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1.3 204)
Three goods. We are given a Walrasian demand function # with the following values
* At prices p' = (2,1, 2) and wealth 8, Z(p?, 8) = 1,2,2)=x
* At prices p2= (2,2, 1) and wealth 8, %(p? 8) =(2,1,2)=x
* At prices p3= (1, 2, 2) and wealth 8, X (3, 8)= (2,2, 1)=x°
1.1. Is x! revealed preferred to x?? [s x? revealed preferred to x1? (34
Is x! revealed preferred to x8? Is x8 revealed preferred to x'7 (3 57)
Is x2 revealed prefesred to x8? Is x® revealed preferredto.x*? (3 77)
1.2. Is the weak axiom of revealed preference violated by these choices? (5 '47)
1.3. Is the “revealed preferred to” relation transitive in these choices? Comment. (6 77)
2. G 157)
Suppose firm C and firm D operate under ccmdiﬁons of constant average and marginal cost, but that

MC,= 8,MC, = 6 The inverse demand function a firm face is given by
P =30—Q/18
a. If the firms practice Bertrand competition, what will be the market price under a Nash
equilibrium? (6 77)
b. What will the profits be for each firm? (6 57)
c. Will this equilibrium be Pareto efficient? (3 77)

3. G154
SEAREARRE
(1) BEETEDEYYEEE (Adverse Selection) © (5 47)
(2) REmE LeVEERREE Moral Hazard) < (5 47)
(3) HEHHBFHSHRER (Signaling) © (5 77)
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4. HFRMTERRB4E? &K T4 B RE? (5 points)

&. HEHKAMME T H4 - (5 points)
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BEAEY GDP - FHAL BLBERREHOMBEGEE  HBas RGEHE
DHBERENS] S8 98%) EHKE Lhof? (20 points)

%%Hi%%~ﬁu%%%$‘ﬁﬁ‘%iﬁnﬁ&@%%ﬁﬁﬁﬁﬁﬁ@%k&
é&%%’ﬁ%ﬁ%%ﬁiﬁ?ﬁﬁ%f%%&ﬂﬂﬁﬁﬁ%é?é’~E@@$%
ﬁ&ﬁﬂ%ﬁﬁ’ﬁwﬁéﬁﬁkéﬁkﬁﬁﬁfﬁ%’ﬁﬂkﬁf%%ﬁku%
FHRAAR—F ' BEEE .
%f%ﬁﬁ2m1$9ﬁ%%f%%ﬁ@iﬁﬁ’ﬁﬁlﬁi?&mlzﬁf%
BRSEEBER ; dosh » BB AS MEENLERERM - B & 4 47 78 A
@ﬁ@&#%@%&%&ﬁ%&%’@k%ﬁﬁ&%%ﬁ%QE&%%*ﬁﬂ&%
%’%éﬁlﬁ15aﬁ%%ﬂ%ﬁﬁgﬁﬁ%ﬁﬁﬁﬁ’%ﬁ%i%f&%ﬁﬁ
189% - o

L

T WRBELREFTEBAERmRT = P s | et e

ﬁ%f&%%?W&ﬁwﬁ%&mﬁﬂﬂmm) FHRSETHRE> VY RAL T4
HEZHEE » 35547 TR T BN AT B E AN EILE R B R ? (5 points)

12Fr

8. %f%ﬁﬁaﬁfzﬁi@?&@xiﬂ{%ﬁéﬁ%4&%%&%£ﬂﬁ$ﬁﬁ‘ﬁ%ﬁﬁ@tﬂi’é$?(5
points)

9 BMRERAEAREAERAKEHE B S48 69 % 42 (5 points)

& | TOFEREEIE FPHLH
. = SAEFEEHER




B I EE RN 104 2&EmtEigs 2R RAE
£1 A #£3 %8
1= o # alevte B Bl ES A e 28 288(x) %48
SALLA 2L A

FLFEEET - 2014 REESHEZ BRI BGE ©

1+ (8%) AATIR014EW TR K SHARE250 HTE ABATI R » WELFICATIFRAFARE
BEE (AUEME) 180 fBIT - A2 BHIEEFTSMMER17Y% - CHAATIHEAGHE » i

SAE  ARTIEMEE EEFSTREsHRE - FEREREES ? 28k R 7

2+ (8%) CATIREE2014 FETEERRANREIETEASRAEIUDE - BERIEERRA
HIHETESYE o ATI2013 2014 EHRE R SO

A : CAEIRIZ014 FHFUE G BERL o6k

3+ (12%) DAFI2014EEAERIERHNT ©

2013 & 2014 &
S A $90,000 $77,500
HOfESER A $93,750 $88,250
TR R17% -

AHRER] $1,820,000
HEREERS (SR FE $60,000) $1,040,000
ZiREE A ‘ $260,000
T AEEARRFE $8E $31,200
JTEM A EHEA RS E $1,040
LB ERK $2,600,000
EIEFTE IR A EE I $780,000
ezt Rk S aERD $520,000
FEUIRRR D $364,000
FHRESN $416,000
FE fifRsX g i $260,000

GATE | DIRIBOEGRED AT 0 4EFER SR BER T L EFRETIHRENE

4 (8%) EATIN 201447 A 31 HEXY  2YESATENER B2 7 AELAL » EEENHE
Ky HE S FESY A1 £5$5,008,000 5:$3,250,000 » HAMAHREERHOT ¢

SULSIRIEI K HTEE $230,000 « $4E3EE2$250,000 ~ HIFIFEE $1,750,000 - #EERH RZITES60,000 - EE
EE $180,000 - E AFEIEENEHEFERE 25%

BAE © DIEFPAMET EAS] 2014 £ 7 B 31 HRESFRBARE ?
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5 (12%) FATHEEMIEERFAZIISE 2015 FXHETHITEHRZLE 5$900,000 - HARI=4 -
SRR LR ARASE TSR - H2015 FEFEHFACRARASTEY - 2016 £54&
HETHHA T3 4R BUATES480,000 AYZEENTETEIUR » 2017 FESERIZEEHE W T @ M ERLLE YA E Y -
SEHBEERT ¢ |

2015 £ 2016 & 2017 &
BFEFRERTERASERA | $240,000 $540,000 $810,000
{5158 T MZE R A RS AT SAEET | EVARIFR(EET 0
SELESEE AT SEAEST | EOATISRMEET 100%

BAR B F AT B RET S BEATIR T RAER0E | T @ SRS (E)SE
ey 2

[6~ (8%) GAF] 2014 SR LM i » FHBUIRRR$120,400  PH7E(FiRE £$188,500 » Z1y
FER$150,500 - BFIEE 25%  FEEEZE 512 ‘
S 0 G AERERERER ?

7+ (8%) HATE 2013 & 12 [ 31 HEEAELLA TREAE » BUEH 4 595,000,000 - BUEH
Uik 2011 12 F 31 B - SUSRHES-EREIRS 10 £ | (547 2013 FEF (bR B RIIEFF & R
bEpss » ATEERSERIREE DR SR CEAEER 4 £ G4 7 A R$800,000 (BR
LA ) AT A 5% -

BAR : 8 AAIE 2013 48R ESR 5] SRURERIBIE A 5 ot 7

8~ (8%) 2013 £ I AR A N AEEEETEN RENEEWRS -

2011 & 2012 & 2013 £
TR E A $52,000 $83,200 $78,000
FE(TEH $72,800 $67,600 $93,600

5 2013 FRYIFRTS2 5$1,000,000
[ AT IERE 2013 SERRATAZS R ?

0~ (12%) ] AFEF 2011 £ 1 A 1 HEBE—RTE15$1,000,000 » HRFIER 12% > 15 £ BHHE
{5 - B3 —TRE#H £$1,000,000 258 - WEIEGESAER AR EEE%E$72,648 -
ERf - 201151 A 1 HZ 08k - 2011 48 12 A 31 HZHERTINREB & EE R TG EY SHEE B ?
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10 ~ (8%) K/AF] 2013 FE&84E THIZHEH « (1) HEMERIREES 100,000 # - fBXEER 0%
LR E B 20%BREREET(E - 30% R EEERY 0 ENTHRA—ES800-(2) F
—EEETTARE  REREEITE R - BETEEE 30% K FEHE ¢ BETAR 70%FERE{E$800,000 -

BARS - KAE 2013 £/ AELEHESERZ D ?

11+ (8%) L /AT 2013 4EE4EFIBAIMESEEITER 160,000 KR EMEIE L PTEE - JERTT
FRE 50,000 % o L ATIHEER 2014 £ P& RURAL A GR$5.50 » XAk FL PTERHAAK 50,000 i@
[f% - B4 L AE] 2013 FEFF£$17,500,000 -
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(1) B HRIESAFLLEBIE (series system ) J7etilidE » BILTEH S SEE SRR ERmE i

Fofa 2

(2) ELLRIEZA-LAEHE (parallel system ) 5 > BIIL B LR A IR EEATHR
Ryl ?
—-(204)

(1) if x; and X are the averages of independent random samples of size n, and n, froma
1 2 p

normal population with the mean ;1 and the variance o2. Show that the variance of the
unbiased estimator:

w X+ (1—w) x;

. . . ?1,1
is a minimum when w = 5
. nyin,

(2) With reference to (1), find the efficiency of the estimator with « = % relative to the

My

estimator with @ = )
n1+‘nz

=-~(104})

Let X, and X, constitute a random sample from a normal population with g2 = 1. If the null

hypothesis p = y, is to be rejected in favor of the alternative hypothesis p = p; > u, when
X > pg + 1, what is the size of the critical region?
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For the data in the following table, test at the 0.05 level of significance whether the number of
errors the compositor makes in setting a galley of type is a random variable having a Poisson
distribution with A = 3.

Numbers of errors | Observed frequencies
0 18
1 53
2 103
3 107
4 82
5 46
6 18
7 10
8
9

7~ (204)

(1) WERPHEEHE (AT (BRREITE) 059 » Mir e A s BRI - 3
RORIEEY/ VAL 1 S MR 2 SRR AR RATER S © BB T
TR AR BT S SR ?
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. BABATROT
x | 1 3 5 7 9
Y

[ 10 12 17 18 25
SRR EERHEE AR

(1) SR BRI/ NE I EZIERS 5 ¥ = f+ /X -

() FEa=005T » FLARES F i E 2 plisSRERGE A 2B R0 -
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Standard Normal Distribution Table

e .
S0 z
Lz 00 ] 01 | 02 ] 03 =04 05] 06 | 07 [ 08 [ .09 |
0.0 [.0000 | .0040 | .0080 [ .0120 [ .0160 | .0199 | .0239 | .0279 | .0319 | .0359
0.1 | .0398 | .0438 | .0478 | L0517 { .0557 | .0596 | .0636 | 0675 | .0714 | .0753
0.2 | .0793 | .0832 | .0871 | .0910 | .0948 | .0987 | .1026 | .1064 | .1103 | .1141
0.3 | 1179 | 121741255 | .1293 | .1331 | .1368 | .1406 | .1443.| .1480 | .1517
0.4 | .1554 | .1591 {1628 | .1664 | .1700 | .1736 | .1772 | .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 | 12673 | .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 | 36437} 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 | .4177
1.4 | 4192 | 4207 /| 4222 | 4236 | 4251 | .4265 | 4279 | 4292 | 4306 | 4319
1.5 | 4332 | 4345 | 4357 | 4370 | 4382 | 4394 | 4406 | 4418 | 4429 | 4441
1.6 | 4452 | .4463'| 4474 | 4484 | 4495 | 4505 | 4515 | 4525 | 4535 | 4545
1.7 | 4554 | 4564 | 4573 | 4582 | 4591 | .4599 | .4608 | 4616 | 4625 | .4633 |
1.8 | 4641 | 4649 | 4656 | 4664 | .4671 | 4678 | 4686 | 4693 | 4699 | .4706
1.9 | 4713 | 4719 |.4726 | 4732 | 4738 | 4744 | 4750 | 4756 | 4761 | 4767 :
2.0 | 4772 | 4778 | 4783 | 4788 | 47931.4798 | 4803 | 4808 | 4812 | .4817
2.1 | 4821 | 4826 | 4830 | 4834 4838 | 4842|4846 | .4850 | 4854 | .4857
2.2 | 4861 | 4864 | 4868 | 4871 | .4875 | 4878 | 4881 | 4884 | 4887 | .4890
2.3 | 4893 | 4896 | 4898 | 4901 | .4904 | 4906 | .4909 | .4911 | 4913 | .4916
24 | 4918 | 4920 | 4922 | 4925 | 4927 | 4929 | 4931 | 4932 | 4934 | 4936
2.5 | 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 | 4987 | 4987 | 4988 | .4988 | 4989 | .4989 | .4989 | .4990 | .4990
3.1 1.4990 | 4991 | 4991 | 4991 [ .4992 | 4992 | 4992 | 4992 | .4993 | .4993
3.2 | 4993 | 4993 | 4994 | 4994 | 4994 | 4994 | 4994 | 4995 | 4995 | .4995
3.3 | .4995 | 4995 | 4995-| 4996 | 4996 | 4996 | 4996 | 4996 | .4996 | .4997
3.4 | 4997 | 4997 | 4997 | 4997 | 4997 | 4997 | 4997 | 4997 | 4997 | .4998
3.5 | 4998 | .4998 | 4998 | 4998 | 4998 | 4998 | 4998 | 4998 | 4998 | .4998




Bt ke 104 SEEATHERELRRE

285 A # 8 &
s owomoe|  GEE oW HMER gmsa E@}S H %)
SALE, ALY N

il

Chi-Square Distribution Table

The shaded area is equal to o for x* = x%.

df X.2995 X.2990 X?975 X050 X.2900 X.21oo X?oso ) X.2025 X.201o X.2005 |
1 0.000 0.000 0.001 0.004 0.016 2.706 3.841 5.024 6.635 7.879
2 0.010 - 0.020 0.05% 0.103 0.211 4.605 5.991 7.378 9.210 10.597
3 0.072 0.115 0.216 0.352 .0.584 6.251 7.815 9.348 11.345 12.838
4 0.207 0.297 0.484 0.711 1.064 7.779 9.488 11143 13.277 14.860
5 0.412 0.554 0.831 1.145 1.610 | 9.236 11.070 12.833 15.086 16.750
6 0.676 0.872 1.237 1.635 2.204 10.645 12.592 14.449 16.812 18.548
7 0.989 1.239 1.690 2.167 2.833 12.017 14.067 16.013 18.475 20.278
8 1.344 1.646 { 2.180 2.733 3.490 13.362 15.507 17.535 20.090 21.955
9 1.735 2.088 2.700 3.325 4.168 14.684 16.919 19.023 21.666 23.589

10 2.156 2,658 3.247 3.940 4.865 15.987 18.307 20.483 23.209 25.188
i1 2.603 3.083 3.816 4.575 5.578 17.275 19.675 21.920 24.725 26.757
J12°1 3.074 3.571 4.404 5226 | 6.304 18.549 21.026 23.337 26.217 28.300
13 3.565 4.107 5.009 5.892 7.042 19.812 22.362 24.736 27.688 29.819
14 4.075 4.660 5.629 6.571 7.790 .| 21.064 23.685 26.119 29.141 31.319
15 4.601 5.229 6.262 7.261 8.547 22.307 24.996 27.488 30.578 32.801
16 | 5.142 5.812 6.908 7.962 9.312 23.542 26.296 28.845 32.000 34.267
17 5.697 6.408 7.564 8.672 10.085 24.769 27.587 30.191 | 33.409 35.718
18 6.265 7.015 8.231 9.390 10.865 | ..25.989 28.869 31.526 34.805 37.156
19 6.844 7.633 8.907 10.117 | 11.651 27.204 30.144 32.852 36.191 38.582
20 7.434 8.260 9.591 10.851 12.443 28.412 31.410 34.170 37.566 39.997 | ,
21 8.034 8.897 10.283 11.591 13.240 29.615 32.671 35.479 38.932 41.401
22 | 8.643 9.542 10.982 12.338 14,041 30.813 33.924 36.781 40.289 42.796
23 9.260 |- 10.196 11.689 13.091 14.848 32.007 35.172 38.076 41.638 44.181
24 9.886 10.856 12.401 13.848 15.659 33.196 36.415 .| 39.364 42.980 45.559
25 | 10.520 11.524 13.120 14.611 16.473 34.382 37.652 40.646 44.314 -| 46.928
26 | 11.160 12.198 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 | 11.808 12.879 14,573 16.151 18.114 36.741 40.113 43.195 46.963 49.645
28 | 12.461 13.565 15.308 16.928 18.939 37.916 41.337 44.461 48.278 50.993
29 | 13.121 14.256 16.047 17.708 19.768 39.087 42.557 45.722 49.588 52.336
30 | 13.787 14.953 16.791 18.493 20.599 40.256 43.773 46.979 50.892 53.672
40 | 20.707 22.164 24.433 26.509 29.051 51.805 55.758 59.342 63.691 66.766
50 | 27.991 29.707 32.357 34.764 37.689 63.167 67.505 71.420 76.154 79.490
60 | 35.534 37.485 40.482 43.188 46.459 74.397 79.082 83.208 88.379 91.952
70 | 43.275 45.442 48.758 51.739 55.329 85.527 90.531 95.023 | 100.425 | 104.215
80 | 51.172 53.540 57.153 60.391 64.278 96.578 | 101.879 | 106.629 | 112.329 116.321
90 | . 59.196 61.754 65.647 69.126 73.291 | 107.565 | 113.145 | 118.136 | 124.116 | 128.299
100 | 67.328 70.065 74.222 77.929 82.358 | 118.498 | 124.342 | 129.561 | 135.807 | 140.169
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Poisson distribution
Cumulative distribution function
" This section tabulates the cumulative distribution function (c.d.f.) of the Poisson distribution with expected value (“rate”) ),
which is :
Fz)=P{X<z}=)Y P{X=k}= Zexp(—)\)—];!—.
k=0 k=0
A
z 0.02 0.04 0.06 0.08 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0 0.9802 0.9608 0.9418 0.9231 0.9048 0.8607 0.8187 0.7788 0.7408 0.7047 0.6703 0.6376 0.6065
1 09998 09992 09983 0.9970 0.9953 0.9898 0.9825 0.9735 0.9631 0.9513 0.9384 0.9246 0.9098
2 1.0000 1.0000 1.0000 0.9999 0.9998 0.9995 0.9989 0.9978 0.9964 0.9945 0.9921 0.9891 0.9856
3 1.0000 1.0000 1.0000 1.0000 1.0000 '1.0000 0.9999 0.9999 0.9997 0.9995 0.9992 0.9988 0.9982
4 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9999 0.9998
5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
A
T 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.1 1.2 13
0 05769 0.5488 0.5220 0.4966 0.4724 0.4493 0.4274 0.4066 0.3867 0.3679 0.3329 0.3012 0.2725
1 0.8943 0.8781 0.8614 0.8442 0.8266 0.8088 0.7907 0.7725 0.7541 0.7358 0.6990 0.6626 0.6268
2 09815 09769 09717 09659 0.9595 0.9526 09451 0.9371 0.9287 0.9197 0.9004 0.8795 0.8571
3 09975 09966 0.9956 0.9942 0.9927 0.9909 0.9889 0.9865 0.9839 0.9810 0.9743 0.9662 0.9569
4 0.9997 0.9996 0.9994 0.9992 0.9989 0.9986 0.9982 0.9977 0.9971 = 0.9963 0.9946 0.9923 0.9893
5 1.0000 1.0000 0.9999 0.9999 0.9999 0.9998 0.9997 0.9997 0.9995 0.9994 0.9990 0.9985 0.9978
6 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999° 0.9999 0.9999 0.9997 0.9996
7 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999
8 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.000G  1.0000 1.0000 1.0000 1.0000 1.0000
A
T 14 1.5 1.6 1.7 1.8 1.9 2 2.2 24 2.6 2.8 3 32 '
0 02466 0.2231 0.2019 0.1827 0.1653 0.1496 0.1353 . 0.1108 0.0907 0.0743 0.0608 0.0498 0.0408
1 05918 0.5578 0.5249 0.4932 0.4628 0.4337 0.4060 0.3546 0.3084 0.2674 0.2311 0.1991 0.1712
2 0.8335 0.8088 0.7834 07572 0.7306 0.7037 0.6767 0.6227 0.5697 0.5184 0.4695 0.4232 0.3799
3 09463 0.9344 09212 09068 0.8913 0.8747 0.8571 0.8194 0.7787 0.7360 0.6919 0.6472 0.6025
4 09857 09814 09763 09704 0.9636 0.9559 0.9473 0.92756 0.9041 08774 0.8477 0.8153 0.7806
5 0.9968 0.9955 0.9940 0.9920 09896 0.9868 0.9834 0.9751 0.9643 0.9510 0.9349 0.9161 0.8946
6 09994 0.9991 0.9987 0.9981 0.9974 0.9966 0.99556 0.9925 0.9884 0.9828 0.9756 (0.9665 0.9554
7 09999 0.9998 09997 0.9996 0.9994 0.9992 0.9989 0.9980 0.9967 0.9947 0.9919 0.9881 0.9832
8 1.0000 1.0000 1.0000 0.9999 0.9999 0.9998 0.9998 0.9995 0.9991 0.9985 0.9976 0.9962 0.9943
9 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9998 0.9996 0.9993 0.9989 0.9982
10 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9998 0.9997 0.9995
11 1.0000 1.0000 1.0000 1.0000 1.0000 1.0006 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9999
12 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
M o | — o EERBELE  ATHA -
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¢ Distribution: Critical Values of ¢ !
Significance level
Degreesof ~ Two-tailed test: 10% 5% 2% 1% 0.2% 0.1%
freedom One-tailed test: 5% 2.5% 1% 0.5% 0.1% 0.05%
1 6.314 12.706 31.821 63.657 318309  636.619
2 2.920 4.303 6.965 9.925 22.327 31.599
3 2.353 3.182 4.541 5.841 10.215 12.924
4 2132 2.776 3.747 4.604 7.173 8.610
5 2.015 2.571 3.365 4.032 5.893 6.869
6 1.943 2.447 3.143 3.707 5.208 5.959
7 1.894 2.365 2998 . 3.499 4.785 5.408
8 1.860 2.306 2.896 3.355 4.501 5.041
9 1.833 2.262 2.821 3.250 4297 4.781
10 1.812 2.228 2.764 3.169 4.144 4.587
11 1.796 2201 2.718 3.106 4.025 4437
12 1,782 2.179 2.681 3.055 3.930 4318
13 1. 78 2.160 2.650 3.012 3.852 422}
14 1.761 2.145 2.624 2.977 3.787 4,140
15 1.753 2.131 2.602 2947 3.733 4.073
16 1.746 2.120 2.583 2.921 3.686 4.015
17 1.740 2.110 2.567 2.898 3.646 3.965
18 1.734 2.101 2.552 2.878 3.610 3.922
19 1.729 2.093 2.539 2.861 3.579 3.883 '
20 1.725 2.086 2.528 2.845 3.552 3.850
21 1.721 2.080 2,518 2.831 3.527 3.819
22 1.717 2.074 2.508 2.819 3.505 3.792
23 1.714 2.069 2.500 2.807 3.485 3.768
24 1.711 2.064 2.492 2197 3.467 3.745
25 1.708 2.060 2.485 2.787 3.450 3.725
26 1.706 2.056 2479 2.779 3.435 3.707
27 1.703 2.052 2.473 2.771 3.421 3.690
28 1:701 2.048 2.467 2.763 3.408 3.674
29 1.699 2.045 2.462 2.756 3.396 3.659
30 1.697 2.042 2457 2.750 3.385 3.646
32 1.694 2.037 2.449 2.738 3.365 3.622
34 : 1.691 2.032 2.441 2.728 3.348 - 3.601
36 ) 1.688 2.028 2.434 2.719 3.333 3.582 ) ;
38 1.686 2.024 2.429 2.712 3319 3.566
490 1.684 2.021 2.423 2.704 3.307 3.551
42 1.682 2.018 2.418 2.698 3.296 3.538
44 1.680 2.015 2.414 2.692 3.286 3.526
46 1.679 2.013 2.410 2.687 3.271 3.515
48 1.677 2.011 2.407 2.682 3.269 3.505
50 1.676 2.009 2.403 2.678 3.261 3.496
60 1.671 2.000 2.390 2.660 3232 3.460
70 1.667 1.994 2.381 2.648 3.211 3.435
80 T 1.664 1.990 2374 2.639 3.195 3.416
90 1.662 . 1987 2.368 2.632 3.183 3.402
100 ‘ 1.660 1.984 2.364 '2.626 3.174 3.390
120 1.658 1.980 2.358 2.617 3.160 3373
150 1.655 1.976 2.351 2.609 3.145 3.357
200 1.653 1.972 2.345 2.601 3.131 3.340
300 1.650 1.968 2.339 2.592 3.118 3.323
400 ‘ 1.649 1.966 2.336 2.588 3.111 3.315
500 1.648 1.965 2334 2.586 3.107 3.310
600 1.647 1.964 2.333 2.584 3.104 3.307
e - 1.645 1.960 2.326 2.576 3.090  3.291
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F Distribution: Critical Values of F (5% significance level)
vy 1 2 3 4 S5 6 1 8 9 0 12 14 16 18 20
V2
1 161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54 241.88 243.91 245.36 246.46 247.32 248.01
2 1851 19.00 19.16 1925 19.30 1933 19.35 1937 1938 19.40 1941 1942 1943 1944 19.45
3 1013 955 928 912 901 894 889 885 881 879 874 871 869 867 8.6
4. 771 694 659 639 626 616 609 604 600 596 591 587 584 58 580
5 661 579 541 519 505 495 488 482 477 474 468 464 460 458 456
6 599 514 476 453 439 428 421 415 410 406 400 396 392 390 3.87
7 559 474 435 412 397 387 379 373 3.68 364 357 353 349 347 344
8 532 446 407 384 369 3.58 350 344 339 335 328 324 320 3.7 315
9 512 426 386 363 348 337 329 323 3.8 314 307 303 299 296 294
10 496 4.10 371 348 333 322 314 307 3.02 298 291 286 283 280 277
11 484 398 359 336 320 309 3.00295 290 285 279 274 270 267 265
12 475 389 349 326 3.11 300 291 28 280 275 269 264 260 257 254
13 467 381 341 318 3.03. 292 28 277 271 267 260 255 251 248 246
14 460 374 334 311 296 285 276 270 265 260 253 248 244 241 239
15 454 368 329 306290 279 271 264 259 254.248 242 238 235 233
16 449 363 324 301 285 274 266 259 254 249 242 237 233 230 228
17 445 359 320 7296 281 270 261 255249 245 238 233 229 226 223
18 441 3.55 316 293 277 266 258 251 246, 241 234 229 225 222 219
19 438 352 (313 290 274 263 254 248 242 238 231 226 221 218 216
20 435 349 310 287 271 260 251 245 239 235 228 222 218 215 212
21 432 347 307 284 268 257 249 242 237 232 225 220 216 212 210
33 430 .344 . 305 282 266 255 246 240 234 230 223 217 213 210 207
23 428 342 303 280 264 2353 244 237 232 227 220 215 211 208 205
74 426 340 301 278 262 251 242 236 230 225 218 213 209 205 203
25 424 339 299 276 260 249 240 234 228 224 216 211 207 204 201
26 422 337 298%. 274 259 247 239 232 227 2220 215 209 205 202 199
37 421 335 296 273 257, 246 237 231 225 220 213 208 204 200 197
38 420 334 205 271 256 245 236 229 224 219 212 206 202 199 196
29 418 333 293 270 255 243 235 228 222 218 210 205 201 197 "194
0 417 332 292 269 253 242233 227 221 216 209 204 199 196 193
35 412 327 287 264 249 237 229 222 216 211 204 199 194 191 188
40 408 323 284 261 245 234 225 218 212 208 200 195 150 187 134
S0 403 318 279 256 240 229 220 243 207 203 195 18 185 181 178
6 400 315 276 253 237 225 217 210 204 199 192 18 18 178 175 ,
70 398 313 274 250 %235 223 2147 207 202 197 189 184 179 L5 172
80 396 .3.11 272 249 233 221 213 206 200 195 1.88 18 177 173 L70
90 395 310 271 247 232 220 211 204 199 194 186 180 176 172 169
100 394 3090 270 246 231 219 210 203 197 193 18 179 175 171 1.68
120 392 307 268 245 229 218 209 202 19 191 18 178 173 169 166
150 390 3.06 266 243 227 216 207 200 194 189 18 176 171 167 164
200 3.89 304 265 242 226 214 206 198 193 188 180 174 169 166 1.62
250 388 3.03 264 241 225 213 205 198 1.92 187 179 173 168 165 161
300 387 303 263 240 224 213 204 197 191 18 178 172 168 164 161
400 386 302 263 239 224 212 203 19 19 185 178 172 167 163 1.60
500 386 301 262 239 223 212 203 196 190 18 177 171 166 162 159
600 3.86 301 262 239 223 211 202 195 190 18 177 171 166 162 159
750 3.85 301 2.62 238 223 211 202 195 189 184 177 170 166 162 158
1000 385 300 261 238 222 211 202 195 189 184 176 170 165 161 158
i | T HERNBELEE > RFHa o
> . o)
- B FEEAHER -
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1. (12%) For each of the statements below, answer “True” or “False” with brief explanations. No

credits will be given to answers without explanations.
(a). (3%) Any existing tax structure does not violate the utility definition of horizontal equity.
(b). (3%) Any income tax violates the utility definition of horizontal equity.
(©). (3%) Deductions generally reduce the progressivity of the income tax system.

(d). (3%) Tax credits generally increase the progressivity of the income tax system.

2. (14%) Consider a Harberger-type genétal equilibrium model with two goods, food (F) and
manufactures (M). There are two inputs, labor (L) and capital (K), used in the production of F

and M. All good produced ate consumed; there are no savings.

(a). (5%) Explain why would inputs bear some of the tax when taxing outputs? Consider a tax on F
(denoted as 1) to explain the idea.

(b). (5%) Use output effect and substitution effect to describe a scenatio where a partial factor tax
actually raises the relative price of the factor been taxed. For example, consider a tax on the K used
in the production of M (denoted as 1,,,). Explain why even though the tax is on capital, it can

make labor worse off.

(©). (4%) Desctibe a scenario such that a general tax on K (denoted as 1, ) is shared by all the labor L
in the economy. [HINT: drop one of the original Harberger’s assumptions.]

3. (15%) Use a standard two-period life-cycle model of utility maximization to answer the
following questions of a proportional income tax on savings. In answering, follow the
instructions below: (1). Use the x-axis for cutrent consumption, denoted as C;; use the y-axis
for future consumption, denoted as C,. (2). Denote the interest rate as r, and the tax rate as 1.
(3). Whenever a budget line is drawn, indicate the slope. (4). Consider only the case where the
substitution effect dominates the income effect. (5). Let both current consumption and future

consumption be normal goods.

(). (5%) Draw a figure to show the effect a proportional income tax on the savings of a saver if

interest payments are deductible and interest receipts are taxed.

# = OB M O£ # x °
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(b). (5%) Draw a ﬁguie to show the effect a proportional income tax on the (negative) savings of a

botrower if interest payments are deductible and interest receipts are taxed.

(©). (5%) Suppose now interest payments are not deductible but interest receipts are taxed

nonetheless. How does this change your answer in (b).

4. (9%) BAEESFEE THMBRRITE ) BTG R RN E RS AR
— o A THBRETE ) ARG AR -

5, (wZ.)Eilleen does not buy insurance: Thus keep earning $100,000 and risk losing
$60,000 if the illness happens. The probability of getting sick is 0.2.
Although she is willing to pay $16,000 to buy insurance to guarantee
compensation if theillness oceur, finally she pays $14,000. Please provide
detailed answers to the following questions.

A. Please draw a complete graph.to describe above scenario. (S points)
B. What is the risk premium? (5 points)

C. What is the loading fee? (5 points)

D. What is the actuarially fair insurance premium? (5 points)

b, (e NR I —4 RARI » BAE (5 057 - BI T BRI (5 1 8
BLEMRER) - WA L W EFRE  WAIEERREA [ HVRIKFE -
TR A (AR T - e E TAEIREEE oo /Nt 1 (BIERE
Y o (MEDHETHE2ESE (Social Security) HillE - ZEX/NEETAF
BT T 9t &rer et - W BRI DAGEE] (14 ) TaiEs (e r
ERTTIEEECRZE ) - '

A, SEERIE > BUTETHEZ e Ee Ol 8 N ENEETRE?

(10%) '

B. (42 MIE2 W= (implicit rate of return) r KIS THHEFRK
RIS 1> BSERIIL TR EOTSE A NEIEER 2 (10%)

C. fEERASER (retirement effect) ? FFERIFAEZEERATBERT @ BUTHE
R NREETARNEE? (5%)

D. [ESEiEmERE (bequest effect) ? FIRPAEEEBUETBER T - BUFHETT
HEEEEIEE/ NREETRIIRE? (5%)

s
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M 1. (3£ 20 )
Three goods. We are given a Walrasian demand function # with the following values
* At prices p'= (2,1, 2) and wealth 8, %(p?,8)=(1,2,2)=x
* At prices p2= (2,2, 1) and wealth 8, (2, 8)=(2,1,2) =x?
* At prices p*= (1,2, 2) and wealth 8, X (p% 8)=(2,2,1)=x°
1.1. Is x? revealed preferred to x2? Is 12 revealed-preferred to x*? (3 77)
Is x! revealed preferred to ¥%? Is 8 revealed preferred to x? (3 57)
Is x2 revealed preferred to x3? Is x® revealed preferred tox?? (3 77)
1.2. Is the weak axiom of revealed preference violated by these choices? (5 47)
1.3. Is the “revealed preferred to” relation transitive in these choices? Comment. (6 77)
2.3 157)
Suppose firm C and firm D operate under condiﬁons of constant average and marginal cost, but that

MC,= 8,MCp = 6. The inverse demand function a firm face is given by
P =30— Q/18 |
a. If the firms practice Bertrand competition, what will be the market price under a Nash
equilibrium? (6 77)
b. What will the profits be for each firm? (6 573)
c. Will this equilibrium be Pareto efficient? (3 47)

1

3. G155

EREEAERE

(1) BETSTHHEBEE (Adverse Selection) © (5 73)
(2) REemE LrvEEREE Moral Hazard) (5 47)
(3) HELHHBTHEIREE (Signaling) © (5 77)

n | T EERRMEE APHE
= RBFREHR -




BEHERE o4 SEEALHEEARRE

F37 + #K
% w a5 | EFE pioa| PEETETrwan > 238
Aty AlbY

, FE] ABRETTE YEBRAREE AL RN RS (European Central Bank,
' ECB) #7 & 4& 3 & (Mario Draghi) REF1R 22BEHHK3 AREAEE 600 &2
| REABAKRRMMERAEEE BB 201659 A4 -

4. FHREMERRRHE? BE THAARE? (S points)

. HEEATHE ] 4k - (5 points)

6. HHRMBMER  QERAEEH h—BEESTHHAAE 4B BRI
EEREY GDP FHAE BMABRRRSHOMUE (28 BaBELSEH SN
UHBERERST Ba8EE) RMHE I a? (20 points)

%%Hi%f—ﬁu%%%$‘ﬁﬁ~%iﬁuﬁ&@%%&ﬁﬁﬁﬁﬁ@%k%
é@%%’ﬁ%ﬁ%%ﬁiﬁ?ﬁﬁ%f&%@ﬂﬂﬁ%%%éﬁé’~ﬁ@@$%
E&ﬁﬂﬁi%’&w%éﬁ@kﬁﬁAﬁﬁ%f&%’aﬁ&%f%ﬂﬁxux
HERAR - T BEEE -
%f%ﬁﬁ2m1$9ﬂ%%f%%£&iﬁﬂ’ﬁﬁlﬁi?&milﬁf%
%%@Eﬁﬁihﬁ’%&i%ﬁﬁ’%i%%&@ﬁ%ﬁﬁ°é%%i%ﬁﬁm
@ﬁ@é#%@%&%k%%&%’@%%%E&M%ﬁ%QE&%%iiﬂ&%
ﬁ'%4$1E15Bﬂ%%ﬁ%%ﬁﬁﬁﬁ%ﬁ&%$'%ﬁ%i%&%%ﬂﬁ
189 - |

L

T WRBETBREFLERAETW" = W AR L DM
PR B TR R EAARAS K% 457 (S points) HARAETHEE S MRS T4
HEZOER » 5L RITH Lo TR H BN 2T RAFHEILEIHZHKK? (5 points)

8. %f%ﬁ%ﬁ@%&&@w%ﬁ%%m%%ﬁ%£ﬂ§$ﬁﬁ%ﬂﬁ&ﬁ@$ws
points)

9. FRRmERITERR R R TR EH L E A EEHBE? (5 points)

| T OFEREEIE RFHL
% = MR -
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1~ (8%) ANEI20LALEFIRBIR A B ARLI250 T H ABA S 2SR - WRIICATIFA L B
ZFEE (AEHE) 180 BiT - BAZ BFIEEFERRER1TY% - BRAANT HEFTERE - R

TR - 20 4R PR B S -

[AE - AREIREE ZIREATEI G SRR  FEFRIREESY ? 08k Rfa ?

2~ (8%) CATIAEH2014 FEYESRELNEIMEF AR ARERLE  (BHRRIERRE
IRESESSSE » A TI2013 £ R2014 EHFEEY SEENTF ¢

[FE - CAFRIZ014 FENEE S HBR L 576%

3+ (12%) DASI2014F EAERIRORAT T -

2013 4F 2014 4
Sk - $90,000 $77:500
DIMESEREA $93,750 $88,250
TSR R17% -

A HHEF $1,820,000
HESFEEHRE (SESFHE $60,000) $1,040,000
IREER - $260,000
AT AEHEARRR S &% $31,200
TEM A EEAR IR E S $1,040
TATELER AR $2,600,000
PRSI B E $780,000
et RIKERERD $520,000
FERIRF R $364,000
FHERE SN $416,000
FEATHRAKHE 0 $260,000

R UEFEAGRRD AT 0 4EERSHBER T EREHHLRE -

4~ (8%) EATR2014FE 7 B 31 HEXYE > 2UEAFEEEER 82 7 AL - BEEENHE
K7 4 %H5Y 1 R$5,008,000 £$3,250,000 » EAFERIERIAIT ¢

P BR[O B HTEE $230,000 - $4E53EER$250,000 ~ HiW/EEE $1,750,000 - #EEEH FIT5%$60,000 - &
EE $180,000 - E NEIBEATEIGERERE 25% -

SE - DEFLAMSST EAT 2014 46 7 B 31 HARS S &L BT ?
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5 (12%) FASIHESMEIE SRS » 2015 FYETHIEHBEHREEK$900,000 - PRI=4E
S AERE (LR SE T RIS AR SRR T SEMLET » (22015 FRFBHFIATHEARAEEEW - 2016 FH&
TR THEAT S 4 R AE$480,000 AVBHEENEIEIUL » 2017 FEREBFETENEE £ MEAEETTEL -
SR EROT -

2015 £ 2016 &F£ 2017 &
SEFERE BT EEHRESE $240,000 $540,000 $810,000
fEET 52 LA ARAR AR SE(ET | BIATI SRS 0
s TESH | EEESEMEET | EETISMGE 100%

S B FASIRBERE AT R AEASIR T ARG | T SERERIIEE (DS
far 2

6~ (8%) GAE] 2014 FiHE 2 Airs - FHEBWIRFR$120,400 - PEE IR A$188,500 - i
75 R$150,500 - EF|EHE 25% @ FRIEEZF 12
Ef G ATHVEREIRE AR ?

7. (8%) HATME 2013 4 12 A 31 HEEAEE LA —IEEFIME » BU8RA 555,000,000 - BGH
#1% 2011 €12 A 31 B - BYSEHERHEAEIRR 10 5 (942 2013 S R EAERT £ EES,
IR ASIRAREARIEERE SRR 4 5 BESEATARS800000 (HR
IR )  RATRIITIE R 5% -

SRR ¢ HAATIFE 2013 SEIREHESES SERIRERIBIE.S /b6 7

8~ (8%) 2013 & 1 AFEEHH G R AEEHLETN KIEMIREHIRS

2011 & 2012 £ 2013 £
FENER $52,000 $83,200 $78,000
FERTEH $72,800 $67,600 $93,600

b 2013 AE[RYIFIAT#IE /5$1,000,000 -
FRE ¢ I/AEIEME 2013 SFRERIEE AT 7

0 (12%) AT 2011 4 1 B 1 B S—3YT{515$1,000,000 » ARCHISEE 12% » 15 EHY EHE
% > B —IEEARA$1,000,000 TS » LAIEEE A BIER+ = ES S E R BES 72,648 -
ey 201148 1 F 1 024088 - 2011 4 12 B 31 BZE SR nE & RE G E> S8 BT 7
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Fit

5%

=

S BORR T P

F R M 28 2888(x) %485

11

A

10~ (8%) K2F] 2013 A TFI"HH : (1) HEHESHIREES 100,000 - {KIBHLER 50%E
FEGRREERZMH—E - 20%FEMSH(E - 30% T BEERRY » ENEHRA—ES800-(2) H
—AEETTRARAF » RERERETR R - BT 309N AR © TSR 70%5E/HE1E$800,000 -

S KAE] 2013 BRI A EEHSE RS 7

~ (8%) LATE 2013 FEE2FFBEIINEEEEER 160,000 AL BN o - JEREE
AiRE 50,000 f - LA 2014 S o S8 H IR AE R 4% $5.50
1% - BEA1 L AE] 2013 FEEFF]£$17,500,000 -

X AR AL TR 50,000 B iE

L AE] 2013 SERRVHRERE R R e (‘fﬁ@@%ﬁk@d\ﬁ&%&% 2 {ir) ?

4 BB LEE O R P

— BB FEELER -
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B - BR ARG AR I B F—EB SRR 0.1 BBk
B 02 8l :
(1) L RHEE LA (series system ) Jrstidii » RIH B ASEE S IRF R e

Fofal @
(ﬂ%%ﬁ@%#u%%(WMMWNM)ﬁﬁ@%’%%%%%%%%ﬁﬂE%W%$
Aol ?
= (20 4})

(1) If X; and X; are the averages of independent random samples of size n, and n, froma
normal population with the mean |1 and the variance o2. Show that the variance of the
unbiased estimator:

w X+ (1 ~-w) %

- . ] nl
isa minimum when o =- :
. ny+ns

(2) With reference to (1), find the efficiency of the estimator with « = é relative to the

estimator with w = —=

ny+n, ’

=~(1043)

Let X, and X, constitute a random sample from a normal population with ¢2 = 1. If the null

hypothesis p = p, is to be rejected in favor of the alternative hypothesis p = u, > u, when
X > o + 1, what is the size of the critical region?
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For the data in the following table, test at the 0.05 level of significance whether the number of
errors the compositor makes in setting a galley of type is a random variable having a Poisson
distribution with A = 3.

Numbers of errors | Observed frequencies
0 18
1 53
2 103
3 107
4 82
5 46
6 18
7 10
8
9

#+(2043)

(1) BB HEE R (e T CHRRETR) 5% » T B B ERRan - 5
RRRERY NI 1 ST S 2 SRS R AR I ? R ERR T
R | - ARIEEE A GRS ?

() HHR TR T — B B SRS SIS | SRR - S8 A BEIE—(E
55T 10 BEETEOR | BEEERAT A DU RIER T B REERA
R BER S » B2 BIRESETSEE - HILEERBIIANE | SENRRE

 FSRIB ? W | SRR T AR T R — A AR ?
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ARIE DA EBRHEE T 5 Rl heE

() AREBR/NE T EZEFF 2 ¥=5,+5X -

(2 Ea=005T - FELLURER F En bt 428 R0 -

B ® # 8 Gzt ol BT # W
Aulp, A3k B S PuEn
7N~ (2093)
EARAERHOT
x | 1 3 5 7 9
Yy | 10 12 17 18 25
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Standard Normal Distribution Table

—

.00

01 [ 02 7 03 704 [ 05, 06 | 07 | 08 [ .09

0.0
0.1
0.2
0.3
04
0.5

.0000
.0398
.0793
1179
1554
1915

.0040
.0438
.0832
1217
1591
.1950

.0080
.0478
0871
1255
.1628
.1985

0120
0517
.0910
1293
1664
2019

.0160
{0557
.0948
1331
1700
.2054

.0199
.0596
.0987
1368
.1736
.2088

.0239
0636
1026
.1406
1772
.2123

.0279
0675
.1064
.1443
.1808
2157

0319
0714
1103
.1480
1844
2190

.0359
0753
1141
1517
1879
2224

0.6
0.7
0.8
0.9
1.0

2257
.2580
.2881
3159
3413

2291
2611
2910
3186
3438

2324
2642
2939
3212
.3461

283,
2673
2967
3238
.3485

2389
2704
.2995
3264
.3508

2422
2734
3023
3289,
3531

2454
2764
.3051
3315
3554

.2486
2794
3078
.3340
3577

2517
.2823
3106
3365
3599

2549
.2852
3133
.3389
3621

1.1
1.2
1.3
14
1.5

3643
.3849
4032
4192
4332

3665
3869
4049
4207
4345

3686
3838
4066
4222
4357

3708
3907
.4082
4236
4370

3729
3925
4099
4251
4382

3749
3944
4115
4265
4394

3770
3962
4131
4279
4406

3790
3980
4147
4292
4418

3810
3997
4162
4306
4429

3830
4015
4177
4319
4441

1.6
1.7
1.8
1.9
2.0

4452
A554
4641
4713
AT772

4463
4564
4649
4719
4778

4474
4573
4656
4726
4783

4484
4582
4664
4732
4788

4495
4591
4671
4738
4793

4505
4599
4678
4744
4798

4515
4608
4686
4750
4803

4525
4616
4693
4756
4808

4535
4625
4699

4761
4812

4545
4633 |
4706
4767 !
4817

2.1
2.2
23
2.4
2.5

4821
4861
4893
4918
4938

4826
4864
4896
4920
4940

4830
4868
4898
4922
4941

4871
4901
4925
4943

4834

4838
4875
4904
4927
4945

4842
A878
4906
4929
4946

4846
4881
4909
4931
4948

A850
4884
4911
4932
4949

4854

A887

4913
4934

4951

4857
4890
4916
4936
4952

2.6
2.7
2.8
29
3.0

4953
4965
A974
4981
4987

4955
4966
A975
4982
4987

4956
4967
4976
4982
4987

4957
4968
A977
4983
4988

4959
4969
4977
4984
.4988

4960
4970
4978
4984
4989

.4961
4971
.4979
4985
4989

4962
4972
4979
4985
4989

4963
4973
4980
4986
4990

4964
4974
4981
4986
4990

3.1
3.2
33
34

3.5

A9%0
4993
4995
4997
4998

4991
4993
4995
4997
4998

4991
4994
4995-
4997
4998

4991
4994

4997
4998

4996

4992
4994

4997
4998

4996

4992
4994
4996
4997
4998

4992
4994
4996
4997
4998

4992
4995
4996
4997
4998

4993
4995
4996
4997
4998

4993
4995
4997
4998
4998
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Chi-Square Distribution Table
/N
/e
 — . _
The shaded area is equal to o for x* = x2.

df X5 X090 X%75 Xos0 X%00 X400 x%s0 ) X025 X%o10 x%0s

1 0.000 0.000 0.001 0.004 0.016 2.706 3.841 5.024 6.635 7.879

2 0.010 0.020 0.051 0.103 0.211 4.605 5.991 7.378 9.210 10.597
3 0.072 0.115 0.216 0.352 .0.584 6.251 7.815 9.348 11.345 12.838
4 0.207 0.297 0.484 0.711 1.064 7.779 9.488 11.143 13.277 14.860
5 0.412 0.554 0.831 1.145 '1.610 9.236 11.070 12.833 15.086 16.750
6 0.676 0.872 1.237 1.635 2.204 10.645 12.592 14.449 16.812 18.548
7 0.989 1:239 1.690 2.167 2.833 12.017 14.067 16.013 18.475 20.278

8 1.344 1.646 - 2.180 2.733 3.490 13.362 15,507 17.535 20.090 21.955

9 1.735 2.088 2.700 3.325 4.168 14.684 16.919 19.023 21.666 23.589
10 2.156 2.558 3.247 3.940 4.865 15.987 18:307 20.483 | 23.209 25.188
i1 2.603 3.053 3.816 4.575 5.578 17.275 19.675 21.920 | 24.725 26.757
12 3.074 3.571 4.404 5.226 - 6.304 18.549 21.026 23.337 26.217 28.300
13 3.565 | 4.107 5.009 5.892 7.042 19.812 22.362 24.736 27.688 29.819
14 4.075 4.660 5.629 6.571 7.790 .| 21.064 23.685 26.119 29.141 31.319
15 4.601 5.229 6.262 7.261 8.547 22.307 24.996 27.488 30.578 32.801
16 | 5.142 5.812 6.908 7.962 9.312 23.542 26.296 28.845 | 32.000 34.267
17 5.697 6.408 7.564 8.672 10.085 24.769 27.587 30.191 33.409 35.718
18 6.265 7.015 8.231 9.390 10.865 25.989 28.869 31.526 34.805 37.156
19 6.844 7.633 8.907 10.117 | 11.651 27.204 30.144 32.852 36.191 38.582
20 7.434 8.260 9.591 10.851 12.443 28.412 31.410 34.170 37.566 39.997 ,
21 8.034 8.897 10.283 11.591 13.240 29.615 32.671 35.479 38.932 41.401
22 | 8.643 9.542 10.982 12.338 14.041 30.813 33.924 36.781 40.289 42.796
23 9.260 10.196 11.689 13.091 14.848 32.007 35.172 38.076 41.638 44.181
24 9.886 10.856 12.401 13.848 15.659 33.196 36.415 .| 39.364 42.980 45.559
20 10.520 11.524 13.120 14.611 16.473 34.382 37.652 40.646 44.314 46.928
26 11.160 12.198 | 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 11.808 12.879 14.573 16.151 18.114 36.741 40.113 43.195 46.963 49.645
28 12.461 13.565 15.308 16.928 18.939 37.916 41.337 44.461 48.278 50.993
29 13.121 14.256 16.047 17.708 19.768 39.087 42.557 45.722 49,588 52.336
30 13.787 14.953 16.791 18.493 20.599 40.256 43.773 46.979 50.892 53.672
40 20.707 22.164 24.433 26.509 29.051 51.805 55.758 59.342 63.691 66.766
50 27.991 29.707 32.357 34.764 37.689 63.167 67.505 71.420 76.154 79.490
60 35.534 37.485 40.482 43.188 46.459 74.397 79.082 83.298 88.379 91.952
70 43.275 45.442 48.758 51.739 55.329 85.527 90.531 95.023 100.425 | 104.215
80 51.172 53.540 57.153 60.391 64.278 96.578 101.879 | 106.629 | 112.329 116.321
90 | 59.196 61.754 65.647 69.126 73.291 107.565 | 113.145 | 118.136 | 124.116 | 128.299
100 | 67.328 70.065 74.222 77.929 82.358 | 118.498 | 124.342 | 129.561 | 135.807 | 140.169




Poisson distribution

Cumulative distribution function

" This section tabulates the cumulative distribution function (c.d.f.) of the Poisson distribution with expected value (“rdte”) A

Massek® 104 SERATERDESRAA
#OR %8 X
yowon s GEE oW mES pwan ZHBHOY
| EAUE
A2, ALY

which is
T T )\k
Fz)=P{X <z}=) P{X=k}= Zexp(—)\)%!—.
k=0 k=0
A
x 0.02 0.04 0.06 0.08 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 0.5
0 0.9802 0.9608 0.9418 0.9231 0.9048 0.8607  0.8187 0.7788 0.7408 0.7047 0.6703 0.6376 0.6065
1 0.9998 0.9992 0.9983 0.9970 0.9953  0.9898 0.9825 0.9735 0.9631 0.9513 0.9384 0.9246 0.9098
92 1.0000 1.0000 1.0000 0.9999 0.9998 0.9995 0.9989 0.9978 0.9964 0.9945 0.9921 0.9891 0.9856
3 1.0000 1.0000 1.0000 1.0000 1.0000 = 1.0000 0.9999 0.9999 0.9997 0.9995 0.9992 0.9988 0.9982
4 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.999% 0.9999 0.9998
5 1.0000 1.0000 1.0000 1.0000 ~ 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000. 1.0000 1.0000 1.0000
[ A
z 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.1 1.2 1.3
0 05769 0.5488 0.5220 0.4966 0.4724 0.4493 0.4274 04066 0.3867 0.3679 0.3329 0.3012 0.2725
1 0.8943 0.8781 0.8614 0.8442 0.8266 0.8088 0.7907 0.7725 0.7541 0.7358 0.6990 0.6626 0.6268
2 09815 09769 0.9717 0.9659 0.9595 0.9526 0.9451 009371 0.9287 0.9197 0.9004 0.8795 0.8571
3 0.9975 0.9966 0.0956 0.9942 0.9927 0.9909 0.9889 0.9865 0.9839 ' 0.9810 0.9743 0.9662 0.8569
4 09997 0.9996 0.9994  0.9992 0.998¢ 09986 0.9982 0.9977 0.9971 @ 0.9963 0.9946 0.9923 0.9893
5 1.0000 1.0000 0.9999 0.9999 0.9999 0.9998 0.9997 0.9997 0.9995 0.9994 0.9990 0.9985 0.9978
6 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999° 0.9999 0.9999  0.9997 0.9996
7 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 .1.0000 1.0000 1.0000 1.0000 0.9999
f 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
A
T 1.4 1.5 1.6 1.7 1.8 1.9 2 2.2 2.4 2.6 2.8 3 3.2 '
0 02466 0.2231 0.2019 0.1827 0.1653 0.1496 . 0.1353+ 0.1108 0.0907 0.0743 0.0608 0.0498 0.0408
1 05918 0.5578 0.5249 0.4932 0.4628 0.4337 0.4060 0.3546 0.3084 0.2674 0.2311 01991 0.1712
2 0.8335 0.8088 0.7834 0.7572 0.7306 0.7037 0.6767 0.6227 0.5697 0.5184 0.4695 0.4232 0.3799
3 00463 0.9344 09212 09068 0.8913 0.8747 0.8571 0.8194 0.7787 0.7360 0.6919 0.6472 0.6025
4 0.9857 0.9814 0.9763 0.9704 0.9636 0.9559 0.9473 0.9275 0.9041 0.8774 0.8477 0.8153 0.7806
5 0.9968 0.9955 0.9940 0.9920 0.9896 0.9868 0.9834 0.9751 0.9643 0.9510 0.9349 0.9161 0.8946
6 0.9994 09991 0.9987 0.9981 0.9974 0.9966 0.9955 0.9925 0.9884 0.9828 0.9756 0.9665 0.9554
7 0.9999 0.9998 0.9997 0.9996 0.9994 0.9992 0.9989 0.9980 0.9967 0.9947 0.9919 0.9881 0.9832
8 1.0000 1.0000 1.0000 0.9999 0.9999 0.9998 0.9998 0.9995 0.9991 0.9985 0.9976 0.9962 0.9943
9 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9998 0.9996 0.9993 0.9989 0.9982
10 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9998 0.9997 0.9995
11 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9999 0.9999
12 1.0000 1.0000 1.0000 3.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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t Distribution: Critical Values of ¢ !
Significance level
Degrees of  Two-tailed test. 10% 5% 2% 1% 0.2% 0.1%
freedom One-tailed test: 5% 2.5% 1% 0.5% 0.1% 0.05%
1 6.314 12.706 31.821 63.657 318309  636.619
2 2.920 4.303 6.965 9.925 22.327 31.599
3 2.353 3.182 4.541 5.841 10.215 12.924
4 2.132 2.776 3.747 4.604 7.173 8.610
5 2.015 2.571 3.365 4.032 5.893 6.869
6 1.943 2.447 3.143 3.707 5.208 5.959
7 1.894 2.365 2998 . 3.499 4.785 5.408
8 1.860 2.306 2.896 3.355 4501 5.041
-9 1.833 2.262 2.821 3.250 4.297 4.781
10 1.812 2.228 2.764 3.169 4.144 4.587
11 1.796 2.201 2:718 3.106 4.025 4437
12 1.782 2.179 2.681 3.055 3.930 4318
13 1771 2.160 2.650 3.012 3.852 4.221
14 1.761 2.145 2.624 2.977 3.787 4.140
15 1753 2.131 2.602 2.947 3.733 4.073
16 1.746 2.120 2.583 2.921 3.686 4.015
17 1.740 2.110 2.567 2.898 3.646 3.965
18 1.734 2101 . 2552 2.878 3.610 3.922
19 1.729 2.093 2.539 2.861 3.579 3.883
20 1.725 2.086 2.528 2.845 3.552 3.850
21 1.721 2.080 2.518 2.831 3.527 3.819
22 1.717 2.074 2.508 2.819 3.505 3.792
23 1.714 2.069 2.500 2.807 3.485 3.768
24 1.711 2.064 2.492 2.797 3.467 3.745
25 1.708 2.060 2.485 2.787 3.450 3.725
26 1.706 2.056 2.479 2779 3435 3.707
27 1.703 2,052 2.473 2771 3421 3.690
28 1.701 2.048 2.467 2,763 3408 3.674
29 1.699 2.045 2.462 2.756 3.396 3.659
30 1.697 2.042 2.457 2.750 3385 3.646
32 1.694 2.037 2.449 2.738 3.365 3.622
34 ' 1.691 2.032 2.441 2.728 3.348 - 3.601 .
36 ' 1.688 2.028 2.434 2.719 3.333 3.582 ' p
38 1.686 2.024 2.429 2.712 3.319 3.566
40 1.684 2.021 2.423 2.704 3.307 3.551
42 1,682 2.018 2418 2.698 3.296 3.538
44 1.680 2.015 2414 2.692 3.286 3.526
46 1.679 2.013 2.410 2.687 3.277 3.515
48 1.677 2.011 2.407 2.682 3.269 3.505
50 1.676 2.009 2.403 2.678 3.261 3.496
60 1.671 2.000 2.390 2.660 3.232 3.460
70 1.667 1.994 2.381 2.648 3.211 3.435
80 T 1.664 1.990 2.374 2.639 3.195 3.416
90 1.662 . 1.987 2.368 2.632 3.183 3.402
100 1.660 1.984 2.364 2,626 3.174 3.390
120 1.658 - 1.980 2.358 2.617 3.160 3.373
150 1.655 1.976 2.351 2.609 3.145 3.357
200 1.653 1.972 2.345 2.601 3.131 3.340
300 1.650 1.968 2.339 2.592 3.118 3.323
400 . 1.649 1.966 2.336 2.588 311 3.315
500 1.648 1.965 2.334 2.586 3.107 3.310
600 1.647 1.964 2.333 2.584 3.104 3.307
o - 1.645 . 1.960 2.326 2.576 3.090 3.291
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141
V.

500
600

1000

750 .

1

18.51
10.13
171
6.61

5.99
5.59
532
5.12
4,96

4.84
4.75
4.67
4.60
4.54

4.49
4.45
441
438
4.35

4.32
4.30
428
4.26
4.24

422
4.21
420
4.18
4.17

4.12
4.08
4.03
4.00
3.98

3.96
3.95
3.94
3.92
3.90

3.89
3.88
3.87
3.86
3.86

3.86
3.85
3.85

2

19.00
9.55
6.94
5.79

5.14
474
4.46
426
4.10

3.98
3.89
3.81
3.74
3.68

. 3.63

3.59
3.55
3.52
3.49

3.47

. 344

3.42

3.40

3.39

337

3.35
3.34
333
3.32

3,27
3.23

318

3.15
3.13

311
3.10
3.09
3.07
3.06

3.04
3.03
3.03
3.02
3.01

3.01
3.01
3.00

F Distribution: Critical Values of F (6% s‘igniﬂcance level)

3

19.16
9.28
6.59
5.41

4.76
4.35
4.07
3.86
3.71

3.59
3.49
3.41
3.34
3.29

3.24
3.20
3.16
38
3.10

3.07

- 3.05

3.03
3.01
2.99

2.98
2.96
2.95
2.93
2.92

2.87
2.84
2.79
2.76
2,74

2,72
2n
2.70

266

2.65
2.64
2.63
2.63
2.62

2.62
2.62
2.61

4

19.25
9.12
6.39
5.19

4.53
412
3.84
3.63
3.48

3.36
3.26
3.18
31
3.06

3.01
2.96
2.93
2.90
2.87

2.84
2.82
2.80
2,78
2.76

2.74
2.73
271
2.70
2.69

2.64
2.61
2.56
%3
2.50

2.49
247
246
245
243

242
2.41
2.40
2.39
2.39

2.39
2.38
2.38

5

19.30
9.01
6.26
5.05

4.39
3.97
3.69
3.48
333

3.20
311
3.03
2.96
2.90

2.85
2.81
2.77
2.74
2.71

2.68
2,66
2.64
2,62
2.60

2%
R 5%
2.56
2.55
253

2.49
245
2.40
237
2.35

233
2.32
2.31
2.29
227

2.26
2.25
2.24
2.24

223

223
2.23
2.22

6

19.33
8.94
6.16
495

4.28
3.87
3.58
3.37
3.22

3.09
3.00
292
2.85
2.79

2.74
2.70
2.66
2.63
2.60

2.57
285
288
2.51
2.49

2.47
2.46
245
243
2.42

2.37
2.34
2.29
225
223

221
220
2.19
2.18
2.16

2.14
2.13
2.13
2.12
2,12

211
211
2.11

7

19.35
8.89
6.09
4.88

421
3.79
3.50
329
3.14

3.01
2.91
2.83
2.76
2.71

2.66
2.61
2.58
2.54
2.51

2.49
2.46
2.44

242"

2.40

2.39
2.37
2.36
2.35
2.33

2.29
2.25
2.20
2RI
2.14

2.13
2.11
2.10
2.09
2.07

2.06
2.05
2.04
2.03
2.03

2.02
2.02

8

19.37
8.85
6.04
4.82

4.15
3.73
3.44
3.23
3.07

2.95
2.85
2.77
2.70
2.64

2.59
2.55
2.51
2.48
2.45

2.42
2.40
2.37
2.36
2.34

2.32
231
2.29
2.28
2.27

2.22
2.18
2.13
210
2.07

2.06
2.04
2.03
2.02
2.00

1.98
1.98
1.97
1.96
1.96

1.95
1.95

195

9

19.38
8.81
6.00
4.7

4.10
3.68
3.39
3.18
3.02

2.90
2.80
2.71
2.65
2.59

2.54
2.49
2.46
2.42
2.39

2.37
2.34
252
2.30
2.28

2.27
2.25
2.24
222
2.21

2.16
2.12
2.07

2 02

2.00
1.99
1.97
1.96
1.94

1.93
1.92
1.91
1.90
1.90

1.90
1.89
1.89

10

19.40
8.79
5.96
4.74

4,06
3.64
3.35
314
2.98

2.85
2.75
2.67
2.60
2.54

2.49
245
2.41
238
235

2.32
2.30
2.27
225
2.24

2.22
2.20
2.19
2.18
2.16

211
2.08
2.03
1.99
1.97

1.95
1.94
1.93
1.91
1.89

1.88
1.87
1.86
1.85
1.85

1.85
1.84
1.84

12

161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54 241.88 243.91 245.36 246.46 247.32 248.01

19.41
8.74
591
4.68

4.00
3.57
3.28
3.07
2.91

2.79
2.69

12,60

2.53
2.48

242
2.38
2.34
.2.31
2.28

2.25
223
2.20
2.18
2.16

2.15
2.13
2.12
2.10
2.09

2.04
2.00
1.95
1.92
1.89

1.88
1.86
1.85

182

1.80
1.79
1.78
1.78
1.77

1.77
1.77
1.76

14

15.42
8.71
5.87
4.64

3.96
3.53
3.24
3.03
2.86

274
2.64
2.55
248
242

2.37
2.33
2.29
2.26
2.22

2.20
2.17
2.15
2.13
2.11

2.09
2.08
2.06
2.05
2.04

1.99
1.95
1.89
1.86
1.84

1.82
1.80
1.79
1.78
1.76

1.74
1.73
1.72
1.72
1.71

1.71
1.70
1.70

16

19.43
8.69

5.84.

4.60

3.92
3.49
3.20
2.99
2.83

2.70
2.60
2.51
2.44
2.38

2.33
2.29
225
2.21
2.18

2.16
2.13
2.11
2.09
2.07

2.05
2.04
2.02
2.01
1.99

1.94
1.90

1.82
1.79

1.77
1.76
1.75
1.73
1.71

1.69
1.68
1.68
1.67
1.66

1.66
1.66
1.65

18

19.44
8.67
5.82
4.58

3.90
3.47
3.17
2.96
2.80

2.67
2.57
2.48
2.41
235

2.30
2.26
222
2.18

215

2.12
2.10
2.08
2.05
2.04

2.02
2.00
1.99
1.97
1.96

1.91
1.87
1.81
1.78
1.75

1.73
1.72
1.71
1.69
1.67

1.66
1.65
1.64
1.63
1.62

1.62
1.62
1.61

20

19.45
8.66
5.80
4.56

3.87
344
3.15
2.94
277

2.65
2.54
2.46
2.39

2.33

2.28
223
2.19
2.16
2.12

2.10
2.07
2.05
2.03
2.01

1.99
1.97
1.96

- 1.94

1.93

1.88
1.84
1.78
1.75
1.72

1.70
1.69
1.68
1.66
1.64

1.62
1.61
1.61
1.60
1.59

1.59
1.58

158
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