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What factors are responsible for slow jgrowth of
manufacturing sector in India despite liberal economic |
reforms constructed and adopted since the last quarter
century? What measures are required to be taken to
achieve the goal of rapid growth of manufacturing in
India? (7.5.7.38
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India has made impressive recent progress in building
the “hardware” of economic success, yet at the same
time, the country continues to struggle to fix its
“software”. In this background, discuss the statement-
“Whether India manages to boom again and become
a serious alternative to China will depend on whether
the country can finally overcome the long-standing

(15)!

defects in its policy software.”
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What do you understand by ‘Deindustrialisation?’ Has
india deindustrialised like many Latin American and
A (rican economies? Give arguments in support of your
answel (5+10)
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lHow has trade in services evolved over the years in
India? What are the emerging issues in the arena of
(rade policy that India has to be mindful of ?

(7.5+7.5)
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Doubling Farm Income in India has been the top most
priority for India for decades. What are the major
steps that the Government should take in achieving

(13)
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the above?

“For services sector to be sustainable, the sector needs
to be well integrated with other parts of the economy,
in particular the manufacturing sector.” Elaborate and
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discuss this statement in the light of Indian experience
since last two decades. (15)
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‘Do you think India can base its future growth on
exports in an increasingly deglobalized and post Covid
world? How has India differed from China and other
East Asian countries in the past in this regard.
(7.5+17.5)
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Critically analyse the impact of the ‘shock treatment’ |

in the form of accepting the farm laws as the right
path in increasing the productivity and incomes of the
farmers in the agricultural sector in India. (15)
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(b) Consitder a 2X2 exchange economy. Show that

: the tangency of indifference curves to the same

1 I % e & gw Ry PRk o W s 3
FAqhn Toalae budget line does not ensure Pareto efficiency.
What conditions do we need to impose on

2. UE YYA & 9N ¥ e @

preferences to ensure a unique and interior
3 e P 4 v @ I SR, 2 Yo WRT A ¥ 99 2 ye
R B ¥
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solution? ; (5)

(¢) "Il we want to find a way to aggregate individual
preferences to form social preferences, we will
have to give up one of the properties of a social
decision mechanism described in Arrow’s theorem.’

Discuss. (3)

Part A (1) W sk W & w Hg aE S 10 femE (L) w0

frwsm = 10 wgE (P) ¥ R@ ¥ sww ¥ w@ic o §
YAE H UE B YA W%: u = max(L, P).
T e, TS 1 OGSl U A T W TE
firema A = T I T B) RS HIS e

W W) ARG ¥, GRS F{EA A& V§ AT T

I. (a) Rani and Mani have 10 glasses of lemonade (L)
and 10 slices of pizza (P). which they divide |
between themselves. Each has the same utility -
function: u = max(L, P). Furthermore, one slice of
pizza and one glass of lemonade give the same
utility to both of them. Find the Pareto efficient
allocation. In a diagram, show the Pareto efficient ey T ‘33'7 e R 37

allocation and the contract curve. Is this allocation |

an equitable distribution? (4+2+1.5=7.5) |

i :r A RAEE
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(a) ox2 fafmm Ffoesn @ AR = Rav & person ranks these alternatives from the best to
oo Y & u SedFar gR & e Re v the worst, going from top to bottom.
gt 78 o 21 vE R vE saRe e
B aﬂ%%m'ﬁ TR LR S 4| pPerson A | Person B | Person C | Person D | Person E
A EEE 87 P : 2 3 L
| 0 r q r S
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3 (i) If rank-order voting is followed then which’

Ch:““kaf‘(\ will be the least liked option? Explain your
b} / ]

s 2. (a) Consider a two-input (capital K and labour L) and answer.

“two-product (X and Y) economy with the initial EL
(ii) Suppose pair-wise voting is followed. First

allocation of K and L between X and Y. Derive
consider p versus q, then consider the

the efficient allocation points in the Edgeworth-
| voting between the winner of this first
box diagram and also find the corresponding
contest versus r and lastly the voting

production possibility frontier. (5)
between the winner of the second contest
(b) Five persons A, B, C, D, E constitute a society versus s. Which alternative is the final
having preferences regarding four alternatives p, winner? Consider a different voting order.
g, r and s. The following table shows how each Suppose we start with voting between p

B0
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and s. Then there is a vote between th ' 3
Person A person B | Person C | Person D | Person E
winner of this first contest and q and lastl§ . _
: S - i N g P T 11};,(:3)
between the winner of this second contes!
and r. Who will be the final winner? | i q r s Loll No
i,
(iii) What do the answers in part ii illustrates . 4 P q -
(5+5+2.5:12. P it s q
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(i) T i ¥ fov v I T Al 27 consumers are willing to pay the weighted price,
' (he weights being the fraction of the high-quality

3. (a) Draw a suitable diagram and explain why ‘there and the fraction of the low quality sharpeners.

will be too little of the public good supplied in a Moth types of manufacturers can manufacture the

voluntary equilibrium relative to an efficient product at a constant unit cost of Rs. 12.50.

provision of the public good’. (7.5) _ i bl
(i) What will be the equilibrium value of

(b) There are two types of electric pencil-sharpener q. the fraction of high-guality pencil-

producers. “High-quality” manufacturers produce sharpeners? Show your result in a

very good sharpeners that consumers value at diagram.

Rs. 15. “Low- quality” manufacturers produce not- . ;
(ii) Suppose the cost of production of low-

so-good ones that are valued by consumers at : : ;
quality pencil-sharpeners remains the same

Rs. 9. Assume that high-quality manufacturers and :
(Rs. 12.50) but the cost of high-quality

low- quality ones do not switch between qualities. ¥ a0
pencil-sharpeners increases to Rs. 13.

At the time of purchase, customers can neither T )
Additionally, producers can also switch

distinguish between a high-quality product and a 7
between the qualities. What would be the

low-qualit roduct nor can they identify the
q yp ? ¥ market outcome? (5+5=10)

manufacturer. However, they can determine the
quality of the product after the purchase.
. (37) vw Jugad FE SRy SR ' Sitw & adetes
Consumers judge the quality of pencil-sharpeners i

9 B HUA WEGH A gE § e agad A
G T Cac s e arqﬁagawaﬁ?faﬁi

available in the market on the basis of the average
quality sold. If q is the fraction of high-quality

and 1-q that of low-quality pencil-sharpeners,

B.TO:
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(i) W <o f - e S - IdeE =
J@Ed i W @E (Rs.1250) @R B,
A ST R AR - 6
TEEC T 13. TEH AR, E qEn &
f= f R FX T T TR B AN 4@
B ?

4 (n) A cinema hall is located next to a factory. The

efficiency of the workers is negatively affected
by the loud music in the hall. The cost function of
the hall (C,) and that of the factory (C,) are as

follows.

C. =5x2 ‘and C.=2y"+ 4xy

x and y are the outputs of the hall and the factory.
I he output price of the hall and factory are Rs. 150

and Rs. 90 respectively.

(1) Suppose the hall decides its output
independent of the factory’s and the factory
decides its output based on the hall’s. What

will be the output of both units?

PT.0O.
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(ii) Suppose the factory and the hall decide
to merge. What will be the output of th
hall and the factory with internalize

externality? (2.5+5=7.58

(b) Amar (A) and Saurabh (S) are sharing a flat
They need a water filter and it costs Rs. 80 per
unit. The water filter (F) is a public good in thi
case. F = 1 if they get the filter and 0 if don’t ge

the filter. Their utility functions are as follows.
U, EMY)=0+F)M, and Us (F, My) = (2+F) M

U, and Ug are the utility functions of Amar and
Saurabh respectively. M, and M, are Amar’s
expenditure and Saurabh’s, expenditure on private:

goods respectively.

(i) Find the reservation price of each flat mate
for the filter. '

(ii) Suppose the endowment of Amar is
Rs. 100 and that of Saurabh is Rs. 75 to
spend on the filter and private goods. The
price of a unit of filter is Rs. 80. Suppose
both the flat mates want to share the price
of the filter equally. Will they be able to
purchase the filter? Justify your answer.

(5519}

13

(o) wm el @ e v R we e R S A Qe

il A e @ FREET W ASISE ANE 98T
A Hie () 8RR BE (C,) =1 aF Hed 39 WER
f

WUl y BT 3R BER) & IE 31 Bl ¥E SREH
Wl JEET A FAN Rs. 150 AR Rs. 90 B
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R (A) 3K @RS (S) T Wi A@E1 W @ Bl IR
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U, (F, M) = (1+F) M, @

Us (F, M) = 2 +F) M

U, 9 Ug %A 3R U GRY & STAINET %o 3|
M, ¥ Mg %99 PR U9 ORY @ e el W

R s aw = 2

(i) Freex @ forg S we A w1 STRET T

FITT |
N (i) ¥ «ifoe o5 PR &% smm MY 100 T T
ialtrayy {
!Crmka; e A 75 TR B W fheex @ Fod ame
!. 6(@ R @ F @ e 8 | ey @ o g
LEEE . TG 80 T B | A eiifoiw fo S Wi Al

Theex & F9F & 99 9 A 9= HET O
1 T fheet @Wle UNA? MUY IWR G

a?rl%ﬁcrﬁgﬁl

Part B

5. Consider a monopolist with the following cost (C(Q))

and the inverse demand (P(Q)) functions.

15

1 Ra 2@ ands P =000— 2@

Where Q 15 the monopolist’s output and P is the

markel price

() What 1s the slope of the average cost curve? Can

you make a comment on the nature of the

monopolist market in this case? (5)

(h) Find the monopolist’s output, price and profit.

(5)

(¢) Do you think that the government should intervene

and regulate the monopoly? Justify your answer.

(5)

() What will be the total output and profit with the
repulation? Explain your answer with the help of i
i diagram. (5) i

Mefefers s (C(Q)) 3k =gwew #im (P(Q)) =&
wa U UEYeR W AR w0 I

C=25+2Q and P=100-2Q
a8l () v w1 IeT U P SN @M ® |

1
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| \(x 6.
i .

(3) 3wa OWE 9% O T T 27 TN AW T AR
THRSR TER Y W omht aw e 87

(@) TR w1 e, R 76 W A R |

(@) == s o B fR wER W ewey o
7 fafEfe e TRY? Jme S w1 SR
Eadl
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(a) The inverse demand function in a duopoly marki
is P =300 - Q, where Q = Q, +Q,, Q is the totf
output and Q, and Q, are the output of firm 1 an

firm 2 respectively. Each firm has a constay

marginal cost of Rs. 30 per unit and zero fixe|

costs.

(i) Suppose both the firms decide their outpy
simultaneously. What are the quantitig
chosen by each firm? What are the markg

price and profit of both the firms?

17

(11) Suppose now that the firms decide their
output sequentially and the first firm is the
market leader and the second is the
{ollower. What are the quantities chosen
by both the firms? What are the market

price and profit of both firms?

(1) Draw diagrams for the above two cases.
(‘ompare the market price in part i with

that in part ii. (5:-5+5=13)

(h) Consider Hotelling’s model - a street of length
one, consumers uniformly distributed along the
sireet, each consumer having a transportation cost
equal to 2t, where t is the distance travelled.
Suppose there are two gas stations, one located at
I/4 and the other located at 1. Find the demand,

price and profit for the two gas stations. (5)

(%) U SR SR ¥ oJewd W w8 P=300-Q
@8 Q = Q,+Q,, Q FH I@E T AWM Q W Q,
FIE B 1 S HH 2 T JEE B | TS B d
feor Froia @R 30 T WA TS AT R ANE T
LAl
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(i) wer Sfoe & IR B T A SO IS
mﬁlmﬁmgﬁtﬂéﬁﬁﬁw
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(i) = wF AIRE & Fufar Jo= IR w5

T A 9T FE B AT UER BH HhE wsC
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(i) SWew T fafd & for @t
W i $ AN e @ g S i S 3
FAE ¥ |

& T T ¥ faRa Soie, s S

RaET AR 2t B TR B, Wel t 7 W TS

T Ak & D A9 2w 2, T 1/4 W Ruw 2
g0 1 W ug ) I W LA A AW, R
W A HI |
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Connider the following 3%3 game matrix.

i L Cc R
U 3,3 2,1 20

__M il 1.1 1,0

(B 2,1 4.2 1,1

(01 Biefine Nash equilibrium and find the pure strategy

Sach equilibrium for this 3x3 game.

(3)

(0 D tine stietly and weakly dominated actions. Are

theie any strietly or weakly dominated actions in

the piven game? Explain your answer.

(3)

(01 Bemove the dominated actions and get a 2x2 game

sty P the Nash equilibrium in a2 mixed

Myutegy larmal

(3)

(0 The market demand function in a duopoly market

0= 140 p, where Q is the total demand and

P s the price. The marginal cost of production is

1=,
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zero, Firm 1 is the existing firm and has decide

(w) il et Y Ber ¥ wen 2x2 I AigEE W =l
e i e ¥ A G T I |

its output (q,) Firm 2 is contemplating entry. I
Firm 2 enters then it must incur a sunk cost K,

() Wi aoiR % SeR w9 e Q =140 -p 2, @l
() W i R e p s ® | SEe i ERE A
gt 1 o 1 e R SR SEN ST SSCYC T
o B # oA w2 W R BER W W@ B AR
ol 3w wed ® W@ SR K, ¥ WEE & 96 S

g, (wh 2 = HiFeqe) TR W FEAR & W B

after which it is allowed to choose g, (output of
firm 2). Compute the threshold value of K, above

which Firm 1 prefers to deter Firm2’s entry.

(5)

ARl 3x3 ﬁwi@mﬁwﬁl

N\ L c R LW s o e T @R, Res SR W 1,
i hWlaitray: ol 5 W e = i e 5
1 Chankay, U 33 2,1 20 &l
. )
: A .?( M 1 i 1,0 "
B e % (u) Buppose three players play a game with a selfish
D 21 42 11 wislive of try to maximize their own payoffs. Each

af them announces an integer between 1 and 6
(hoth tntegers ineluded). If the three integers are
difterent, the player whose integer is the closest
W 2% ul the average of the three integers gets

We & If two or even three integers are the same

et s 6 will be divided equally among the
aunsuneers of the integer/s closer to 2/3 of the
avetage of the three. Is there a Nash equilibrium

in this game” (5)

kO,
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(b) Do you agree with the statement that a m
does not have a supply curve? Expl

answer.

(c) The marginal cost of the monopolist is Rs. 10;

equal to the average cost. Assume the monopolis!

sells its goods in two different markets
by some distance. The demand curve i

1 and 2 are as follows.
3 391Dy andqz=7"0ﬁ2p2

where q, and @,

market 1 and market 2 respectively and p, and p

are prices in markets 1 and 2 respectively.

(i) Find the equilibrium price and quantities i

both the markets. Draw the di

(ii)) Compare the price elasticities

in both market 1 and market 2%

(1) mﬁmﬁﬁwﬁmaﬁﬁw%wm
%mmﬁwﬁ%g&aﬁaﬁaﬁr&mﬂaﬁm
aﬂ%%lﬁ%uﬁaﬂsﬁiéﬁ?ﬁﬂ@?ﬁm

are the quantities demanded 1

onopolist
ain youl
(5:

separated

n market

agram.

of deman

(5+5=1%

62

(W)

()

23

siinon wwen @ (S QUi W 2)1 AR @ i
et - et #, A fora Raendl @1 gl &7 il &
Meaer & 2/3 @ w4 Fee 2, 39 6 T Fem 2
aft @ a1 S quiter @O B A T 6 T A @ S
W 2/3 @ &0 qUie @ IgUw @ §" g

nr

W W T FE Y geAd & ueiEd w g

an Wil Rl 87 SO SR TR |

wn ol o Geie S 10, T 2 R F e
W o e #) W o B e JE I9E @
W S AR X Yo B W 1S Q0 ¥ A B

B Wi | oAdr 2 X W 9% 29 YR B |
i, e

p, and q, = 70 — 2 p,

WAL, AW, A ST 1R SR 2 R A
Wil # e p, EO p, ST ISR 1 3R 2 W w
Ll

P.T.0.
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‘Answers may be written either in En__glish or Hindi;

but the same medium should be used throughout the

= R Bl

=@ TE-1F @ fee & s Ry v Feie e w
IR ey |

T IE | 8 9T B

& S 5 AT & wEe §

TR U @ Ji T @ e o W E |

=0 - O S SR St a1 B R v s ¥ A,
T ITRI A WA T B A A |

Discuss the reasons that have kept the population
growth rate persistently high over the years in mos|

of the developing economies of the world.

ABAN 3

W o e S e faee &Y st Rease
WS e gfg T R TE ¥ TER I 99
R

Eaplatning the Harris-Todaro model of rural-urban
igration, discuss how this model endogenously
delivers o prediction for the size of the urban informal

Lo (10,5)

W et e o e - SRRy ied @t T e BT =t
W WA e e e w9 ¥ IR0 SHNEIRE A o
W mn w Futfea @ 2

Fhete are vartous lactors that affect the structure of
bl rental contracts in a rural economy. Of these,

discuss how the factors of incentives, risk and the

deulle meentive problem between the landlord and
the tenant, affect the choice of land rental contract.
(6,6,3)

P.T.0.
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4.

W wE wRE T W IAW e ¥
m-ﬁmﬁwﬁam%nﬁ%% =t
qﬁqﬁmﬁm%@amw SR e,
sk O G S g G ENE, fer ford ey =@
fotr = B9 TR oW

(a) Explain how the casual labour markets in rural

areas create nuiritional externalities that all thg

stakeholders end up paying for.

Wﬁﬁu@méﬁﬁaﬁuﬁww(ﬁﬁ
i) B A g wEwa e w § e
fre @ R B A F O 2

(b) Explain why land inequalities tend to rise in poot

rural markets that are characterised bY
collateralised informal debt contracts, where the

collateral is of value to both the lender and the

borrower.

e X i 0 TR ST K, SR SR
o S S e TR B 2, ff FEAEY T W
¥ fAw w9 ¥ wEl Wi, SHEET SR, A
fore wEeql Bl B

ABAN 5

I . 4a) Baplain, in detail, why interlinkage is an observed

wiode of eredit transactions in rural markets,

(12)

papecinlly of the !|t‘\'L‘lUpi1’1g economies.

P e o amfor aed ¥, R v ¥ et
sl A o Bfte, SR T T Tierd e

W "

) Assuming 10% to be the prevailing formal rate of
cialeulate the minimum rate of interest

1000 would demand in the

fteiesl
that o lender ol Rs.
Wiloimal market, if there is a probability 1/2 that
the loan will be repaid with interest and probability
|} that the loan will not be repaid; and under the
latter condition of loan being defaulted upon, there
is o probability 1/2 of recovering assets worth Rs.

S00 from the borrower. (3)

L0, @ wafoe SirenRe =W W AES FY, AW WA
W A E TR S S TR SEOTETET STRITREIRE STeiR
A 1000 W & O & fr WA HAM, IR AHEA 1/2

W e SIS S WY YR S SR e 1/2

P.1.O.
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2 fF o A TE W, aﬂ?saﬂaﬁéﬁﬂ%aﬁ
%t Rufy & w5, U & 500 T < WAt N TGA
2w e 1/2 B

6. What are the major components that need to be
analysed to estimate the quality of environment? On
efficiency grounds, how does the use of economic
incentives compare with a command and control policy

to combat environmental problems? (8,7)

el S T A e o forg foRe e Al
7 R S & FEwEEd § ? AT & WER W,
i e 3 P @ fry, e S & S
aﬁmmaﬂ?ﬁﬂwfﬁﬁ%%ﬁaﬁwmﬁ%?

c

7. The high trade theoriés assured us that free
international trade will equalise the factor payments;
however, the global trade regime failed to see that

happen. Do you agree that the theories broke down?

Explain your answer, (15)

ALY i

yo e frael 7 B seEree T TR e S SR

WO ST ) SRIER SR, BTeh, SiRee SR SHEe VT

B der W fae o @ s weew B fR Reiw T
LR BT | R e

n Wiitte short notes on any two of the following:

ealator o @ fepsdl @1 o wfge feorh fofaw

(nl The positive effects of population growth on
ceonomic development.
wile e W SEEn 9fe @ SERE TWE

() Explain the concept of existing and optimal natural
capital stock.

M SR Tee TR oS wie o SEuROT @
e @l |

(v) What were the major changes that occurred as
the world trade regime made a transition from

GATT to WTO?

P1I.O.




(d) Explain the concept of disguised unemployment in
the context of Lewis model of economic growth

using unlimited supplies of laboure

maﬁa@ﬁamﬁmmmgaﬁﬁ 3
%@éﬁﬁgﬂ%ﬁﬁwéﬁwﬁﬁm
e FR (7.5 x 2)
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A<

. Examine the formalist-substantivist debate, and how did- economic anthropology as a

discipline leave it behind?

SR EETEY g Y i #, A TE ﬂsnw%wﬁwfﬁmmﬁﬁmﬁr%
=& &4 frg =

. With the help of illustrations, examine the main elements of the Maussian model of the

gift.
gﬁﬁﬁwﬁ,w%ﬁwm%waﬁﬁaﬁﬁ|

_ What is Globalization? How does it impact consumption patterns?

oo T 7 T WO Y T Y TATIAT T §?

_ Trace the evolution of the ‘peasantry’ as a socio historical category.

e AT YT ot H w7 § TR & R aqr e

. Examine the nature of Socialist regimes.

THTSTATET QTa 1 TeBfr 6T arerer iy

_ Elucidate the view that hunters and gathers belong to ‘original affluent’ society.

<o e Ay e R T PR of SRl e S TS & Se e €

. How has the concept of ‘embeddedness’ contributed to the understanding of economic

institutions? Substantiate your argument through the works of Polanyi and Granovetter.

@éﬁ‘ﬁmmﬁaﬁmémﬁﬁmﬁ%ﬁﬁm%%?ﬁﬂﬁaﬁt
TTTAET & FTIT % WIEAW & STq o 6 8 AL



[This question paper contains 12 printed pages.|

29 MAY 223

Sr. No. of Question Paper : 3726

lInique Paper Code : 12277606

Name of the Paper : Money & Financi

Name of the Course . : B.A. (Hons.) Economics
Semester 7 Sl

Duration : 3 Hours Maximum Marks : 75

Instructions for Candidates

| Write your Roll No. on the top immediately on receipt
of this question paper.

' Attempt any Five Questions.

| The distribution of the marks is given with the question.

| Answers may be written either in English or Hindi;
but the same medium should be used. throughout the

paper.

wreat & e A& |
| 5@ WE-TT D Bl @ SR R T FuiRe e W) s
TR fereag |

P.T.O.




3726 : 2
2. . ﬁﬁftﬁﬂwﬁa‘iwaﬁm
3 aﬁﬂﬁmm%mﬁﬁ'ﬁmén'

4. o9 WEA-UA & ST ﬁﬂm%ﬁﬁ&wwﬁw,
aﬁaﬁﬁmwwﬁmm \

1. (a) What is the observation of Third Working Group."

on Monetary Aggregates? Discuss the New

Monetary and Liquidity aggregates recommended

by the Third Working Group.

(b) The Reserve Bank of India has released data on

sources and components of Reserve mo
31t March 2022 which is given below.

Rs. Billion |

3
L. Bankers' Deposits with RBI i
5 <Other’ Deposits with RBI _

3. Net RBI Credit to Government

4. RBI Credit to Banks & Commercial Sector

5, Net Foreign Exchange Assets of RBI

6. Government’s Currency Liabilities to the Public

7. Net Non-Monetary Liabilities of RBI

3

Using the
sing the above data, calculate the amount of
currency in circulation. Also prepare the balance

sheet of the RBI. (9+6)
, i

() W T W AR FEED G w1 e
37 AW FEEQ TE W SgERE A AR R
R el WS |

(0) wdm Red 96 ¥ 31 99 2022 9% fod w0 &
Bl ;

RS

16{R‘«§1&n§$ : - Rs. Billion
: IR S5 ) o IR
TR 877

- o i i

1 35T AT B AT | s

6. ST & U TRBR PI T Tand 4

7. arvahlond 7 g e et oy

IR S T ITANT A 5, G A q5T Y A=
& A X1 RBI &Y 399 e S AW w0

PO
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2. (a) Discuss j;he adjustment suggested by Rangarajan

and Singh to the basic equation for momney

multiplier appro ach.

(b) ‘Inability of weighted monetary aggregates
essentially reflects deficiencies of operationalisation

rather than conceptualisation’. Discuss.

(c) A key financial innovation in 1980s that

dramatically influenced the role of financial

intermediaries is the phenomenon of Asset

Securitisation. Explain in this context the process

of asset securitisation and discuss its implications:

to financial markets. (5+5+5)

(m) ‘e A W A s 7 ¥ IR

%mmﬁmﬁﬁfﬂaﬁﬁﬁlaﬂ’faﬁn

(0) 1980 B TuH X v FEeaqwt e Har R R
Al S F AT W A ywE frn, 9
aREEf ARSI 6 T B ¥E wet § et
R @ whar  wen w s R e
W RS e A T W

(a) A i

) A bank with market power charges different
interest rates to borrowers with good and bad
credit risk under symmetric information and same

int
erest rate under asymmetric information

Elucidate.

(b) Explain how transaction costs influence the
financial structure. Also explain how financial

inte iari
rmediaries help reduce transaction costs?

(10+5)

(31) WO A AR A TE I WG THIQ F W
D 3R R T AR A IURFAH A T — T
@ T T AR s W @ s e
O W A B WL R

BT




4.

EE A R
- A A
B

(a) Compar

fin

ancial crises in United State

Countries.’

(b) Explain briefly the futures cO

functions of a clearing

futures market.

e and contrast the sequence

of events in

¢ and Bast Asian -

ntract? Elucidate the

house with respect to the

(9+6)

V726

7

(1) Suppose there is an investor who longs a put option

(h)

on Asset XYZ that expires in one month and has
a strike pr.ice of Rs. 105. The option price is Rs. 2
and the current price is Rs. 105 and the investor
holds the asset till expiry date. Give the difference
in the profit and loss profile between a long put
position and a short put position with the help of

a table and graphs.

Kartik’s father plans to purchase a $ 10,000 Car
wh'en he graduates school five years from
now. Calculate the amount he needs to invest in
cach of the following small saving instruments
today at the given interest rates compounded
annually to be able to purchase the car. Which
saving instrument requires him to invest less and

why?

P.T.0.
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: ¥ Fam A & o srawms offt & ToE w0 3R
Interest Rate ‘_____J )
gavm :ﬁmint . . Wwwﬁmﬁamwﬁaﬁmméaﬁi
avin,
5 Year Time Depositina Bank '6;:*//0 27
National Saving Certificate 8"/?
- Employee Provident F@d 2
1. —
Saving Instrument Interest Rate
? Savings Deposit 4%
' e W et XYZ R & \ Year Time Deposit in a Bank 6%
q ( &) 7 e 1% T  National Saving Certificate 7%
R Freey aEd & W U T ¥ e B @ 2 Imployee Provicllent Fund 8%
F t _
% ' aﬁzm@ﬁwwﬂﬁé'ﬁw‘i‘“@
fs | 3 s o e 05 T B o e e B
iﬁ e Gt @ B dqa JR WE WA &R ¥ o= 4E i (a) Illustrate with. a suitable example the inverse
at | s S B R relationship between market interest rates and
- e S W e Ao b
Ef die ;M T price of couppn,bond with different maturities.
tiat ; T ¥ H @ |
oT( (b) Explain with the help of graphs how each one of
& (@) mﬁﬁ%ﬁmw%mmmw@ﬁﬁm

the following affects the demand and supply curve

aﬁﬂlo,oooﬁmaﬁamxaﬂﬁaﬁmw
%tmaﬂﬁﬁmg‘ﬁ%maﬁﬁm%a

for loanable funds.

(1) decrease in inflationary expectations

P @)



jal
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(i1) an increasé in size of government budget
deficit

(9+6)

(iii) decrease in wealth

() e @ = < e Rty SR A S
%wmaaﬁmwl.
SR TR T ® |

(i) TR we s ¥
(i) o= X

7 (la) How have capital requirement norms changed fro

Basel 1I to Basel II17

N

1726 11

(b) In India, banks are the main conduits through which

monetary impulses are transmitted to the real
cconomy. In this context review the bank’s lending

rate system since the early 1990s. : (7+8)

(31) Yot snEvacar wHes d8a 1 ¥ 99 11 § @d 95

w F?

(@) wra ¥, ¥ T W= 2 RS W AR s
s seioEen F guid B ¥ 39 99 ¥ 1990
F TWE A YO ¥ dh 9 FUR o A0 T
ol

(a) What are the channels of monetary policy
transmission and explain with the help of a

flowchart?

(b) Explain the use of repos and reverse repos as

tools of monetary management. (1.G+5).

PO,
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.

(3) AR AR @ www @ Y e ¥ SR et

FERE ¥ FHET |

(3) A T D IR F WX R Rad ¥ &

%ﬁqﬁﬂaﬁmﬂﬂﬁl

(100
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1. Attempt any four of the following : (4%x5.5=22)

(a) Examine the definiteness of the following quadratic

forms :
DEEN=——-z7—y

(i) —x2 + xy — y? subject to 5x — 2y = 5

(b) Find the domain of the following functions and

draw the sets in the xy plane:

() f(xy)=Vx+l+ify

(ii) g(x,y)=q/9—(x2+y2)
[n lieu of B for PWD]

Find the domain of the following functions :

3833 3

(1) f(x,y)z x+'1+\/§

i) g(x.y)=,/9-(x+y?)
(iii) f(x,y)=ln(1—x2—y2)
(c) Show that x2 + y2 = 6 is a level curve of

f(x,y)=yx*>+y? — x> = y? + 2 and that all the

level curves of /' must be circles centered at the
origin.
2
d’z  d»
+_,_

1
(d) Let z = =ln (x* + y?). Find ; g :
2 dx~ dy’

(e) Examine the homogeneity of the following
functions :
2
(Xlx2x3)

(1) Bl 2, ) = —g——gr——
g xf+x;_'+x§

S
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(i) G(x, %, Xy) = (axF +x3 +ex§)

2. Attempt any four of the following : (4x7=28)

(a) Suppose a monopolist is practicing price:

discrimination in the sale of a product by charging
different prices in two separate markets.
Suppose the demand curves are P, = 100 — O
and P, = 80 — Q, and suppose the cost function
7 is 6(Q, +Q,). How much should be sold in the
two markets to maximize profits? What are the
prices charged? How much profit is lost if price

. discrimination is made illegal?

1833 5
(b) Use the extreme value theorem and find the
extreme points and extreme values for f(x,y)

defined over S when

fla, y) = 2+ +y-1, 8 = {{ny) B¥*+y =l

(c) Let the function g be given by

g(x,y) = x*y* + 2x2y? — 2x% - 2y°

Find the stationary points of g and classify them
as local maxima, local minima, global maxima, or

global minima.

(d) Examine the concavity/convexity of the following

functions :

() f(x, vz} = {x +2y+ 32)°

R.T.0.
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(i) f(x,y) =x -y — %

(e) Maximize U(x,y) = 100 — e* — e subject tol

px+qy=m.

(i) Solve for x and y as functions of p, q, and’

m.
(i) Prove that x and y are homogeneous of

degree 0 as functions of p, g, and m.

3. Attempt any three of the following: (3x6=18) 1

(a) Show that any function x = x(t) that satisfies the

equation (t — a)? + x* = a2 is a solution of the

following differential equation :

T
at

1833 7

(h) Find the area of the region bounded by y = x3, the

x-axis and the line x = 4 for x > 0.

(¢) The marginal cost function of firm is MC = (log x)*.

Find the total cost of 100 units if the cost of

producing one unit is Rs. 22.

(d) Find the differential equation of the family of circles
passing through the origin and having center on

the x-axis.

Altempt any one of the following : (1x7=T)

(n) Solve the following linear programming problem

Max 3x + 4y

3x+2y<6
subject to x +4y <4
Compute the increase in the criterion function if
the first constraint changes to 3x + 2y < 8.

P.T.O.
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(b) Write the dual of the linear programming problem

given in part (A) above and solve it.

3 \
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5. Tl difer vl & SR Afeg 1

3 Y e T @ e e T )
4. TEIF-TA H IW aﬁﬁm%ﬁ%ﬁw-wﬁm,ﬁﬁr—r
0 SR I AT U Bl Bl e |

1. (a) List out the new monetary and liquidity aggregates

as per the Third Working Group of the RBL
How did the Third Working Group eventually

treat the liabilities .of non-banking financial

institutions?

(b) On the purchase of certain commodities, suppose
the Government of India makes a cash payment
of Rs. 50 crores to the public out of which, the
public keeps Rs. 10 crores in the form of currency
and deposits of Rs.40 crores with their banks.
Further let us suppose that aftér accepting these
deposits, the concerned bank just keeps Rs. 8

crores as reserves with the RBI.

3876 3

If the RBI now buys treasury bills worth Rs. 90
crores from the bank, then how much of money
supply will be generated in the economy solely on

account of open market operations?

Would your answer get modified in case the
quantum of High Powered money in the economy
instead increases by Rs. 90 crores via banks’
borrowings of an equivalent amount from the-

9
RBI’ (o,

() RBI % @it swiwndt w5 & sam 2 A s
T g W qdEe AR e w3
Fae: IR-dfET fAln s W) deRal @y a3

AT ?

(@) @@'ﬁﬁwzﬂ@ﬁféiu@atn,mwwﬁ&ﬁf% T
AEHR T & 50 wﬂgrm&mmwm
2 R ¥ o 10 W T D W N w2

P00,
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SR 40 FAT T T Fa H @ TN FTA ¢ | TR
e A ST R T TS S S ER S 5 9,
Zafm 3% /% 8 wU% T RBI & W gHRE R
m‘ﬁ‘&ﬂﬂl%l
af RBI 5§ ¥ ¥ 90 T3 T & Tort e @l

%,.ﬁt%ﬂﬁgﬁm%ﬂﬂm%mm@m
F Beeh qE A S B

2. (a) What is asymmetric information? How does
adverse selection affect interest rate in case of

bank with market power?

1876 5

(b) Derive the broad money multiplier. Explain the
adjustments that need to be made to arrive at a
fairly general model of money multiplier in the

Indian context. (6+9)

(31) IEwlfE FEE @A 27 WNR S W O S
F A | e IO SN W G Y AR e
&7

(4) oHTF U O T TR SRE W ¥ WE Ui
R HE I Wied W T & fow R o 9w
AN & e SR

(a) Assume an Asset XYZ that expires in one month
and has a strike price of Rs. 105. The option
price is Rs. 2 and the current price is.Rs. 105.
Compare and contrast the risk- reward profile of
a long call position with a short call position with

the help of a table and graphs.

P.TO.
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(b) Consider two coupon bonds with face value of

Rs. 1000, coupon rate of 10%, maturing in one

year and the following probabilities of default,

respectively :
(1) 10%.
(if) 20%

Assuming market interest rate of 8 %, calculate
yield to maturity in case the two coupon bonds
are default free. Also calculate the default risk

premium on each of these. (9+6)

(31) 7= & 5 e qRee XYZ S o w8 ¥ w8
@ 2 3 TEE wEE T4 105 T 2 HEeT 19
2 TR 3R AT A 105 T B Ao AW IH
£ v 3w e w A S e
i @ @@m}aw-amm R AT IR AR
AN -

1876 7
() 1000 T F JfHd @ R 10% &F F99 =, v T
¥ aRue B 3 Retee =t worr: Fe=foRas dvamn

@ %F'FT dfe W AR #if
(i) 10%.
(i) 20%

8% W AW T T AW Y, A T Az Rewvee
T B @ Rafy § aRuewer W@ @ o

FH TR A TE W Rwfer SiRes N & o wosr
il

(1) What is liquidity risk? Illustrate diagrammatically
how this is factored, in the determination of

interest rates on bonds issued by small and large

corporations.

RO




3876

8 )

(b) Illustrate the determination of prices and yields

for bonds listed and bonds not listed on the
secondary bond market. Which ones are less
liguid and what is the implication to interest

charged? . (10+59

(31) s e @ 37 9 ol @ P Tk W g

S ()

T Ak W A T @ R ¥ W S we R
W 2, 30 NG ¥ ¥ e
3 forr <l 3l vRwe & R & ' & @

A FH WA & IR @Y MY S W HT IWE ISl

27

What is a yield curve? Which theory asserts that

long term interest rates are an average of short

term interest rates during the life of the longer

term assets? Illustrate various forms of yield

curves in this context.

9

(b) Briefly explain the views of the Third Working

Group on the

(i) Coverage of depository corporations

(i) Residency (10+5)

(57) wiwet o =/ 27 i a1 fgta T wer 2 e w

A = I ® AN FE S e et @
AT ST T T ok st 37 39 g ¥ Iww
TR & R o T i

(1) TR AR FRER o & FFart o 98y ¥ we i

(i) TR Fmr s sreseaa

(i) FEm ==

i (a) The'issue of transmission from the policy rate to
banks’ lending rates has been a matter of concern

for RBI. In this context critically examine the

RO
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4

i i Lendi Rate system, ,
Sl s i T . ) (n) Compare and contrast the degree and nature of

i ing Rate system, the Base . A v
Benchimatiebiime Londing PR i the banking crisis that took place in two separate

T Rate system and the Marginal Cost of Funds based spisndamaite - 1007 20095 and. in fhe -t antl of

Lending Rate system. 2008 Global financial crisis.

; N 5
(b) Whatgsangsiplc wmiiontor approach? Blaboraiciy (b) How will Basel III affect the profitability of banks?

RSy s\ framewor under femenicd multgy Will it alter their incentive structure? (8+7)

) indicator approach implemented in 1998.

T . (10+5) (5) @ grew-grewr safy | s, 1997-2002 3K 2008

(3r) AR W A FH F IR XA ¥ TEROT F A RBI & % s g e & a1© ge T Gwe B qRa

_{" fore R fwr e B e ¥ W AR o gl avl e s

[S R, e s A o R, 39 T R i (@) e 00 A R T W A R wn?
;H ' HATSAe e 3 HIG S AT Yo R F FRvome U8 I WA GO Y 9ed 27

iouft T ATAGATHE TV SR

T g (2) In_the long run, an output target is a quixotic goal
T3 (@) & FHaw Icwmw T 87 1998 ¥ AW wafla ¥y

for monetary policy, since it cannot be attained,

Yohad Rl & dEd URdeW @ Sl fawR 9 whereas, in the short run, monetary policy might
— be able to achieve either a prlce‘level target or an

output target but not both.” Explain.

B 120
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(b) Under what circumstances does the Central Bank
employ the unconventional monetary policy
measures? Briefly explain any three unconventional

monetary measures. _ (8+7)

(3) Ay ¥, v woege e AEE AW P P

FarfaE weg 2, T 39 W del fohdT W gl

o ¥ BT TRRURE ST g S STl
£ A 27 el 99 FwewnE /fds ST @
HAT A =@ Sl

(1000)

e palsfez\n)

[This question paper contains 12 printed pages.]
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SECTION A
e &

Answer briefly any six of the following questions.

(5 marks each)

ﬁmﬁrﬁaaﬁ%ﬁﬁmuﬁ%ﬁmw%m

(5 3iem W)

Explain why the share of the population that works in
the research sector is less than optimal in the Romer

Model?
T T A @ ¥ S A ¥ W O are Sl
e e I L

You are given the following information about an

economy :

Saving-output ratio = 20%

Capital-output ratio =‘2

Expected rate of growth of output = 6%

Discuss the possibility of steady growth for this

economy in a simple Harrod model.

me%aﬁﬁﬁwﬂ%ﬁaﬂaﬁaﬁaﬁ%z

g - 3cded JAqId = 20%

3982 3

“ﬁ—m FAIH = 2

Joed @t ghe W SURE W = 6%

T AYR A ¥ 2 Adaed & fer fwm it wyEen
™ T N

How does Friedman’s ‘fooling model’ explain the
occurrence of business cycles? What do you think
would be the shape of the long-run supply curve under
the assumptions of this model?

WISAT 1 R T SR TRl S el @t saRer e
A 27 I T oI 8 5 3@ aten it wesl @ dqwd
Sreferren= YR 9% 1 SR T B 7

Suppose that a foreign exchange trader observes the

following exchange rates
$1 = €1 in New York
¢1=£0.88 in Frankfurt
£0.80 = §1 in London

Show that there is a possibility of profitable arbitrage
and calculate the profit on a $1000 investment. Explain
(he market mechanism by which consistent cross rates

among the three pairs of currencies would be
cstablished.

PTIC).
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Waﬁ_@ﬁ%ﬁ@mﬁﬁﬁ%ﬁﬁﬁﬁmaﬂﬁ
@ ®

§1=~gge A €1

€1=hawe & £0.88
wET H £080=%1
ﬁﬁr@’ﬁ?mwﬂ%w%aﬂimooo%m

mwaﬁmaﬁlwwaﬁﬁwﬁmﬁm
@ﬁ%mﬁ%%@amaﬁﬂkwﬁaé’fﬁu

Consider an economy under a fixed exchange rate
system with

Nominal GDP = $ 220 million

Money Supply = $ 50 million

Velocity of circulation of money, V = 4

Money Multiplier, m = 3

Use your understanding of the monetary approach to
BOP and find the effect on BOP of the economy, this
situation would lead to, given that monetary authorities

will keep the domestic component of monetary base

constant.

What do you think would happen if the economy was

under a flexible exchange rate system?

3982 5

. v Riftem R w o & 9 U sfeaen W RER

=

AR Sier = 220 faferm @R
o O = 50 fafEs R

UT ® Fdes W o, V= 4
T AR, m= 5

AT * g AiE e St s T @ IwE W
R e & SIS W wE o wer wg, 9 ferfw @
s f& A st difts aeR & e v R
gseatl

TR = o 8 TR 3R srfeeeen vl Al e vomed
& 9Ed B A =dr Bt

Explain why in a world where the Ricardian
Equivalence proposition holds, a long sequence of
deficits and an increase in government debt would

have no effect on the accumulation of capital.

e = fh v vh g W we RewfEas wgena wae
WEEl 8, U 1 U ol W I e ST A g o Tu
@ U W HIS W FE 9

PTG
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What causes bank panics and why do they worsen

financial crises?

%ﬁamﬁhmﬁmW%amfﬁmr%ék%i%ﬁuéﬁaaﬁéh
o e B ¢

In the steady-state there is no ‘capital deepening’
and only ‘capital widening’ occurs. Explain this
statement by clucidating the concept of steady-state
in the Solow model with no technological progress.

oz e 3 R Gl T w8 A 2 S H S
ﬁﬁm’ém%wﬁmﬁﬁﬁhﬁnﬂ%a@iﬁ%aﬁrﬁﬁm—a&m
étammmiﬁxmzaﬁiy{%rmwwémemfﬁn

SECTION B
wWs «

Answer any three of the following questions.

(15 marks each)

e ¥ 3 Bed A v @ S AR (15 3 TE)

9.

(a) In the Solow framework, consider an economy
with technological progress and o = 0.5. At the
initial steady state, its output per worker is growing
at the rate of 4% per annum. Now, suppose at

3982 7

time t = 0, the rate of technological progress
permanently increases to 6%. Using the equation
that determines the growth rate of capital per
effective worker along the transition path to the

steady state examine:

(i) Whatwill be the immediate impact on the
growth rate of capital per worker and

growth rate of output per worker?

(i) What happens to the long-run equilibrium
growth rate of the same set of variables?
(4+3.5)

(b) (i) Suppose that an economy has a production
function Y = AK, (where A is a positive
constant), the savings rate is ‘s’ and the rate
of depreciation is ‘d’. Show that in this
economy, government policies that increase
‘s’ permanently will lead to a permanent

increase in the growth rate of the economy.

(i) What constitutes the social infrastructure of
an economy? Using the concepts of production
and diversion, explain how governments can

play a decisive role in encouraging investment.
(4+3.5)

PT.0,
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R o= 05 | YRR R sEeen A, TR I A
sfier 4% Wi 98 & W A §¢ @ B e, A ATY
ﬁ?wwow,aﬁaﬁmﬁﬁaw@m%
Wé%ﬁfaﬁr%lwaﬁwarsmmﬁﬁ
ﬁmaawa%m%%gawqw%mmﬁrm
e oo @ afe w FriRa o 2

() Wi wew O gfe W SR AR EaCali
Sere S I @ W Ao WG AT B Y

(ii) qﬁﬁﬁ?ﬁ%a@ﬁﬂéﬂﬁ?ﬁmﬁm
T T A BT B Y

(i) e R For Rl srefeaeet o I e
Y= AK 3, (v A T wEweE e #),
s W ‘s N awEw A W d R Rew
%wmﬁwﬁm%‘s’a@%a@
e SR ¥ s i fwE W H e
g B '
(ii) o feEen & AN g S R ST
w27 Sees S faues 9 SEHRons &
S wRY gu @wen i fm Fee w
e wT N WER e yeR s e
e wedl E
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10. ./ (a)

(b)

(=)

9

Bring out the difference in the design ol monetary
policy under money growth targeting and
inflation targeting. Explain how a central bank that
follows the Taylor rule will stabilize economic
activity and achieve its target inflation rate in the

{7.5)

medium run.

Show how the profit-maximizing behaviour of a
monopolistic firm in the presence of even small
menu costs will lead to large business cycles and
will have adverse consequences for society. Is

the loss to society avoidable? How? (7.5)

mg&q’ﬂ&ﬁmﬁraﬁiﬁm@ﬁ%a&ﬁw%mwﬁ[ﬁm
ﬁﬁﬁwﬁmmmmlmﬁm
ﬁwmwmﬁmw%ﬁ%aﬁmﬁﬁl
& 3 fer war @k wew gE # FO AR
FErERf & Wl W R

(=) ot TRIRR T o T - SRl SRl RN

ﬁ,@ﬁgﬁﬁwmﬁsﬁaﬁﬁﬁa@w
aﬁﬁwéﬁsﬂzw%ﬁqwﬁa@qﬁwmﬁﬁl

o G T A Tl ST A 27 !

PTG




3982 10

I1. (a) Use the Extended Asset Market Model to discuss
the portfolio adjustments and movement in the
exchange rate when there is an —

(i) increase in the expected appreciation of
foreign currency;

(i) an increase in the domestic interest rate.
£71.5]

(b) Show that under the assumptions of perfect capital
mobility, constant prices and fixed exchange
rate while monetary policy is completely ineffective
in changing output, fiscal policy is extremely
effective. (7.5)

(%) Fam o @Ese ® 9= ey @ fov R
iguly IR R & ST W 3K fatww = ¥
HAAT 99 BT B -

(i) ot 7= o onftm ofe A of;
(i) =e = ® ¥ gfE

(@) fewm o qof gonr wifeeieran, Rer <vml 3l fafsas
fofma = &t aronatt & wee s AiRE A SweT
@ T A I OHE A ST 2, It i s
wE 2 '
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2. ‘(a) Consider the following production function for

ideas in the Romer model

A = 8L,, where & is a positive constant,
L, is the number of researchers and is a constant

fraction s, of the total labour force.
If the labour force is growing at the rate of n,

(i) Show that along a balanced growth path,

growth rate of A is n.

(i) What will happen to the growth rate of A

if there is a permanent increase in 87

|
(3+4.5)

(b) Using the government budget constraint, examine
what determines the evolution of debt to GDP
ratio over time. Also, explain how higher this
ratio, larger is the potential for catastrophic debt

dynamics? (7.5)
(F) TR o= ¥ R & IeareT woed W RER W

A=38L,, el § vH g a3,

L, digshdist it @@ 2 3R Ho sfie o @ v
'F"::?J'(S;I"ETSR%I

|
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afe wfie @ n @ | A 9@ @ T,
(i) fewd fo wqfom famm oo & @, A &t fJam

T n %I

(i) afd s, 7 wrl gfg BN T A A RN fow =
T BAN?

(W) WA ST w T W ITN FS Y, ST HW
Bikiie B T W T o T W e e
FeiRe =ear 71 wra &, we w5 95 sma R
Ferer €, famferql =or aifvet o Fomaen et siftrn
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6. mmﬁ%mawwﬁwmﬁaﬁﬁﬂ%mmmél

1. State whether the following statements are True or False. Give reasons for your answer.

(i) Consider a simple regression model estimated using OLS. It is known that the
Explained Sum of Squares is 75% higher than the Residual Sum of Squares.
This implies that more than 75% of the total variation in the dependent variable
is explained by the variation in the explanatory variable. ‘

(ii) In a simple regression model estimated using OLS, the residuals (ei) are such

that& = 0 and &2 = 0.

PT.O.
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(iii)The OLS estimate of slope coefficient of regressing Y on X is same as that of
regressing X on Y. ;
(iv) In a linear regression InY; = B, + B,X; + u; the measure of goodness of fit R2
was estimated as 0.70. The p — value of the slope coefficient is 0.578. The
coefficient is statistically significant since X explains 70% of variation in Y.
(v) If X and Y are related to each other by the equation: Y = 2 + 0.5 X, the
(5x3=15)

correlation coefficient between them is 0.5,

1.mvﬁ¢%ﬁrﬁﬁ§ama€r§mmlmﬁm%m'ml

() HTATE F SUHT FF AT TF FURG WReEa Alsd W RER
Wi%m%%mﬁwmﬂwmaﬁ%m#m%m
%lmmw%%mmﬁﬁwmwm%#aﬁm
STEATeHS T H BFewial ggRT FASTAT IR0 §

(i) INTEITH FT IIUET FE AT UH HURIT GIHA Az F, afse
() W& § & e=0 9¥ar &2 =0

()X 9 FEH Y & FoART IO7H F OLS Ieqenat agr § off Y W sy X
FT 81 '

(iV)TF Y& 9TRAT InY; = B, + BoX; +w 7 3T Assen R? & A 0.70 &

T H FAMGT A >0 A1 e onE @ f - A 0.578 &1 i
ARTRT 7 ¥ HAgeaqe? & 7k X, Y F 70% Bewrar & sarear wwar &
(v) 3tk X 3R Y & gy ¥ wehERor ganr wEht & Y = 240.5 X, 3% A
EHS 0T 0.5 §l

2. A researcher obtained the following results for determining the relation between

(5x3=15)

school dropout rates of a district (% of class V students who drop out of school) in India
and district’s per capita income, district’s expenditure on education and a dummy variable
D_partyABC =1 if political party ABC was in power,=0 otherwise. 215 districts were

included in this study.
’ District’s
Model | Intercept Per capita : :
expenditureon | D_partyABC ‘ 2
# _ _ Income(X2) education(Xs) (X9 . R | TSS
1.422 -0.231 -0.379 : 0.002 | 0.9452
1 (.876) (.058) (.14) |  (.00001) g
0.442 -0.115
0.8952
2 (.561) (-045) e

p values are reported in the parentheses
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Q) What are 2 prion expected sign of the coefficient of district’s expenditure on

education and why? What is the p value of this coefficient in model#1?

(ii) An opposition party XYZ claims that wherever party ABC comes 10 pOWEr,
school drop- out Fafies increase. Is this a valid claim?

(iii) Test the hypothesis Ho: B1=0 & B4=07

(v) Calculste R for model #2. Will this be greater than the RZ for model# 1 and
why?

(vi) To test for heteroscedasticity, the researcher conducted a Glejser test for model #1 and
obtained the p value to be 0.04. What can you conclude about the absence of
heteroscedasticity? (5%3=15)

2.@@##%ﬁﬁﬁﬁ$?§amﬁmﬁﬁ(ﬁv¢mﬁm%
awagagaﬁammaﬁmﬁraﬁam,mwm%a%mwm
== D_PartyABC =1 aﬁ:ua?ﬁ%ﬂ?aam_wﬁ o1,

= 0 I¥TAT

%méﬁmﬁﬁaﬁ%ﬁvﬁmﬁﬁﬁqﬁmmwm|wmﬁ
215 Tt @ enfder R I a4l

. i ST s AR
semee | W wama | fore &1 far W
AT : D_partyABC 5 :
g (X2) =T (Xs) s R TSS
: 1.422 © 2n231 0379 0.002
0.442 0.115 :
2 (.561) (.045) . 0.8952

p'm;rzﬁw;fmw#
(i)@mwﬁﬂ%m#?ﬁﬁmmyﬁamw%mw
ﬁgamﬁgazlvﬂma:rpmam%?
(ii)wﬁqﬁaﬂMmm%ﬁ?aﬁmqﬁAacwﬁmaqa
;ﬂgﬁaraﬁﬁaraamawu‘awavm%?
(iliyafk@reae Ho: Bs=0 & By=0 1 TLETOT FAC |

(iv)ﬂ'fgﬁ#2ﬂ?ﬁﬁ(ﬁz)éﬁtmaﬁﬁﬁlWﬂ‘e‘ﬂ“f?,ﬂm-%(ﬁz)?ra{ﬁ]?

PT.O.




4003 | 4
(v) Rwseifear & wlewr &3 § @Au, dusal a JAta #1 F QAU DWW
oREToT AT S p AT 0.04 e Rl RwAcfwa £ sty &
# g R e B @ §20 (5%3=15)

3. Suppose demand for Brazilian coffee in counﬁy Rico is a function of the real price of
Brazilian coffee (Puc), real price of tea (Py) and real disposable income (Yq) inRico. Suppose
following results were obtained by running the implied regression:

Coffee = 9.1+ 7.8 Py, + 2.4P; + 0.0035Y,
t= (0.5) (2.0) (3.5)
R?*=060 - N=25
(i) Interpret the slope coefficients. Are the signs in accordance with economic theory?
~ (ii) Do you think that the equation suffers from some problem? What could be the nature
of the problem? _
(iii) What are in general the consequences of problem if any detected in part (ii)?
(iv) Suppose the researcher drops Py and run the following regression
Coffee = 9.3 + 2.6P, + 0.0036Y,
t= (2.6) (4.0
R*=0.61 N=25

Has the researcher made the correct decision in dropping Py from the equation? Explain.

(v) Do you think that Brazilian coffeé in Rico is price inelastic? Why/Why not? (5x3=15)
3. 7= ST 6 Je &r F AN FA Fr A aShfoAE S i o
AT (Poe), T A aafas Hoa (P) 3R &t 3 areafds ST 3 (Ye) &
FA gl A AT R vieme ga Reffae oo s fe

Coffee = 9.1+ 7.8 Py, + 2.4P, + 0.0035Y,
i 0.5) (.0 (3.5)
R?=0.60 N =25
(i) @rer TqoTiRt fr sTERTT ffSC| FOv wahel e e & ygER €2
(if) 41 3T WGG & B FTHOT A Fo GEEA ¥ e v w2 oA

el 872
(i)t mr (i) & 5 Foear &1 gar 99 2 S @EeT 3 w3 =
oo g §7

(iv)F NIT fF MU Poe 1 B3 307 & 3K AR 9Resa domEr ¢
Coffee = 9.3 + 2.6P, + 0.0036Y,
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= (2.6) (4.9

& -  (5x3=19)

4. An NGO has performed 2 regression analysis to determine whether divorce rates affect
suicide rates (S.) in a country. The NGO used data for 40 countries for the year 2010 and
obtained the following results using OLS

S =2238— 0.0237HDI + 532.45InGDPper capita + 0.0056‘Divorce Rates
(0.0034) (-.019) (0.15) (.05)
Where S is the number of suicides per million population in a country in the year 2019
HDI is the Human development index ranging from 0 to 100 |
GDP per capita is Gross domestic product per capita (in$)
Divorce Rates is number of divbrces per million population in a couniry in the year 20 19

(i) Why did not the NGO use only divorce rate as an explanatory variable? What would be
the properties of OLS estimator of the coefficient of divorce rate in such a regression?

(ii) Given GDP has an exact relation with HDI where HDI = (GDP per capita*Literacy
Rates*Life Expectancy)'”, will perfect multi-collinearity be a problem in the above
regression? ‘ ' '

(iii)Interpret the coefficients of In GDP per capita and Divorce rates.

(iv)Suppose NGO only examines the impact of divorce rates on suicide rates and run the
following regression: 5; = B+ B,DivorceRates; + &; . Show that 8, is an efficient
estimator.

(v) The NGO also ran 2 time series regression for one specific country for a'pefiod of 35
years and obtained the following results.

S;= 10.433-.047 HDL + 343 .45 In GDP per capita: + 10002 Divorce Ratest
Durbin Watson d=2.03

What can be inferred about the presence of AR(1) from these résults‘? (5%3=15)
4.@@@3##%%@%%?@%@@%%%%
-@ruﬁ:ﬁrmﬁma(@m)ﬁmm%maﬁl wenal & ¥
2010$m4oa&ﬁ$aaarmﬁmammmmmgd
rfaiRE TRoTH ST e |

Sy =22.33~ 0.0237HDI + 532.45InGDPper capita + 0.0056 Divorce Rates
©.0034) (=019 (0.15) . (.05)

P.T.O.

/
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e S = a¥ 2019 # R g F wfy PARTT e W AR f I
3
HDI 0 & 100 J% &I AIE A Ya&is §

ufe Safdd a6 O3 3euie wia SAfFa el Tl 3eure ($ #) #
mﬁaaﬁzms#ﬁwﬁmﬁmmmwm@rm%

(n)mﬁﬁwmﬁmﬁmmﬁaﬁmmﬁaﬁr
foram? & ST F qeh & F IONE F HUATH A & AT T
glar?

(i) e e St &7 wudisng & Ay UG4S GeY ¥ el vadnng = (Shdd
wﬁwﬁ?r*mm*sﬁaﬁmam"{mmwﬁqﬁag-
FHARYAT TF FHET gHi?

(iii)In GDPQﬁWﬁTWW%W#mWI

(VAT RFTT T3 Faer MeAeedm eif W aois &4 & g & FiT Far
t IR meRRT s gamer & .S‘ = By + B,DivorceRates; + ¢;| fe@sT
B2 U P ITATS ¢

(v)nasﬁaﬂ:}%aﬂ@rma:mwmma;mmmw

gfaerae o gemr 3R Beafaf@a oRona grea @B
St= 10.433-.047 HDI; + 343.45 In GDP per capita; + .0002 Divorce Ratest

Durbin Watson d=2.03

L s:rqﬁwmh#ARu)#rsqﬁaﬁra:mﬁwmmmmm#
(5%3=15)

5. Data is available on per unit cost (Y in Rs) of a manufacturing firm over a 20-year period,
and index of its output (X). Following results were obtained:

¥, = 10.522 — 0.175X, + 0.000895X
t= (14.3) (-9.7) (7.8)
R?=0978 TSS=5700

(i) Interpret the signs of the two slope coefficients in the above regression.

(i) At what level of output will the average cost function be minimum?

(iii) Compute adjusted R%. Is adjusted R? always less than R2? Justify your answer.

(iv) Test that the variance of per unit cost (¢*y) over this 20 year period=20 against
not equal to 20. Use 5% level of significance.
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(v) Would your answer remain the same if 2 95% confidence interval is constructed
10 test the same hypothesis? Construct the interval and justify your answer.
(5x3=15)

5. 20 ar & 3 # v For WA B Ry GBE A (V. TR A) AN 5EE
IM3TYE (X) & FEFF R 3T 39y ¢ AEfafea IRomE S g

9, = 10.522 — 0.175X, + 0.000895X¢

t=  (143) (-9.7) (7.8)

R?=0.978 TSS=5700

M mqﬁ?mﬂﬁaamgmiﬁtzﬁ?ﬁﬁmmm
(i) 3eET ¥ P9 TR W AAd an bele ~gaaa gen?
(iif)FFRYE R? &1 o Afdw | F41 FARST R? A R? | &A gidr
7 Fa FaE @ AReg aifea Sl -
(iv)qﬁmaﬁﬁvﬁss?rzoa&#mﬁrﬁqﬁgﬂém(ﬁ)mﬁm
20 & ST & ATy fF a5 20 F T F8 g1 5% F & Agcd A
39T HIfST)
(v) 7R 3 aReFeTaT & 9T = & AT 95% Fear Iawre & AT
2T ST T, A FAT ITTHT 3T q8Y eIN? HeaWie A T@er FST R
39 3 @ gfSe el | (5x3=15)
6. The amount of loan (L; in lakhs) that is sanctioned by a bank to an applicant is regressed on
Gender (Dummy for Male: D_Male=1 if male, 0 otherwise), Credit Score (Ci higher values

indicate good credit history), Income of (Inc; in lakh Rupees) and education level (Ed;in years)
of the applicant for a sample of 45 applicants

InL; = 4999 — 0.0038D_Male; + 0.043C; + 1.062InInc; + 0.998Ed;
R2=0.6541

(i) What are the likely consequences on the results of the Gauss Markov theorem if it is
found that income and education have a high correlation coefficient of 0.88?

(ii) Interpret the coefficient of D_Male.

(iii) Test for overall goodness of fit of this regression.

(iv) The value of the test statistic of the White’s General test was found to be 9.69. What is
the distribution of this test statistic? What are the null and alternative hypotheses of this
test? What can you conclude about the presence of heteroscedasticity based on the
above information given squares and cross products of explanatory variables were
included in the auxiliary regression? RSt

(v) What could be the possible remedy of the problem if heteroscedasticity 1s indeed
present? Assume that error variances are unknown. (3x5=15)

PO,

TE———
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6.@@:@(-Limﬁ)a¥wﬁmmmﬁw§aﬁm&Tﬁ'ﬂ
(T¥W & faT 37 D_Male = 1 IfE 929, 0 3772), HfEe R (Ci 3T AW 5
#f3e sfem #1 Wha &a §), m45m$w$mmm(
9 #) 3R Mem =1 (ED; auf #)

InL; = 4.999 — 0.0038D_Male; + 0.043C; + 1.062inInc; + 0.998Ed,
R*=0.6541

(i) 7ia #wfa 97T & oot W Esfad oRene w27 § 3Rt 98 urm ST R
fF ama 3N ReT F1 3T Wewiy T 0.88 B2

(i) D_Male & Iomis 1 =arear fAfFv|

(iyza sfaessr & fhe @& 1 T9w sreord & v giwror S

(iVIegTsT & Fed GREToT & SeToT st @ AT 9.69 YR ATl sE adeTor
I3 & RBawer T §2 39 qderer 7 sreea 3R dFTeus uREeTd Far
£? IWFT TP F IR R ovrdfear £ 3uRfT F ey F a9 74r
fasey e dea & mmwﬁaﬂrmm#;mmaﬁ’r
e Uideds & wfae fFar srar g

(v) afe fasreiPerar areas # #lgg & & @eew @ dafd sTar & @
AT §7 A o % JR wwwor sran (3x5=15)

Q7. A real estate Company used housing sales data to estimate the effect that the pandemic
lockdown had on demand for sub-urban real estate

[nY, = —1,83 + 0.08D, — 0.91InX, + 0.55(D,InX,)

Where Y= Share of sub-urban housing deals during a month X= price per square metre of
sub-urban real estate, t = time, y

D=1, if t is a lockdown month
= (0, if t is not a lockdown month

All estimates are statistically significant at 5% level of significance.

() Write the regression functions for lockdown months and non- lockdown months.
(i) How would you test the hypothesis that lockdown had no impact on price-elasticity
for sub-urban housing?
(iii)Rewrite the regression result if Dummy assignment is switched as below:
D=0, ift is a lockdown month
=1 if't is not a lockdown month
(iv)Another investigator believes that the relationship between the two variables X and Y
is given by ¥; = B, + f,X; + &,. Given a sample of n observations, the investigator
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estimates 3, by calculating it as the average value of Y divided by the average value
of X. Discuss the properties of this estimator. What difference would it make if it

could be assumed that ;= 0?
(v) What will be the consequence for the Gauss Markov theorem if there are errors in

measuring Y? (3x5=15)
7.wmvmm#mﬂsﬁﬁﬂavﬁtaﬁrmwmﬁﬁmﬁ$
mﬂmmammmwmmm
Y, = —1.83 + 0.08D, — 0.91InX, + 0.55(D;InX;)
aﬁY=wnﬁﬁ$W3¢-a@maﬁﬂm_x=wmﬂméﬁ
F g @ AR =g, T = 574,
Dt=1,Mta“mmmnﬁm%
=0,aﬁ:ta‘faﬁgrsﬂﬁﬂi\ﬂra€r%
WWW%S%WQTWW?W%II
(a)mmmmm-mmﬁmmmw|
(ii)mgqqﬁmmaqﬁmmm%a‘fﬂmﬂm&mﬂmaa
mqm—mmﬂ?m_ﬂé‘r@?
(iii)aﬁgﬁmﬁtﬁﬁmﬁﬁaﬁmm%aqﬁmﬂmﬂﬁ
frr ¥ R_fEw

Dl=o,3ﬁrxtmaf$gm;r€m?
=1m€rﬁa@rﬁﬁmaﬁ%

(w)wmmmm%ﬁ:amxmva;mmn=pi+
ﬁzxt+st.a§mﬁmwti nmma:mmgﬁa@agmm
Bzﬂﬁmmﬁ.wﬁmYkaﬁx%Mmﬁﬁ
ﬁwﬁammﬁlsﬂm%@wwﬂiﬁ|mwm
mu‘gmmmﬁ;m:m

G ' F Ffear 87
(v)mmﬁamﬂmwmﬁw’ﬁm AT BT b ts)

P10



4003

10

APPENDIX E: STATISTICAL TABLES 517

TABLE E-1a 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 1.96
Z .00 .01 .02 .03 .04 05 .06 .07 .08 .09
0.0 .0000 .0040 .0080 0120  .0160 .0199 .0239 0279 .0319 .0359
0.1 .0398 .0438 0478 0517 0557 .0596 .0636 0675 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 1617
0.4 1554 1591 1628 1664 1700 A736 772 .1808 1844 1879
0.5 1815 .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
1.4 .3643 .3665 .3686 3708 .3729 3749 3770 3790 .3810 .3830
1.2 3849 .3869 .3888 .3807 3925 3944 .3962 .3980 3997 L4015
13 .4032 .4049 4066 4082 4089 4115 4131 4147 4162 A177
1.4 4192 4207 4222 .4236 4251 4265 4279 4292 4306 4319
1.5 4332 .4345 4357 4370 4382 4394 4406 4418 4429 4441
1.6 4452 4463 4474 4484 4495 4505 4515 4525 4535 4545
17 4454 4564 4573 A580 .4591 4599 4608 4616  .4825 4633
1.8 4641 4649 .4656 4664 4671 4678 4686 4693 .4699 14706
1.9 4713 4719 A726 A732 4738 A744 4750 A756 4761 AT767
2.0 AT772 4778 4783 4788 4793 A798 4B03 .4808 4812 A817
2.1 4821 .4826 4830 4834 4838 4842 4846 4850 4854 4857
25 4861 4864 4868 4871 ABT5 ABT8 .4881 .4884 4887 4890
23 .4893 4896 .4898 4901 4904 4906 .4909 L4911 4913 4916
24 4918 4920 4922 4925 4927 4929 4931 4932 4934 4936
25 .4938 4940 4941 4943 4845 4946 4948 4949 4951 4952
26 4953 A955 4956 4957 4359 4960 4961 4962 4963 4964
9T 4965 4966 4967 4968 .4959 4970 4971 4972 4973 .4974
2.8 4974 4975 4978 4977 4977 4978 4979 4979 .4980 4981
29 .4981 4982 .4982 4983 4984 4984 4985 .4085 4986 4986
3.0 4987 4987 .4987 4388 4988 .4989 4989 4989 .4990 4990

Note: This table gives the area in the right-hand tall of the distribution (1.e., Z = 0). But since the normal distribution Is symmetrical about

Z= (), the area in the left-hand tail is the same as the arez in the corresponding right-hand tail. For example, P(—1.96 = Z = 0) = 0.4750.

Therefore, A{(~1.96 < Z < 1.96) = 2(0.4750) = 0.95
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TABLE E-1b CUMULATIVE

11

SROBABILITIES OF THE STANDARD NORMAL DISTRIBUTION

Entry is area A under the standard nor

2(A) .

mal curve from —= to Z(A)

z 00 01 02 03 04 .05 06 07 08 .09
0 e Sew  Se0 . 510 (8160 5198 5239 5279 5819 5359
A e DEm  BhE o SN 5B SO g3 5675 5714 5753
2 e 1 ) R =087 6026 6084 6103 8141
3 7o+ @17 6255 62334 b33 6368 6406 6443 6480 6517
4 cEse | G591 5628y 0000 700 s736 6772 6808 6844 6879
5 g5 Bas0 Vipssaw® gola | 1.7ees 7009 7123 7157 7190 7224
8 o5 7001 ¢ 7R ofTH1 7309 IS o454 7486 7517 7549
T o0 764, WAtz qovs T L7EOd 73 7764 7794 . 7823 7852
8 7881 7910 708 967 . 7895 'so23 8051 8078 8106 8133
9 8150 8186 Wy.8212 8288 | 5264 aos9 8315 8340 8365 8389
1.0 aire B4z " eael  sess 85080 oo g554 8577 8599 8621
1.1 ceion Soead © sesc  E0E 8128 o O a770 8790 8810 8830
12 asip | geee  8ess 8907 8925 B9 age2 8980 8997 9015
13 oode . ¥ooso o088 o082 9089 L S 9131 o147 9162 9177
1.4 BN geor 9222 G236, 25T NER 9279 9202 9306 9319
15 o ome gy a0 ) oSl R 9406 9418 9429 9441
16 acs,  gieade 1oa74  1ugs8a, | 435 A 9515 9525  .9535 9545
17 SEEL  Dobd. L0573 50 S 0sEf e 9608 0616 9625 9633
1.8 o641 0640 9656 9664 9671 ‘9678 0686 9693 9699 9708
19 ‘oM@ | G7AS - 5726 wE7a2 & O7SRLLE ST o750 9756 9761 9767
2.0 o772  G7re 9783 9788 9793 o708 9803 9808 9812 9817
2.1 ‘9821 0826 9830 9834 9638 gaap 9846 9850  .9854 9857
22 oeG1  OseA 9868 9871 9875 9g78 9881  98s4 9887 9890
23 Sagy. 9686t 9EOR.  +900F N giOUOL . POOE ‘go09 9911 9913 9916
24 5i5.L. 990!« (9002 | L4U906 (4 0007 . LHS ‘9931  .9932  .9934 9936
25 oisa 940 . Ho4l  woods C OB - BT 9948 9949 9951 9952
26 ‘9053 9955 9956 9957 9950 9050 9961 9962 9963 9964
27 ges 9066 . 19967 906B  .06EB . TG 9071  .0972 9973 9974
28 g4 o975 9978, 9971 89T 997 9979 9979 9980 9981
29 oo61  9oe> ~ Goep 9063 9064 - 9908 9985 0985  .9986 9986
3.0 gog7 9087 9987 9988 9988 go80 9989 9989 9990 9990
3.4 9000 0991 9991 9991 9992 ‘9ggp 9992 9992 9993 9993
32 9903 9993 9994 9994 9994 9994 9994 9995 9995 19995
33 9995  ©995 9995  .99%6 9906 0996 9996 9996 9996 9997
34 0997 9997 9997 9097 9997 9997 9997 9997  .9997 9998
Selected Percentiles
Cumulative probabiity A | 90| g5 | .875 | 08" | 99 995 | 999
2 | 1282 | 1645 7060 | 2054 | 2326 | 2576 | 3.090

ELO:
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TABLEE-2 PERCENTAGE POINTS OF THE t DISTRIBUTION

Example

Pr (¢ > 2.086) = 0.025

< Pr(t >1.725) = 0.05 ford.f. =20 ot T S
0" 1785
Pr(|t| > 1.725) = 0.10

Prl 025 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 22.327
3 0.765 1.638 2.353 3.182 4.541 5.841 10.214
4 0.741 1,633 2.132 2.776 3.747 4.604 7
5 0.727 1.476 2.015 2.571 3.365 4.032 5.893
6 0.718 1.440 1.943 2.447 3.143 | 3.707 5.208
7 0.711 1.415 1.895 2.365 2.998 3.499 4.785
8 0.706 1.397 1.860 2.308 2.896 3.355 4501
9 0.703 1.383 1.833 2.262 2.821 3.250 4.297
10 0.700 1.372 1.812 2.228 2.764 3.169 4.144
1 0.697 1.363 1.796 2.201 2.718 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 2.624 2.977 3.787
15 0.691 1.341 1.753 2.131 2.602 2.947 3.733
16 0.690 1.337 1.746 2.120 2.583 2,921 3.686
17 0.689 1.333 1.740 2.110 2.567 2.898 3.646
18 0.688 1.330 1.784 2.101 2.552 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 2.528 2.845 3.552
21 0.686 1.323 1.721 2.080 2.518 2,831 3.507
22 0.686 1.321 1.717 2.074 2.508 2.819 3.505
23 0.685 1.319 1.714 2.069 2.500 2.807 3.485
24 0685 | 1.318 1.711 2.064 2.492 2.797 3.467
25 0.684 1.316 1.708 2.060 2.485 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 2.771 3.421
28 0.683 1.313 1.701 2.048 2.487 2.783 3.408
29 0.683 1.311 1.699 2.045 2.462 2.756 3.396
30 0,683 1.310 1.697 2.042 2.457 2.750 3.385
40 0.681 1.303 1.684 2.021 2.423 2.704 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 2.358 2.617 "3.160
09 0.674 1.282 1.645 1960 | 232 2.576, . 3.090

Note: The smaller probability shown at the head of each column

is the area in both tails.
Source: From E. S. Pearson and H. O. Hartley,
Table 12, Cambridge University Press, New York, 1

of Biomelrika.

Is the area in one tail; the larger probability

eds., Blometlrika Tables for Statisticians, vol. 1, 3rd ed.,
966. Reproduced by permission of the editors and trustees
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TABLE E-3 UPPER PERCENTAGE POINTS OF THE F DISTRIBUTION

Example

5% area

Pr(F > 1.59) = 0.25
Pr(F >242) = 0.10 fordf. N; =10

1% area

Pr(F > 3.14) = 0.05 and N, =9 X
Pr(F > 5.26) = 0.01 0 314 526 . :
d.f.for
denom- d.f. for numerator N
inator
No Pr 1 2 3 4 5 [ T 8 g 10 11 12

25 5.83 750. 820 8.58 8.82 8.98 3.10 9.19 9.26 9.32 9.36 9.41
1 10 39.90 4950 53.60 5580 5700 5820 58.90 5940 59.90 60.20 60.50 6070
05 161.00 20000 21600 225.00 230.00 234.00 237.00 239.00 24100 242.00 243.00 244.00

.25 257 3.00 315 323 328 3.31 2.34 335 3.37 3.38 3.39 3.30
2 10 8.53 9.00 9.16 9.24 9.29 933 935 9.37 9.38 9.39 ° 840 9.41
05 1850 19.00 18.20 1920 19.30  19.30 19.40 19.40 19.40 19.40 19.40 19.40
01 9850 9900 99.20 9920 9930 9930 9940 90.40 9940 9340 9940 99.40

125 | 20 2.28 2.36 2.39 241 242 243 244 244 2.44 2.46 245
3 10 5.54 5.46 539 5.34 531 528 5.27 5.26 524 5.23 5.22 5.22
05 10.10 9.85 9.28 9.12 9.01 8.94 8.8¢ 8.85 8.81 8.79 8.76 8.74
01 3410 3080 29.50 28,70 2820 2790 27.70 2750 27.30 27.20 27.10 27.10

D 1.81 2.00 2.05 2.0 2.07 208 2.08 2.08 2.08 2.08 2.08 2.08
4 A0 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 394 392 3.91 3.90
.05 7.7 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 594 5.91"
01 2120 1800 1670 1600 1550 1520 1500 1480 1470 1450 1440 1440

.25 1.89 1.85 1.88 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89
5 10 4.06 3.78 3.62 352 345 340 3.37 334 3432 3.30 3.28 Bt
05 6.61 579 5.41 518 5.05 495 4.88 4.82 4.77 4.74 4.71 4.68
o1 1630 1330 1210 1140 1100 1070 10.50 1030 1020 10,10 9.96 989

.25 1.62 1.76 1.78 1.79 1.79 1.78 1.78 1.78 i 1.77 1.77 1T
6 A0 3.78 3.46 329 3.18 3.11 3.05 3.01 298 296 2.94 2.92 2.90
.05 5.99 5.14 476 4.53 439 4.28 4.21 4.15 4.10 4.08 4.03 4.00
01 1370 1080 9.78 g.15 875 8.47 8.26 3.10 7.98 7.87 7.79 7.72

25 157 1.70 1.72 1.72 1.71 1.71 1.70 1.70 1.69 1.69 1.69 1.68
7 10 3.58 3.26 3.07 2.86 ggg 283 278 2.75 272 270 2.68 2.67
.05 5.59 4.74 4.35 4.12 3.97 3.87 3.79 373 368 364 3.60 357
Gl 12:20 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.54 6.47

.25 1.54 1.66 1.67 1.66 1.66 1.65 1.64 1.64 1.63 1.63 1.63 1.62
8 10 3.46 3.11 292 2.81 273 2.67 2.62 2.59 2.56 2.54 2.52 2.50
.05 5.32 4.46 4.07 384 369 3.58 3.50 3.44 3.39 3.35 3.31 3.28
01 1130 8.65 7.59 7.01 6.63 6.37 6.18 | 6.03 591 581 573 5.67

2D 1.51 1.62 1.63 1.63 1.62 1.61 1.60 1.60 1.58 1.59 1.58 1.58
9 A0 3.36 3.01 2.81 2.69 2.81 2.55 2.5t 247 244 2.42 2.40 2.38
.05 512 4.26 3.86 363 348 3.37 3.29 3.28 3.18 3.14 3.10 3.07
.01 1060 8.02 6.99 6.42 6.06 5.80 561 - 547 5.35 526 518 a1

Source: From E. S. Pearson and H. O. Harlley, eds., Biometrika Tables for Statisticians, vol. 1, 31d ed., Tabie 18, Cambridge University
Press, New York, 1966. Reproduced by permission of the editors and trustees of Biometrika.

R.I0
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df. for
d.f. for numerator N, denom-
inator
15 20 24 30 40 50 60 100 120 200 500 oG - Pr N
9.49 9.58 9.63 9.67 9.71 9,74 9.76 9.78 9.80 '9.82_ 9.84 9.85 .25
61.20 61.70 6200 6230 62.50 6270 ' 6280 63.00 6310 6320 6330 6330 .10 1
246.00 24B.00 24500 25000 251.00 252.00 252.00 253.00 253.00 25400 254.00 254.00 .05
3.41 343 3.43 3.44 3.45 3.45 3.46 3.47 3.47 3.48 3.48 3.48 25
942 9.44 Q.45 8.46 947 9.47 247 9.48 9.48 9.49 9.49 943 10 2
19.40 19.40 19.50 19.50 19.50 19.50 19.50 19.50 19.50 19.50 19.50 19.50 .05
99.40 9940 9950 9950 9950 9950 99.50 99.50 9950 9950 9950 9950 .01
2.46 2.48 2.46 2.47 247 247 247 2.47 2.47 2.47 247 247 25
5.20 518 5.18 517 5.16 515 5.15 5.14 5.14 5.14 514 513 10 3
870 8.66 8.64 8.82 8.59 8.58 8.57 8_.55 8.55 8.54 853 8.53 .05
2690 2670 2660 2650 2640 26.40 2630 2620 2620 2620 2610 26.10 .01
2.08 2.08 208 2.08 2.08 2.08 2.08 2.08 2.08 2.08 208 2.08 .25
3.87 3.84 3.83 3.82 3.80 3.80 3.79 378 378 3.77 3.76 376 .10 4
5.86 5.80 b.77 575 572 5.70 5.69 5.66 5.66 5.65 5.64 563 .05
14.20 14.00 1390 1380 1370 1370 1370 1360 1360 1350 1350 1350 .01
1.89 1.88 1.88 1.88 1.88 1.88 1.87 1.87 1.87 1.87 1.87 1.87 25
3.24 3.21 3.19 817, 3.18 3.15 3.14 3.13 3.12 3.12 3.11 S0 5
4.62 4.586 4.53 4.50 4.46 4.44 443 4.41 4.40 4,39 4.37 4.36 .05
9.72 9.55 9.47 9.38 9.29 9.24 9.20 9.13 9.11 9.08 9.04 9.02 .01
1.76 1.76 1.75 1.75 175 ° 175 1.74 1.74 1.74 1.74 1.74 1.74 .25
2.87 2.84 2.82 2.80 2.78 2,77 276 * 1278 2.74 2.73 273 272,10 6
3.94 3.87 3.84 3.81 3.77 3.75 3.74 3.71 3.70 3.69 3.68 367 05
7.56 7.40 7.31 7.23 7.14 7.09 7.06 6.99 6.97 6.93 6.90 6.88 .0t
1.68 1.67 1.67 1.66 1.66 166 - 165 1.65 1.65 1.65 1.65 1i6a . 25
2.63 2.59 2.58 2.56 2.54 2.52 251 2.50 249 2.48 248 247 10 i
3.51 3.44 341 3.38 3.34 3.32 3.30 3.27 3.27 3.25 3.24 2323 .05
8.31 6.16 6.07 5.99 5.91 5.86 5.82 575 5.74 5.70 5.67 585 .01
1.62 1.61 1.60 1.60 1.58 1.59 1.58 1.58 1.58 1.58 1.58 1.58 25
2.46 2.42 2.40 2.38 2.36 2.35 234 2.32 2.32 2.31 2.30 229 10 8
3.22 2.15 3.12 3.08 3.04 2.02 3.01 2.97 297 295 294 293 .05
5.52 536 5.28 5.20 5.12 507 5.03 4986 495 4.91 488 4.86 .01
1.657 1.56 1.56 1.55 1.55 1.54 1.54 1.53 1.53 1.53 1.53 TS5
2.34 2.30 2.28 2.25 2.23 2.22 2.21 2.18 218 217 217 2.16 .10 9
3.01 294 2.90 2.86 2.83 2.80 2.79 278 275 2.73 272 2105
4.96 481 473 4.65 4.57 4.48 4.42 4.40 436 4.33 431 .0

452
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TABLE E-3 UPPER PERCENTAGE POINTS OF THE F DISTRIBUTION (CONTINUED)

d.i for .

denom- d.{. for numerator Ny

inator

N Pr 1 2 a3 4 5 8 7 8 9 10 11 12

25 1.49 1.60 1.60 1.59 1.59 1.58 1.57 1.56 1.56 1.58 1.55 1.54
10 A0 329 292 273 261 252 2.46 2.41 238 235 232 230 228
05 4.96 410 an 3.48 3.8 3.22 3.14 3.07 3.02 2.98 2.94 2.91
01 16.00 756  6.55 5.89 5.64 539 520 5.08 494 4.85 4.77 4.71

25 1.47 1.68 1.58 157 1.56 1.55 1.54 1.58 1.53 1.52 1.52 1:61
11 .10 3.23 286 266 . 254 245 p3g 234 230 227 2.25 2.23 2.21
.05 4.84 3.98 a50 336 320 s09 301 295 290 285 282 2.79
01 965 7.21 622 ' 567 532 5.07 4.89 474 463 4.54 4.46 440

25 1.46 1.56 1.56 1.55 1.54 1.53 1.52 %51 1.51 1.50 1.50 1.49
12 10 318 281 2.61 248 239 ° 033 228 224 221 2.19 217 2156
05 475 389 349 326 3.1 300 29 285 280 275 272 2.69
01 9.33 6.93 5.95 5.41 506 482 464 4.50 4.39 430 422 416

.25 1.45 1.55 1.58 1.53 1.52 1.51 1.50 1.49 1.49 1.48 1.47 1.47
13 10 3.14 2.76 2.56 243 235 228 223 2.20 2.16 214 212 2.10
05 467 381 3.4 318 . 3.03 292 283 277 271 2.67 2.6% 2.60
01 9.07 8.70 574 521 4.86 4,62 444 430 419 . 440 4.02 3.86

25 1.44 1.53 1.53 1.52 1.51 1.50 149 148 1.47 1.46 1.46 1.45
14 10 3.10 273 252 239 231 224 ~ 219 245 212 210 2.08 2.05
05 460 = 874 334 an 2.96 285 276 270 265 2.60 2.57 253
.01 gss 651 556 5.04 469 446 428 414 408 394 386 3.80

25 1.43 1.52 1.52 1.51 1.49 1.48 1.47 146 1.46 1.45 1.44 1.44
15 10 3.07 270 249 236 2.27 221 2.16 212 2.09 2.06 2.04 2.02
05 454 3.68 3.29 3.06 2.90 279 271 2.64 2.59 2.54 2.51 2.48
0 8.68 6.36 542  4.89 456  4.32 414 - 4.00 3.89 3.80 373 3.67

25 1.42 1.51 1.51 1.50 1.48 1.47 1.46 1.45 1.44 1.44 1.44 1.43
16 A0 3.05 2.87 2.46 2.33 2.24 2 1 209 206 2.03 2.01 1.99
.05 4.49 363 324 3.01 2.85 2.74 2.66 2.59 2.54 249 2.46 242
01 8.53 6.23 529 A77 444 420 403 389 378 3.69 3.62 3.65

.25 1.42 1.51 1.50 1.49 1.47 1.46 1.45 1.44 1.43 1.43 1.42 1.41
17 A0 3.03 264 2.44 231 2.22 215 2.10 206 203 2.00 1.98 1.96
.05 4.45 3.59 3.20 296 281 270 2.61 o055 249 249 2.41 2.38
.01 8.40 6.11 5.18 4.67 4.34 410 383 379 3.68 359 3.52 3.46

25 1.41 1.50 1.49 148 1.48 1.45 1.44 1.43 1.42 1.42 1.41 1.40
18 10 3.01 2.62 2.42 2.2¢ 220 2.13 2.08 2.04 200 198 1.86 1.83
.05 4.4 3.55 3.18 293 2.7 266 258 2.51 2.46 2.41 2.37 2.34
01 g29 8601 500 458 425 4.01 3.84 3.7 3.60 3.51 343 3.37

‘ .25 1.41 1.49 1.49 1.47 1.46 1.44 1.43 1.42 1.41 1.41 1.40 1.40
19 A0 299 2861 240 227 2.18 211 206 202 1.98 1.96 1.94 1.91
.05 438 852 343 200 274 263 2.54 248 242 238 2.34 2.31
.01 g8 593 5.01 4.50 417 394 377 363  3.52 3.43 336 330

25 1.40 149 148 1.46 445 444 143 | 1.42 1.41 1.40 1.39 1.29
20 A0 2.97 o059 238 225 216 209 204 2.00 1.96 1.94 1.92 1.89
05 435 349 310 2.87 2.71 260 251 2.45 2.39 2.35 2.31 2.28
.01 gi0 585 484 443 410 387 370 356 3.46 337 32e 323

PTO.
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di for
d.f. for numerator N, denom-
inator
15 20 24 30 40 50 80 100 120 200 500 o0 Pr No
1834  1.82.° 1.582. 154 1.51 1.50 150 149 149 149 148 .48 .25
224 220 . 218 246 213 212 211 209 208 207 2068 206 -10 10
2.85 277 274 2.70 2.66 2.64 2.62 259 258 2.56 2.55 2.54 .05
456 441 483 425 447 412 408 401 400 39 393 391 .01
150 149 149 148 147 147 147 1460 146 i 48 145 145 25
247 212 210 208 205 204 203 200 200 199 198 197 .10 11
272 265 281 257 '253 254 249 246 245 243 242 240 05
425 410 402 394 38 381 378 371 369 366 362 360 .01
148 147 146 145 145 144 1.44 143 143 148 142 142 w25
210 206 204 201 189 197 196 194 193 192 191 160 10 12
2.62 2.54 2.51 2.47 243 2.40 2.38 2.35 2.34 2.32 2.31 2.30 .05
401 388 378 370 362 357 354 347 345 341 338 336 .01
146 145 144 143 142 142 142 T iy D 140 140 '140 25
205 201 198 196 183 192 1.90 188 188 18 185 1.85 .10 13
253 246 242 238 234 231 230 226225 0og Saoa s 59 Lne
382 366 359 351 343 338 334 8.27. 825 @ger 448 @47 .ot
144 143 142 41 1.41 140 140 139 139 139 138 138 25
201 196 194 191 183 187 18 183 183 182 180 1.80 40 14
246 239 235 231 227 224 229 219 218 218 244 243 .05
3.66 3.51 343 3.35 3.27 3.22 3.18 344 3.09 3.08 3.03 3.00 .01,
N | 140 139 139 138 138 137 1437 1.36°  1.36 .25
1.97 1.92 1.90 1.87 1.85 1.83 1.82 1.79 1.79 177 1.76 1.76 .10 18
2400 288° 229 225 290 218 218 Do 211 240 208 207 .05
352 337 329 321 313 308 305 298 296 292 28 287 M
1.41 140° 135 138 937 . 187 186 135 188 185 134 Niad e
194 189 187 184 181 179 78 478 176 N4 198 Tt 0 16
235 228 224 219 2145 212 211 207 (206 @204 202 201 05
341 326 318 310 302 297 293 286 284 281 278 275 .01
140 139 138 137 136 135 135 134 134 134 133 133 .25
1.91 186 184 181 178 176 175 173 T2 ki 1.69 189 10 17
231 223 219 215 210 208 206 202 201 199 197 195 .05
331 316 308 300 292 287 28 276 276 271 - 268 285 .01
139 138 137 136 135 134 134 133 133 132 432 432 o5
189 184 181 8 175 174 172 170 169 168 ‘467 1.66 .10 18
227 219 215 211 206 204 202 198 197 195 193 1082 05
323 308 300 292 284 278 275 268 266 262 uping Csey g
138 137 136 135 1234 1,88 183 430 4350 39 1.31 .30, .25
1.86 1.8l - 179 476 & 128 i 176, 467 167 185 184 163 .40 19
223 216 211 207 203 200 198 194 193 1.91 1.8 188 05
315 300 292 284 276 271 267 280 258 255 251 249 . 01
137 156 135 134 133 133 132 131 134 130 130 129 25
18479 " A7es 174 A7 169 168 165 184 183 162 161 10 20
2.20 212 . 208 2.04 1.99 1.97 1.95 1.91 1.90 1.88 1.86 1.84 .05
309 204 28 278 269 264 261 254 252 248 244 242 o
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TABLE E-3 UPPER PERGENTAGE POINTS OF THE FDISTRIBUTION (CONTINUED)

d.f. for

denom- d.f. for numerator Ny

inator

N P 1 2 3 4 5 6 7 8 g 10 11 12

25 1.40 1.48 1.47 1.45 1.44 1.42 1.41 1.40 1.39 1.39 1.38 1.37
22 A0 2.95 256  2.35 2.22 2.13 2.06 201 | 197 1.93 1.80 1.88 1.86
05 4.30 3.44 3.05 2.82 2.66 255 2.46 2.40 2.34 2.30 2.26 2.23
01 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 335 3.26 3.18 312

25 1.39 1.47 1.46 1.44 1.43 1.41 1.40 1.39 1.38 1.38 1.37 1.36
24 A0 2.93 254 233 219 2.10 2.04 1.98 1.94 .91 1.88 1.85 1.8%
05 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.21 2.18
.01 7.82 5.61 472 422 3.90 3.67 3.50 3.36 3.26 317 3.09 3.03

.25 1.38 1.46 1.45 1.44 1.42 1.41 1.3¢ 1.38 137 « 1.87 1.36 1.35
26 A0 2.91 252 2.31 217 2.08 2.01 1.96 192 188 1.86 1.84 1.81
.05 423 3.37 2.88 2.74 2.59 2.47 2.39 232 2:27 2.22 2.8 2.18
Kog 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 318 3.09 3.02 2.96

25 1.38 1.48 145 1.43 1.41 1.40 1.39 1.38 137 hab 1.35 1.34
28 10 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.80 1.87 1.84 1.81 1.79
05 4.20 3.34 2.95 2.7 2.56 2.45 2.36 2.29 2.24 2.19 215 2.12
.01 7.64 5.45 457 @ 407 3.75 3.53 3.36 3.23 3.12 3.03 2.96 2.90

25 1.38 145 1.44 1.42 1.41 1.3¢ 1.38 1.97 1.36 1.35 135 1.34
30 - Ao 2.88 2.49 2.28 214 205 198 1.93 1.88 1.85 1.82 179 1.7
05 417 3.32 2.92 2.68 2.53 242 233 2.27 2.21 216 2.13 2.09
.01 7.56 5.39 4.51 4.02 3.70 3.47 3.30 347 3.07 2.98 2.91 2.84

‘ Q26 1.36 1.44 1.42 1.40 1.39 1.37 136 1.35 1.34 133 ,1.32 1.31
40 A0 2.84 2.44 223 2.09 2.00 1.93 1.87 1.83 1.79 1.76 1.73 {als
05 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 212 2.08 2.04 2.00
01 7.31 5.18 4.31 383 3.51 329 312 2.99 2.89 2.80 273 2.66

25 1.35 1.42 1.41 1.38 1.37 1.35 1.33 1.32 1.31 1.30 1.29 1.29
60 10 279 2.39 2.18 2.04 1.95 1.87 1.82 W7 1.74 121 1.68 1.66
05 4.00 3.15 2.76 253 2.37 225 247 2.10 2.04 1.99 1.85 1.02
01 . 7.08 4.98 413 3.65 3.34 312 2.95 2.82 2.72 2.83 2.56 2.50

.25 1.34 1.40 1.39 137 1.35 1.33 1.31 1.30 129 128 1.27 1.26
120 A0 2.75 235 - 213 1.99 1.90 1.82 T 172 1.68 1.85 1.62 1.60
05 3.92 3.07 268 2.45 2.29 217 2.09 2.02 1.96 1.91 1.87 1.83
.01 6.85 4.79 3.95 3.48 317 2.96 278 2.66 2.56 247 2.40 2.34

.25 1.38 1.39 1.38 1.36 1.34 1.32 1.31 1.29 1.28 1.27 1.26 1.25
200 A0 2.73 2.33 2.11 1.97 1.88 1.80 1.75 1.70 1.66 163 1.60 1.657
.05 3.89 3.04 2.65 2.42 2.26 2.14 2.06 1.88 1.93 1.88 1.84 1.80
01 6.76 471 3.88 341 a9l 2.89 2.73 260 250 2.4 2.34 2.27

25 1.32 1.39 1.37 1.35 1.33 1.31 1.29 1.28 1.27 1.25 1.24 1.24
o0 ) 2n 230 2.08 194 = 185 177 1.72 1.67 1.63 1.60 1.57 1.55
.05 384 3.00 2.60 2.37 2.21 210 2.01 1.94 1.88 1.83 1.79 1.75
01 6.63 4.61 3.78 332 - 3.02 2.80 2.84 2.51 2.41 2.32 2.25 2.18

P.LO.
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d.f. for
d.f. for numerator N, denom-
inator
15 20 24 30 40 50 . 60 100 ig0 200 500 00 Pr Ny
1.36 1.34 133 1.32 1.31 1.31 1.30 1.30. 1.30 1.29 1.29 1.28 LG
1.81 1.76 1.73 1.70 1.67 1.65 1.64 1.61 1.80 1.59 1.58 1.57 10 22
2.15 2.07 2.03 1.98 1.94 1.91 1.89 1.85 1.84 1.82 1.80 1.78 .05
2.98 2.83 2.75. 2.67 258 253 2.50 242 2.40 2.36 2.33 2.31 01
1.35 1.33 1.32 1.31 1.30 1.29 1.29 1.28 1.28 1.27 127 1.26 .25
1.78 1.73 1.70 1.67 1.64 1.62 1.61 1.58 1.57 1.56 1.54 1.53 10 24
2.1 2.03 1.98 1.94 1.89 1.86 184 1,80 1.79 1.77 1.75 1.73 .05
2.89 274 2.66 2.58 2.49 2.44 240 2.33 2.31 2.27 224 221 .01
1.34 1.32 1.31 1.30 1.29 1.28 1.28 1.26 1.26 1.26 1 .;25 1.25 .25
1.76 1.71 1.68 1.65 1.61 1.59 1.58 1.55 1.54 1.53 1.51 1.50 10 26
2.07 1.99 1.95 1.90 1.85 1.82 1.80 1.76 175 1.73 1.71 1.69 .05
2.81 2.66 2.58 250 242 2.36 2.33 2.25 223 2.19 2.16 I3 )
1.33 1.31 1.30 1.29 1.28 1.27 1.27 1.26 1.25 1.25 1.24 11.24 .25
1.74 1.69 1.66 1.63 1.59 1.57 158 1.53 1.52 1.50 1.49 1.48 .10 28
204 - 1.06 1.91 1.87 1.82 1.79 1.77 1.73 1.71 1.69 1.67 1.65 .05
2.75 2.60 2.52 2.44 235 2.30 2.26 219 217 213 2.09 2.06 01
©1.32 1.30 1.29 1.28 1.27 1.26 1.26 1.25 1.24 1.24 1.23 1.23 .25
1,72 1.67 1.64 1.61 1.57 1.55 1.54 1.51 1.50 1.48 1.47 1.46 .10 30
2.01 193 189 ° 184 1.79 1.76 1.74 1.70 168. 1866 1.64 1.62 .05
270 2.55 247 239 2.30 2.25 2.21 2.13 2.11 2.07 2.03 2.01 01
1.30 © o128 1.26 1.25 1.24 1.23 1.22 1.21 1.21 1.20 1.19 1.12 25
1.66 1.61 1.57 1.54 151, 1.48 1.47 1.43 1.42 1.41 -1.39 1.38 .10 40
192 184 1.79 1.74 1.69 1.66 1.64 1.59 1.58 15 1.53 1.51 .05
2.52 2.37 2.29 2.20 2.1 2.06 2.02 1.94 1.92 1.87 1.83 1.80 .01
1.27 1.25 1.24 1.22 121 © 1.20 1.19 1.17 1.17 1.16 1.15 1515 .25
1.60 1.54 1.54 1.48 1.44 1.41 1.40 1.36 1.35 1.33 1.31 1.29 10 60
1.84 1.75 1.70 1.65 1.59 1.56 1.53 1.48 1.47 1.44 1.41 1.39 .05
235 2.20 212 2.03 1.94 1.88 1.84 1.75 1.73 1.68 1.63 1.60 01
1.24 1.22 i.21 1.19 1.18 1.17 1.16 1.14 1.13 1.12 1141 - 1.10 .25
1.55 148 1.45 1.41 1.37 1.34 1.32 1.27 1.26 1.24 1.21 1.19 A0 120
1.75 1.66 1.61 1.55 1.50 1.46 1.43 1.37 1 '35. 1.32 1:28 1.25 .05
2.19 2.03 1.95 1.86 1.76 1.70 1.66 1.56 1.63 1.48 1.42 1.38 .01
1.23 1.21 1.20 1.18 1.16 1.14 1.12 1.11 1.10 1.09 1.08 1.06 .25
1.52 1.46 1.42 1.38 1.34 1.31 1.28 1.24 1.22 1.20 1.17 1.14 J0 200
172 162 157 152 <448 141 439 132 128 126 . 122 119 05
2.13 1.97 182 1.79 1.68 1.63 1.58 1.48 1.44 1.39 1.33 1.28 .01
1,22 1.19 1.18 1.16 1.14 1.13 1.12 1.08 1.08 1.07 1.04 1.00 .25
1.49 1.42 1.38 1.34 1.30 1.26 1.24 1.18 1.17 1.13 1.08 1.00 10 o0
1.67 1.57 1.52 1.46 1.39 1.35 i 30 1.24 1.22 1.17 1.11 1.00 .05
2.04 1.88 1.79 1.70 1.59 1.52 1.47 1.36 1.32 1.25 115 1.00 .01
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TABLE E-4 UPPER PERCENTAGE POINTS OF THE x- DISTRIBUTION

Example

Pr(x? > 10.85) = 0.95
Pr(x® > 23.83) = 0.25
Pr(x? > 31.41) = 0.05

ford.f. = 20

95% area

25% area

5% area

13

10.85 2383 31.41
Degrees Pr
of Freedom ] .995 990 975 950 900

1 392704 x 1071° 157088 % 10~° 982069 % 10~° 393214 x 1078 .0158

2 0100 0201 0806 1026 2107
3 0717 1148 2158 3518 5844

4 2070 2971 .4844 7107 1.0636
5 4117 .5543 8312 1.1455 1.6103

6 6757 8721 1.2373 1.6354 ' 2.2041
7 .9893 1.2390 1.6899 2.1674 2.8331
8 1.3444 1.6465 2.1797 2.7326 3.4895

9 1.7349 2.0879 2.7004 3.3251 4.1682
10 2.1559 2.5582 3.2470 3.9403 4.8652
11 ; 2.6032 3.0535 3.8158 45748 5.5778
12 3.0738 3.5706 4.4038 5.2260 6.3038
413 3.5650 4.1069 5.0087 5.8919 7.0415
14 4.0747 4.6604 5.6287 6.5706 7.7895
18 4.6009 5.2294 6.2621 7.2609 8.5468
16 51422 5.8122 ' 6.8077 7.9616 9.3122
17 5,6972 6.4078 7.5642 8.6718 10.0852
18 5.2648 7.0149 8.2308 9.3905 10.8649
19 6.8440 7.6327 8.9066 10.1170 11.8509
20 7.4339 8.2604 9.5908 10.8508 12.4426
21 8.0337 8.8972 10.2829 11.5913 13.2396
22 8.6427 9.5425 10.9823 12,3380 14.0415
23 9.2604 10.1957 11.6885 13.0905 14.8479
24 9.8862 10.8564 12.4011 13.8484 15.6587
25 10.5197 11.5240 13.1197 14.6114 15,4734
26 . 11.1603 12.1981 13.8439 15.3791 17.2919
N7 11.8076 12.8786 14,5733 16.1513 18.1138
28 12.4613 13.5648 15.3079 16.9279 18.9392
29 13,1211 14.2565 16.0471 17.7083 19.7677
30 13.7867 14.9535 16.7908 18.4926 20.5992
40 . 20.7065 22.1643 24.4331 26.5093 29.0505
50 27.9907 29.7067 32.3574 34.7642 37.6886
80 " 35.5346 37.4848 40.4817 43.1879 46.4589
70 432752 45.4418 48.7576 51.7393 55.3290
80 51.1720 53,5400 57.1532 60.2915 64.2778
90 59,1963 61.7541 65.6466 69.1260 73.2912
100* 67.3276 70.0648 74.2219 77.9205 82.3581

“For d.f. greater than 100 the expression V2 - V(2k — 1) = Zfollows the standardized normal distribution, where k represents the

degrees of freedom.

PT.O.
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%)
750 .500 .250 .100 .050 .025 .010 .005

1015 4549 1.3233 2.7055 3.8415 5.0238 6.6349 7.8794
5754 1.3863 2.7726 4.6052 5.9915 7.3778 9.2103 10.5966
1.2125 2.3680 4.1084 6.2514 7.8147 9.3484 11.3449 12.8381
1.9226 '3.3567 5.3853 7.7794 9.4877 11.1433 13.2767 14.8602
2.6746 4.3515 6.6257 8.2364 = 11.0705 12.8325 15.0863 16.7498
3.4546 5.3481 7.8408 10.6446 12.5916 14.4494 © 16.8119 - 18.5476
4.2549 6.3458 8.0372 12.0170 14.0671 16.0128 18.4753 20.2777
5.0706 7.3441 10.2188 13.3616 15.5073 17.5346 20.0902 21.9550
5.8988 B.3428 11.3887 - 14.6837 16.9190 18.0228 21.6660 23.5893
6.7372° 9.3418 12.5489 15.9871 18.3070 20.4831 23.2093 25.1882
7.5841 10.3410 13.7007 17.2750 19.6751 21.9200 24.7250 26.7569
8.4384 11.3403 14.8454 18.5494 21.0261 23.3367 26.2170 28,2995
9.2991 12.3398 15.9839 19.8119 22.3621 24.7356 27.6883 29.8194
10.1653 13.3393 17.1170 21.0642 23.6848 26.1190 29.1413 - 31.3193
11.0365 14,3389 18.2451 22,3072 24.9958 27.4884 30.5779 | 32.8013
11.9122 15.3385 19.3688 23.5418 26.2962 28.8454 31.9999 34.2672
12.7919 16.3381 20.4887 24.7690 27.5871 30.1910 33.4087 35.7185
13.6753 17.3379 21.6049 25.9894 28.8693 31.5264 34.8053 37.1564
14.5620 18.3376 22.7178 27.2036 30.1435 32.8523 36.1908 38.5822
15.4518 19.3374 23.8277 28.4120 31.4104 34.1686 37.5662 39.9568
16.3444 20.3372 24.9348 29.6151 32.6705 35.4789 38.9321 41.4010
17.2396 21.3370 26.0393 30.8133 33.9244 36.7807 40.2894 42.7956
18.1373 22.3369 - 27.1413 32.0069 35.1725 38.0757 41.6384 - 44.1813
19.0372 23.3367 28.2412 33.1963 36.4151 39.3641 42.9798 45.5585
19.9393 24.3366 29.3389 34.3816 37.6525 "~ 40.6465 44.3141 46.9278
20.8434 25.3364 30.4345 35.5631 38.8852 41.9232 45.6417 48.2899
21.7494 26.3363 31.5284 36.7412 40.1133 43.1944 46.9630 49,6449
22.6572 27.3363 32.6205 37.9159 41.3372 44.4607 48.2782 © 50.9933
23.5666 28.3362 33.7109 38.0875 42.5569 457222 49.5879 52.3356
24.4776 29.3360 34.7998 40.2560 43.7729 46.9792 ' 50.8922 53.6720
33.6603 39,3354 45.6160 51.8050 55.7585 59.3417 63.6907 66.7659
42.9421 49.3349 56.3336 63.1671 67.5048 71.4202 76.1539 79.4900
52.2938 50.3347 66.9814 74.3970 79.0819 83.2976 88.3794 91.9517
61.6983 69.3344 77.5766 85.5271 90.5312 95 0231 100.425 104.215 )

71.1445 79.3343 88.1303 96.5782 101.879 106.629 112.329 116.321

80.6247 89.3342 98.6499 107.565 113.145 118.136 124.116 128.299

90.1332 99.3341 109.141 118.498 124.342 128.561 135.807 140.169

. Source: Abrldged from E. S. Pearson and H. O. Hartley, eds., Biometrika Tables for Statisticians, vol 1, 3rd ed., Table 8, Cambridge °
University Press, New York, 1966. Reproduced by permission of the editors and trustess of Biometrika.
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TABLE E-52 DURBIN-WATSON d STATISTIC: SIGNIFICANCE POINTS OF d; AND dj; AT 0.05 LEVEL OF

SIGNIFICANCE

k'=1

K

k'=3

k=4

k'=5

k'=8

k=7

k"=8

k=9

k' =10

d

Oy

d

dy.

dy

dau

dy

d.

dy

.dL

dy

d

dy

oy

dy

a

dy

—_
S WL o~

0.610
0.700
0.763
0.824
0.878
0.927
0.971
1.010
1.045
1.077
1.106
1.133
1.158
1.180
1.201
1.221
1.23%

. 1.257

1.273
1.288
1.302
1,916
1.328
1.341

1,352

1.363
1.373
1.383
1.393
1.402
1.411
1.419
1.427
1.435
1.442
1.475
1.503
1.528
1.549
1.567
1.583
1.598
1,611
1.624
1.635
1.645
1.854
1.720
1.758

1.400
1.356
1.332
1.320
1.320
1.324
1.331
1.340
1.350
1381
1371
1.381
1.391
1.401
1.411
1.420
1.429
1.437
1.446
1.454
1.461
1.469
1.476
1.483
1.480
1.486
1.502
1.508
1.514
1.519

1.525°

1.530
1.535
1.540
1.544
1.566
1.585
1.601
1.616
1.629
1641
1.652
1.662
1.671
1.679
1.687
1.694
1.746
1.778

0.467
0.559
0.629
0.697
0.658
p.812
0.8s61
0.905
0.946
0.982
1.015
1.046
1.074
1,100
1.425
1.147
1.168
1.188
1.206
1.224
1.240
1.256
1.270
1.284
1.287
1.309
1.321
1.333
1.343

1.384
1.373
1.382
1.391
1.430
1.462
1.450
1.514
1.536
1.554
1.571
1.588
1,600
1.612
1.623
1.634
1.706
1.748

1.898
1.777
1.648
1.641
1.604
1,579
1.562
1.651
1.543
1.538
1.536
1,535

1.537
1.538
1.641
1.543
1.546
1.550
1.553
1.556
1.560
1.563
1.567
1.570
1.674
1.577
1.580
1.584
1.587
1.590
1.694
1.597
1.600
1.615
1.628
1.641
1.652
1.662
1.672
1680
1.688
1.896
1.703
1.709
1.718
1.760
1.789

0.368
0.455
0.525
0.595
0.658
0.715
0.767
0814
Q.857
0.897
0.933
0.967
0.998
1.026
1.053
1.078
1.101
1.123
1.143
1.162
1.181
1.198
1214
1.229
1.244

-1.258

1.271
1.283
1.295
1.307
1.318
1.328
1338
1.363
1.421
1.452
1.480
1.503
1525
1543
1.560
1.5756
1.589
1.602
1.613
1.693
1.738

2.287
2.128
2.016
1.928
1.864
1818
1.779
1.750
1.728
1.710
1.696
1.685
1676
1.669
1.664
1.660
1.656
1.654
1.652
1.651
1.650
1.650
1.650
1.650
1.650
1.651
1.652
1,653
1.854
1.655
1.656
1.658
1.659
1.868
1,674
1.681
1.689
1.696
1.703
1709
1715
1.721
1.726
1.732
1.736
1.774
1.798

0.296
0.376
0.444
Q.512
0.574
0.832
0.885

.0.734

0.779
0.820
0.859
0.884
0.927
0,958
0.986
1.013
1.038
1.062
1.084
1.104
1.124
1.143
1.160
11477
1.183
1.208
1.222
1.236
1.249
1.261
1.273
1.285
1.336
1.378
1.414
1.444
1.471
1494
1515
1534
1.550
1.566
1.579
1.592
1.679
1.728

2.588
2.414
2.283
2177
2.094
2.030
1.977
1.935
1.800
1.872
1.848
i.828
1.812
1.797
1.785
1.775
1.767
1.769
1.753
1.747
1.743
1.738
1.736
1.732
1.730
1.728
1.726
1.724
1.723
1.722
1.722
1.721
1.720
1.721
1.724
1.727
1731
1.738
1.739
1.743
1.747
t.751
1.756
1.758
1.788
1.810

1.028
1.050
1.071

1,090,

1.109
1.127
1.144
1.160
1175
1.180
1.204
1.218
1.230
1.287
1.335
1.374
1.408
1.438
1.464
1.487
1.507
1.525
1.542
1.857
1.571
1.665
1.718

2,506
2.390
2296
2220
2157
2.104

2023
1.991
1.964
1.040
1820
1.902
1,886
1873
1861
1.850
1.841
1.833
1.825
1.819
1.813
1.808
1.803
1.799
1795
1.792
1.789
1,786
1.778
1771
1.768
1.767
1.767
1.768
1770
1772
1.774
1778
1.778
1.780
1.802
1.820

1.550
1.651
1.707

1.884
1.877
1.870
1.864
1.858
1.854
1.835
1.822
1.814
1.808
1.805
1.802
1.801

1.801

1.801

1.801

1.802
1.803
1.817
1.831

0.451
0.502
0.549
0.595
0.637
0.877
0.718
0.751
0.784
0.816
0.845
0.874
0.900
0.028
0.950
0.972
0.984
1.015
1.034
1.053
1071
1.088
1.104
1.120
1.189
1.246
1.294
1.335
1.370
1.401
1428
1.453
1.474
1.484
1.512
1.528
1.637
1.697

RIO.
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K =

1

k' =12

k' =13 k' =

k'=18

k'=1g

k' =20

n l’iL

dy

a,

dy

g,

dy dy

dy

gy

=1}

dy

o

dy

16 0.098
17 0.138
18 0.177
19 0.220
20 0.263
21 0.307
22 0348
23 0.391
24 (0431
25 0.470
26 0.508
27 0.544
28 0.578
29 0612
30 0.643
31 0.674
32 0703
33 0.731
34 0.758
35 0.783
36 0.808
37 0831
38 0.854
39 0.875
40 0.896
45 (.988
50 1.064
55 1.129
60 1.184
B85 1.231
70 1.272
75 1.308
80 1.340
BS 1.369
90 1.395
95 1.418
100 1.439
150 1.579
200 1.654

3.503
3.378
3.265
3.159
3.083
2,976
2.897
2.826
2.761
2.702
2.649
2500
2,555
2.515
2477
2.443
2411
2.382
2,355
2.330
2.308
2285
2.265
2.248
2228
2.156
2.103
2,062
2.031
2,008
1.686
1.970
1.967
1.946
1.987
1.929
1923
1.862
1.885

0.087
0123
0.160
0.200
0.240
0.281
0.322
0.362
0.400

0.438

0.475
0.510
0.544
0.577
0.608
0.638
0.668
0.685
0.722
0.748
0.772
0.786
0.818
0.840
0.938
1.019
1.087
1.145
1.195
1.239
1277
1.311
1.342
1.369
1.394
1.416
1.564
1.843

3.557
3.441
3.335
3234
3.141
3.057
2978
2.908
2,844
2.784
2.730
2.680
2834
2592
2553
a.517
2.484
2454
2425
2.398
2374
2,351
2.329
2.309
2.225

2.163 -

21186
2073
2.048
2.026
2.008
1991
1.977
1.966
1.956
1.948
1.908
1.898

0.078
0.111
0.145
0.182
0.220
0259
0.297
0.335
0.373
0.408
0 445
0479
0.512
0.545
0.578
0.606
0.634
0.662
0.688
0.714
0.738
0.763
0.785
0.887
0.973
1.045
1.106
1.160
1.208
1247
1.283
1.315
1.344
1.370
1.393
1.550
1.632

3603 —
3498 0070
3.385 0.100
3300 0.132
3211 0168
3.128 0.202
3.053 0239
2.983 0.275
2918 0312
2859 0348
2806 0383
2755 0418
2.708 0451
2665 0484
2625 0515
2.588 0.546
2554 0575
2521 0.604
2.492 0631
2.484 0657
2438 0683
2.413 0.707
2391 0.731
2.295 0838
2226 0927
2470 1.003
2127 1068
2,003 1.124
2066 1.172
2043 1215
2024 1.253
2.008 1.287
1,995 1318
1984 1345
1974 1371
1.924 1535
1.808 1.621

3.642
3542
3.448
3.358
3272
3.123
3,119
3.061
2.987
2,928
2.874
2.823
2778
2733
2,602
2.654
2619
2.586
2565
2.526
2.499
2.473
2.367
2,287
2.225
2477
2138
2.106
2.080
2.059
2.040
2.025
2,012
2.000
1.940
1.919

0.425
0.457
0.488
0.518
0.547
0.575
0.602
0.628
0.853
0.678
0.788
0.882
0.981
1.029
1.088
1.139
1.184
1.224
1.260
1.282
1.321
1.347
1.519
1.610

2.350
2.281
2227
2.183
2.148
2.118
2.093
2,073
2.055
2.040
2.026
1.956
1.931

0.058
0.083
0.110
0.141
0.172
0.205
0.238
0.271
0.305
0.337
0.370
0.401
0.432
0.462
0.492
0.5620
0.548
0.575
0.600
0.626
0.740

10.836

0.919
{.990

1.052

1.108
1.153
1.195
1.232
1.266
1,296
1.324
1.504
1.568

A

3.705
3819
3.535
3.464
3.378
3.303
3.233
3.168
3.107
3.050
2.996
2.946
2.889
2.854
2813
2,774
2.738
2.703
2.671
2.641

2512.

2414
2.338
2.278
2229
2.189
2.156
2,129
2105
2.085
2.068
2.053
1.972
1.843

0.052
0.076
0.101
0.130
0.160
0
0.222
0.254
0.286
0.317
0.349
0.379
0.408
0.439
0.467
0.485
0.522
0.548
0.575
0.692
0.792
0.877

0.951

1.016
1.072
1121
1.165
1.205
1.240
1.271
130
1.488
1.588

3.731
3.650
a.572
3.494
3.420
3.348
3.283
3.219
3.160
3.103
3.050
3.000
2.954
2910
2.868
2829
2.792
27757
2.724
2586
2479
2.386
2,330
2278
2232
2.195
2.165
2139
2116
2.087
2.080
1.989
1.855

0.048
0.070
0.084
0.120
0.149
0.178
0.208
0.238
0.269
0.299
0.329
0.359
0.308
D.417
0.445
0.472
0.499
0.528
0.644
0.747
0.836
0.913
0.980
1.038
1.080
1.136
1177
1.213
1.247
1.277
1.474
1.676

3.753
3.678
3.604
3.531
3,460
3.392
3.327
3286
3.208
3.153
3.100
3.051
3.005
2.961
2.920
2.880
2.843
2.808
2.659
2.544
2.454
2.382
2323
2275
2,235
2.201
2.172
2148
2.126
2.108
2.006
1.067

0.044
0.065
0.087
D112
0.138
0.166
0.195
0.224
0.253
0.282
0.312
0.340
0.369
0397
0.424
0.451

C.A77
0.598
0.703
0.785
0.874
0.944
1.005
1.058
1.106
1.149
1.187
1.222
1.253
1.458
1.565

3.773
3.702
3.632
3.563
3.495
3431
3.368
3.309
3.252
3.198
3.147
3.089
3.053
3.009
2.968
2.929
2.882
2.733
28610
2.512
2434
2371
2318
2.275
2.238
2.206
2.179
2.156
27135
2.023
1.979

0.754
0.838
0a08
0.971
1.027
1.076
1.121
1.160
1.197
1.229
1.443
1.554

3.790
3.724
3.658
3.592
3.528
3.465
3.406
3.348
3.293
2.240
3.190
3.142
3.097
3.054
3.013
2974
2.807
2.675
2.571
2.487
2419
2.362
2315
2.275
2.241
2211
2.186
2.184
2.040
1.991

Note: n = number of observations, k' =

Correlation with Extreme Small Samples or Many Regressors” Economatrica, vol. 45, November 1977, pp. 1989

number of explanatory varlables excluding the constant term.
Source: This table is an extension of the original Durbin-Watsen table and Is reproduced from N. E. Savin and K. J. White, *The Durbin-Watson Test for Serial

Econometrica, vol. 48, September 1980, p. 1554. Reprinted by permission of the Economelric Society.

Example E.1.

Ifn=40andk’' =4,d; =1.285andd;; = 1.721.Ifa computed d valueis less than
1.285, there is evidence of positive first-order serial correlation; if it is greater
than 1.721, there is no evidence of positive first-order serial correlation; but if
d lies between the lower and the upper limit, there is inconclusive evidence

regarding the presence or absence of positive first-order serial correlation.

-96 and as corrected by R, W. Farebrother,
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TABLE E-5b DURBIN-WATSON d STATISTIC: 'SIGNiF!CANCE POINTS OF g AND d;, AT 0.01 LEVEL OF
SIGNIFICANCE -

K=

k'=2

k'=3

K =4

k'=5

kK'=8

K'=7

K

=B

k=9

k' = 10

dy,

dy

d,

dy

d

dy

d;

dy

d

dy

d

dy

d.

g

dy

dy

dy

dy

dy

0.300
0.435
0.497
0.554
0.604
0.653
0.697
0.738
0.778
0811
0.844
0.874
0.902
0.928
0.952
0.975
0.997
1.018
1.087
1.085
1,072
1.089
1.104
1.119
1133
1.147
1.160
1.172
1.184
1.195
1.206
1217
1.227
1.237
1.246
1.288
1.304
1.356
1.383
1.407
1.429
1.448
1.466
1.482
1,496
1.510
1.522
1.611
1.664

1.142
1.036
-1.003
0.998
1.001
1.010
1.023
1.008
1.054
1.070
1.086
1.102
1.118
1,132
1.147
1.161
1474
1.187
1.189
1.211
1.222
1.233
1.244
1.254
1.268
1.273
1.282
1.201
1.299
1.307
1.315
1.323
1.330
1.337
1.344
1.376
1.403
1.427
1.449
1.468
1.485
1.501
1515
1.528
1.540
1.552
1.562
1.637
1.684

0,294
0.346
0.408
0.466
0.519
0.568
0.616
0.680
0,700
0.737
0.772
0.805
0.835
0.863
0.890
0914
0.838
0.960
0.881
1.001
1.019
1.087
1.054
1.070
1.085
1.100
1114
1.128
1.140
1183
1.165
1.176
1.187
1.198
1.245
1.285
1.320
1.350
1.377
1.460
1.422
1.441
1.458

-1.474

1.489
1.508
1.598
1.653

1.876
1.489
1.389
1.333
1.297
1.274
1.261
1.254
1.252
1.252
1.255
1.259
1.266
.27
1.277
1.284
1.281
1.298

1.312
1.319
1.325
1.332
1.339
1.345
1.352
1.358
1.364
1.370
1.378
1.382

‘1.2688

1.383
1.398
1.423
1.446
1.466
1.484
1.5C0
1.515
1.529
1.541
1.853
1.563
1.573
1.583
1.651
1.693

0229
0.279
0.340
0,396
0.443
0.499
0.547

0.591.

0.633
0.672
0.708
0.742
0.773
0.803
0.831
0.858
0.882
0.906
0.928
0.949
0.969
0.988
1.008
1.023
1.040
1.055
1.070
1.085
1.098
1.112
1.124
1.137
1.148
1.201
1.245
1.284
1.817
1.346
1372
1.395
1416
1435
1.452
1.468
1.482
1.584
1.643

2102
1.875
1.733
1.840
1.575
1.526
1.490
1.464
1.446
1.432
1.422
1.415
1.411
1.408
1.407
1.407
1.407
1.408
1.411
1.413
1.415
1.418
1.421
1.425
1428
1.432
1,435
1.435,
1.442
1.446
1.449
1.453
1.457
1.474
1.491
1.506
1.520
1.534
1.545
1,557
1.568
1.578
1.587
1.5%
1.604
1.665
1.704

2433
2.193
2.030
1.813

1.826.

1.757
1.7G4
1.663
1.630
1.604
1.584
1.567
1.554
1.543
1.534
1.528
1.523
1.518
1.515
1.513
1512
1511
1.510
1510
1.510
1.511
1512
1.513
1.514
1.515
1.517
1.518
1.528
1.538
1.548
1.558
1.568
1.578
1.587
1.585
1.603
1.611
1.618
1.625
1.679
1.715

0.711
0.738
0.764
0.788
0.812
0.834
0.856
0.876
0.896
0.914
0.832
0.950
0.966
0.982
0.987
1.085
1.123
1172
1.214
1.251
1.283
1.313
1.338
1.362

1.403
1.421

1.543°

1613

RT.O.
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k'= 11

k=12

k'=

K

a;

dy

d

dy

o

18
17
18
19
20
21
22
23
24
23
26
27
28
29
30
31
32
a3
H
35
38
7
a8
39
40
45
50
55
60
65
70
75
80
85
80
95
100
150
200

0.060
0.084
0.113
0.145
0.178
0.212
0.248
0.281
0.318
0.348
0.381
0.413
0.444
0.474
0.503
0.531
0.558
0.585
0.610
0.834
¢.658
0.680
0.702
0.723
0.744
0.835
0.913
0.879
1.037
1.087

1131

1.170
1.205
1.238
1.264
1.290
1.314
1473
1.581

3.446
3.286
3.146

3.023 -

2914
2817
2.729
2.651
2.580
2.517
2.460
2.409
2.363
2,321
2.283
2248
2218
2.187
2.160
2.136
2.118
2.082
2073
2.085
2,039
1.872
1.925
1.891
1.865
1.845
1.831
1.819
1.810
1.803
1.798
1.783
1.790
1.783
1.791

0.053
0.075
0.102
¢.131
0.162
0.194
0.227
0.260
0.292
0.324
0.356
0.387
D.417
0.447
0.475
0.503
0.530
0.556
0.581
0.605
0.628
0.851
0.673
0.694
0.790
0,871
0.940
1.004
1.053
1.089
1.141
1477
1.210
1.240
1.267
1.262
1.458
1.550

3.506
3.358
a.zer
3.109
3.004
2.909
2.822
2.744
2674
2610
2552
2.499
2.454
2.407
2,367
2.330
2.296
2.266
2.237
2.210
2.1885
2.164
2.143
2.123
2.044
1.087
1.945
1.914
1.88¢
1.870
1.856
1.844
1.834
1.827
1.821
1.816
1.799
1.801

0.208
0.240
0.272
0.303
0.333
0.363
0.393
0.422
0.450
0477
0.503
0.529
0,554
0.578
0.601
0.623
0.645
0.744
0.829
0.902
0.965
1.020
1.068
1.1
1.150
1.184
1.215
1.244
1.270
1.444
1.539

3.084
2.991
2.906
2829
2.758
2,694
2,635
2.582
2.533
2487
2448
2.408
2373
2,340
2310
2.282
2256
2232
2210
2.118
2,051
2.002
1.854
1.934
1.911
1.883
1.878
1.866
1.856
1.848
1.841
1814
1.813

0.043
0.061
0.084
0.109
0.136
0.165
0.194
0.224
0.253
0.283
0.313
0.342
0.371
0.399
0.426
0.452
0.478
0.504
0.528
0.552
0.575
0.597
0.700
Q.787
0.863
0.925
0.986
1.037
1.082
1.122
1.158
1.191
1.221
1.248
1.429
1.528

3.601
3.474
3.368
3252
3.165
3.065
2.982
2.906
2.836
2772
2713
2.659
2,609
2563
2.520
2481
2444
2410
2379
2.350
2.323
2297
2193
2.116
2.069
2.015
1.980
1.953
1.831
1.913
1.898
1.886
1.876
1.868
1.830
1.824

0,038
0.055
0.077
0.100
0,125
0.152
0.180
0208
0.237
0.266
0.294
0.322
0.350
0.377
0.404
0.430
0.455
0.480
0.504
0.528
0.551
0.655
0.746
0.825
0.893
0.953
1.005
1.052
1,094
1132
1.166
1.197
1.226
1.414
1.518

3.639
3.521
3.412
3311
3.218
3.131
3.050
2.976
2.307
2.843
2.785
2.730
2.680
2.633
2.580
2.550
2512
2477
2.445
2414
2.386
2.269
2.182
2.117
2.067
2.027
1.995
1870
1.949
1.931
1917
1.805
1.895
1.847
1.836

0.035
0.050
0.070
0.092
0.116
0.141
0.167
0.194
0.222
0.249
0.277
0.304
0.331
0.357
0.383
0.409
0.434
0.458
0.482
0.505

‘0.612

0.705
0.786
0.857
0.919
0.974
1.023
1.066
1.106
1.141
1174
1.203
1.400
1.507

3.67M
3.562
3.459
3.363
3.274
3.191
3.113
3.040
2.972
2908
2.851
2.797
2.746
2.699
2.655
2.614
2576
2.540
2.507
2478
2.346
2.250
2176
2.120
2.075
2038
2.009
1.984
1.865
1.948
1.934
1.822
1.863
1.847

0.032
0.046
0.065
0.085
0.107
0.131
0.156
0.182

0.208

0.234
0.261
0.287
0.313
0.339
0.364
0.389
0.414
0.438
0.461
0.570

0.665 -

0,748
0.822
0.886
0.943
0.993
1.038
1.080
1.116
1.150
1.181
1.385
1.495

Note: nn = number of observations, k' = number of explar

Source: Savin and White, op. cit., by permission of Ecpn&kﬁ
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