812 7.84080 10,6446 12.5916 14.4494 1M119 18.5476 
4,2$485 6.345St 9J)3115 12.0170 14 .. (ft'Jit 15.0128 1~.47$1 2-'J.2777 
'S.0~ 7.34412 10.21&$ 13.3$16 tS.S.073 l7.5346. 20.0902 21.9550 
·S.S9aal 8.34283 · H.38a7 ,~.68:37 16.9100 1~.0228 itV.£0 23.5893 
&.73720 9.34182 125~9 15,9871 18.3()70 20.483l . ~3.2093 25. '882 
7.58412 10.3410 13:1001 17.2750 19.67$1 21.9200 24.7250 26.7569 
8.43842 11.3403 14.6454 16.S-t94 2L0261 23.3;367 -26.2170 28.2995 
9,29~6 . 12.3398 15.9839 19.8119 22.3621 24.7356 27,6883 

/ 

29.8194 
10,HiSl 13.3_393 "t7.1170 21 .0642 23.68,\8 26.1190 29. t4\3 31.3193 
11.03.6$ 14.3389 J8.Z4Sl 22.3072 24 .. 9:%8 27.4884 30.5179 32.8013 . 
11.9122 lS.33S5 19.3GSS · 23.5418 26.~2 2S.6454 31.$$99 34.2672 
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APPENDIX 0: STAriSTiC.;L TAGL(S 933 
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