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Economic Theory

Instructions: Answer all four questions in either English or Japanese. Write your answers
on the designated answer sheets for each question. Question 1 is allocated two answer
sheets, while each of the other questions is allocated one answer sheet.

1. Consider a consumer who consumes two goods. The utility function is given by

u(T1, 22) = /T1 + 34/T2,

where z; > 0 denotes the amount of good 7 consumed. Unless stated otherwise, the
price of good 1 is 1, the price of good 2 is 2, and the income is 20.

e

(1) Calculate the optimal consumption plan (z1,z2) for the consumer. (15 points)
(2) Calculate the minimum income required to achieve a utility level of 10. (10 points)

(3) Suppose that the price of good 1 increases from 1 to 2 and consider the resulting
change in the demand for good 1. Calculate the substitution effect and indicate
whether it is positive or negative. (15 points)

(4) Show that good 1 is not inferior. (10 points)

(5) Suppose that the budget constraint is replaced with #7 + 23 = 1. Calculate the
utility-maximizing consumption plan under this constraint. (10 points)

(6) Suppose that there are 3 goods and the utility function is replaced with the fol-
lowing: u(2, s, 23) = /%1 + 3,/Z2 + 2./T5. The price of good 3 is 2. Calculate
the optimal consumption plan. (10 points)

(7) Return to the case of two goods and suppose that the unit price of good 1 is not
constant: it is 1 for each of the first four units and 0.5 for each additional unit. For
example, if the consumer buys 6 units of good 1, the total expenditure for good 1
is 4 x 1+ (6—4)x0.5=5. Calculate the area of the budget set, i.e., the set of
consumption plans satisfying the budget constraint. (10 points)

2. Consider a game of the private provision of a public good with two players. Each
player owns 10 units of a private good and can use any portion of it to produce the
public good at a one-to-one transformation rate. Let y > 0 denote the total amount
of the public’good produced. The benefit that player i = 1,2 derives from the public
good is vi(y) = ay — bsy®, where (a1,b;) = (3,5) and (a2, b;) = (4,7). Player i’s utility
is v;(y) + x;, where z; denotes his consumption of the private good.

(1) Calculate the socially efficient level of the public good. (10 points)

(2) Calculate the Nash equilibria of the game where the production level of the public
good is chosen by each player simultaneously. (10 points)



3. ”If taxes are reduced now, financed by issuing bonds, then private consump-
tion will expand immediately.” Assess this statement on the basis of economic
theory. (50 points)

4. "Deflation exerts both stabilizing and destabilizing effects on the economy.”
Discuss this view using the IS-LM model. (50 points)
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Economic History
+ Answer all of the following four questions either in English or in Japanese.
* Answer each question on a separate sheet.
Explain the debate over the establishment of feudalism in Japan. (50 points)

Explain the background and significance of agricultural books from pre-modern Japan. (50

points)

Explain the characteristics of technology transfer from overseas in the early modern period,

focusing on the content of the technology and the agenfs of transfer. (50 points)

What role did small and medium-sized enterprises play in the development of the Japanese
economy after World War [1? While explaining your answer, refer to economic rationality and

-advantages of industrial agglomeration. (50 points)
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ESASTEE © X ~ N(O, 1)

X a=P(X >z4)= f — exp(——x?')dx
Za

Za '\/2_71' 2

Ze | .00 01 02 03 04 05 .06 .07 .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 .2912 .2877 .2843 .2810 .2776
0.6 |.2743 2709 .2676 .2644 .2611 .2579 2546 .2514 .2483 .2451
0.71.2420 .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 .1611
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
1.3.0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
1.4 [.0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
1.5].0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
1.6 | .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
1.91.0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
2.0].0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183
2.11.0179 .0174 .0170 .0166 .0162 .0158 .0i54 .0150 .0146 .0143
221.0139 .0136 .0132 .0129 .0125 .0122 .011%9 .0116 .0113 .0110
237.0107 .0104 .0102 .0099 .0096 .0094 .0091 .0085 .0087 .0084
2.4 | .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
2.51.0062 .0060 .0059 .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
2.8|.0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
291.0019 .0018 .0018 .0017 .0016 .0016 .00I5 .00I5 .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
3.2|.0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .000S
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
1.2816 1.6440 19600 23263 2.5758 3.0902 3.2905 3.7190 4.2649




t DR X ~ (k)

I\Lx a=P(X >1t4) = Dof(x)dx

Iy la

. @ .10 05 025 010 005
(B 1)
1 3.0777 6.3138 12.7062 31.8205 63.6567
2 1.8856 2.9200 43027 69646  9.9248
3 1.6377 23534  3.1824 45407  5.8409
4 1.5332 21318  2.7764  3.7469  4.6041
5 14759 20150  2.5706  3.3649  4.0321
6 1.4398  1.9432 24469  3.1427  3.7074
7 14149 1.8946 23646 29980  3.4995
8 1.3668 1.8595 23060  2.8965  3.3554
9 1.3830 1.8331 22622  2.8214  3.2498
10 13722 1.8125 22281 27638  3.1693
11 1.3634 17959 22010 27181  3.1058
12 13562 1.7823  2.1788  2.6810  3.0545
13 1.3502  1.7709  2.1604  2.6503  3.0123
14 13450 1.7613  2.1448 26245  2.9768
15 13406  1.7531 21314 26025 29467
16 1.3368 1.7459  2.1199 25835 29208
17 1.3334  1.7396  2.1098  2.5669  2.8982
18 13304 1.7341  2.1009 25524 2.8784
19 1.3277  1.7291  2.0930 . 25395  2.8609
20 13253 1.7247  2.0860  2.5280  2.8453
21 13232 1.7207  2.0796 25176  2.8314
22 1.3212  1.7171 20739 25083  2.8187
23 1.3195 17139 2.0687 24999  2.8073
24 1.3178 1.7109  2.0639 24922  2.7969
25 1.3163 17081  2.0595 24851  2.7874
26 1.3150 17056  2.0555 24786  2.7787
27 1.3137 17033  2.0518 24727  2.7707
28 1.3125 17011  2.0484 24671  2.7633
29 - 1.3114  1.6991  2.0452 24620  2.7564
30 13104 1.6973  2.0423 24573 ° 2.7500
40 1.3031 1.6839  2.0211 24233  2.7045
50 1.2987 1.6759  2.0086  2.4033  2.6778
60 1.2958 1.6706  2.0003  2.3901  2.6603
120 1.2886 1.6577 19799 23578 26174
co 1.2816 1.6449 19600 23263  2.5758
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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. Suppose that the joint probability density function of continuous random variables X and ¥
is given by

| 2xe™? O0<x<1, 0<y <o,
flxy) _{ 0 otherwise.

Answer the following questions.

(1) Find the marginal probability density functions of X and Y. (20 points)

(2) Find the conditional probability density function f(x|y) of X given ¥ = y. Also,
determine if X and ¥ are independent variables and provide the reasoning behind your
answer. (20 points)

(3) Find the marginal distribution functions of X and ¥. (20 points)

2. Suppose that the random sample X; (i = 1,2,...,n) is drawn from a normal population

n .
N(u,0%). Let X = %Z X; be the sample mean. Answer the following questions. If the
answers are in decimals,r_c-:ilcuiate to the hundredth decimal place.

(1) Let Xy = 5‘-552 be the sample mean of X; and X,. Find the covariance and the
correlation coefficient of X1, and X; — X1o. (20 points)

(2) Let &2 =1 3% (X; - X)? be an estimator of o2, where a is a constant. Define the mean
squared error of &2 by MSE[&2] = E[(52 — 2)?]. Find the value of a that minimizes
the mean squared error of 52. You may use the fact that E[W)] = k and E[W?] = k(k+2)
when W is distributed as a chi-squared distribution with £ degrees of freedom. (20
points)

(3) Suppose that the variance of this population is known as o> = 1. Given a random sample
of size 9 from this population, we obtained the sample mean X = 0.6. Assume that we use
X as a test statistic for the null hypothesis Hy : ¢ = 0 against the afternative Hy : p # 0.
Find the value of P(|X] > |%|) under the null hypothesis. Also, test the null hypothesis
Hp : ¢ = 0 against the alternative Hy : u # 0 at the 0.05 significance level. (20 points)



3. Consider the following regression model:
v =+ Bx; +u;, i=12,...,n, [1]
where x; is non-stochastic and the error term u; satisfies the following properties:
E[u;] =0, E[uf] =g? >0, Eluu;] =0,i # j.

(1} Consider the following estimator (El) as the estimator of A in equation [1].

B"l :}’n_yl

>
Xp — X1

where we assume x,, — x; # 0. Derive the expected value of (El) and explain whether it

is an unbiased estimator. (10 points)
(2) Derive the variance of ﬁl. (20 points)
(3) Consider the following estimator (El) as the estimator of 8 in equation [1].

- B‘Z _YntYa-1t —Y2— Y1
Xp +Xp-1 = X2 =X

where we assume x,, + x,-1 — x2 —x; # 0. Derive the expected value of (ﬁg) and explain

whether it is an unbiased estimator. (10 points)
(4) Derive the variance of Eg. (20 points)

(5) Letn =4 and x; = 100, x3 = 113, x3 = 117, x4 = 104. Compare the variance ofﬁl with
that of 2. (20 points)



Normal distribution: X ~ N(0, 1}

a:PX>z)=f —— exp{~=x")dx

L

Za | 00 .01 02 03 04 05 06 .07 .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 .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 .1611
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
1.31.0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
1.41.0808 .0793 .0778 .0764 .074% .0735 .0721 .0708 .0694 .0681
1.51.0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .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 1.0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
1.91.0287 .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|.013¢ .0136 .0132 .0129 .0125 0122 .0119 0116 .0113 .0110
231.0107 .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 .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
2.8.0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
2.9(.0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
3.0(.0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
3.11.0010 .000% .0009 .0009 .0008 .0008 .0008 ..0008 .0007 .0007
3.2 |.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

1.2816 1.6449 1.9600 2.3263 25758 3.0902 3.2905 3.7190 4.2649



t distribution: X ~ ¢(k)

/Nx amP(X>ta)=frmf(x)dx

To

) o .10 05 025 010 005
(Degrees of Freedom)

1 3.0777 63138 127062  31.8205 63.6567
2 1.8856 -2.9200 4.3027 6.9646 9.9248
3 1.6377 2.3534 3.1824 4.3407 5.8409
4 1.5332  2.1318 2.7764 3.7469 4.6041
5 1.4759  2.0150 2.5706 33649 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 1.8595 23060  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
i4 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 2.9208
17 1.3334  1.7396 2.1098 2.5669 2.8982
18 1.3304  1.7341 2.1009 2.5524 2.8784
19 . 1.3277  1.7291] 2.0930 2.5395 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 1.3178 1.7109 2.0639 2.4922 2.7969
25 1.3163 1.7081 2.0595 2.4851 2.7874
26 1.3150 1.7056 2.0555 2.4786 2.7787
27 1.3137  1.7033 2.0518 2.4727 2.1707
28 1.3125  1.7011 2.0484 2.4671 2.7633
29 1.3114  1.6991 2.0452 2.4620 2.7564
30 1.3104 1.6973 2.0423 2.4573 2.7500
40 ‘ 1.3031 1.6839 2.0211 2.4233 2.7045
50 1.2987 1.6759 2.0086 2.4033 2.6778
60 1.2958 1.6706  2.0003 2.3901 2.6603
120 1.2886  1.6577 1.6799 2.3578 2.61174
co 1.2816 1.6449 1.9600 2.3263 2.5758



