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SECTION-I
All Questions are compulsory.

1. (a) Let e =y — ¥ denote the forecast error.
(i) Define a loss function and explain its role in forecast evaluation.

(i) State the desirable properties of a loss function.

(b) Examine whether the following are valid loss functions :
@ L(e) = ¢e?
@ L(e) = | e
(i) L(e) =e* + e
For each valid loss function, state whether it is symmetric or asymmetric.

(5,5)

2. (a) Explain the jury of executive opinion method of forecasting. What are its
main advantages and disadvantages?

(b) Explain the concept of groupthink in forecasting. What are its consequences
for decision-making? (5,5)

SECTION-II
Attempt any two questions out of three.

3. The quarterly electricity production (in units) for two years is given below :

Quarter Q1 Q2 Q3 Q4
Year 1 100 90 95 115
Year 2 120 110 15| 135

() Identify the main pattern in the data and justify whether an additive or

multiplicative decomposition model is appropriate.

(b) Estimate the trend using a 4-quarter centered moving average (show essential

steps only).
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4.

5.

(¢) Compute the seasonal components using the additive model.

(d) State one limitation of the moving average method. (3,5,5,2)

The quarterly Canadian unemployment rate (% of civilian labor force, seasonally

adjusted) is given below :

t Year | Quarter (Yy)

1 1974 Q1 5.4
2 1974 Q2 53
3 1974 Q3 53
4 1§74 Q4 5.6
5 1975 Q1 6.9
6 1975 Q2 7.2
7 1975 Q3 7.2

(a) Obtain the forecast for 1975 Q4 using a 3-period moving average.

(b) Obtain the forecast for 1975 Q4 using simple exponential smoothing with
a=0.7. Assume F, = Y .

7

(¢) Compare your two estimates using the MSE accuracy statistics.  (5,5,5)

The following data relate Total cost Y to units produced X :

Observation X) Y)
1 5 25
2 2 11
3 8 34
4 4 23
5 6 32

PTO.
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Estimate the linear regression model Y = a + bX.

Compute R? and verify that R*=1r2_.

2 rXY’

Obtain a 95% prediction interval for Y when X = 5. (5,5,5)

SECTION-III
Attempt any two questions out of three.

Define an AR(1) and MA(1) process.
State the condition for stationarity of AR(1).
Show that for an AR(1) process, the autocorrelation function (ACF) is
P, = ¢
A time series has the following sample ACF and PACF patterns :
(@) ACF declines gradually
(i) PACEF cuts off sharply after lag 1

Identify the appropriate model and justify your answer.
Explain how the patterns of ACF and PACF are used to identify AR and MA
processes. (4,3,6,4,3)

Define cointegration and explain its relationship with non-stationary variables.

Derive a simple error-correction model (ECM) starting from a long-run
relationship.

Explain the economic interpretation of the error-correction term.

Prove that ECM is a reparametrization of the general linear autoregressive
distributed lag (ARDL) model. (3,6,3,8)

Two variables Y, and X, are found to be non-stationary in levels but stationary

in first differences. A long-run relationship is estimated and residuals 1, are
obtained
Yt=B0+B1Xt+ut

¢
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2.

Explain the Engle-Granger two-step procedure for testing cointegration. How
would you use the residuals to test for cointegration, and what conclusion

would you draw if 4, is stationary? (10)

(b) Consider the following estimated model:

Yt = aO + a’ZYt—l + a2Yt—2 + B1}{ + B2>(t—2 + ut

t-1

The estimated results are: f; = 0.5 (t = 2.6), B, = 0.4(t=2.4), F=3.2. The

sample size is n = 30. Use 5% level of significance.

(1) Test whether X Granger-causes Y. Clearly state the null hypothesis,
compute the relevant degrees of freedom, and apply the appropriate

decision rule.

(i) Based only on the individual t-statistics, what conclusion might
be drawn about Granger causality? Compare this with the result from

part (a).
(iii) Explain how the inclusion of lagged dependent variables Y,_,, Y, , affects
the interpretation of Granger causality in this model. (4,3,3)
ws-1

a3t /e sifFee 2

() o ARG e =y — § Teigar e i waian 2
() B werT o IR SR JEE T A She e T S|
(i) e B & TS OU F qUA HITI

(@) wifT = T =0 FfoRes =ift wem 3o §:

@) L(e) = €2

(@) L(e) = |e]

(iii) L(e) = e* + e
uﬁm%mﬁw%ﬁ,ﬁm%ﬁm%ﬁwﬁm (5,5)

() RN T S AT TE S e S| T e W SR S
37
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(@) T % WE 9 9 SR S T S Fola o W see = aRem B
&7 (5,5)
ws-11

o F @ @R gE @ IR @i |
3 At & fow T foet SweT (gfe %) T o w2

ot | foetl | Reer2 | et | e g
a8 1 100 90 95 115
992 120 110 115 135

() sicrst ¥ 7o et Al TEu W AR A Rig W o A @ IO S
Hige SUgEd 8 a1 T

(@) TR - TSt Rfsw 4T TS 1 STENT TR T H A G (A S
=Rl fa@ng)

(1) AR HieA HT ITAT FH HGER TCHh ot MU TR

(&) < vaiw f&fer =t v an SaEe) (3,5,5,2)

4. ST S ORI SRISFIR &X (FIRTReR 39 et T %, Hieni §9 3 Gamaion ) = & € 38 -

& EL) et (a)
1 1974 fommEt 1 5.4
2 1974 Rt 2 53
3 1974 fmet 3 53
4 1974 o=t 4 5.6
5 1975 Rt 5 6.9
6 1975 T 6 72
7 1975 ot 7 72
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(%) ST Srier o AT TaRe o ST w1975 S S R & g et v

|

() Ot =i GO fafer s ST ERa 1975 Y R et & e eleEe e

e, BRE o= 0.7. 9 AR F, =Y,

(1) TeEE Wiher Wil T ST R S AR STl o gort 1 (5,5,5)

FeAfelRaa stishe A AN Y 3K Staiied gehEal X & 99 96 o0 B

CERICT] (T ) ()
1 5 25
2 2 11
3 8 34
4 4 23
5 6 32

() e AioAER Hise Y = a + bX T SIFAM RIETI
, Ty 1 TOFT Y IR Geamiuaes T R2 =12 |
(W) SHX=58,WY & [T 95% &AM iR I &

(®) R?

w111
W F G Bt @ g3 % IR el

(%) AR(1) 3R MA(1) wifthar = TR =)
(@) AR(1) st Rexan & fow o sagel

(1) T & AR(1) Wik & fom, siicaiRes s (ACF) 2

P = 0F
(%) e @ yEer | Feiiag 9 ACF 3R PACF e §:
(i) TiiTw €R-&R "ear ®

(5,5,5)
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(i) PACF o 1 & w =M% ¢ & ol @
I e o IEU R 3N SO ITR T S R

(¥) a5 T ART fF TheE S fedes B Jevt w STRT TR 3R T wicharsit
e TR @ e R e s 2 (4,3,6,4,3)

(o) o5 - TR T TR W SR - Fer R & A T wsy T
(@) SFmie W A L6 P TC T WA AT -FUR Hea (FAeA) e
() IR -TuR TT A iE R TEE I

)

8 (&) WY, I X, R F W-Rer A wort et § Ror ¢ Wt €1 0 Aeletioren
Heler T AT AT ST § SN e 4, W fr e
Y =B, + BX tu
FERIET & WET B RN WE-IR - AR R Sl ST
PR B ET T D R R w5 ST 8 B, 38R Al 4, fer ?
A e = w7 F10)
(@) *riifae s s R foem @

Yt = aO + a2Yt—l + aZYt—Z + BIXt—-l T BZXt—Z + ut

s qRam ¥ fy = 0.5t =26), B, = 0.4t =2.4), F = 3.2 T AHR
n =30 B 5% AT TR FH TN
() g = BF ow X, Y O YR-FR B YA IREGed Hl T T
J T IR WERE TR S REaser @ (B @ e e SR SR
ol Few @n ==
(i) Daw =FFTE S -OREE B R W, K FE-FRO R AR H
froad Frwer o @war 87 TR GO W (F) D URom q W
(iif) T sl =R Y, SR Y, F WRW ST A FWA TG R €, TT
W HQI TW WsA ¥ YR HRUMT T A (4,3,3)
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! 620 ‘ ‘ ' Statistical tables '

A: Normal probabilities

N\,
Table entry is the probability in the \\\ N
right-hand tail of a standard normal N Probabilty
distribution (mean 0 and standard I .
deviation 1). For negative values of z, z

probabilities are found by symmetry.

Second decimal place of z

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 | 0.5000 0.4960 0.4920 0.4880 0.4840 0.4801 0.4761 0.4721 0.4681 0.4641
0.1 | 0.4602 04562 0.4522 0.4483 0.4443 0.4404 0.4364 0.4325 04286 0.4247
0.2 | 04207 04168 0.4129 04090 04052 04013 0.3974 0.3936 0.3897 0.3859
0.3 | 0.3821 0.3783 0.3745 03707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483
0.4 | 03446 03409 0.3372 0.3336 0.3300 0.3264 03228 0.3192 03156 0.3191
0.5 | 0.3085 0.3050 0.3015 0.2981 (0.2946 0.2912 0.2877 02843 0.2810 0.2776
0.6 | 02743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2483 0.2451
0.7 | 0.2420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0.2177 0.2148
0.8 | 0.2119 0.2090 0.2061 (.2033 0.2005 O0.1977 0.1949 0.1922 0.1894 0.1867
0.9 | 0.1841 01814 0.1788 0.1762 0.1736 0.1711 0.1685 0.1660 0.1635 0.1611
1.0 | 0.1587 0.1562 0.153%9 0.1515 0.1492 0.1463 0.1446 0.1423 0.1401 0.1379
1.1} 01357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1190 0.1170.
1.2 | 01151 0.1131 01112 0.1093 0.1075 0.1056 0.1038 0.1020 0©.1003 0.0985
1.3 | 0.0968 0.0951 0.0934 0.0018 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
1.4 | 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681
1.5 | 0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594- 0.0582 0.0571 0.0559
1.6 | 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
1.7 | 0.0446 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367
1.8 | 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
1.9 | 0.0287 00281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233
2.0 | 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 00197 0.0192 0.0188 0.0183
2.1 | 00179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0148 0.0143
2.2 0.0139 0.0136 0.0132 00129 0.0125 0.0122 00119 -0.0116 0.0113 0.0110
2.3 | 00107 00104 0.0102 0.0099 0.0096 0.0094 0.0091 0.008¢ 0.0087 0.0084
2.4 | 0.0082 0.0080 0.0078 0.0075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064
2.5 | 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048
2.6 | 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036
2.7 | 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026
2.8 | 0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 00021 0.0021 0.0020 0.0019
2.9 | 0.0019 00018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014
3.0 | 0.0013 0.0013 0.0013 0.0012 0.0012 0.0011 00011 0.0011 0.0010 0.0010
3.1 | 0.0010 0.0009 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 ©.0007 0.0007
3.2 | 0.0007 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005
3.3 | 0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0008.
3.4 | 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 00003 0.0003 0.0003 0.G002
3.5 | 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 00002 0.0002 0.0002 0.0002

n

PT.O.
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" Appendix I
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B: Critical values for t statistic

Table entry is the point ¢ with the
probability p lying above it. The first
column gives the degrees of freedom.
Use symmetry for negative ¢ values.

t

Confidence level

Tail probability p
df | 0.1 0.05 0.025 0.01 0.005
11308 631 1271 31.82 63.66
218 292 430 6.96 9.92
3| 164 235 3.18  4.54 5.84
4| 1583 213 2.78 38.75 4.60
51148 202 257  3.36 4.03
6144 194 245 314 3.71
71141 189 236  3.00 3.50
8| 140 186 231 290 3.36
9138 183 2.26  2.82 3.28
10 | 137 181 223 276 3.17
11 1.36 1.80 220 272 3.11
12 | 136  1.78 2.18 2.68 3.05
i3 1135 177 2.16  2.65 3.01
14 | 1.34  1.76 214 262 2.98
151134 1.7 213 2.60 2.95
16 | 1.34 1.75 212 2.58 2.92
17133 174 211 257 2.90
18 | 1.33 173 210 255 2.88
19 1133 1.73 2.09 254 2.86
20 [ 1.33  L.72 209 253 2.85
21 1132 L72 2.08  2.52 2.83
22 | 1.32 172 207 251 2.82
23 | 132 171 2.07 250 2.81
24 | 132 171 2.06 249 2.80
25 | 132 171 2.06 249 2.79
30| 131 170 2.04 246 2.75
40 | 1.30 1.68 2.02 242 2.70
50 | 1.30 168 2.01 240 2.68
60 | 1.30  1.67 2.00 239 2.66
70 | 1.29  1.67 1.99 238 2.65
80 | 1.29 166 1.99 237 2.64
90 | 1.29 1.66 1.99 2.37 2.63
100 | 1.29 1.66 1.98 236 2.63
oo | 128 164 1.96 233 2.58
80% 90% 95%  98% 99%

-
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C: Critical values for F statistic

Table'entry is the point F with the
probability p lying above it. The first

11

Statistical tables

st rrinmi e ene e

.

AN

~ Probabil
column gives the df in the T ronghlity P
denominator, the column headings ] T
give the df in the numerator. The r
second column gives the value of p.
‘ x
denom. numerator df}
- i p 1 2 3 4 5 6 7 8 9 10
a.10 39.9 49.5 53.6 55.8 57.2 58.2 58.9 594 59.9 60.2
i 1 005| 1614 1995 2157 2246 2302 2340 2368 2389 2405 241.9
0.01 | 4052.2 4999.5 5403.4 b5624.6 5763.6 5859.0 59284 5981.1 6022.5 6055.8
0.10 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39
2 005| 1851 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38 19.40
0.01 | 9850 99.00 99.17 9925 99.30 99.33 99.36 99.37 9939  09.40
0.10 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 5.23
3 005| 1013 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79
0.01| 3412 30.82 29.46 2871 28.24 27.91 27.67 2749 2735 27.23
0.10 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 3.92
4 005 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96
0.01| 21.20 18.00 16.69 15.98 1552 1521 14.98 14.80 1466 14.55
0.10 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32 3.30
t 5 0.05 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77 4.74
0.01} 1626 13.27 1206 11.39 10.97 10.67 10.46 1029 1016 10.05
0.10 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96 2.94
6 0.05 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06
0.01] 1374 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87
0.10 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72 2.70
7 0.05 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.64
* 0.011 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62
0.10 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56 2.54
= 8 005 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35
0.01 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81
0.10 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44 2.42
9 0.05 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14
0.01| 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26
0.10 3.28 2.92 2.73 2.61 2.52 2.46 241 2.38 2.35 2.32
16 0.05 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98
0.01 | 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85
PT.0.
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11 12 13 14 15 20 25 30 60 120 o0
60.5 60.7 60.9 61.1 61.2 61.7 62.1 62.3 62.8 63.1 63.3
9243.0 243.9 2447 2454 2459 248.0 2493 250.1 252.2 2533 2543
6083.3 6106.3 61250 6142.7 6157.3 62087 6239.8 6260.6 6313.0 63394 6365.8
9.40 9.41 9.41 9.42 9.42 9.44 9.45 9.46 9.47 9.48 9.49
19.40 1941 10.42 19.42 1943 1945 1946 19.46 19.48 1949 19.50
99.40 99.42 99.42 99.43 9943 99.45 99.46 9947 9948 99.49  99.50
5.22 5.22 5.21 5.20 5.2 5.18 5.17 517 5.15 5.14 5.13
8.76 8.74 8.73 8.71 8.7 8.66 8.63 8.62 8.57 8.55 8.53
2713 27.05 26.98  26.92 26.9 26.60 26.58 26.50 26.32 26.22 26.13
3.91 3.80. 3.89 3.88 3.87 3.84 3.83 3.82 3.79 3.78 3.76
5.94 5.01 5.89 5.87 5.86 5.80 5.77 5.75 5.69 5.66 5.63
14.45 14.37 1431 14.95 1420 1402 1391 13.84 13.65 13.56 13.46
3.28 3.27 3.26 3.25 3.24 3.21 3.19 3.17 3.14 3.12 3.10
4.70 4.68 4.66 4.64 4.62 4.56 4.52 4.50 4,43 4.40 4.36
9.96 9.89 9.82 9.77 9.72 9.55 9.45 9.38 9.20 9.11 9.02
2.92 2.90 2.89 2.88 2.87 2.84 2.81 2.80 2.76 2.74 2.72
4.03 4.00 3.98 3.96 3.94 3.87 3.83 3.81 3.74 3.70 3.67
7.79 7.72 7.66 7.60 7.56 7.40 7.30 7.23 7.06 6.97 6.88
2.68 2.67 2.65 2.64 2.63 2.59 2.57 2.56 2.51 2.49 2.47
3.60 3.57 3.55 3.53 3.51 3.44 3.40 3.38 3.30 3.27 3.23
6.54 6.47 6.41 6.36 6.31 6.16 6.06 5.99 5.82 5.74 5.65
2.52 2.50 2.49 2.48 2.46 2.42 2.40 2.38 2.34 2.32 2.29
3.31 3.28 3.26 3.24 3.22 3.15 3.11 3.08 3.01 2.97 2.93
5.73 5.67 5.61 5.56 5.52 5.36 5.26 5.20 5.03 4.95 4.86
040 238 236 235 234 230 227 225 221 218 216
3.10 3.07 3.05 3.03 3.01 2.94 2.89 2.86 2.79 2.75 2.71
5.18 5.11 5.05 5.01 4.96 4.81 4.71 4.65 4.48 4.40 431
2.30 2.28 2.27 2.26 2.24 2.20 2.17 2.16 2.11 2.08 2.06
2.94 2.91 2.89 2.86 2.84 2.77 2.73 2.70 2.62 2.58 2.54
4.77 4.71 4.65 4.60 4.56 4.41 4.31 4.25 4.08 4.00 3.91

(L}
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Statistical tables |

1

2

3

6

7

.-

9

10

11

12

13

14

15

16

17

18

19

20

21

22

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
G.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

3.23
4.84
9.65

3.18
4.75
9.33

3.14
4.67
9.07

3.10
4.60
8.86

3.07
4.54
8.68

3.05
4.49
8.53

3.03
4.45
8.40

3.01
4.41
8.29

2.99
4.38
8.18

2.97
4.35
8.10

2.96
4.32
8.02

2.95
4.30
7.95

2.86
3.98
7.21
2.81
3.89
6.93

2.76
3.81
6.70

2.73
3.74
6.51

2.70
3.68
6.36

2.67
3.63
6.23

2.64
3.59
6.11

2.62
3.55
6.01

2.61
3.52
5.93

2.59
3.49
5.85

2.57
3.47
5.78

2.56
3.44
5.72

2.66
3.59
6.22
2.61
3.49
5.95

2.56
3.41
5.74

2.52
3.34
5.56

2.49
3.29
5.42

2.46
3.24
5.29

2.44
3.20
5.18

2.42
3.16
5.09

2.40
3.13
5.01

2.38
3.10
4.94
2.36

3.07
487

2.35
3.05
4.82

2.45
3.20
5.32

2.39
3.11
5.06

2.35
3.03
4.86

2.31
2.96
4.70
2.27

2.90
4.56

2.24
2.85
4.44

2.22
2.81
4.34
2.20

2.77
4.25

2.18
2.74
4.17

2.16
2.711
4.10

2.14
2.68
4.04

2.13
2.66
3.99

2.39
3.09
5.07

2.33
3.00
4.82

2.28
2.92
4.62

2.24
2.85
4.46

2.21
2.79
4.32

2.18
2.74
4.20
2.15
2.70
4.10

2.13
2.66
4.01

2.11
2.63
3.94

2.09
2.60
3.87

2.08
2.57
3.81

2.06
2.55
3.76

2.34
3.01
4.89

2.28
2.91
4.64

2.23
2.83
4.44

2.19
2.76
4.28

2.16
2.71
4.14

2.13
2.66
4.03

2.10
2.61
3.93

2.08
2.58
3.84

2.06
2.54
3.77

2.04
2.51
3.70

2.02
2.49
3.64

2.01
2.46
3.59

2.30
2.95
4.74

2.24
2.85
4.50

2.20
2.77
4.30

2.15
2.70
4.14

2.12
2.64
4.00

2.09
2.59
3.89

2.06
2.55
3.79

2.04
2.51
3.71

2.02
2.48
3.63

2.00
2.45
3.56

1.98
2.42
3.51

1.97
2.40
3.45

2.27
2.90
4.63

2.21
2.80
4.39

2.16
2.71
4.19

2.12
2.65
4.03

2.09
2.59
3.89

2.06
2.54
3.78
2.03
2.49
3.68
2.00

2.46
3.60

1.98
2.42
3.52

1.96
2.39
3.46

1.95
2.37
3.40

1.93
2.34
3.35

2.25
2.85
4.54

2.19
2.75
4.30

2.14
2.67
4.10

2.10
2.60
3.94

2.06
2.54
3.80

2.03
2.49
3.69

2.00
2.45
3.59

1.98
2.41
3.51

1.96
2.38
3.43

1.94
2.35
3.37

1.92
2.32
3.31

1.90
2.30
3.26

PTO.
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11

12

13

14

15

20

25

30

60

120

2.23
2.82
4.46

2.17

2.72

4.22

2.12
2.63
4.02

2.07
2.57
3.86

2.04
2.51
3.73

2.01
2.46
3.62

1.98
2.41
3.52

1.95
2.37
3.43

1.93
2.34
3.36

1.91
2.31
3.29
1.90

2.28
3.24

1.88

2.26
3.18

2.21
2.7%
4.40

2.15
2.69
4.16

2.10
2.60
3.96

2.05
2.53
3.80

2.02
2.48
3.67

1.99
2.42
3.55

1.96
2.38
3.46

1.93
2.34
3.37
1.91

2.31
3.30

1.89
2.28
3.23

1.88
2.25
3.17

1.86
2.23
3.12

2.19
2.76
4.34
2.13
2.66
4.10

2.08
2.58
3.01

2.04
2.51
3.75

2.00
2.45
3.61

1.97
2.40
3.50

1.94
2.35
3.40

1.92
2.31
3.32

1.89
2.28
3.24

1.87
2.25
3.18

1.86
2.22
3.12

1.84
2.20
3.07

2.18
2.74
4.29

2.12
2.64
4.05

2.07
2.55
3.86

2.02
2.48
3.70

1.99
2.42
3.56

1.95
2.37
345

1.93
2.33
3.35

1.90
2.29
3.27

1.88
2.26
3.19

1.86
2.22
3.13

1.84
2.20
3.07

1.83
2.17
3.02

2.17
2.72
425

2.10
2.62
4.01

2.05
2.53
3.82

2.01
2.46
3.66

1.97
2.40
3.52

1.94
2.35
3.41

1.91
2.31
3.31

1.89
2.27
3.23

1.86
2.23
3.15

1.84
2.20
3.09

1.83
2.18
3.03

1.81
2.15
2.98

2.12
2.65
4.10

2.06
2.54
3.86

2.01
2.46
3.66

1.96
2.39
3.51

1.92
2.33
3.37

1.89
2.28
3.26

1.86
2.23
3.16

1.84
2.19
3.08

1.81
2.16
3.00

1.79
2.12
2.94
1.78

2.10
2.88

1.76
2.07
2.83

2.10
2.60
401

2.03
2.50
3.76

1.98
2.41
3.57

1.93
2.34
3.41

1.89
2.28
3.28

1.86
2.23
3.16

1.83
2.18
3.07

1.80
2.14
2.98

1.78
2.11
2.91

1.76
2.07
2.84
1.74

2.05
2.78

1.73
2.02
2.73

2.08
2.57
3.94

2.01
247
3.70

1.96
2.38
3.51

1.91
2.31
3.35

1.87
2.25
3.21

1.84
2.19
3.10

1.81
2.15
3.00

1.78
2.11
2.92

1.76
2.07
2.84

1.74
2.04
2.78

1.72
2.01
2.72

1.70
1.98
2.67

2.03
2.49
3.78

1.96
2.38
3.54

1.90
2.30
3.34

1.86
2.22
3.18

1.82
2.16
3.05
1.78
2.11
2.93
1.75
2.06
2.83

1.72

2.02

2.75

1.70
1.98
2.67

1.68
1.95
2.61
1.66

1.92
2.55

1.64
1.89
2.50

2.00
2.45
3.69

1.93
2.34
3.45

1.88
2.25
3.25

1.83
2.18
3.09

1.79
2.11
2.96

1.75
2.06
2.84

1.72
2.01
2.7

1.69
1.97
2.66

1.67
1.93
2.58

1.64
1.90
2.52

1.62
1.87
2.46

1.60
1.84
2.40

1.97
2.40
3.60

1.90
2.30
3.36

1.85
2.21
3.17

1.80
2.13
3.00

1.76
2.07
2.87

1.72
2.01
2.75

1.69
1.96
2.65

1.66
1.92
2.57

1.63
1.88
2.49

1.61
1.84
2.42

1.59
1.81
2.36

1.57

1.78
2.31
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* Statistical tables

W

[0

2

3

4

5

6

-

8

9

10

23

24

25

26

27

28

29

30

40

50

60

100

200

1,000

0.10
0.05
0.01
0.10
0.05
0.01

0.10
0.05
0.01

0.1
0.05
0.01

0.10
0.05
0.01

0.1
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

0.10
0.06
0.01

0.10
0.05
0.01

0.1
0.05
0.01

0.10
0.05
0.01

0.10
0.05
0.01

2.94
4.28
7.88

2.93
4.26
7.82

2.92
4.24
777
2.91
4.23
T.72
2.90
4.21
7.68

2.89
4.20
7.64

2.89
4.18
7.60

2.88
417
7.56

2.84
4.08
7.31

2.81
4.03
717

2.79
4.00
7.08
2.76
3.94
6.90

2.73
3:89
6.76
2.71
3.85
6.66

2.55
3.42
5.66

2.54
3.40
5.61

2.53
3.39
5.57
2.52
3.37
5.53
2.51
3.35
5.49

2.50
3.34
5.45

2.50
3.33
5.42

2.49
3.32
5.39

2.44
3.23
5.18

2.41
3.18
5.06

2.39
3.15
4.98

2.36
3.09
4.82

2.33
3.04
4.71

231
3.00
4.63

2.34
3.03
4.76

2.33
3.01
4.72

2.32
2.99
4.68

231
2.98
4.64

2.30
2.96
4.60

2.29
2.95
4.57

2.28
2.93
4.54

2.28
2.92
4.51

2.23
2.84
4.31

2.20
2.79
4.20

2.18
2.76
4.13

2.14
2.70
3.98
2.11
2.65
3.88
2.09

2.61
3.80

2.21
2.80
4.26

2.19
2.78
4.22
2.18
2.76
4.18

2.17
2.74
4.14

2.17
2.73
4.11

2.16
2.71
4.07

2.15
2.70
4.04

2.14
2.69
4.02

2.09
2.61
3.83

2.06
2.56
3.72

2.04
2.53
3.65

2.00
2.46
3.51

1.97
2.42
341
1.95

2.38
3.34

211
2.64
3.94
2.10
2.62
3.90

2.09
2.60
3.86

2.08
2.59
3.82

2.07
2.57
3.78

2.06
2.56
3.75

2.06
2.55
3.73

2.05
2.53
3.70

2.00
245
3.51

1.97
240
341

1.95
2.37
3.34

1.91
2.31
3.21

1.88
2.26
3.11
1.85
2.22
3.04

2.05
2.53
3.71

2.04
2.51
3.67

2.02
2.49
3.63

2.01
247
3.59

2.00
2.46
3.56

2.00
245
3.53

1.99
2.43
3.50

1.98
242
347
1.93

2.34
3.29

1.90
2.29
3.19

1.87
2.25
3.12

1.83
2.19
2.99

1.80
2.14
2.89

1.78
2.11
2.82

1.99
2.44
3.54

1.98
2.42
3.50

1.97
2.40
3.46

1.96
2.39
3.42

1.95
2.37
3.39

1.94
2.36
3.36

1.93
2.35
3.33

1.93
2.33
3.30

1.87
2.25
3.12

1.84
2.20
3.02

1.82
2.17
2.95

1.78
2.10
2.82

1.75
2.06
2.73

1.72
2.02
2.66

1.95
2.37
341

1.94
2.36
3.36

1.93
2.34
3.32

1.92
2.32
3.29

1.91
2.31
3.26

1.90
2.29
3.23

1.89
2.28
3.20

1.88
2.27
3.17

1.83
2.18
2.99

1.80
2.13
2.89

1.77
2.10
2.82

1.73
2.03
2.69

1.70
1.98
2.60
1.68

1.95
2.53

1.92
2.32
3.30

1.91
2.30
3.26

1.89
2.28
3.22

1.88
2.27
3.18

1.87
2.25
3.15

1.87
2.24
3.12

1.86
2.22
3.09

1.85
2.21
3.07

1.79
2.12
2.89
1.76
2.07
2.78
1.74

2.04
2.72

1.69
1.97
2.59
1.66

1.93
2.50

1.64
1.89
2.42

1.89
2.27
3.21

1.88
2.25
3.17

1.87
2.24
3.13

1.86
2.29
3.00
1.85
2.20
3.06

1.84
2.19
3.03

1.83
2.18
3.00

1.82
2.16
2.98

1.76
2.08
2.80

1.73
2.03
2.70

1.71
1.99
2.63

1.66
1.93
2.50

1.63
1.88
2.41

1.61
1.84
2.34

PT.O.
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627j

11

12

13

14

15

20

25

30

60

120

1.87
2.24
3.14

1.85
2.22
3.09

1.84
2.20
3.06

1.83
2.18
3.02

1.82
2.17
2.99

1.81
2.15
2.96

1.80
2.14
2.93

1.79
2.13
2.91

1.74
2.04
2.73

1.70
1.99
2.62

1.68
1.95
2.56

1.64
1.89
243

1.60
1.84
2.34

1.58
1.80
2.27

1.84
2.20
3.07

1.83
2.18
3.03

1.82
2.16
2.99

1.81
2.15

2.96-

1.80
2.13
2.93

1.79
2.12
2.90

1.78
2.10
2.87

1.77
2.09
2.84

1.71
2.00
2.66

1.68
1.95
2.56

1.66
1.92
2.50

1.61
1.85
2.37

1.58
1.80
2.27

1.55
1.76
2.20

1.83
2.18
3.02

1.81
2.15
2.98

1.80
2.14
2.94

1.79
2.12
2.90

1.78
2.10
2.87

177
2.09
2.84

1.76
2.08
2.81

1.75
2.06
2.79

1.70
1.97
2.61

1.66
1.92
2.51

1.64
1.89
2.44

1.59
1.82
2.31

1.56
1.77
2.22
1.53

1.73
2.18

1.81
2.15
2.97

1.80
2.13
2.93

1.79
2.11
2.89

1.77
2.09
2.86

1.76
2.08
2.82

1.75
2.06
2.79

1.75
2.05
2.77

1.74
2.04
2.74

1.68
1.95
2.56

1.64
1.89
2.48

1.62
1.86
2.39

1.57
1.79
2.27

1.54
1.74
2.17

1.51
1.70
2.10

1.80
2.13
2.93

1.78
2.11
2.89

1.77
2.09
2.85

1.76
2.07
2.82

L.75
2.06
2.78

1.74
2.04
2.75
173
2.03
2.73

1.72
2.01
2.70

1.66
1.92
2.52

1.63
1.87
2.42

1.60
1.384
2.35

1.56
L7
2.22
1.52

1.72
2.13

1.49
1.68
2.06

1.74
2.05
2.78

1.73
2.03
2.74

1.72
2.01
2.70

1.71
1.99
2.66

1.70
1.97
2.63

1.69
1.96
2.60

1.68
1.94
2.57

1.67
1.93
2.55

1.61
1.84
2.37

1.57
1.78
2.27
1.54

1.75
2.20

1.49
1.68
2.07

1.46
1.62
1.97

1.43
1.58
1.90

1.71
2.00
2.69

1.70
1.98
2.64

1.68
1.96
2.60

1.67
1.94
2.57

1.66
1.92
2.54

1.65
1.91
2.51

1.64
1.89
2.48

1.63
1.88
2.45

1.57
1.78
2.27

1.53
1.73
2.17
1.50

1.69
2.10

1.45
1.62
1.97

141
1.56
1.87
1.38
1.52
1.79

1.69
1.96
2.62

1.67
1.94
2.58

1.66
1.92
2.54

1.65
1.90
2.50

1.64
1.88
247

1.63
1.87
2.44

1.62
1.85
2.41

1.61
1.84
2.39

1.54
1.74
2.20

1.50
1.69
2.10
1.48

1.65
2.03

1.42
1.57
1.89

1.38
1.52
1.79

1.35
1.47
1.72

1.62
1.86
2.45

1.61
1.84
2.40

1.59
1.82
2.36

1.58
1.80
2.33

1.57
1.79
2.29

1.56
1.77
2.26

1.55
1.75
2.23
1.54

1.74
2.21

1.47
1.64
2.02

1.42
1.58
1.91

1.40
1.53
1.84

1.34
1.45
1.69

1.29
1.39
1.58

1.25
1.33
1.50

1.59
1.81
2.35

1.57
179
2.31

1.56
1.77
2.27

1.54
1.75
2.23

1.53
1.73
2.20

1.52
171
2.17

1.51
1.70
2.14

1.50
1.68
2.11

1.42
1.58
1.92

1.38
1.51
1.80

1.35
147
1.73
1.28

1.38
1.57

1.23
1.30
1.45

1.18
1.24
1.35

1.55
1.76
2.26

1.53
1.73
2.21

1.52
1.71
2.17

1.50
1.69
2.13

1.49
1.67
2.10

1.48
1.65
2.06

1.47
1.64
2.03

1.46
1.62
2.01

1.38
1.51
1.80

1.33
1.44
1.68

1.29
1.39
1.60

1.21
1.28
1.43

1.14
1.19
1.28

1.06
1.08
1.11

(300)
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