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Instructions for Candidates

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

2. Answer any Five questions out of Seven.

3. All questions carry equal marks.

4.  Use of simple non-programmable calculator is allowed. Statistical tables are attached
for your reference.

5. Answers may be written either in English or Hindi; but the same medium should
be used throughout the paper.
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1. State whether the following statements are True or False. Give reasons for your

answer

(i) The assumptions made by the classical linear regression model (CLRM) are
not necessary to compute OLS estimators.

(i) In the model Y =B + B X, + B, X, + ¢, if X, and X, are negatively
correlated in the sample and B, > 0, omitting X, from the model will bias
b,, downward [i.e., E(b,,) < B,] where b, is the slope coefficient in the
regression of Y on X, alone.

(iii) In cases of high multicollinearity, it is not possible to assess the individual
significance of one or more partial regression coefficients.

(iv) In the presence of heteroscedasticity, the usual OLS method always
overestimates the standard errors of estimators.

(v) The Durbin-Watson d test assumes that the variance of the error term g 1S
homoscedastic. (3x5=15)

TR0 & Sfofad &9 @8 & o ol J I ® HRU §4R|

(i) Wi Y& i dedr (CLRM) 8R &1 78 gRome OLS SFAmehl ol
T R @ o w8 B

(i) e Y, = B, + B,X, + B,X, + g, if X, F, A X, W X, T ¥ Tehren

T ¥ gedaha € 3R B, > 0, WA ¥ X, W BRA A b, AN A AR A7
B [aeh, E(b,) < B,] W b, FA@ X, W Y & Wewee ¥ zow i
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2. From the annual data for the cement sector for 1990-2022 the following regression
results were obtained for the

PRF: fn}’ = ﬁl + ﬁzhl K + ﬁ:{ Iﬂ L +- ﬂ‘i t + £

Model 1 : Y =281+0.53InK+0.6!InL+0.,047 ¢
se (1.38) (0.44)  (0.14) (0.006)
RSS =332.1
Model 2 : In(Y /L) =-0.11+0.18 In (K/L) + 0.006t

0.03)  (0.05)  (0.006)
RSS =362.04  p value of F test = 0.000 d=10.86

Y = index of real output, K = index of real capital input, L = index of real labour
input. t = time or trend.
(i) Interpret the coefficient of In (K/L) in model 2.

(1) What additional information will you need to conduct a goodness of fit test

for model 1 and how will you use it?

(i) Test that B, + B, = 1 i.e the sector faces constant returns to scale.

(iv) Can we infer that model 1 is better than model 2 as it has a higher R2?

Why?

(v) Test at 1% level of significance if model 2 suffers from first order
autocorrelation. Which test will you use to check if this model suffers from

second order autocorrelation? (3x5=15)

1990-2022 & forg dc &7 & affer snest & Remww IV =B+ B, K +
BilnL+ Byt +e B Re Frfafes shemT TRoE T BT

P
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~ Model 1: MY =281 +0.53InK+0.61InL+0.047t
se  (1.38) (0.44)  (0.14) (0.006)
RSS = 332.1
Model 2 : In(Y7L) =-0.11+0.18 In (K/L) + 0.006t

(0.03)  (0.05) (0.006)
RSS =362.04  p value of F test = 0.000 d=0.86

Y = RIS I F1 qEertan, K - A Go $99¢ N GUE, L = awdfa
W TC W TIEE, (= Wy @ g

(i) W 2 | In (K/L) & woner ot =awen Sl

(ii)ﬁgﬂﬁ?ﬁ'ﬂwgﬁmqﬂmaﬂ%%maﬂﬂaﬁaﬁ#ﬁﬁrﬁﬁm
F JEEEHA BN IR AT TEET ITANT DA A7

(iii) wET G & B, + B, = 1 aF T TN W RR Ret &1 qeFn e
2l

(iv) 1 &9 gE IAM RN Wha B fF Aled 1 Aied 2 ¥ qBW B wih 3@
R? e 27 A7

(v) af dfedr 2 WO dIfe & EEEEEY ¥ T B, A 1% qodEHd ®R W Gq
el g7 W @ g v fre adew @ o w3 o g e @
W%ﬁﬂ:mﬂ%mé?l

Two researchers are investigating the effects of time spent studying on the
examination marks earned by students on a certain course. For a sample of 100
students, they have the examination mark, M, total hours spent studying.
H, hours on primary study. P, and hours spent on revision, R. By definition.
H =P+ R The sample means of H, P, and R are 100 hours, 95 hours, and 5
hours, respectively and the standard deviations of the distributions of H, P, and
R are 10,1, 10.1. and 2.1. respectively. Mean examination marks earned by
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students are 25. Researcher A decides to regress M on P and R and fits the
following regression :

Regression A: M =456+ 0.15P + 021 R

Se = (2.8) (0.03) (0.14)
Researcher B decides to regress M on H and P, with regression output.
Regression B: M =45.6 + 0.21 H - 0.06 P.

Se = (3.4) (0.07)  (0.04)

(1) Give an interpretation of the coefficients of regression A.

(1) Perform t tests of the significance of the coefficients of P and R in regression
A.

(1) The researcher says that the insignificant coefficient of R is to be expected
because the students, on average, spent much less time on revision than on

primary study. Explain whether this assertion is correct.

(iv) Calculate elasticities of examination marks with respect to hours of primary

study for both the regressions.

(v) Do you think there is a problem with both the regressions? Why/why
not? (

Y]

x5=13)

aﬁuamfwﬁﬁaawwm“aﬁiﬁm%aﬁwmm
A A WD I R W R 3100 IR R W@ TR R R gd
e qden Rrew, o, T ¥ fEw e W, va, wefe R W W, @ sk
wME W R B2, 3 ¥ 9RW & @R, H = P+ R, H. P, AR & T
AT A 100 W, 95 WS 3R 5 W ¥ K H. P, aﬁtR%ﬁﬁma}ww
fmem w10, 100 3k 2 2l oAl TEm aRfa sted W siw o5
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4.

Regression A: M =456 +0.15P + 0.21 R
Se = (2.8) (0.03) (0.14)
WB%mwa}m@@zﬁw@aﬁqﬁmwmﬁﬂn

Regression B: M =456 + 021 H - 0.06 P.
Se = (3.4) (0.07)  (0.04)

(i) T A F i A wwm A
(i) AT A ¥ P gk R & womat @ Wew Wt WQET I

(ii) PUFE T FET R g @ g qovE A IA A A ARY FD
ol X WaRe sEw @ g ¥ dRuT W Ee a5 0 w e
¢ & == @' @ W@ #

(iv)ﬁﬁm%mmﬂmm%ﬂﬁ%wﬂﬁm%aﬁaﬁ@a
@ A i

(v)wmaﬁmﬁﬁ?aﬁfwﬁwﬁﬁém%?ﬂ,ﬁaﬁ?

Dependent Variable- Y: Life Expectancy
Explanatory Variables-
X,: Number of Under Five Deaths,

X,: Polio Immunization Coverage,

X,: Per capita Govt. Expenditure on Health Care,

X: Per Capita GNI (in Rs.),

X,: Dummy for Democracy = | if the country is a democracy and 0 otherwise

No. of observations: n = 180 countries for the year 2017
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MODEL 1: Y = -23.659 + 982X, ~ 0.057X, + .000472X, + 00033X, + 782X,

MODEL 2 : Y, = 99.02 + 445X,

Se (4233 (0.127)

(1) How will you test the hypothesis that the impact of an additional Rupee of
Per capita Govt. Expenditure on Health Care is same as the impact of an
additional Rupcee of Per Capita GNIon Life expectancy in MODEL 17

(11) Show that for MODEL 2 the coefTicient of X, 1s an unbiased estimator of the
true impact of X, on Y,

(i) What are the consequences on the quality of OLS estimates if being a

Democracy or not is an irrelevant variable?

(1iv) Which of the parts (i) and (i1) above will you not be able to answer if it was
known that the errors are not normally distributed for both MODEL 1 and

MODEL 2?

(v) How will yoﬁ construct a 95% confidence interval for the mean predicted
life expectancy? What determines the width of this interval? (3x5=15)

FHE W- Y : Siad o
faaromeE aRadt -

X, U ¥ FH OIF G A A e,
X, : diferar wfaesor et

3

X,: Wfd =fdd WER @R [WHE W o,

4

X,: o = e (eR ¥),

5

X,: ¥ WR RA = | R I ¥ Awad T JW 0 FWA
feoftal &t ww@m af 2017 @ fo
n =180 2w

ET0.
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A I Y, = 2
i ~23.65¢ R
59 4 982X, 0.657X, 000472X, + 00033X, + 782X
{ 5 4]

g2 Yoo ‘
1 )t
).[]2 1 445X1

Se
(42.33)  (0.127)

(i) 39 T TRy
pr iy Wﬂﬂweﬁ%aﬁﬁ%wﬁtmﬁamﬁwaﬁﬁaﬂ
5 W&an: dETE W a dfee 1 W oitad wearm Wi e
W ® gHF 27 | o

(i) feam & wieq
2 & foau :
N X, @ IR Y W X, ® ArEE B A

(i) AFET B |
T BN v gl W2
oy q9 ATATE  FAAA FIuE

(iv) 3 T g (;
(1) 3 (i) ¥ 2
ii) T A AN AT IR oA A gEH A8 BA
, e o o qfedt A v @ Aiee 1 SR e 2 A4 fafka
- . 2 & fom

(v) 39 SHeE= Wearam
T v & FT W @ fow 95% fvErer s
I N e W Feike w27 T

5. T f 1] . g .
W .

se=(14204) (1.6859) (8
; 33
R2 = 0.8787 d=E}.64 ") (0399

X = percent unemployment rate
D =1 for 1998-2005

=0 if otherwise
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(1)

(if)

(111)

(V)

(v)

9

What are the estimated equations of the Phillips curve for two periods 1998-

2005 & 2006-20217

Are differential intercept and slope cocfTicients individually statistically
significant?

Suppose the error component of the model is distributed as an AR(1) scheme.

N - ot . . ] t}
How would you test for the presence ol serial correlation in the model’

One of the researchers thinks that the following model would be appropriate

for the relation between Y and X.

- 1y 1
Ve = By + B2Dc + B3 (:Y—) + B4 Dy ('X"') + BsVe-1 + &
t t
How can a test for the presence of serial correlation be performed for this

model?

If the regression function is given as

o 1
Ye = B+ B (X—)+5t
t

and tests have concluded that ¢ suffers from AR(1). How would you

use Generalized Least Squares (GLS) to correct for the problem of

autocorrelation? (3x5=15)

1993%2021ﬁmmm%mmmwa§mm

M 47

1 1
7, = 10.078 — 10.337D, — 17.549 (7) +38173D,(3)
t t

se = (1.4204) (1.6859) (8.3373) (9.399)
R2=(.8787 d=0.64

WE Y = 9 Her oW @ gueid ¥ ad-w-ad wawme qRedT
veq = yfosd SRAWmd &
:1998-2005 & forw & = 1

0 af? F=aem

PT.O.
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(i) 1998-2005 3R 2006-2021 &) @ aaftdl # fg fHEw W w
FAEOT HT B?

(ii)wmmﬁW'Wmﬁﬁnﬁwﬁﬂw“a i L

(i) T A R Sew B 3R wew @ AR(1) doen ¥ A FORT T
21 o9 e ¥ o weewy o guRuR o wdem B HAT

(iv) T e A 2 o Pl de v ok X B A FE B T I
BT

51+Bch+33(1)+34Dt(x)+55yt' Tk

@ e B v Afae weday o) SuRufy @ fog e @ fe S EE
2l

(v) ot & wew @ W X R @

51"‘52( )+5t

ﬁ?qﬁﬂﬁ%mm%ﬁ?lslAR(l)%'ﬁfgﬁﬁl WA geaay i qHEl
! ¥ w - v aEEIgT =EER @ (GLS) @ IwEn R i’

The wage rate per month (in §) for 50 employees (25 males and 25 females) was
regressed on education (in years), experience (in years), Age (in years) and a
dummy variable which takes value 1 for males and 0 otherwise.

WAGE = 648 + 132*EDUC + 38.0*EXPER - 5.83*AGE + 488*DUMMY MALE +e¢,
(383)  (31.7) (13.0)  (7.69) (147) R?=0.457

(standard errors in parentheses)

(i) Test for equality of variances of male and female wages if the sample variance
of wages for males is 23,589 $? and females is 19,382 $2.

(ii) Do wages of male and female employees differ statistically?
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(i) Describe the specification that can be used to model that impact of education
on wages is sensitive to gender? How will you (est the statistical significance

of this sensitivity?

(iv) Describe a specification that can be used to model a conjecture that increase
in age from 25 to 26 years will have more impact on wages than if the age

increased from 50 to S1. How will you test this conjecture?

(v) How will the estimates of the regression cocefficients change if another

rescarcher using the same data takes a dummy for females DUMMY _ FEM
(3x5=15)

which is | for females and 0 otherwise?

50 F@IRAl (25 qeul 3R 25 #RWNA) & fow wfy 7 woed o (e #) fen

(auf #), svE (ot ¥), g (a9 F) IR vF S W W gew @ forw 7
aar 2 3k 0 =

WAGE = 648 + 132*EDUC + 38.0*EXPER - 5.83*AGE + 488*DUMMY_MALE +e,

(383) (31.7) (13.0) (7.69) (147) R2=0.457

(Fresw A w=E Fear)
(i) e HR ARBeA & IoT F AR A @A B forg qdewr A AR g
& g #ogd @1 A Fa 23,589 $2 3R wRenst @ faw 19,382 §? 2

(i) ¥ qeu 3R #fgen wHARA @ AT wierd T ¥ e #7

(i) 38 fafds &1 avir Fifse e IwanT diew & fow fvar s wwar 2 6
a9 R farem @1y foir @ wfe e 27 39 39 Gacdiear @ aiRaea
HET @ GUET HA FA 7 '

(iv) v Rfdm @ @i @ fee SN s TR @ RT R ST wwe
2 f6 25 & 26 ad At g ¥ gfe o wA9gd W HEw WA W AR g
50 ¥ 5] @& d¢ Wl Bl AT TW FGA N YALU DY HAA?

(v) afe &R 321 &1 I FA A U H Muchdl Aeerst @ v vE @
o 2, 5t #fgenst @ fow DUMMY  FEM 2, &t #feemst & fow 1 @ 3k

Far 0 2, A AR OTE R OIAA DY qERd 7

PT.O.
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7.

Two individuals fit earnings functions relating EARNINGS (Salary carned per

: sest indivi does it
year) to S (number of years of school education). The first individual

correctly and obtains the result
Earning 8, = —13.93 + 2.41’)&‘1 kg

o 2 j aining
The second individual makes a mistake and regresses S on EARNINGS, obt g

the following result :

Si= 12.29+ 0.070EARNINGS; + wi

p-value  (025)  (.028)

(i) From this result the second individual derives

EARNING S = —175.57 + 14.29 S + &,

Explain why this equation is different from that fitted by the first individuals.

(i) Prove that the r? obtained from these two regressions will be the same.

(iii) Find the value of r2.

(iv) An expert suggests to the first individual that by excluding experience (EX)

from her regression, she will not obtain unbiased estimator of the coefficient

of S. Explain with proof that the expert is correct.

(v) An expert recommends that the researchers should test for heteroscedasticity
using the White’s General test for a model with Earnings as the dependent
variable and both S (number of years of school education) and EX (number
of years of experience) as regressors. List the steps involved in conducting
this test. The first individual found the p value of the White’s General test
to be 0.003. She also found using Park’s test that the p value of the coefficient

of In Si) was 0.00042. How can she use this information to run a Weighted

Least Square model? (3x5=15)
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A (v af sffe AwT) A S (w fen @ oW @) Gwn) ¥ wad F FE
¥ O wfem fhe AR R usar wifd @ @R TN A W R Ik oRomw WA F
2

Earning s 13.93 + 2,468, + ¢,

T WA vE TR A R IR A W 5 @ 63 &% 3 2, femd ROy
Aot oRow w81 2
Si= 12.29 + 0.070EARNINGS, + w,

p-value (.025) (.028)

(i) =@ oo } THC AT Fea=A Fwal B
EARNING S, = -175.57 + 14.29 §, + ¢,

o oY & 98 SHe TR @fdd EN oNTY U eET @ B @&
27

(i) e #ifve & =@ 3 sfome @ o= © 999 8
(i) r & A9 Fd FITl

(iv) v fasvs veer @fdm & go <ar 2 % s wfose & e (EX) &t
TSR, T8 S P T F A0 FHE W T8 HAN TG D G GG
& fasa @& 2

(v) v fasosr &t fawiRer 2 fF Musaist & @ dta @ v @ @ 9w
qhE F ITAN FA §¢ fawEiEa & foy wdew Fwn afty, e s
WE A FE AR AR S (TR fen & A A F) IR OEX (i
@ qul g ger) g @ w9 ¥ B 3@ wH @ A W WRE oy o
A Y| B AR A ®EC & GMNG SIS & p AT 0.003 UmEn IEY
UE & UAE W ITRT FRA g A8 N T & In Si F 0w @ p ower
0.00042 M1l AT T WA (WLS) #HEw &l 9o & o0 a8 50 wmad
F IWRT HE I GEHA 27

ET.0.
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APPENDIX E! STATISTICALTABLES 517

TABLE E-1a AREAS UNDER THE STANDARDIZED NORMAL DISTRIBUTION
TABLE £ AREASUNDERTHE STANDARDIZED NORMALDISTRIBUTION

Example 04730
Pr(0=Z=196) = 0.4750
]"r{?. =219) =05~ 04750 = 0.025
o 0
01 02 03 04 05 06 07 i 9
0.0 .0000 .0040 .0080 0120 0160 0199 .0239 0279 .0319 -3322
0.1 0398 0438 .0478 0817 0557 0596 .0636 0675 0714 .07
0.2 0793 .0832 .0871 0910 ,0948 .0987 1026 1064 .1103 141
0.3 1179 A217 1285 1203 1331 1368  .1406 ..1443 1480 1517
0.4 .1554 1591 1628 .1664 .1700 1736 A772 .1808 .1844 1879
0.5 1915 .1950 .1985 2019 .2054 2088 2123 2157 .2190 2224
0.6 2257 2291 2324 2357 2389  .2422 2454 2486 2517 2549
0.7 2580 2611 2642 2673 2704 2734  .2764 2794 2823 2852
0.8 2881 2910 .2939 .2967 2995 3023 3051 3078 3106 3133
0.9 3159 3186 3212 3238 3264 3289 3315 .3340 3365 .3389
1.0 3413 .3438 .3461 .3485 3508 3531 .3554 3577 3599 .3621
1.1 3643 .3665 .3686 .3708 3729 3749 3770 3790 .3810 .3830
1.2 .3849 .3869 .3888 3907 3925 .3944 .3962 .3980 .3997 4015
1.3 4032 .4049 4066 .4082 .4099 4115 4131 4147 4162 A177
1.4 4192 4207 4222 4236 4251 4265 4279 4292 4306 4319
15 4332 4345 .4357 4370 4382 4394 4406 4418 4429 4441
1.6 4452 4463 4474 4484 4495 4505 4515 4525 4535 4545
1.7 4454 4564 4573 4582 4591 .4599 4608 4616 4625 .4633
1.8 4641 4649 4656 4664 4671 4678 4686 4693 4699 A706
1.9 4713 AT19 4726 4732 4738 4744 4750 4756 4761 4767
2.0 4772 4778 4783 4788 4793 4798 .4803 4808 4812 4817
2.1 4821 .4826 .4830 4834 .4838 4842 4846 4850 4854 4857
22 .4861 4864 .4868 4871 4875 .4878 .4881 4884 4887 4890
23 .4893 4896 .4898 .4901 .4904 4906 4909 4911 4913 4916
24 4918 4920 4922 4925 .4927 4929 4931 4932 4934 4936
25 4938 .4940 .4941 4943 4945 4946 4948 4949 4951 4952
2.6 4953 .4955 .4956 4957 4959 .4960 4961 4962 4963 4964
2.7 .4965 .4966 .4967 .4968 .4969 4970 4971 4972 4973 4974
2.8 4974 4975 4976 4977 4977 4978 4979 4979 .4980 .4981
2.9 4981 4982  .4982 4983 4984 4984 4985 4985  .4986  .4986
3.0 4987 4087  .4987 4988 4988 4989 4989 4989  .4990  .4990

Note: This table gives the area in the right-hand tail of the distribution (L.e., Z = 0). But since the normal distribution is symmetrical about
Z=0,the areain m“};ﬂmm {ail is the same as lhe area in the corresponding right-hand tail. For example, P(-1.96 < Z < 0) = 0.4750,
Therelore, P(~1.96 < Z < 1.96) = 2(0.4750) = 0.95.
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TABLE E-1b CUMULATIVE PROBABILITIES OF THE STANDARD NORMAL DISTRIBUTION

R
Entry la area A under tha slandard normal curve lrom = (g Z(A)

z 00 01 02 03 04 05 .06 07 .08 .09
0 5000 5040 5080 5120 5160  .5109 5239 5270  .5319 5359

A 5308 5438 5478 5517  .6557 5506 5638 5675  .5714 5753
2 5793 6832 5871 5910 5948 5987 6028  .6064  .6103 6141
3 6179 6217 6255 6293  .6331 6368 6406 6443  .6480 6517
4 8554 6591 6628  .6664  .6700  .6736 6772 6808  .6844 6879
5 915  .6950 698§  .7019  .7054 7088  .7123 7157  .7190 7224
6 7257 7281 7324 7357 7389  .7422  .7454 7486  .7517 7549
7 7580 7611 7642 7673 7704 7734 7764 7794 7823 7852
8 7881 7910  .7939  .7967 7995  .8023  .8051 8078  .8106 8133
3 8159 8186  .8212  .8238  .8264  .8289  .8315 8340  .8365 8389
1.0 8413 8438 8461  .8485  .8508  .8531 8554 8577 8599 8621
1.1 8543 8665 8686  .8708  .8729  .8749 8770 8790  .8810 8830
12 8840 8859  .8888  .8907  .8925  .8944  .8962  .B980 - .8997 9015
13 9032 0049  .0066  .9082 9099  .9115 9131 9147 9162 9177
1.4 91%2 8207 9222  .9236 9251  .9265 9279  .9292  .9306 9319
15 933 8345 9357  .9370 9382  .9304  .9406  .9418  .9429 9441
16 0452 9453  .9474 9484 9495 9505 9515 9525  .9535 9545
1.7 9554 9584 9573  .9582 9591 9599  .9608  .9616  .9625 9633
1.8 9641 9840 9656 0664  .9671  .0678  .9686  .9693  .9699 9706
1.9 9713 6719 9726  .9732 9738  .9744 9750 9756  .9761 9767
20 g772 o778 9783  .9788  .9793  .9798  .9803  .9808  .9812 9817
2.1 9821 ©826  .5830 9834  .9838  .9842 9846  .9850  .9854 9857
22 o861  .9884  .9868  .9871 9875  .9878  .9881  .9884  .9887 .9890
23 o893  .9896  .9898  .9901 9904  .9906  .9909  .9911  .9913 9916
24 9918 9920  .9922  .9925  .9927  .9929  .9931  .9932  .9934 9936
25 9938 9940  .9941  .9943 9945  .9946  .9948  .9949  .9951 9952
26 9953 9955 9956  .9957  .9959  .9960  .9961 9962  .9963 9964
27 9965 9966  .9967  .9968  .9969  .9970  .9971  .9972 . .9973 9974
28 0974 9975  .9976  .9977 9977  .9978 9979  .9979  .9980 9981
29 9981 9982  .0982  .9983  .9984  .9984  .9985 9985  .9986 9986
3.0 9987 9987  .9987  .9988  .9988  .9989  .9989  .9989  .99%0 9990
3.1 9990  .9991  .9991  .9991 9992 9992  .9992  .9992  .9993 9993
32 9993 9993  .9994  .0994  .9994  .9994  .9994 9995  .9995 9995
33 .9995 ,9995 8995  .9996 9996 .9996 9996  .9996 .9996 9997
3.4 9997 9997 9997  .9997  .9997  .9997 9997  .9997  .99%7 9998

Selecied Percentiles

Cumulative probabity A | 90 |~ 95 | 975 | 98 | 99 | 995 | 999
| 2576 | 3.000

ZA: | 1282 | 1645 | 1960 | 2.054 | 2.3%

PT.O.
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APPENDIX E:

STATISTICAL TABLES 519

TABLEE-2 PERCENTAGEPOINTSOFTHE tDISTRBUTON ~~~——

Example
Pr(t > 2.086) = 0.025

Pr(t>1.725) = 0.05 ford.f. =20
Pr{t| > 1.725) = 0.10
005 0.001
Prl 025 0.10 0.05 0.025 0.01 0.0
d.f 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
9.925 22.327
2 0.816 1.886 2.920 4.303 6.965 ; e
3 0.765 1.638 2.353 3.182 4.541 5—?4‘64 7-173
4 0.741 1533 | 2132 2.776 3.747 4. '
5 0.727 1.476 2,015 2.571 3.365 4.032 g-ggg
6 0.718 1.440 1.943 2.447 3.143 3.707 ;
7 0.711 1.415 1.895 2.365 2.998 3.499 4.785
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 2228 2.764 3.169 4144
11 0.697 1.363 1.796 2.201 2.718 3.106 4,025
12 0.695 1.356 1.782 2.179 2.681 3.055 '3.930
13 0.694 1.350 1.771 2.160 2.650 3.012 3.852
14 0.692 1.345 1.761 2.145 2.624 2.977 3.787
15 0.691 1.341 1.753 2.131 2.602 2.947 3.733
16 0.690 1.337 1.746 2.120 2.583 2.921 3.686
17 0.689 1.333 1.740 2.110 2.567 2.898 3.646
18 0.688 1.330 1.734 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 2.528 2.845 3.552
21 0.686 1.323 1.721 2.080 2518 2.831 3.527
22 0.686 1.321 1.717 2.074 2.508 2.819 3.505
23 0.685 1.319 1.714 2.069 2.500 2.807 3.485
24 0.685 1.318 1.71 2.064 2.492 2.797 3.467
25 0.684 1.316 1.708 2.060 2.485 2787 3.450
26 0.684 1.315 1.706 2.056 2479 2779 3.435
27 0.684 1.314 1.703 2.052 2473 2.771 3.421
o8 0.683 1.313 1.701 2.048 2.467 2763 3.408
o9 0.683 1.311 1.699 2.045 2.462 2.756 3.306
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 | o677 | 1289 | 1658 1.980 2.358 2617 3.160
o | o674 | 1282 | 1645 1.960 2.326 2.576 3,090

Note: The smaller probability shown at the head of each column is the area in one tail:

is the area in both tails.

Source: 8. Pearson and H. O. Hartley, eds., Biomelrika T; _
o Ee University Press, New York, 1966. Reprod a Tables for Statis

Table 12, Cambridg
of Biometrika.

uced by permission

the larger probability

ticians, vol, 1, 3rd ed.,
of the editors and trustces
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25 58 750 820 858 882 898 910 919 926 932 936 941
10 3990 4950 5360 5580 5720 5820 5890 5940 5990 6020 6050 6070
161.00 200.00 21600 22500 230.00 234.00 237.00 239.00 241.00 242.00 243.00 244.00

TABLE E-3 UPPER PERCENTAGE POINTS OF THE F DISTRIBUTION
S —
Example
Pr(F > 1.59) = 0.25 5% area
Pr(F >2.42) = 0.10 for d.f. Ny, = 10 1% arca
Pr(F > 14) = 0.05 and Ny =9 /
Pr(F > 5.26) = 0.01 0 T F
S —
d.f for
denom- d.L. for numerator N,
inator s
N Pr 1 2 3 4 5 6 7 8 9 10 1" 12
B2
1

05

25 257 300 315 323 328 331 334 335 337 338 339 338
2 10 853 900 916 924 929 933 935 937 938 939 940 941

05 1850 1900 1920 1920 1930 1930 1340 1940 1940 1940 1940 19.40

01 9850 99.00 9920 9920 9930 9930 9940 9940 9940 9940 9940 99.40

202 228 2.36 239 241 242 243 244 244 244 245 245

25
3 10 554 546 539 534 531 528 527 525 524 523 522 522
05 1010 955 928 912 901 894 889 88 881 879 876 874
O 3410 3080 2950 2870 2820 2790 27.70 2750 2730 2720 2710 27.10
25 181 200 205 206 207 208 208 208 208 208 208 208
4 10 454 432 419 411 405 401 398 395 394 392 391 390
05 771 604 659 639 626 616 609 604 600 596 59 591
01 2120 1800 1670 1600 1550 1520 1500 14.80 1470 1450 14.40 1440
25 163 185 188 189 18 18 - 18 189 189 189 189 1.89
5 10 406 378 362 352 345 340 337 334 332 330 328 327
05 661 579 541 519 505 495 488 482 477 474 471 468
01 1630 1330 1210 1140 1100 1070 1050 1030 1020 10.10 996 9.89
25 162 178 178 179 179 178 178 178 177 177 117 177
6 10 378 348 329 318 311 305 301 298 29 294 292 290
05 589 514 476 453 439 428 421 415 410 406 403  4.00
01 1370 1090 978 915 875 847 826 810 798 787 779 772
25 157 170 172 172 17 171 170 170 169 169 169 168
7 10 359 328 307 206 288 283 278 275 272 270 288 267

.05 559 4.74 435 4.12 397 387 379 37 368 364 3.60 3.57
.01 1220 9.55 B45 785 746 7.19 699 6.84 672 882 6.54 6.47

25 154 166 167 166 166 165 164 184 163 183 163 162
8 10 346 311 292 281 273 267 262 259 25 254 252 250
05 532 446 407 384 369 358 350 344 339 335 331 328
of 1130 865 759 701 663 637 618 603 591 581 573 567

25 151 162 163 163 162 161 160 160 159 159 158 1sg
9 10 336 301 281 269 261 255 251 247 244 242 240 238
05 512 426 386 363 348 337 329 323 318 314 310 307
01 1060 802 699 642 606 580 561 547 535 526 518 5qg

Source: From E. S. Pearson and H. O, Hartley, eds., Blometrika Tables for Statisticians, vol.1.3rded-.1'abl018.cunmageuﬁwsiw_'
Press, New York, 1966. Reproduced &y permission of the editors and trustees of Biomeirika.

210
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I

d.l. for
denom-
d.f. for numerator N, ] inatr
15 20 24 30 40 50 60 100 120 200 500 o« Pr |M
S 5 T
949 958 963 967 971 974 o976 o978 980 982 984 0.85 .25
§1.20 6170 6200 6230 6250 6270 6280 6300 6310 6320 6330 63.30 .10 !
24600 24800 24900 25000 25100 25200 25200 25300 25300 25400 25400 254.00 05
341 343 343 344 345 345 346 347 347 348 348 248 25
942 944 945 946 947 947 947 948 948 949 949 949 .10 €

19.40 1940 1950 1950 1950 1950 1950 1950 1950 19.50 19.50 19.50 .05
9940 9940 9950 9950 9950 9950 9950 9950 ©9.50 9950 9950 9950 .01
245 246 246 247 247 247 247 247 247 247 247 247 .25
520 518 518 517 516 515 515 514 514 514 514 513 .10 3
870 B66 864 8.62 859 858 857 855 855 854 853 853 .05
2690 2570 2660 2650 2640 2640 2630 2620 2620 2620 2610 26.10 .01

208 208 208 208 208 208 208 208 208 208 208 208 .25
387 38 383 38 380 380 379 378 378 377 376 376 .10 4
s8s 580 577 575 572 570 569 566 566 565 564 563 .05
1420 1400 1380 1380 1370 1370 1370 1360 1360 1350 1350 1350 .01

1.89 1.88 1.88 1.88 1.88 1.88 1.87 1.87 1.87 1.87 1.87 1.87 .25
324 321 3.19 3.17 3.16 3.15 3.14 313 3.12 3.12 3.1 3.10 .10 5
4.62 456 453 4.50 4.46 4.44 4.43 .41 4.40 4,39 437 436 .05
9.72 9.55 9.47 9.38 9.29 9.24 9.20 9.13 9.1 9.08 9.04 9.02 .01

1.76 1.76 1.75 1.75 1.75 1.75 1.74 1.74 1.74 1.74 1.74 1.74 .25
287 284 282 280 2.78 2.77 2.76 275 2.74 273 273 272 .10 6
354 387 384 3.81 3.77 3.75 3.74 3.7 3.70 3.69 3.68 3.67 .05
756 740 731 723 7.14 7.09 7.06 6.99 6.97 6.93 6.90 6.88 .01

1.68 167 167 1.66 1.66 1.66 1.65 1.65 1.65 1.65 165 165 .25
263 259 258 2.56 254 252 2.51 2.50 249 2.48 248 247 10 7
351 34 341 338 334 3.32 3.30 3.27 3.27 3.25 324 3.23 .05
6.31 616 6.07 599 = 591 5.86 5.82 575 5.74 570 567 565 .01

1.62 1.61 1.60 1.60 1.59 1.59 1.59 1.58 1.58 1.58 158 1.58 '.25
248 242 240 238 2.36 2.35 234 2.32 2.32 2.31 230 229 .10 8
322 315 3,12 3.08 3.04 2.02 3.01 2.97 297 2.95 294 2983 05
552 5.38 5.28 5.20 5.12 5.07 5.03 4.96 4,95 4,91 4.88 486 .01

157 1s6 156 155 155 154 154 153 153 153 153 153 25
234 230 o228 225 223 222 221 219 218 247 217 216 .10 9
3.01 294 2.90 288 283 2.80 2.79 2.76 275 273 272 271 05
496 481 473 465 AS7T 452 448 442 440 436 433 431 Of
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TABLE E-3 UPPER PERCENTAGE POINTS OF THE F DISTRIBUTION (CONTINUED) - —
d.. for
denom- d.l. for numerator Ny - —
inal
Ne D Pr 1 2 3 4 5 6 g 8 ] 10 1 12
e
25 149 160 160 189 189 188 157 158 166 158 189 ;-:"
10 o 320 292 273 261 252 248 241 235 235 222 2% 228
05 496 410 371 348 33 322 314 307 302 298 294 201
01 1000 756 655 599 564 5§30 520 508 494 485 477 4T
25 147 158 158 157 158 155 154 183 153 152 152 15
1 o 823 286 266 254 245 239 214 280 227 225 228 22
05 484 398 359 336 320 309 301 295 290 285 282 279
o1 965 721 622 567 532 507 480 474 463 454 446 440
25 146 156 156 155 154 183 152 151 151 1s0 150 149
12 30 318 281 261 248 239 233 228 224 221 219 217 215
05 475 389 349 326 311 300 291 285 280 275 272 269
01 933 693 595 541 506 482 464 450 439 430 422 416
25 145 155 155 153 152 151 150 149 149 148 147 147
13 Jo  a14 276 256 243 235 228 223 220 216 214 212 210
os 467 381 341 318 303 292 283 277 271 267 263 260
o1 907 670 574 521 486 462 444 430 419 410 402 396
25 144 153 153 152 151 150 149 148 147 146 146 145
14 J0 310 273 252 239 231 224 219 215 212 210 208 205
‘05 460 374 334 311 29% 285 276 270 265 260 257 258
.01 88 651 556 504 4.69 446 428 414 403 394 386 380
25 143 152 152 151 149 148 147 146 146 145 144 144
15 J0 307 270 249 236 227 221 216 212 209 206 204 202
05 454 2368 329 306 290 279 27N 264 2590 254 251 248
‘o1 868 636 542 480 456 432 414 400 389 380 373 367
25 142 151 151 150 148 147 146 145 14 144 144 143
15 10 305 267 248 233 224 218 213 209 206 203 201 199
05 449 263 324 301 285 274 266 259 254 249 246 242
01 853 623 529 477 444 420 403 389 378 369 362 355
25 142 151 150 149 147 146 145 144 143 143 142 141
17 J0 303 264 244 231 222 215 210 206 203 200 198 196
05 445 359 320 2968 281 270 261 255 249 245 241 238
01 840 611 518 467 434 410 393 379 368 359 352 346
25 141 150 149 148 148 145 144 143 142 142 141 140
18 J0 301 262 242 229 220 213 208 204 200 198 196 193
‘05 441 355 316 2983 277 266 258 251 246 241 237 2.34
o1 820 601 500 45 425 401 384 371 360 351 343 337
25 141 149 149 147 148 144 143 142 141 141 140 1.40
19 10 299 261 240 227 218 211 206 202 198 196 1.4 1.91
‘o5 438 352 313 290 274 263 254 248 242 238 234 23l
o1 818 6563 501 450 417 394 377 363 352 343 336 3.30
26 140 149 148 146 145 144 143 142 141 140 139 139
20 10 297 259 238 225 216 209 204 200 186 194 182 189
05 435 349 310 287 271 260 251 245 239 235 231 228
01- 810 585 494 443 410 387 370 356 346 337 329 323

PT.O.
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153 1&
22¢ X
<2835 277
458 L4
1R 1.48
217 2w
272 268
425 410
148 1.4
210 205
262 294
401 385
145 1.45
205 a;m
283 245
382 385
1.44 1.£3
20 1%
245 23
ass 351
1. 1.41
157 1=
243 23]
352 3%
141 1.40
1 1282
235 228
3.41 325
140 132
19 185
23 223
iyl 318
1538 138
189 184
227 219
322 308
138 1.37
186 181
223 216
315 3.0
137 135
184 1.79
220 212
309 294

1.41
1.20

139
187
224
318
1.38
1.84
219
308

1.37
1.81
215
3.00

136
1.79
21
292

135
1.77
2,08
2.86

1.5
2.16
270
425
1.48
2.08
257
i

145
201
2.47
3.70
1.43
1.98

351
1.41
1.91
231

1.40
187
225
321

133
124
219
3.10
137
1.81

215
3.00

1.36
1.78
2.1
2.92

1.35
1.76
2.07

1.34
1.74
2.04
2.78

20

41 tor numerator Ny

40 50 0 100
1.51 150 150 149
213 212 21 209
2.66 264 2.62 259
417 412 408 40!
1.47 1.47 1.47 1.46
205 204 2.03 2.00
253 251 2.49 246
386 ast 3.78 an
1.48 1.44 1.44 1.43
1.99 1.97 1.96 1.94
243 2.40 2.38 235
362 357 3.54 3.47
1.42 142 142 141
163 192 190 188
234 2.31 2.30 226
343 338 334 327
1.41 1.40 1.40 1.39
189 187 1.8 1.83
2.27 224 222 2.19
327 322 318 311
1.39 1.39 1.38 1.38
1.85 1.83 1.82 1.79
220 218 216 212
313 308 305 298
147 137 136 136
1.81 179 178 176
215 212 211 207
302 297 293 286
136 135 135 134
178 176 175 173
210 208 206 202
292 287 283 276
1.35 1.34 134 133
1.75 1.74 1.72 1.70
206 204 202 1.98
284 278 275 2.68
1.34 133 133 132
1.73 1.71 1.70 1.67
203 200 1.68 1.94
276 2T 267 260
1.33 1.33 1.32 1.31
1.711 169 1.68 1.65
1.99 197 195 191
269 264 2.61 2.54

120

1.49
2.08
2.58
4.00
1.46
2.00
2.45
3.69

1.43
1.93
2.34
3.45
1.41
1.88
2.25
325
1.39
1.83
2.18
3.09

1.37
1.79
2.1
2.96

1.35
1.75

2.84

1.34
1.72
2.01
2.75

1.33

1.97
2.66

1.32
1.67
1.93

1.31
1.64
1.90
2.52

APPENDIXE GTATISTICAL TABLES 523

e ———
200 500 o Pr
) -
149 148 1.48 25
2.07 2.06 2.06 10
306 3 93 391 .01
4 145 145 25
jgo 198 197 10
243 242 240 .05
je6 362 360 O
143 142 142 2
192 191 180 10
o2 231 230 05
341 3.38 33 .01
140 1.40 140 25
1.86 1.85 1.85 .10
023 222 221 .05
322 3.19 3.17 .01
139 1.38 138 25
182 180 180 10
»16 214 213 .05
306 303 300 .01
137 136 136 25
177 176 176 .10
240 208 207 .05
292 289 287" .01
135 1.34 134 25
174 173 172 .10
204 202 201 .05
281 278 275 .01
134 133 133 25
171 169 169 .10
199 197 196 .05
271 268 265 .01
132 132 132 25
168 1.67 1.66 .10
195 1983 192 .05
262 259 257 .01
131 131 130 .25
165 164 163 .10
191 189 188 .05
255 251 243 .01
130 130 129 25
163 162 161 .10
188 186 184 05
248 244 242 01

a.l lar

inator
M,

10

11

12

13

14

15

16

17

18

19
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TABLE E-3 UPPER PERCENTAGE POINTS OF THE FDISTRIBUTION (CONTINUED)

21

d.l. lor
denom- d.1. for numerator N,

inator i

N Pr 1 2 3 4 5 6 7 8 9 10 1" 12

25 140 148 147 145 144 142 141 140 139 139 138 1.37

2 40 295 256 235 222 213 206 201 197 193 190 188 188

05 430 1344 305 282 266 255 246 240 234 230 226 223

01 785 572 482 431 399 376 369 345 335 326 318 312

25 130 147 146 144 143 141 140 139 138 138 137 138

24 10 293 254 233 219 210 204 198 194 191 1.88 185 183

05 426 340 301 278 262 251 242 238 230 225 221 218

of 78 S61 472 422 39 367 350 336 326 317 309 303

25 138 146 145 144 142 141 139 138 137 137 136 1.35

26 30 2981 252 231 217 208 201 196 192 183 186 1.84 181

05 423 337 298 274 259 247 239 232 227 222 218 215

01 772 553 464 414 382 359 342 320 318 309 302 29

25 138 146 145 143 141 140 139 138 137 136 135 134

28 J0 289 250 229 216 206 200 184 190 187 184 181 1.79

05 420 334 295 271 256 245 236 220 224 219 215 2.12

01 764 545 457 407 375 -353 336 323 312 303 296 2.90

25 138 145 144 142 141 139 138 137 136 135 135 1.34

30 J0 288 249 228 214 205 198 193 188 18 182 179 1.7

05 447 33 292 269 253 242 233 227 221 216 213 209

o1 755 539 451 402 370 347 - 330 317 307 298 291 284

25 135 144 142 140 139 187 136 136 134 133 132 1.31

40 40 284 244 223 209 200 193 187 18 179 176 173 17

05 408 323 284 261 245 234 225 218 212 208 204 200

of 731 518 431 383 351 329 312 289 289 280 273 266

25 135 142 141 . 138 137 135 133 132 131 130 129 129

60 j0 279 239 218 204 195 187 182 177 174 171 168 166

05 400 315 276 253 237 225 217 210 204 199 185 192

of 708 498 413 365 334 312 205 282 272 263 256 250

25 134 140 139 137 135 133 131 130 129 128 127 126

120 10 275 235 213 189 190 18 177 172 168 165 162 160

05 392 307 268 245 229 217 209 202 1% 191 187 183

01 685 479 395 348 317 296 279 266 256 247 240 234

25 133 139 138 138 134 132 131 129 128 127 126 125

200 10 273 23 211 197 18 180 175 170 166 163 160 157

05 389 2304 265 242 226 214 206 198 193 188 184 180

01 676 471 388 341 311 289 273 260 250 241 234 227

25 132 1239 137 135 133 131 129 128 127 125 124 124

oo 10 27 230 208 194 185 177 172 167 163 160 157 155

05 384 2300 280 237 221 210 201 194 18 18 179 175

01 663 461 2378 332 302 280 264 251 241 23 225 218

PTO.
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d.l. for
d.!, for numerator N, m“"
15 20 24 30 4 s e 100 120 200 850 < Pr N
136 134 138 132 131 13 130 130 130 129 129 128 25 i
181 176 173 170 167 165 164 161 160 159 158 157 .10
215 207 203 198 194 191 189 185 164 182 18 178 .05
208 283 275 267 258 253 2850 242 240 236 233 231 01
135 138 13 131 130 120 120 128 128 127 127 126 2
178 173 170 167 164 162 181 158 157 156 154 15 .10 24

241 203 188 194 183 186 184 1.80 1.7 177 175 173 .05
289 274 266 258 249 244 240 233 231 227 224 221 .0

1.4 132 131 1.30 1.29 1.28 1.28 1.26 1.26 1.26 1.25 1.25 25
1.76 1.71 1.68 1.65 1.61 1.59 1.58 1.55 1.54 1.53 1.51 1.50 10 26
207 199 185 1.90 1.85 1.82 1.80 1.76 1.75 1.73 1.71 1.69 .05
2.81 265 258 2.50 242 236 233 225 223 2.19 2.16 2.13 .01

1.33 1.31 1.30 129 1.28 1.27 1.27 1.26 1.25 1.25 1.24 1.24 .25
174 169 166 163 159 157 15 153 152 150 149 148 .10 28
2.04 1.86 1.91 1.87 1.82 1.79 1.77 1.73 1M 1.69 1.67 1.65 05
275 260 2.52 244 235 2.30 2.26 219 217 2.13 2.09 2.06 01

132 130 129 128 1.27 126 1.26 1.25 1.24 1.24 123 1.23 25
1.72 167 164 1.861 1.57 1.55 154 1.51 1.50 1.48 1.47 1.46 .10 30
201 183 189 1.84 1.79 1.7¢ 1.74 1.70 168 1.66 1.64 1.62 05
270 255 247 239 230 225 221 213 an 207 203 201 .01

130 128 126 125 124 123 122 121 121 120 119 119 25
166 161 157 154 ‘151 148 147 143 142 141 139 138 .10 40

102 184 179 174 169 166 164 159 158 155 153 151 05 _
252 237 229 220 211 206 202 184 1982 18 18 180 .0
127 125 124 122 121 120 119 147 117 116 115 115 .25
160 154 151 148 144 141 140 136 135 133 131 129 .10 60
184 175 170 165 159 156 153 148 147 144 141 139 05
235 220 212 203 184 188 184 175 173 168 163 160 .01

124 122 121 149 148 147 116 134 113 142 141 110 .25
155 148 145 141 137 134 132 127 128 124 121 119 .10 120
175 166 161 155 150 146 143 137 135 132 128 125 05
219 203 195 186 176 170 168 158 153 148 142 138 01

123 1.21 1.20 1.18 1.16 1.14 1.12 1.11 1.10 1.09 1.08 1.06 25
152 145 142 138 134 131 128 124 122 120 147 144 g0 200
172 162 157 152 146 141 139 132 129 126 122 149 s
213 197 18y 179 169 163 158 148 144 139 133 128 o1

122 119 148 116 114 113 L2 109 108 107 104 100 25
149 142 138 134 130 126 124 118 L7 138 108 100 10 | o
167 157 152 146 139 135 132 128 122 197 411 109 o8
204 188 y79 470 159 152 147 136 132 125 115 100 o
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TABLE E-4 UPPER PERCENTAGE POINTS OF THE x? DISTRIBUTION

S
95% area 25'% area
Example
Pr(x?> 10.85) = 0.95 5% area
Pr(y¥>23.83) =025 fordf =20 /
Pr(x? > 31.41) = 0.05 g
0 10.85 238 N4
L R,
rees Pr '
o e 995 990 975 950 i
1 392704 x 1010 157088 X 10~ 982069 x 107° 393214 X 107° 0158
2 0100 0201 0506 1026 2107
3 0717 1148 .2158 3518 .5844
4 2070 2971 4844 7107 1.0636
5 4117 5543 8312 1.1455 1.6103
6 6757 8721 1.2373 1.6354 2.2041
7 ,9893 1.2390 1.6899 2.1674 28331
8 1.3444 1.6465 2.1797 2.7326 3.4895
9 1.7349 2.0879 2.7004 3.3251 41682
10 2.1559 25582 3.2470 3.9403 4.8652
11 2.6032 3.0535 3.8158 45748 5.5778
12 3.0738 3.5706 4.4038 5.2260 6.3038
13 3.5650 4.1069 5.0087 5.8919 7.0415
14 40747 4.6604 5.6287 6.5706 7.7895
15 4.6009 5.2294 6.2621 7.2609 8.5468
16 5.1422 5.8122 6.9077 7.9616 9.3122
17 5.6972 6.4078 7.5642 8.6718 10.0852
18 6.2648 7.0149 8.2308 9.3905 10.8649
19 6.8440 7.6327 8.9066 10.1170 11.6509
20 7.4339 8.2604 9.5908 10.8508 12.4426
21 8.0337 8.8972 10.2829 11.5913 13.2396
22 8.6427 9.5425 10.9823 12.3380 14.0415
23 9.2604 10.1957 11.6885 13.0905 14.8479
24 9.8862 10.8564 12.4011 13.8484 15.6587
25 10.5197 11.5240 13.1197 14.6114 16.4734
26 11.1603 12.1981 13.8439 15.3791 17.2919
27 11.8076 12.8786 14.5733 16.1513 18.1138
28 12.4613 13.5648 15.3079 16.9279 18.9392
29 13.1211 14.2565 16,0471 17.7083 19.7677
30 13.7867 14,9535 16.7908 18.4926 20.5992
40 20.7065 22.1643 24.4331 26.5093 29.0505
50 27.9907 29.7067 32.3574 34,7642 37.6886
60 35.5346 37.4848 40.4817 43.1879 46.4589
70 43.2752 454418 48.7576 51.7393 55.3290
80 51.1720 53.5400 57.1532 60.3915 64.2778
190‘ 59.1963 61.7541 65.6466 69.1260 73.2912
00 67.3276 70.0648 74.2219 77.9295 82.3581

For d.1. greater than 100 the expression V222 = V/[2k = 1) = Z oliows the slandardized normal distribution, where K represents tho

degrees of freedom.

PT.O.
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I e ———
.010 .005
750 500 250 100 050 e
L ... ... .
6349 7.8794
1015 4540 1.3233 2.7055 gsa1b e 52103 10.5966
5754 v 27726 4.6052 5.9915 0.3484 11.3449 12.8381
12125 2.3660 4.1084 6.2514 7.8147 » 13.2767 14.8602
1.9226 8.3567 5.3853 7.7794 9.4877 11.1433 - -
26746 4.3515 6.6257 9.2364 11.0705 12.8325 12‘033151 39 12‘232
3.4546 5.3481 7.8408 10.6446 12.5916 14.4494 . 3-4753 Y. g
42549 S o032 teor0 140671 ISBEL 5000 21,9550
5.0706 7.3441 10.2188 13.3616 15.5073 17.5346 o i sy
5.8988 8.3428 11.3887 14.6837 16.9190 19.0228 21.666 3.5893
67372 9.3418 12.5489 15.9871 18.3070 20.4831 23.2093 25.1882
7.5841 10.3410 13.7007 17.2750 19.6751 21.9200 24.7250 26.7569
84384 11.3403 14.8454 18.5494 21.0261 23.3367 26.2170 28.2995
9.2991 12.3398 15.9839 19.8119 22.3621 24,7356 27.6883 29.8194
10.1653 13.3393 17.1170 21.0642 23.6848 26.1190 29.1413 31 .31 93
11.0365 14.3389 18.2451 22.3072 24.9958 27.4884 30.5779 32.8013
11.9122 15.3385 19.3688 23,5418 26.2962 28.8454 31.9999 34.2672
12.7919 16.3381 20.4887 24.7690 27.5871 30.1910  * 33.4087 35.7185
13.6753 17.3379 21.6049 25.9894 28.8693 31.5264 34.8053 37.1564
145620 18.3376 227178 27.2036 30.1435 32.8523 36.1908 38.5822
15.4518 19.3374 23.8277 28.4120 31.4104 34.1696 37.5662 ~ 39.9968
16.3444 20.3372 24,9348 29.6151 32,6705 35.4789 38.9321 41.4010
17.2396 213370 26.0393 30.8133 33.9244 36.7807 40.2894 427956
18.1373 22.3369 27.1413 32.0069 35.1725 38.0757 41,6384 44.1813
19.0372 23.3367 28.2412 33.1963 36.4151 39.3641 42,9798 '45.5585
19.9393 24.3366 29.3389 34,3816 37.6525 40.6465 44.3141 46.9278
20.8434 25.3364 30.4345 35.5631 38.8852 41.9232 45.6417 48.2899
21,7494 26.3363 31.5284 36,7412 40.1133 43.1944 46.9630 49.6449
22,6572 27.3363 32,6205 37.9159 41,3372 44,4607 48.2782 50.9933
23.5666 28.3362 33.7109 39.0875 42.5569 45.7222 49.5879 52.3356
24.4776 29.3360 34.7998 40.2560 437729 46.9792 50.8922 53.6720
33,6603 39.3354 45.6160 51.8050 55.7585 59.3417 63.6907 66.7659
42.9421 49.3349 56.3336 63.1671 67.5048 71.4202 76.1539 79.4900
22.2933 59.3347 66.9814 ;;-:Z;t: ;:-0:19 83.2976 88.3794 91.9517
1.6983 69.3344 77.5766 : 5312 95.0231 1 '
71.1445 703343 - 88.1303 96.5782 101.879 106.629 1?2'323 1?;:2;12?
806247 893342 asigs 10755 1S 1ia1s 124.116 128.299
90. 118.498 4 . - .
1332 99.3341 109.141 342 129.561 135.807 140.169

24

Source: Abridged from E. S. Pearson
University Press, New York, 1966. Reprod

and H. O. Hartley, eds., Blometrika Tables for Statisticians,
uced by permission of the editors and trustees of

vol, 1, 3rd ed., Table 8
Biometrika, . Cambridge
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TABLE E-5a DURBIN-WATSON o STATISTIC: SIGNIFICANCE POINTS OF d, AND d, AT 0.05 LEVEL OF

SIGNIFICANCE .
I ————
A= K2 [ K- ket =8 Kn? ) K=0 k=1
n & & 4 4 & & 4 & & & & d & & o o o % % %
DEW 140 — @ — @ — e e m e = e e, = e T
0700 1356 0467 1896 — - s - -— -_— - -_ — - - o — - - -
0OTEl 1332 0558 1777 08 2287 — — o= - - - - - - i i - - =
0824 1320 0629 1609 0455 2128 0.206 2588 — — - i - -
0672 1320 0.697 1.641 0525 2018 0370 2414 0243 2822 — - = - — - — = = -
0827 1324 0658 1804 0505 1828 0.444 2283 0JI18 2645 0203 2005 — — — — @— == G SE
0871 1331 0812 1572 0658 1.864 0512 2177 0379 2506 0.268 2832 0471 3140 — — — — o
1010 1240 0851 1562 O715 1.816 0574 2004 0445 2390 0328 2602 0230 2085 0147 3268 — — - -
3360 — -

1045 1350 0805 1551 Q767 1.779 0632 2030 0.505 2208 0389 2572 0.286 2848 0200 3.111 0127
1077 1361 0946 1543 0S¥ 1750 0685 1977 0562 2220 0447 2472 0343 2727 0251 2979 0.175
1105 1371 0882 1.5% O0SS7 1728 0734 1925 0815 2,157 0502 2388 0398 2.624 0304 2860 0222 2.090

1133 1881 1018 1536 0897 1710 OJ79 1.900 0.664 2.104 055 2318 0451 2537 0386 2757 0272 2975 0.198 3184
LIS 1391 1046 1535 0833 1695 D20 1.872 0710 2060 0603 2257 0502 2481 0407 2667 0321 2873 0244 3073
1180 1.401 1074 1535 0957 1685 0859 1.848 0752 2023 0649 2206 0549 2396 0456 2589 0369 2763 02%0 297
1201 1411 1100 1537 0998 1676 0894 1.828 0792 1091 0692 2.162 0595 2339 0502 2521 0416 2704 03% 2885
1221 1420 1125 1538 1.006 1660 0027 1.812 0820 1964 0732 2724 0637 2200 0547 2460 D461 2633 0380 2.808
1235 1429 1147 1541 1053 1664 0958 1.797 0863 1.940 0769 2.090 0.677 2246 0588 2407 0504 2.571 0424 2734
1257 1437 1168 1563 1078 1.660 0888 1.785 0895 1.920 0.804 2061 0715 2208 0628 2350 0545 2514 0465 2.670
1273 1.466 1188 1546 1.101 1.656 1.013 1775 0825 1902 0837 2.035 0.751 2.174 0666 2318 0584 2.464 0506 2813
1288 1454 1205 1550 1123 1654 1038 1.767 0853 1886 0868 2.012 0784 2144 0.702 2280 0621 2419 0544 2560
1302 1461 1224 1553 1143 1652 1.062 1.759 0979 1873 0857 1.892 0816 2117 0.735 2246 0657 2.379 0581 2513
1316 1469 1240 155 1.162 1.651 1084 1.753 1004 1.861 0825 1.974 0845 2093 0767 2216 0631 2342 0616 2470
1328 1476 1255 1550 1181 1650 1.104 1.747 1028 1.850 0951 1.958 0.874 2071 0798 2.188 0723 2305 0650 2.431
1341 1483 1270 1553 1198 1650 1.124 1.743 1.050 1841 0675 1.944 0900 2052 0.826 2.164 0753 2278 O.

1352 1482 1284 1567 1214 1.850 1.143 1739 1.071 1.833 0998 1931 0828 2034 0.854 2.141 0782 2251 0712
1963 1496 1297 1570 1229 1650 1160 1.735 1.090 1.825 1.020 1.920 0950 2018 0.879 2120 0810 2226 0741 2.333
1373 1502 1309 1574 1264 1650 1.177 1732 1109 1819 1.041 1909 0.972 2004 0904 2102 0836 2203 0769 2306
(383 1508 1.321 1577 1258 1651 1183 1730 1.127 1813 1.061 1900 0994 1991 0927 2085 0861 2.181 0.795 2281
1383 1514 1333 1590 1271 1652 1208 1728 1.144 1808 1.080 1.891 1015 1.979 0.850 2068 0885 2.162 0.821 2257
1402 1516 1.¢3 1554 1283 1853 1222 1726 1160 1803 1.097 1884 1034 1957 0.B71 2054 0908 2144 0845 2238
1411 1535 1954 1587 1206 1854 1238 724 1175 1789 1114 1877 1.053 1.057 0.991 2041 0830 2127 0.868 2216
1419 1530 1364 1590 1307 1655 1249 1723 1190 1795 1131 1870 1071 1948 1011 2029 0951 2.912 0891 2.198
1427 1535 1373 1534 1318 1556 1261 1.722 1204 1702 1.146 1.864 1088 1939 1.029 2017 0970 2098 0912 2180
1435 1540 1382 1597 1328 1658 1273 1.722 1218 1789 1.161 1.850 1.104 1932 1.047 2007 0990 2085 0832 2.164
1442 1544 1391 1600 1338 1659 1.285 1721 1230 1786 1.175 1.854 1120 1.924 1.064 19897 1008 2.072 0852 2.148
1476 1566 1430 1615 1283 1668 1338 1720 1287 1776 1.238 1835 1.189 1895 1.138 1958 1089 2022 1.038 2088
1503 1585 1462 1623 1421 1674 1.378 1721 1335 1771 1201 1822 1246 1.875 1201 1830 1156 1.986 1.110 2044
1528 1601 1490 1641 1452 1681 1414 1724 1374 1768 1.334 1.814 1204 1861 1253 1909 1212 1.950 1.170 2.010
1540 1516 1514 1.652 1480 1630 1444 1.727 1.408 1767 1372 1.808 1.335 1.850 1.208 1.694 1260 1.830 1222 1.984
1557 1529 1536 1662 1500 1666 1471 1731 1438 1767 1404 1.805 1370 1843 1.306 1852 1301 1.923 1266 1.964
1583 1541 1554 1672 1525 1703 1494 1735 1484 1768 1433 1.802 1401 1837 1369 1.873 1337 1.910 1.305 1.948
1568 1652 1571 1.680 1543 1708 1515 1.739 1487 1.770 1.458 1.801 1428 1.834 1.399 1.867 1389 1.801 1339 1.835
1611 1662 1586 1688 1560 1715 1534 1743 1507 1772 1480 1.801 1.453 1831 1.425 1.851 1397 1.853 1369 1.925
1624 1671 1600 1.6B3 1575 1.721 1550 1.747 1525 1.774 1500 1.801 1474 1829 1448 1.857 1422 18886 1396 1.916
1635 1679 1612 1703 1589 1728 1568 1.751 1542 1776 1518 1801 1494 1827 1489 1854 1445 1.881 1420 1.909
1645 1687 1623 1709 1602 1732 1.579 1.755 1557 1778 1505 1802 1512 1.827 1480 1.852 1465 1877 1442 1903
1654 1604 163 1715 1613 1738 1562 1758 1571 1.780 1550 1.803 1528 1.626 1.506 1.850 1484 1874 1462 1.898
1720 1748 1708 1.760 1603 1.774 1679 1.788 1665 1802 1651 1817 1637 1832 1622 1847 1608 1.862 1504 1877
1756 1778 1748 1.789 1738 1799 1728 1810 1.718 1.820 1707 1.831 1.697 1841 1.686 1852 1675 1.863 1.665 1874

3218 0.111 3.438
0.155 3.304

8382333.‘:338&8333Hﬂam:akw353&2323&122;;:;;:;a:a..qa

PToO.
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26

-1 k'= 32

k=13

n 4 4 & & 4 &

16 0088 358 — —
17 0138 5878 0087 3587
18 Q177 3265 0123 141
19 0220 3159 0160 333§
20 0263 3083 0200 32M
21 0307 2876 0240 114d
22 0349 2897 0261 3057
23 0391 282 0322 2979
24 0431 2751 0362 2908
25 0470 2702 0.400 2544
26 0508 2549 0438 2784
27 0544 2600 0475 2730
28 Q578 2555 0510 2680
25 0612 2515 0544 2634
30 0643 2477 QS77 2532
31 0674 2443 0508 2553
32 0703 2471 0638 2517
33 0731 2332 0568 2484
34 0758 2355 0685 2454
a5 0723 2330 0722 2425
35 0808 2308 0748 2298
37 0831 2285 0772 2374
38 0.854 2265 0.786 2.351
39 0875 22¢6 0819 2329
40 0.896 2228 0B40 2309
45 0888 2.156 0938 2225
50 1.064 2103 1018 2163
55 1.128 2.062 1.087 2.116
60 1.184 2031 1145 2078
65 1.231 2006 1.185 2049
70 1272 1866 1239 2028
75 1308 1970 1277 2.008
80 1.340- 1.957 1311 1991
85 1.369 1.948 1342 1977

0.078
0114
0.145
0.182
0.220
0259
0297
0.335
037
0.409
0.445
0479
0512
0545
0.5786

1.206
1.247
1.283
1.315

B0 1.395 1937 1369 1968 1344
95 1418 1929 1394 1956 1370
100 1439 1923 1.416 1.948 1.393
150 1579 1802 1.564 1.808 1.550
200 1.654 1.885 1.643 1.896 1.632

1603
3.498
3385

1.068
1.124
1.172
1215
1.253
1.287
1.318
1.345
1371
1.838
1.621

2733
2692
2654
2619
2586
2555
2526
2.499
2473
2367
2.207
2225
2177
2138
2,108
2.080
2059
2.040
2.025
2012
2.000
1.840
1.919

1.202
1.321
1.247
1.51%
1.610

a2
3.050
2,992
2937
2887
2.840
2.796
2,754
2718
2.680
2648
2614
2585
2557
2439
2350
228
2227
2183
2148
2.118
2093
2073
2,058
2.040
2,026
1.056
1.831

k=18

8R822288
S EEEE 1 AR

1.296
1.324
1.504
1.509

I

I

&
s
n
e.
s
&
&
&
|

P
!

[

“1.480
1.588

[

i

arma
3650
3572
2494
3.420
3.349
3283
3219
3.160
3103
3.050
3.000
2954
2810
2868
2.829
27192
2757
2.724
2586
2479
2396
2330
2276
2232
2195
2.165
2139
2118
2097
2.080
1.889
1.955

(0 O T T T |

0.048
0.070
0.094
0.120
0.149
0.178
0.208
0.238
0269
0.299
0.329
0.359
0.388
0.417
0.445
0.472
0.499
0.525
0.644
0.747
0.836
0913
0.980
1.038
1.090
1.136
1177
1.213
1.247
1.2m
1474
1.576

Pt

2235
2.201

2472
2.148
2.126
2.108
2.006
1.967

&

[ T T T O I

0.044
0.065
0.087
0.112
0.138
0.166
0.195
0.224
0.253
0.283
0.312
0.340
0.369
0.397
0.424
0.451
0.477
0.598
0.703
0.795
0874
0.944
1.005
1.058
1.108
1.149
1.187
1222
1.253
1.458
1.565

&

(I T T O B B

3773

3.702

3.632
3.563
3.495
3431

3.368
3.309
3.252
3.198
3.147
3.099
3.053
3.009
2.868

2,929
2.892
273
2810
2512
2434
23N
2318
2275
2238
2.206
2179
2.156
2135
2023

1.079

&
&

1l
Pl

0.041 3.790
0.060 3.724
0.081 2.658
0.104 3.592
0.120 3.528
0.156 3.465
0.183 3.406
0.211 3.348
0239 3293
0.267 3.240
0.295 3.1%0
0.323 3.142
0.351 3.097
0.378 3.054
0404 3.012
0.430 2974
0.553 2.807
0.660 2.675
0.754 2671
0.836 2.487
0908 2419
0.871 2.362
1.027 2315
1.076 2.275
1121 2241
1,160 2.211
1.197 2.186
1.229 2.184
1.443 2.040
1.554 1991

Note: n = number of observaltions,

Source: This tabie is an extension of he

Correlation with Exireme Small Samples o Many
Econometrica, vol. 48, September 1980, p. 1554.

Example E.1.
Ifn=40andk’ =4,d, =1.285 anddy = 1.721.1facomputed d value s less than

1.285, there is evi
than 1721! the

d lies between

re is no evi

K = number of explanatory variables excluding the conslant term.
original Durbin-Watson table and is reproduced from N. E. Savin and K. J, whit

Regressors.” Econometrica, vol. 45, November 1977, pp. 1989~96 and as 8, "The Durbin-Watson Tes! for Serial
RAeprinied by permission of the Econometric Society.

the lower and the upper limit, there is incong]

regarding the presence ot absence of positive first-order scrial correlation.

dence of positive first-order serial correlation: if it
dence of positive first-order serial cor'

corrected by R. W. Farebrother,

is greater

relation; but if

usive evidence
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TABLE E- T :
T CAS::CEDUHBIN WATSON ¢ STATISTIC: SIGNIFICANCE POINTS OF o, AND dy, AT 0.01 LEVEL OF

i) k=2 k=2 k= A= B K =0 K= 7 K m-p K =0 k=19
noA % 4 k4 4 A A d A A G d b o a & B H W
6 03%0 1142 — o o . _ B T
7 0435 1038 000 1678 — o - — - —-— - — i - e _ _ = e -
8 0497 1003 023a5 1480 0220 2102 ~— - - - - — -~ =3 — - - o - -
9 0554 0998 0408 1389 0279 14875 0183 248 — — o~  —~ . _ = =
10 0604 1.001 0486 1.332 02340 1.733 0230 2183 0.150 20600 — — —_ — = _ - _ =k ==
11 0653 1070 0OS19 1297 0306 1640 0286 2030 0191 2453 0.124 2892 _ -— —_— — - —_ i

2280 0.164 2665 0.105 3.053 — _ =

12 0697 1023 0569 1274 0.449 1675 0339 1913 0244 —
13 0738 1038 OB16 1261 0430 1526 0.391 1826 0294 2150 0.211 2490 0.140 2.838 0090 3182 —

14 0776 1.05¢ 0650 1.054 0547 1430 0441 1.757 0343 2049 0.257 2354 0.183 2667 0.122 2081 0078 3.287
15 0811 1070 0700 1.252 0581 1464 0488 1704 0391 1067 0303 2244 0226 2530 0.161 2817 0107 3101 0068 3.374
16 0.844 1.085 0737 1.252 0633 1446 0532 1,660 0437 1900 0349 2153 0260 2416 0.200 2681 0142 2944 0094 3.201
17 0574 1102 0772 1255 0672 1.432 0574 1630 0480 1847 0393 2078 0313 2319 0241 2566 0179 2811 0.127 3.053
18 0802 1.118 0.805 1.259 0708 1422 0613 1604 0522 1803 0435 2015 0355 2.238 0282 2487 0216 2697 0.160 2.925
19 0828 1132 0B35S 1.265 0742 1415 0.650 1.584 0.561 1.767 0476 1.963 0306 2.168 0322 2381 0255 2597 0.196 2B13
20 0852 1147 O0BSI 1271 0773 1411 0685 1.567 0598 1.737 0515 1.918 0436 2.110 0362 2308 0294 2510 0232 2714
21 0875 1.161 0890 1277 0803 1.408 0716 1.554 0.633 1.712 0552 1.881 0474 2059 0400 2244 0331 24 0268 2.625
22 0997 1.174 0S¥ 1284 0831 1407 0748 1.543 0.667 1.691 0.567 1.849 0510 2.015 0437 2185 02368 2.367 0304 2.548
1187 0838 1291 0BSS 1407 0777 1.534 0698 1673 0620 1.821 0.545 1.977 0473 2.140 0.404 2308 0.340 2479
1298 0882 1407 0.BO5 1.528 0.728 1.658 0.652 1.797 0578 1844 0507 2.097 0439 2255 0375 2.417
25 1055 1217 0881 1305 D905 1.409 0831 1.523 0.756 1.645 0682 1.776 0.610 1.915 0540 2.059 0473 2209 0409 2.362
26 1072 1222 1001 1312 0828 1411 0855 1518 0.783 1635 0711 1759 0.640 1.889 0572 2026 0505 2.168 01 2313
27 1088 1233 1019 1319 (0549 1.413 0878 1515 0808 1626 0.738 1.743 0.669 1.867 0.602 1.997 0536 2.131 0473 2269
28 1104 1244 1.037 1.325 0969 1415 0S00 1513 0822 1618 0.764 1.729-0.696 1.847 0630 1.970 0566 2098 0504 2229
29 1.119 1254 1054 133 0988 1.418 0921 1512 0.855 1611 0.788 1.718 0.723 1.830 0658 1.947 0595 2.068 0.533 2.193
30 1133 1263 1070 1338 1005 1421 0.941 1511 0877 1606 0.812 1.707 0.748 1.814 0684 1.925 0622 2041 0562 2.160
21 1147 1273 1085 1345 1023 1425 0960 1.510 0.897 1.601 0.834 1.698 0.772 1800 0.710 1.906 0649 2.017 0.589 2.131
32 1160 1282 1.100 1.352 1.040 1428 0979 1510 0.917 1597 0.856 1.690 0794 1788 0.734 1.889 0674 1995 0615 2.104
23 1172 1291 1.114 1358 1055 1432 0996 1510 0936 1594 0876 1683 0816 1776 0.757 1874 0698 1975 0641 2.080
34 1184 1209 1.128 1354 1070 1435 1.012 1511 00854 1.591 0.896 1.677 0.837 1.766 0.779 1.860 0722 1.957 0665 2.057
25 1195 1307 1.140 3370 1.085 14339 1028 1512 0971 1589 0914 1671 0.857 1757 0.800 1.847 0.744 1.940 (.689 2.037
35 1206 1315 1.153 1376 1.098 1.442 1043 1513 0988 1588 0.932 1.666 0.877 1.749 0.821 1836 0766 1925 0.711 2.018
a7 1217 1323 1165 1382 1.112 1.446 1,056 1514 1.004 1.586 0.950 1.662 0.895 1.742 0.841 1.825 0.787 1.911 0733 2.001
38 1227 1330 1.176 1388 1.124 1448 1072 1515 1019 1585 0966 1658 0913 1.735 0860 1.816 0.807 1.899 0.754 1.985
39 1237 1337 1187 1.393 1.137 1.453 1.085 1517 1.034 1584 0.982 1.655 0930 1729 0.878 1.807 0826 1.887 0.774 1.9790
40 1246 1344 1.198 1398 1.148 1457 1098 1518 1.048 1584 0.997 1652 0946 1.724 0895 1.799 0844 1876 0.749 1.956
45 1288 1.376 1.245 1423 1201 1.474 1.156 1528 1.111 1584 1.065 1643 1.019 1.704 0974 1768 0527 1.834 0.881 1.802
50 1324 1403 1285 1446 1245 1491 1205 1538 1.164 1.587 1.123 1.639 1.081 1692 1.039 1.748 0.997 1.805 0955 1884
55 1356 1427 1320 1466 1284 1506 1247 1548 1200 1592 1.172 1638 1.134 1685 1.095 1.734 1.057 1.785 1.018 1.837
60 1383 1.449 1350 1484 1317 1520 1283 1558 1249 1568 1214 1639 1179 1682 1.144 1.726 1.108 1771 1072 18V
€5 1407 1468 1.377 1500 1346 1534 1315 1568 1.283 1604 1251 1642 1218 1680 1.186 1720 1153 1761 1.120 1.802
70 1425 1485 1.400 1515 1372 1546 1343 1578 1.313 1611 1283 1.645 1253 1680 1223 1716 1.192 1754 1162 1792
75 1448 1501 1.422 1520 1365 1567 1368 1.587 1.340 1.617 1.313 1649 1284 1682 1.256 1714 1227 1748 1.198 1.783
80 1466 1515 1.441 1541 1416 1.568 1.390 1.595 1364 1624 1338 1.653 1.312 1683 1285 1714 1259 1745 122 1977
B5 1482 1528 1458 1553 1.435 1578 1.411 1.603 17388 1630 1362 1.337 1685 1312 1.714 1287 1.743 1262 1773
90 1496 1540 1474 1.563 1452 1.587 1.429 1.611 1.406 1.636 1.383 1.661 1.360 1.687 1.336 1714 1312 1741 1288 1769
85 1510 1552 1480 1573 1468 1.506 1.446 1.618 1.425 1642 1.403 1.666 1.381 1690 1.358 1.715 1336 1.741 1313 1767

100 1522 1562 1508 1.563 1482 1.604 1.462 1625 1.441 1647 1421 1400 1693 1378 1717 1357 1741 1335 1765
1530 1722 1515 1737 1501 1752 1486 1.767

150 1611 1637 1508 1.651 1584 1.665 1.571 1.679 1557 1693 1543 1.708
20 1664 1664 1653 1683 1643 1.704 1633 1715 1.623 1.725 1613 1.735 1603 1746 1592 1757 1582 1768 1571 1.779

I W
I

23 1.018
24 1037 1.199 08S0

. P.T.O.
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k=13

k=14

k'= 15

k' =18

k' =17

Bzada
-
o

n
8
5

0413
0.4d4
0.474
0503
0531
0558
0.585
0510
0.6
0658
0.630
.72
0723
0.744
0835
0813
0s7
1.037
1.0

L1

1.170
1205

1238

1264

1290
1314
1473

1.561
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2817

28517

2113

1825
181
1.865
1845
1,831
1818
1810
1.803
1.7%8
1.763
1.780
1.783
1.

1.053
1.099
1.141
1177
1210
1240
1267
1.202
1458
1.550

3358
3227
3109
3004
2909

2744

2874
2610

1.801

0.047
0.067
0.092
0.119
0.148
0.178
0.209
0240
0272
0.303
0.333
0.363
0.333
0422
0.450
0477
0.503
0.529

1.848
1841
1514
1.813

1.429
1528

1.094
1.132
1.168
1.197
1.225
1414
1.518

11

3.671
3.562
3.459
3.363
3.274
3191
3.113
3.040
2972

2.851

1.883
1.847

1.080
1.116
1.150
L1
1385
1495

[ I I

0.020
0.043
0.060
0.079
0.100
0.122
0.148
0.171
0.198
0221
0.246
0.272
0.297

0.347
0.371
0.395
0418
0.528
0.625
0.711
0.786
0.852
osn

.01
1.053
1.091
1.126
1.158
1.370
1.484

3.725
3.629
3.538
3452
amn

2012
1.093
1.977
1.897
1.871

11

Frriei

3747
3.657
as72
3490
3412
3.338
3.267
320
3137
3.078

2965
2919
2872
2828
2.787
2748

2456
2.359

-2

2172
213
2.097

2.044
2.023
2,006
1.913
1.883

I I

|
I T I I B |

Nate: n = number of gbservations, k' = number of explanatory variables excluding the conslan lerm.

Sousce: Savin and While, op. cil., by permission of Economeiric Soclely

(3000)
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(a) Suppose a monopolist’s demand for his product is

P(q,A) = 200 — 2q + v/A where q is the quantity
of the product and A is total advertising
expenditure. If the monopolist is producing at a
constant marginal cost of T4, how much quantity
will he sell at equilibrium and what will be the
optimum level of advertising expenditure? Check
for the second order conditions.

(b) Suppose a small town has only one large pen
factory and it is the only source of job in the
town. The pen factory is planning to hire both
high and low skilled workers from the town. Its
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production function is Q (Lno Ly) =121InLy, + 61InL,.
The supply curves for the two types of workers

are wy,(Ly,) = 2Ly, and wy(L)) = L, and a pen sells
at T12. Find the optimal number of each type of
labour hired by the firm and respective wages?
Calculate also the firm’s profit maximizing level
of output. Check for the second order conditions.

A monopolist operates in two different markets
with separate demand curves: q,(p;sA ) = PieA,,
and q,(p,,A)) = p;* A5, where q, p and A denote
the quantity demanded, price and advertising

expenditure in respective markets.

(1) Show that the monopolist faces the same
price elasticity of demand in both the

markets.

(1) Calculate the advertising elasticity of

demand in both the markets.

(iii) Calculate the advertising to sales ratio using
the elasticities obtained in (1) and (ii). Show
that the advertising to sales ratio 1s greater
in the market where demand is more
sensitive to advertising. (5+8+5)

- PTG,
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2. (a) Consider an exchange economy with two agents-
Gaurav and Jaya. The preferences of Gaurav and
Jaya over good X and good Y are represented by

the following utility f_unctions:
UG = X, +.InY,
U’ = X, + 2InY,

Gaurav’s initial endowments of X and Y are 6
units and 4 units respectively and Jaya is initially
endowed with 4 unit of X and 2 units of Y.

(i) Find the equation of the contract curve and

depict it in the Edgeworth box diagram.

(ii) Suppose that price of good X.is normalized
to 1 and price of good Y is P,. Compute

the Walrasian equilibrium.

(ii1)) Suppose local authority is not happy with
the above - mentioned allocation of
resources between Gaurav and Jaya. How
does the government ensure socially
desirable (i.e. more equitable) Pareto
efficient allocation? Explain intuitively in
the light of Second Theorem of Welfare

Economics.
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(b) What is the difference between monopolistic
competition and perfect competition in the long

run? Explain with the help of a diagram.
(12+6)

(a) There are 2,000 residents in a housing society at
Noida. The residents enjoy only two goods,
festivals and food. Festivals are a public good,
whereas food is a private good. The residents have
identical preferences for the two goods, denoted

Vx4 .
by U; =—+-Y¥;, where x is total amount
o100 27t

(measured in Rupees) spent on festivals and y, is
the money (measured in Rupees) spent on food by
individual i. Assume that the marginal cost of

provision of festival is Rs. 1.

(i) Calculate the marginal rate of substitution
of food for festivals.

(i) What is the Pareto optimal amount of

money spent on festivals?

(b) The DDA would like to build a new public park at
K block, R.K.Puram, if the authority can raise
enough taxes to cover the cost, which is 100, 000
rupees. There are four families in the block. Each
family’s benefit from a public park is as follows:

P.T.O.
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v, = 10,000, v, = 20,000, v, = 30,000, and v, =
40,000. The authority wants to use the Clarke &

Groves demand- revealing tax mechanism. Let T
I

be the tax contribution of family i towards the

park.

(1)

(i)

(111)

(iv)

It each family reports its true benefit, v,
how much will each family have to pay,
T.? Calculate the net benefit of the 4%

family.

Suppose 4" family misreports its benefit
as 50,000, whereas the other families report |
their true benefits. Dbcs the park get built?
If so, how much does 4" family have to
pay? Is 4" family’s net benefit different

from its net benefit in part (a)?

Suppose 4" family misreports its benefit
as 30,000, whereas the other families report
their true benefits. Does the park get built?
If so, how much does 4" family have to
pay. Is 4™ family’s net benefit different

from its net benefit in part (a)?

Show that the Samuelson optimality

condition is satisfied. (6+12)
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4. Atul produces chemicals. His cost function is C(x) =
10x* + 200x, where x is the number of liters of
chemicals produced. The market price for a liter of a
chemical 1s As. 1000. Vijay is a baker. He is adversely
affected by the noxious fumes emitted by
Atul’s production of chemicals. His cost function is
C(y) = y* — 160y + xy, where y is the number of
baked goods produced. The market price for a baked
good is Rs. 40.

(a) How many liters of chemicals and how many baked

goods will be produced in the market equilibrium?

(b) Suppose Atul and Vijay were to jointly maximize
profits. How many liters of chemicals and how

many baked goods will be'produced?

(c) Compare the competitive market outcome from
(a) and the joint profit maximization outcome from

(b). Which outcome is Pareto optimal? Why?

(d) One of the solutions to the externality problem is '
- Pigouvian taxes. In the above problem, who pays
the tax? How does the Pigouvian tax solve the

externality problem?

P.T.O.
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(e) Another solution to this problem 1s Coasian
bargaining. Suppose Atul has the legal right to
emit noxious fumes. How can they arrive at the

Parcto optimal outcome? Explain intuitively.
(2+3+4+4+5)

5. (a) Consider a pure exchange economy with two
individuals, A and B, and two goods, X and Y.
The individuals have the following utility functions:
UX,Y,)=X,Y, and Ug(Xg, Yg) = XgYy. The
initial endowments of both the goods are given

by: o, = (3,4) and g = (2,1).

(i) Show that the initial allocation is not Pareto

Efficient.

(i1) Calculate thé competitive equilibrium

allocation and price.

(iii) Suppose a planner takes away 1 unit of
each of the goods X and Y from A and

gives them to B. Find the competitive

equilibrium allocation and price.

(iv) Is the competitive allocation in (3) Pareto

Superior to the one in (2)? Explain.
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(b) Explain the Lindahl solution to the public good

problem. What are the shortcomings of Lindahl
solution? | (12+6)

6. Consider a monopoly firm whose demand function and

cost function are P(q) = 30 — q and TC(q) = ¢* — 2q +
12 respectively.

(1) If the monopolist charges uniform price for her
product what will be the equilibrium level of
price, output and profit?

(1) The monopolist Iwishes to reward her regular
customers by offering a quantity discount. What
are the prices and quantities produced for first
and second block?

(1) Will the quantity discount be a profitable strategy
for the monopolist in the aforementioned
problem? (6+6+6)

7. (a) Consider a monopoly seller who sells premium
quality computer chips. The inverse demand
function for the computer chips is given by p(q) =
120 — g, where q is the number of chips sold and
p is the price per chip. The firm is able to

distinguish between all the buyers and exercises

P.T.O.
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first degree price discrimination. Assume thyy the
monopoly has a marginal cost function giyen by

MC(q) = 3

(i) Find the optimum number of chips o] by

the seller.
(i) Find the consumer and producer surplys,

(i) Show that there is no deadweight loss.

(b) Let there be a community of 2 individuals, Anubha
(A) and Bikas (B), each with a utility function
u(x.y) =y, - 12(a, — x), where y is the numeraire
private good and x is a public good, say rose
shrubs. in the locality; a, =13 and, aB = 5. Let the
cost of provision of public good be Rs. 240 per

unit.

(i) Which individual has a greater marginal
benefit from the provision of public good?

(1) Find the Pareto optimal number of rose
shrubs in the community,

(iii) Calculate the total expenditure on the
number of rose shrubs found in (ii). Also
calculate the contribution of each individual

if their per unit contribution equals their
marginal benefits, (9+9)
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(1) S TR D S - O WA A O - 3o
=@, q,(ppA) = PA, R gy(p A, = p2
A0S, & WM &M wE B, R g, p AR A Wl
AR F A A A, TR IR A =g Y iy
2 |

(i) waigy fF I& vaftERar & A & e ¥
HAT N T FHG A HT G FCT 9ETT B

(i) ¥ & TR A W R A A D
HIfg!

(iii) S (i) R (i) ¥ W= A HIT B
T famme-fat sue @t e #ikm 38
Taitae o Rem- R @ S 9§ aer
e %, R i Rt & o e Wi
2 (5+8+5)

2. (@) A wole-TiRa R o F W o R sl w
frar i) o X 3R 9 Y W g SR s @
MR & FefaRaa ImRET B g] guian
TR

Uf = X. =+ InY,

Ul = X, + 2InY,
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(@) afae ¥ vEfer weed 3R I wieest ¥ @0
FR 27 TEUM O WEEA ¥ A (12+6)

E (%) Ave @ e wefE AEEd ¥ 2,000 P €1 @@
2 Pad Faw @ TEA T FHE N T, TER 3N
Wl =ER T adweE a6 8, WAl e U
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(iv) wafey fa dgeeer seama @ AW W EA
2 ~ (6+12)

pP.T.O.
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(@) W= AT Ige 3K e A 9ga §@ § I AW

Y AT w21 e die WEe AR e 9%
&g U WA & IeT faar s’
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(¥) T WE D Uh A QU HI0fim dlanh 2w
IR G & U EERE g sl e @
FLN FUER 2, A Y B R W greaw aRom
W UEY ¥Fa 27 GEAar A qHAE)

(2+3+4+4+5)

5. (%) @ =fawdl, A 3R B, 3 A TGS, X IR YD @
% Ye A seiereen w far ifom afemar @
mmsﬁﬁmm%;m(xmyg:&n '
and Uy(X;, Yg) = X Y, 3 agdl & IR
FEE WUFR A K B 0, = (3,4) Mo, = (2,1)

(i)mﬁ?mmﬁawﬂﬁé‘l
(i) wRe Gqe e AR T w6 T B

(iii) = AR FE ASFER A ¥ T&E a8 X I
Y® 1 3@E A 2 3R I= B H T ;@ B
yforeqelt qeq W e IR A FE W

(iv) w IR (3) wRwrdt swe, SR (2) ¥
T g 27 T AT

P.T.O.
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(@) aﬁaﬁmﬂﬁjmﬁm%f&qmwﬁ

WWI%WHWE&WW?

(12+6)

6. %@wﬁmﬁwww,ﬁwmmﬁ(

AR WA HAW P(q) =30 — q IR TC(q) =

gl

q2~2q+12

(i) aR 78 voitErad w7 = I9r & fw veaas

FT T Wl B, ISEA R W W GG TR
=T BRm?

TE THFIHERAE G F9 Al et @ awn ¥ s
TR EEE I AER B W TES IR W wiw D *oe
e FR e R g W o W e 27

T ITF T N TR v @ fog we A
YT I AVEEEH ORI BRR? (6+6+6)

ﬁﬂ?ﬁ'ﬁwaﬁﬁ%mmﬁvﬁaﬁﬁm@ﬁﬁﬂ
A TS TG R A Rt ey 21wl B
%WWWW(W) p(q) = 120 - 4,
® R R T B, R R o d e A
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P.T.0.
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2 (9+9)

(4000)
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1. State whether the following statements are true or false. Give reasons for your

answer.

{ﬂ) FOII an ()I‘S L\Sttn];\[cd I‘L\gl'ch'siu" ct[uu“nn. ?! — bl + bth lhc sum 0[ the
product of the residuals and mean deviation of the explanatory variable is
ZCTO.

(b) Ceteris paribus. the higher the VIF (Variance Inflation Factor), the smaller

is the variances of OLS estimators.

(c) For an OLS estimated regression equation, ¥; = b, + b,X;, if we multiply

both Y and X by 1000 and re-estimate two variable regression model, the

intercept coefficient will increase by 1000 times.

(d) For a three variable regression model, TSS is always equal to the sum of

ESS and RSS.

(e) It can easily happen that F statistic is significant while t statistics of

explanatory variables are not significant.

(f) In a regression model with intercept, number of dummies for each

qualitative variable must be one less than the number of categories of that

variable. (3%6)

Prafafias ®uT 949 & 01 Sl FRU 9ed I AW

(%) v&r Aroeed (OLS) & fo sigaifae wiewre & ?i=131+b2xi z,
mgwmﬁwaﬂtwmmwﬁm@%l
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() ¥Rm aRa@ (Ceteris paribus), VIF (R gmehify we) foreen 3w B,
AT FAAE B F I B DR OB

(1) vE Aeeew B R oA WREEE EEG 9 = b, + b,x, B, A T Y
sk X O #1000 ¥ U0 FE T IR A W wfmE Awga @ G FF

@ ¥, A ¥EAuF IS 1000 T TG QM

(a)mmmm%m,mmmmm%m%
WR B B

(E)WMﬂﬁméﬁFaﬁhﬁm@%mﬁwmwﬂ
t wifema wEequ A8 2

(=) m%mwmmﬁ,mmw%mﬁaﬁw
wma&&fﬁlﬁaﬁﬁm%wmﬁ;ﬁmi

2. Using data for 110 schools the following model of monthly expenditure incurred

by a school was estimated :

16g(Y); = 138.8 — 1571 D; + 0.808 X; — 0.0944 DX,
t= (2.864) (-1.06) (13.466) (—2.04)

Y, = annual expenditure incurred by a school, in thousands of rupees X, = number

Di 1 if government school
: §=
of students in the school 0 ifprivate school
(i) Write the regression equation for government school and private school

separately. Also, interpret the slope coefficient of two categories.

PO
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nd slope

(if) Check the statistical significance of differential intercept coefficient 2
e tests,

drifter at 10% level of significance. Based on the conclusion of thes

draw the population regression lines for the government and private schools

(iii) Test the hypothesis that the population error term is normally distributed at
1% level of significance when it is given that for the residuals, skewness is
0.28 and the value of kurtosis is 2. Also, in classical linear regression model,

what is the rationale for the assumption that population error term follows

normal distribution? (6,6,6)

noaﬁ?ra‘z%awammgq mmmmmmﬁmm%ﬁwﬁm
A W FATAF TWE I AT

log(Y); = 138.8 — 1.571 D, + 0.808 X, — 0.0944 D,X,
t= (2864) (—1.06) (13.466) (—2.04)

Y, = @d W o @ affs om, swm o ¥

X = wa A faala & wen

b 1 gf g e &
"_{0 Tt st e 8

(i) wah e AR Pl e @ oS- e gieee s fie
e JomEr, A AP & T T0E A/ A R
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wE W s @R T e B fed B smur w, W AR el
A & fou s s W i)

(iil) @ R w1 e e F TEEn g e wwm w9 4w
B 1% &R ® Raka o @ 2 Sw osEfd), Rwwar @ fog 028
? 3R gydidea @1 W 2 Rar S 2 TR s, weia Waes i
mﬁ,wm%maﬁmgﬁ?mgﬁ‘mmm

TN AT Tl B

3. (a) For estimating the Phillips curves for the United States from 1958 to 1969

the following regression was obtained :

1
f. = —0.2594 + 20.5880 -
t

= (—0.2572) (4.3996)
R?=0.6594, d = 0.6394
Y = Rate of change of money wages in percent

X = Unemployment rate in percent

(i) Interpret the intercept estimate. Is there any evidence of first order

autocorrelation in the residuals at 5% level of significance?

(ii) Outline the method of estimation that will produce BLUE estimators in

the presence of first order autocorrelation.

(b) Consider the following regression function on sales revenue for a particular

firm for last 10 months, as estimated by OLS :

P.T.0,
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Y, = 51.500 + 0.054 X,
se = (401) (0 04)
02 = 1,02

X=25 Y X7} =6500

Y 15 the monthly sales revenue in billions of dollars

X is the monthly expenditure on advertising in millions of dollars.

Find the predicted mean sales revenue if the advertising expenditure for the
firm in the next month is 30 million dollars. Also, find the 99% confidence

interval for the true predicted mean of sales revenue corresponding to 30

million dollars advertising expenditure. (6+6,6)

(F) 1958 ¥ 1969 T ¥gad Tod WAk @ fog foferw o =1 s =
7 fou f=fafas wfams wa fFar w9

1
7, = —0.2594 + 20.5880 X

[ 4
t= (—0.2572) (4.3996)
R?=0.6594,d = 0.6394

Y = @ AWEd & UREdq @ W gawE A

X = &awma e wfded &

(i) Faa" FFAA & @A FGU /5% TR OB e W Iane) §

g9 ®F B @A GEqaU &1 @55 YW 27



7
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(@) fiost 10 R D Ay BN R vl D Riw B worm Bt o
o W Rar fe, o & sleave g sEfa @

f, = 51.508 + 0.054 X,
se=(4.03)  (0.04)
02 = 1.02
X=25 Y XZ%=6500

Yy fafea sor & Wit felt woe 2

X fifera sk ¥ fasmow w wfew @ 2

e e WA H W W e = 30 faftre R 2, @ seeie e
fadft oo 9 FfR @ Jeman, 30 ftme SR @ fAsew =g @
FeT fodl U9 @ arEfdE A stad @ R 99% wiFwsa Sexaw
| i

4. In a regression of housing expenditure in rupees (Y.) on annual income of

families in rupees (X.) for a sample of 27 families, the following results were

obtained :

P.LO.
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[ Variable Coefficients | Standard Error |
X 0.121 0.009
Constant 3.803 4.570
n=27
R?*=0.776

On plotting the residuals against X., it was found that the variance of the residuals

increased with X,

(i) What problem does this indicate? Name any one test for its detection and

explain the steps to conduct this test.

(i) What are the consequences of this problem for OLS estimators? Which type

of dataset is more likel'y to be characterized by this problem?

(iii) Explain the estimation process of Weighted Least Squares with
unknown error variances in this context where error variance is
proportional to X?. Also, mention which is the intercept and slope

parameter in the transformed model and how do we get back to the original

model. (63616)

27 TRAR @ @ @ fw (X)) T A IR R oaltE dm A ¥ (Y) v R
o wm @ wfewe A, Feiad i e §e 3
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T ALRS qraw A

~  |o0121 0000
s 3 803 4570
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R2= 0776

X @ T Jae @ @ TR W ¥ w T & e & feer 3 X, @
e T R

(i) 7 fre wwan @ 3R w1 27 @A TEEH @ fou & ow wdEer 6
M TAEU 3R TH YOEUT W T H WOl HI ARAT it

(i) AvevE FEEE D o T W @ TROW w7 T w ¥ TSR
? FFw wead @ AAwE B A A e 27

(i) 7@ @e¥ ¥ G A Pl @& g WRT T F T T A FTAT Wohar
&t aEn Fifoe W AT R X2 @ w2 e 3o, ®raRa #ige
¥ FREA AR e Wl FA-A1 B B IR B A WA W A A
Fm ¥, TEE I FIoCl

5. (a) Suppose a third-degree polynomial regression was fitted to a cost-output

model for 18 firms and the following results were obtained :

PO



5213 10

Cost; = 141.7667 + 0.208 Q; — 0.086 QZ + 0.0054 Q;
se=(6.37) (4.78) (2.98) (6.98)

Q, is the output of the i" firm.

(i) If cost curves are to have U-shaped average and marginal cost curves,
then what are your a priori expectations about the intercept and slope
estimators? Check if these a priori expectations are satisfied for the

given model.

(i) Interpret the estimated slope coefficient of Q2 and test its significance

at 10% level of significance.

(b) LetY be the Gross National Product, X, be the Exports, X, be the Imports
and X, be the Net Exports in the following relationship:

Yi = B] + B‘szi * B3X3i + B4X4i + Ui

Which assumptions of Classical Linear Regression Model is violated here?

If you estimate this equation by ordinary least squares, then which of the

parameters can be estimated? Explain. | (6+6,6)

(%) W <ifore 6 v g - R sgwe wfoeme &t 18 W & foe wwe - stsege
dew A foe forr @ ed Feafofaa oo o e @ 2

Cost; = 141.7667 + 0.208 Q; — 0.086 Q7 + 0.0054 Q?
se=(6.37) (478)  (298)  (6.98)

Q, i" w# & MY Bl
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¥

(i) afe omE T ¥ - R W e v g wme @w By 2, O AT

FIAUT 3R TaH FTAE D AR X Wil o) g sden w @ B
w & e ST B T it W dge w3

(i) Q° & gwia T Ih AN =R o 3R wEE B 10% T
W TEH WEA H qdem Hfg)

(@) T W Y wow w3 B, X, Fla 2, s x, 2 ol Pt

6. (a)

Wy ¥ ye P X, ¥
YI = BI i B2X2i =$ B3X3i * B4X4j T Ui

qEl W T AT died @ S- AR @ et B @ 27
A AT W TGO F AT AURT T T A A 2, AN R
H FTEH W W gEA 7 W i

For a particular cafeteria, the following equation was estimated using yearly

data on cups of chocolate flavoured cold coffee sold :

log(Q;) = 1.534 — 0.250 log(P,) +0.025 log(P;*)
se = (0.2001) (0.240) (0.016)
R? = 0.804 TSS = 4803

Where

Q, = cups of chocolate flavoured cold coffee sold

P, = price (in ruﬁees) per cup of chocolate flavoured cold coffee

P’ = price (in rupees) per cup of vanilla flavoured cold coffee

t

t =1991-2023

PT.O.
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Note that all cups in the cafeteria are of same SIZC.

(i) What can you say about the own-price and cross-price elasticity of
demand for chocolate flavoured coffee? Test the hypothesis that the
own price elasticity of demand of chocolate flavoured coffee is unitary

clastic at 10% level of significance.
(i) Draw the ANOVA table for the regression equation. Also calculate R*.

vant variables than to

(6+6,6)

(b) Explain the statement “It is better to include irrele

exclude relevant ones”.

(m)wmm%m,mwm-m%a%mm%m
T 2T FT ITENT G Rl wET O AFAE T @ A

log(Q;) = 1.534 — 0.250 log(P,) +0.025 log(P;*)
se = (0.2001) (0.240) (0.016)
R? = 0.804 TSS = 4803

el

Q, = widhdlc WG FE FW D T I FY
Plzwﬁmﬁﬁzq@ﬁ?mmﬁa&m(wm
P;‘:aﬁw@ﬂﬁlaﬁﬁﬂﬁqﬁ?ﬁﬂﬁmaﬁqﬁ(@ﬁ)
t = 1991-2023

A B fr BRRE X T T w B s @ ¥
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e
(¥) o W E AE FE A g A SO S w Wi wen dgad 87

T FYT I HRA HioC

7. (a) Explain the steps involved in performing Ramsey’s RESET test for model

specification.

(b) Using data collected from 1990 to 2022, for a particular country, the following

equation was estimated using OLS :

P, = 447 + 0.34log X,; — 1.22log X5;
t= (428) (531) (-0.98)
R? = 0.9987

Y = Child Mortality Rate
X, =Female Literacy Rate

X,=Per Capita GNP

(i) Are the regression results in conformity with your a priori expectations?

If not, what can be the reason behind it? Explain any three remedies

to overcome this problem.

PT.O.
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. iteracy rate on per
(1) Now suppose the rescarcher regressed female literacy P

: ; -~ R2is 0.5284. D
capita GNP and in this second regression, the R? is 0.52 0 you

i (i) is signi tly present i
think that the reason that you suggested in (i) is significantly p in

— er is yes, then do
the model, at 5% level of significance? If your answeris y

you think that the presence of this is necessarily bad? (6,6+6)

(%) e AT & for Jd 3 Gz Qe & | WA TN A = FHiforg

(@) Bl flw 3w 2 Ry 1990 ¥ 2022 7% THEA T MY T H I w
T, JUECE & I e Rl e &

¥; = 447 + 0.34log X,; — 1.2217g X3,
t= (428) (5.31) (—0.98)
R% =0.9987

Y = 99 99 ®

X, = #Rm EmRar ®

X, = W = wwe o Ser (o)

(i) = s wfomn St Wi SRS @ ser 37 AR w8 @

ﬁ%%wmﬁmé?mmaﬁgmﬁ%aﬁiﬁw
Jq qAETI '

(ii)mmwﬁ’i'aa“'i%“ﬁmﬁﬁwq?ﬂﬁmmaaﬁ
B fRar 3k W @ e ¥ R% 0.5284 1 = sy wwrn 2
%m(i)ﬁﬁmmﬁ,%ﬁsﬂﬁs%mwwm@
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TABLE E-1a AREAS UNDER THE STANDARDIZE D NORMAL DISTRIBUTION
=
Example
PO =7 = 1.96) = 04750
Pr{iZ 2 1.96) = 0.5 — 0.4750 = 0.025
£
1.96
: | o1 02 03 04 05 08 07 08 09
00 .0000 .0040 0080 0120 .0160 0199 .0239 0279 0319 0359
0.1 0398 0438 0478 0517 .0557 .0596 0636 0675 0714 0753
0.2 0793 0832 0871 0910 .0948 .0987 1026 1084 1103 141
03 1179 1217 1255 1293 1331 1368 1406 1443 1480 1517
0.4 1554 1591 1628 1664 1700 1736 A772 .1808 1844 1879
05 1915 1950 .1985 2019 2054 .2088 2123 2157 2190 2224
06 2257 2291 2324 2357 .2389 2422 ,2454 .2486 2517 .2549
07 2580 2611 2642 2673 2704 2734 .2764 2794 2823 .2852
0.8 .2881 2910 2939 2967 .2995 .3023 .3051 .3078 3106 3133
09 3159 3186 3212 3238 3264 .3289 3315 3340 3365 .3389
1.0 3413 3438 3461 3485 .3508 3531 3554 3577 3599 .3621
1.1 3643 3665 3686 3708 3729 3749 3770 .3790 3810 .3830
1.2 3848 3869 3888 3907 .3925 3944 3962 3980 - .3997 .4015
13 4032 4049 4066 .4082 .4099 4115 4131 4147 4162 MT7
1.4 4192 4207 4222 4236 4251 4265 4279 4292 4306 4319
15 4332 4345 4357 4370 .4382 4394 4406 4418 4429 4441
16 4457 4453 4474 4484 4495 .4505 4515 4525 4535 4545
1.7 4454 4564 4573 .4582 .4591 4599 .4608 4616 4625 4633
18 4641 4649 4656 4664 4671 4678 .4686 .4693 4699 4706
19 4713 4719 4726 4732 4738 4744 4750 4756 4761 4767
20 A4TT2 4778 4783 4788 4793 4798 4803 4808 4812 4817
2.1 4821 4826 .4830 4834 .4838 4842 4846 .4850 4854 .4857
29 4861 4864 4868 4871 4875 .4878 .4881 .4884 4887 4890
23 .4893 4896 4898 .4901 4904 ,4906 .4909 4911 4913 4916
24 4918 4920 4922 4925 .4927 4929 4931 4932 4934 4936
25 4938 4940 .4941 4943 4945 .4946 4948 .4949 4951 .4952
26 4953 4955 4956 4957 .4959 L4960 4961 4962 4963 .4964
27 4965 4966 4067 4968 .4969 4970 4971 4972 4973 4974
238 4974 4975 4976 4977 4977 .4978 .4979 4979 4980 4981
28 4981 4982 4982 4983 .4984 4984 4985 .4985 .4986 .4986
30 J 4987 4987 4987 .4988 .4988 .4989 .4989 .4989 ,4990 .4990

Note: This table gives the area in the right-hand tail of the distribution (i.e., Z U 0). But since the normal distribution is
2 =0, the area in the lefi-hand tail is the same as the area in the corresponding right-hand tail. For example, P(-1.96 ...

Therefore, P(-1.96 ... Z ... 1.96) = 2(0.4750) = 0.95.

?rrnmetrical about .
... 0) = 0.4750.

BT0.



5213

TABLE E-2

16
APPENDIX E STATISTICAL TABLES 519

PERCENTAGE POINTS OF 1141 FDISTRIBUTION

Example

Pr(t > 2.086) = 0.02%

Prit > 1.725) = 005  tordf = 20

PrJt| > 1.725) = 0.10

0 1.725
Prl 025 010 005 0.025 o001 | o000 0.001
af 050 020 010 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 4303 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 2132 2.776 3.747 4.604 7173

5 ‘ 0727 1.476 2015 2571 3.365 4.032 5.893

3 0.718 1.440 1.943 2.447 3143 3.707 5.208

7 0.711 1.415 1.895 2.365 2.998 3.499 4.785

8 0.706 1.397 1.860 2.306 2.896 3.355 4.501
=] 0.703 1.383 1.833 2.262 2.821 3.250 4.297
10 0.700 1.372 1812 2.228 2.764 3.169 4144
11 0.697 1.363 1.796 2.201 2718 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 2.160 2650 3.012 3.852
14 0.692 1.345 1.761 2145 2.624 2977 3.787
15 0.691 1.341 1.753 2.131 2602 2.947 3.733
16 0.690 1.337 1.746 2120 2583 2.921 3.686
17 0.689 1.333 1.740 2110 2567 2.898 3.646
18 0.688 1.330 1.734 2101 2552 2.878 3610
18 0.688 1.328 1.729 2.093 2539 2.861 3579
20 0.687 1.325 1.725 2.086 2,528 2.845 3552
21 0.686 1323 1.721 2.080 2518 2.831 3.527
2 0.686 1.321 1.717 2.074 2.508 2.819 3.505
23 0.685 1.319 1.714 2.069 2.500 2.807 3.485
24 0.685 1.318 1.711 2.064 2.492 2.797 3.467
25 0.684 1.316 1.708 2.060 2.485 2.787 3.450
2% 0.684 1.315 1.706 2.056 2.479 2779 3.435
27 0.684 1.314 1.703 2,052 2.473 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 2.462 2756 3.396
30 0.683 1.310 1.697 2.042 2.457 2.750 . 3.385
40 0.881 1.303 1.684 2.021 2423 2704 3.307
60 0.679 1.296 1.671 2.000 2,390 2 660 3.232
120 0.677 1.289 1.658 1.980 2.358 2617 3.160
q | 0674 | 1.282 1.645 1.960 2.326 2576 3.090

Note: The smaller probability shown at the head of each column is the area in one tail; the larger probability

is the area in both tails. o
Source: From E.S.Pearsonand H. O. Hartley, eds., Blometrika Tables for Statisticians, vol. 1,3rd ed., Table12,

Cambridge University Press, New York, 1966. Reproduced by permission of the editors and trustees of Bmmerr:kn
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UPPER PERCENTAGE POINTS OF THE F DISTRIBUTION

TABLE E-3
Example
Pr{F > 1.59) = 0.25 5% area
1% area
Pr{F > 2.42) = 0,10 for d.f. Ny = 10
Pr(F > 3.14) = 0.05 andN, = 9
Pr(F > 5.26) = 0,01 0 Saa ERE 5
df for
denom- d.f. for numerator Ny
inator
Ab Pr 1 2 3 4 5 6 7 8 9 10 11 12
25 58 75 820 858 882 898 910 919 926 93 936 941
1 10 3990 4950 5360 5580 57.20 5820 5890 5940 5990 6020 6050 6070
05 161.00 200.00 216.00 22500 230.00 234.00 237.00 239.00 241.00 24200 24300 24400
25 257 3.00 3.15 3.23 328 331 334 335 337 338 3.39 339
2 10 853 9.00 9.16 9.24 929 933 935 937 938 939 9.40 9.41
05 1850 1900 1920 1920 1930 1930 19.40 1940 19.40 1940 19.40 1940
01 9850 9900 9920 9920 9930 9930 9940 9940 9940 9940 99.40 99.40
25 2.m 2.28 2.36 239 2.41 2.42 243 244 2.44 244 2.45 245
3 10 554 546 5.39 5,34 5.31 5.28 527 525 5.24 523 522 522
05 10.10 955 9.28 9.12 9.01 8.94 889 885 8.81 8.79 8.76 8.74
01 3410 3080 2950 2870 2820 2790 2770 2750 2730 2720 2710 2710
25 1.81 2.00 2.05 2.06 207 208 208 208 208 208 2.08 2.08
4 10 454 4.32 419 4.11 405 4M 398 395 384 392 3.91 3.90
05 7.71 6.94 6.59 6.39 626 6.16 609 6.04 600 596 5.94 591
01 2120 1800 1670 1600 1550 1520 1500 1480 1470 1450 1440 14.40
25 1.69 185 1.88 1.89 1.89 1.89 189 189 1.89 1.89 1.89 1.89
5 10 408 378 362 352 345 340 337 334 332 330 3.28 327
05 661 5.79 5.41 5.19 505 495 488 482 477 474 471 468
.01 1630 1330 1210 1140 1100 1070 1050 1030 1020 10.10 9.96 9.89
25 1.62 1.76 1.78 1.79 1.79 1.78 178 1.78 1.77 177 1.77 177
6 10 378 346 329 3.18 31 3.05 301 298 2.96 2.94 292 2.90
05 599 5.14 476 453 439  4.28 421 415 4.10 4.06 4,03 400
01 1370 1090 9.78 9.15 875 847 826 ' 8.10 7.98 7.87 7.79 772
25 157 1.70 1.72 1.72 1.71 171, 170 170 1.69 1.69 1.69 1.68
74 10 3.59 3.26 3.07 2.96 288 283 278 275 272 270 2.68 267
05 559 474 435 412 3.97 3.87 379 373 3.68 3.64 3.60 357
01 1220 9.55 8.45 7.85 7.46 7.189 699 684 6.72 662 6.54 6.47
25 1.54 1.66 167 1.66 1.66 1.65 1684 164 1.63 1.63 1.63 162
8 10 346 3an 2.92 2.81 273 267 262 259 2.56 254 252 250
05 5.32 4,48 4.07 3.84 3.69 358 3.50 3.44 3.38 33 3.3 3.28
01 1130 8.65 7.59 7.01 6.63 6.37 6.18  6.03 5.91 581 573 567
25 1.51 162 1.63 1.63 1.62 1.61 160 160 1.59 159 1.58 158
9 10 336 301 281 269 261 255 251 247 244 242 240 238
05 512 4.26 3.86 363 348 337 329 323 318 3.14 3.10 307
01 10.80 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 526 5.18 5.11

Source:FromE. 5. Pearsonand H. 0. Hartley, eds., Biometrika Tables for Statisticians, vol. 1, 3rd ed., Table 18, Cambridge University Press, New York,
1966, Reproduced by permission of the editors and trustees of Biometrika.

PLO
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15 20 24 30
943 9.58 963 967
6120 6170 6200 6230
24600 24800 24900 250.00
341 343 343 34
942 944 945 946
1940 1940 1950 19.50
9540 9940 9950 9950
246 246 246 247
520 518 5.18 517
8.70 8.66 8.64 8.62
2680 2670 2660 2650
208 208 2.08 208
387 384 383 3.82
586 5.80 577 575
1420 14.00 1390 13.80
1.89 188 188 1.88
324 3.21 3.19 317
462 4.56 453 450
972 955 9.47 9.38
1.76 1.76 175 1.75
287 2.84 2.82 2.80
394 3.87 384 3.81
7.56 7.40 7.31 7.23
168 1.67 1.67 1.66
2863 259 2.58 256
3.51 344 3N 3.38
6.31 6.16 6.07 599
1.62 1.61 1.60 1.60
2.46 2.42 2.40 238
322 3.15 3.12 3.08
5.52 5.36 5.28 5.20
1.57 1.56 1.56 155
234 2.30 2.28 225
3.01 2.94 2.90 2.88
496 4.81 4.73 4.65

18

d.f. for numerator N

40

amn
62.50
251.00
3.45
9.47
19.50
89.50

247
S.16
8.59
26.40

208
3.80
5.72
13.70

1.88
3.16
4.46
9.29
1.75
2.78
377
7.14

1.66
254
3.34
5.91

1.59
2.36
3.04
512

1.55
223
2.83
457

- 60 100
9.74 976 9.78
6270 62.80 63.00
252,00 25200 253.00
345 346 347
947 947 948
1950 1950 1950
9950 9950 9950
247 247 247
515 515 514
8.58 8.57 8.55
2640 2630 2620
2,08 208 208
3.80 3.79 378
570 569 566
13.70 13.70 1360
1.88 1.87 1.87
315 314 313
444 443 441
924 9.20 913
175 174 174
277 2.76 275
375 374 371
7.09 7.06 6.99
1.66 1.65 165
252 251 250
332 330 327
5.86 5.82 5.75
1.59 1.59 158
235 2.4 232
202 301 297
5.07 503 496
154 154 153
222 221 219
2.80 279 276
452 448 442

120

9.80
63.10
253.00
3.47
9.48
19.50
99.50
2.47
514
8.56
26.20
2.08
3.78
5.66
13.60

1.87
3.12
4.40
9.1
1.74
274
3.70
6.97

1.65
249
327
5.74

1.58
232
297
495

1.53
218
275
4.40

APPENDIXE! STATISTICAL TABLES 521

200

9.82
83.20
254.00
348
9.49
19.50
99.50

247
5.14
8.54
26.20

2.08
3
5.65
13.50
1.87
3.12
439
9.08

1.74
273
3.69
6.93

1.65
2.48
3.25
5.70

1.58
2.31
295
491

153
217
273
4.36

df. for
denom-
inator
500 q Pr Na
984 98 25
6330 6330 .10 1
25400 25400 .05
348 348 25
949 948 .10 5
1950 1950 05
9950 9950 01
247 ~ 247 25
514 513 .10 3
853 853 05
2610 2610 .01
208 208 25
376 376 .10 4
564 563 05
1350 1350 .01
187 187 25
311 310 10 5
437 436 05
904 902 .01
174 174 25
273 272 10 6
368 367 05
690 688 .01
165 1685 25
248 247 10 7
324 323 05
567 565 .01
158 158 .25
230 229 10 8
294 293 05
488 48 01
153 153 25
217 216 10 9
272 271 05
433 431 01
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TABLE E-3
v P - _ cecn
df. for
denom- d.f. for numerator Ny
inator e _
m oA 2 3 4 B 8 7 8 o 10 11 12
25 149 160 160 159 158 158 157 156 156 155 185 154
10 10 a2 292 273 261 252 248 241 238 23 23 230 228
05 496 410 371 348 333 322 314 307 302 298 284 291
01 1000 756 655 599 564 539 520 506 494 485 477 4TI
25 147 158 158 157 156 155 154 153 153 152 152 15
11 10 323 286 266 254 245 238 234 230 227 225 223 22
05 454 398 350 33 32 300 301 295 290 28 282 279
01 985 7.2 622 567 532 507 489 474 463 454 446 440
25 146 156 156 18 154 15 152 151 151 150 150 149
12 10 318 281 261 248 239 233 228 224 221 219 217 215
05 475 380 349 326 311 300 281 28 280 275 272 289
01 933 693 59 541 506 482 464 450 439 430 422 416
25 145 155 155 183 15 151 150 149 149 148 147 147
13 10 314 276 256 243 235 228 223 220 216 214 2142 210
05 467 381 341 318 303 292 28 277 271 267 263 2860
01 g07 670 574 521 486 462 44 40 419 410 402 398
25 144 153 153 152 151 150 149 148 147 146 146 145
14 10 310 273 252 23 231 224 219 215 242 210 208 205
05 460 374 334 311 296 28 276 270 265 260 257 253
01 885 651 55 504 469 446 428 414 403 394 38 380
25 143 152 152 151 149 148 14 146  1.46 145 144 144
15 10 207 270 249 236 227 221 216 212 209 206 204 202
05 454 368 329 306 2% 279 271 264 250 254 251 248
01 ges 636 542 489 456 432 414 400 389 380 373 367
25 14 151 151 150 148 147 146 145 144 144 144 143
16 10 205 267 246 233 224 218 213 209 206 203 201 198
05 449 363 324 301 28 274 266 259 254 249 246 242
01 853 623 529 477 44 420 40 389 378 369 362 355
25 142 151 150 149 147 146 1.4 144 143 143 142 1.4
17 10 203 264 244 231 22 215 210 206 203 200 198 196
05 445 359 320 296 281 270 261 255 249 245 241 238
01 840 611 518 467 434 410 3g3 379 368 359 352 346
25 141 150 149 148 146 145 144 1.43 142 142 141 140
18 10 201 262 242 229 220 213 ° 208 204 200 198 19 193
05 441 355 316 298 277 266 258 251 246 241 237 234
01 829 601 500 458 425 401 g4 371 360 351 343 337
25 141 149 149 147 146 144 143 142 141 141 140 140
19 10 209 261 240 227 218 211 206 202 198 196 194 191
05 438 352 343 280 274 263 254 248 242 238 234 231
01 818 593 501 450 417 394 377 363 352 343 336 330
25 140 149 148 146 145 144 143 142 14 140 139 139
20 10 997 258 238 225 216 209 204 200 196 184 192 189
05 435 349 310 287 271 260 251 245 239 235 231 228
01 810 585 494 443 410 387 370 356 346 337 329 323

19

UPPER PERCENTAGE POINTS OF THE £ DISTRIBUTION (t ONTINUILD)
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I—
15 20
183 182
224 220
285 277
456 441
150 1.48
217 212
2.72 265
425 410
1.48 1.47
210 206
262 254
401 386
1.46 1.45
205 201
253 246
382 366
1.44 143
20 1.96
246 239
366 351
1.43 1.41
1.97 1.92
2.40 233
352 3.37
1.41 1.40
1.94 1.89
235 228
341 326
1.40 1.38
1.91 1.86
231 223
3.31 3.16
1.39 1.38
1.89 1.84
227 219
3.3 3.08
1.38 1.37
1.86 1.81
223 216
315 3.00
1.37 1.36
184 1.79
220 212
3.09 284

2 10
261
4.02

1.46

2 51
3.78

1.44
188
242
358
1.42
194
235
3.43

1.41
1.90
229
329

1.39
1.87
224
3.18

1.38
1.84
219
3.08

137
1.81
215
3.00

1.36
1.79
2.1
292
1.35
1.77
208
286

20

d.l. for numerator Ny

30 40 50 60 100
151 151 150 150 1.49
216 213 212 211 209
270 266 264 262 259
425 417 412 408 401
148 147 147 147 146
208 205 204 203 200
257 253 251 249 246
394 386 381 378 371
145 145 144 144 143
201 189 187 196 194
24T 243 240 238 235
370 362 357 354 347
143 142 142 142 141
1% 193 192 190 188
238 234 231 230 226
351 343 338 334 327
14 141 140 140 139
191 189 187 18 1.8
231 227 224 222 219
335 327 32 318 31
14 139 139 138 138
187 185 18 18 179
225 220 218 216 212
321 313 308 305 298
138 137 137 136 136
184 181 179 178 176
219 215 212 211 207
310 302 297 293 28
137 136 13 135 134
181 178 176 175 173
215 210 208 206 202
300 292 287 283 276
13 135 134 134 133
178 175 174 172 170
211 206 204 202 198
202 284 278 275 268
135 134 133 138 132
176 173 171 170 167
207 203 200 198 194
284 276 271 267 260
134 133 138 132 131
174 171 169 168 165
204 199 197 185 19
278 260 264 261 254

APPE

NDIXE: STATISTICAL TABLES 523

J—
— d.f. for
denom-
e inator
e o q Pr N
120 200 500 [
25
140 140 148 18 10
2o 207 206 208 .10
258 2568 255 254 .05
400 39 393 391 01
25
146 146 145 145 .
200 199 198 197 10 11
045 243 242 240 .05
369 366 362 360 .01
143 143 142 142 25
193 192 191 190 10 12
234 232 231 230 05
345 341 338 33 01
14 140 140 140 25 ,
188 186 18 18 .10 1
005 223 22 221 .05
325 32 319 317 .01
139 139 138 138 25
183 18 180 18 .10 14
218 216 214 213 05
309 306 303 300 0O
137 137 136 136 25
179 177 176 176 .10 15
211 210 208 207 05
206 292 289 287 .01
135 135 134 134 25
175 174 173 172 .10 16
206 204 202 201 05
284 28 278 273 ™
134 134 138 133 25
172 171 169 169 .10 17
201 199 197 19 05
275 271 268 265 .0
133 132 132 132 25
169 168 167 166 .10 18
197 195 193 192 05
266 262 258 257 .01
132 131 131 130 25
1.67 1.65 1.64 1.63 10 19
193 191 189 18 .05
258 255 251 249 O
131 130 130 129 25
164 163 162 161 10 20
19 18 18 184 .05
252 248 244 24 o1
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UPPER PERCENTAGE POINTS OF THE F DISTRIBUTION (CONTINUED)

TABLE E-3
d.f. for
denom- d.f. for numerator N,
inator f—— e =
Ao Pr 1 2 3 4 5 6 7 8 9 10 1 12
25 1.40 1.48 1.47 1.45 1.44 1.42 1.41 1.40 1.39 1.39 1.38 1.37
2 10 295 256 235 222 213 208 201 1.97 1.93 1.90 1.88 1.86
05 430 344 3.05 28 266 255 246 240 234 230 226 223
01 7.95 572 482 431 3.99 376 359 345 335 326 318 3.12
25 1.39 1.47 1.46 1.44 1.43 1.41 1.40 1.39 1.38 1.38 1.37 1.36
24 10 293 254 233 219 2.10 2.04 1.98 1.94 191 1.88 1.85 1.83
05 426 3.40 3.01 2.78 262 251 2.42 238 230 225 221 218
01 7.82 5.61 472 4.22 3.90 367 3.50 336 326 317 3.09 3.03
25 1.38 1.46 1.45 1.44 1.42 1.41 1.39 1.38 137 1.37 1.36 1.35
26 10 291 252 231 217 208 201 19 192 18 18 184 181
05 423 337 2.98 2.74 259 247 239 232 2271 - 22 2.18 2.15
01 7.72 553 464 4.14 3.82 359 342 329 3.18 308 302 2.96
25 138 1.46 1.45 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.35 1.34
28 10 289 250 229 2.16 2.06 2.00 1.94 1.90 187 1.84 1.81 1.79
05 420 3.34 295 2.71 2.56 245 238 229 224 219 2.15 2.12
01 7.64 545 457 407 3.75 353 338 323 312 303 29 2.90
25 1.38 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.36 1.35 1.35 1.34
30 10 288 2.49 228 214 2.05 1.98 1.93 1.88 1.85 1.82 1.79 1.77
05 417 332 292 2.69 253 2.42 233 227 2.21 2.16 213 2.09
01 756 5.39 451 4,02 3.70 3.47 330 317 307 298 2.91 2.84
25 1.36 1.44 1.42 1.40 1.39 1.37 1.36 1.35 1.34 1.33 1.32 1.31
40 10 284 2.44 2.23 209 200 1.93 1.87 1.83 1.79 1.76 173 1.71
05 4.08 323 2.84 261 245 2.34 225 2.18 212 2.08 2.04 2.00
01 7.31 5.18 431 383 3.51 329 312 2.99 2.89 2.80 273 2.66
25 1.35 1.42 1.4 1.38 1.37 1.35 1.33 1.32 1.31 1.30 1.29 1.29
60 10 2.79 239 2.18 2.04 1.95 1.87 1.82 1.77 1.74 1.71 1.68 1.66
05 400 3.15 2.76 253 237 225 217 2.10 204 1.99 1.95 1.92
01 7.08 498 413 385 334 312 295 282 272 2.63 2.56 2.50
25 134 1.40 1.39 1.37 1.35 1.33 1.31 1.30 1.29 1.28 1.27 1.26
120 10 2.75 2.35 2.13 1.99 1.90 1.82 177 1.72 1.68 1.65 1.62 1.60
05 392 307 2.68 2.45 2.29 217 209 202 196 1.91 1.87 1.83
01 6.85 479 3.95 3.48 317 296 279 266 256 2.47 2.40 2.34
25 1.33 1.39 1.38 1.36 1.34 1.32 1.31 1.29 1.28 1.27 1.26 1.25
200 10 273 233 21 1.97 1.88 1.80 1.75 1.70 1.66 1.63 1.60 157
05 3.89 3.04 265 . 2.4_2 226 2.14 2.06 1.98 193 1.88 1.84 1.80
1) 6.76 4.71 3.88 34 31 2.89 273 2.60 2.50 24 2.34 2.27
25 1.32 1.39 1.37 1.35 1.33 1.31 1.29 1.28 1.27 1.25 1.24 1.24
q A0 2.7 2.30 2.08 _1.94 1.85 1.77 172 1.67 1.63 1.60 157 1.55
.05 384 3.00 2.60 237 221 210 2.0 1.94 1.88 183 1.79 1.75
01 663 461 3.78 3.32 3.02 280 264 2.51 2.41 232 225 2.18

PTO.
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- e m——E— /‘1 d.f.for
denom-
) _ d.{ for numerator N - —_ inator
15 20 o4 30 40 50 60 100 120 200 500 _c| Pr_ B Nz
1% 13 18 13 13 gy g3 130 ta 120 120 1% .22 ”
ys1 176 173 170 167 165 164 161 180 18 158 157 :)5
218 207 208 188 184 19 1ee 185 184 182 180 178
288 283 2.75 267 258 253 250 2.42 2.40 2.36 2.33 2.31 01
3 18 12 131 130 129 129 128 128 127 127 1282 ,
17 178 170 167 164 e 161 s s 1% 154 188 A0 4
21 203 1.98 194 1.89 18 184 180 179 177 175 173 05
288 274 265 258 249 2.44 2.40 2.33 2.31 227 224 2.21 01
13 1R 131 130 120 128 128 126 126 126 125 125 .2
176 171 168 165 161 159 158 155 154 158 151 150 .10 26
200 19 195 190 18 18 18 176 175 173 17 169 05
281 266 258 250 242 23 233 225 223 219 216 213 .01
133 131 130 120 128 127 127 126 125 125 124 124 .25
174 168 166 163 150 157 156 153 152 150 149 148 .10 28
204 196 191 187 18 179 177 173 171 169 167 16 05
275 260 252 244 235 230 226 219 217 213 200 206 O
132 130 129 128 127 126 126 125 124 124 128 1B 2
172 167 184 161 157 155 154 151 150 148 147 146 .10 30
201 183 18 184 179 176 174 170 168 166 184 182 05
270 255 247 239 230 225 221 213 211 207 203 201 01
130 128 126 - 125 124 123 12 121 121 120 119 118 25
166  1.61 157 154 151 148 147 143 142 141 - 1398 138 .10 40
192 184 1789 174 169 166 164 159 158 15 15 151 .05
252 237 228 220 211 2086 202 194 192 1& 18 18 O
127 125 124 12 121 120 119 147 147 116 145 115 25
160 154 151 148 144 141 140 136 135 133 131 129 10 60
184 175 170 165 159 15 153 148 147 144 14 138 .05
235 220 212 203 194 188 184 175 173 168 16 160 01
124 12 121 119 118 117 116 114 113 112 141 110 25
155 148 145 141 137 134 132 127 126 124 12 119 .10 120
175 166 161 155 150 146 143 137 13 132 128 125 05
219 203 195 18 176 170 166 15 153 148 142 138 01
123 1.21 120 118 116 114 112 111 110 109 108 106 25
152 146 142 138 134 131 1268 124 122 120 117 114 10 200
172 162 157 152 146 141 139 132 129 126 122 118 05
213 1.97 1.89 1.79 1.69 1.63 1.58 1.48 1.44 1.39 1.33 1.28 .01
122 119 118 146 114 113 112 109 108 107 104 100 25
1.49 1.42 1.38 1.34 1.30 1.26 1.24 1.18 1.17 1.13 1.08 1.00 10 q
167 157 1.52 1.46 1.39 1.35 1.32 1.24 1.22 1147 111 1.00 05
2.04 1.88 1.79 1.70 1.59 1.52 1.47 1.36 1.32 1.25 1.15 1.00 01
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TABLE E-4 UPPER PERCUNTAGE POINTS OF THE X DISTRIBUTION

Example

PrX" > 10.8%) = 098

PrX’ > 23.83) = 025  fordf = 20

Pr(X’ > 31.41) = 0.05

rees Pr
cI\:;elgreedom Qa5 990
1 392704 x 10 157088 x 10®
2 .0100 0201
3 0717 1148
4 .2070 2971
5 4117 5543
6 6757 8721
7 9893 1.2390
8 1.3444 1.6465
< 1.7349 2.0879
10 21559 2.5582
11 26032 3.0535
12 3.0738 3.5706
13 3.5650 41069
14 40747 4.6604
15 4.6009 5.2294
16 5.1422 58122
17 5.6972 6.4078
18 6.2648 7.0149
18 6.8440 7.6327
2 7.4339 8.2604
21 8.0337 8.8972
s 8.6427 95425
23 9.2604 10.1957
24 58862 10.8564
) 10.5197 11.5240
2% 11.1603 12.1981
27 11.8076 12.8786
28 12.4613 13.5648
28 13.1211 14.2565
30 13.7867 149535
40 20.7065 22.1643
50 27.9907 29.7067
60 35.5346 37.4848
70 43.2752 45.4418
80 51.1720 53.5400
0 59.1963 61.7541
100~ 67.3276 70.0648

[~

9h% area

5% area

3141
975 950 900
982069 x 109 393214 x 102 0158
0508 1026 2107
2158 3518 5844
4844 7107 1.0636
8312 1.1455 1.6103
1.2373 1.6354 2.2041
1.6899 2.1674 2.8331
21797 2.7326 3.4895
2.7004 3.3251 4.1682
3.2470 3.9403 4.8652
3.8158 45748 55778
4.4038 5.2260 6.3038
5.0087 5.8919 7.0415
56287 6.5706 7.7895
6.2621 7.2609 8.5468
6.9077 7.9616 9.3122
7.5642 8.6718 10.0852
8.2308 9.3905 10.8649
8.9066 10.1170 11.6509
9.5908 10.8508 12.4426
10.2829 11.5913 13.2396
10.9823 12.3380 14.0415
11.6885 13.0905 14.8479
12.4011 13.8484 15.6587
13.1197 14.6114 16.4734
13.8439 15.3791 17.2919
14,5733 16.1513 18.1138
15.3079 16.9279 18.9392
16.0471 17.7083 19.7677
16.7908 18.4926 20.5992
24.4331 26.5093 29.0505
32.3574 34.7642 37.6886
40.4817 43.1879 46.4589
48.7576 51.7393 55.3280
57.1532 60.3915 64.2778
65.6466 69.1260 73.2912
742219 77.9295 82.3581

*For d.f. greater than 100 the expression 22x2 - 2(2k - 1) = Zfollows the standardized normal distribution, where k represents the

degrees of freedom.

P.T.0.
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750 500 250 100 050 025 010 005

1015 4549 1.3233 27 5.0239 6.6349 7.8794
5754 1.3863 27726 4,623 g'gg:: 7.3778 9.2103 10.5966
12129 2.0 4.1084 6.2514 7.8147 9.3484 11.3449 12,8381
34546 5.3481 7.8408 10.6446 12,5016 14.4494 16.8119 18.5476
4.2348 6.3458 9.0372 120170 14.0671 16.0128 18.4753 202777
50708 7.3441 10.2188 13.3616 15.5073 17.5346 20.0902 21.9550
58988 8.3428 11.3887 14,6837 16.9190 19.0228 21.6660 23.5893
67372 9.3418 125489 15.9871 18.3070 20.4831 23.2093 25.1882
7.5841 10.3410 13.7007 17.2750 19.6751 21.9200 24.7250 26.7569
84384 11.3403 14.8454 18 5494 21.0261 23.3367 26.2170 28.2995
8.2991 12.3398 15.9839 19.8119 22,3621 24,7356 27.6883 29.8194
10.1653 13.3383 17.1170 21.0642 23,6848 26.1190 29.1413 31.3193
11.0365 14.3389 18.2451 22.3072 24.9958 27.4884 30.5779 32.8013
119122 15.3385 19.3688 23,5418 26.2962 28.8454 31.9999 342672
127918 16.3381 20.4887 247690 27.5871 30.1910 33.4087 35.7185
13,6753 17.3379 21.6049 25.9894 28.8693 31.5264 34.8053 37.1564
14.5620 18.3376 22.7178 27.2036 30.1435 32,8523 36.1908 38.5822
15.4518 19.3374 23.8277 28.4120 31.4104 34.1696 37.5662 39.9968
16.3444 20.3372 24.9348 29,6151 326705 35.4789 38.9321 41.4010
17.2396 21.3370 26.0393 30.8133 33.9244 36.7807 40.2894 42.7956
18.1373 223369 271413 32.0069 35.1725 38.0757 41.6384 44.1813
19.0372 23.3367 28.2412 33.1963 36.4151 39,3641 42,9798 45,5585
19.9393 24.3366 29.3389 34.3816 37.6525 40.6465 443141 46.9278
20.8434 25.3364 30.4345 35.5631 38.8852 419232 456417 48.2899
21.7494 26.3363 31.5284 36.7412 40.1133 43.1944 46.9630 49,6449
22 6572 27.3363 32.6205 37.9159 41.3372 44,4607 48.2782 50.9933
23.5666 28.3362 33.7109 39.0875 425569 457222 49,5879 52.3356
24 4776 29.3360 34.7998 40.2560 43.7729 46.9792 50.8922 53.6720
33.6603 39,3354 456160 51.8050 55.7585 59.3417 63.6907 66.7659
42.9421 493349 56.3336 63.1671 67.5048 71.4202 76.1539 79.4900
522938 50.3347 66.9814 74.3970 79.0819 83.2976 88.3794 91.9517
61.6983 69.3344 77.5766 85.5271 80.5312 95.0231 100.425 104.215
71.1445 79.3343 88.1303 96.5782, 101.879 106.629 112.329 116.321
80.6247 89.3342 98.6499 107.565 113.145 118.136 124.116 128.299
90.1332 99.3341 109.141 118.498 124.342 129.561 135.807 140.169

Source: Abridged fromE. S. Pearson and H. O. Hartley, eds., Blometrika Tables for Statisticians, vol. 1, 3rd ed., Table 8, Cambridge University Press, New
York, 1966. Reproduced by permission of the editors and trustees of Blometrika.
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TABLE E-5a

25

DURB|N~WATSONdSTMIST]C:SIGNIFICANCE POINTS OF di AND du AT 0,05 LEVEL OF SIGNIFICANCE

k'=2

d

k'=3

k'

=4

k'=5

iK'= 8

k'=7

k'=8

dy

d

du

d

s

di

du

d

du

di

du

du

du

d

BE8ssa8d330s8588YU8RRUBYBBRNRY

0610
0.700
0763
0.824
0879
0927
oo

1.010
1045
1077
1.106
1133
1158
1.180
1201

121

1239
1.257
1273
1.288

1316
1328
1.341
1.352
1363
1373
1.383
1.393
1.402
1411

1418
1.427
1435
1442
1.475
1.503
1528

1.567
1.583
1.588
1611
1.624
1.635
1.645
1654
1.720
1.758

1324

1.778

1.886
1777
1689
1.641
1604
1579
1.562
1551
1.543

1.798

0710
0752
0.782
0.829
0.883
0.885
0825
0.953
0.978

1.028
1.050
1.07M
1.080
1.108
1127
1.144
1.160
1175
1.190
1.204
1.218

1.287
1.335
1374
1.408
1.438
1484
1.487
1507
1.525
1.542
1.557
1571
1665
1718

1.087
1114
1131

1246

1370
1401
1428
1453
1474
1.484
1512
1528
1.637
1.6897

1.875

1.8%0
1.843
1837

1.831
1.820
1827
1.827
1826
1832
1841

am
2978
2.880
2757

2589
2521
2460
2407
2.360
2318

2246
2218
2188
2164
2141

2120
2102
2085
2,069
2054
2041

2029
2017
2007
1.907
1,958
1.930
1.909
1.894
1.882
1873
1.867
1861
1.857
1854
1.852
1.850
1.847
1.852

1877
1874
1.862
1.863

1339 1935
1369 1925
13%6 1918
1420 1909
1442 1903
1462 1808
1584 1877
1665 1874

RT.0.
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APPENDIXE: S

NEMRENNE
(=]
f
(&)
4

1368 1.946
1385 1837
1418 1929
1438 1923
1578 18092
1.885

g§8aaamamsaaaswasmmeaﬂwama
N
8

N
;

1.238
1277
1.311
1.342
1.369
1.384
14186
1.564
1643

3441 0078 3503 — = 5 o I —
3335 0111 3496 0070 3Ba2 — = = = = - _ e —
3234 0145 3385 0100 3542 0063 3678 — — =
3141 0182 3300 0132 3448 0081 3583 0058 3705 — e M = (&
3057 0220 3211 0166 3368 0120 3495 0083 3619 0076 3650 0048 3753 — S =
2979 0280 3128 0202 3272 0153 3409 0110 3535 00 3572 0070 3678 0044 S
2905 0297 3083 0239 3193 0186 3327 0141 3454 m% 3494 0094 3604 0065 i Ao amd
2844 0336 2085 0275 3119 0221 3261 0172 3376 0.150 3420 0120 3531 0087 3 ;
2784 0373 2919 0312 3051 0256 3179 0205 3303 0191 g QVG 3480
2730 0402 2850 0348 2987 0291 3112 0238 3233 0'222 3283 0178 3392 O. Si% S
2680 0445 2805 0383 2928 0325 3050 0271 3168 0. 3219 0208 3327 0166 3431 O .
2634 0479 2755 0418 2874 0359 2892 0305 3107 0254 e s A
2582 0512 2708 0451 2823 0302 2837 0337 3.050 0288 S s 020e 508 024 2 e
2553 0545 2685 0484 2776 0425 2887 0370 2996 0317 305 0200 3153 0253 3252 0211 3
2517 0576 2625 0515 2733 0457 2840 0401 2048 0349 3000 019 3100 0283 3198 0239 3293
2484 0606 2588 0546 2602 0488 2796 0432 2899 0379 o84 ‘o E0et (0912 AT DT B0
2454 0634 2554 0575 2654 0518 2754 0462 2854 0409 o160 0388 5005 0340 3000 0295 3190
2425 0662 2521 0604 2619 0547 2716 0492 2813 0439 gm Cavr. D08) 060 F06S DU -SAS
2398 0688 2492 0631 2586 0575 2680 0520 2774 0467 Nt ol a g el i mae
2374 0714 2454 0657 2555 0602 2646 0548 2738 0495 2. G CA7: sueb ‘D434 3058 G576 3054
2351 0733 2433 0683 2526 0628 2614 0575 2703 0522 2.; e SEis oibi S bk abis
2323 0763 2413 0707 2499' 0653 2585 0600 2671 0549 2, g: BoE can Gf ooy oA Dare
2308 0785 2391 0731 2473 0678 2557 0626 2641 0575 27 Nt A G 5756 bos ety
2225 0887 2206 0838 2367 0788 2439 0740 2512 0682 2.2_1;3 g.?ﬂ 250 ovss. 5415 Tak. Swrs
2163 0873 2225 0927 2287 0882 ii? g.;‘im; i:a; g.;% 2396 EN S D7 80 Gir aEm
2116 1045 2170 1003 225 0961 ; ! & it 257 an: 2 e
2079 1106 2127 1.088 2177 1029 2227 0990 2278 0951 2330 0.910 ngiciifacline g
2049 1160 2093 1124 2138 1088 2183 1.052 2220 1016 2276 098 ; bl
1172 2106 1139 2148 1105 2180 1072 2232 1.038 2275 1005 2 :
?z'g;;: :22?; :g 1215 2080 1184 2118 1.153 2156 1121 2195 1090 2235 1058 2275 1%; ;3;2
1897 1283 2024 1253 2059 1224 2093 1195 2120 1165 2165 1136 2201 1106 2238 ; 227
1677 1315 2000 1.287 2040 1260 2073 1232 2105 1206 2139 1177 2172 1149 2206 1121 !
1966 1344 1995 1318 2025 1.292 2055 1266 2085 1240 2116 1213 2148 11a7 2179 1160 221
1856 1370 1984 1345 2012 1321 2040 1296 2088 1271 2007 1247 2126 122 2156 1197 2186
1948 1365 1974 1371 2000 1.347 2026 1324 2053 1301 2080 1277 2108 1253 2135 1220 2164
1908 1550 1924 1535 1940 1518 1956 1504 1979 1480 1980 1474 2006 1458 2023 1443 2040
1896 1632 1908 1621 1919 1610 1831 1500 1943 1588 1955 1576 1967 1565 1979 1554 1.991

Note:n = number of observations, k' = ber of lanatory Gt cluding the constant term.

Source: This table is an extension of the original Durbin-Watson table and is reproduced from N, E.Savin and K. J. wh
Extreme Small Sam ples or Many Regressors,” Ec lca, vol. 45,

1554. R d by per

te, "The Durbin-Watson Test for Serial Correlation with
1977, pp. 1989-96 and as corrected by R,

W.Farebrother, Econometrica, vol., 48, September 1980, p.
of the Ec ric Sodety.

Example E.1.
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TABLE E-Sb DURBIN-WATSON o STATISTIC: SIGNIHICANCE POINTS OF o, AND tdis ATOOT LEVEL OF SIGNIICANCE
____..._.._————-—'_'___ —
k=1 A= 2 k=3 A=A K= A=6 K= K= k'=H __"_'_13--
n d 4 d. d d, d d, y i i i di b e thi t, thy i i
———ee e —
6 030 1142 — — - - - - - - - - N - -
- o435 1036 O 1ET® — B
§ D47 1008 03 1AW 0220 2102 — - — = - = = - = = - - -
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Wote n = number of observations, k' = number of explanatory variables excluding the constant term.

(5000)



Sr. No. of Question Paper @ 5285

Unique Paper Code 2273102006

MONEY AND FINANCIAL
MARKETS

Name of the Paper

Name of the Course B.A. (HONS.) ECONOMICS

Semester 1V

Duration : 3 Hours Maximum Marks : 90

Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt

of this question paper.
2. All questions carry equal marks.

3. Answer any Five questions.

1. (a) The Third Working Group on Money Supply (1998)
under the chairmanship of Dr YV Reddy observed

that the prevailing set of monetary aggregates were
not in conformity with the largely followed norms

B.T.0.
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(b)

2 (a)
(b)

2

oF pl.ogrcssivily in terms of liquidity. Briefly discuss
the major recommendations made by the group in
order to address the problem with the prevailing

set of monctary aggregates. )

Suppose the required reserve ratio is 10% of
deposits, banks hold 5% of deposits as excess
reserves and the public holds 30% deposits as

currency.

(i) Calculate the total money supply if
monetary base is Rs. 30 lakh. (3)

(i) If Central Bank engages in open market
sale of Rs. 10 lakh, calculate the change
in money supply. (3)

(iii) If the currency deposits ratio falls to 25%,
what is the impact on exogenous money

supply? 3)

“The maximum loss from buying a call option is
the option price and there is substantial upside
potential for the buyer” — Explain this statement
with a suitable example. (9)

Briefly explain the major Banking Reforms in India
since 1991. 9)
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3. (a) A Coupon Bond maturing in one year has a face
value of Rs. 1000 and coupon rate of 8%. If the
market interest rate is 6% at the time of purchase,

calculate :

(i) Price of the coupon bond (2)
(i1) Current yield (2)
(i11) Yield to maturity of this bond (2)

(b) Write short note on any two (6 Marks each)

(1) Difference between Future and Forward

Contracts

(11) Risk-return profile of Put Option (Long Put

Position)

(iii)) Differentiate between Exogenous and

Endogenous money supply curves.

4. (a) ‘It is not merely the number of instruments that is
important, but the number of instruments exerting
independent effects on the target variables’-

Explain this statement in the context of monetary

policy targets and achievements. 9)

P.T .6
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(b) Discuss the effectiveness of M CLR system in
improving the transmission effects of monetary

policy. (9)

n

Explain how the expectations and segmented-markets
hypothesis are extreme versions of the preferred-
habitat hypothesis. Give an example to illustrate your

explanation. (18)
6. (a) Discuss the implementation lag and effectiveness
lag in monetary policy. (10)

(b) What are the key components of the monetary
policy framework? Discuss the multiple indicator

approach to monetary policy? (8)

(2500)
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