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In a two pérson (A and B) and two good (X and Y) pure exchange economy,

the ordinal utility functions of the consumers A and B are given as :
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where X x Xg» Y, Y, are the consumption of X and Y by consumers A and B
respectively. A is endowed with (10, 0) whereas B is endowed with (0, 10).

()  If Aand B trade with each other using the competitive mechanism. Write the market
clearing equation for X and thereby find the general equilibrium price ratio ang

allocation ?
(ii) Is the competitive equilibrium allocation equitable ? Why or why not ?
(7ii) Is the competitive mechanism equilibrium allocation fair ? Why or why not ?

(iv) If the initial endowment were interchanged between A and B, then write the market
clearing equation for Y and thereby find the competitive mechanism equilibrium price

ratio and allocation ? Does any agent envy the other ?

(b) Is it possible to have a Pareto efficient allocation that is not equilibrium in a 2x2

exchange economy ? If yes, under what conditions ? Show in an Edgeworth box.12+6.5
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(@) Five persons A, B, C, D and E constitute a society having preferences regarding four
alternatives w, x, y and z. The following table shows how each person ranks these alternatives

from the best (topmost) to the worst (bottom most).

Person A Person B Person C Person D Person E
W z z wo y
X b% X " . ¥ | z
y X w X W
z ! w y z X

(#) Ifthey vote first on w versus x, then vote on the winner of this first contest versus
y and lastly they vote on the winner of second contest versus z, then which alternative

is the final winner ?

(7)) If instead voting is done first on w versus z then on the winner and x and last

on this winner versus y, which alternative wins ?
(iii) What do the answers to parts (i) and (ii) illustrate ?

(iv) If each person gives ranks of 1 (to his best), 2, 3 and 4 (to his worst) alternative

then which alternative wins in this rank-order voting ?

(b) “Every point on the convex utility possibilities set can be welfare maximum”. For what

kind of welfare function is this statement true ? 15+3.5
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A beekeeper chooses the number of hives “H’ to keep. Each hive produces one kilogram

(kg) of honey which sells at a price of Rs. 60 per kg. The marginal cost of holding
‘H’ hives is : MC = 20 + 8H. The hives are located next to an apple orchard.

The orchard owner benefits (without paying) from the bees because bees pollinate

the trees and bees from one hive pollinate one acre of apple trees. The cost of artificial

pollination is Rs. 24 per acre of apple trees.
(/) How many beehives “H’ will the beekeeper maintain 9

(i) Is this the economically efficient number of beehives ? Explain
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(iif) 'What changes would lead to a socially effcient operation ?
(iv)  How much subsidy should be given to the beckeeper for inducing him to produce
socially efficient number of beehives ?
(b) Consider a plant that manufactures dynamite ‘d’and a nearby farm producing tomatoes‘?’.
The cost of production of dynamite is :
TC,d n) = 2d + (n - 2
where ‘@ is the amount of dynamite produced and “»’ is the intensity of use of a nitrogen
in the produetion process. The side product associated with use of the nitrogen is ammonia

- a fertilizer that is released into the air. Such fertilizer promotes growth of tomatoes

making the production on the farm cheaper. In particular the higher the intensity ‘»’

lower the farmers cost : T C, (¢, n) ==+ 2 —nt

The prices of tomatoes and dynamite are -P , = P, = Rs.l

(/)  Find the level of production of dynamite ‘d” and intensity ‘n’ that maximizes
the profit of the dynamite manufacturer. What is the maximal level of profit ?

(ii) Given the intensity ‘»’ from (i) find the optimal level of production of tomatoes
‘t’ and' the proﬁt' of the farmer.

(i) Find the joint profit of the dynamite manufacturer and the farmer.

(iv) Economists say that the positive externality is associated with too little activity, compared

to the efficient outcome. Are your findings in this problem confirming this

statement ? 9+9.5
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Ann (A) and Bobby (B) share an apartment. They spend some of their income 0

private goods separately and some of their incomes on public good like TV. A'S unhty

function is : Up(Xa, G) = GY4X,3and B’s utility function is : Ug(Xg, G) = G]“‘XB ‘

where X, and Xp are the quantities consumed of private goods by Ann and Bobby

and G is the size of the public good, where, G = At g, the contribution of A
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and B for buying TV. Both Ann and Bobby have income of (W

A and Wy respectively)
Rs. 2000 each per month. Price of public good is given as,

P5 =100 and price

of private good is given as, Py = 1.P reflects the marginal cost of public good.

()  Write the conditions for the provision of the Pareto efficient amount of public good

assuming both Ann and Bobby can pool their resources.
(z'z') Find the optimum size of G for the provision of the public good assuming X ,= Xp,.

There are two types of workers in the labour market, high ability workers and low
ability workers. Let education be a signal to the firms and firms pay each type of worker
according to t_heir marginal product. A successful si gnal causes high ability workers to

receive Wiy and low ability workets to receive W, . In particular, the cost of acquiring

education ‘C* for workers is Rs 15,000, Wy = Rs. 40,000 and W, = Rs. 20,000, p

is the proportion of high ability workers.
()  If there is a pooling equilibrium in the model, what should be the proportion of
high ability worker, .

(ii) What kind of equilibrium will occur if the cost of acquiring education is less than

Rs.15,000, assuming 3 as above ? 9.5+9
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Section B (W &)

. (a) Mr. Gnash, who will distribute Rs. 4 between two people A and B, asks them to

simultaneously write any whole number between 0 and 4 on a piece of paper. If the
sum of the two numbers is at most 4 then both will get the numbers of rupees they
have written. If the sum exceeds 4 and both have written the same number then both
will get Rs. 2 else the one who has written the smaller number will get the number of
rupees he has written and the other will get 4 minus this amount.: Determine the best
response of each player to each of the other player’s actions, plot them in a dot-circle
best response diagram, and thus find the Nash equilibria of this game.

(b) Consider the following game :

Player B
L R
Player A U 24 1,0
D 0,1 45
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(i)  Draw the extensive form for thi game and find out sub-game perfect Nash equilibrium

1if the 8ame is sequentia] ang player A plays first.

(7i))  Are the Pure strategy Nash equilibrium of the game strict equilibria ? Explain giving
definition of strict equilibrium, ‘ 10+9
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(@) Two people are engaged in a joint project. If each person 7 puts in the effort X a
non-negative number equal to at most 1, which costs them C (X1) =X, and C (X5)
= X5, the outcome of the project is worth F(X 1-X2)= 4X X,. The worth of the project

is split equally between the two people irrespective of the effort levels.

() Find the best response function of the two players.

() Make the blest response function diagram and find the Nash equilibria of the game.
(iii) What are the payoffs of the players at these equilibria ?

(iv)  Which pair of effort level, the payoffs to the players is highest ?

(b) Consider the game below :

Player2
L R
Player 1 T 4,8 0,0
B 8,20 . 8 4

()  Inasimultaneous game, if (B, R) is the only Nash equilibrium of this game, what
must be true of X and Y?

() Present the game in extensive form. If this game is played sequentially, identify all
sub- games with Player 1 moving first. .

(ifi) Assuming (B,R) is the sub-game perfect Nash equilibrium (SPNE) outcome, what
must be true of X and Y ?
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A fist's -inv.erse demand for the good is given by P (Q) = 100 — Q and cost is
monopo ,

given by C(Q) = 0. Consider three cases.

BT,
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Case-1

Suppose that monopolist can perfectly price discriminate among the consumers.
(i) What is monopolist’s profit in that case.?

(if) Is the allocation Pareto efficient ?

(fil) Calculate the consumer surplus ?

Case-2

Now suppose that Monopolist can charge different prices on two segments of the market

with different demand curves. The demands on two segments are :

Q,(P)= 50'-§P, and Q,(P,)=50- =P,
(¢v) Find out equilibrium price and quantity jf the firm pmctices thﬁ'd degree price discrimination.
Case- 3 | s | \
If the Monopolist is not allowed to price discriminate apd has to charge a single price

from all consumers.
(v) What would be the equilibrium price and quantity in this case ?

(vi) Compare producer's and consumer's surplus in the three cases: perfect price discrimination,

third degree price discrimination and uniform price. 19
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(@) Two firms (A and B) compete setting the quantity. They face the market inverse

.d d P = 200 — Q, where Q= qp + 9> and they both have a marginal cost :
eman = ’

MC = 20.

() Find the Cournot-Nash equilibrium. PTO.
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(i) How would the equilibrium change if the government decides to subsidise Pmﬁ A

with 12 per unit making MC, = 8 whereas, MCy = 20.

(i) How would the equilibrium quantities and prices change if there were three identica]

firms with MC = 20 ?

()

Consider Hotelling's model where two petrol stations labeled A and B are located along
a street length of 1 km. Assume that consumers are uniformly distributed along the street

length. Each consumer has a transportation cost equal to 2d, where ‘d’ is the distance

traveled back to one’s house after filling up petrol. Suppose that A is located at 1/4

of a km and B is located at 1 km. Assume that production is costless.

() Determine the demand functions Q, and Qg for the two pétrol stations.

(@)

If the two petrol stations compete in prices (P A and Pp) and settle at Nash equilibrium,

will they charge the same price for petrol ?,

(7)) What will be the profits of the two Petrol stations ? 7+12
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(a)

(®)

(©)

)

(i)

An economy has the productidn function Y

0]

- economy. Explain. -

(2) 4622

Show that in the endogenous growth mode]
a

permanent change in the share of Populatio
n

employed in research does not change the long ry
n

rate of technological progress.

Examlpe under what circumstances, a constant

research effort can sustain long run growth in the

economy.
y 5425

Allowing firms to charge a price above the marginal

cost is important to promote innovations in the

3

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 of

2 +1.5+1

~ 0.5VKVL.

decrease after the war ?

oy ]
; n
What is the per worker production functio

(a)

(®)

(i)

(iii)

(iv) :

O]

(fDI

(9

(i)

(3) 4622
In terms of the saving rate 's’ and the depreciation
rate '8', derive steady state levels of capital per

worker, output per worker and consumption per

worker.

Suppose that 6 = 5%. What is the steady state

output per worker and consumption per worker when

s = 10%.

What is the Golden Rule steady state level capital

stock per worker-when & = 5%9 1+3+2+1.5

T‘{Sﬁzﬂ; & srsia (endogenous) ﬂqﬁl HisA
4, 9 F o g e ¥ s § e
IR, Al T W e =
w1 uRafda 7= st 3 |
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¢ 45 460
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(i

(1)

()

Q)

yfg sfas IR wed =1 8 2

T o T PR TR 8 WA
st it 9 st <o o iy safie S
o Teemeren (steady state)aﬁwwml
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I 5 = 50 & A1 i AHS Il Wi 1 @0
99 (golden rule) TeerTa®en =@ &1 B 2

Suppose an individual has a utility function of the
following form : U(c,) = In ¢, for every time period
t. If he discounts future utilities at a constant
discount rate &, show that his intertemporal

optimizing behavior, using an intertemporal budget

(5)

(c)

(i)

- (i)

()

(#1)

4622

(5)
constraint, leads to the result that the ratio of
marginal utilities of consumption in cach two
adjacent periods over time is equal to the ratio of
one plus the market interest rate to one plus the

consumer discount rate.

Using the above result show and also explain under
what conditions will consumption rise and fall over

time. 4.5+3

Derive the expression of the present value of income

stream in Modigliani's life cycle hypothesis.

Discuss how, using these components, Modigliani
derives a consumption function which is statistically
measurable. From your answer explain how

Modigliani solves the consumption puzzle ?
2.5 +342

Show using the adaptive expectations hypothesis,
permanent consumption in period 7 is a function

of permanent consumption in period #-1.

Explain how Robert Hall reformulated the
consumption theory by incorporating the
assumption of rational expectations. 3.5+4

P.T.O.
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TEAHIHTOT (optimization) TIeR o qﬁ"ﬂqﬁ%‘\q

T 3 (adjacent) 14T H ITNURT T*ﬁq]—‘d

ITARTAST 6T STIA (1 + SR =N ) T
(1 + YT T 922 (discount) I TX) F Ty
I o S BT | |

mﬂaavﬁmmaﬁmﬁamamm
fr Fr feafirdl 3 oot @ 3 T w3
9 "I
et #t S oo § -
Y8 o a9 e &g ST Sged— T |
Aifsfieart 37 et =1 germ 3 59 gaR
TF AW SO Hod o S0 € S fE
Tifeasa ®9 9 WUHlE §, 3O faa=m
T 19 SR w6 Afsfierr
fF wor ST wRelt A geEm ¥

\’HW (adaptive) JRT qﬁwfﬂ &I TR
¥ quisy 5 omfy  F wrh sudm, spfy
1 B R U9 @ S o

(@)

(b)

(©

7)) 4622

(i) EHEEY fF Uad e 3 G wER aeheTd

0

(ir)

(rational) STt =) FaIfarse ek AU h
foam =1 grfor o

At the end of 1988 and the beginning of 1989, the
inventory sales ratio was beginning to rise in the
US economy. Business cycle forecasters were
worried about the possibility of a recession later
in 1989. Explain why alhigh inventory sales ratio
would be a recessionary signal. Is this relation

always true ?

What is the g theory of investment ? 4+3.5

Suppose we have a Cobb - Douglas production function

given by Y = LI"*/KY

1 >y>0, here Y = output, L =

labour, K = capital y = share of K in output.

)
(if)

(i)

Derive the expression for the desired capital stock.

What will be the value of the desired K stock when
y=0.3, Y =Rs 5 lakh and rc = 0.12. (rc = rental

cost of capital)

What are the effects of fiscal and monetary policy

on the desired capital stock ? 2.5+243

“Tobin distinéuished three kinds of preferences that
an individual might have towards risk. What are

they ? Explain their equilibrium portfolios with the

help of diagrams. PTO.
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Explain from the above analysj
xple ysis how the aggr
money demand can be derived in the portf, i
olio
balance model when an individual diversifje
S
between bonds and money.

1988 o 311 T 9 1989 % YREY T WiF-fogy
ST (inventory sales ratio) US economy ¥
T 91 | SATIR-5h1 o HfTeaarl 1989 3 a7y
W H TS E WET R o %ﬁm A
IR R Wi ST Al T Ha

BT AT T BN 9 A ¥ )

WW(}%WW%7

A wifSe fF TAR 9 v = Lok gEm e
T FE-TE SAET Fold § e 1 >y>0
Y = IE, L = 5, K = S 91 y = 39 H K
Y R

()

(i)

MK (desired) 5Tt ik B T SJd o |
Sy =03,Y=5WM@ T ql re=0.128 @
qfed K WIH &1 /F &1 2 2 (rc = rental
cost of capital) Ti\_rﬁ *1 o @ |

iy TorRTST & s i % aifea gt ©@E

3+45

(c) |

(a)

(b)

(7)

(if)

(i)

(if)

(9) 4622
‘S % Sifed o W R SR S T
THT % TevdE A (preferences) % HA
i fom | 3 - € 7 OB A T
Tt ﬁﬁﬂ—’«'{fﬂ"ﬂ (portfolios) Ecaflic: cec el
TeEdl 9 THAET | _
Sy fargeromn =1 werd | @eeE {6 S
=fad HOT-T3  (bonds) F HEI 95 HET
ICICLIET (diversification) S {dl %” "@:ﬁ feafq
7 ﬁ"%ﬂ—?ﬁﬂ Rs Sk HiEA (portfolio balance
model) ¥ THT HZ1 WA fFE YER a1 I
SI:Cnii g
‘A dramatic rethinking of monetary policy took
place, based on inflation targeting rather than on
money growth targeting’. What were the reasons
for this ? -
Explain, using the Taylor rule, how the economy
adjusts when, first - inflation is above target and

second-when unemployment is above the natural

rate ? 4.5+43

Examine ‘the view that debt financed govt. spending
keeps economic activity unchanged. What are the
limitations of this argument ?

“The higher the ratio of debt to GDP. the larger
the potential for catastrophic debt dynamics’

Explain.
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(i)

(10) 462
Distinguish between nominal price rigidity and reg)
price rigidity in the context of the New Keynesian
macroeconomic models.
Taking the case of a monopolistic firm, explain with
a diagram how a firm's decisior; not to cut price,
inspite of a fall in demand, due to menu costs can
have adverse effect on the society. 3445
Iﬁﬁa Hifa hl, Thitd a?{ql._ciﬁ' (inflation
targeting) F WH T Hal Ea| ﬁa & ALITHA
(money growth térgeling) 9 3THTa TH
3H (dramatic) 'ﬁﬁ"ﬂﬂ (rethinking) 8311’
W O B A 2
e Fram it erad § Toest fo srefeqaeen
T T SW A A T, T I
A YiFHfah TR T FW & ?
O qifva (debt financed) WHEH =99 q s
Tty 1 wR fefia @ €, 39 o= @
qlta FifS0) 39 9 F T gl ¥ 2
"HU-GDP I fSa sifues dm, werEel
(catastrophic) Ul Tfeht (debt dynamics) Edl
FeeAl 3t @ aifyss @t wemR

(©)

(a)

(b)

(©)

(i)

0

(i)

(if)

(#fi)

(i)

o § 4622

AI-h=id (New keynesian) W—MW

Hteat 3 T & Ak Fra-gem d ardias
HUd-qed F WA W T HIfeIT |

TF THIHT A ¥ THA H od 5L TH
Yenfom it T § wHEEn fF 6§ e
¥ SESE G-I AR o RO FIA FH
T ®W &1 HH F 0, gES ) Yided
YUE o/ Hehal B

Explain how asset price bubble affects the financial

system and what measures should the central bank

take to resolve the problem.

Discuss how collateral reduces the problem of

asymmetric information. 5+2.5

Explain the process of determination of equilibrium

in the housing market in the short run.

What are the factors that determine the position

of the demand curve for housing in the short run ?

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

343 +1.5
Explain with an example that an economy with a

higher average inflation rate has more scope to use

monetary policy to fight a recession.

Why wars typically bring about large budget

deficits ? 4435

P.T.O.
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gqgrgqﬁﬁqﬁgmﬁ ﬁ'qa'g(_'@ﬁ(asset price
bubble)mmﬁﬁqﬁﬁgwm
%amg‘qmaﬁ'm %@aﬁ}q%ﬁ‘?
w1 F FH o el 2 |

STHMA (collateral) THT THR STHHMAT Tl
ﬁﬂﬂw@rmm%mﬁéﬁﬁﬁﬁm

A SR H T | maw 3 fron
&l YA & GHIET) |
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State whether the following statements are true or false. Give |

reasons for your answer :

0]

If the regression model Y; =B, + B, X,

_+B3Xy; oy, is estimated using the method of ordinary

(i)

(iii)

()

)

least squares, the sum of the estimated residuals (e;)-
I

is zero.

For the two-variable regression model, Y, =B; + B,X,
: |

+ u,, if the OLS residuals (e,) are plotted against time |
|
() and a distinct pattern is observed, then it is an |

indication of heteroscedasticity.

If the p-value for a test statistic is greater than the
chosen level of significance o, then we reject Hy at

a level of significance.

In the regression model Y; =B, +B,X,; +u;, some |

variation in the values of the explanatory variable (X) '

is necessary for estimation of the regression coefficients.

The model : Y = B, + B,yX, is a mathematical model

but not an econometric model. 5%3=15

t 3 9% 4665

S ————E R AL
fow wror @Y

@

(1)

(iif)

()

)

7fg Elf‘?FTTFi‘ HiTd Y; =B, + ByX,;
+Bax3i%ui, w1 oam enwamuE. fafa R
firpren T ¥ A STAI ST (e) FT AN
IE T .

fﬁ&l{ gfrgs @ied: Y, =B, +B,X, + u,
% fau e A wa T afor () B T
0 & foeg = ®0 W YA @ Wm O,
W IE TusfEfad (Heteroscedastici&) H TH
q&a Tl

o T when wifers @ fa wowm watE
T Ho 9 AHF ¥, AW O D o TR
T H, # SFEAER w@ E|

€ 2 Y, =B, +B,X; +u;, H TEF

RO F T A e e wheee s @

AW % fau smEvmw ¥

AISA 1Y = B, + B,X, TF T Hrewt ¥, A

P.T.O.
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The following auxiliary regression results were obtained
using OLS residuals (e,) of the original regression model,
Y, =By + BoXy +uy,
e? = _25+19.57 X, —10.54 X?
R2=0.1423 n=80
(i) Perform White’s General Heteroscedasticity Test at
10% level of significance. State the null and

alternative hypotheses clearly. Do you find

evidence of heteroscedasticity ?

(ii) Are the OLS estimators still unbiased and best

in the presence of heteroscedasticity ? 5

The hypothesis Hy : p = 75 is tested against the
alternative hypothesis H; : p <75 using a random sample
of size 25 from a normally distributed population with

o =9 using a 1% level of significance :

() Calculate the probability of Type II error if the

tue . = J2

(i) Will the probability of Type II error be larger if

a 10% level of significance is used, instead ? 5

Discuss any five consequences of multicollinearity. 5

@& Ha gfamE Ared

L

( 5 ) 4665

Y, =B, + ByXg; +u;,
AN TATE. TARTE (¢) T ITAT FId BT
fr=rfefea gems Wi 9fitom wra feg 71 :
e? =—-25+19.57 X, - 10.54 X?

R2 =0.1423 n =80

() 10% ®X B HEE W ®IEE W S
BTUTSHZET (Heteroscedasticity) S SHITSTT |
VK (null) 3R Fwfeuss SIHAE 1 TR
Y 9§ FABT| FAT 3MIh! geQeefTd &
g faerar & 2 |

() TN AT, TR FRehehE =
SteEfa 4 ot Froay ol TR o=y ¥

(@) TR&FETAT Hy : p = 75 dwfers wfRmer

leu<75%ﬁ§‘q‘rntﬁ e fHafa s
(c:-9)©qa;mq@(m Py —
1% W F TR W OwhEw fem s ¥

& I 1A' F WwET | o &
A w/E p= 2 ¥

ETO.
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(i) F IRTN A F AIET TS A TwHS

T 3l THE! T 10% FEd F T ITE
fem S ¥ O?

TeAF Al (Multicollinearity) ® f& uf=
ofor W ==l sifee |

Suppose that the regression model .Y; = B| + ByX, + u,
is estimated using the least sq‘uares method as
W}’[_ =b, +b,X;. If Y is related to Z through the
equation, Z, =5 + 2Y; and anothér regression model
Z, = A+ AX; +y is estimated using the method

-

of least squares as Z.=a; + a,X;.

(i) Are the slope coefficients of the two estimated
regression equations the same, ie., is a, = b,?

(i) How will the ¢ statistic of az'be related to the

¢ statistic of b, 7. 5

What do you understand by the term autocorrelation ?
If the coefficient of autocorrelation, p, is not known,

how can it be estimated from each of the following ?

(i) Durbin-Watson d-statistic

(ijy OLS residuals.

(0)

« 7 ) 4665

The following regression model was estimated using data

collected from 34 stores, 5

Y. = 5837.53

L

- 53217 X, + 3.613X;,

se = (628.151) (6.853) (0.6852)

RSS = 19472.33 TSS = 52093.55

Y; = monthly sales of ‘Milky’ chocolate bars for store

i, (number of bars)

X,;, = price of ‘Milky’ chocolate bars for store i,

(in rupees)

X3; = monthly ‘in-store’ promotional expenditure for

store i, (in thousand rupees)

(/) Interpret the estimated partial slope coefﬁciems of
X, and Xj.
(:'g') Test the model for overall goodness of fit using

5% level of significance. 5

P.T.O.
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1 oA MuewE. fafy w1 S@m = wmE
¥ S BRI ¥ Y, =b, +b,X, | W T

foF Y @RS Z, =5 +2Y,% WEH A 29

gefod & T TH A= ufama wmiew

Zf = Al & AZX:' W ¥ £l 33[1141? ﬁ@@

fafs g WA T S AT T 2, =a, +a,X, |

0 wﬂwﬁﬁﬁmﬁwﬁ%m

WW%,??THDT%:EJZ?
i) a, T A SHme fFE FER b, % A AR
¥ wafuq &M ?

AT T TE-HAH (Autocorrelation) § T T

g 2?3 @d:ge-G9Y (Autocorrelation) 1 "I”W

p,maﬁ%aﬁmﬁamﬂmawf

3w ST wEd &2
() SfA-afema g'f—aﬁ'ﬁ

(i) SNTA.TE. AR

( 9 ) 4665

() 34 Yol ¥ wHF BRU MU T A STM FHA
tu PreAfafen gfoma #wiea &1 AAN A

™ ¥ o
g, = 5837.53 - 53217 X, + 3.613X;
AHE e = (628.151)  (6.853) (0.6852)
AR.TH.TH. = 19472.33 ﬁ@@ = 52093.55
Y, =®R, & fAu Miky =fwee SR HI HEE
fowt (IR ® GE)
X,, = ©¥R, % U Milky =fEHee SR & HiEd
)
Xy = VR, F fou wfes ‘w-2R' woR =@
(&R wqq ) |
O X, R X, B AT Ao @R o
H e S|

(i) 5% &R & Hed H ITA HE HS H
i & fou Wew w1 wdham wifw)

3 1 X



(@

)

( 10 ) 4665

Consider the following regression results for 45 countrieg
for the year 2011-2012, (the t-ratios are given ip
brackets) :

FDI, = 21.045 + 0.0545 GDP, + 1.864 GOV_INDEX,
§ = (1.232)  (0.744)
where

FDI = Foreign Direct Investment (billion dollars)

GDP = Gross Domestic Product (billion dollars)

GOV _INDEX = Governance Index (a higher value

indicates better governance)

(i) Is there evidence of multicollinearity ? Explain your

answer.

(i) Discuss any fwo methods that can be used to |

deal with the issue of multicollinearity. 5

The following regression was estimated using data from |

a sample of 15 houses (standard errors are given in

brackets) :

Y, =200.091 + 16.186 X, + 3.853D,

L

se = (4.354) (2.578) (1.241)

(1.005) RZ = 0.9667

(©

¢ 1)

assessed value of a house (in Rs. lakhs)

<
[

X = size of the house (in hundreds of square feet)

0 for house i, if it does not face a park

o
Il

= 1 for house i, if it faces a park
(/) Interpret the estimated coefficient of D{'

(ii) Test whether the presence of a park in front of
the house increases the assessed value of the
house, using the p-value approach and a 5% level

of significance. _ 5

A researcher postulates that the car density (number
of cars per thousand population), Y, in a city depends
on the bus density (number of buses per thousand
population), X. He runs the regression model, Y; = By
+ B,X; +'u,; for a cross-section of 128 cities in India

and finds evidence of heteroscedasticity.

() How would the model be re-estimated if it is

assumed that error variance is proportional to the
: ; o2

reciprocal of X, that is, E(uiz) = E- ? Show that
i

the transformed error term is homoscedastic.

P.TO.
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(i) Can we compare R? of the original mode| and g,
e

transformed model ? Explain your answer
' 3

(%) o 2011-2012 B 45 Wi o T Frafafem g,
ofordt T fER AT, (¢ STIN Hiew

feg T
FDI, = 21.045 + 0.0545 GDP; + 1.864 GOV_INDEX
’ - i

f= (1232) (0.744) (1.005) R2 = 0.9667

o, Trde. - e TER FEE (R )

FAd - gFa W G (WA (W)
GOV_INDEX = SR o (359 A G

# i@ ®)

(@ FA ﬁgﬂ'ﬂiﬁ@m (Multicollinearity) 1 ELL

2 7 s S FHERC!
iy ot 2 i e s o ST

(a)lsaﬁa‘#?@ﬁ@ammﬁrm@

()

freffefam oA 1 A ST ™
¥, = 200091 + 16.186 X; + 3:853D,

A Aqfe = @354 (2578) (1.241)

Y.=@mmﬁm@(mmﬁ)
x-mwm(ﬁﬁ‘raﬁ we #H)

"Di=0ﬁfqura§$'mﬁﬂﬁ%

-, 3t W UH ® GHEA T

0 Df%mﬁﬁgmﬁmﬁﬁm

() A e ghewm iR 5% Wed
wﬂﬁaﬂﬁ@a‘hﬁﬁqﬁwm%
MY TE T @ SuREfd W F Ed &
et ® 2

T viywd = € fF v # FR WA (FN

F Hem 3 TR ), v, §E W X
w ek w@ § (W ufa s w wen) |

P.T.O.
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gz wiRa # e yiafifue ® 128 weld @y
GRATT WEH ¢ Y, = By + B,X, + u, A Ha
3R %Z‘ﬁﬁ@'ﬁ?ﬁ:lﬁ (Heteroscedasticity) T WHTUT gy
gl
¢ Tvew W R @ st S8 e s
I 7z 7 S R Jfe oo X, & sgew
¥ oruIfas HE-Y YEI '%, el
2 -
E(U?)=§—i ? ey f& wwEia Ife w
eeefes T
() ¥ TH T Hisd R TIGU HEed &
CR2H QO FX THA & 2 AU e
THITES |
Using annual time-series data for the company ‘Pure

Juice’ for the period 2000-2016, the following equation

was obtained :
InY, = 1.2028 + 0.0214 ¢

se = (0.0233) (0.0025)

®)

( 15 ) 4665

where Y, = revenue of the company in Rs. crores at
~

time ¢ and /n indicates natural log.

@)

(i)

(i)

@

(1)

Interpret the estimated coefficients.

Explain how the annual compound growth rate in
revenues of the company during the period can

be obtained ?

Using the estimated model, how ‘can the forecast

revenue for the year 2017 be obtained ? 5

In the presence of autocorrelation, the OLS
estimators obtained are Best Linear Unbiased
Estimators (BLUE). Do you agree with the

statement ? Why or why not ?

In the two wvariable regression model,
Y, = B; + BX, + u, discuss how the problem of
autocorrelation can be remedied using First Difference
Method (p = 1) if the disturbance term u, follows

AR(1) scheme, that is, u, = pu,_, + v, 5

P.TO.
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(¢)  Consider the following three-variable regression mode] : )
(iiiy I Aled 3qam, =4 2017 % @

Y, = B, + BoXy; +BgXy; +u; . Iaﬁ G &3 g A ST
T ? |
W:ﬁ?—ﬁéq (Autocorrelation) w1 3ufeafa H

o ST, A gaas e e
(BLUE)%lW&WWW@W%?

If the method of ordinary least squares is used to

estimate the parameters, prove that : (@) @)
Te? = Ty? - byZy;xy - byZy;xy;

where ;= (Y; = 1), 25 = (Kg; — Xp)y x5, = (X3 - Xp). 5 = @ A& TR ? ‘

aﬂ?mﬁf@»ﬁYr=Bl+B2X,+u,sﬁ
=i it fF @ :Ee-HaY (Autocorrelation)
F GgEN F G AR TS (p = 1) FI
freafafea wfieo < fea T o | ST B9 @ RN S W ¥, TR
| gﬁmuraﬁﬁﬁamﬁwwwm

g, 33[911?L u, = pu_y + v,
() ﬁwﬁnmﬁmmmﬁwﬁﬁq;

(%) ‘Pure Juice’ HUAT T 2000-2016 i 3fafer & ferg (if)
W.W—si@m@jmmm@{

InY, = 1.2028 + 0.0214 ¢
se = (0.0233) (0.0025)

S, v, = §HE W FOA F T (I HAS Y, =By + B,X, + ByXg +4;

4 D i & s l Ifz shua.uy. fafa F1 SwEm Refe 1 gHE
() oA TOiRl R e FIST & fau e smn ¥, @ g% wfed i
ﬁ.

(ir)mﬁsﬁaafu%a\mma%;
mﬁaﬁaﬁﬁrﬁﬁﬁwG%@wi
FH S GEAt T ? | i

2'612 = Eyiz — byZy;Xg; — byZy X,

. 'Efﬁ, yi = (YL - ?), x2i = (X% = }_(2), x3i = (X3f _.)_{3)
BILLO.
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(&)

It is known that the variance of scores of all high
school students in a science test is 150. A sample of
scores of 20 high school students who took the science
test this year yielded a variance of 170. Test, at 50
level of significance, if the variance of scores of the
high school students wEo took the science test thig
year is different from 150. Staté the 'unde_r]ying

assumptions, if any. 5

Consider the three-variable model, Y; = B, + B, X, +
B;X;; + ByXy; + U Let b, be the OLS estimator of

the slope coefficient B,.

(/) Derive variance of b,, i.e. var(b,), in terms of

Variance Inflation Factor (VIF).

(i) When X, is regressed on X, and 5(4, R2
obtained from this auxiliary regression is 0.9217.
Does it necessarily imply high variance of by?

Explain. ' -5

Based on a sample of size 20, the following regression

line was estimated using the least-squares method,

-

In addition, )_(=2Z(XI-—)_§)2 =20 and the standard

error of regression was estimated to be equal to 1.

(%)

(|)

( 19 ) 4665

Construct a 95% confidence interval estimate of the true
population mean of Y for X, =.15. Do you expect
the confidence interval to be wider if a similar interval
is estimated for X, = 2 ? Explain your answer. 5
T 9@ ¢ fr ounm e oA il TEeRm @
B @ @l ® faEe (Variance) 150 ®1 20
v fymme & OE ® @R W TE AL S
T g foge w1 owEr & ® A, 170 B
faem WM B 5% WX H W@ W TR HINY
of wEEE & OBl % WhR w1 fawed, S
T oad # GEH H qden | W 9, 150 ¥
AT T -
" | Aed | fFER FINT, v, = B, + BX,,
+ ByXy, + BX,, + u, | A % b, B, & Ok
H ATATE FTAA T
B by & foraer 312]?6[ var(b,), %I Variance Inflation
Factor (VIF) & HATER I Hifsa
(I"‘j S X, X, 3R X, W wfomfa fwn s
- ¥ @ W TEEE ke @ W R2 0.9317.
R M T IERTF T F (b,) H I
fomem ® @ F@ T2 wEERw

P.TO.
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(M) AR 20 F TE TR P A W, T wfymy

‘"f:.=I5+3X£

=73 Wg-9, X =25(X, - %)% =20, 3R Wiy
F WA A 1 F TR FATAMTE H MR,
y F1 AR & T Ed & 95% (IR sime
F1 Frfor SIfg S&fF X, = 15 €1 F 3 Ty
s v A R A S B E
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The following two regression models were estimated
using annual time-series data for the period 1990-2012
for a certain country (standard errors are mentioned in

the parentheses) :

Model A [n¥, =2.18+0.34 InX,,~0.51 InX5,+0.15 InX,,+ 0.09 InX,

se = (0.156) (0.083) (0.101)

(0.110) (0.099)

R2 = 0.9823

(®)

(©

{ 2t 3 4665

Model B : [ny, = 2.03 + 045 InX,, — 0.377 InX,,

I

se = (0.116) (0.025) (0.063)
RZ = 0.9801

where Y, = demand for cheese (in kg)

>
]
|

= disposable income (in Rs.’000)

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

~<
F
I

price of butter (in Rs. per kg)

e
I

price of peanut-butter (in Rs. per kg)

Which model would you choose ? Test the relevant
hypotheses at the 5% level of significance and state

your conclusion clearly. 5

For the regression model : Y; = ByX; + u, derive the
OLS estimator of B,. Show that it is an unbiased

estimator. Clearly, state the assumptions required to

prove its unbiasedness. 5

A researcher estimated the demand function for money
for an economy for 101 quarters using quarterly data
for the period QI : 1986-1987 to Q2 : 2011-2012. The

L
regression results are as follows (standard errors are

P.T.0.
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+ se = (0.156) (0.083)

( 22 ) 4665

mentioned in the brackets and [n indicates natural log):

_ 26027 - 04024 IR, + 0.59 InY, + 0.524 InM,,

InM;*

se = (1.24) (0.36) (0.34) (0.02)
R2 = 09165  Durbin-Watson d-statistic = 0.650
M, = real cash balances

R = long-term interest rate

aggregate real national “income

o2
1}

() Use Durbin’s h-test to check for the presence of

first order autocorrelation at 1% level of

significance.

(i) Can we use Durbin-Watson d-statistic test for the

above regressron ? Give reasons. 5

%‘\’T%Wmozmzﬁ eqaﬁ:a'%f?m
affs TE-geen & F ITET FW W
frafafeg & yfama wiesa &1 IgAM A
T

(0.110) (0.099)  (0.101)

R2 = 0.9823

ACAA: [n¥,=2.18 +0.34 InX,,~0.51 InXy,+0.15 InX,, +0.09 InXs; |
|

23 ) 4665
HEd B : [ny, =203 + 045 InX,, — 0377 InXs,
se = (0.116) (0.025)  (0.063)
R? = 0.9801

Wﬁ:_‘n#ﬂ? F win (e #)
= fewdstam e @ 000 #)
- i Hm (ew o Fed )
X, = e H wHd (203 gfq fear #)
- dThel-TRE W W (T W e )

o frg Hed &1 W w2 5% Ted @
TR W AEAE FTAR F GET R SR

A HEA 1 Y, = B,X, + u, ® A€ B, H
AT AR I wiwe | esd 75 aw
w fruy AEE R TEel Frousmn wfea
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TN, = 2.6027 — 04024 IR, + 0.59"InY, + 0'524 M,

e = (124) (036) 034)  (0.02) |
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Table A.3 Standard Normal Curve Areas

D)= PZL=27)

|
|
|
|
l
|
|
0

Standard normal density curve

rd

Shaded area = ®(z)

Z
z 00 01 02 03 04 05 06 07 08 09
=34 | 0003 -.0003  .0003 0003 0003  .0003  .0003 0003  .0003  .0002
=33 | 0005  .0005  .0005 0004 0004 0004 0004 0004 0004 0003
=32 | 0007 -.0007 0006 0006  .0006 .0006  .0006  .0005  .0005  .0005
-3.1 0010 0009 0009  .0009  .0008  .0008  .0008  .0008 0007 .0007
-30 | 0013  .0013  .0013 0012 0012 0011 0011 0011 0010 0010
-29 | 0019 0018 0017 0017 0016  .0016  .0015 0015 0014 0014
-28 0026 0025 0024 0023 0023 0022  .0021 0021 0020 0019
=27 | 0035 0034 0033 0032 0031 0030 0029 0028 0027  .0026
=26 | 0047 0045 0044 0043 0041 0040  .0039 0038 0037 0036
=25 | 0062 0060 . 0059 0057 0055  .0054 . .0052  .005i 0049 0048
-24 | 0082  .0080  .0078 0075 0073 0071 0069 0068 0066  .0064
=23 | 0107 0104 0102 0099 0096  .0094  .009] 0089  .0087  .0084
=22 | 0139 0136 0132 0129 0125 0122  .0119 0116  .0(13  .0110
-2.1 0179 0174 0170 0166 0162 0158 0154 0150  .0146  .0143
-2.0 | .0228 0222 0217 .0212 0207 .0202  .0197 0192 0188 0183
-19 | 0287  .0281 0274 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
-14 | 0808 0793 0778 0764 0749 0735 0722 0708 0694 0681
-1.3 0968  .0951 0934 0918  .090] 0885 0869 0853 0838  .0823
-1.2 1151 1131 A112 1093 L1075 - 1056 .1038 J0200 1003 0985,
- 1.1 J357 0 1335 L1314 1292 127 1251 J230 12100 1190 1170
—1.0 | .1587  .1562  .1539 1515 - .1492 L1469  .1446  .1423 1401 1379
-0.9 1841 1814 1788 1762 1736 L1711 1685 1660 1635 1611
-0.8 | 2119 2090 2061 2033 2005 L1977 1949 1922 1894 1867
-0.7 2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
-0.6 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 3264 3228 3192 3156 3121
-0.3 3821 3783 . 3745 3707 3669 3632 3594 3557 3520 3482
-0.2 4207 4168 4129 4090 4052 4013 3974 3936 3897 L3859
~0.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 5000 4960 4920 4880 4840 4801 4761 4721 4681 4641

{(continned)



Table A.3 Standard Normal Curve Areas (cont.) - B = PZ=<2)

b4 00 01 02 .03 04 .05 .06 07 .08 09

0.0 5000 5040 .5080 5120 5160 5199 5239 5279 5319 5359
0.1 .5398 5438 5478 5517 ST 5596 .5636 5675 5714 3753
0.2 2793 - 5832 5871 D910 5948 5987 . .6026 6064 6103 6141
0.3 6179 6217 .6255 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 J123 J157 7190 7224
0.6 SR 1291 7324 4387 7389 7422 7454 7486 1517 7549
0.7 7580 7611 7642 1673 7704 1734 - 7764 7794 .7823 7852
0.8 7881 7910 4939 1967 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 8554 . .8577 .8599 8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 8770 .8790 8810 .8830
1.2 .8849 8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 9049 9066 9082 .9099 9115 9131 9147 9162 177
1.4 9192 9207 9222 9236 9251 . 9265 9278 .9292 9306 9319

15 9332 9345 9357 9370 9382 9394 .9406 - 9418 .9429 9441
1.6 9452 9463 9474 9484 .9495 9505 . .9515 9525 9535 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
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767

2.0 712 9778 9783 9788 9793 9798 9803 9808 9812 9817
24 9821 9826 9830 9834 9838 9842 9846 .9850 9854 9857
2.2 9861 9864  ..9868 9871 9875 9878 9881 9884 9887 9890
2.3 .9893 .9896 9898 9901 9904  .9906 9909 9911 9013 9916
24 9918 9920 9922 9925. . .9927 9929 9931 9932 9934 9936

25 | 9938 9940 9941  .9943 9945 9946 9948 9949 9951  .9952
26 | 9953 9955 9956 9957 9959 9960  .9961  .9962 9963  .9964
27 | 9965 9966 9967 9968 9969 9970 9971 9972 9973 9974
28 | 9974 9975 9976 9977  .9977 9978 9979 9979 . 9980 9981
20 | 0981 9982  .9982 9983 9984 9984 9985 9985 9986  .9986

30 | 9987 9987 9987 9988  .9988 9989  .9989  .9989 9990 9990
31 | 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
32 | 9993 9993 9994 9994 9994 9994 9994 9995 9995 9995
33 | 9995 9995 9995  .9996 9996 9996 9996  .9996 9996  .9997
34 | 9997 - 9997 9997 9997 9997 9997 9997 9997 9997 9998




Table A.8
t v I
0.0 200
0.1 A6%
0.2 437
0.3 407
0.4 379
0.5 352
0.6 328
0.7 306
0.8 285
0.9 26T
1.0 230
1.1 235
1.2 221
1.3 209
1.4 197
1.5 187
1.6 178
1.7 169
1.8 161
19 154
2.0 .148
2.1 141
2.2 136
2.3 131
2.4 126
2.5 121
2.6 AL
2.7 13
2.8 .109
2.9 106
3.0 102
3.} .099
3.2 .096
3.3 .094
34 .091
35 .089
3.6 .086
3.7 .084
3.8 082
3.9 .080
4.0 .078

t Curve Tail Areas

[ 2]

2S00
463
A430
396
364
333
305
278
254
232
211

193
AT7
162
.148
136

125
116
107
099
.092
.085
.079

074 ..

069
065

061
057
054
051
048

045
043
.040
038
036

035
033
031
030
029

500
4063
426
390
355
323

290
261
234
210
187

167
148
132
117
104

092
082

073

065
.058

052

046
041
037
033
030
027
024
022
020

018
.016
015
014
012

011
010
.010
.009
.008

5300
462.
425
388
353
319

287
258
230
205
182

162
142
125
110
097
.085

075
066

058

051 °
.045
.040
.035
031
027

.024
021
019
017
015

013
0]2
011
010
009
008
007
006
006
005

500
462
424
387
352
317

285
.255
227
.201
178

157
138
121
106
092

080
070
061
053
.046
040
.035
031,
027
023

.020
018
016
014
012

011
.009
.008
.007
.006

.006
.005 -
.004
.004
.004

S ¥

L

ATCd Lo the

vight o f

500
462
424
386
351
316

284
253
225
199
175
154
135
1T
102
089

077
065
057

050
.043

.037
.032
.027
.024
.020

.018
015
013
011
.010

009
008
007
.006 .
005

.004
.004
.003
003
.003

500
461
423
386

350

315

283
252
223
197
173

152
132
A18
100
086

074
064
055

047
.040
034
029
025
022
.018

016
014
012
.010
009

.007
.006
.005
.005
.004

.004

003
003

002

002

.500
461
423
386
349
A3

282
251
222
196
472

150
130
413
.098
.084

072
062
053

045
.038

.033
.028
.023
020
017

014
012
010
.009
007

.006
.005

005

.004
.003

.003
.002
.002
.002
.002

—— e —

10

500
461
423
385
349
314

281
250
221
195
170

149
129
- 011
096
.082

070
060
051
043
.037

.031
026
022
.019
016

013

011
.009
.008

.007

006
.005
004
.003
003

.002
002
002
001
001

11

500
461
423
385
348
313

280
249
220
194
169

147

128
110
095
081

069
059
050
.042
.035

.030
025
021

018
015
012
.010
.009
.007

-.006

.005
.004
.004
.003
.002

.002
.002
.001
001
.001

12

500
461
422
385
348
313

280
249
220
193
169

146
A27
109

~093

.080

068
057
049
04]

034
029
024

020
017
014
012
010
.008

007

006

.005
004
.003
.003
.002

.002
.002
.001
001
001

13

500
461
422
384
348
313

W)
248
219
192
.168

146
126
108
092
079

067

056
.048

.040
.033

028
023
019
016
013
011
.009
.008
.006
.005

004
003
003
002
.002

002
001
.001
.001
.001

14

500
461
422
384
347
312

279
247
218
191
167
144
124
107

=091

077

065
.055

.046

038
032

027
022
018
.015
012
.010
.008
007
.005
004

004
.003
002
002
002

.001
.001
001

001 .

.001

15

.500
461

422
384
347
12
279
247
218
191

167

144
124
107
091

077

065
055

046 °.

.038
032

027
022
018
.015
012

010
008
.007
005
004

004
.003
002
.002
002

001
001
001
001
.001

16

500
461
422
384
347
312

278
247
218
191
166

144
124
106
.090
077

065
.054
045

038
031

026
021
018
014
.012

010
008

006 .

.005
004

003
003
002
002
001
001
001
001
001
001

17 18

500 500
461 461
422 422
384 384
347 347
A2 32

278 278
247 246
21T 217
190 1190
166 165

143 143
J23 123
05 105
090 .089
076 .075

064 .064
054 053

045 .044

037 .037
031 030

025 025
021 021
017 .017
014 .014
011 011

009 .009
.008 .007
006 .006
005 .005
004  .004

003 .003
003 .002
002 .002
002 .002
001 001

.001 .001
.001 .001
001 .001
.001 .001
.000 .000

(continued)



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

0.0
0.1
0.2
0.3
0.4
0.5

0.6
0.7
0.8
0.9
1.0

1.1
1.2
1.3
1.4
1.5

1.6
1.7
1.8
159
2.0

2.1
2.2
2.3

2.5

2.6
2.7
2.8
2.9
3.0

3.1
3.2
33
34
35

3.6
3.7
3.8
39
4.0

24 .

19

500
461
422
384
347
311

278
246

217
.190
165

.143
122
105
.089
075

063
.053
.044
036

030

025
.020
016
.013
011

.009
.007
.006
.005
004

.003
.002
.002

..002

.001

.001
001
.001
.000
.000

20

500
461
422
384
347
311

278
246
217
189
165

.142
122
104
.089
075

.063
.052
.043
036

.030

024
020
016
013
011

.009
007
006
004
004

.003
002
002
.001
.001

001
001
001
.000
.000

21

500
461
422
384
347
311

278
246
216
189
164

142
122
104
.088
074

.062
.052
.043
036

.029

.024
020
.016

,.013

010

.008
.007

.005 -

.004
.003

.003
.002
.002
.001
.001

.001

-.001

.001
.000
.000

22

500
461
422
383
347
311

277
246
216
189
164

142
21
104
.088
074

.062
.052
.043
035

.029

024
.019
.016
.013
.010

.008
.007
.005
.004
.003

.003
.002
.002

.001.

.001

.001
001
000
.000
.000

23

500
461
422
383
346
311

277
245
216
189
164

141
121
103
087
.074

.062
051
042
.035

029

023
019
015
012
010

.008
.006
.005
.004
.003

003
002
.002
.001
.001

.001
.001
.000
000
000

000

.000

000

f curve Area to the
nght of ¢
| f /
0 f
{

24 25 26 27 28 29
500 .500 .500 .500 .500 .500
461 461 461 - 461 .461 461
422 422 422 421 421 421
383 383 383 383« 383 .383
346 346 346 346 .346 346
Sl 31 31t 317 310 310
201 277 217 2717 277 27
245 245 245 245 245 245
216 216 215 215 215 .215
189 188 .188 188 .188 .188
164 163  .163 163 .163 .163
J41 141 141 141 .140 .140
A21 121,120 .]20{ Jd200 0120
03 0103 103 102 .102 .102
087 .087 .087 .086 .086 .086
073 .073 .073 073 .072 .072
061 .061 .061 .061 .060 .060
051 .051 -051 .050 .050 .050
042 042 042 .042 .041 .041
035 035 .034 .034 .034 .034
028 .028 .028 .028 .028 .027
023 .023 .023 .023 .022 .022
019 .019 .018 .018 .018 .018
015 .015 .015 .015 .015 .014
012 .012 .012 .012 .012 .012
010 .010 -010 .009 .009 .009
.008 .008 .008 .007 .007 .007
006 .006 .006 .006 006 .006
005 .005 .005 .005 .005 .005
.004 .004 .004 .004 ..004 .004
.003 .003 .003 .003 .003 .003
.002 .002 .002 .002 .002 .002
002 .002 .002 .002 .002 .002
001 .00 .001 .001 .001 .00l
001 .00 .001 .001 .001 .001
001 .001 .001 .001 .001 .00l
,001 .001 .001 .001 .0O1 .00l
,001 .001 .001 .000- .000 .000
000 .000 .000 .000 .000 .000
000 .000 .000 .000 .000 .000

.000 .000 .000

30

500
401
A21
383
346
310

277
245

215
188
163

.140
120
102
.086
072

.060

.050
.041
.034

027

.022
018
014
011
.009

007
006
004
003
003

.002
.002
.001
.001
.001

.001
.000
.000
.000
.000

35

.500
460
421
383
346
310

276
244

215

187

162

139
119
101
085
071

.059
.049
.040
.033

027

.022
.017
014
011
.009

.007
.005
.004
.003
.002

.002
.001
.001
.001
.001

.000
.000
.000
.000
.000

46

500
460
421
383
346
310

276
244
214
187
162

139
119
101
.085
.071

.059
.048
.040
.032
.026

021
017
013
011
.008

007
.005
.004
.003
002

.002
001
001
.001
001

.000
.000
.000
.000
.000

60

500
460
421
383
.345
309

275
243
213
186
161

138
A1
.099
.083
069

057
.047
.038
031
.025

.020
016
.012
010
.008

.006
.004
.003
.003
.002

.001
.001
.001
.001
.000

.000
.000
.000
.000
.000

120

.500
460
421
382
.345
309

275
243
213
185
160

A37
116
098
.082
068

056
046
037
.030
024

019
015
012
.009
.007

.005
.004
.003
.002
002

.001
.001
.001
.000
.000

.000
.000
.000
.000
.000

x(=72)

500
460
421
382
345
309

274
242
212
184
159

136
J15
.097
.081
067

055
045
036
029
023

018
014
011
.008
.006

.005
.003
.003
.002
.001

.001
.001]
.000
000
.000

.000
.000
.000
.000
.000



AREAS UNDER THE STANDARDIZED NORMAL DISTRIBUTION

Example ¢
Pr(0 <« Z<1.96) = 0.4750
Pr(Z = 1.96) = 0.5 — 0.4750 = 0.025 0.4750
Z
0 1.96
Z .00 01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 0000 .0040 .0080 .0120 .0160 <0199 .0239 .0279 .0319 .0339
0.1 0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0753
0.2 0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 .1103 .1141
0.3 1179 1217 1255 .1293 ..1331 .1368 .1406 .1443 .1480 .1517
0.4 1554 1591 .1628 .1664 .1700 .1736 .1772 .1808 .1844  .1879
0.5- 1915 1950 .1985 2019 2054 .2088 .2123 .2157 2190 .2224
0.6 2257 2291 2324 2357 2389 .2422 2454 2486 2517 .2549
0.7 2580 2611 2642 2673 2704 2734 2764 2794 2823 2852
0.8 2881 2910 .2939 .2967 2995 .3023 .3051 .3078 3106 .3133
0.9 3159 3186 3212 3238 3264 .3289 .3315 .3340 3365 .3389
1.0 - 3413 3438 3461 .3485 .3508 .3531 .3554 3577 .3599 .3621
) | 3643 .3665 .3686 .3708 3729 3749 - 3770 3790 .3810 .3830
1.2 3849 . .3869 .3888 .3907 .3925 .3944 3962 .3980 .3997 4015
153 4032 4049 4066 .4082 4099 4115 4131 4147 4162 4177
1.4 4192 4207 4222 4236 4251 4265 4279 4292 4306 .4319
1.8 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 4772 4778 4783 4788 4793 4798 4803 .4808 4812 4817
2.1 4821 4826 .4830 .4834 ._4838 4842 4846 4850 4854 4857
20 4861 4864 .4868 .4871 4875 4878 4881 .4884 4887 4890
2.3 4893 4896 .4898  .4901 4904 4906 .4909 4911 4913 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
2.0 4965 4966 4967 .4968 4969 4970 4971 4972 4973 4974
2.8 4974 4975 4976 4977 4977 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




PERCENTAGE POINTS OF THE ¢t DISTRIBUTION

Example
Pr(t > 2.086) = 0.025
Pr(t > 1.725) = 0.05

forhdf =20

0.05
Pr(lt| > 1.725) = 0.10 /\
| f
0 1.725

Pr 0.25 0.10 0.05 0.025 0.01 0.005 0.001

df - 0.50 0.20 0.10 0.05 0.02 0.010 0.002

1 1.000 3.078 6.314 12.706 31.821 63.657 318.31
2 0.816 1.886 2.920 4.303 6.965 9.925 02 397
3 0.765 1.638 2.353 3.182 4.541 5.841 10.214
4 0.741 1,533 2132 2776 3.747 4.604 . 7.173
5 0.727 1.476 2015 . 2571 3.365 4032 5.893
6 0.718 1.440 1.943 D447 3.143 3.707 5.208

7 0.711 1.415 1.895 2365 | 2,998 3.499 4.785
8 0.706 1.397 1.860 2.306 2,896 13.355 4,501

9 0703 | .1.383 1.833 2.262 2.821 3.250 4.297
10 0.700 1.372 1.812 2,208 2.764 3.169 4.144
1 0697 | 1363 | 1.79% 2.201 2718 3.106 4.025
12 0.695 1.356 1.782 2.179 2 681 3.055 3.930
13 0.694 1.350 1.771 2.160 2.650 3.012 3.852
14 0.692 1.345 1.761 2.145 2624 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 2120 - 2583 2.921 3.686
3 0.689 1.333 1.740 2.110 2.567 2.898 _ 3.646
18 0.688 1330 ' | 1.734 2.101 2552 2.878 3.610
19 0.688 1.328 1.729 2.093 ,2._539 2.861 3.579
20 0.687 1.325 1.725 2.086 2528 2.845 3.552
21 0.686 1323 1.721 2.080 2518 2.831 3,527
22 0.686 1.321 1.717 2.074 2508 2.819 3.505
23 0.685 1.319 1.714 2.069 2.500 2.807 3.485
04 0.685 1.318 1.711 2.064 2492 2.797 3.467
25 0.684 1.316 1.708 2.060 2485 2.787 3.450
26 0.684 1.315 1.706 2.056 2.479 2.779 3.435
27 0.684 1.314 1.703 2.052 2.473 2771 3.421
08 0.683 1313 | 1.701 2.048 2.467 2763 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 2750 3385
40 0.681 1.303 1.684 2.021 2.423 2704 3.307
60 0.679 1.296 1.671 2.000 2.390 2.660 3.232
120 0.677 1.289 1.658 1.980 2358 2617 3.160
o 0674 | 1.282 1.645 1.960 2.326 2,576 3.090




" N
ppER PERCENTAGE POINTS OF THE F DIW'—_“'
u [, \.\._ ________________,_._-.

E.urnpll

5% arca,
L mot /e
Pr(F = 1.59) ) |
Pe(F>242) = 0.10 fordf Ny =10
pr(F > 314) =085 and N =9 .

o 314 526

e ——

Pr(F > 5.26) W

d.f for

: denom-

e ——— d.f. for numerator N\ inator
dnir | for rator N

) d.1 for numerator Ny . S W 8 g0 100 120 200 500 o Pr [N
i B B ————=" 0 o180 8% 62 i% g Tass 08 &7 o7 974 978 o7 800 A% ?5'; sgaaz Iio 1
: s gs 89 91 . : 838 g4 949 9 : . : 63.10 63.20 63 WA
; 1 .o um o o g sa S0 540 S0 A s o s70 6200, 6230 620 6270 6280 63.00

2 61.20 200 25400 254.00 25400 .05
o 16100 20000 21600 22500 23000 23400 23700 23000 2AT00 26200 243,00 gmg ap00 20800 24900 25000 25100 25200 25200 26300 25

; 348 348 348 25
25 257 300 315 323 328 33 334 335 337 338 33 4y 341 343 343 344 345 345 . 346 . 347 3.47

49 949 .10 2
2 10 853 2.00 9.16 Q.24 9.29 9,33 9.35 937 938 9.39 9.40 9.‘“ 942 944 .45 9.46 947 947 9.47 943 &48 9.49 9 4
05 1850 1900 1920 18.20 1230 19.30 1940 19.40 1940 1940

1940 {940 1940 1940 19.50 1950 1950 19.50 1850 1950 1950 19.50 193.3 ;g.g .g?
01 .9850 9900 0020 9920 9930 9930 9840 9940 0340 9940 904Q go4p 9940 9940 9950 99.50 9950 9950 9950 9950 9950 9950 ; B
25 202 228 236 239 241 242 28 244 244 248 945 45 246 (246 246 p47 247 247 247 247, 247 247 247 247 25
3 0 554 546 539 534 531 528 5% 525 524 523 52 gp 520 518 518 517 516 515 515 6514 514 514 514 513 .10
05 1010 955 928 912 901 894 889 885 881 879 g7 g7 870 0866 864 B2 g59 858 857 855 855 854 853 853 .05
of 3410 3080 2850 2870 2820 27.80 2770 2750 2730 2720 270 gra0' 2690 2670 2660 2650 2640 2640 2630 2620 2620 2620 26.10 26.10 .01
25 181 200 205 206 207 208 208 208 208 208 208 08 208 208 208 208 208 208 208 . 208 208 208 208 208 .25
4 10 454 432 419 411 405 4N 398 395 384 392 391 350 287 184 383 382 3.80 3.80 3.79 3.78 378 377 3.76 376 .10 4
o 77  6s4 65 639 626 616 509 604 600 5% 594 59 58 580 577 575 572 570 569 566 566 585 564 563 05
of 2120 1800 1670 1600 1550 1520 1500 1480 1470 1450 1440 1440 1420 1400 1390 1380 1370 1370 1370 1360 13860 1350 1350 50 |
25 168 185 188 189 18 189 189 183

1350 .01
189 180 180 18 180 188 188 188 188 188 187 187 :
; j _ . ; 87- 187 18 1.
s |10 406 a7 362 as2 345 840 337 33 3% IW A I 32 321 319 817 316 315 A4 313 312 32 ;?7 S5 i
05 661 579 541 519 505 495 883 4B 477 474 471 4@ 482 456 453 450 445 444 443 4410 4 ' S vet o >
0f 1630 1330 1210 1140 1100 1070 1050 1030 1020 1010 9% 98 872 955 947 ' ; ; o e

4.37 436 .05

9.38 9.29 9.24 9.20 9.13 9.1 9.08 9.04 9.02 .01

.25 1.62 1.76 1.78+ 179 1.79 1.78 1.78 1.78 1.75 175 1.75 1.75

6 | 10 378 346 320 318 31 305 301 288 295 294 282 20 287 284 282 280 278 277 ;-;: 174 174 174
05 s98 514 476, 450 . 439 428 421 415 410 406 400 4 3% 387 38 381 377 375 3 2.75
01 1370 1080 978 915 875 847 826 810 798 787 ' -

177 177 R P B P P 1.76

1.74 174 25
274 273 273 272 .10

6
179 TR T 740 T3 723 74 709 706 i‘” T o om Al &b
05 157 170 172 172 AT 174 170 170 189 169 169 18 188 167 1§ 165 165 1gp : o o BN S - e
7 | 10 3s a2 3117 s96 288 283 278 275 272 270 2688 2 28 25 258 255 pgq 5 165 165 165 165 185 165 .25
06 559 474 435 412 397 387 373 373 368 3B 360 38 351 344 341 3335 g 3-52 251 250 240 248 248 247 10 ;
of 1220 955 845 785 746 749 69 68 672 662 65 &7 631 616 o7 599 59 5'225 3321 a7 a3 323 05
25 154 168 167 166 166 185 164 164 18 18 188 1R TR 181 450 15 g5 S8 575 574 570 567 565 .0f
s | o a2 a1 292 281 273 287 262 259 28 28 2% 2 28 22 240 23 g3 159 159 158 158 158 158 158 25
05 532 446 407 384 369 358 350 344 339 335 3{:‘3 22: 5-22 35 312 308 30 iﬁs 234 232 23 231 230 229 10
o1 1130 865 759 701 663 63 618 6w 59 58 B 95 536 528 spp sy oo 0 207 297 295 204 293 | '
'. ysg 150 188 18 18T g ' 507 503 496 495 %
25 151 162 163 163 182 161 180 160 e o & i 156 185 1s5 g4 : 491 488 486 .01
9 10 336 301 281 260 261 255 251 247 - 244 2'14 50 30 3o 230 228 225 gp 200 15 153 183 153 153 153 25
s E12 agy sm 3ea SAs AAr Am B 3B WO oy g im 2% 290 285 243 pg oo 219 28 217 217 295 |
01 1080 BO2 699 6.42 606 580 561 547 535 572 : - 481 473 465 -80 279 278 - ; 10 9

275 2.
‘\4.5?4.5% 448 442 4.40 6,::: s

271 05
4.33 431 .0




UPPER PERCENTAGE poy

NTS
— OF THE F DISTRIBUTION (CONTINUED)
g1 for ;
denom-
pdtor, | = SR d.f.for numerator A, /;
T 1 2 1
- S 4 5 ] 7 8 9 0
25 149 180 18 154
10 0 329 29 2-2‘; 189 159 158 157 155 156 155 1.5[5] o
05 496 410 a9y 20! 252 245 241 a9 235 232 230 g
of 1000 755 o 3% 830 322 g4 g aee 20 29 2
%0 855 599 S84 530 520 s0s 4oe 485 47T
. 25 147 158 158 1 sp 151
i S7 156 155 184 153 153 152 1
11 : 323 286 266 o . ’ d g 221
05 484 398 54 245 239 234 a3 227 225 22 79
: : : 358, 336 320 3 2gs 282 %
0 965 721 ¢ 08 301 285 290 440
; . . 22 567 532 507 489 474 463 454 446 -
B 148 156 156 155 156 13 182 151 151 150 150 149
12 10 318 281 261 gag 217 215
- 2.39 233 2.28 2.24 2.21 219 -
-gf 475 389 343 326 311 300 oo 285 280 275 272 288
- 933 693 595 541 506 482 466 450 439 430 42 416
B8 145 155 185 183 1852 151 150 149 149 148 147 i
13 10 314 278 286 243 235 228 323 220 215 214 212 210
05 467 381 341 318 303 292 283 277 271 267 263 260
01 807 670 574 521 486 462 444 430 413 410 402 396
25 144 153 153 152 151 150 149 148 147 146 146 145
14 10 310 273 252 239 231 224 2149 215 212 210 208 205
05 460 374 334 311 296 285 276 270 265 280 257 253
o1 886 651 556 504 469 446 428 414 403 394 386 380
25 143 182 152 151 143 148 147 146 146 145 144 144
15 .10 3.07 270 248 236 227 221 216 212 209 206 204 202
05 454 368 329 306 290 279 271 264 259 254 251 248
01 8.88 636 542 483 456 432 414 400 383 380 373 367
25 142 151 151 150 148 147 146 145 144 144 144 143
16 10 305 267 246 233 224 218 213 209 206 203 201 199
08 449 363 324 301 285 274 266 259 254 249 248 p4p
o1 BS3 623 529 477 444 420 403 389 378 369 362 355
25 142 151 150 149 147 146 145 144 143 143 142 {49
7 A0 303 284 244 231 222 215 210 206 203 200 198 195
05 445 359 320 296 281 270 261 255 249 245 241 g3
01 . B840 611 518 ' 467 43¢ 410 393 379 368 359 352 g45
25 141 150 149 148 146 145 144 143 142 142 g4 44
1B 10 3.01 262 242 229 220 213 208 204 200 198 19 g3
05 4.41 3.55 1.18 293 277 2.66 2.58 251 246 2.4 2.7 2.34
01 B2 601 509 458 425 401 3B4 371 380 351 343 337
25 141 149 149 147 146 144 143 142 141 g4 g4 o
19 10 299 261 240 227 218 211 206 202 198 195 (g4 191
05 438 352 813 . 280 274 263 254 248 242 233 g, 334
01 818 593 501 450 417 394 377 363 352 343 g 239
25 140 149 148 146 145 144 143 142 141 14 g 1'39
20 10 297 253 238 225 216 209 204 ;Eg 1.86 194 g o
05 435 349 310 287 271 280 251 : 233 235 g4, 258
el 810 585 484 443 410 387 3,?1 ) 3_55“_3? 337 359 3-23

“df.for
- .denom
\x d.f. for numerator N; satinh
15 500 o Pr Ne
2 24 30 40 50 BO 100 120 200
15 48 25
152 152 151 151 150 150 149 149 143 148 1
§§§ 220 218 216 243 212 211 209 208 207 208 206 .ég 10
4sy 277 274 270 286 264 262 250 258 256 255 ol
1' 441 433 425 417 412 408 401 400 396 393 391
z'f‘) 148 149 148 147 147 147 146 146 146 145 145 2‘2 4,
7 212 210 208 205 204 203 200 200 199 198 197 o
272 285 261 257 253 251 249 246 245 243 242 240 .05
425 410 402 394 386 1381 378 371 389 366 362 360 .01
148 147 146 145 145 144 144 143 143 143 142 142 25
210 206 204 201 199 197 186 184 193 192 191 190 .10 12
282 254 251 247 243, 240 238 235 234 232 231 230 05
401 38 a78 370 a62 357 354 347 345 341 338 336 O
146 145 144 143 142 142 142 141 141 140 140 140 25
205 201 138 186 193 192 190 188 188 186 185 185 .10 13
253 246 242 238 234 231 230 226 225 223 222 221 05
382 386 359 4351 943 338 334 327 325 322 319 3147 0
144 143 142 141 141 140 140 139 123 139 138 138 25
201 196 194 191 189 187 186 183 183 182 180 180 0 | 14
246 239 235 231 227 224 222 219 218 216 214 213 05 |
366 351 343 335 327 322 318 341 309 306 303 300 01 |
143 141 141 140 . 139 ‘139 138 138 187 137 136 136 25 |
197 1.92 1.90 1.87 1.85 1.83 1.82 1.18 1.79 1.77 1.76 1.76 10 \ 15
240 233 229 225 220 218 216 212 211 210 208 207 05 |
3% 337 329 321 313 308 305 298 296 292 289 287 01 |
(4 140 139 138 137 187 136 136 135 135 134 134 25
194 189 187 184 181 173 178 176 175 174 173 172 10 15
a5 228 224 219 215 242 211 / 207 206 204 202 201 05
141 326 318 310 302 297 293 286 284 281 278 - 275 .01
138 137 136 135 135 138 134 134 133 133 .25
140 1.39
(91 186 184 181 178 176 175 173 172 171 169 163 .10 17
223 219 ‘215 210 208 206 202 201 199 197 196 .05
231 .
s3f 316 308 300 292 287 283 276 275 271 268 265 .0
139 138 137 136 135 134 134 133 133 132 132 132 25
(g9 184 181 178 175 174 172 170 169 168 167 166 .10 18
pg7 219 215 211 206 204 202 198 197 195 193 182 .05
323 208 300 292 284 278 275 268 266 262 259 257 .01
J 136 135 134 133 133 132 132 131 131 130 .25
138 197
W 181 179 178 173 171 170 167 167 165 184 163 .10 19
. 5 246 211 207 203 200 1988 194 193 191 18 18 05
ke 292 284 276 271 267 260 258 255 251 243 01
g 136 135 134 133 133 132 131 131 130 130 129 .25
v 4 179 177 174 171 169 168 165 164 163 162 161 .10 20
"30 s42 208 204 199 197 195 181 190 188 186 184 .05
9'39 294 286 278 269 264 261 254 252 248 244 242 01
3 ' e




uPp
ER PERCENTAGE POINTS OF THE FDISTRIBUTION (CONTINUED)

o

d.f for
denom-
Inator ———
A Pr 1 2
25 1.40 1.
® 10 285 2_;:
05 430 344
01 7.85 572
25 138 147
e 10 293 254
05 426 340
.01 7.82 561
.25 1.38 1.48
26 a0 291 252
05 423 g3ar
01 7.72 553
25 138 148
28 10 289 250
.05 420 334
a1 764 545
25 1.38 1.45
30 10 288 249
05 417 a3z
01 756 539
25 136 1.44
40 A0 284 244
05 408 323
.01 731 5.18
25 1.35 142
50 A0 273 239
.05 4.00 3.15
.01 7.08 498
25 1.34 1.40
120 A0 275 235
05 -382 307
.01 6.85 4.79
25 133 1.39
200 10 2.73 233
.05 3.89 3.04
ot 6.76 471
25 1.32 1.38
.10 271 2.30
05 3.84 3.00
6.63 461

1.47
235
3.05
4.82
1.46
243
3.01

4,72

1.45
2.3
2.98
4.64
1.45
229
2.95
4.57

1.44
2.28
2.82
4.51

1.42
2.23
2.84
4.3

1.41
2.18
2.76
4.13

1.38
2.13
2.68
3.95

1.38
21
2.65
3.88

1.37
2.08
2860
3.78

d.l. for numerator Ny

b —

40

30
4 5 6 R ///2;-,”;-/' z
7 e T
- S 0 o B yan 4% 1'_2;
1.45 1.44 1.42 1.41 1.4 _____'h_'_‘-——____ 1,34 z 1.70 1
! ! 40 139 5 1.73
222 213 206 201 197 qgy ey B 1y % 170 5 1 1S
2.82 2668 255 246 24p 234 : 188 ggg I & 2.07 275 267 2.58
431 393 378 . 230 228 24 83 ;
. 358 345 335 ggg a.18 223 298 2 1.32 1.31 1.30
MO 1M 1M 4 R gy e Ve 1R g 18 1M
213 210 204 188 104 yg = 137 13 1‘75 173 T 1e4 189
278 262 251 242 236 230 o M g VL 208 se6 258 249
422 380 367 350 > 221 948 21 74 &
1.44 1.42 1.41 1.39 ¥ 303 ik 1,32 1.31 61
bipe i ; 138 137 137 g 134 : 168 165 U
; 208 201 196 182 188 qgg 135 17 1.71 oo 190 185
2.74 2,59 2.47 239 - 1.84 181 M 1.99 1.
a14 P - 2532 227 222 218 207 258 %50 2.42
1. ; 359 842 320 318 308 3o :;f; 81 268 1-30 -
43 141 " : . -
216 206 ;;g :‘gi :3 187 138 135 a4 19 12; 166 - 163 159
; - : 4 187 184 181 74t 1.87 182
271 258 2. . 19 191 v
407 3 35236 229 224 219 afs gy 200 !B o5 244 235
\ 75 353 336 . 328 312 303" o5 g0 275 280 T 28: 127
142 141 138 138 13 ’ ' 130 128 1280
: ; 37 136 135 135 12 - 61 157
214 205 188 193 188 ; ; ¥4 167 164 1 :
: s ‘ 185 182 179 177 172 : 184 179
269 253 242 233 227 ; 4 193 189 L.
: . . 221 216 213 201 :
402 370 347 330 317 307 298 o9 2“;’; a0 255 247 239 230
2 : 24
140 139 137 136 135 134 133 142 131 130 128 126 125 1;
209 200 198 187 183 179 176 173 qq i66 161 157 1
261 245 234, 225 218 212 208 204 g0 192 184 179 174 12.59
383 351 320 312 299 289 280 273 oags 252 237 229 220 1
198 137 135 133 132 131 130 129 g9 127 125 124 12 121
204 195 187 182 177 174 171 168 . 1gs 160 154 151 148 4
253 237 225 217 210 204 199 185 g '8 175 170 185 159
365 334 312 295 282 272 263 256 o250 235 220 212 203 194
187 © 185 133 131 130 120 128 127 125 P4 12 121 119 118
189 190 182 177 172 168 165 162 160 158 148 145 141 137
245 229 237 208 202 18 191 187 183 175 166 161 155 150
348 317 296 279 266 256 247 240 234 219 203 195 185 176
136 134 132 1.31 129 128 127 126 125 123 121 120 118 116
197 188 180 175 170 166 163 160 157 152 146 142 138 134
242 226 214 206 198 193 188 184 180 72 162 157 152 146
341 311 289 273 260 25 241 234 2271 213 187 189 179 169
145 133 131 129 128 127 125 124 124 12 113 118 418 114
1.94 1.85 1.77 172 167 163 160 157 155 :-‘9 142 138 1.34 1.30
237 22i 210 201 194 188 1.8 179 175 67 157 453 j45 139
332 302 280 264 251 241 232 225 218 204 183 173 470 159

.

11 for numerator Ny denom-
inator
50 50 100 120 200 500 [ Pr N
131 130 130 130 129 129 128 25
165 164 181 160 159 158 157 .10 e
191 189 18 184 182 180 1 7| 05
o83 250 242 240 236 233 23 01
(20 128 128 128 127 127 128 25
1e2 161 158 157 156 154 153 .10 24
486 184 180 179 177 175 173 205
244 240 233 231 227 224 221 O
128 128 126 126 126 125 125. .25 -
159 158 155 154 153 151 150 .10 28
182 180 176 175 173 171 188 05
o3 233 225 223 219 216 213 .0
127 127 126 125 125 124 124 25
157 . 1.56 1.53 182 1.50 1.49__ 1.48 A0 28
179 177 1738 171 169 167 185 .05
2.30 226+ 219 237 213 2.09 206 01
126 126 125 124 124 123 123 25
155 154 1.5 150 148 147 146 .10 30
176 174 170 188 166 164 162 .05
225 221 213 231 207 203 201 .01
123 122 121 121 120 118 119 25
148 147 143 142 141 139 138 A0 40
166 164 1582 158 155 153 151 05
206 202 184 192 187 183 180 .0
120 118 117 117 116 115 115 25
141 140 128 135 133 131 129 .10 60
156 153 148 147 144 141 138 05
188 184 175 173 188 163 160 .01
117 116 114 113 112 111 110 25
134 132 127 126 124 121 119 40 120
146 143 137 135 132 128 125 .05
.70 166 156 153 148 142 138 .01
114 132 L1 110 103 108 106 .25
131 128 124 122 120 117 114 10 200
1.41 139 132 129 126 122 118 05 |
1.63 1.58 1.48 1.44 1.39 133 1.28 01
143 112 109 108 107 104 100 25
126 124 118 117 113 108 100 .10 oo
135 132 124 122 117 111 100 O5
152 147 136 132 125 115 100 .01




P
UPPER PERCENTAGE POINTS oF THE x? DiSTRIBUTION

i 25% area
Example 95% area
2 =
Pr(x* > 10.85) = 0.95 p—
Pel>2383) =025 forqg - 5
Pr(*>3141) = 0,05 ;
0 1085 B3 a4l - 010 005
B | 2 i ,050 025 .
Degrees r 250 2 349 $ 7.879¢
900 750 500 — 39 6.5
of Freedom 995 890 975 90 7 —_ 27055 38078 g 6.2103 .
oA T ——— : . 5. - 12.
= e 0158 1015 4549 4.6052 11.3449
; 3927?;: 0::) 1071 157088 X 10 oaz0s9x 10-0  ga214 x 10°° 2107 ot 1.3863 2.?;525 6.2514 7.8147 1?-?43“ 13.0767 14,8602
. .0201 .0506 1026 preci] : 23660 41 : 9.4877 1433 S
: . 7794 16.749€
3 Q717 1148 2158 3518 ol 5.3853 7 12.8325 15.0863
i 1,0636 19226 3.3567 11.0705 - 18.547€

4 2070 29771 4844 7107 : 9.2364 4 16.8119 )

s 16103 2.6746 4.3515 S s 10.6446 12,5918 B s 18.4753 20.2777

5 4117 5543 8312 1.1455 p o= 3261 7.8408 14.0671 16.0 *21.8550

2.204 34546 5. 2 12.0170 5346 20.0902

6 6757 8721 . 1.2a73 1.6354 6.3458 9.037 2 15.5073 17. ; . 235893 -

7 .9893 1.2390 .1.6899 2.1674 gggg; :zggg 7.3441 10.2188 :22:;7 16.9180 19.0228 21.6563 55 Vi
: i : 1.3887 " 23.2083 Lol

8 A (il Sy e 4.1682 5.8088 8.3428 : 15.9871 183070 20.4831 & vieo 26.7569
9 e " s i . s7a72 93418 - 125488 P s 19.6751 g S0 28.2985
10 2.1559 2.5582 3.2470 3.9403 i it 10.3410 13.7007 18,5404 21.0261 23.3367 e Saa104

2.6032 3.0535 3.8158 4.5748 5 ; 11.3403 14.8454 185 o5 aaai 24,7356 27.68 o
i 3.0738 3.5706 4.4038 5.2260 6.3038 84364 to 5008 15.9839 19,8119 2o he vitg 29.1413 31.31
E 3.5650 4.1069 5.0087 5.59; : ;-g;;: 1gf:§; 13.3393 17.1170 21-05-;:2 24‘@53 g 20,5778 32_22 ;9
: 6.57 g . 22,30 : : 9999 34.267-
14 4.0747 4.6604 5.6287 X S fon 18.2451 i oo o6 8454 31. ]
2609 8.5468 11.036 : 23.5418 b 4087 35.71E3
‘15 4.6009 5.2294 et ;:g?s 9.3122 11.9122 15.3385 19'3222 24.7690 27.5871 30.1910 gf g 37,1564
16 5.1422 5.8122 6.9077 o iy 127919 16.3381 20'5049 25,9894 28.8693 31.5264 ot it
17 5.6972 6.4078 e L 10.8649 1356753 et s 27.2036 30.1435 32.8523 36. e
8.230 - s 0 18.3376 178, 6 37.5662
18 6.2648 1.0149 : 10,1170 11.6500 14.562 i a1.4104 34.169
8.9066 4 23.8277 28.412 38.9321 41.4010
19 6.8440 76827 12,4426 15.4518 19:887 6151 32.6705 35.4789 : :
10.8508 - 24,9348 29, ; 0.2894 42.7956
8.2604 9.5908 3.2398 16.3444 20.3372 33.9244 36.7807 40. s
20 7.4339 2829 11.5913 13. 70 26.0393 30.8133 . 1.6384 44.1B15
B8.8972 10. 14.0415 17.2396 21.33 35,1725 38.0757 41. -
21 8.0337 10.9823 12.3380 " 269 27.1413 32.0069 . g798 45,5588
9.5425 ; 14.8479 18.1373 22.33 : 36.4151 39.3641 42.
22 8.6427 11.6885 13,0905 , prases 28.2412 33.1963 :
10.1957 : 15.6587 19.0372 23 465 44 3141 46.9278
23 9.2604 12,4011 13,8484 : 34.3816 37.6525 406 i
10.8564 i 5303 24.3366 29.3389 : 9232 45.6417 48,2899
24 9.8862 146114 16.4734 18. : 355631 . - 38.8852 41,
13.1197 0.8434 25.3364 .30.4345 . g 46.9630 49 6449
25 10.5197 ) 11‘524? 13.8439 153791 . ’?'fm 21 7494 26.3363 31.5284 36.7412 40.1133 “3'1303 48.2782 50.9933
11.1603 i 181513 b bl ' 32.6205 37.9159 41,3372 44, - s
i +4. 5035 - 12,8786 1a5ra3 169279 18.9002 226672 27.3363 pgerse S oy Sl o 457222 49.5879 52,335
27 3 15.3079 5 23.5666 28.3362 = - =
13.5648 19.7677 : 50.8922 53.6720
el 12"2:? 14,2565 16.0471 1?_703: 20,5992 24.4776 29.3360 34.7998 40.2560 43.7729 gg-g:fg = £507 66,7659
29 13.1 bl 16.7908 oo 20,0505 33,6603 393354 455160 51,8050 55.7585 Sl s medd S
20 13.7867 22.1643 24.4331 2 47642 37.6886 42.9421 49 3349 56.3336 63.1671 67.5048 83 5076 88.3794 91.8517
4 20.7065 : 32.3574 o 4589 52.2938 59.3347 66.9814 74.3970 79.0819 -

: 27.9907 29.7067 404817 43,1879 o — 95,0231 100.425 104.215
2 . 35 5346 37.4848 z 51.7393 565.3290 61.6983 69.3344 77.5766 85.5271 90. oot §12 929 116 321
60 P - 48.7576 Bonas 64.2778 71.1445 79.3343 88.1303 %5782  101.879 oot S 1in 128.209
70 Aa2ne 53,5400 57.1532 i 73.2912 806247  89.3342" 986499  107.565 113.145 e s s oo
80 51.1720 61.7541 65.6466 7 GP08 82.3581 90,1332 99.3341 109,141 118.498 124.342 . : Wil
%0 59.1963 70.0648 74.2219 7. . :

100* 67.3276 _____-——————"_ =
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DURBIN-WATSON d STATISTIC: SIGNIFICANCE POINTS OF d; AND dy AT 0.05 LEVEL OF SIGNIFICANCE

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

n q dy d dy dp dy a, dy d dy dp dy d dy d. dy a duy d dy

0610 1400 — s i - o i~ i - - . o - - —
0700 1.356 0467 1.896 — = i S s o = s o s = — -
0763 1.332 0559 1777 0368 2287 — ~— — — — — — — —  —
.0824 1.320 0629 1699 0.455 2128 0.296 2588 — == - == = =" e
0879 1.320 0697 1.641 0525 2016 0376 2414 0243 282 — — — -— — e o=
110927 1.324 0658 1.604 0.595 1.928 0.444 2283 0316 2645 0203 3005 — —_ e -
12 0971 1.331 0812 1579 0658 1.864 0512 2177 0379 2506 0268 2832 0171 3149 — — — — —  —
13 1010 1.340 0861 1.562 0715 1.816 0574 2094 0.445 2390 0328 2692 0230 2985 0.147 3266 — — —  —
14 1.045 1.350 0.905 1.551 0767 1.779 0.632 2.030 0.505 2296 0.389 2572 0286 2.848 0.200 3.111 0.127 3.360 — —_—
15 1.077 1.361 0946 1543 0814 1.750 0685 1.977 0562 2220 0447 2472 0343 2.727 0251 2979 0.175 3216 0.111 3.438
16,1.106 1.371 00982 1.539 0857 1.728 0734 1.935 0.615 2.157 0.502 2.388 0398 2624 0.304 2.860 0.222 3,090 0.155 3.304
17 1133 1.381 1.015 1.536 0897 1.710 0779 1.900 0.664 2104 0554 2318 0451 2537 0356 2757 0272 2975 0.198 3.184
18 1158 1.391 1.046 1.535 0933 1.696 0.820 1.872 0.710 2060 0.603 2257 0502 2461 0407 2667 0.321 2873 0244 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 2206 0.549 2,396 0456 2.589 0.369 2783 0.290 2.974
20 1.201 1411 1100 1537 0.998 1.676 0.894 1.828 0792 1.991 0692 2.162 0595 2339 0502 2521 0416 2.704 0.336 2.885
21 1221 1420 1.125 1538 1.026 1.669 0927 1812 0.829 1964 0732 2124 0637 2290 0547 2460 0.461 2.633 0380 2.806
22 1239 1429 1.147 1541 1.053 1.664 0:958 1.797 0.863 1.940 0769 2090 0.677 2246 0.588 2407 0.504 2.571 0.424 2734
23 1257 1.437 1.168 1543 1.078 1,660 0.986 1.785 0.895 1.920 0.804 2061 0715 2208 0.628 2.360 0.545 2514 0465 2670
24 1273 1446 1.188 1546 1.101 1.856 1.013 1.775 0925 1.902 0.837 2035 0751 2174 0666 2.318 0.584 2464 0506 2.613
25 1288 1454 1206 1.550 1.123 1.654 1.038 1.767 0.953 1886 0.868 2012 0784 2.144 0702 2280 0.621 2.419 0.544 2.560
26 1.302 1461 1224 1553 1.143 1.652 1.062 1759 0979 1.673 0897 1992 0816 2117 0735 2246 0657 2379 0.581 2513
27 1316 1469 1240 1.556 1.162 1.651 1.084 1753 1.004 1.861 0925 1974 0845 2093 0.767 2.216 0.691 2342 0.616 2.470
28 1328 1.476 1.255 1560 1.181 1.650 1.104 1.747 1.028 1.850 0.951 1.958 0.874 2.071 0.798 2.186 0.723 2.309 0.650 2.431
29 1.341 1.483 1.270 1563 1.198 1.650 1.124 1743 1050 1.841 0975 1944 0.900 2052 0.826 2.164 0753 2.278 0.682 2.396
30 1.352 1.489 1.284 1567 1214 1.650 1.143 1.739 1.071 1.833 0998 1931 0926 2034 0.854 2141 0782 2251 0712 2.363
31 1363 149 1297 1570 1.220 1.650 1.160 1.735 1.090 1.825 1.020 1.920 0950 2.018 0.879 2120 0.810 2226 0741 2333
32 1373 1.502 1.309 1574 1.244 1650 1.177 1.732 1.109 1.819 1.041 1909 0972 2.004 0.904 2.102 0.836 2203 0.769 2306
33 1.383 1508 1.321 1.577 1.258 1.651 1.193 1.730 1.127 -1.813 1061 1900 0994 1.991 0927 2.085 0881 2181 0795 2.281
34 1.393 1514 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 2162 0.821 2257
35 1402 1519 1.343 1.584 1.283 1.653 1.222 1.726 1.160 1.803 1.097 1.884 1034 1.967 0.971 2.054 0.908 2.144 0.845 2.236
36 1411 1525 1.354 1.587 1.295 1.654 1.236 1.724 1.175 1799 1.114 1877 1.053 1.957 0991 2.041 0930 2127 0.868 2216
37 1419 1530 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 2029 0.951 2.112 0.891 2.198
38 1427 1.535 1.373 1594 1.318 1.656 1.261 1.722 1.204 1792 1.146 1.864 1.088 1.939 1.029 2.017 0.970 2.098 0.912 2.180
39 1435 1.540 1.382 1.597 1.328 1.658 1.273 1.722 1.218 1.789 1.161 1.859 1.104 1.932 1.047 2.007 0.990 2.085 0.932 2.164
40 1442 1544 1.391 1.600 1.338 1.659 1285 1.721 1.230 1786 1.175 1.854 1,120 1.924 1.064 1.997 1.008 2.072 00952 2.149
45 1475 1566 1430 1615 1.383 1.666 1.336 1.720 1.287 1776 1.238 1.835 1.189 1.895 1.139 1.958 1.089 2.022° 1.038 2.088
50 1503 1.585 1.462 1.628 1.421 1.674 1.37é 1.721 1,335 1.771 1291 1822 1246 1.875 1.201 1.930 1.156 1.986 1.110 2.044
_55 1528 1.601 1.490 1.641 1.452 1.681 1.414 1724 1.374 1.768 1.334_ 1814 1294 1861 1253 1.909 1.212 1959 1.170 2.010
60 1.549 .1.616 1.514 1.652 1.480 1.6B9 1.444 1727 1.408 1767 1372 1808 1.335 1.850 1.298 1.894 1.260 1.939 1222 1.984
65 1.567 1.629 1.536 1.662 1.503 1.696 1471 1.731 1.438 1767 1404 1805 1370 1.843 1.336 1.882 1.301 1.923 1.266 1.964
70 1.583 1.641 1.554 1.672 1.525 1703 1494 1735 1.464 1768 1433 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 1.543 1.709 1515 1739 1.487 1.770 1458 1.801 1.428 1.834 1.399 1.867 1.369 1.901 1.339 1.935
80 1.611 1662 1.586 1.688 1.560 1.715 1.534 1.743 1.507 1.772 1480 1.801 1453 1.831 1425 1.861 1.397 1.893 1.369 1.925
85 1.624 1.671 1600 1.696 1575 1721 1550 1.747 1525 1774 1500 1.801 1.474 1.829 1.448 1.857 1.422 1.886 1.396 1.916
80 1.635 1.679 1.612 1703 1589 1.726 1.566 1.751 1.542 1.776 1518 1.801 1494 1827 1469 1.854 1.445 1.881 1.420 1.909
95 1.645 1.687 1.623 1.709 1.602 1732 1.579 1.755 1557 1778 1535 1.802 1512 1.827 1.489 1.852 1.465 1.877 1.442 1.903
100 1.654 1.694 1.634 1.715 1613 1.736 1.592 1.758 1.571 1780 1.550 1.803 1.528 1.826 1.506 1.850 1.484 1.874 1.462 1.898
150 1720 1.746 1.706 1.760 1.693 1.774 1679 1.788 1665 1.802 1651 1.817 1.637 1.832 1622 1.847 1.608 1.862 1.594 1.877
200 1.758 1.778 1.748 1789- 1738 1.799 1.728 1.810 1.718 1820 1707 1.831 1697 1.841 1.686 1.852 1675 1.863 1.665 1.874
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