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' (a) Write your Roll No. on the top immediately on’
receipt of this question paper.

= U-IH B U 89X g o 9X T A Ao

o |

(b) Answer may be written either in English or in
Hindi: but the same medium should be used
throughout the paper.

=g Ue-9F & Su¥ el 71 B A o W 7
Aoy, AT @l ST T & AT F B =T |

(c) This question paper is divided into two

Sections.
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(d) Attempt four questions in all, select

(d)

: Ing t
questions from Section-A and two quegtlo‘;o
from Section-B. )

B AT W) meq w1 g, E:rmwavg-aqaw
X U WUS-¥ |

Use of simple calculator is permitted.
ATERET BT & TN B AR 2|
Section - A -
Yvs - F

In a 2x2 pure exchange economy (with two

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

initial endowments are W, = (12,12) and W =
(24,0). Their utility
U,(X,,Y,)=0.5 InX, +0.51nY, a.t}d U, (XY, =X, Yy
_ 5
2x2 3 fafe arferEen # (& sad A A B, A
aeg X. ol Y) e dfa i W, = (12,12) =X
W, = (24,0) ¥ 1 5 IaAREr wert U, (X, ,Y,)=0.5
InX, + 0.5 InY, T U, Xy Yg) = X5 Ya'l
i) If competitive trade takes place between
them, find the general equilibrium price

ratio and allocation.

functions are
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(i) Can you find whether at this equilibrium

allocation any agent envies the other ?

Rt ot wie @ gER B ofy et B 7
(iii) Is this equilibrium allocation fair ? Why or

why not ?

7 I8 Tger eAde reqer B ? A A1 = e ?
In the context of a pure exchange economy is it
po.ssible to have a Pareto efficient allocation that
is not an equilibrium that can be achieved by
competitive markets ? Use an Edgeworth Box
diagram to explain.

S

U & [T ereferawen & def ¥ a1 g' "y & 6
Teh YR HRT ST Sl 35 T Her -Tel 8 Si Hfereqe
ff Ao & ur fpar s Eear @ ? wHe & e o
ustael SR TG T IUANT FHAT |

In the context of a pure exchange economy

o

explain the second welfare theorem. S

F = AT sdfeawr & daf F§ Feaor A ey
ST H 2T HIY |

Five students A, B, C, D, and E are to decide who
will be the leader of their group ? Their ranking
from most preferred (at the top) to least preferred
(at the bottom) are : 7

3 RO,
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qraaﬁA,B,c,DaﬁrEaa‘rugaum%fagm

g T HIA B 7 STD TADBAE Y iy
(Aol FR) & T HH THAT (608 A=) Py 3

Student — | A B C D | g |

B —>

Ranking |,

wrerfHeRaTd |,
A B B D | E
D E ¢ | B | e
E o A c | B
B |-l plAalD
G | A E B | A

(i) If they decide their leader by rank order
~ voting, who will it be ?

AR F b BT AT B BT G T F A B

g, @ g8 A a2

(i) If C does not remain a contender for _thz
leaders post, but each voters ranking
remain the same for all the other contenders
whom will they choose now ?

af C 3 o 3 R sRrerdt 8 <e 8 T

ST Arex B YRpT arh 3wt @ [
@l B o7g 3 fepmeRr g ? |
(iii) What do your answers to parts (i)
illustrate ? ' 7
@N%Wmﬂ(i)afr?(ii)wﬁﬁ '

4

and ()
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(b) In a pure exchange economy the ordinal utility

(c)

functions of two agents A and B are given by
UK, Y) = X, + 4Y, and Uy, (XY, ) = 4X, +Y,
respectively. Assuming that there are 40 units
of X and 40 units of Y in the economy, mark (i)
the Pareto set and (ii) the set of fair allocations
in ’a.n Edgeworth Box. 6

Tk I R arefemaen & 1 ooiel A @R B 3 wis
ST ®ed wEe U, (X, Y,) = X, +4Y, ik U,
(Xp,Yp) = 4X, +Y, R 74 T | 98 Ay 5w 5 orfeagwen
F X #H 40 gt o Y # 40 zHiEEr €, o aoraef
e 3 (i) XS Az oM (i) B T A ok B 3 &y
et et @ Je, Rfted #Hiftm '

In an economjr the utility possibilities’ frontier
is‘ given by U 2t Uy = 8100. Draw a diagram and

explain in which case(s) will social welfare; W,

be maximized necessarily at an interior point.

6
UH Af@TrT A Iugifrar o sirgar ik

Uﬁ+UB=8100ma’“rns‘%|ura;aTQ@r@ﬁﬁ:qaﬁ-(
T 5 Rew mmmey ( f

AN w9 F etigies
i) W=max(U, U,
(ii) W=auU +bU;
(iii) W=1U,U,

PT.O,
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3. (a) The production ol St i " eyl (iv) Find the amount of subsidy per unit that
benefits on the producer of Y through a reduction the producer of X must be given in order to
in the latter’s cost of production. Spec1ﬁcally : induce him to produce the socially optimum
Clx) = x2/4 and Cm = y?/2 - 20x are tl.w_e tota] — |
cost functions of goods X and Y respectively, x X g & S @ AR sE A 5 R s
i itive markets at price ;
and Y are sold in ComPEtl ] P S . ﬁaﬁxzﬁmwwaﬁrw
ok réspecuvay' 9 ! FH B ARG FHA H A AGTH B |
X N IAEA ARTT 5 FHH & TIH T Y B I .
ﬁaf?a ST ST I © | faea ! (b) Explain why, in a system where people pay for
= x2/4 ax Cly) = y*/2 - 20x, sHHar: X AXY 3 | their own education, there might be
C(J_:r) _X—/nrra q;%;:[ 2, X st Y underspending on education. 4
F T \ : . :
sferenst e & A P = 30 &% P, = 90 @ . o O IR STET AT ST e & Rrg w@ s
Freel 9% 9= S 2 w2, a8t e W emate =g 98 @ gwar 2, At
(i) Find the amounts of X and Y produced and AT HIfTT |
their profits if each producer operates | (¢) In a town of 20,000 residents ‘security’ is a
independently. : public good. It costs 500 to provide a unit of
X ST Y @ T ud @ s HiT afg & ‘security’. The marginal benefit (MB) of a unit of
IaTeE WA B9 T SEd B ¢ | ‘security’ to each resident is given by MB= 1/
; fX and (1+G) when G units of 'security’ are provided
=z ; - timum amounts 0 . <
(ii) Find the socially opti : What is the Pareto efficient amount of ‘security’
Y. 3 e Ll for this town ? 6
X Y FAISTh W - 20,000 Pl 3 o 5
. . : WET H T H G@ET U
I | ially optimi™ mﬁm|ﬁ%|3ﬂzﬁwmmaﬁ AT
(i) Find the total profits at the socially 0P © 500 % ¥ 5 e @ o @ G garen
amounts of X and Y. I:nﬁTﬂgd Gﬁ*ﬂaﬂéﬁﬁr%ﬁrmﬁﬁ@ﬁﬂmﬁwm
X &R Y ot write w9 & g . ST T (MB), MB =1/(1+G) Rear 7ar 81 51 a1 2
T ST HIT | TQ 96T Y geam =y

et o= ey HACTT B ?

" ! ) 7 P-T.O_
6
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4.

(a) Arun and Barun are deciding whether or not ¢,

—

buy a TV for a room they share (if bought, it woyy d
be a public good for them). Arun’s utility

‘function is given by U, = (1+G)M, and Barun’s by

U, = (3+G)M,, where M, and M, are the amountg
they spend on their private consumptigp
respectively. G =1 if the TV is bought, and G=0 if
it is not bought. Both of them have ¥ 60,000 each
to spend on the public good and their private
consumption and the TV costs ¥ 50,000. Is it
Pareto efficient for them to buy the TV ? Explain.
! 6
275 3T T 7 H< W © 6 I TH HAL B o e
4 T & s & giR ar 781 (Al @ ldr S, 98
ST e At aeg 2T 1T & ST e
U,= (1+G)M, F a1 far r & oY =1 1 Uy =
(3+G)M,, % = Rear T B, STt M, @fC M shasr: 3%
Poft ITT OX @ @ T 21 G = 1 ST Tl
S B, X G = 0 5 g & Tid S 2 ) Ak &
ﬁﬁﬁm%wma@aﬁﬁﬁﬁw
W Ed H F R 60,000 T ¥ SfT A H AW
50,000 ¥ ¥ & @ &t @lieer I ferg qRer HEIA
g ? ae i |
Two types of gas-lighters-are available in the
market : high quality and low quality. It co'stS
%100 to produce a gas-lighter of either quallty_:[
Consumers value a high quality lighter 2
¥ 120 and a low quality lighter at ¥ 50. Both typ;fz
look exactly alike so consumers judge t

8

(c)

(@)

8879

quality of a gas-lighter available in tl_le market
by the average quality sold. There is a la?rge
number of sellers in the market. In equlhbnu.m
what fraction of producers will sell high quality
gas-lighters ? Use a diagram to show the
determination of equilibrium quality. 8
AT & A eI B ra-arge] SaeT € ¢ Se PorEr
arr o Py TreEr Ay | fRer AT o B9
Ne-qrgex a0 @ 100 T B | STEn S= e
arer wh rg-egex @ 120 ¥ geithd HRd € IR e
TR At 50 ¥ 1 A SR B g-anged faesge
o Red € zafera Syhe areT § S9ere JOTgr
Profa arex & =t o= arelt ofrad T[ETERT % AT 9T
HAT B 1 AR T fasharedl 1 OF g€t @ B | 6
% Saareeh RRAAT WRT Se TOTET aTel I TIgeX H e ?
HIEH orETT & FaRer i Rae & e up e @
IYAMT FHIFT | |

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

=T SERT H I B Al Jfas @ay @ 9 @6
e &9 H a9=rsy |

Sectiqn -B

greg - ¢

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

given in the table below :

8

9 PT.O.
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A gt wh @9 Aad & REH 9Q8% $ gy
F¥rfaya TorAifaar 2, fearst 1 st ofef
Teg ok = ¥ | AT O B, aaﬁ‘ﬁftaagﬁgq}r |
1, #aﬁﬁﬁﬁwoimm%aﬁ
afereer & faw me
Player 2 G
et 2
L (5 R |
Player 1 T| 32 5,2 - 1/9, 4 |
faerdt 1
M 4,3 @ W21 31
B 52 9,-2 2.8

(i) Does either player have a strategy that is
strictly dominated by another ? If so which

- one(s) ?

e Feht et 8 T TR ¥ S gEd @ &
Tt @ gwifaa & ? afk &, @ - ?

(i) Whatis/are the pure strategy Nash Equilibria
of this game ?
30 BT B Y& O AT AT T E 7

(iii) After removing the strategies that are strictly
dominated, find the mixed strategy Nash
Equilibrium of the game.
et & s TR 2 e % o 8 7
ferfar Toify Ser dges @ st HTT

10

(b)

(c)

8879

Tom and Jerry, both can hunt for food from the

same kitchen either in the day or at night. Each

prefers to hunt at night if his opponent hunts in
the day and each prefers to hunt in the day if his
opponent hunts at night. Given his own strategy
each player prefers the outcome in which his
opponent hunts at night. to the one in which his
opponent hunts in the day. Formulate the
ordinal payoff matrix and find the Nash
equilibrium of the game. 6

ﬁqaﬁr%ﬁ,ﬁ@ér@éavﬂaﬁﬁ?mmﬁ
dIeT TS E | X T O H i @roret B g@]a
Ry & fioe @IoTT gEE HIET T | OFR U o F die
@rorar 8, d W U H AT @IS 9E6E HBal § |
AT TR @ @Y gY U Rgardt I AchSt
et afagal R9 F e Gierar € 9 s 39 Tds
W TS BT B R aRES wa § o @

.mqﬁwﬁ@wmeﬁt@—rmﬁﬂa@—mm

HIFT |
Explain the two player Stag hunt game and its
Nash equilibria. 4.5

irﬁaar%’t@ng—g@a@rm%ém
SNSRI
TqHETSY |

11 P.T.O.
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6. (a) Each of ‘n’ people chooses whether or not tq

contribute a fixed amount towards the provision
of a public good. The good is provided if and only
if at least k people contribute towards it where 2
< k < n. Contributions are not refunded if the

public good is not provided. For each person the
outcomes from best to worst are ranks as follows :
‘W @ A A T AR g8 gEaT § 6 U adete
&g B TEa B g ueh MfFEe iR @0 A s
T o7 7E | T I%g A TH H&TH B ACH B TG HA F
FHT k @FT 2@ [T aemeEr L o8t 2 < k < n ) anes
o A& fpar Sar B ST Ardsiieh 9% e el A

aﬁ%m@esmﬁ%ﬁ%'i%maﬁﬁqﬁﬂa@rwqﬁmq .

for=r wepT | 2
Best : The public good is provided and she does
not contribute, '

i« wrdoies aeg FE @ ST ¥ Sl dE A

qE FHE g,
Second : The public good is provided and she
contributes, -
Rty AT g SET Y STl ¥ o g€ AT
d g,
Third : The public good is not provided and she
does not contribute, |
frer : e aeg e o & T
e A8 B g, '

12

(b)
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Worst : The public good is not provided and she
contributes.
ArTer &t B |
Find the pure strategy Nash Equilibria of this
strategic game. 10

g o A B Y& O A9 T 57 B |

Austin starts this sequential game where he can
go up to Jane (who is reading a book) and either
snatch it or refrain. If he refrains then he gets
no utility while Jane gets +10. If he snatches
her book then he gets a utility of +5 and Jane of
—-10 provided that Jane doesn’t retaliate. If Jane
retaliates (after her book is snatched) then
Austin's utility changes from +5 to -5 while
Jane’s utility changes from —10 to —-10+x. Draw
the game tree (extensive form) of this sequential
game. For what values of x will Austin snatch

her’ book in the subgame perfect Nash
equilibrium ? 8.5

T ST FHAT & (S O g1 I & 2) o a1 o @

: Wﬁﬁqaﬁ%mqﬁ@:{w%lemagqﬁ

B9 I B O SHR B SuRar T8 Rt srafs S
= 10 5r<t BIell B 1 oFR T SEe Reare 3 S Orar
¥ WS 5 B ST Pt 2, ARGT I A - 10 o5
%ﬂﬂﬂ%ﬂﬁﬂﬂﬁéﬁlwﬁmm%(m
T BT S W S B) S eies A svAfr 5 @

13 BT,
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7.

(a)

-5 ¥ gaadl &, STafe S A STAREr -10 |/ -10 + 4
ﬁmaﬁﬁ%&ﬂeﬂiﬁm@ﬁm‘@ﬁﬁﬂ(ﬁf@%‘m
difere | x & R el T TR S9-2a aftyget g
Hge B Saed T B a7

The market demand function for a good is

given by P = 1000 - 2Q. There are two duopolists

(b)

1 and 2, producing this good, with their respective
average and marginal costs AC, = MC, = 200 and
AC,= MC, = 240, Find the Cournot equilibrium,

price, quantities of both duopolists, and profits

made by both. How do these change if the second
duopolist is the Stackel bergleader ? 10

T g B AT =T %ere P = 100-2Qe‘1§m%
T R OE 5 A & arEtd S AT S
AC, = MC, = 200 &T AC, = MC, = 240 & @I &
Fr-Rreprd 1 ok 2 ¥ 3t fa-fremfadl & R A
Hgfere s, S H=, eﬁrﬁmeﬁﬁeﬁﬁaﬁ
AT | H A Tee ¥ Ak g fa- Rl R 1
g7

The market demand curve for widgets is gl}fetfé
by P = 200 — 2Q. Two homogeneous duopohf‘;1 .
producing this identical product bOthh(;WC
produce as much as they want (that is they -
unlimited capacity) at a constant average o
marginal cost of Z50. If there is price compet

. One
i.e. both set their prices simulta.ne(?usw (fvligg ots
period game) what will be the price of

14

(a)

8879

and the total profits earned by the two duopolists
together ? 4
Rreeg & fag grere 507 a6 P=200-2Q & =17 fRar
w“%la’rmcﬁtrf’g—fﬁzmﬁa‘rﬁsmumm
SaqreT FC W E, H A U U R ofwd oIk dmia
50 T % R 9X RIGET =918 IaAT Sedied BT el 8
(oTeT: I T IATE i SHAHHT &=l 2) | afe Tt u<
=H USRI &I BT ATyl Tk G99 O &, forad e,
T AT & IHAD FHAG I B S | [ASTH Pl FrEe =
B efie Al fa-faepar g frerent ifiid e @y
fapc=r B ?

What does it mean when we say that in the price

leadership game of differentiated duopoly the
leader plays a puppy-dog strategy ?

4.5
SHH AT F1 & 919 B9 e & 16 AR fE-ReEmrEt
B BT AFT AT T AT 0 qRH-ShT R Derr B 2
If the demand curves of two consumers who buy
from a monopolist are given by p 1= 9=0.5q, and

p,= 8 - 0.5q, and his
AC=MC=4,

A ST S T GG § @ h T, B o a

p1=9—0.5q1@'{p2=8—0.5q2% a0 R & ¥ ofix
THIBHT 5 Rew AC= MC = 4 2

(i) What will be the O, Tariff ?
O, 2R a1 aggem s 2

constant

15 P.T.O.
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(o)

(ii) What optimal linear two part tariff will be

charged if the entry fee must be the same for
both the consumers ? What is the average
price paid by each consumer ? 6.5,

geee XRaeh A W7 MG A TG SN, AR FAN
h QA SUHIhredl % fQ wE S =Ry 7
In a Natural Monopoly, use a diagram to explain

how a two tier pricing system can be used as a
way to solve the marginal cost pricing dilemma.

6
STpicreh WehITaehIT &, T|HIT Hed [FEier &l gfaer @i &
FH H TS b ©9 J T al €I geF FeiRer gored,
HN IUART BY BHAT ST TH B a9 F R T o
H ITIT BT |

For a monopolist if the demand curve is given
by Q = P2 and his constant average and marginal
cost is C, find the ratio of consumer surplus

under monopoly to consumer surplus under
perfect competition. 6

'Iaﬁqaaqzsn’ﬁ—cﬁrﬁ%ﬁr‘rqﬁﬁa%Q#PQ%mﬁm

ST B A ST R ofied e @\ig @ C 2, &
SHITT IUATH ANY F AT ST HY |

16 3000
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(@ In the Harrod’s model, the interactiop 1
€tween
the

®)

accelerator and the multiplier can ead -
- r

downwards instability depending upon th
€ initia]

configuration of entrepreneur’
I's expectation. E :
- Explain, 7.5

(?)  Suppose in the Solow Model output in
: 4 Country

i M
s produced with the production funct;
on

Y i L I‘—Cl
AK*L™@ | where 0 < o < 1. Capital _

depreciates at the rate § and productivity, A, and
saving rate s, is assumed constant. Suppose initially
economy is at the steady state with constant-
population growth rate n,. Depict the steady state
equilibrium in a graph. Now suppose thefe is a
one-time increase in immigration, perhaps due to
the influx of refugees from a troubled foreign
Country. Use the previous graph to illustrate the

short-run and the long-run ctfec‘ts of this on the

domestic economy

©

(i)

(i)

()

9093

Describe graphically how an economy attains

n rule of capital accumulation. 1f an economy

golde
show the transition

starts with too little capital,
path of output per worker, consumption per worker

and investment per worker to reach the golden

rule steady state. 3+4.5

Assuming A =1 and @ =0 explain how 2 onetime

increase in the productivity of research as

measured by an increase in 8 would affect growth

rate and the level of technology overtime in the
Romer Model ?

Explain why the share of population that works

in the research sector is less than optimal in the

Romer Model. 4.5+3

fFm vt W oeden w1 URfuew famm @
YR W FW A A AR # OFR S

whd ¥ e Hif)

PTG
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Wﬁm%fﬂ?éﬂﬁm%ﬁ
WWYrAKuLI"‘,Eﬁ0<Q<I
é}mﬂwﬁﬁmm%'ﬁﬂs
GﬂTWﬁWA,aﬂ'{wm,s’mﬁm

i I R 3 —

W@ w1 wife sm wm i
ﬁwﬁwaﬂﬁq@gﬁ
T T AR R A v @
VATE % RO | o] AT R SFeqHTA
iR e T wer At yuEl &1 faf
1 % fau fred ww &1 sTER HC

¥ @ @il fem w g@ FE
R T wrefereen wga wA g F W
& A 2, D afr s seed w1 EEA
w9, St sfw sud iR wfa sfs
U fom sfocer o @ e ¥
fog zwid

()

(@

(b)

(5 ) 9093

o T S R oA -1 AR e =0 ', e
Ffwd fr 5 # ofg & SR R W
S & TH an e HE TR A
5 o v  fer TSR R
& wWR F gufem wAn ?

iy A wrew d v A F wM e
SreE @ feem gead TR Y FH F
$7 . orem &g |

In the Life Cycle hypothesis an individual’s consumption
is proportional present value of future income. Explain
the factors that determine the present value. Assuming
capital markets to be working efficiently, ff there is an
unexpected increase in income -from real estate how

would it affect consumption ? 7.5

(7)) State the assumptions concerning Friedman’s
permanent income hypothesis. Using his analysis
showing the variation” in average consumption and -
income over the business cycle explain why
MPC < APC in the short run and APC = MPC

in the long run 55

BEO,
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(i)

(i)

( 6 ) -
J

Why is the model less satisfactory than the Ko
0

Modigliani Model ? 5

In a two period (period' 0 and perioqg 1)
consumption optimizat.ion model given by Irving
Fisher suppose the individual’s ¢, < y,. Where
¢ is consumption, y is incon_le and r is the rate
of interest on borrowing and saving. Consider a
consumer’s preferences over current and future
consumption given by U ('co, c¢;)- Show the utility

maximization point with the help of a figure.

How would his consumption be affected in period

0 and 1 if income increases in period 0 and if

interest rate on savings increases. Consider

consumption has normal good property. 354

e Fffq w0 AT BRE F SR F
%ﬂmﬁaﬁmﬁéﬂﬁmﬁﬁw
@,mmﬁqﬁl@rmﬁmﬁ”q@

&

%ﬁr%wﬂwﬁaﬁ@rwﬁﬁm?

() O

@)

() O

)

( 7 ) 9093

tmﬁqﬁwﬁmwﬁw ]
Geifr aromd wagd | e fawese #
g w0 e wF W e ST
ik o § ferr @Y WA gY SEA Hi

 fp s § wHdE < T SR S

§ wi - i w@ e @2

7z diew el Afsfomrt dea ¥ FH
HarssEE %2

wfan ey g & T R Ay
(srfy 0 @R em@fg 1) STEMT ATHSH
Heew § WA oifeg fF AR B ¢y < y,
%Iﬁﬁc@%%,ym%aﬂ?rm
_Sﬂtﬁamm‘q’(%lu(co,cl)gm
& T ol S whra @ ST R Sushe
& siftml W fEr w9 et
® wear ¥ SwEifTar sifyemamar fag
e

afy 0 3R 1 H A U DY guifaa
W afs safy 0 § I wg St ¥ ek
A T W oSS R qG W T AR
dife & s A wEhn st
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( 8 ) 9093

Explain the gradual adjustment formulation of pe,

investment in the neoclassical approach. Explain

how the increase in the expected 6lltput; aii. .

increase in real interest rate; and a temporary

increase in investment tax credit affects the rate

of investment. = g

Explain the g theory of investment and how it s

used to determine housing investment. | 25§

Determine ‘the equilibrium portfolio choice of a

‘diversifier’ in the portfolio balance approach. Explain

with the help of a figure why the demand for money

must decrease by progressively smaller amounts as

interest rate increases by constant increments. 3+4.5°

Explain using an appropriate model why transactions

demand for money increases with square root of income

and decreases with the square root of

interest rate. 7.5

) () Frivfers e 3§ ge Foa # For

T wjaTR ) oare Hiael
Fife fr eifem s § 9fS A

T A o o e T

s oy faw @ o A Fa T
FE ®? k

(=)

()

(@)

( 9 ) 9093

(if) ﬁﬁrm@aﬁmaﬁmaﬂmaﬁ
smare Fraw @ fuita 0 & fag o
s 4% fem ST 72

YR Yo gfesor o fafaear’ % gHadA

S free w1 Pk FRT T SRS

# e ¥ ey fF fiw gfs ® R

=9 8 gfg ® w9 H FE H AN HEC:

%7 AE # wA R A =Ifee?

S Hied # ST S gHERd R aE-o

& fau g &t A1 9m & w1 w2 & W

¥ S € R &N ) H g1 ®E % WY

LER G

() Explain the factors that affect the debt GDP ratio.
How does an increase in inflation and primary
budget surplus affect the debt GDP ratio ? Explain

why private investors would be unwilling to hold

government debt. 5

(@)  What is the merit of using cyclically adjusted deficit ?
What are the implications when cyclically adjusted

deficit is positive ? A

P.T.O.
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pillips curve is given BY
»  The | (31) () 9 SN HI A FIFTF N OBO-SIS
sy = -0 Wy = ; ;
T Tl - I H yWIfegd wA@ §? HEERIG @
nflati
Suppose the central bank has an inflation targe T qggE 92 A9 o ?{rE HY HU-SE
() If the central bank is able to keep the inflagig, I W ywfed war g2 froft fremm
rate equal to the target inflation rate every Periog_ TER BT F @ H W o qg'f 2
will the economy experience fluctuatiopg in T? =R HIfST |
unemp]OYl'nent ? : ’ s -
() TEE FY ¥ [EEfd W # STEm
: f unemplo
i) If the natural rate o U: ka yrn:nt changes T O = %? TH ®Y9 9 gEEIfTg =
tly will the central bank be able to hijt
frequently it the H WHNHE - @ Ffead w7 #2
inflation target ? '
_ (9) fofaw a% =+ fam ysR =g5d fFa
(iii) Suppose & = 1 and the central bank is keen ¢ T %
reduce the unemployment rate below the natura] '
rate by 1 per cent how will it affect inflation B = Ty = 4 0~ 1)
overkibe 2 A9 WS 5 9 h EERf @& ot 3
(7v) What is time inconsistency of optimal policy and (H I H<ET 9F ydF oafy # LRSI
which policy can be used to overcome it ? W FH AfEa TR R & IR S
1.5+1.5+242.5 e 0 wE T, @ F srderawen Sl

(© () Explain how asymmetric information problems ﬁ IR-QE 1 A9 HAT ?

hinder the operation of the financial systems : O w G m = swE w
Discuss the ways in which the government can TR AT Wﬁ[ T I A
improve the quality of financial information ?75 5w oy
(i) Outline the key equations of the basic DSGE
2.5 ' P.1TO.

model.
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i) W T B o = 1 SR T TR W
W W W T A1 URRE q w5y

FA W TG T, T ORI B sy
TG T HY UNfad wum?

( 13 ) 9093

(i) What is the source of business cycle in the policy
ineffectiveness proposition ? Does it provide a

satisfactory explanation of business cycles ? 2.5

(6) () How does an adverse supply shock affect the

: production function and labour demand in the RBC

Wy it ) K R - % " . model ? What are the limitations of these

@?Wﬁﬁmm#\ﬁmw - | models ? 5
fFn =1 wewar ¥2 .

(if) Examine the effectiveness of Seignorage as a way

(@) () o FRA B smim ge 9@ e
ﬁﬁuwﬁﬁi%#mﬁmmm
-%?Eaﬂaﬁmaﬁ#\ﬁéﬁﬂﬁw

of raising revenues for the government. 25

(© () A central bank that follows the Taylor rule will

stabilize activity and achjeve its target inflation rate

. il - i the medium run. Explain.
fereita &l T q g W

Iy T : (i)
2 |

4

Given government budget constraint, suppose the

) budget is balanced til] the end of year 0. The
(i) HA @‘Iﬂﬂ Higa & EiE] HTR | govenment decides to decrease taxes by 1 in year 1.
TRE TR W .

Find out the amount of prlmary surplus that is

. necessary to retire the debt in year ;. If Ricardian
' . bble 2 \ '

(a) ()  What are the two types of asset price s equivalence holds how would the tax cut affect

| ﬁnfﬂ""iai
which one possess a bigger threat t0 the the economy 9 35

dto

respo™®
systtm ? How should central banks 5

P.T.O.
- asset price bubbles ?
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3G e 3R SH H HT 6 hY g
FA@ &2 T Hied H1 T w;W O¥?
TR & fau e weR & TR FOE
F Y (Seignorage) I HHRIERT & S
Hifd |
wﬁaqwmmmﬁwwm
ﬁrﬁﬁfﬂﬁﬁﬂ?ﬁﬂﬁﬂqwﬁ
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(c) Answer any five questions out of Seven.

o # ¥ Feel A g9t B I iR

(d) All questions carry equal marks.

gl usHl & b THE B

(e) Use of simple non-programmable calculator

is allowed. Statistical tables are attached
for your reference.

T I hehed B IUART B TR &
A T oogs ded & fou wifegs®t ew
US-95 & A9 ® & T B

State whether the following statements are True

or False. Give reasons for your answer.
| | 5x3=15

TsT B Freifefed wom aer ¥ a1 orae | AT

I =Y HROT ot g |

(a) In a regression model InY, =p, +B,X +u;, if
B, is multiplied by 100 we obtain the growth
rate estimate of Yi.
THIA (regression) ASA In Y, =, +B,X; +Wis
H, 3 B, @ 100 & Tqom fpa ofrer & @ & Y,
IS & 1 AR (estimate) ST BT gl

2

(b)

(c)

9134

In regression through origin models the
conventionally computed 1’ may not be
meaningful. ‘

qa feg (origin) & @HTHAT aret |@rsdl #
ORI T & e 12 el 81 @ehar B
In simple regression model Y, =, +B,X, +u;,

the OLS estimators Bi and [§2 each follow

normal distribution only if u, follows normal
distribution.

L qHrEer Jtss Y, =B, +B,X, +u,, H OLS
STreheTehi (estimators) f3, o B, H A TP T de

(distribution) SHTHT (normal) T & & fE

| u, T ST ST 2 |

P-value of a test statistic is equal to the level

of significance.
fepeit Sirer sifesior (test statistic) =1 P-ar7 qrefesar

X (level of significance) & == ST & |

3 P.T.O.
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(e) If the estimate of slope coefficient in a :

bivariate regression is zero, the measure of

coefficient of determination is also zero
afe us fz-ax FureEer § e qonis (slope
coefficient) &1 SThT L= &1, A Frafwer qoris

(coefficient of determination) =1 == f =
B |

2. (a) You have the following information :

aTraeR! Ferfataa geeme & S §

¥X=1680, YY = 1110, ¥ XY = 204200,
¥ X2=315400, ¥ Y2 = 133300, n=10. Assume

all assumptions of CLRM are fulfilled. Obtain

a1 RfTT 35 CLRM & @i s agee enil

2 | Fr=fafEe ot s i
(i) B, and B,

BlaBZ

9134

(ii) Establish 95% interval for the population

slope coefficient f3,

gafte (population) @I IeTih B, BF 95%

fargarear et (confidence interval)
(iii) R? ‘ )
Average score of students in a certain exam
are known to be normally distributed with
mean value 75 and standard deviation 9.
Some coaching classes claim that it is
possible to increase the average score of
students with an additional use of their
study material. It is believed that score with
additional study material would remain
normally distributed with =9 . Let p
denote the true average score of students
when additional material is used. 5

7% =t & fp Rpel wdien & Rrenfat & ofiraa il
(score) &1 Ses TATRY & fSehl H1e (mean)
75 T o =@ (standard deviation) 9 B |
S IS el 1 a1 & Fh ekt dreE-arT &
STANT & 5 oNTq STehi ! TN S Tl & | T8
T ST &7 RifRss greg-arslt & arey il
T de=T ST & @I Rreent A faege T 6=9
2R | 7 e B p otfales ared wreEl &
SYANT & arey frenfRiar & ardfeeh &f<h (true score)

4

S PO,
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() What are the appropriate nyj and

alternative hypothesis ?

Sqg<h YA (null) a?-ﬁﬁ'qzﬁ (alternate)
gfehea e (hypotheses) =7 & 2

(ii) Let X denote the sample average score

for 25 randomly selected students.
Consider the test procedure with test

statistic X and rejection region x>779.

“What is the probability distribution of the

statistic when H, is true ? What is the

probability of Type I error ?

A9 Fhifere f X argfeses ik R (randomly)
=t 25 gl & aqe 2y dfaed ofed
37 (sample average score) & ElEEtE]

X @ srefipi-a=  (rejection region)

| X>77.9 daret sira Afspar 9¥ faE I |

aﬁHowamqﬁﬁsﬁfﬁrmﬁ?ﬁ"W
(probability distribution) =T
T (error) i I E I (probabi,litY) Eill
grit ?

6

SpTr 2 1 51T

9134

(iii) Using the testing procedure in (ii) what
is the probability of type II error when in
fact p = 80.

(ii) & &t 7T SiTer wfhar # Gerad ¥ sqsy B
I1 SBIR T e St sidrepar Fm BF11 af area
H u=80.

(c) Inaregression model, Y, =3, +3,X; +u,, show
that the mean of actual Y; is equal to the
mean of estimated Y, . 3
=T {isd Y, =B, +B,X, +u, , H Twisw fF

aredfaes Y, @7 AT (mean) 3TEhierd Y, & AT &
R B € |

(a) Consider the following simple regression
model
price = B, + B, assess + u
where price is the housing price assess and
is the assessment of housing prices. The

estimated equation is :

7 P.T.O.
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Ferfefad aXa Tt Jsw 9T e St

price = B, + B, assess + u

STet price STETAT 2 HIAT & TAT assess TG}
I AT BN STHAT © | STThieTd THIHIOT oy
SCAE

price=—14.47 + 0.976 assess

t=(16.27) (0.049)
n =88, SSR = 165644.51, r>= 0.820

(i)

How will you test the constraints ;=1
and B, =0 in the above regression if you
are given the SSR in the restricted
model as 209448.99 ? Conduct the

necessary test(s) at 1% level of

gi ion. 3
significance and give your conclusion

SUIRD THTET ¥ g wfaersr [restrlctxons)

8= =0 =T TlET T S BT A

SR S fp wferafeed THHAT

feam get .
&) 1
Forehd

(restricted regression) H sz_a
200448.99 & ? AT TETT (
1% arefepar &< I e e ST

21T | &

9134

(ii) Suppose now that the estimated model

1 ;
ST HI TSI [ SATeRienT Hisar ey mepre &
price = f,+ B ,assess + B,lotsize +

Bysqrft + B, bdrms +u

where

Ter

lotsize = the size of the lot
= THE FM BT

sqrft = the square footage
= el iR o

bdrms = the number of bedrooms

= STTHaAT I AT

The R? from estimating this model using
the same 88 houses is 0.829. Test at 1%
level of significance that all partial slope
coefficients are equal to zero. 2
Il 88 i Werdr A 39 Hisd 37 R°0.829
2 1 1% arefepdr TX 9 39 91 &I garer Hifvg
% a4t STifRre6 (partial) T I[oTiRl & =T
LT B ERTET 8 |
9 P.T.0O.
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(b) Let X ~N (p,0'2), Consider two independent

random samples of observations on X. The |

samples are of size n, and n, with means

X, and X, respectively. Two estimators of

the population mean are proposed : 4

A AR X ~ N (1,6%), X 9% Derott 3 & wee
arefes® (random) SfiEsT (samples) 9% =R
FHIAT | 37 el & AR HAM: 01 T np T
qiem X, g X, 3| @HRE AT H & Ak
(estimators) F&mfad fpe = €

X+ | nXrnX,

L=
2 n,+n,

Check whether these estimators are

unbiased and calculate their variance.

9 SAThatehl @l STATHAr (unbiasedneSS) 29

T e p——— L L

1T |
10

9134

(c) For each of the following pairs of dependent

(Y) and independent variables (X), pick the
most appropriate furictional form. Explain the

reason for your answer : 6
Frefofag & 9 frefx (dependent) (Y) T w@a=
(independent) (X) =X & wcdeh 77 37, Taiieres
S9YTh HeHT ®9 (functional form) =1 ===
FIPIY | ST I 3G HIROT AT |
(1) Y=demand for food X=price of food

Y = S99 B HIT X = o &5 B
(i) Y = AFC of production X = output

Y = ST #AFC X = I
(ili) Y = Population in India X = time

Y = 9 # seEEr X = 96y
In a regression of average wages (W) on the
number of employees (N) for a random

sample of 30 firms, the following results

were obtained : 6

11 P.T.O.



9134

30 WA % TF AGRSS fiast 2y ey
[W)%av‘ﬁmﬁ?ﬁa?r#@ﬂ(mq-{mw%@
FrfeTRad aiRom o< g -

—_—

Regression 1: i = 7.5 + 0.00I9 N
a7 1:
' t=(16.10) R?=0.90

1

Regression 2 = 0.008 + 7.8 7

_'zlé)

JATHIOT 2 : '
t = (14.43) (76.58) R = 0.99

() How would you interpret the two
regressions ?

P ? | :

(ii) What might be the reason for
transforming Regression 1 into
Regression 2 ? What assumption hés
been made about the error variance in

- going from Regression 1 to Regression 2 ?

TSRO 1 % ETSE©T 2 & ST 0 F
B T reeT B e & 2 awrHae 19
THrEOT 2 9¢ I H e 9 (error term)
SFAROT & ER & R A o R § 2

12

9134

(ii1) Can you relate the slopes and intercepts
of the two models ?
FAT 7Y 39 & Hisdl % @l (slopes) T
STRI- @SN (intercepts) & T TF= ST Tha
g ?

(iv) Can you compare the R? of the two

models ? Give reasons.

T 39 39 &l HisHl & R2 3 g1 BT THa
g ? T Gy |

(b) The thickness of the graph paper (measured

in GSM) used during examinations should
be such that it does not tear off easily while
plotting a graph. Let p denote the true
average thickness of the new type of graph

paper under consideration. The true average

- thickness of the graph paper should be

greater than or equal to 20 GSM for it to be
acceptable for all practical uses. A random
sample of size n is drawn from a population
with normal distribution. What conclusion

is appropriate in each case ? 3

13 P.T.0.
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qtereit & AR ITART FhT Sy oy
AreTs (GSM ) Za+1 BT = f
TG ST ¥ B T | 717 Ao
SRR & e o Juv g%

o HETE & | 50 T & Aol Sehfives somies 3
e 2P R A e Sfrer e 20 Gy
& A A1 ST BT MW | AT =2 (normgy
distribution) Wil Th THE I TR 1 757 1ap
rgf=reh il ferar ST B | Frsfafe & § ye
Rerfiy & = e Suges & 2

i) n=15,t=3.2, a =.05

(i) n=9,t=1.8, o =.01

(i) n=24,t=-0.2

Suppose that earnings of individuals are
dependent on whether they are skilled

workers and their work experience over the
years. 6

A SfTe 5 eaferdl 9t Aot 3@ A o R
FHA B 5 o 7 et (skilled) §, T STH
FHratg¥a (work experience) SR & |

(i) Define dummy variables to capture
whether workers are skilled or not. Take
workers being unskilled as the reference
category.

6 Ty
7 T T
(true)

14

(iii)

9134

A FHIA & A1 72, 39 2 T L (dummy
variable) aHIfT FifSTT | 2759 (unskilled)
it ol = A9 (reference category)
# ifor |

Develop a model which is linear in
parameters that shows earnings of an
individual as a function of work
experience and whether they are skilled.

" Interpret your model.

urerell (parameters) § Y@F (linear) TH
T Hied el sHifora St 6 afth @t Aorgdl
ol HENHG T FAT TS FA 8 AT TSl $H a1
P BT B X 9T GQTAT 2 | 9 HiSH Bl
T HIoTT |

Now assume that there is an interaction
between skill of the workers and their
work experience. How would the model

in (ii) change. Interpret the new model.

. o1g T AT B ga At # sifhel B Bie

g I FHEAGHT B Th T T T
T a1 (interaction) T #f 8 | ST T
(ii) & oTuehr Hisd 6E FHT gfafda &
ST ? AQ HiS P AT HoT |

15 PT.C
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S. (a) The results of a logarithmic regression o

demand for food on price and Persona]

disposable income is given as : 5

AT &I HIT B PIHET T IRpTT TS ey
(personal disposable income) 93 T SN
(logarithmic) FHTHTT & IR oy s S

logQ,=2.34-0.3110g P, +0.45log Y + 0.65 -

log Q, , _
Se = (0.05) (0.20) (0.14)
n=50 R?°=0.90 d=1.8
where Q = food consumption per capita
STEr Q = ufy =IfRp ST BT ITHAT
P = food price
P = 9IS &l SHIAd
Y = real per capita disposable income
Y = ardfaes gfa ke gded S
(i) Just by looking at the estimated

regression, do you suspect sgrial
correlation in it ? |

T 2 Hied ﬁé@ﬁqﬁﬁmﬁﬁ-
gegra=¢ (serial correlation) T e Bl
g7

16

(b)

9134

(ii) Which test do you use to confirm your -
suspicion and why ?
YU TE i G T Y ST -7 THefoT
3 I9GT BT G FGl P
(iii) Outline the steps of the above
mentioned test and provide a conclusion

on the basis of your calculations.

IUIRH TT9T 3 Tl BIET AT qefr
ST IO & <ITeY 9¥ forshd ST |

Suppose you are given the following

regression : 5
a1 AT 3 ofrgent Fer=faiad ammemer fRar
™R

YL= B0+ BlXt+B'lX%+p'l

Do you think the model suffers from

multicollinearity ? If yes then what are the

possible remedies of the problem ?

FIT oTaH! @rar & 6 a8 Higw SgHiEdn

(multicollinearity) & & & ? 3G & a1 39 THET -
& Hd I (remedies) =T g ?
' 17 P.T.O.
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(c)

State and prove th ini .
e mlnlmum vari
ariance
prope1:ty of the slope Coefficient ip & e
. 0

variable regression mode].
S

whww%ﬁﬁmm%: |

ISESES | {PT%THc (minimum variance Property)sy
fiRae 7 s #Hifsa

Consider the following models :
Rt Sfeal o free B -
Model I : InYi* =, + a,InX; +u;
Hisd I :

Model II : InY, =B, +B,InX, + u):
His 11 :

where Y'=w Y, and X;=w)X;, the w’'s
being constants. |
STET Yi* =w,Y, 9 XT =w,X;) g w ST
(constants) 2

18

9134

(i) Establish the relationships between the

two sets of regression coefficients and

their standard errors.

FATHT TR @ g A Jfedt B T &l
el B e T I i |

(ii) Is ﬂ”.te R2 different between the two models ?
=T 31 &1 Hisal & R> T et ?
(b) Suppose the CLRM applies to Y; =[,X; +&;.
o AR % Y, =B,X, +& TWCLRM @REAIS |
(i) Find the slope coefficient in the
regression of Y on X |

Y &% X 9 @@ § el YOTeh ST Hhiory |

(ii) Suppose now we have a regression of X
onY, X;=v,Y;+v, . Is slope coefficient of
regression on X on Y an inverse of slope

of regression of Y on X. 4

WW'W%WWXWYWWW,
X, =7,Y,+V, B 1R X B Y 0 qar=>er § o
TN Y & X IR Tl OTieh BT FehH (inverse)
Blar g ?

19 P.T.0.



(c) Using data on compensation Per employee

in thousands of dollars (COMP) and average

productivity in thousands of dollars (PROD)
for a cross section of 50 firms for the year
1958, the following regression results were

obtained (t ratios in parentheses) : 6

50 BH[ % TFH ST (cross section) BF I%

1958 ¥ ufy =h HHARY G (85T STl H)

(COMP) 7 27 IwTaehdT (297X St §) (PROD)
% SAHS! ! TaTaar ¥ e arEger 9o

T T (PISehi H t AT 2)
= 1992.35 + 0.233PROD,
t = (2.1275) (2.333) R2=0.5891

Since the cross-sectional data included
heterogeneous units, heteroscedasticity WaS
likely to be present. The Park test Wan
performed and the following results O

- . ined :
auxiliary regression were obtain

20

9134

afes Tgereer SAlehst 7 faedia (heterogeneous)
s 9, SR (heteroskedasticity)
3 frerT 81 &) TeTeT &t | 91 SR 9eTeT (Park’s
test) fhaT TTaT TAT WETHH (auxiliary) THTZIT
CARESINICH] oo s BT

e} = 35.817 ~2.8099PROD,
t= (0.934) (-0.667) R?=0.0595

(i) Use the result of auxiliary regression to
check if the model indeed suffers from

heteroscedasticity. Perform the test at

5% level of significance.

T AT & GRS 35 warear & sive
W%ww%wﬁmﬁmqm
@rﬂ?ﬁ'%ls%mmwwqﬁwwl

(i) What could be the possible remedies of

heteroscédasticity ? 6

Wﬁwﬁwwmam% ?

21 PTO.
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9134
7. (aj The following model was estimated f ; - .
United States from 1958 to 1977 . 0; | (i) Show the Phillips curve for two periods
Frefefas Atewt < 1958 @ 1977 2 wiges g separately.
TR BY AT 6T Ty oy - A oraferEl 3 fefrer @b 1 orenT-ererT
| SST |
-~ 1 . /
Y, = 10.078 - 10.337 D, - 17-549[‘5{]+ (ii) Are differential intercept and slope
t
| ~ coefficients statistically significant ?
38.173D (%J ‘ _ | What does this suggest ?
: i | |
.'l | 1 fa9e (differential)ef=q:@ve 7 1er
se = (1.4204) (1.6859) (8.3373) (9.399) | % difer A% 9% @ ¥ 2 s
R?2=0.8787 5 3
= iy hange
where ¥ .ye?; t(.) Ze:; (i.e;zirrll:;ge:n;i ' (iii)Interpret the regression.
in the in g
— ST ot HIfoT |
- STEI Y = 9fd g9eT Fo7gdl & gerehich 3 a9-a-ay T e
SfYeTT afed (b) Two models for Engel expenditure function
X = percent unemployment rate are estimated. 5
X = FfaLrd SRS @ &% USieT & e (Engel expenditure function)
D = 1 for 1958-1969 | 8 A Hieet el Bpe T ¥,
= 54 otberwioe o Model I : Y, =1087.930+0.077X,
D=1, 1958-1969 gd | ) A1 -
= 0 o= t= (25.58) (21.64) R?=0.350  F=468.645
22 | ’ 23 P.L.O.
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Model 11 : Y, =4005.077 +0.3381/X,
His 11 :
t=(19.259) (-20.816)R>=0.333 F= 433;.310
where Y, = expenditure on food in rupeeé
Sl Y, = o9 WX =g, 99t &

= total expenditure in rupees

= o AT, T4 |

(i) Interpret all coefficient value of the two

models.
=7 & Hisalt B A YOt & AL Bl A
FHIFoTT |

(ii) Are the sign of the coefficients in the
two models contradictory ? |
w7 3 A Afsat § Yo & SESSRS
R (contradictory) ¥ ?

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

models ?

&9 59 & Ateel H 9ROt B gerr H7
bl & ?

(iv) Diagrammatically show the sample
regression function in the above model.

SUIh HArsd H ufaest a9r2=er s #y
JET & FerET @ 93T |

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

5
Prefifem e qursEe Atsd 9 RER
SHITSTT | AT Ffedr Hrom 4 AT gs 8 -

Y, =-9.6 + 2.1X, + 0.45X, R?=0.92

se = (8.3) (1.98) (1.77)

(i) Do you see any problem with this

~ regression ?

T STTRT 3T T § g GHEm Fo%

T ?
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(1) If yes, what is the problem ?

(iii) Outline the’ steps for performing an
auxiliary regression to detect the
presence of problem in the regression.

S THIST 5 THET T 94T ST 2 TET
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fable A3 standard Normal Curve Areas
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Standard normal density curye
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Table A3 Standard Normal Curve Areas {cont.)
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9452 m 474 9484 9495 9505 9515 9525
954 964 93 9B 991 9599 9608 - 9616
WAL 5656 96 96 96 986 9603
ANSIMeame 9 98 91 910 9756
I AT 93 9”8 93 98 9803 9808
B S oM oms o ome s
OISR 98I 9 o oL i
903 OR9G 9808 oMl o1 ow6 9909 99ilL
S s s s e oo
CCE T L BT 9945 0046 9948 Qe
MRS s s w0 96 9%
g‘;‘; W66 06T 008 ove) g0 T
| BS96 91 om om am o
TR o som 0% o9

m ggg I oems o 9 99
podi .';399; MW W 9
95 o g '% 949 9 9995
LT 997 :9991 ‘9997 999 9996 9996 9996
I S . 99 9 99 99

et

32

08 _09
3319 335
STH4 3753
00 g
480 g5
N0
517 7549
LK )
8106 S133
83565 . &%
8599 86

8810 8830
3997 915
9162 an
9306 9319
99l
9535 9545
9625 9633
9699 9706
96t 9%
[P
o854 897
4881 9890
Wi o
0034 9936
sl 52
[
YA
0980 81
o6
1

9% ‘:3,?;
9993 :

9995
9995

9997
9996 b
9997 _,,I_._--



0 134 ppinize. A
TableAS Critical Values for t Distributions o
N
I
i Sflni:tl NMi=g
{ i
0 ;C ]
.--v—"'""'""-"_-_h—- e T -
a
»- .-v.-' -\"" —— ~ B -
'\ 10 05 025 b 05 001 0005
I 3078 6314 12.706 31821 63.657 31831 63%62
) 1886 9% 4303 6.965 9.925 22326 31598
3 1.638 2353 3.182 4,541 5.841 10215 12.924
1 1533 2.1 2.776 1747 4604 7173 2610
S 1476 2015 2571 3.365 4032 5897 4369
6 1.440 1.943 2447 3,143 377 5208 5959
7 1.415 1.895 2.365 2998 3499 4785 5408
8 1397 1,860 2306 28% 3355 3501 5.01
] 1.363 1.833 2262 2821 . 3250 4297 4781
10 1372 1312 0 22 2764 5169 4144 $387
1 1363 1.7% 2201 2718 3.166 4025 4437
" 1.356 1,782 2179 2681 3,055 30% 4318
K 1.350 L 2160 2.650 3012 1552 4221
4 345 1.761 2145 2624 2977 3.787 4,140
5134l 1753 2131 2602 2941 - 33 1073
16 1.337 1.746 2120 2.583 2921 3636 4015
17 1334 1740 2110 2.567 2,898 3,646 3565
I8 1.330 1734 2101 2552 2378 3610 3922
10 1228 1729 2.092 2539 2861 357 1882
2 1.325 1725 2.086 2,524 Z.845 31392 1550
U 1323 1721 2030 2518 2831 3527 i%
2 1321 1717 1074 2.508 2819 3.905 3
e 1.319 1714 2009 2500 2807 2488 3767
U 1318 1711 2064 2492 2797 3467 3345
(3] 1316 1,708 2,060 2485 2781 3450 37S
% 1315 1706 2056 2479 2 3438 3707
b4 1314 1703 2052 2473 21 3421 ?6%
% 1213 L701 2088 2467 2763 3408 3674
¥ 2% 3385 1646
1310 1.697 2042 2457
= 1309 1.694 2007 2449 2738 3365 s
s 1307 1691 2022 2441 178 1348 -
-i: 1306 1688 2028 2434 2119 3.:33 o
y 1.304 1.686 2024 2429 2712 3319 .';_1.
. 1203 1684 201 2423 2 3307 3551
n 267 3262 3:4%
% 1299 1676 2.000 2403 1902 1480
i 1296 1671 2000 2390 2660 -jﬁ; "
1289 1653 1.980 2358 2617 iw s
182 | 645 1.960 2326 2576 3. .

e —
. e e —=

33 P.T.O.
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v, = denoninator df

12

Romans latles

able A9 Critical Values for

F Distributions

050
010
001

A00
050
Q10
001

100
050
010
001
100
050
010
001

A0

050

‘“10
0ol
100

050
010

00
050
010
01

100
{50
010
{01

100
050
010
001

-100
050
010
00

100
050
010
001
100
050
010
001

3086
' 16145

l

405220

I 99850

i

5.54
i0.13

3412 -

167.03

4.54
.7
21,20
74.14
4.06
661

16,26
a7.08

178

599
13,15

3551
359
5.59

12.25

2025

346
332
11.26
2541

3.36
5.2
10.56
286

329
4.96
10.04
21.04

323
484
9.65
19.69

318
4.75
9.33
13.64

v, = numerator df

34

2 3 4 5
4950 5359 35.83 574
199.50 215,71 224.58 230.16
499950 540340 5624.60  5763.60
00000 540379 382,500 576,405
9.00 916 9.24 9.29
19.00° 19,16 19.25 19.30
99.00 99.17 99.25 99.30
999,00 999.17 999.25 999.30
5.40 539 5.34 53
9.55 9.28 9.12 9.01
082 29.46 2. 2824
14850 14111 13710 13458
43 4,19 4.11 4.05
694 6.59 6.30 6.2
1800 16.09 15.98 15.52
6l.25 56.18 53.44 51.71
LRI X 3.52 345
579 541 5.19 505
13.27 12.06 11,39 10,97
37.12 33,20 309 29.75
346 3.29 318 LRI
5.14 176 4,53 4.39
10.92 978 9.15 875
?._?m 2370 2192 20.80
326 307 296 188
474 4.35 4.12 3.97
35 H.43 7.85 746
21.69 1877 17.20 16.21
3l 2.92 281 17
446 4.07 3.84 3.69
865 7.59 7.01 6.63
18.49 15.83 14.39 13.48
201 2.8 2.69 2.61
4.26 . 186 363 348
8.0z 6.99 6.42 6.06
16.39 13.90 12.56 1L
292 273 261 252
4.10 a7 1.48 113
7.56 6.55 5.99 564
14.91 1253 .28 10.48
2.86 2.66 2.54 245
398 3.59 136 3.20
1.21 6.22 5.67 5.32
13.81 11.56 10.35 9.58
2.81 2.61 248 2.39
3.89 3.49 326 311
6.93 5.95 541 5.06
1297 10.80 9.63 8.89

585,937

9.3
1933
99.33

999.33

5.28
894
2791
132.83
401
6.16
15.21
50.53

© 340
4.95
.07
28 83
305
.28
8.47
2003

2.83
3§
1.19
15.52

2.67
3.58
637,

12.86
155
337
5.80

(.13

246
i
539
9.93
239
3.09
5.07
9.05

21

3.00 .

482
238

592873

935
19.35
99.36

999.36

521
$.89
2767
13158
398
6.09
14.98
49.66

137 .

4.88
1040
28.16

301
4.21
826
1946
17
379
6.99
15.02
262
350
6.18
1240
251
329
561
10.70
241
114

3.20
9,52

2.34
301
C 489
8.66

228
291
4.64
8.00

598,144
9.3
19.37
99.37
999.37

325
8.85
2749
130.62

395
6.04
14.30
49.00

134
482
10.29
27,65
298
415
8.10
19.03
275
3.13
6.84
14.63

159
344
6.0
12.05

247
323
547
1037

2.38
3m
5.06
9.20

230
2.95
474
835

L2
285
450
771

4847

132
411
- 1016
2.4
29
410
798
18,69
21
3.68
6.72
1433

256
339
591
un

244
3.18
535
10.11

235
302
$94
R 06
w7
2%
- 4.63
§.12
221
2.80
439
748

(con tinued)



9 134 o pendn lables A1

rable A9 (Critical Values for F Distributions (cont.)

- SE—
= e s o e e e y 1.

¥, = numerator df

———— .

P
12 50 s = —_—
el " T

@9 01 62 6 005 @% 05 ap o

. ¢ % 19
a1 24391 242.95 A301 24926 235000 25114 %17 252.20 Q:Z’ﬁ 123'30
605580 610630 615:30 G0870 623980 626060 628680 6X250 631300 339,40 5553'?13
G562l 610688 6IST64 620908 624017 626099 628712 630285 63133 633972 636301

A oL v L S T S YT R Y S 7

3 - 9.43 .
940 1931 1943 1945 1946 1946 1947 1948 1948 oo 1323
DA 942 N3 045 W46 N W 048 48 w0 wsg

9940 90T SNAT 99045 9946 99947 99947 99948 99948 - 099.49 999.50

B s B 3B s s sl6 S5 5150 s osn
879 . 81 870 B 86 8% 859 B 857 855 5
uB 005 WET %69 S8 650 264l W35 bR 267 264

1925 12832 12737 1642 1584 1545 1496 1466 1447 13YT 135

192 3.90 337 3.84 3.83 182 3.80 380 319 . 3. 3.76
5.96 591 5.86 5.80 51 575 5N 570 5.69 5.66 5.63
14.55 14.37 1420 140 13.91 1384 - 1375 13.69 13.65 13.56 1347
48.05 4741 4676 46.10 45,70 45.43 43.09 44,88 4475 4440 44.09
130 327 324 321 3.19 317 3.16 315 114 3.2 311
B L X 4.62 4.56 4.52 450 - 446 444 443 4.40 1.37
10.05 989 9.2 9.35 9.45 933 9.29 9.4 9.20 9.1 903
26.92 26.42 25.9) 25.39 25.08 24.87 24,60 2444 2433 24,00 23.82
2.94 2.90 287 2,84 2.81 2.0 2.78 7 2,16 274 2,72
406 400 3.94 187 34 381 31 375 % R ¥ 1 367
787 772 1.56 7.40 1.30 123 7.14 709 706 6.97 6.89
1841 17.99 17.56 17.12 16.85 16,67 16.44 1631 - 1621 1598 1577

2 267 2.63 259 257 256 2.54 2.52 251 249 . 247
364 3.97 351 344 3.40 338 3.34 3R 130 327 123
6.62 6,47 6.31 0.16 6.06 599 50l 586 582 5.74 5.66
14.08 1371 13,32 12.93 12.69 . 12.53 1233 12.20 1212 11.91 11.72

254 2,50 246 242 240 238 23 235 23 232 230
335 128 322 305 31 308 104 302 300 291 293
581 567 552 s S S sz 500 . 503 495 ad
Hsé 1119 1084 1048 1026 1011 992 980 973 953 936

2@ 23 23 2% 2m 135 a2 206
Me s 30l 204 289 2% 288 200 29 275 21
36 sl 496  AS1. ATI 465 45T 42 48 4k el

989 957 924 o0 860 855 83 &6 B 80 78
23 228 2.24 220 27 26 23 212 z.; b zjo: 322
298 291 285 277 273 w0 L 264 ihﬁ e
435 47 456 441 431 425 41 A2 . ;

875 8.45 8.13 7.80 7.60 741 130 7.19 1712 6.94 6.78

98
= oo omo o MM NN OB

© 260 - . B
ii: i:{gl ﬁ;i :?(5) 4.01 394 3.86 381 2';: :Tg zgz
19 16 1 101 631 68 652 6 : ;

191
. 1.99 1.97 1.96 1.93
2. 2.06 203 201 ‘ su 2%
«,;2 ?"Ifsj gég 256 2% 241 2O §§3 333 145 A3
430 . 461 186 376 30 382 s s s
129 :4!{1346} 6’,;1 640 6.22 609 593 :

(cunlu.'wd )

35 pP.T.O.



A<16: A';:peﬁcﬁ.a Tables 9 ].34

Table A9 Critical Values for F Distributions (cont.)

", = numerator df =
— —
« 1 23 4 - 5 6 7 8 s
a0 |34 276 256 24 235 28 223 2 g0
B 467 381 34 38 303, 22 28 ;g
: 010 9.07 6.70 5.74 5.21 436 462 4.44 430 419
001 1R 12.31 10.21 9.07 8.35 1.86 749 .21 6.98
Joo 130 273 < 282, 2% 231 24 2.19 215 - 2
- 050 460 - 3N 33 3 2% 2.85 2.76 270 265
010 8.86 651 5.56 5.04 4.69 446 4.28 4.14 4m
001 17.14 nm - 913 36 192 744 7.08 6.80 6.58
2000307 20 249 236 221 220 216 212 2
" 050 45 38 319 3.06 2.50 219 271 264259
010 5.68 6.36 5.42 489 . 456 432 4.14 4.00 3.89
00t 16.59 1134 9.34 825 - 757 7.09 674 641 . 626
100 305 267 246 . 233 2.24 2.18 2.13 2.09 2.06
g 050 4.49 3.63 324 301 2.85 2.74 2.66 2.59 2.54
A0 8.53 6.23 5.29 4.77 4.44 4,20 4.03 3.89 378
001 16.12 1097 901 794 727 6.80 6.46 6.19 5.98
d00 3.03 2.64 244 231 1202 2.15 " 2.10 206 203
17 050 4.15 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2,49
010 8.40 6.11 519 4.67 434 4.10 393 379 368
001 15.72 10.66 8.73 1.68 102 6.56 06.22 396 575
< 100 301 . 262 242 29 . 220 213 2.08 204 200
5 18 050 o Ad 3.55 316 2.93 2.77 2.66 2.58% 250 - 246
3 010 8.29 6.01 5.09 458 425 4.01 3.84 n 3.60
- 001 15.38 10.39 8.49 746 6.81 6.35 6.02 5.76 5.56
g J00 299 2.61 240 227 218 211 206 2.02 1.98
= 9 050 4,38 3.52 33 - 290 214 .2.63 254 248 242
'" 010 8.18 593 §.01 ’ 4.50 4.17 394 3. 3.63 1.52
o 001 15.08 10.16 8.28. 721 662 6.18 5.85 559 539
100 297 259 238 2.25 2.16 209 2.04 200 . 19
% 030 | 435 3.49 3.10 287 271 260 251 245 . 239
: 010 8.10 5.85 494- 443 4.10 3.87 3.70 3.56 3.46
2001 14.82 995 8.10 7.10 6.46 6.02 5.69 5.44 5.24
100 2.96 257 23 223 214 2.08 202 198 195
21 050 432 347 3.07 2.84 2.68 2.57 249 242 - 237
010 8.02 5.78 487 437 404 381 364 351 340
001 14.59 9.77 794 . 695 632 5.88 556 531 sl
.100 295 256 235 22 213 2.06 2.01 197 193
- 050 430 14 3.05 2.82 2.66 2.55 246 2.40 Al
010 195 sm 4.82 431 3.99 3.76 3.59 345 3.35
001 14.38 961 7.80 6.81 6.19 5.76 5.44 5.19 49
100 294 2.55 234 221 230 2.05 1.9 1.95 192
23 050 428 342 3.03 2.80 264 . 253 2.44 2.37 3
010 788 5.66 476 . 426 . 3% " 3N 3.54 341 330
001 1420 947 7.67 6.70 6.08 5.65 533 5.09 439
100 293 2.54 233 2.19 2.10 2.04 1.98 1.94 ]39{],
2 90 426 340 301 278 262 251 242 5236 ?26
010- 782 561 4an 4N 3.90 367 350 336 -
*.001 14.03 9.34 7.55 6.59 598 5.55 5.23 4.99 '
(m:‘nued)
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Tahle A9 Critical Values for F Dis

AL
261
4.10
6,60

2.10
2.60
394
640
2.00
254
'3.40
6.08
203
249
369
581

200
245
3.59
5.58
.98
241
151
5.39

196
238

343
522

194
235
33
508

19
232
331
495

190
230
326
4.83

1.89
wm
in
41

1.88
225
n
4,64

tributions (cont, )

S g ———— s .

¥y = numerator df

1,98
241
357
5,75
1.93
2
Jal
5.38
1.89
228
3.28
5.07

1.86
221
316
4.82
1.83

218
3,07

4.60
1.30
2.4
2.98
442
178
211
291
426
176

A

2.84
412

174
205 -
219

" 4,00

1.73
2.02
273
3.89
LTl
2.00
2.69
31

170
197
2.64
3

30

1.96
238
35l
563

191
231
335
5.2

1.87
225
321
4,95

1.84
219

3.10
4,70

1.8)
215
3.00
448
178
L1
2.92
4.30

1.76
m
2.4
4.14

1.74
204
278
4,00

172
201
27
3.88
170
198
2.61
378

1.69
1.96
262
3.68

1.67
1.94
2.58
3.59

37

a0

1.9
234
343
547

189
v
ki)
510

1.5
2.20
313
4.80

181
215
3.0
4,54

LR

210
292

433

175
206
2.44

415

173
2.03
270
399
171
1.99
2.69
3.80

169
196
264,

34

167
1.94
2.58
3.63

1.66
191
2.54
3.53
1.64
1.89
249
345

50

= e, P——— i e

1.92
231
138
5.37
187
.24
322
5.00

1,83
218
3,08
4.70

179
212
291
445
1,76
2.08

© 247
4.24

1,74
104
278
406
]
200
211
30

1.69
197
2.64
wmn

167
1.94
2.58
3.64

165
191
2.53

3.54

1.64
1.88
248
3.44
1.62
1.86
244
3.36

60

)]
2.30
334
5.30

1.66
222
3,18
4.94

1.82
2.16
3.05
4.64

178
211
2.93
4.9

1,75
206
2133
4.18
1.72
202
275
4,00
1.70

2.67
3.84

1.68
1.95
261
3.70

166

1.92
2.55
358

164
189
250
148
162
1,36
245
3138

161
184
2.40
3.2

198

Apdaitin [alles Al

120 1000
188 1.8%
2,25 221
3.25 318
5.14 49
1.83 1.80
218 2.14
30 3.02
- 4.7 4.62
179 176
211 2,07
2.96 2.88
447 1.33
1.75 1.72
2,06 202
2.84 2.76
4.23 4.08
172 169
201 1.97
275 206
4,07 347
1.69 1.66
197 192
200 2.8
7.84 3.69
1.67 1.64
1.93 .88
138 2.50
368 353
164 1.61
- 190 1.85
2.52 243
154 340
1.62 159
1.87 1.82
246 37
342 328
1.60 157
1.84 179
240 232
3R AL
1.59 1.55
1.81 1.76
235 221
32 3.08
157 1.3
.79 1.74
231 2
314 299
(continued)
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se A9 Critical Values for F Distributions (cont.)

v, = numerator df

40

100

1000

030
. 010
001

00
. 050
010
00t

100
050
010
001

J00
030
010
001

100
030
010
Q01

100
O

L1

.om

100
050
010
001

100
050
010
001

100

050
010
001
100
050
010
001

.100
.050
010
R

100
050
010
001

]

38

2 J 4 5 6 'J’
2133 232 2.18 _ 209 2m |97
3.39 2.99 2.76 2.60 249 2.40
5.57 468 4.18 185 3.63 346
9.22 745 6.49 5.89 5.46 5.15
252 231 Z17 2.08 201 1.06
3.3:? 298 2.74 2.59 247 2.39
353 4.64 4,14 382 339 342
9.12 7.36 6.41 5.80 538 507
2.51 2.30 217 207 200 1.95

335 2.96 273 2.57 246 - 237
549 4.60 4.11 378 156 3.39
902 1.27 6.33 573 531 5.00
2.50 2.29 2.16 2.06 2.00 1.94
3.34 295 2.7 256 2.45 2.36
545 457 407 3.75 353 3.36
8.93 7.19 6.25 5.66 5.24 4.93
2.50 2.28 2.15 206 199 1.93
333 293" 2710 255 243 .33
542 4.54 4.04 1,73 3.50 333
885 7.12 6.19 559 518 437
249 228 214 203 1.98 1.93
332 292 209 2.5) 242 233

- 5139 4.5] 102 170 3.47 330
877 7.05 612 3.53 5.12 482
244 2.2 200 2.00 1.93 1.87
3.23 2.84 2,61 2.45 2.34 225
5.18 4.31 333 351 - 3329 3.12
8.25 6.59 . 5.70 5.13 473 4.44
241 2.30 2.06 1.97 1.90 1.84
3.18 2.79 2.56 2.40 229 2.20
5.06 4.20 an 341 a9 3.02
7.96 6.34 5.46 490 451+ 4

£2.39 218 © 2N 1.95 1.87 1.82
315 276 2.53 237 225 17
498 4,13 3.63 334 302 2.95
1.71 6.17 5.31 476 437 409
2.36 2.14 2.00 1.91 183 178
3.0 . 2.70 - 246 231 2.19 2.10
482 398 3.51 321 299 282
7.41 5.86 5.02 4.48 4an 38
2.33 211 - 197 1.88 1.80 175
3.04 2.65 242 226 2.14 206
471 3.88 341 311 2.89 273
715 5.63 481 429 3.92 3.65
231 2.09 1.95 1.85 178 1.72
3.00 261 2.38 2.22 211 2.02
463 380 3.34 3.04 282 2.66
696 ' 546 4.65 4.14 3.78 3.51

9134
._'H_-____"““——_
: 9
193 18
234 228
K% ) _]22
4.91 471
192 1.88%
2.32 227
329 318
483 4.64
1.9] 1.87
231 225
326 3,15
476 457
L% 187
229 229°
153 3.2
4.69 4.50
1.89 186
2.28 22
120 300
4.64 445
1.83 183
227 A |
7 307
458 439
1.83 .79
2.18 212
299 289
421 402
1.80 1.76
2.13 207
2.89 278
400 382
1M
2.10 204
282 2n
3.86 3.69
173 1.69
2.03 197
2.69 2.59
361 34
1.70 1.66
1.98 193
2.60 2.50
343 326
1.68 1.64
95 1.89
2.53 243
330 313
(canrr'nuwt' )
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fable A9 Crmcaﬂ Values for F Dlstrrbutlons (cont.)

PR e

= numerutor dr

hpuendiz hies  A-19

.--""'_'_——“_—‘du_.-'___. i
10 12 15 20 25 30 40 30 SR
. ) 60 120 1000
e 177 n o —
g1 18 o : 1 68 1.6 163 151 1.59 156 152
224 216 ' 201 196 1.92 187 |.84 1.82 1.77 .72
33 2 2820 960 954 a4 o 23 a1 2
456 431 4-02 379 363 352 1y 328 IR 3.06 291
186 181 1.7 171 1.67 165 161 1.59 1.58 1.54 151
292 2.15 3-07 Lol 1.94 1.90 183 1.82 1.80 175 1.70
309 2.96 231 266" 257 2.50 242 2.36 233 2.23 214
448 4.24 399 372 3.56 3.44 3.30 321 315 99 2.84
183 1.80 L75 170 .66 1.64 1.60 .58 1.57 1.53 1.50
220 113 206 197 192 1.88 184 181 179 .73 1.68
3,06 293 278 2.63 254 247 23 233 229 2.20 211
441 4.17- N 3.66 3.49 338 323 4 308 292 278
8¢ 179 L74 1.69 1.65 1.63 1.5 1.57 156 152 148
AU I A ) 2.04 1.96 191 1.87 2. 119 L7 171 166
303 190 275 2.60 251 2.44 235 230 226 217 208
435 4.11 186 360 343 k) 3.18 3.00 302 286 27
1.8 178 173 1.68 1.64 1.62 1.58 1.56 1.5 131 147
2.18 2.10 2.03 1.94 1.89 185 1.41 1.77 1,75 1.70 1.65
3.00 287 M 257 2.48 241" 233 227 223 2.14 205
4.29 4.03 3.80 354 338 3 .12 3.03 291 281 266
182 177 172 167 163 161 1.57 155" 1M 1.50 |.46
216 2.09 201 1.93 .88 1.84 1.79 1.76° 1.74 1.08 1.63
2.98 244 270 . 255 245, 239 230 225 221 211 202
4.24 4.00 375 349 3.33 30 307 298 19 276 261
16 17 1.66 161 157 154 131 148 1.47 142 1.38
208 200 192 .84 178 174 169 1.6 1.64 158 152
280 2.66 2.52 2.37 221 2.20 211 206 202 1.92 182
3.87 3.64 340 3.14 298 2.87 273 2.64 2.57 2.41 2.25
/ 133
173 1.68 1.63 1.57 153 - 150 146 1.4 142 1.38
2.03 1 gs 187 178 173 1.69 1.63 1.60 15§ 1.5} 1.45
270 256 242 2.27 217 2.10 201 1.95 191 1.80 1.0
! ; ' : ' 5 % 238 221 205
361 344 3.20 295 219 68 23 ’
; 150 1.48 14: 14l 1,40 135 130
111 .66 1.60 1.54 | 159 1.56 1.53 147 140
1 1.84 .75 1.69 1.63
99 92 L "-20 ‘ 210 2.03 1.94. 1.88 1.84 173 1.62
263 2.50 2.35 2 241 232 225 . 208 - 192
354 332 3.08 283 267 255 )
By ; 40 145 142 138 135 134 - 128 1
W s LT 1.68 162 : q {45
: : 1.89 1.80 174 1.69 1.57 :
250 237 222 2.07 197 - 1.64
‘ S ¥ . 12 217 2.08 2.01 1.83 .
330 284 259 243 2.2 -
' o ' ' Ll 138 1M 13t 1 1m L8
16 ass s 148 € 1 146 14 1» 100
1.88 1.80 172 162 11'37 9 16 163 1.58 1.45 130
241 221 213 1.97 o 215 2.00 190 1.83 1.64 143
312 29 267 242 : e 130 1.27 1.25 L8 1.08
s o MM e n
A e s M oy g s L0 s L
234 220 2.06 1.90 2' ¢ 202 1.87 177 1.69 1.49
299 217 254 230 : : BT o
e Y, A e
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TABLED.1  AREAS UNDER THE STANDARDIZED NORMAL DISTRIBUTION
Example

Pt(0<Z<1.96) =0.4750

Pr{Z >1.96) = 0.5 - 0.4750 = 0.025

Z 0 0 02 0 o4 05

00 0000 0040 .0080 0120 160 0199 6239 027 0319 0355
0.1 0398 0438 0478 0517 0557 0596 6335 087 4 0753
0.2 0792 0832 0871 0910 00¢ 0987 1025 yom H03 11y

0.3 M7 97 9255 3203 1301 388 1408 1443 g0 sy
0.4 AS34 581 628 4664 700 736 1772 6 1344 18n
0.5 1915 1950 1985 2099 205¢ 2088 123 21F 280 2om

0.6 42572291 2304 Q05T 2389 2420 2454 pum B17 254
0.7 2580 2611 2642 2673 274 2784 2784 2780 B2 o
08 2881 2910 2939 2967 2995 3023 305! 0% 106
09 | 3188 3185 3212 3238 3264 3280 4318 33 3885 ;)
1.0 413 3438 81 3485 3508 3531 5534 357 3599 30

1.1 643 3665 3686 3708 3720 3749 3770 4w sy 339
12 SB49 3669 3888, 2007 3925 9944 3862 36m  degr A5

13 4032 4043 4065 4082 4099 4 15 4131 497 4182 4u7
1.4 A192 4207 4222 4236 425 A285 4279 4 5308 4w
15 4332 4345 4357 4370 4382 4394 4408 448 4428 Aniq
16 4452 4463 4475 4484 4435 4505 4513 455 4535 45
1.7 4454 4564 4573 4582 4591 4509 4808 4316 4825 433
18 4641 4640 4656 4664 4671 4678 4588 4893 45% 406

1.9 473 4TS 4726 4732 4738 474¢ 4750 476 4761 467
- 20 6772 4778 4783 4788 4793 4798 4805 4me 4812 a7

2.1 4821 4826 4830 4834 4833 4842 4B 450 .48 4357
22 ABGY 4854 4368 4871 4875 4878 485  4Rs 488 4530
23 4893 4896 4898 4001 4904 4905 4908 4414 4615 4916
24 | 4918 4920 4922 4925 4wy 4829 4931 4832 493 4938
25 4938 4940 4041 4013 A4S 4946 4948 443 495 4952

26 4853 4955 4956 4957 4959  4S60 403 452 400 4964
27 4905 4966 4967 4968 4960 4970 4on o72 497 4374
28 4974 4975 AQ76  A9TT 4917 4978 .49 4979 4980 4981
29 4881 4982 4982 4983 4984 4684 4055 4085 .49% 4986
30 G987 4987 4987 4088 4938 4989 .40 4680 480 49%C

Noe: This table Gives the area in the right-hand ta ol the distadution (1.2, 2> 0).$4 sece ""*;’""ﬁm
Cistodtion is symmetncal abet 7 = 0, thg area in Uhe lolthand tail s (s ams 36 te vreat e sew 2295,
fighthacd las. Fot exaple, P{~188 < Z < 0) = 0.4750, Therefore, P{1.96 < 7 < 196) = 2{0415)) =43
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TABLED.2 PERCENTAGE POINTS OF THE IDISTRIRUTION
Exampie
Pe{t>2.0%) = 0025
Pr{t>1.725) =005 foref =20
Priti> 1.725) =0.10 5

0
\-’ 025 | o0 0.05 0.025 0,01 0.005 0.001
dt N 050 0.20 0.10 0.05 0.02 0.010 0.002
1 1000 | 3078 | 6314 | 12706 | 3; 821 ] 63857 | 31831
2 0.816 1855 | 2920 4,303 6.955 9.925 22.327
3 0.785 1638 " | 2353 3182 4541 | 5841 10.214
: 0741 | 1533 | 2132 2.776 3.747 4.604 7473
& 0.727 1478 2015 257 3365 | . 4032 5.833
3 0.718 1.440 1943 2.447 3.143 3.707 5.208
7} o 1415 | 1895 2385 | 299 3499 4785
8 0.705 1397 1660 | - 2306 2896 3335 4501
g 0.703 1383 | 18m | 2262 2821 3250 4297
10 0.700 13127 | 1812 2.228 2.764 3.169 4.144
15 0.697 1363 | 1.795 2.201 2118 3.106 4.025
12 0.695 1356 | 1.782 2,179 2,681 3055 | 3.930
13 0.694 1350 | 1.7 2.160 2650 | 3012 3852
1% 0.692 1345 | 1761 2.145 2.624 2977 3.787
15 0691 | 1.341 1.753 2131 2602 2.947 3733
1% 0.6%0 1387 | 1746 2.120 2.583 2921 3.685
17 0:689 1.333 1.740 2110 | 2567 2898 3.645
1% 0.688 1330 - | 1734 2.101 2.552 2878 3.610
1% 0.658 1328 | 1729 2.053 2.53% 2.861 3.579
7% 0.687 1325 | 1725 2086 2528 | 2845 | 355
5t 0.686 1323 | 1721 2.080 2518 2.831 3.527
% 0.686 1.321 1717 2.074 2.508 2819 3.505
3 0.585 1318 | 1718 2.059 250 | 2807 3.485
% 0685 | 1318 | t7n 2066 | 2492 2797 3.467
s | oesa | 1m6 | 1708 | 2060 | 2485 | 277 | aas0
pot 0584 | 1315 | 1.706 2,056 2.479 2.77% 3.435
27 068 | 1314 | 1703 2052 2473 20m 3421
s | osss | 1313 | 1701 | 208 | 2467 | 2763 | 3408
-9 0.683 1311 1.699 2045 2462 2.756 3.3s6
. | 1697 2,042 2,457 2.750 3.385
» . | 0683 :g;g :_534 2,021 2423 | 2708 3.307
0 g.g% 1206 | 1678 2.000 2.390 2,680 3.232
® : 1289 | 1658 1.980 2358 2617 3.160
120 g-g;: i 5,645 1960 |- 2.326 2576 3.0
be, 5 &)

(e ) sma p i i w" the h..gi]f pm"“ldrf
oy !he !Gf tobawty a m .‘a.d Q' el O nis ‘he Ar¢A i coe \ " X
Ot » I i M“ r d'l C um

s the areain both tais. - tiey, &ds., Biomalrka Tables for Statsticians, vol. 1,3d ed., labte 12,
and H. O, Hatliey, +
Source: From E. 8. Pearson

=T issi . d '!0 edi:ofs al'\d w w sswl'nelq&!.
f &y Press. New York 1966. "-Eprcducod bf pﬂm‘u&sm'\ [+ 3h stoes of
....a,a.b!ﬁ;e Uﬁ:‘i"e[m T . &

41 P.T.O.
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9134
YABLED4  UPPER PERCENTAGE POINTS OF THE x? DISTRIBUTION
Example
Peix® > 1085) = 0.95 95% are P
]
Pr{x?>2383) =025 fordf=20 ‘ /

Pe(x? > 31.41) = 0.05

0 1085 238 34l ¢
DegreeNr R
of Ireedom 385 459 o75 950 50
1 392704 % 10" 157088 x 10-9 982069 x 1070 333214 x 108 01578
2 0100251 0201007 0506356 102581 oom
3 0717212 114832 215795 B186 584375
4 .206950 .297110 484419 0721 106323
§ 411740 554300 83121t 1145476 151001
8 L5127 872085 1.237347 163539 220413
w 589265 1.239043 1.68087 216735 24331
8, 1344419 1.646482 237973 . 273266 3489%
g 1734526 2.087312 270039 3:SH L1681
10 215585 2.55821 324897 334030 436518
1 260321 2.05347 381575 457481 . 557
12 3.07352 357056 440379 522603 63008
19 256503 410691 500874 -589186 70415
14 4.07463 4.66043 © 562872 557063 778951
15 480094 5.22935 6.26214 726094  B5A6T3
16 5.14224 561221 6.90766 736164 93123
17 569724 " 6.40776 756418 ,  BAT6 100852
18 826481 7.01481 823075 95904 108640
19 584398 763273 . 880655 104170 31650
20 743356 826040 9.58083 108508 12442
21 803388 8,89720 1028203 115913 13239
22 864972 9.54249 10.9823 123380 140415
23 9.26042 10.19567 11,6665 130905 14843
24 9.38623 10.3564 124001 . 138484 156387
25 10.5197 11.5240 13,1197 146114 1647%
26 11.1603 12.1981 138439 153791 172918
27 11.8076 12.8786 145733 161513 BB
28 124613 135648 15.2079 169279  1893%
2 13,4211 14,2565 16.0471 7083 6767
; 20599
3 13.7367 14,9535 16,7908 184925
&4 20.7065 221643 2464331 26509 zggg
50 273907 27067 32,3574 Uik S5
60 355346 37 4848 404817 Q1818 %
o ; 1.7393 55.329)
70 432752 454418 487576 gﬂ o8 wm
80 51.1720 53.5400 57.1532 B2
80 59.1963 61.7541 65.6466 69.1260 33355:
100° 67,3276 70.0648 742219 s

et ma) gsirion.
“For & geeater than 100 the exprossion /2,7 — {2k - 1} = Z feliows the G
whare k repeosents the degrees of freedom,
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750 569 288 109 050 025 210 005
1015308 454937 132330 2.70834 384146 5.02389 6.634%0 787944
575384 1.38623 277239 4.80517 5.99147 737776 921034 . 10596
1212534 2.36597 4,10835 6.25139 7.81473 9.34840 113439 - 12.8381
182255 335670 838527 . 7.77844 9.48773 111433 - 132767 14,8502
267460 435146 _6.62558 9.23835 11.0705 12.8325 15,0863 76.7495
345480 524812 7,84080 10,6448 12,5916 14,4404 16,8118 18.5478
4,25485 8.34551 9.03715 12,0170 {4.087¢ 15.0128 18.4753 20.2777
507064 7.34412 102188 13.3618 15,5673 17.5345. 20.0%02 21,9550
$.89283 §.24283 - 113847 148837 16.9100 19.0228 21,6560 23.3843
6.73720 9.34182 12,5459 15.9871 18.3070 20,4831 . 23.2093 25,1882
1.58412 10.3410 13,7007 12.2750 19.6751 21.8200 24.7250 26.7569
8.43842 11.2403 14,8454 18.5494 21,0251 23.3387 262170 28.2995
929806 . 123398 15,9659 19.8118 22.3621 24.7356 27,6683 298134
10.1653 13.3393 17,4170 21,0642 23,6848 26.1150 29.1413 313193
11,0365 14.3339 18.2451 22.3072 24 5958 27.4834 30,5779 32.8013 .
119122 15.3385 19.3688 - 23.5418 26.28062 28,8454 31.8899 342672
12,7919 16.3381 AT 24.76%0 27.5811 301810 33.4087 357185
13,6753 17.3379 21.6048 25.989¢ 288693 31.5264 348053 37,1554
14,5820 $2.3975 727113 21209 30.1435 328523 381908 385622
13,4518 12.3374 2.8217 28.4120 31.4104 . 34.16%% 37.5682 36.5953
18.3444 20.3372 24,9348 29.5151 32.6705 35.4785 33.9321 41.4010
123 213370 26.0393 30.8133 33.9244 36.7807 40.2894 42,7956
13,1373 223359 27.1413 32.0089 35,7725 38.0757 416534 44,1813
130372 23.3367 82412 33.1863 36.4151 393641, 429798 455585
13.9393 24.33668 29,3389 34.3816 37,6525 40.6465 443141 46.9278
28434 25.3364 20,4345 35.5531 388852 41.9232 456417 482898
21,7404 263363 3.5204 35.7412 40.1133 43,1944 46.9530 43.6443
26512 27.3363 26205 37.6158 41,3372 44.4607 48,2782 509933
25866 283352 17108 330875 42.5568 45.7222 49.5879 52.3355
2476 29.3%0 14,7943 402580 43,7129 46,9792 50.8522 536720
33,6503 393354 &.6150 51,8050 55,7585 $9.3417 63.6%07. €6.7659
42.9421 493349 %6306 63.1671 67.5048 71.4202 76.1539 79.4900
2298 593347 66.9014 743970 79.0819 832976 88,3794 91.9517
61,6993 69.3344 771.5166 B5.5271 90.5312 95.0231 100,425 104.215
1445 793343 £8,1303 965732 018N 106,629 112,329 116321
80.6247 89.3342 98.64%9 107.565 113,145 118136 124116 128.259
0102 99.3741 109,141 118.498 124.342 129.561 135.807 140.169
Lwi::?p Abtidged from £.§ Pearson and H. 0. Harllcy, eds., Simetika Tables for Stafistians, vol 1, 34 ed.. table §, Cambewige

¥, New York, 1966, Reproduced by petmission of the editors 2nd tustees of Biomelaka,
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TABLE D3A
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21 0367 2574 0ZY 3R G382 A 0132 G445 PO0Ar 3963 £2%5 NS - — = = "R =
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Seuroe: Tha alle is an exteesiza ¢! the 08giax Domin-Watson fabie and i saprodiond rar 6 8 Sxin 238 K0 Vime, “The DobmViatae
Corelason Wi Exrame §v
Feontreica. vl &3, Septembee 1380, p 1358 Reginied Ly pormission of ¥ Fexematic Seciely

e 1= prrmibex of obmaevane, K = roevbac of explanatony vasiables exdiding B constat 1.

at Fag L
& Tastty Sasst

o Samples or Mary Regrisenss Edoromoliog voi 48, Novemdar 1977, 2 YRR and zp otrrigiad by RV Facebinaie

EXAMPLE

i e : . alriey e "

1.724, there s no avidance of posiive fishor
r Bl v

correlation; but i o s batweon B fowar and

En=40and k' =4, d =1 1 dy =1, i g , G
: O =1.285 gl ¢y = 1.721. it i, therz is inconclusive edcence regaring
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