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Economic Theory

* Answer all of the following four questions in either English or Japanese.,

+ Use a separate answer sheet for each question.

Consider an exchange economy with two consumers and two goods ¥, ¥. The utility function

of each consumer is uy (x4, %) = x,¥7 and uy(x,,y,) = min{x,, y,}, respectively, while
the initial endowment for each consumer is w; = (1,2) and w, = (2,3).

(b

)
3)

2. (1)

@

3)

Given a price for each good, describe a maximization problem for each consumer. (15
points)
Write down the definition of a Walrasian equilibrium in this economy. (15 points)

Derive a Walrasian equilibrium in this economy. (20 points)

Write down the mathematical definition of a pure-strategy Nash equilibrium (whenever
you use mathematical symbols, you must describe their meanings). (10 points)
Provided that a pure-strategy Nash equilibrium exists, describe as many situations as
possible (up to four) when such an equilibrium would occur. (5 pointsx4)

In the following game (where for each payoff profile, player 1’s payoff is specified first,
and the dotted line means that the two nodes are in the same information set), derive all

the pure-strategy Nash equilibria that are rot subgame perfect. (20 points)
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. Using all of the following keywords, explain what “general equilibrium” means in
macroeconomic models. Use a schematic figure in the description. Underline the
keywords where they are used for the first time. (50 poinis)

- Keywords:

Household, firm, government, goods market, factor market, financial market, price,
wage,

. Consider the expectations theory of the term structure of interest rates (e.g., interest
rates are annualized).

(1) This month's one-month interest rate is 1% and is expected to be at 2% for at least
one year from the next month onward. If term premiums are ignored, what is the
current level of the one-year interest rate? (10 points)

(2) Assume that the 1-month interest rate is 2% and the 2-month interest rate is 3%. If
the term premium for the 2-month rate is 1%, what is the 1-month rate expected to
be after T month? (15 points) '

(3) Let i[* denote the m-month interest rate. Describe i3 in terms of one-month
interest rates (¢ denotes a discrete time period). (15 points)

(4) The Bank of Japan conducts monetary policy “so that 10-year JGB (i.c., Japanese
government bonds) yields will remain at around zero percent.” From the standpoint
of the expectations theory of the term structure, discuss what implications this
policy has for the evolution of short-term interest rates. (10 points)
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EROHE © X ~ N(0,1)

N X P(X > z4) = f exp(—-x Ydx

Zg | 00 .01 .02 .03 .04 05 06 0 .08 09

0.0} .5000 .4960 .4920 4880 .4841 .4801 4761 .4721 4681 .4641
0.1|.4602 4562 .4522 4483 4443 4404 4364 4325 4286 .4247
0.2 | 4207 4168 .4129 4091 .4052 .4013 .3974 3936 .3897 .3859
0.3 |.3821 .3783 .3745 3707 .3669 .3632 .3594 3557 .3520 .3483
0.4 |.3446 3409 .3372 3336 .3300 .3264 .3228 3192 3156 .3121
0.5].3085 .3050 .3015 .2981 2946 .2012 .2877 .2843 2810 .2776
0.6|.2743 2709 .2676 .2644 2611 2579 2546 2514 2483 2451
0.7 |.2420 2389 2358 2327 .2297 2266 2236 .2207 2177 .2148
0.81.2119 .2090 .2061 .2033 .2005 .1977 .1949 .1922 .1894 .1867
0.9].1841 .1814 .1788 .1762 .1736 .1711 .1685 .1660 .1635 .1611
1.0 | .1587 1563 .1539 .1515 .1492 .1469 .1446 .1423 .1401 .1379
LY [.1357 1335 1314 1292 1271 .1251 .1230 .1210 .1190 .1170
1.21.1151 1131 1112 .1094 .1075 .1057 .1038 .1020 .1003 .0985
1.31.0968 .0951 .0934 0918 .0901 .0885 .0869 .0853 .0838 .0823
1.4 1.0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
1.5]1.0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
1.6 1.0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
1.7].0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367
1.8|.0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
1.9 1.0287 .0281 .0274 0268 .0262 .0256 .0250 .0244 .0239 .0233
2.01.0228 0222 .0217 0212 .0207 .0202 .0197 .0192 .0188 .01%3
2.11.6179 .0174 0170 .0166 .0162 .0158 .0154 .0150 .0146 .0143
2210139 0136 .0132 .0129 .0125 .0122 0119 .0116 .0113 .0110
2.31.0107 .0104 0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
2.4|.0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
2.5|.0062 .0060 .0039 .0057 .0055 .0054 .0052 .0051 .0049 .0048
2.6(.0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
2.7|.0035 0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
2,81.0026 .0025 0024 .0023 .0023 0022 .0021 .0021 .0020 .001%
291.0019 .0018 0018 0017 .0016 .0016 .0015 .0015 .0014 .0014
3.0(.0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
3.1|.0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
3.21.0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
3.31.0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
3.41.0003 .0003 0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002

10 05 025 010 005 ~001 0005 0001 00001
12816 1.6449 1.9600 23263 25758 3.0902 3.2905 3.7190 4.2649




TR X ~ (k)
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x  @=PX>1a)=, mf(x)dx

Ter [

. o 10 05 025 010 .005
CELHE)

I 3.0777 6.3138 12,7062 31.8205 63.6567
2 1.8856 29200 43027 69646  9.9248
3 1.6377 23534 3.1824 45407  5.8409
4 15332 2.1318 27764 37469  4.6041
5 14759 20150 25706 33649  4.0321
6 14398 19432 24469 31427  3.7074
7 14149  1.8946  2.3646  2.9980  3.4995
8 1.3968 1.8595 23060 2.8065  3.3554
9 1.3830  1.8331] 22622 2.8214 32498
10 1.3722  1.8123 22281 27638  3.1693
11 1.3634  1.7959  2.2010  2.7181 3.1058
12 1.3562 1.7823  2.1788 26810  3.0545
13 1.3502  1.7709  2.1604  2.6503 3.0123
14 1.3450  1.7613 2.1448  2.6245 29768
15 13406 1.7531 21314 26025 2.9467
16 1.3368 1.7459  2.1199  2.5835 2.9208
17 13334 1.7396 21098 25669  2.8982
18 1.3304 1.7341 21009 25524 28734
19 1.3277  1.7291 20930  2.5395 2,8609
20 1.3253  1.7247 20860  2.5280  2.8453
21 1.3232 1.7207  2.0796 25176 2.8314
22 13212 17171 20739 25083  2.8187
23 13195  1.7139 20687 24999  2.8073
24 3178 17109 2.0639 . 24922 2.7969
25 1.3163  1.7081 20595  2.4851 27874
26 1.3150 1.7056  2.0555 24786  2.7787
27 1.3137 1.7033  2.0518 24727  2.7707
28 13125  1.7011 2.0484 24671 2.7633
29 1.3114  1.6991 20452 24620 2.7564
30 1.3104  1.6973  2.0423 24573  2.7500
40 1.3031 1.6839 20211 24233 2,7045
50 1.2987 1.6759  2.0086 24033  2.6778
60 1.2958  1.6706  2.0003  2.3601 2.6603
120 1.2886  1.6577 1.9799 23578  2.6174
00 1.2816  1.6449 1.9600 23263  2.5758




B4 2 EHFE L v (m)

o w
: -~ 0t=P(x’>:ﬁx)=fxz Fot ey
0 X
995 99 975 95 90 .10 .05 .025 .010 005
m
(EHE)

1 0000393 .000157 .000982 .00393 .0158 271 384 502 663 7.88
2 0100 0201 0506 103 211 461 599 738 921 10.60
3 0717 115 216 352 584 625 7.81 935 1134 12.84
4 | 207 297 484 711 106 778 949 11.14 1328 14.86
5 412 554 831 15 161 924 1107 1283 1509 1675
6 | 676 872 124 164 220 1064 1259 1445 1681 18.55
7 989 124 169 217 283 1202 1407 1601 1848 2028
8 1.34 165 218 273 349 1336 1551 17.53 2009 21.95
9 1.73 209 270 333 417 1468 1692 1902 2167 23.59
10 2.16 256 325 394 487 1599 1831 2048 2321 25.19
11 2.60 3.05 382 457 558 17.28 19.68 21.92 2473 2676
12 3.07 357 440 523 630 1855 21.03 2334 2622 2830
13 3.57 411 501 589  7.04 1981 2236 2474 27.69 29.82
14 4.07 4.66 563 657 779 2106 23.68 2612 29.14 3132
15 4.60 523 626 726 855 2231 25.00 2749 30.58 32.80 -
16 | 5.14 581 691 7.96 931 2354 2630 28.85 32.00 34.27
17 5.70 641 756 867 . 1009 2477 2759 30.19 33.41 3572
18 6.26 7.01 823 939 10.86 2599 28.87 31.53 3481 37.16
19 6.84 7.63 891 1012 11.65 27.20 30.14 32.85 36.19 38.58
20 7.43 826 959 10.85 1244 2841 31.41 34.17 37.57 40.00
21 8.03 890 1028  11.59 1324 2962 32.67 3548 3893 41.40
22 8.64 9.54 1098 1234 1404 30.81 3392 3678 4029 42.80
23 9.26 1020 1169  13.09 14.85 3201 35.17 3808 41.64 44.18
24 9.89 1086 1240  13.85 1566 3320 3642 3936 4298 4556
25 {1052 1152 1312 1461 1647 3438 37.65 40.65 4431 4693
26 [11.16 1220 1384 1538 17.29 3556 38.89 4192 4564 48.29
27 |11.81 1288 1457 1615 1811 3674 40.11 43.19 4696 49.65
28 1246 1356 1531 1693 1894 37.92 4134 4446 48.28 50.99
29 |13.12 1426 1605 1771 1977 39.09 42.56 4572 4959 5234
30 0 [13.79 1495 1679 1849 2060 40.26 43.77 4698 50.89 53.67
40 |20.71 22,16 2443 2651 29.05 51.81 5576 59.34 63.69 66.77
50 (2799 2971 3236 3476 37.69 63.17 67.50 7142 76.15 79.49
60 }3553 3748 4048 4319 46.46 7440 79.08 8330 88.3%8 9195
70 14328 4544 4876 5174 5533 .85.53 90.53 95.02 100.43 104.21
80 |51.17 5354 57.15 6039 6428 96.58 101.88 106.63 112.33 116.32
90 |59.20 6175 65.65 69.13 73.29 107.57 113.15 118.14 124.12 12830

100 |67.33 70.06 7422 7793 82.36 118.50 124.34 129.56 135.8]

14017
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* Statistics

- Answer all of the following questions either in English or in Japanese.

- Answer each question on a separate sheet.

- Applicants are authorized to use a calculator lent by our Graduate School.
- Use the statistical tables if necessary.

1. Assume that the data of the variables (X, Y) are given as follows.

Xi

3 5
yi | 4

35
5 6 10

4
5

Answer the following questions. If the answers are decimals, calculate down to 2 decimal places.

(1) Find the mean % and the sample unbiased variance s2 of x;. (10 pbints)
P x

(2) Assume that x;s are random samples from a normal population Ny, o2). Find the 0.95
confidence interval of u.. (10 points)

(3) Assume that x;s are random samples from a normal population N{ ., 0'9%). Find the 0.95
confidence interval of o2, (10 points)

(4) Assume that x; and y; ¢/ = 1,2,...5) are random samples from mutually independent
normal populations with known variances Ny, 4) and N(py, 9). Explain the way to

test the null hypothesis Hy : px = u, against the alternative H; : p, # iy at the 0.10
significance level. (20 points)

2. Assume that the probability function of a discrete random variable X is given by
I-x x
_l ¥ -p) x=0,1
Fx) = { 0 otherwise,

where p is a constant such that 0 < p < 1. Answer the following questions.

(1) Find the mean and the variance of X. (20 points)

(2) Let {X1, X2, -+, X, } be a sample of size n independently drawn from this distribution.
Find the maximum likelihood estimator p for p. (20 points)

(3) Find the mean and the variance of maximum likelihood estimator P derived in (2). (20
points)



3. Consider the following regression model:
Yi =&+ Bx; +u;, i=1,...,n,

where y is the regressand, x is the regressor, u is the error term, @ and B are the parameters to

estimate, and 7 is the sample size. Define the sample means of y and x as follows:

(1) Compute 3, the ordinary least squares estimator for 8. (15 points)

(2) Compute &, the ordinary least squares estimator for . The expression of & can depend
on A. (15 points)

In what follows, assume that x is a dummy variable which satisfies the following:

1 for i=1,2,...,n,
Xi =
! 0 fori=ny+1,n+2,...,n.

Assume that 1 € ) <nand 1 € ny < 1, where ng = h-—nj.

(3) Compute YL (x; — ¥)*. (15 points)
(4) Define the sample means of y for the group of individuals with x = 1 and for the group
of individuals with x = 0 as:

l 1] 1 n
)71=;; Vi, 5!0=fn— Z Vi
i i=1 0 i=ny+l

Compute 37, (x; — X)(¥; ~ ¥), using §; and Fy. (15 points)
(5) Compute . (15 points)
(6) Compute &. (15 points)



Normal distribution: X ~ N(0, 1)

N % a=P(X> Q)—f —exp(——xz)dx

ze | 00 .01 02 .03 04 05 06 0 .08 .09

0.0].5000 4960 4920 4830 .4841 4801 4761 .4721 .4681 .4641
0.1].4602 4562 .4522 4483 4443 4404 4364 4325 4286 4247
02| 4207 4168 4129 4091 .4052 4013 3974 .3936 .3897 .3859
0.3}.3821 .3783 .3745 3707 .3669 .3632 .3594 .3557 3520 .3483
0.4} .3446 3409 3372 3336 .3300 .3264 .3228 .3192 3156 .3121
0.51.3085 .3050 .3015 .2081 .2046 2912 2877 .2843 .2810 .2776
0.6|.2743 2709 2676 .2644 2611 .2579 .2546 2514 2483 .245]
0.7].2420 2389 2358 2327 .2297 .2266 .2236 2207 2177 .2148
0.8 |.2119 2090 .2061 .2033 .2005 .1977 .1949 .1922 .1894 .1867
0.9].1841 1814 .1788 .1762 .1736 .1711 .1685 .1660 .1635 .i1611
1.0 | 1587 .1563 .1539 .1515 .1492 .1469 .1446 .1423 .1401 .1379
1.1].1357 .1335 1314 1292 1271 1251 .1230 .1210 .1190 .1170
1.2} . 1151 1131 1112 1094 .1075 .1057 .1038 .1020 .1003 .0985
1.3 1.0968 .0951 .0934 .09i8 .0901 .0885 .0869 .0853 .0838 .0823
1.4 1.0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
1.5.0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 .057! .0559
1.6.0548 0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
1.71.0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367
1.8 [.0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
1.97.0287 .0281 .0274 0268 .0262 .0256 .0250 .0244 .0239 .0233
2.01.0228 0222 .0217 .0212 0207 .0202 .0197 .0192 .0188 .0183
2.11.0179 0174 0170 0166 .0162 .0158 .0154 .0150 .0146 .0143
2.2 .0139 0136 0132 0129 .0125 0122 0119 0116 .0113 .0110
2.3(.0107 .0104 0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
2.4 1.0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
2.5|.0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
2.6 |.0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
2.71.0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
28 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
2.91.0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
3.01.0013 .0013 .0013 .0612 .0012 .0011 .0011 .0011 .0010 .0010
3.11.0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
3.21.0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
3.3|.0005 -.0005 0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
3.41.0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002

10 05 025 010 005 .001 0005 0001 00001
12816  1.6449 1.9600 23263 2.5758 3.0902 32905 37190 4.2649




t distribution: X ~ ¢(k)

N _ L o
. x  @=PX>1a) / £

T

e’ .10 .05 025 .010 005

k
(Degrees of Freedom)
1 30777 63138 12,7062 31.8205 63.6567
2 1.8856  2.9200 4.3027 69646  9.9248
3 1.6377 2.3534 3.1824 4.5407 5.8409
4 1.5332  2.1318 2.7764 3.7469 4.6041
5 1.4759¢ 20150 2.5706 3.3649 4.0321
6 1.4398 1.9432 2.4469 3.1427 3.7074
7 1.4149  1.8946 2.3646 2.9980 3.4995
8 1.3968  1.8393 2.3060 2.8965 3.3554
9 1.3830 1.8331 2.2622 2.8214 3.2498
10 1.3722  1.8125 2.2281 2.7638 3.1693
11 1.3634  1,7959 2.2010 2.7181 3.1058
12 1.3562  1.7823 2.1788 2.6810 3.0545
I3 1.3502  1.7709 2.1604 2.6503 3.0123
14 1.3450 1.7613 2.1448 2.6245 2.9768
15 1.3406  1.7531 2.1314 2.6025 2.9467
16 1.3368  1.7459 2.1199 2.5835 - 29208
17 1.3334  1.7396 2.1098 2.5669 2.8982
13 1.3304 1.7341 2.1009 2.5524 2.8784
19 1.3277  1.7291 2.0930 2.5305 2.8609
20 1.3253 1.7247 2.0860 2.5280 2.8453
21 1.3232 1.7207 2.0796 2.5176 2.8314
22 1.3212 17171 2.0739 2.5083 2.8187
23 1.3195  1.7139 2.0687 2.4999 2.8073
24 [.3178  1.7109 2.0639 2.4922 2.7969
25 1.3163  1.7081 2.0595 24851 27874
26 1.3150 1.7056 2.0555 2.4786 2.7187
27 1.3137  1.7033 2.0518 24727 2.7707
28 1.3125  1.7011 2.0484 24671 2.7633
29 1.3114  1.6991°  2.0452 2.4620 27564
30 1.3104  1.6973 2.0423 24573 2.7500
40 1.3031  1.6839 2.0211 2.4233 2.7045
50 ' 1.2987 1.6759 2.0086 24033 2.6778
60 1.2958 1.6706 2.0003 2.3901 2.6603
120 1.2886 1.6577 1.9799 2.3578 2.6174
) 1.2816 1.6449 1.9600 2.3263 2.5758




Chi-squared distribution: y>()

o =]
i 2 a=P(*> ¥ = ff oo e
0 xza *

@ 995 99 975 95 90 .10 .05 025 010 .005

1

{Degrees of Freedom)

I .0000393 .000157 .000982 .00393 .0158 271 384 502 6.63 7.88
2 .0100 0201 0506 ..103 211 461 599 738 921 10.60
3 0717 115 216 352 584 625 7.81 935 1134 12.84
4 207 297 ¢ 484 11 106 778 949 11.14 1328 14.86
5 412 554 831 1.15 1.61 024 11.07 1283 1509 1675
6 676 872 1.24 1.64 220 10.64 1259 1445 16.81 1855
7 .989 1.24 1.69 217 283 1202 1407 1601 1848 20.28
3 1.34 1.65 2.18 273 349 1336 1551 17.53 2009 21.95
9 1.73 2.09 2,70 333 417 1468 1692 19.02 21.67 23.59
10 2.16 2.56 3.25 394 487 1599 1831 2048 2321 25.19
11 2.60 3.05 3.82 457 558 1728 19.68 21.92 2473 2676
12 3.07 3.57 4.40 323 630 1855 21.03 2334 2622 2830
13 3.57 4,11 5.01 389  7.04 1981 2236 2474 27.69 29382
14 407 ' 4.66 5.63 657 779 2106 23.68 2612 2914 31.32
15 4.60 5.23 6.26 726 855 2231 2500 2749 30.58 32.80
16 5.14 5.81 6.91 796 931 2354 2630 2885 32.00 34727
17 5.70 6.41 7.56 8.67 10.09 2477 2759 30.19 33.41 3572
18 6.26 7.01 8.23 9.39 10.86 2599 28.87 31.53 34.8!1 37.16
19 6.84 7.63 8.91 1012 11.65 2720 30.14 32.85 36.19 38.58
20 7.43 8.26 9.59 1085 1244 2841 3141 3417 37.57 40.00
21 3.03 8.90 10.28 11.59 1324 29.62 32.67 3548 3893 4140
22 2.64 9.54 10.98 1234 14.04 30.81 3392 3678 4029 42.80
23 9.26 10.20 11.69 13.09 14.85 3201 35.17 38.08 41.64 44.18
24 9.89  10.86 12.40 13.85 15.66 3320 3642 3936 42.9% 45.56
25 10.52 11.52 13.12 1461 1647 3438 37.65 40.65 4431 46.93
26 11.16 12.20 1384 1538 1729 3556 3889 41.92 4564 48729
27 11.81 12.88 14.57 16.15 18.11 3674 40.11 43.19 46.96 49.65
28 12.46 13.56 15.31 1693 1894 3792 4134 44.46 43728 50.99
29 13.12 14.26 16.05 1771 1977 39.09 4256 4572 4959 52.34
30 13.79 14.95 16.79 18.49 2060 4026 43.77 4698 50.89 53.67
40 20.71 2216 2443 2651 2905 51.81 5576 59.34 63.69 66.77
50 27.99 2971 3236 3476 37.69 63.17 6750 71.42 76.15 79.49
60 35.53 3748 4048 4319 4646 7440 79.08 8330 8838 91.95
70 43.28 4544 48776  51.74 5533  85.53 90.53 95.02 100.43 104.21
80 51.17 53.54 5715 6039 64.28 96.58 101.88 106.63 112.33 116.32
20 5920 6175 6565 69.13 7329 107.57 113.15 118.14 124.12 128.30
100 67.33 7006 7422 7793 8236 118.50 124.34 129.56 135.8]1 140.17




