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Two consumers A and B consume two goods X and

Y in an exchange economy and their preferences are

given by :

U, =X, + Yy and U, = X_ + /¥y
where X, Y,, X,. Y, are the consumption of X and

Y by consumers A and B respectively. Endowment is

given as :

( 3 ) 9190

where W, W_.. W ., W__ is the endowment of good

X and Y to consumer A and B.

()  What is the set of Pareto efficient allocations in

this 2 x 2 exchange economy ?

(ii) Show the Pareto efficient allocations in an

Edgeworth box diagram.

(i) 1f W, =12 and W, = 4, then find the general
equilibrium price ratio and allocation if consumer

A and B trade good X and Y competitively.

A UET A qu B fafmE adererar § 9
T X AWM Y H ST wW E qO A
ngfaeRam .

UA:XA+MHEITUB=XB+\(TB

BN SRR T ¥ 1w x, v, X, v, SushE

A Q91 B BT hRT: X A1 v &G F1 Iusm
S
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i) ARG W, = 12 T W, = 4, 7, A GEA

e Hiva ST qd1 ST A FHItg

afe SudEN A @ B SRS X qA Y F

g =NR w1 § |

(b)  Assume that there are three agents in an economy and
that social preferences are decided by pair-wise

majority voting. List of rankings for three alternatives,

(5 ) 9190

m. n and p is given in table below :

Person A Person B Person C
m n p
n p m
P n n

()  Set a voting agenda that result in allocation ‘»’

winning.
(i) Also find an agenda that has "p° winning.

(iif) Do you agree that pair-wise majority voting can
be manipulated by changing the order in which
votes are taken to yield the desired outcome ?

Explain. 0549

oA wifSe & e sdfeyerer § d wie §
IR WS waHt wgHa afen g @i
mwﬁqﬁﬁﬁﬁlﬁ?fﬂwﬁm.
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(@) In a pure exchange economy with two goods (X and
Y) and the two consumers A and B who have ordinal

utility function given by :

(7 ) 9190

and their endowments are given as (0, 50) and

(50, 0) respectively.

(/) Draw the Edgeworth box for this economy and

identify the endowment point.

(i) Will competitive exchange between them lead to
an equilibrium (where both consumers consumes

positive amounts of both goods) that is :
(a)  Efficient
(b)  Equitable
(c) Fair.
Give Explanations.

wF Y fafm stdoraen # 4 sRgU (X Al
v) 3R 2 v A a1 B § e e TR
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g, qen St R fAfa w9 (0, s0) e

(50, 0) & |

() T eyl & faAu TwEd S
smfem wifsw @ i ffy fog =
T |

Gy S A @ o wfred SRE-mEE,
Tk U HIER HT AR S, Sl QI ST
SFT aegell B THERIHS RT H1 Fod Hid

§ 9w T e
(a) HIA
() HHH
(0 Fmoog g 7

piicry RIS

(h)
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If the utility possibility frontier is linear viz.
U, + 21, = 400

and social welfare is maximized at a corner point, namely
at U, = 200, which of these cannot be the social

welfare function ? Draw a diagram to explain your
answer.

() W =U, +2U,

() W =1U, + 2U;

iy W = U, U,
(v)y W =1U + U, 8.5+10

afe SyAfar Euer g e AU

U, + 2U, = 400

d T gHtSs e & w fag W
s B €, a1 U, = 200 W, TH H 3
g ST G WTUWRDI:}WH TE B
Hehal ?_mwmﬁaﬁm@aﬁ@

PRLD.
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» W =1U,+2U,

(i) W =U, + 2U,

(i) W = U, Uy

vy W=U + U

The demand for energy efficient appliances js given

as
L 100
0

The market for energy efficient appliances is perfectly
competitive. The marginal (private) cost of production
of energy efficient appliances is given as MC = Q.
By reducing demand on the electricity network, energ
efficient appliances generate an external marginal
benefit according to MEB = EQ, where E is some

constant.

() What is the equilibrium amount of energy-effi-

c’ - :
ient appliances traded in the private market ?

( 1) 9190

(iiy If the socially optimum quantity of energy

efficient appliances is 20, find the value of ‘E’.

(iify 1f the government subsidized production of

energy efficient appliances by Rs. S per unit,

what level of the subsidy would induce the

socially efficient level of production ?

Fol HIE SUR HI AN

w7 F @ T | ol HIA STHON H

fau s gof wfeegsff ¥ 1 el e Swsl
% Saed & dmi (fsft) @ra Me = Q
T | fooell Jeaw W oM R wH OFA F,
F HIA ITHW MEB = EQ & 3THR Tk ey
HHid o9 ST A §, Sl E Th R

= B

P
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@) et SR # SR R S e e~
SYFT R Wged AR M T2

Gy IfE Seft B IYHN Hl GHINF T2ag

TEM 20 ®, @ B W Yod W@ HIfSm |

(i) ARG THR Foll KIS SR B I

W Rs. S ¥fa gfte ofdw wemm (wfse)

TR E, @ onfhs wema (wfeaeh) @ faa

T IAET & IS SIS W H IRE

HM ?

There are two types of cars in the used car market,
“Plums” i.e. good cars and “lemons” i.e. bad cars with
hidden defects. Potential buyers are willing to pay a
price of P, for “Plums™ and P, for “lemons™. There are
potential sellers who are willing to sell Plums at
V, <P, and lemons at V, < P,. Potential sellers know

about the quality of car but the prospective buyers

( 13 ) 9190

can’t observe the quality of the cars but they know

that the proportion of lemons in the market is P.

()  What is the expression for the expected value

(P*) of the car 1o the typical buyer ?
(if)  Find the conditions under which only lemons will

be sold ?

(iify Write the conditions under which all cars will
be sold ?

(iv) What should be the minimum value of B in
terms of V, V.. P P, for all potential sellers to
sell their cars ?

(v) Write the condition under which no car would

be sold ? 9+9.5

uﬁﬂaﬁr@mﬁ%wﬁamaﬂmﬁ
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aﬁﬁlﬁmﬁaaﬂm“w”ﬁm "
| i G e @ o FE

(1v)

O L
, YT w3
. ) ﬁaﬁ%ﬁfmvl.vrpl,pj%'{-‘iaﬁﬁﬁ
aﬁm%|ﬂgﬂﬁ'ﬂﬁiﬁmvlgpiww 1
1 =FE W #@n e el ?
ﬁw Vv, <P, W OFH ¥ F TR ¥ |
: v @ v faren e st w1 BN
wuifgq fashdl ®R &1 TEA@ & AR H Sy
. & e Sef 2
¥ T defem HA HR KT TOERT R SR
qﬁ T TFT ofeT 3 3 4. (a) There are IWO agents and each agent has utility
ST T &5 amr 3§
a9 UG, X) where X, is private consumption and G is the
H UM B R |
| size of public good.
(i) &t fﬁ'@fﬁ[ A 'I%‘TQ FT @ £ |
G=jg*eg
T (v B fau et owm ¥ 2 |
- where g, is agent i’s contribution on the public good.

The price of private consumption is Py and the price

) T#7 ¥ & siwld waw dww A=
of the public good is P Each agent has an income

S
M, and thus has an individual budget constraint

o ST W F fefen e siwf wit wR
PX. * Pg = M.

o S
. . ‘ B.T.O.
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Let the utility functions of two agents be,

U, =300 In G + X, and

U, =200 In G + Xl.

The incomes of the two agents M, and M, is given

a

7

(ir)

(iii)

1000 each. P_ is given as |

Write an equation that expresses the condition
for the provision of the Pareto efficient level of

the public good and find the value of G.

Find the amount each person spends on private

good, if each person shares the cost of the public

good equally ?

Do you think as increase in income of both

persons will increase the amount of public good

provided ? Give reason for your answer.

( 17 ) 9190
] TS ® qUT YAw wSe & S
U(G, X) & Sl X fsft 3usdm & qen g Qs

K H HRX T W

G=g +g

g, Sl ¢ HHANK ; B GESE v W ANEE
€ | fISft S9¥m #1 ®Ed P T qoT WEWE
q FN R P, ¥ | UEF T F A M,

T du oAfe eeie gigey

PX + Pg =M

!

® 1 T W ST W
U, =300 In G + X, I

U, =200 In G + X,

2 il

SHT TSI HT ST M, TAT M, ® S 1000 T SIS

%|pGEb‘['E{'FT'I%|
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(i) ﬁmm:@maﬂ%

aﬁwwaﬁwm%aﬁtq
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Gy o wfw g TSl 9% W oSAg @y
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e 9% W GAM =g HE T |

Giiy ¥ AT oAl © fe QA safea

F1 3 H gfg ¥ AEwHe a%q I A@E
§ gfg @t ? o W & fag wrm

ERIELS

What kind of adverse selection problems would you

expect health insurance companies to face ? 12+6.5

M 9 TR # gfond wEe guens W
U FW T R wrem m wutEl @

THAT T 9Sar § 2

(ar)
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Section B
(@us ‘|

Each of a group of 10 hunters has two options, either
to catch a Stag or Hare. If at least 5 or more hunters
pursue the Stag, they catch it (assume that there is
a single stag). Captured Stag is shared equally by those
who catch it. Those who go after Hare get the whole

Hare.

(/)  What will be Nash Equilibria of the strategic
game if each hunter prefers 1/10 of the Stag than

a Hare ?

(ify  What will be Nash equilibria if each hunter prefers
1/7 of the Stag to a Hare, but prefers a Hare

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

PR
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() ITH Fg A & VA F AW HIOH HA
T SR ek YRl WU @l el
F fem & 1710 W K grEfHeRar <l

2

(i) 9% yAw el e w@ gaa § &
® 17 WM W W edr ¥, W AR
%ﬂ%]ﬂﬂmﬁ@aﬁm‘@rﬁr@vﬂ‘ﬂ
1 wafha <@ ¥ 1 W F AW Hged
OB ?
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(b) Flirm A and B can compete on advertising and R&D.
The table below represents the pay-offs measured in
profits (Rs. million) in a one-shot simultaneous move

game. Firm “A’s profits are shown first :
Firm B

Advertising R&D

Ld
V8
n

Advertising .4

Firm A . .
R&D 4, 5 2.2

(/)  Find out all Pure strategy Nash equilibrium of

the above game matrix.
(7))  Find the mixed strategy Nash equilibrium, if any.

(7iify Draw the best response function diagram and

identify all Nash equilibria.

(ivy What is the expected pay-offs for each

1049

firm ?

PTG
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w5 A G B faed T8 R&D W FfawmHl g
iy g gfafear wem w1 smfea wifse

wE mt Y EHgedt # UEEH &ifeg |

| 99 & T afdaw - TH YT Cer
I B # gAre § me T e (ffems

¥qu) U 1 HH AT B A Rl T e (v) Y&E wHUA & fou ewfam wiRsfaw
€ g 2
A
tﬁﬁ' B ' 6. (¢) A thug wants the contents of a safe and is threat-

ening the owner, the only person who knows the code,
to open the safe. =l will kill you if you don’t open

wd faswmm the safe, and let you live if you do.” The table below

I 5. 4 shows the value that each person places on the various
l?‘:lalq:i L .

possible outcomes :

wH A STEEE

Thug (Player 2)

wd fawm 4. s

N2
-
I~

Thug Kills  Thug does

() SUHR Td Hferd B wl yg it A9

: | not kil
qIaT 96 HiSQ |
) Player 1 Open the safe, },i2 3, 4
iy fafem worifa Yo wqem, of €% & @
A W | (Safe Owner) Do not Open the safe 2, | 4,3

PTO.
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(/) Draw the game tree for this sequential game with
Safe Owner going first.

(i) What is the sub-game perfect Nash equilibrium

of this sequential game ?

(iiiy Is the thug’s threat credible ? Should the
information holder believe the threat and open

the safe ?

TH S TH GHN I Al AEal § gl Hhad

Aifers & STt WieH H HIS FHA § |
o Afaw H OuEERt & W@ © fe afg s
AR TE We ¥, O H Ul HR SN
M A Y Wed € @ H oswueR SHfad S
M 1" YA s @ fafem gwfaw aRom

€ 25 ) 9190
faemdt 2 (3
N "R ¥ | A
AR T
faemdt 1 |SOWR W@ ¥ 12 3, 4
(SR HT
Hrfeteh ) AR TR W ¥ 2, 1 4,3

() TH AIHHE ©d EF.‘ fou @@ g8 =
amfea wifs Ak Temil &1 A ggen
faarst ¥

(if) waﬁm@a%mm—@aqﬁiﬂf
I Gged ®Nm T ?

i) o1 o H uwe faveEda ¥ 7w g
aRE H UHE W fava & e
F @ W =fee ?

P.T.O.



( 26 ) 9199

(b)  Consider the game matrix below :

Player B
L R
U 140, 140 20. 160
Player A
D 90 + X, 90 - X 50, 50

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

dominant strategy ?

(i) What strategy is/are the Nash equilibria in this

case ?

(iity For what values of X do none of the player has

a dominant strategy °? 10+9

frafafen ew Aty w fomr wifog

faest B
L R
u 140, 140 20, 160
ﬁ@ﬂ@ A
D 9 + X, 90 — x| 50,50
R

( 27 ) 9190

() X & fF1 gedi & fou <M foertsd i
TF YgE WHIG ¥ ?

(i) 3@ HEA W HAE OHETT F Hded
vE ?

(r'h')X%ﬁlﬂ‘ﬁﬁ%W%@ﬁqﬁw
F HE TH W@ TEIG TG § 2

Consider the following duopoly game of differentiated
products for two firms 1 and 2. Firms have no pro-
duction costs. The demand curves of duoploists are

given as :

1l

Q, 1 - P + PJ/4 and

Q,

1 - P, + P/4

where Q, and Q, are the quantities produced by the
duopolist 1 and 2 respectively, and P, and P, are the

prices charged by the two duopolists.
P.1.L.
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()  Solve for the Sub-game perfect Nash equilibriyy,
(SPNE) of the seque.ntial price choice game if
player 1 is the first mover. Compute the firm’s

output and profits.

(i) Represent the equilibrium on a best response-

function diagram.

(iify 1f undercutting is possible, which firm will

gain 7

& 1 qar 2 & faufa sa@el & frEfatad

sl ed W faar &g | HE PR
A A A€ | genfusmEl wm A 9

T YER ¥

e
I

Il - P + P/4 QA

o
I

| - P, + P/4

(b)

( 28 ) 9190

Rl Q, 91 Q, FHI: TANEHRIG 1 qd1 2 5
Icfed |, A4 P, A p, T qANHFIAT FRT

A WM e qed §

¢ dfg foeret 1 Ted oy FwRar ¥ oa@

swiTd Hed =W Td & foau su-Ee
oftqet 391 TIEF (SPNE) B FIfoT | st
H IAEA qUT A HI MO FHIEC |
iy TEH ufafEd weM @ W HqeM &

TRA  HiST |

i) A HHd HH HM WE g, @ R o

H oA B2

What is the top-dog strategy in the sequential

S
games ? I5+4

Wﬁm@ﬁﬁﬁaﬁ—g‘m@ﬁﬂﬁw%?

P.T.O.
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A monopolist faces WO different demand curves from two

kinds of consumers. The demand curves are given by .
P 40 - Q, (for market 1)
P, = 20 - Q)2 (for market 2)

P, and P, are the prices charged by the monopolist from the
two kinds of consumers. The monopolist has constant

average and marginal cost :
AC MC = 10,
() What is the optimum linear two part tariff ?

(7))~ What is the linear two part tariff if the monopolist
could charge a different entry fee from each kind of

consumer ?

(7il) ~ Suppose now that the monopolist can charge different
prices from these two types of consumers and follows
a policy of third degree price discrimination, what would,
be

the price charged in each market. Calculate quantity

and profits in each market ? &

¢ 31 ) 9190
TF THIHFH A THR & IUdiEmist #t o -
AT WM H WEA F@ T | HO TF TH GER

&
P, = 40 - Q (AW | % fer
P, =20 - Q2 (NI 2 & fem

P, YT P, QY FHR & IUMENS | THIUEHK G FC
T e T | THfYRRE w oTEa @rma iR €

o fer

() IR A WM Mok WEE T T ?

Gy A wm Wow wyew e dm AR wEfhEd
YOF SUMERT @ e WY e o wwd

T 2

P.T.O.
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(i) ¥ WA AlfSU fF wwfue @ @ fafys
TRR & ST | otem-swem # aww
RN ¥ AN G nh wwe fave w1
AT 1 oeF ww ¥, @ o AR §
HIEG S WICT ? Yo wem d oA sk
wwﬁmﬁﬁmf |
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Roqoft : g7 g7y @7 g g AT R et v wiT

¥ difrd; dfer aff ookt @7 aremw v & gAr
1T |

Attempt all questions, selecting any two parts
from each question.

T g9l & I AT §AE g7 @ 5 @
gt & S Ao

1. (a) (i) Allowing firms to charge a price above the marginal

cost is important to promote innovations in the
economy. Explain.

HH B WA A A o S aww s
&, e # AR (innovation) # SeET 2%
oq AEWESH & | qHHIET | 3

Turn over
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(it) Consider an econom

no technological progress. Suppose the:reg s
that does not directly affect the capital stls o
!;he cas.ualtles reduce the labour force. Wha(:C'k 5y
immediate impact on total output and on oy ey
worker? Assuming that the s it

aving rate ;
unchanged and that the economy was in a stead1 :
state before the war, what happens :
output per worker in a post war

the growth rate of output per w
decrease after the war?

Wwaaﬁmmﬁaﬁummw
WWWWIWW%@
I I =H B WY IR R walE T8 ww w
AR B BaTed BN (casualties) & HROT 7 g
B OSIRT B | B SR 7 U AfE 9OE w
T UM HT R? T8 UMW &Y O 9q X
uRaidd ®d 2 qar g5m ¥ wed srfergwn
flerma®ar (steady state) § o, gaEw f5 g &
T Ui HAFE IAT W FT GG gsar B R

Ak IS B JT W ggH B 1€ Tod & A1 FA
gar &7

y with a fixed savip

€conomy? Does
orker increase or

2+1%+1

(b) Bring out the relationship between the warranted growth

rate, the expected growth rate and the actual growth
rate in the Harrod model. Using this explain the
instability problem in capitalist economies.

%'{E%ﬁgﬂﬁmaﬁ (warranted)?ﬁa’ q, TR
ghg ® T TaH IFE W & 70 Ty FAA
FIRTT | TEH FEEar & geiardr srefeEeen d
reTfae & qAEn H qHEAEY | %

2

subsequently tq -

(c) Consider an economy with the production
Y = K®L"". Assume that o = 1/3.

function

(i) Is this production function characterised by

Constant Returns to Scale? o

(i) In terms of saving rate s and depreciation rate 3,
derive expressions for capital per worker, (')ulpul
per worker and consumption per worker in the

steady state. '
(iii) Suppose & = 0.08, and s = 0.32, what is the steady

state capital per worker, output per worker and
consumption per worker?

WWY=K“L1“W@WWHW

Ffera | w AT /o= 13 ¥

(i) T TE IAEA Fa T & R A (constant
returns to scale) gefdfa &er ?? .

() 69 W s T 'Jﬁ & B9 X (depreciation rate) 0h
@ ¥ ufy ufre oo, ufa sfe S T 9
g ST & e a@ W ' TS
i

i) T AT 5= 0.08 &l s =032 O ufq =EE
7of, uf ofie SaE T ufa Sfe ST &
Rereeer I W R 87 1%+343

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

9191

permanent income hypothesis?

fireeT WhISH Tt STy WReheaT 3 SRT-aR AT
[ 22

(i) Explain with the help of these assumptions, that for
an above average income group, the consumption
income point lies below the permanent
consumption line and the opposite is true for a lower
than average income group. Can this analysis be

3 Turn over
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}lsed to describe short run cyclical fluctuation
Income? Explain with the help of a diagram "

¥ Al & e § 9

Wmmmﬂ@@mﬂmﬁm
W?@%?ﬂ%ﬁﬂﬁﬁm%maﬂqﬁgm
A A -t ¥ sa Al @ S 2 gy
T RIS B I A F g T
@ werar 4 qusmE ) 34341,

(b) (i) Suppose an individual has a utility function of the

following form: U(c) = i i
t.If he digscounts fu(tull?e utfﬁt:ésf:: ae:zgt;g:]zpemd
1scount
rate 6 show that his intertemporal optimizing
behaviour, using an intertemporal budget constraint
leads to the result that the ratio of marginal utilities:
c':ﬁf consumption in each two adjacent periods over
_txme is equal to the ratio of one plus the market
Interest rate to one plus the consumer discount
rate.
(ii) Using the above result show and also explain under
what conditions consumption will rise and fall over

time.

() @ wifT fF Reet af/ &1 wow gde -

afer &g Uc)={nc &1 AR g8 Ao &t Sqaifian
WRR WS & ¥ (discount) hIedl g, dr Torise
fop Sr=aerares (intertemporal) T P INERS] 6
STE ITh SFIITATY TRAHIHT (optimization)
ZIeR & IROTHEEY & 36T (adjacent) STaferdi
A IO B A Sudfaren & ergaE (14
IR &S &) T (1+3THET @t 92 (discount)
& 20 D T FIIT B &K SR |

4 3000

(c) (i) Explain how Robert Hall

(ii)mqﬁvmaﬁwwﬁamaﬂw

B fp fRufid & S @d & 9 g A
H%-;n-l 4Y2+3
reformulated the

consumption theory by incorporating the

assumption of rational expectations. .
(i) What are the shortcomings of Hall’s rational

expectation approach?

(i) e i e 2 o T T GhETd (rational)
gl Y G e SUHrT % FeErd &
g oA |

(i) 2 B AT T gReHIT B - FHA
¥ 4443

3. (a) (i) ‘A booming stock market is good for investment.’

Discuss.
(ii) Explain why lenders may ration the quantity of

credit rather than merely charge higher interest rates
to more risky borrowers.

(iii) What is investment tax credit? Why does a
temporary investment tax credit have a larger effect
on investment than a permanent one?

() 9o SR ¥ ¥t Paw @ Rig omdt e B
e ;)

(i) TIET % wORET It ifew A wOmTEs
¥ A TSI AN & AW B Dl qond FT Al
HET & Fata (ration)a?ﬂ A B

(iii)ﬁaﬂT X GHST (investment tax credit) &I g7
el FrRIST X WH o g § STt s &
O BT Ay | e aftis F9 T 87

2+3+2V2

(b) (i) Explain the process of determination of equilibrium

in the housing market in the short run.

5 Turn over



(11) What are the factors that determine the Position

) the demand curve of housing in the short run? of

(1) When will the long run equilibrium of the hous;
industry be reached in a non-growing ccoﬂomy;

(i) SR A & @ & F A & Sy,
B kAT ® qE |

(ii) STErg B Wi @ @ Rafy w i
B X e i wa § SO

(i) U U oreferereen, Rt gfe T @ w3
STATE SqarT § e A & g
erdrs 343411

(c) (i) I.ixplalin how the aggregate demand for money
Iunc'n(m with regressive expectations can be
obtained from individual demand curves with the
help of a diagram.

(11) What are the two shortcomings of this analysis?

(1) a9gmgT fo gfermdy (regressive) TS qrg
AT &1 {9 AT 6o Al W G s
taifes & werar & B wew wre fear o
ehal ¢

(ii) 79 fageloor @t & it g ¥ 5%42

4. (a) (i) ‘Inflation targeting eliminates deviations of output

from its natural level.” Discuss. What are the
shortcomings of this argument?

(i) The monetary base to GDP is 3% and nominal

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

(i) ‘“pifq qedidT (inflation targeting), IS & U
e &R A et @ aarer @ w20 e
H 1 T D) 8 qas o) g S
g2 |

Turn over

(ii) fe el # WEE -W-GD})@W 3%
%quraﬁﬁmqf@gﬁads%%lmw

e o T ) T AL 5424

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

ic activi hanged.
keeps economic activity unchanss
(ii) Epr;ain how the debt-GDP ratio 15 affecte;i Wthe:unt
real interest rate increases and growth rate of outp

falls. X
(i) FOT-AIea (debt financed) aETh @d A AEE

R @ @ SRt e € g B H

qfferor T |
(ii)mamﬁmma!a@d’r%amaﬁq@a
ﬁnﬁr%ﬁw—GDPagmmmwﬁa

BT @, ARy | 2W5+5

(c) The Real Business Cycle model’s explanation of
business cycles depends crucially on the slope of lh_c
labour supply curve. Discuss. To what extent can this

model realistically explain persistent recessions?

2R AT A A AR W Hied G A R
e W &9 ¥ AR o B oW W R
FE ¥ @ FAT H e HIT | TE HISH @
(persistent) HRet @ g T q guTd: e wY

TEHAT 82 Vs

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

financial crisis in advanced countries.
(ii) Why does debt deflation make financial crisis
worse?

() 3T qF HRD B qUASY I i srdaeat
¥ gm=ra: i Geal (financial crises) & 97
W T

9191 7 Turn aver



(i) SEUT-3TER (debt-deflation) T TH & Taq
EVICE G T 4Y+3
(b) (i) What do you understand by golden rule steady
state? Derive the condition for golden rule steady
state.

(i1) An economy is at a steady state with less capital
than the golden rule steady state. Show the transition
paths of output, consumption and investment
towards the golden rule steady state.

() @Rt faq (golden rule) ReRraear & 9 AT
T &7 @t fram Rerawn #g 9 (condition) |
T Ff | '

(i) U Srefeawe Us OE Rexraer 4 @ Frad @m
o Reeeen ¥ &9 O 51 IAE, SUHIT 9
Ry & @ity Fem et i ok dAor-adr
(transition paths) H M 4+3%

(c) (i) Explain Friedman’s and Phelps’s versions of the
fooling model.

T S B (fooling) HIET & WisHd 9 Hawd
a)r Ry @ &R B ST |

(ii) Discuss how long term labor contracts can act as a
source of a business cycle.

AHFET S S HE THR AR T H A
A FHa &, faaE S 4%2+3

3000
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This question paper contains 16+7 printed pages + 11 Table Attached] :

Roll No. -
S. No. of Question Paper : 9192 S < N
Unique P " C’
que Paper Code . 1227149 3 BRARY ™| GC

*

Name of the Paper Introductory Econometrics 5, N7
B
s = B ;

Name of the Course : B.A. (Honours) Economlcs—CB rt-I1

Semester IV

Duration : 3 Hours Maximum Marks 75

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

(wm—waﬁﬁmﬁzﬁwﬁumﬁﬁﬁawﬂmmwm 1)

Note :  Answers ri.lay be written either in English or in Hindi; but the same medium should be

used throughout the paper.

feuquiy :ww-wmw%m%ﬁW@wﬁw;é%aﬁaﬁﬁ
ST HIEH TH B OBMl =R

The question paper consists of seven questions.
Attefnpt any five questions.
Each question carries 15 marks.
Use of simple non-programmable calculator is allowed.
Statistical tables are attached for your reference.
YeI-T9 WM qEE HE
frdl ot ot B I AR
TAF YT 15 3F T B ¥
Wl IR heheel & ST &w A < W ¥

g = @ fou GiferE o -0 % o B @ wh ¥
P.T.O.
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. oatements are true or false. Gi

State whether the following stateme IV€ reasons fop i

answer :

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

(b) The OLS estimators are best linear unbiased estimators (BLUE) in the presence o
heteroscedasticity.

(¢) All points of the sample cannot lie above the estimated least squares sample regressiop,
line :

(d) A regression model with a high R2 may not be judged to be good if one or more
coefficients have the wrong sign. '

(¢) The smaller the p-value, the more contradictory is the data to H, | 5x3=15

frafafad saq @6 € O T ¥ 1 UM e & fau wro e o

(%) GORIfTd R2 gAw SoHEifsad R2 @ &H B © |

(@) TSfEfad (Heteroscedasticity) 1 f&afd # SNTA.TH. (OLS) SRl

ol o s iR fsuy (BLUE) ® |

(1) AHA 3\7: [yt ﬁ‘@, Wﬁ'ﬁ AdH TR (least squares) EGIMEE! @l

Yi =b + bX;

g IW " A Thd ¥ |
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(H)ﬂfmqwmwﬁnmmaﬁﬁﬁﬂﬁamwmﬁ@

W@@ﬁwmwﬁﬁﬂmﬁﬁ|

(@)ﬂ—éalﬁwm%,m%mmﬁﬁmmﬁl%u

(@) Consider the regression model] :

Y; = B) + ByX,, + B3X5, + u

In order to check for presence of multicollinearity, the auxi-liary regression is run and

the results are as follows :

Xy = 2456 + 0.7952 Xs;

(se) = (0.56) (1.598) R3 = 0.90.

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

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

estimators in the above mode] ? 5

1%")1114:{1:17@?{

Y; = By + ByXy; + ByXy; + u,
W foER RIS, TRl e (Multicollinearity) 1 Suftafy =3 EciTc)
* [0 W wmE e S ¥ ek wfom ww oweg
Xy = 2456 + 07952 Xj,

(se) = (0.56) (1.598) R3 = 0.90.

() fo=o TRIfd R (Variance inflation factor) TReHfe™ Fifw | 7o aqrg
TR (multicollinearity) &1 Hehd U1q & 2

PTG
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(i) M IR & Aled, Helwlerfel & HRu, 3h.uer oy, (OLS) #Taherams
% uHE A w T e &9 ¥ 5= @m o
(b) Let the population regression function be -
Y; = By + BX; + y
The function is estimated using OLS and the residuals, e;, are found to be heteroscedastic

Transform the above model by applying the weighted leas_.t squares (WLS) methog

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

regressions in each case have an intercept term :

() u; = €X; where €, ~ N0, 0?) _

(ii) E(;;f):cﬁ/f_ . ‘5
T f STEEn ydumE yeE g ¥

Y, = B; + BoX; + u;
T WA b T SEN ST T ﬁfa@rﬁmﬁwaﬁﬁm
e, WSIEF U Y | SH WEA F TURU WA AW -
(Weighted Least -Squares) fafy gm =ifse @fs Frafafes g% T ﬁ‘
defen I T W W | T T e s Y 4

AT TG (intercept term) BT

() wu; = €,X; where €, ~ N(0, 02

@) E(a)=0’X;.



(¢)  The owner of a shopping mall is considering the possibility of redesigning the

(a)

9192
(5)

parking

facility. He first wants to check the claim that, on average, cars remain in the parking
area for 42.5 minutes. For this a random sample of 64 cars was investigated and

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

- 40.5 to 44.5 minutes. Assuming 6 = 7.6 minutes, calculate the probability of rejecting -

the null hypothesis when the null hypothesis is false because the true population
mean is 385, | | . >
TF Y Wi w1 wiaw wien gfaw gEreeE w gwes ®faEn
W T | T W T H SE FE ARd ¢ T TH PR A
$5 e & fau e & & wdt § | 9P fau 64 R F TH
aﬁmmmw,ﬁaﬁnﬁﬁﬂ%ﬁﬂhmwﬁw
WeR fHar STOm PR AT oA 40.5 AR 445 e & &= U |

I HHd U foh o = 7.6 THA2, WK 9R&eUAT (Null Hypothesis) & @IS
FI GWEAT ki TUAT HIfGT SE SWE UReedT Told §, Wod @Rl
arad 385 € |

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

Rs. *000) of seven households yielded the follov\_fing information :

Y oy = 2017143, Y 5 = 8014286, Y 57 = 608571,

Y = 9.143, X = 30.286
| P.T.O.
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where
yi=Yi~ Yo = X = X
()  Obtain the estimated regression line of monthly food expenditure on monthly
Income.
(ij) Calculate the standard error of regression.

(i) What proportion of the total variation in food expenditure of households can be

attributed to the linear relationship between food expenditure and income ? 5
od IR & Ofgs S (X, '000 %) IR HiGE HSH T (Y, 000 ¥)
% oifhel ¥ frfafea SHeK e

Z Xy, = 211.7143, 2 x2 = 801.4286, Yy = 608571,

Y = 9.143, X = 30.286.

IO M. 3
(i) mmmmumaﬂmmﬁafmﬁaqugmﬁﬁml
(ii) qfTE @ AEE Ffe B TOR RIS |-
(fﬁ)wﬁmﬁﬁﬁmmﬁaﬁmﬂmmmmwwﬁaﬂ?
m&aﬂa‘%m@ﬁ%ﬁﬁﬁrﬁmmmm%?



(b)

(@)

(if)
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Discuss any fwo reasons for the presence of autocorrelation.

A qeqay (Autocorrelation) & 3gftafq & forgl. ar FHROT FH T4l
Hifsa |

If p i§ known to be 0.8, discuss how the problem of autocorrelation can be

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

regression model, S 5
Y, = B + B)X, + y,

where the disturbance term, u,, follows AR(1) scheme, that is,

U, = pu‘,_I + V.

i p (W) &1 °7F 08 8, A == wif for Fefafas S-=x wfamw
Hied & W<H T fFd YHER IWFiFd T F-%a (Generalized

Least Squares) <hl '&'@ltrk_'{ F WA TGy (Autocorrelation) H qEE J

qff WE W "ehdl ©
Y, = B; + BX, + u,

7@ srafite WS 4, Wd: WEA AR(1) USfd Ui

up = pu v

1 3TTA W €|
P.T.O.
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(a)

9]92

If the regression model

Y, = By + ByXy; * ByX3; T 4

is estimated using the method of least squares. prove that the OLS residuals,

would be uncorrelated with the estimated Y values.

gfe gfema wfew

Y; = B; + ByXy; + B3X3; + ¥

Gl HPAM IdH i-Thel (Least Square) fafy ¥ fear @ qiferd ifae

ff U Ty sEfme AW Y § sWeEsd g |

Are the OLS estimators BLUE in the presence of high multicollinearity among the

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

in the presence of multicollinearity ?
M ATEATE. STAE Io9 FTg-TRAEEA (Multicollinearity) 1 ST

# BLUE 3R ¥ ? sg-oifasdl (Multicollinearity) %1 sufeafq # faret wfam

Hled #1 FIHE AN & RO R 'Rl 2



9192

( 9)
(b) A three-variable regression model gave the following results :
Source of Sum of Squares Degrees of Mean Sum of
Variation Freedom Squares
Due to Regression 32621 _ -
Due to Residuals — o —
Total 39472 33

(/) Complete the table.

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

(itf) Calculate the value of R? for the model.

T dH-wROE SRR ted ¥ frefdted 9iom s

Source of Sum of Squares Degrees of Mean Sum of
Variation Freedom Squares
Due to Regression 132621 — _

Due to Residuals — — o
Total 39472 33

4] B



(c)

( 10 ) 40

() ¥ difersr @ qoi ifSe
(i) TIEA H Ty geEd ) 37318 (goodness of fit) 1 TG T 3 sy,
% W W HfAC |
i) WiEd & fau R? &1 qed frered |
The regression results from the model,
Y; = B, + BX; + ¥
are obtained for a cross-section of 30 households, where Y i‘s consumption
expenditures (in Rs. thousands) and X is income (in Rs. thousands). In order ty

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

increasing order of the magnitude of X. The regression is run separately for first |1

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

two subgroups are reported as follows (standard errors are reported in the

parentheses) :
Group 1+ ¥, = 10533 + 0.876 X,

(se) = (0.616) (0.038) R2 = 0.985] RSS] = 0475 x 10° -
Group 2 : y, = 3279 + 0.835 .Xf-

(3.443)  (0.096) R?2 = 0.9585 RSS2 = 3154 x 10°

il

(se)
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(&) Perform Goldfeld-Quandt test at 5% level of significance. State the null and alternate

L]

hypotheses clearly. Do you find evidence of heteroscedasticity ?

()  List the underlying assumptions related to the disturbance term made in the -

above test. | ' _ 5
_tlm
Y, = B, + B,X, + u,

¥yl ofom free W ed fu e b @ 30 SiER
% Hhe faw Mo S Y ST = (000 %) R X (000 ¥) s
%. I %@ﬁ_&'ﬁ?fﬂ?ﬁ (Heteroscedasticity) @1 Tl & & foau AT I
X & WREm & wgd wH H et fRA TN | Wee 11 (Y9 1) d@

IE H 11 (YW 2) AR b AU STo-SFer G # SHEE A
T | ufom Frefafen ¥ (o ffe wrew § @ o #)

~

91 :y, = 1.0533 + 0876 X,

(se) = (0.616) (0.038) R2 = 0.9851 RSS1 = 0475 x 10°

T2 0§, = 3279 + 0835 X,

(se) = (3.443) (0.096) R2 = 0.9585 RSS2 = 3.154 x 10°
P.T.O.
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() e & 5% B TR W (Goldfeld-Quandt) T AT | 3T AR Yehfegs;
IReheTet ) o w9 AT | SR 319 %@ﬁgﬁmﬁmetemscedwicity)

$T Hd U § ? |

() SHF qlen # gfe wdf § wefem ot W siafifed wrames @ g
difST |
The following regression model was estimated using annual time-series data for the

period 1990-2012 for a certain country :

InY, = b, + bylnX,, + bslnX;,
where Y, = demand for cheese (in kg.)
X, = disposable income (in Rs. ’000)
X3 = price of cheese (in Rs. per kg.)

I

The results are summarized in the following table :

Coefficient Standard error
Intercept 2.03 | 0.116
X5 | 0.45 0.025
X5 -0.377 0.063
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() Interpret the partial slope coefficients.

(¢7)  If the calculated F statistic for the estimated model is 492,513, what is its R2 25

ﬁm%f@auﬁwmm%rmmomﬁ,@ﬁﬁaﬂéﬂﬁm
aifties THA @ ¥ 1 WA L 2012 & fom oAl T

In Yl, = bl + b2lnX2‘, + bjlnx?’[
&l Y, = WR % foau g (fehemmm #)
. X, = A ™ (000 & H)

X; = TR & &md (% ufa feen ®)

uftomy = aifee ® @ufig © e

(Coefﬁcient)' o (Stan;iard error)
YA (Intercept) 2.03 | | 0.116
% : 0.45 0.025
X - —0377 | | 0.063

(i) ifeTF @ O Rl SATEAl hifS |
(i) SR ST diew % f T Wer A 492513 % T AR R

?
T P.TO.
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(b) A researcher estimated the demand function for money for an economy for 100 quarters
using quarterly data for the period Q1 : 1985-1986 to Q2 : 2010-2011. The regression

results are as follows (standard errors are mentioned in the brackets and In indicates

natural log) :
M, = 2.6027 — 0.4024 InR, + 0.59 th,'
(se) = (1.24) (0.36) - (0.34)
RZ2 =09 Durbin—Watsc;n d-statistic = 1.755
where M, =.real cash balances
R, = long-term interest rate
| Y, = aggregate real national income

Use Durbin-Watson d test to check for the preseﬁce of first order autocorrelation

at 5% level of significance. 5

Tk Wuehd A 100 fomfedl Smfee Ser (fmmed 1. 1985:1986 @ ﬁm@r
2:201&20-11)%@%&%3@%%@%@%%'
WWWW'W%(W.WWﬁW@mT%
T R T wghi @ i s @) -

St

InM, = 2.6027 — 0.4024 InR, + 0.59 InY,



()

@G Y = B; + By In(X) l

(15 ) | 9192
(A gfe) = (1.24) (0.36) (0.34)

R? = 0.92 efd-aegr d-Lfefes = 1755

M‘,'=am?ﬁ BETERIL
R, = et =S T

Y, = 9%d ddfas U S |
e % 5% & &R W WIH HA Wd:HeHsY (Autocorrelation) i Sufefd
® Sg A @ fau efdv-ares € whaw & swEm ey |
For the log-inverse and Iin-lﬁog functional forms 'gi\lleri below, find the slope and elasticity

of Y with respect.to' X :

@) In(Y) =B + By(I/X)

() Y =B, +B, In(X). . 5

H few T d-faem ok femem wEied w9 S faw v # X F

dou # g SR e T T

() In(Y) = By + By(1/X)

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

the net weight of these. cookies in a pack to be more than 0.015 square grams,
[f the variance is not within this limit, the machine used for.packaging is stopped
and adjusted. A recentiy taken random sample of 25 package from the production

line gave a variance of 0.029 square grams.

Based on this information, do you think the machine needs an adjustment ? Use
a 5% level of significance. S.tatel the underlying assumption, if any. 5
aﬁﬁmmmuﬁuﬂwﬂﬂﬂmﬁsﬁwlém.m
& f 0015 9 W ¥ s T Aed | Al fesRor g@ i
%ﬂﬂm#ﬁ%,ﬁfﬂ%ﬁn%ﬁqzﬁwﬁaﬁa@wﬂ?ﬁﬁa

_aﬂﬁmw-%.aﬁw@rﬁaﬁmm%|mw@rmﬁ

7 f o5 WS @ ww wefew T Y 009 W oum @ few
fear
gaammﬂ%awnm,wmm%ﬁ?mﬂqﬁﬁ@m@m'

ﬁw%?S%W—WW.WWI%WHﬁ:
®E & @ sEwEy
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(i)
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In the regression model

suppose

Y5, = 1‘0 + 3X,;
Show that we cannot uniquely estimate -the original parameters A, Ay
and As. |
i Atea

Y; = Ay + AzXzf + A3X3i oy

'YBIf = 10 + 3Xy;
maﬁﬁﬁﬁgﬂwﬁ'% Ap, Ay 3R A; T I AN TG
_ﬁ THF |
Discuss any (wo remedial measures to eliminate the problem of
mulficollinearity. - 5
sg-YfEshdl (Multicollinearity) ﬁw B TH FA H faw fed
off @ SUINHe SUEl W wEl hifey |

P.T0O.
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(¢) The following regression output relates to the advertisement expenditure (X) and saje,

(Y) of a firm manufacturing garments using cross-sectional data collected in a particylg,

year from 14 stores that the Company owns :

g, = - 12088 + 2.0742 X;
se =  (0.9949) (0.2536)

() Conduct a two-tailed test for the statistical significance of the slope coefficient

at 1% level of significance.

(i) Apply the F test to test the preceding hyppthesis. 5:

ﬁmﬁ@auﬁmﬁwmﬂmﬁﬂﬁﬁm#ﬁm% | 3T
Frg-sgemita § SR Te wh e o § 14 Wl ael wuer Fmia s
A waf ¥ o | - |

9, = - 12088 + 2.0742 X,
se = (0.9949)  (0.2536) -
(i) 1% Hed TR ' ' :
T & % % Hifegsd Heo ® AT (two-tailed)
T F GEeH #ifaw |

() T AfYFegTr & e T £Y |
fre sm F qiem ST
H | ‘ ke !
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(@)  Consider the following regression model :
Y = By + ByIn(X;) + B,In(X,) + Bsln(X3) + Byln(Xy) + ¥
where
Y = per capita consumption of potatoes in kg;

X, = per capita income in Rs. *000,

>
o
[

price of potatoes in Rs. pér kg. |
X3 = price of cauliflower in Rs. per kg.
.X4 = pricelof cabbage in Rs. per kg.

) | How will you test the joint hypothesis that potato consumption is not affected by

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

reference to the above model.

(i) Ifthe estimated value of by is 200, it means “a 1% increase in income is associated

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

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

P.T.O.
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frafafed gfama bfed W four @ifST

Y = By + ByIn(X;) + Byln(X,) + B3n(X3) + Byln(Xy) +

e TR

X, = §fa =R em =006wﬁ 4,

X, = 9fq fecmm, s # i,

X, = Wi fene, uﬁﬁsﬁﬁaﬂﬂ?{.

X4—uﬁﬁﬂum,.1ﬁ9ﬂaﬁﬁﬂﬁ

0 mﬁwﬁquﬁﬁlﬁaﬁﬁ%ﬁ;ﬁﬁmwsﬂﬁ
Mlﬁﬁaﬁwumﬁﬁﬁﬁﬁ?ﬁ% ?.Eqﬁaan‘ma?%ﬁaﬁ
i w3 b <l 9

(f:')’ Waﬁﬁqaﬂﬁﬂb]wm‘—rzoo‘%.l mw%;**ﬁm
@ﬁmm@faﬂqﬁl%ﬁ%mﬁuﬁmﬁawﬁzm%

ﬁq@%mag@%l”wwwuﬁ%?wml
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(b) For the regression model

i
the i';lttEd regression equation is :
¥; e b, + b, X;.

In each of the cases below, find the new fitted regression equation, Q: and express
it in terms of~Y;. |
@ if we add a constant A to each X value.
(i) if we add a constant p to each Y value.
gt Aled

| Y; = By + BX; + u;

| Y= b+ bzxf--'

ﬁ%ﬁqmmqméﬁ,wﬁﬂﬂmﬂtﬁw,ﬁ@am
g, & wed # oE M ;o
o o T X § oW T F T TR AW F

(i) mmY%W\Wﬁmﬁmum% l
' P.T.O.
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(¢) The following mode] of consumption is estimated for an economy for the

years 1947-2000 :
InC, = B, + B,InPDI, + B;INT, + oy
where C = real consumption expenditures in billions of dollars

PDI = real disposable personal income in billions of dollars
INT = real interest rate

and In indicates natural log.
The OLS residuals (e, are then regressed on InPDI, INT and e, as follows :
e, = A; + AyInPDI, + ASINT, + A, e, + v,

The above regression is reported to have R? = 0.0983. Perform Breusch-Godfrey

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

TH 19472000 F Sy F fw swdm @ Frefafen wea w1 eEm

InC, = B, + BInPDI, + B;INT, + &,

PDI%WETFRﬁWFﬁm@EIHETWH M,
INT = 319t =9 &1 |

m]ngﬁ?ﬁﬁaﬁ'ﬁﬁmm%'
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ATATH. TR (¢) T InPDI, INT 3R e, , W i yaw wfamfaa fa

e = Ay + AJnPDI, + AINT, + A, e, + v,
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Table A3 Standard Normal Curve Areas
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D) =PZ=2)
Standard normal density curve

Shaded area =®(2)

z
z 00 .01 02 .03 04 05 06 07 - .08 .09
-34 .0003 .0003 .0003 .0003 .0003 .0003 0003 .0003 .0003 ,0002
-33 0005 . .0005 .0005 0004 .0004 .0004 0004 .0004 .0004 .0003
-32 0007 0007 - .0006 .0006 .0006 0006 0006 .0005 .0005 .0005
-3.1 0010 .0009 .0009 ,0009 .0008 .0008 0008 .0008 .0007 .0007
=30 - 0013 .0013 .0013 0012 0012 0011 0011 0011 .0010 .0010
-29 0019 0018 .0017 .0017 0016 0016 0015 0015 0014 0014
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 0021 0021 .0020 .0019
=27 0035 0034 0033 0032 .0031 .0030 0029 0028 0027 0026
-26 0047 0045 0044 .0043 0041 .0040 0039 0038 0037 0036
-25 0062 .0060 .0059 0057 0055 0054 0052 0051 0049 0038
-24 .0082. .0080 0078 0075 0073 0071 0069 .0068 0066 0064
-23 0107 0104 0102 .0099 0096 - .0094 0091 0089 . 0087 0084
=22 | .0139 0136 0132 .0129 0125 0122 0119 0116 0113 .0110
-2.1 .0179 0174 0170 0166 0162 0158 0154 0150 0146 0143
-2.0 0228 0222 . 0217 - .0212 0207 0202 0197 0192 0188 0183
-19 0287 .0281 0274 .0268 0262 0256 .0250 0244 0239 0233
-18 .| .0359 .0352 0344 0336 0329 0322 0314 0307 0301 0294
-17 0446 0436 0427 0418 0409 0401 0392 0384 0375 0367
=~1:6 0548 0537 0526 0516 .0505 0495 0485 0475 0465 0455
~15 0668 0655 0643 .0630 0618 0606 0594 0582 0571 0559
-14 .0808 0793 ' 0778 0764 0749 0735 0722 0708 0694 0681
A 0968 0951 0934 0918 .0901 .0885 0869 0853 0838 0823
—12 1151 1131 1112 .1093 1075 1056 .1038 1020 .1003 0985
~11 1357 .1335 1314 1292 1271 1251 1230 1210 1190 1170
siff 1587 1562 1539 1515 1492 1469 .1446 1423 .1401 .1379
—0.9 1841 .1814 .1788 1762 1736 1711 1685 1660 1635 1611
—08 2119 2090 2061 2033 2005 1977 .1949 1922 .1894 1867
—0.7 2420 2389 2358 2327 2296 2266 2236 2206 . 2177 2148
~0.6 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
—05 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
~04 3446 3409 3372 3336 3300 3264 328 3192 3156 3121
-03 3821 3783 3745 3707 3669 3632 3594 3557 3520 3482
-02 4207 4168 4129 4090 4052 4013 3974 3936 3897 3859
-0.1 " 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-0.0 5000 4960 4920 4880 4840 4801 4761 4721 - 4681 4641

(comim.-ed)
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®(z) = P(Z <2)
Table A.3 Standard Normal Curve Areas (cont.)

06 07 .08 09 N
z 00 01 02 03 o 05 = Fr——
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Table A8 t Curve 13| Areas

0.0
0.1
0.2
0.3
0.4
0.5

0.6
0.7
0.8
0.9
1.0

1.1
1.2
1.3
14
1.5

1.6
1.7
1.8
1.9
2.0

2.1 .

22
23
24
25

2.6
2.7
2.8
29
3.0

31
32
33
34
35

3.6
37
33
39
4.0

I
t curve Area to the

1

t

1
. 6 7 8 9 10 11 12 13 14 15 16 17 18

500 5
468 .422 jgg igg —::gg 500 .500 .500 .500 .500 .500 .500 .500 .500 .500 -500 .igtll .ig?
437 430 427 .426 .425. 462 462 461 461 461 461 .461 461 461 461 .46l .422 .422
AT 396 395 Sy ne 424 4 43 423 423 423 422 42 an 422 A2 =
I 364 358 33 b 387 386 386 .386 .385 .385 385 .384 384 384 384 a5 24
352 333 326 353352 351 350 349 349 348 348 348 347 347 347 347 .
323 326 322 319 317 316 315 315 314 313 313 313 312 312 312 312 32
306 :ggg ggg .gzo 287 285 284 283 282 281 280 280 279 279 279 278 '273 .gzz
285 254 241 -231 258 - 255 253 252 251 250 249 249 248 247 247 247 ..22?7 -
261 232 217 " 230 227 225 223 222 221 220 220 219 218 218 .21_5: i
250 ks 210 205 201 .19 .197 .196 .195 .194 .193 .192 .191 .191 .91 7O
- : 196 187 .18 178 .175 473 172 170 169 .169 .168 .167 .167 .16 .166 .165
235 193" 176 .167 .162 .157 .154 .152 .150 .149 .147 .146 .146 144 144 144 .143 143
221 177 158 148 142 138 .135 132 130 .29 128 .27 .26 .24 .124 .124 123 123
209 162 142 132 .125 .121 .117 115 113 111 110 109 .108 .1o7 .107 .106 .105 .J0S
197 148 128 .117 .110 .106° .102 .100 .098 096 .095. .093 .092 .091 091 .090 .090 .089
187 136 .115 .104 097 .092 089 .086 .084 (082 .081 .080 .079 .077 077 077 .076 .07
178 125 .104 092 085 .080 .077 .074 072 070 .069 .068 .067 065 .065 .065 ~.064 .064
169 116 094 082 .075 .070 065 .064 062 060 059 057 056 055 055 054 .054 .053
161 .107 085 073 .066 .061 .057 055 .053 051 .050 .049 048 046 046 045 .045 044
154 099 077 065 .058 .053 050 .047 045 043 042 041 040 038 038 038 037 .037
148 092 070 058 051 .046 .043 040 038 037 035 034 033 032 032 031 .031 .030
141 085 063 052 .045 .040 037 034 033 031 030 029 028 027 027 026 .025 .02
136 079 058 046 040 035 032 029 028 026 .025 024 (023 022 (022 .021 .021 .02
131 074 052 041 035 031 .027 025 023 .02 .021 020 019 018 018 018 .017 017
126 060 048 037 031 027 .024 022 020 019 018 017 016 015 015 014 .014 014
21 065 044 033 027 023 020 018 017 016 015 014 0137 012 012 .012 0l 011
117 061 040 030 .024 .020 .018 016 014 013 012 012 011 010 .010 010 -009 .009
:1; 057 037 027 021 .018 015 014 012 011 010 010 .009 .008 .008 .00 008 .007
109 054 034 .024 019 .016 .013 012 010 .009 .009 .008 .008° 007 007 .006 .006 .006
106 051 031 .022 017 .014 011 010 009 .008 .007 .007 006 005 .005 .005 .005 .005
102 048 029 020 015 012 .010 .009 .007-.007 .006 006 .005 .004 .004 .004 .004 .004
i 011 009 .007 .006 .006 .005 005 004 .004 .004 .003 .003 .003
-'099 ﬁg '333 2312 g:g 009 008 .006 .005 .005 .004 .004 .003 003 .003 .003 .003 .002
i 023 015 .011 .008 .007 .005 005 .004 .004 .003 003 002 .002 .002 .002 .002
"g 'g;g 021 014 010 007 .006 005+ .004-.003 .003°.003 002 .002 .002 .002 002 .002
089 036 020 012 .009 .006 .005 .004 -003 .003 002 .002 .002 .002 .002 .001 .001 .001
j | 018 .011 .008 .006 .004 .004 .003 .002 002 .002 .002..001 .001 .001 .001 .00l
086 035 018 Ao Ci0c ‘004 003 002 002 .002 002 001 001 001 .001 001 001
084 483 OIT B0 006 004 003 003 002 002 001 001 001 001 001 00T 001 001
e 010 o 004 003 02 002 001 00 001 001 001 .01 001 01 001
080 030 DS U Cos 004 . 001 001 .001 .001 .000 .000
.ggs 029 014 .008 .005 .004 .003 002 .002 .001 .001 .001 .001 .001

(continued)
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1 curve
Nﬂ
| 1

Area to the

}
!
N 19 20 21 22 23 24 25 26 27 28 29
0.0 500 500 .500 .500 .500 .500 .S00 .500 .500 .500 .500
0.1 461 461 461 461 461 461 461 461 461 .461 461
02 422 422 422 40 422 42 42 422 421 421 42
0.3 384 384 384 383 383 383 383 383 .383 .383 383
0.4 347 347 347 347 346 346 346 346 346 346 346
0.5 311 311 311 311 311 311 311 311 311 310 310
0.6 278 278 278 271 271 277 211 271 271 211 271
0.7 246 246 246 246 245 ° 245 245 245 245 245 245
0.8 217 217 216 216 216 216 216 215 215 215 215
0.9 190 .189 .189 .189 .189 .189 .188 .188 .188 .1883 .188
1.0 165 .165 .164 .164 .164 .164 .163 .163 .163 .163 .163
1.1 143 142 142 142 141 141 141 .141 141 .140 .140
12 122 122 122 421 121 121 121 120 120 .120 120
13 105 .104 .104 .104 .103 .103 .103 .103 .102 .102 .102
14 089 080 .088 .088 .087 .087 .087 .087 .086 .086 .086
15 075 075 074 074 074 073 073 073 073 072 072
1.6 063 063 .062 062 .062 061 061 .061 .061 .060 .060
1.7 053 052 052 052 051 051 .051 051 050 .050 .050
18 | 044 043 043 043 042 042 042 042 042 041 041
1.9 036 03 .03 .035 035 035 .035' 034 034 .034 .034
2.0 030 030 029 029 029 028 028 .028 028 .028 .027
2.1 025 024 024 .024 023 (023 023 023 023 022 022
2.2 020 020 020 .019 019 019 .019 .018 018 .018 .018
2.3 016 016 .016 .016 .015 015 015 .015 015 .015 .014
2.4 013 013 .013 013 012 012 012 012 012 012 012
2.5 011 011 010 .010 010 010 .010 .010 .009 .009 .009
2.6 009 .009 .008 .008 .008 .008 .008 .008 007 .007 .007
2.7 007 .007 .007 .007 .006 .006 .006 .006 .006 .006 .006
2.8 006 .006 .005 .005 .005 .005 .005 .005 .005 .005 .005
2.9 005 004 004 .004 .004 004 .004 .004 004 004 .004
3.0 004 .004 .003 .003 .003 .003 .003 .003 .003 .003 .003
3.1 003 .003 .003 .003 .003 .002 .002 .002 .002 .002 .002
3.2 002 .002 .002 .002 002 002 002 .002 002 002 002
33 002 002 .002 .002 .002 001 -001 001 .001 001 QO]
34 002 .001- 001 .001 .001 .001 601 .001, .001 .001 001
35 | 001 001 001 .001 001 001 001 001 001 001 o0l
3.6 001 001 001 .001 .001 001 001 001 001 001 (0]
3.7 001 001 001 001 .00L 001 001 .001 .000 .000 000
38 | 001 001 001 000 000 000 000 000 000 000 00
39 | 000 000 000 000 000 000 000 000 000 000 000
4.0 000 000 000 .000 000 000 000 000 000 000 000

30 35 40 60 . 120 ox(=y)
500 .500 .500 .500 .500  .500
461 460 460 460 460 460
421 421 A21 421 421 42
383 383 383 383 382 3%
346 346 346 345 345 345
310 310 310 .309 309 309
277 276 216 215 275 274
045 244 244 243 243 242
215 215 214 213 213 212
188 .187 .187 .186 .185  .184
163 .162 .162 .161 .160  .159
140 139 .139 .138 .137  .136
120 119 119 117 .116 115
102 .101 .101 .099 .098  .097
086 .085 .085 .083 .082 .08l
072 071 .071 069 .068 067
060 .059 059 057 .056 .055
050 049 .048 047 046 045
041 040 .040 .038 .037 .036
034 033 032 .031 .030 .029
027 027 026 .025 .024 .023
022 022 .021 .020 .019 .018
018 017 .017 .016 .015 .014
014 .014 013 .012 .012 .01
011 011 011 .010 .009 .008
009 .009 .008 .008 .007 .006
007 .007 .007 .006 .05 .005
006 .005 .005 .004 .004 .003
004 004 .004 .003 .003 .003
003 .003 .003 .003 .002 .002
003 002 .002 .002 .02 .00
002 002 .002 .001 .001 .00l
002 001 .001 .001 .001 .001
001 .001 .001 .001 .001 .000
001 001 .001 .001 .000 .000
001 001 .001 .000 .000 .000
001 .000 .000 .000 .000 .000
.000 .000 .000 ..000 .000 .000
.000 .000 .000 .000 .000 .000
000 .000 .000 .000 .000 .00
000 .000 .000 .000 .000 .00
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AREAS UNDER THE STANDARDIZED NORMAL DISTRIBUTION
Example

Pr{0<2<1.96) = 0.4750
Pr(Z >1.96) = 0.5 — 0.4750 = 0.025

Z .00 01 02 . .03 04 .05 .06 07 08
0.0 0000 .0040 .0080 .0120 .0160 .0199 0239 0279 .0319
“ 0.1 0398 0438 .0478 .0517 0557 .0596 .0636 0675 .0714
0.2 0793 0832 .0871 .0910 .0948 0987 .1026 .1064 .1103
0.3 1179 1217 1255 1293 .1331 1368 .1406 .1443 .1480
0.4 1554 1591 .1628 .1664 .1700 .1736 .1772 .1808 .1844
0.5 1915 -.1950 .1985 2019 .2054 .2088 .2123 2157 .2190
06 2257 2291 .2324 2357 2389 2422 2454 2486 .2517
0.7 2580 2611 .2642 2673 .2704 2734 2764 2794 .2823
0.8 2881 2910 2939 2967 .2995 .3023 .3051 .3078 .3106
0.9 3159 .3186 .3212 .3238 .3264 .3289 .3315 3340 .3365
1.0 3413 3438 .3461 .3485 3508 .3531 3554 .3577 .3599
1.1 3643 3665 .3686 .3708 3729 .3749 .3770 .3790 .3810
1.2 3849 3869 .3888 .3907 .3925 .3944 3962 .3980 .3997
13 . 4032 4049 4066 .4082 .4099 4115 4131 4147 4162
14 4192 4207 4222 4236 4251 4265 4279 4292 4306
15 4332 4345 4357 4370 4382 4394 4406 4418  .4420
1.6 445D 4463 44T4 4484 4495 4505 4515 4525 4535
1.3 4454 4564 4573 4582 4591 4599 4608 4616 4625
1.8 4641 4649 4656 4664 4671 4678 4686 4693  .4699
1.9 4713 4719 4726 4732 .A738 4744 4750 4756 4761
20 4772 4778 4783 4788 4793 4798 4803 4808  .4812
21 4801 4826 4830 4834 4838 4842 4846 .4850" .4854
2.2 4861 4864 .4868 4871 4875 4878 4881 ABB4 4887
23 4803 4896 4898 4901 4904 4906 4909 4911 4913
24 4918 4920 4922 4925 4927 4929 4931 4932 4934
25 4038 4940 4941 4943 4945 4946 .4948 4949 4951
26 4953 4955 4956 4957 © 4959 4960 4961 4962 4963 -
27 4965 4966 4967 . 4968 4969 4970 4971 4972 4973
28 4974 4975 4976 4977 4977 4978 4979 4979 4980
29 4981 4982 4982 4983 4984 4984 4985 4985 4986
29 | 087 4967 4SBT 4988 4968 4980 4080 4989 4990

.0359

0753
1141
1517
1879
2224

.2549
2852
- 3133
.3389
. 3621

3830
4015
A77
4319

- A441

4545
4633
4706
A767
A817

4857
4890
4916
4936
4952

4974
4981
4986
4990
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PERCENTAGE POINTS OF THE tDISTRIBUTION

Example
Pr(t > 2,086) = 0.025
Pr(t> 1725 =005 forgf=20
Pr(it| > 1.725) = 0.10
Pr 0.25 0.10 0.05 0.025 0.01 0.005 0.001
df - 0.50 0.20 - 0.10 0.05 0.02 0.010 0.002
1 1.000 3.078 6.314 12.706 31.821 63.657 318.31
2 0.816 1.886 2.920 4,303 6.965 9.925 22327
3 0.765 1.638 2.353 3.182 4.541 5.841 10.214
4 0.741 1.533 2.132 2.776 3.747 4.604 7.173
5. 0.727 | 1.476 2.015 2.571 3.365 4.032 5.893
6 0.718 1440 | 1.943 2.447 3.143 3.707 5.208
7 0.711 1.415 1.895 2.365 2.998 3.499 4785
8 . 0.706 1.397 1.860 2.306 2.896 3.355 4.501
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
11 0.697 1.363 1.796 2.201 2.718 3.106 4,025
12 0.695 1.356 1.782 2179 2.681 3.055 3.930
13 0.694 1.350 1.771 2160 | - 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 13.686
17 0.689 | 1.333 | 1.740 2.10 2.567 2.898 3.646
18 0.688 | 1.330 1.734 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 2528 2.845 3.552
21 0.686 1.323 1.721 12080 2518 2.831 3.527
22 0.686 1.321 1.717 2.074. 2508 2.819 3.505
23 0.685 1.319 1.714 2.069 . 2.500 2.807 3.485
24 0.685 1.318 1.711 2.064 2492 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 2473 2771 3.421
28 0.683 1.313 1.701 2.048 2.467 2.763 3.408
29 0.683 1.311 1.699 2.045 . 2462 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
50 0.674 1.282 1.645 1.960 2.326 2.576 3.090




UPPER PERCENTAGE POINTS OF THE F DISTRIBUTION
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Example
Pr(F = 1.59) =0.25
Pr(F ? = -
: :;242) 010  fordi N, =10 5%
T(F>314)=005 andN;=
Ne=9 il -
Pr(F > 5.26) = 0.01 : /
0 3.14 5.26
di for s
denom- mera
inator —: tor My df for numerator Ny danam-
Pr 1 inator
N" 2 3 4 5 6 7 8 9 10 1 12 15 20 24 30 40 50 60 100 120 200 500 o Pr| M
. fg 33:3 4‘;.:0 8.20 858 °~ 882 _ 898 9.10 9.19 9.26 9.32 038 941 949 958 963 067 9.7 9.74  9.78 78 980 982 984 9.85 .25
.05 161. e 53.6 558 57.2 58.2 58.9 59.4 59.9 802 605 607 612 617 820 623 625 627 628 630 631 83.2 63.3 633 .10 1
: 216 225 230 234 237 239 241 242 243 244 246 248 249 250 251 252 252 253 253 254 254 254 .05
25 2.57 3.00 3.15 3.23 3.28 331 - 334 3.35 3.37 3.38- 3.39 339 341 343 3.43 3.44 3.45 3.45 3.46 3.47 3.47 3.48 3.48 348 .25
2 10 8.53 9.00 916 924 9.29 9.33 9.35 9.37 - 9.38 9.39 940 941 942 944 945 D46 9.47 947 947 948 948 949 049 949 10|
05 185 19.0 19.2 19.2 19.3 19.3 19.4 194 19.4 19.4 19.4 194 194 19.4 19.5 195 195 19.5 195 195 195 19.5 19.5 185 .05
01 985 99.0 99.2 99.2 99.3 993 994 99.4 09.4 99.4 994 994 994 994 995 995 995 995 995 995 995 995 985 995 .01
25 2.02 2.28 2.36 2.39 2.41 2.42 2.43 244 244 244 245 245 248 246 246 247 247 247 247 247 247 247 247 247 25
5 10 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 523 522 522 520 . 518 518 517 516 515 515 514 514 514 514 513 10|
05 104 9.55 9.28 9.12 92.01 8.94 8.89 885 881 879 B76 874 B70 866 864 B62 BS59 858 857 855 855 BS54 853 853 .05
01 344 30.8 205 287 28.2 279 277 275 273 272 274 271 269 267 266 265 264 264 263 282 262 262 26.1 261 .01
25 1.81 2.00 2.05 2.06 2.07 2.08 2.08 2.08 208 208 208 208 208 208 208 208 208 208 208 208 208 208 208 208 25
P 10 454 432 419 4amn 4.05 4.01 3.98 3.95 394 392 391 390 387 384 383 382 380 380 379 378 378 377 376 376 10|
05 7.71 8.94 858  8.39 6.26 6.16 8.09 8.04 600 598 584 591 58 580 577 575 572 570 563 566 566 565 564 563 .05
01 212 18.0 16.7 16.0 15.5 15.2 15.0 14.8 14.7 145 14.4 144 142 14.0 13.9 138 137 137 137 13.6 13.6 135 13.5 135 .01
25 1.69 1.85 1.88 1.89 1.89 1.89 1.89 1.89 1.88 1.89 1.89 189 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
i 10 4.06 3.78 362 352 3.45 3.40 3.37 334 332 330 328 327 324 321 319 317  3.16 315 314 313 312 312 3an aw g0
05 6.61 579 5.41 5.19 5.05 4.95 4BB 482 477 474 471 468 462 456 453 450 446 444 443 441 440 439 437 436 .05
01 163 133 12.1 114 1.0 107 10.5 103 10.2 10.1 996 989 972 955 947 938 929 924 9.20 9.13 9.1 008 904 902 .01
25 1.62 1.76 1.78 1.79 1.79 1.78 1.78 1.78 1.77 1.77 1.77 177 176 176 1,75 1.75 1.75 175 174 1.74 1.74 1.74 1.74 174 25
5 10 3.78 3.48 3.29 3.18 an 3.05 3.01 298 296 2894 292 290 287 284 - 282 280 278 277 276 275 274 273 273 272 .10 o
05 5.89 5.14 476 453 439 4.28 4.21 415 410 408 403 400 394 387 384 381 ay7 375 374 an 370 369 368 367 .05
o1 137 10.9 9.78 9.15 875 8.47 8.26 810 798 7.87 779 772 756 740  7.31 723 714 7.09 7.8 899 697 893 6% 688 .0l
25 1.57 1.70 1,72 1.72 1.71 1.71 1.70 1.70 1.69 1.69 1.69 168 168 167  1.67 1.66 1.66 1.66 165 165 165 165 165 165 25
= 10 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 272 270 268 267 263 259 258 256 254 252 251 250 248 248 248 247 10|
05 558 474 435 4.2 3.97 ag7 379 373 3.68 364 360 357 351 344  aa 338 334 332 330 327 327 325 324 323 05
ol 122 955 845 785 7.46 719 © 699 6.84 6.72 662 654 647 6.31 616 8.07 589 591 586  5.82 575 574 570 S67 585 .01
25 1.54 1.66 1.67 1.66 1.66 1.65 1.64 1.64 1.63 1.63 1.63 162 162 1.61 1.60 1.60 1.59 1.59 1.58 1.58 1.58 158 158 158 .25 )
8 10 346 AN 2.82 2.81 273 2.67 2.62 259 256 2.54 252 250 248 242 240 238 2.36 235 234 232 232 2.3 230 225 .ml g
05 5.32 4.48 4.07 3.84 3.69 358  3.50 3,44 3.39 3.35 3.31 328 322 315 812 308 3.04 202 30 247 297 205 294 283 .05
01 1.3 8.65 7.59 7.01 6.63 637 6.18 6.03 5.91 5.81 573 567 552 536  5.28 5.20 5.12 5.07 5.03 496 495 491 488 488 01 |_
.25 1.51 1.62 1.83 1.63 1.62 1.61 1.60 1.60 1.59 1.59 1.58 1.58 1.57 1.56 1.56 1.55 1.55 1.54 1.54 1.53 153 1.53 153 153 25 |I
" 10 3.36 3.01 2.81 2,69 261 255 251 2.47 2.44 2.42 2.40 238 234 230 " 228 225 2.23 222 221 218 218 217 217 216 10|
05 5.12 4.26 3.86 3.63 3.48 3.37 3.29 323 3.18 3.14 3.10 307 3.01 2.94 290  2.86 283 280 2.79 276 275 273 272 271 05|
01 1086 8.02 6.99 642  6.06 580  5.61 5.47 5.35 5.26 518 511 496 4.81 473 465 457 452 448 442 A40 438 433 A3 01 \




UPPER PERCENTAGE POINTS OF THE F DISTRIBUTION (Continued)
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:;Tor df for
enom- df for numerator A, d! for numerator N; denom-
inator . inator

N \ Pr 1 2 3 4 -1 fi 7 8 9 10 1 12 15 20 24 30 40 50 60 100 120 200 500 oo Pr I M
25 1.49 1.60 1.60 159 1.59 1.58 1.57 1.56 1.56 1.55 1.55 154 153 1.52 152 151 1.51 1.50 1.50 1.49 1.49 1.48 1.48 148 25
- A0 320 282 273 261 252 246 241 238 235 232 230 228 224 220 218 216 213 212 211 200 208 207 206 208 10 o
05 4.96 4.10 an 3.48 33 322 3.4 .07 .02 2.98 294 291 285 277 2.74 270 266 284 , 282 259 2.58 256 255 254 05
o1 10.0 7.56 B6.55 5.99 564 539 5.2Q 5.06 4.94 485 4.77 471 456 4.41 4.33 4,25 417 4.12 4.08 4.01 4.00 3.98 393 an 01
25 147 158 158 157 15 155 154 153 153 152 152 151 150 149 149 148 147 147 147 146 146 146 145 145 25
1 A0 323 2.86 2.66 254 245 2,39 234 230 2.27 2.25 223 221 217 212 -210 2.08 2.05 204 2.03 2.00 2.00 1.99 1.98 197 .10 1
05 484 3.98 359 3.36 320 3.09 am 295 2.90 2.85 2.82 279 272 2.65 2.61 2.57 2.53 2.51 249 2.46 2.45 243 242 240 .05
01 9.65 7.21 6.22 567 5.92 5.07 4,88 474 483 454 4.46 440 425 4,10 4.02 3.94 386 3.81 378 aan 3.69 3.66 362 360 .01
25 148 158 156 155 154 153 152 151 151 150 150 140 148 147 146 145 145 144 144 143 143 143 142 142 25
i 40 318 281 281 248 239 233 228 224 221 219 217 215 210 208 204 201 199 197 196 184 183 192 181 180 .10 -
05 475 389 349 326 3.1 300 281 285 280 275 272 269 282 254 251 247 243 240 238 235 234 232 231 230 05
01 833 693 585 541 506 482 464 450 439 430 422 416 401 386 378 370 862 357 354 347 345 341 338 336 O
25 1.45 1.55 1.55 1.53 152 1.51 1.50 1.49 1.49 1.48 1.47 147 146 1.45 1.44 143 1.42 1.42 1.42 141 1.41 1.40 1.40 140 .25
13 10 3.14 2.76 2.56 2.43 2.35 2.28 223 2.20 2.16 2.14 212 210 2.05 2.01 1.88 1.96 1.93 1.92 1.90 1.88 1.88 1.86 1.85 1.85 .10 13
05 4.67 as 3.41 3.18 3.03 2.92 2.83 277 2N 2.67 2863 280 253 2.48 2.42 238 234 2.31 230 2.26 2.25 223 222 221 05
01 907 670 574 521 486 462 444 430 419 410 402 396 382 366 359 351 343 338 334 327 325 32 319 317 01
25 144 153 153 152 151 150 149 148 147 146 146 145 144 143 142 141 141 140 140 139 139 139 138 138 25 |
i 10 310 273 252 239 231 224 219 215 212 210 208 205 201 186 194 191 189 187 186 183 183 18 180 180 10 | %
05 480 374 334 311 206 285 276 270 265 260 257 253 246 239 235 231 227 224 222 219 218 218 214 213 05
01 886 651 556 504 469 446 428 414 403 394 386 380 366 351 343 335 327 322 318 311 309 306 303 300 O
.25 1.43 1.52 1.52 1.51 1.49 1.48 1.47 1.46 1.46 1.45 1.44 1.44 143 1.41 1.41 1.40 1.39 1.39 1.38 1.38 1.37 137 136 1% 25
i 10 307 270 249 236 227 221 246 212 209 206 204 202 197 192 19 18 18 18 182 179 179 177 176 176 .10 15
05 454 368 829 306 29 27 271 264 259 254 251 248 240 233 229 225 220 218 216 212 211 210 208 207 05 |
.01 8.68 6.36 5.42 4.89 456 -4.32 4.14 4.00 3.89 3.80 3.73 3.67 352 3.97 3.29 321 3.13 3.08 3.05 2.98 2.96 292 2.89 287 M
25 142 151 1.51 150 148 147 146 145 144 144 144 143 1417 140 139 138 137 137 138 136 135 135 134 124 35
16 .10 3.05 267 2.46 233 224 2.18 213 2.09 2.06 2.03 2.01 1.99 1.94 1.89 187 1.84 181 1.79 1.78 176 175 1.74 173 172 a0 18
.05 4.49 3.63 3.24 3.0 2.85 274 2.68 2.59 2.54 2.49 2.48 242 235 228 2.24 219 215 212 2N 207 2.06 2.04 202 201 05
.01 8.53 6.23 5.29 477 4.44 4.20 4,03 3.89 k] 3.69 3.62 355 341 3.26 3.18 3.10 3.02 297 293 2.86 2.84 2.81 278 2715 M
25 1.42 1.51 1.50 1.49 1.47 1.46 145 1.44 1.43 1.43 1.42 141 140 1.39 1.38 137 1.38 135 1.35 1.34 1.34 1.34 133 133 25
" 10 303 284 244 231 222 215 210 206 ,203 200 198 196 191 186 184 181 178 176 175 173 172 171 163 188 .10 .
4 .05 4.45 3.59 320 - 29 281. 2.70 2.61 255 249 2.45 24 2.38 231 223 2.19 2.15 2.10 2,08 2.06 202 2.0 1.99 1.97 196 05
01 8.40 81 5.18 4.67 4.34 4,10 3.83 a7 3.68 3.59 352 346 3.3 3.8 3.08 3.@0 2.92 2.87 2.83 276 275 27 268 265 0
25 1.41 1.50 1.49 1.48 1.46 1.45 1.44 1.43 1.42 1.42 1.41 1.40 139 1.38 137 1.368 1.35 1.34 1.34 1.33 133 1.32 132 132 25
10 3.01 2.62 2.42 2.29 2.20 213 2.08 2.04 2.00 1.98 1.98 193 189 1.84 1.81 1.78 1.75 1.74 1.72 1.70 1.69 168 167 1668 10 18
b .05 4.41 3.55 316 _ 293 277 2.66 258 251 2.46 2.41 2.37 234 227 2.19 215 R )| 2,08 2.04 202 198 197 195 193 192 05
01 820 601 509 458 425 401° 384 371 360 351 343 337 323 308 300 292 284 278 275 268 266 262 25 25 01
25 141 149 149 147 146 144 143 142 1410 141 140 140 138 137 136 135 134 133 138 132 132 131 131 130 25
10 289 281 240 227 2.18 21 2.08 2.02 1.98 1.96 1.94 1.81 1.88 1.81 1.79 1.76 1.73 1.7 1.70 1.67 1.67 1.65 1.64 163 .10 19
1 05 438 362 313 290 274 263 254 248 242 238 234 231 223 216 211 207 203 200 198 194 193 191 189 188 .05
01 848 593 501 450 417 394 377 363 352 343 336 330 315 300 292 284 276 271 267 260 258 255 251 248 .01
.25 1.40 1.49 1.48 1.46 1.45 1.44 1.43 1.42 1.41 1.40 1,39 1.39 1.37 1.38 1.35 1.34 1.33 1.33 1.32 1.31 1.31 1.30 1.30 129 25
20 A0 2.97 258 238 225 2.16 2.08 2.04 2.00 1.96 1.94 1.92 1.89 184 1.79 1.77 1.74 1.71 1.69 1.68 1.65 1.64 1.63 1.62 161 .10 20
05 435 3.49 3.10 287 27N 2.60 251 245 239 235 2.1 228 220 2.12 2.08 2.04 1.99 1.97 1.85 1.91 1.90 1.88 1.86 1.84 .05
ol 8.10 585~ 494 4.43 4.10 387 270 3.56 3.46 337 3.29 3.23 3.08 2.64 2.86 2.78 2.69 2.64 2.61 254 2.52 2.48 2.44 242 .01

|




UPPER PERCENTAGE POINTS OF THE F DISTRIBUTION (Continued)
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of for ’ df for
denom- df for nume denom-
inator stésasmlil df for numerator M Inalor.
i A 2 3 4 5 6 7 8 9 10 1 12 15 20 24 3 4 S0 6 100 120 20 50 o Pr e
25 140 148 147 145 144 142 141 140 130 139 138 137 136 134 123 13 131 131 130 130 130 120 129 128 .fg
= 10 295 256 235 222 213 206 201 187 193 190 188 186 181 178 173 170 167 165 184 161 160 159 158 15 . 22
05 430 344 305 282 286 255 246 240 234 230 226 223 215 207 203 198 194 191 189 185 184 182 180 178 .05
01 785 572 482 431 399 376 350 345 335 326 318 012 298 283 275 267 258 253 250 242 240 236 233 231 .01
25 138 147 146 144 143 141 140 139 138 138 137 1.36-135 133 132 131 130 129 120 128 128 127 127 126 25
. 10 283 254 233 219 210 204 198 194 191 188 185 183 178 173 170 167 164 162 161 15 157 15 154 153 .10 24
05 426 340 301 278 282 251 242 238 230 225 221 218211 203 188 196 189 18 184 180 179 177 175 173 05
01 782 581 472 422 390 367 350 338 326 317 300 303 280 274 266 258 249 244 240 233 231 227, 224 221 O
25 1.38 146 145 144 142 141 139 138 137 137 136 135 134 132 131 130 120 128 128 126 126 126 125 125 .25
a8 10 281 252 231 217 208 201 19 182 188 1.86 184 181 176 171 168 165 161 159 158 155 154 1.5 151 150 .10 28
05 423 337 288 274 250 247 239 232 227 222 218 215207 198 185 190 185 1.8 180 176 175 173 171 169 .05
o 7.72 553 4.84 4.14 a.82 369 3.42 3.28 .18 3.08 3.02 2.96 2,81 E:BB 258 2.50 2.42 2.36 2.33 225 223 219 2.16 213 .»m
25 138 146 145 143 141 140 139 138 137 136 135 134133 131 130 129 128 127 127 126 125 125 124 124 25 _
- 10 289 250 229 218 2068 200 194 180 18 184 181 179 174 169 - 166 163 159 157 15 153 152 150 149 148 .10 28
05 420 334 295 271 258 245 238 220 224 219 215 212204 196 191 187 182 179 177 173 171 169 167 16 .05
01 " 7684 545 457 407 375 353 336 323 312 303 296 290 275 260r 252 244 235 230 228 219 217 213 209 206 .01
25 1.38 1.45 1.44 142 1.41 1.39 1.28 1.37 136 1.35 1.35 1.34 132 1,39 1.28 1.28 127 - 1.26 1.26 1.25 1.24 1.24 123 123 .25
a0 10 288 2.49 228 2.14 2.05 1.8 183 1.88 1.85 1.82 1.79 1.77 1.72 167 1.64 1.61 1.57 1.55 1.54 151 1.50 1.48 147 148 .10 30
| 05 417 332 282 269 253 242 233 227 221 218 213 208 201 193 189 184 179 176 174 170 168 166 164 162 .05
01 756 5339 451 402 370 347 330 317 307 298 291 284 270 255 247 239 230 225 -221 213 211 207 203 201 .01
25 1.36 1.44 1.42 1.40 1.39 1.37 1.38 1.35 1.34 1.23 1.32 1.31 1.30 1.28 1.26 1.25 124 123 1.22 121 1.21 1.20 1.18 119 .25
- 10 284 244 223 209 200 193 167 183 178 176 173 1711688 161 15 154 151 148 147 143 142 141 139 138 .10 o
05 4.08 3.23 2.84 2.61 245 2.34 2.25 2.18 2.2 2.08 2.04 2.00 1.82 1.84 1.79 1.74 1.69 1.66 1.64 1.59 1.58 1.55 1.53 151 .05
o1 7.3 518 4.31 383 351 3.29 3.12 289 288 2.80 2.73 2BE 252 2.37 229 2.20 21 2.06 2.02 1.94 1.92 1.87 1.83 1.80 .01
.25 135 1.42 141 1.38 1.37 1.35 1.33 1.32 1.31 1.30 1.29 1.28 1.27 1.25 1.24 1.22 1.21 1.20 1.18 117 1.17 1.16 115 115 25
a0 10 2.79 2.39 2.18 2.04 185 1.87 1.82 Lirad 1.74 1.7 1.68 1.66 1,60 1.54 151 1.48 1.44 1.41 1.40 1.36 1.35 1.33 1.31 1.28 .10 a0
05 400 315 278 253 237 225 217 210 204 199 195 182 184 175 170 165 159 156 153 148 147 144 141 139 05
n 7.08 4,98 413 365 33 312 2.85 2.82 272 283 2.56 250 2.35 220 - 212 2.03 1.4 1.88 1.84 1.75 1.73 1.68 1.63 160 O
25 134 140 120 137 135 133 131 130 128 128 127 126 124 122 121 119 118 117 116 114 113 112 111 110 25
- 10 275 235 213 199 180 182 177 172 168 165 162 160 1.55 148 145 141 137 134 132 127 126 124 121 118 10 150
05 382 307 268 245 229 217 209 202 196 191 187 182175 188 161 155 150 146 143 137 135 132 128 125 .05
01 €85 479 385 348 317 296 279 268 256 247 240 234219 203 195 18 176 170 166 156 153 148 142 138 0f
25 1.33 1.39 1.38 1.36 1.34 1732 1.31 1.28 128 127 1.26 1.28 1.23 1.21 1.20 1.18 1.16 1.14 1.1 mn 1.10 1.08 1.08 1.08 .25
0 19 273 233 211 197 188 180 175 170 166 163 160 157 152 146 142 138 134 131 128 124 122 120 117 144 .10 s
05 289 304 265 242 226 214 206 198 193 188 184 180 172 162 157 152 148 141 139 132 129 128 122 113 05
01 878 471 38 341 311 289 273 280 250 241 234 227213 197 189 179 169 163 158 148 144 139 133 128 O
25 132 128 137 135 133 131 129 128 127 126 124 124122 119 118 116 114 143 142 109 108 107 104 100 25 |
. 0 271 230 208 184 18 177 172 167 163 160 157 155149 142 138 134 130 126 124 118 117 113 108 100 10 \
05 384 300 260 237 221 210 201 184 188 183 179 175 167 157 152 146 139 135 132 124 122 147 111 100 05 >
01 683 481 378 332 302 280 284 251 241 232 225 218204 18 179 170 159 152 147 136 132 125 115 100 .01 l




UPPER PERCENTAGE POINTS OF THE x2 DISTRIBUTION

25% area
Prix?> 10.85) =085 959 area /
Pr(x?>2383) =025 fordi=20
Pr{x? > 31.41) =005

5% area
i
zz
0 10.85 23.83 3141
Degrees Pr ‘ '
of freedom \_ | 295 990 975 950 900 750 500 250 .100 050 025 010 005
1 l 392704 x 1077 157088 x 10-% 982069 x 10-? 393214 x 10-® 0157908 .1015308 454937 1.32330 2.70554 3.84146 5.02389 6.63490 7.8;:24
2 ! .0100251 0201007 0506356 .102587 210720 575364 1.38629 2.77259 4.60517 5.99147 7.37776 9.21034 10.5! :
3 ! 0717212 114832 215795 351846 © 584375 1.212534 2.36597 4,10835 6.25139 7.81473 9.34840 11.3449 12.838
4 ' 206990 297110 484419 710721 1.063623 1.92255 3.35670 5.38527 7.77844 9.48773 11.1433 13.2767 14.8602
S 1 411740 554300 831211 ' 1.145478 1.61031 267460 4.35146 6.62568 9.23635 11.0705 12.8325 15.0863 16.7496
6 | 675727 872085 1.237347 1.63539 220413  3.45460 5.34812 7.84080 10.6446 12.5916 14.4494 16.8118 18.5476
7 [ 989265 1.238043 1.68987 2.18735 2.83311 425485 6.34581 9.03715 12.0170 14.0671 16.0128 18.4753 20.2777
8 1.344419 1.646482 2.17973 2.73264 348954  5.07064 7.34412 10.2188 13.3616 15.5073 17.5346 20.0902 21.9550
g 1.734926 2.087912 2.70039 3.32511 416816  5.89883 8.34283 11.3887 14.6837 16.91%0 19.0228 21.6660 23.5893
10 2.15585 2.55821 3.24697 3.94030 486518  6.73720 9.34182 12.5489 15.9871 18.3070 20.4831 23.2093 25.1882
11 2.60321 3.05347 3.81575 4.57481 557779  7.58412 10.3410 13.7007 . 17.2750 - 19.6751 21.9200 24.7250 26.7589
12 3.07382 357056 4.40379 5.22603 6.30380  8.43842 11.3403 14.8454 18.5494 21.0261 23.3367 26.2170 28.2995
13 3.56503 4.10691 5.00874 5.89186 7.04150  9.29906 12,3398 15.9839 19.8119 22.3621 24.7356 27.6883 29.8194
14 4.07468 4.66043 5.62872 8.57063 7.78953 10.1653 13.3393 17.1170 21.0642 23.6848 26.1190 29.1413 31.31983
15 4.60094 5.22935 6.26214 7.26094 854675 11.0365 14.3389 18.2451 22.3072 24.9958 27.4884 30.5779 32.8013
16 5.14224 581221 6.90766 7.96164 931223 11.9122 15.3385 19.3688 23.5418 26.2962 28.8454 31.9909 342672
17 5.69724 6.40776 7.56418 8.67176 10.0852 127919 16.3381 20.4887 24.7690 27.5871 30.1910° 33.4087 35.7185
18 6.26481 7.01491 B.23075 9.33046 10.8649 13.6753 17.3379 21.6049 25.9804 28.8693 31.5264 34,8053 37.1584
19 6.84398 7.63273 8.90655 10.1170 11.6509  14.5620 18.3376 22.7178 27.2036 30.1435 32.8523 36.1908 38.5822
20 7.43386 8.26040 9.59083 10.8508 124426  15.4518 19.3374 23,8277 28.4120 31.4104 34.1696 37.5662 39.9068
21 8.03366 8.89720 10.28293 11.5913 13.2396  16.3444 20.3372 24.9348 29.6151 32 6705 35.4789 38.9321 41.4010
22 8.64272 9.54249 10.9823 12.3380 14.0415  17.2396 21,3370 26.0393 30.8133  + 33.9244 36.7807 40.2894 42.7956
23 9.26042 10.19567 11.6885 13.0905 14.8479 181373 22.3369 27.1413 32.0069 35.1725 38.0757 41.6384 44.1813
24 9.88623 . 10.8564 12.4011 13.8484 15.6587  19.0372 233367 28.2412 33.1963 36.4151 39.3641 42.9798 455585
25 10.5197 11.5240 13.1197 14.6114 16.4734  19.9393 24.3366 29,3389 34,3816 37.6525 40.6465 44,3141 46.9278
26 11.1603 12.1981 13.8439 15.3791 17.2919  20.8434 25.3364 30.4345 35.5631 38.8852 41.9232 45.6417 48.2899
27 11.8076 12.8786 14.5733 16.1513 16.1138  21.7494 26,3363 31.5284 36.7412 40.1133 43.1944 46.9630 49,6449
28 12.4613 13.5648 15.3078 16.8279 16.9392  22.6572 27.3383 32,6205 - 37.9159 41.3372 44.4607 48.2782 50.9933
29 13.1211 14,2565 16.0471 17.7083 19.7677  23.5666 28.3362 33.7109 39.0875 42.5569 457222 49.5879 52.3356
30 -13.7867 14.9535 16.7908 18.49286 205982 244776 29.3360 34.7998 40.2560 437729 46.9792 50.8922 53.6720
40 20.7065 22,1643 24.4331 26.5093 29.0505. 33.6603 39.3354 45,6160 51.8050 55.7585 59.3417 63.6007 66.7659
50 27.89907 29.7067 32.3574 34.7642 37.6886  42.9421 49,3349 56.3336 63.1671 67.5048 71.4202 76.1539 79.4900
60 35.5346 37.4848 40,4817 43.1879 46.4589  52.2938 50,3347 66.9814 74.3970 79.0819 83.2976 88.3794 91.9517
70 43.2752 45.4418 48.7576 51.7393 553290  61.6983 69.3344 77.5766 85.5271 90.5312 95.0231 100.425 104 21
80 51.1720 53.5400 57.1532 60.3915 64.2778  71.1445 79.3343 88.1303 96.5782 101.879 106.629 112.329 115.32?
90 ' 59.1963 81.7541 65.6466 69.1260 73.2012  80.6247 89.3342 98,6499 - 107.565 113.145 118.136 124,116 128.299
100* 67.3276 70.0648 74.2219 77.9295 823581  90.1332 99.3341 109.141 118.498 124.342 129.561 135.807 140.169
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45

$8&8H38E&H S

100
150
200

K=1

1.373

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
1.654
1.720
1.758

oy

1.400
1.356
1332
1.320
1.320
1.324
1.331
1.340
1.350
1.361
137
1.381
1.391
1.401
1411
1.420
1.429
1.437
1.448
1.454
1.461
1.469
1.476
1483
1.489
1.496
1.602
1.508
1514
1.519
1.525
1.530
1.535
1.540
1.544
1.566
1.585
1.601
1.616
1.629
1.641
1.652
1.662
1671
1.679
1.687
1.694
1.748
1.778

k=2

R . R

d

0.467
0.559
0.629
0.697
0.658
0.812
0.861
0.905
0.946
0.882
1.015
1.046
1.074
1.100
1.125
1.147
1.168
1.188
1.206
1.224
1.240
1.255
1.270
1.284
1.297
1.309
1.321
1.333
1.343
1.354
1.364
1.373
1.382
1.391
1.430
1.462
1.490
1.514
1.536
1.554
1.571
1,586
1.600
1612
1.623
1.634
1.706
1.748

duy

1.898
1777
1.699
1.641
1.604
1.579
1.562
1.551
1.543
1.539
1.536
1.835
1.536
1.537
1.538
1.541
1.543
1.546
1.550
1.553
1.556
1.560
1.563

-1.567

1.570
1.574
1.577
1.580
1.584
1.587
1.590
1.594
1.597
1.600
1.615
1.628
1.641
1.652
1.662
1.672
1.680
1.688
1.696
1.703
1.708
1.715
1.760
1.789

2192

SON d STATISTIC: SIGNIFICANCE POINTS OF g, AND dy AT 0.05 LEVEL OF SIGNIFICANCE

K'=3

k'=4

k=5

k'=6

kf

=7

k=8

d

1.480

1.525
1.543
1.560
1.575
1.5689
1.602
1.613
1.693
1.738

dy

d

dy

dy

du

d,

dy

d

dy

K=9

d duy

2.287
2,128
2.016
1.928
1.864
1.816
1.779

1.750

1.728
1.710
1.696
1.685
1.676
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
1.654
1.655
1.656
1.658
1.859
1.666
1.674
1.681
1.689
1.696
1.703
1.709
1.715
1.721
1.726
1.732
1.736
1.774
1.789

0.206
0.376
0.444
0.512
0.574
0.632
0.685
0.734
0.779
0.820
0.859
0.894
0.927
0.958
0.986
1.013
1.038
1.062
1.084
1.104
1.124
1.143
1.160
1.177
1.183
1.208
1222
1.236
1249
1.261
1.273

1.285°

1.336
1378
1414
1.444
1471

1.4%4
1515
1.534
1.550
1.566
1.579
1.592
1.679
1.728

2.588
2414
2,283
2177
2,004
2.030
1.977
1.935
1.800
1.872
1.848
1.828
1.812
1.797

1.785

1.775
1.767
1.750
1.753

1.747
1.743
1.739
1.735
1.732
1.730
1.728
1728
1.724
1.723
1.722
1.722
1.721
1.720
1.721
1.724
1.727
1.731
1,735
1.739
1.743
1.747
1.751
1,756
1,758
1.768
1.810

2,645
2506
2,390
2.296
2220
2.157
2.104
2.060
2,023
1.991
1.964
1,840
1.920
1.902
1.886
1.873
1.861
1.850
1.841
1.833
1.825
1.819
1.813
1.808
1.803
1.799
1.795
1792
1.789
1.786
1.776
17711
1.768
1.767
1.767
1.768
1.770
1772
1.774
1.778
1.778
1.780
1.802
1.820

0.549

0.595
0.637
0.677
0.715
0.751

0.784
0.816
0.845
0.874
0.800
0.926
0.950
0.972
0.994
1.015
1.034
1.053
1.071

1.088
1.104
1.120
1.189
1.246
1.294
1.335
1.370
1.401

1.428
1.453
1.474
1.494
1512
1.528
1.637
1.687

k'=10

e
———

d

dv

0.127 3.360
0.175 3.216
0.222 3.080
0.272 2.975
0.321 2.873
0.369 2.783
0.418 2.704
0.461 2.633
0.504 2.571
0.545 2.514
0.584 2.464
0.621 2.419
0.657 2.379
0.691 2.342
0.723 2.309
0.753 2.278
0.782 2.251
0.810 2.226
0.838 2.203
0.861 2.181
0.885 2.162
0.908 2.144
0.930 2.127
0951 2.112
0970 2.098
0.990 . 2.085
1008 2.072
1.089 2.022
1.156 1.986
1.212 1.959
1.260 1.939
1.301 1.923
1.337 1910
1.369 1.901
1.397 1.893
1.422 1.886
1.445 1,881
1.465 1.877
1.484 1.874
1.608 1.862
1675 1.863

0.424
0.465
0.506
0.544
0.581
0.616
0.650
0.682
0.712
0.741
0.769
0.795
0.821
0.845
0.868
0.891
0.912
0.932
0.952
1.038
1.110
1.170
1.222
1.266
1.305
1.339
1.368
1.396
1.420
1.442
1.462
1.594
1.665

2.238
2.216
2.198
2.180
2.164
2.149
2.088
2.044
2010
1.984
1.964
1.948
1.935
1.925
1.916
1.909
1.803
1.888
1.877
1.874
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