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Economic Theory

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

* Answer each question on a separate sheet.

There are two consumers and two goods. We denote the consumption of good § = 1,2 by
x;, the utility function of consumer 1 is given by u, (x;,%,) = ¥&; + x5, and the utility
function of consumer 2 is given by u,(xy,x,) = 2/%; + x,. Assume the price of good 2 is
fixed as 1. Denote the price of good 1 and the income of consumer J=12 bypand [;,
respectively.

(1) Show each consumer’s budget constraint. (10 points)

(2) Derive each consumer’s demand function for good 1. (20 points)

(3) Derive the market demand function for good 1. (10 points)

(4) Find the consumer surplus within the market for good 1 when p = 5. (10 points)

Consider a quantity competition in a duopoly market of a homogeneous product. The
inverse demand function is givenby p =6 — g, — g, (g; is an output level of firm i =
1,2) and firm #’s cost is given by c;g;. Both firms simultaneously determine their output
levels.

(1) Show each firm’s profit function when ¢; = ¢, = 1. (10 points)

(2) Derive the Nash equilibrium in (1). (20 points)

(3) Calculate the market price at the Nash equilibrium in (2). (10 points)

(4) Derive the Nash equilibrium when ¢, = 1, ¢, = 4. (10 points)



3. Answer the following questions regarding bond prices and interest rates. If there are any
intermediate calculations involved, include them as well.

(1) Calculate the discounted present value of a consol bond (a bond that pays a coupon in
perpetuity) with a face value of B yen and an annual coupon payment of 100 X a %.
Assume that the market interest rate (i.e., risk-free rate) is 100 X r % annually. (15
points)

(2) Itis well known that bond prices fall when interest rates rise. Explain why this is the
case. (15 points})

(3) Consider an economy with a market interest rate of 0%. Given questions (1) and (2)
above, what policy tools could the central bank use if it intends to raise interest rates?
Conversely, if the central bank would like to lower market interest rates, what policy

tools could be used? (20 points)

4. Answer the following questions about exchange rates and interest rates. Use the following
definitions:
P: domestic price level, P*: foreign price level, i: nominal domestic interest rate,
{": nominal foreign interest rate, S: nominal home-currency exchange rate (e.g., S = 130
when §1 = 130 yen)
(1) Explain briefly what purchasing power parity is. (15 points)
(2) Explain briefly what interest rate parity is. (15 points)
(3) Assuming that purchasing power parity and interest rate parity hold between two
countries, show what relationship is established between the real interest rates of the

two countries. (20 points)
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EHSHE : X ~N(0,1)

|\.L x o=PX>z4)= foo L exp(—lxz)dx

Za za V2n 2

Zg | .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 3504 3557 .3520 .3483
041.3446 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
0.7 |.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 .0501 .0885 .0869 .0853 .0838 .0823
1.41.0808 .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
1.71.0446 .0436 .0427 0418 .0409 .0401 .0392 .0384 .0375 .0367
1.81.0359 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
2.1|.0179 0174 0170 .0166 .0162 0158 .0154 0150 .0146 .0143
221.0139 0136 .0132 .0129 .0125 .0122 0119 .0116 .0113 0110
231.0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
2.41.0082 .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
2771.0035 .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 .00l .0010 .0010
3.11.0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
3.2/1.0007 .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
1.2816 16449 19600 23263 25758 3.0902 3.2905 3.7190 4.2649




AR X ~ (k)

Nx o= P(X > ta) = fmf(x)dx
. e

Ly

. a 10 05 025 010 005
(5 )
1 3.0777 63138 127062 31.8205 63.6567
2 1.8856 2.9200 43027 6.9646  9.9248
3 1.6377 23534  3.1824 45407  5.8409
4 1.5332  2.1318 27764 37460  4.6041
5 14759 2.0150 25706 33649  4.0321
6 14398  1.9432 24469  3.1427 37074
7 14149 1.8946 23646 29980  3.4995
3 1.3968 1.8595 23060 2.8965  3.3554
9 1.3830 1.8331 22622 28214  3.2498
10 1.3722  1.8125 22281 27638  3.1693
11 1.3634 17959 22010 27181  3.1058
12 1.3562 1.7823  2.1788  2.6810  3.034S
13 1.3502  1.7709  2.1604  2.6503  3.0123
14 1.3450 17613  2.1448 26245  2.9768
15 1.3406 1.7531  2.1314 26025  2.9467
16 1.3368  1.7459  2.1199  2.5835  2.9208
17 1.3334 17396  2.1098 25669  2.8982
18 1.3304 17341  2.1009 25524  2.8784
19 13277  1.7291 20930 25395  2.8609
20 1.3253  1.7247  2.0860 25280  2.8453
21 13232 1.7207  2.0796  2.5176  2.8314
22 13212 1.7171 20739 25083  2.8187
23 1.3195 1.7139 20687  2.499%  2.8073
24 1.3178  1.7109 20639 24922  2.7969
25 1.3163 17081  2.0595 24851 27874
26 1.3150 1.7056  2.0555 2.478  2.7787
27 13137 17033 20518 24727 27707
28 1.3125 17011 2.0484 24671 27633
29 1.3114  1.6991  2.0452 24620 2.7564
30 13104 1.6973  2.0423 24573 2.7500
40 1.3031 1.6839 20211 24233 27045
50 1.2987 1.6759  2.0086 24033  2.677%
60 1.2958 1.6706  2.0003 23901  2.6603
120 1.2886 1.6577  1.9799 23578  2.6174
0o 1.2816 1.6449 19600 23263  2.5758




A4 2THME D 2 (m)

o o
| e o) = [ e
0 x -3

995 .99 975 95 .80 10 .05 025 010 .005

m

(BH)

1 0000393 .000157 .000982 .00393 .0158 271 3.84 502 6.63 788
2 0100 .0201 0506 103 211 461 599 738 921 10.60
3 b717 15 216 352 S84 625 7.81 935 1134 1284
4 207 297 484 11 1.66 778 949 11.14 1328 14.86
5 412 554 831 1.15 1.61 9.24 11.07 1283 1509 16.75
6 .676 872 1.24 1.64 220 10.64 1259 1445 16.81 1855
7 989 1.24 1.69 217 283 1202 14.07 1601 18.48 20728
8 1.34 1.65 2.18 2.73 349 1336 1551 17.53 20.09 21.95
9 1.73 2.09 2.70 333 417 1468 1692 19.02 21.67 2359
10 2.16 2.56 3.25 3.4 487 1599 1831 2048 23.21 2519
il 2.60 3.05 3.82 4.57 558 1728 19.68 21.92 2473 2676
12 3.07 3.57 4.40 5.23 6.30 1855 21.03 2334 2622 2830
13 3.57 4.11 5.01 589  7.04 1981 2236 2474 27.69 29.82
14 4.07 4.66 5.63 6.57 779 2106 23.68 26.12 29.14 31.32
15 4.60 5.23 6.26 7.26  B.55 2231 2500 2749 3053 32.80
16 5.14 5.81 6.91 796 931 2354 2630 2885 32.00 34.27
17 5.70 6.41 7.56 8.67 10.09 2477 27.59 30.19 3341 3572
18 6.26 7.01 8.23 939 10.86 2599 28.87 31.53 3481 37.16
19 6.84 7.63 8.91 1012 11.65 2720 30.14 3285 36.19 3858
20 7.43 8.26 9.59 10.85 1244 2841 3141 3417 37.57 40.00
21 8.03 8.90 10.28 11.59 1324 29.62 3267 3548 3893 4140
22 8.64 9.54 10.98 12.34 1404 30.81 3392 3678 4029 4280
23 9.26 10.20 11.69 13.09 1485 3201 3517 3808 41.64 44.18
24 9.89 10.86 12.40 13.85 1566 3320 36.42 3936 4298 4556
25 10.52 11.52 13.12 14.61 1647 3438 37.65 40.65 4431 4693
26 11.16 12.20 13.84 1538 1729 3556 3889 4192 4564 4829
27 11.81 12.88 14.57 16.15 1811 36.74 40.11 43,19 46.96 49.65
28 12.46 13.56 15.31 16.93 1894 13792 4134 4446 4828 35099
29 13,12 14.26 16.05 1771 1977 39.09 4256 4572 4959 5234
30 13.79 14.95 16.79 1849 20.60 4026 43.77 4698 50.890 53.67
40 20.71 22.16 2443 26,51 29.05 51.81 5576 5934 63.69 66.77
50 27.99 291 32.36 3476 37.69 63.17 67.50 7142 76.15 79.49
60 35.53 3748 4048 4319 4646 7440 79.08 8330 8838 91.95
70 43.28 4544 4876  51.74 5533 8553 90.53 95.02 100.43 104.21
&80 51.17 53.54 5715 60.39 64.28 96.58 101.88 106.63 112.33 11632
90 59.20 61.75 65.65 69.13  73.29 107.57 113.15 118.14 124.12 128.30
100 67.33 70.06 7422 7793 8236 118.50 124.34 129.56 135.81 140.17
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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 joint distribution of two discrete random variables X, ¥ is given as follows:

Y
0 i
X
0 01 «a
03 b

Answer the following questions.

(1) Find the probabilities P(X > Y) and P(X = 1{¥ = 0). (20 points)
(2) Find the mean and the variance of ¥. (20 points)
(3) Find the values of @ and b such that X and Y are mutually independent (20 points)

2. Assume that the continuous random variables X;, X3, X3, X4 are independently and identically
distributed as N(u, 0%). Define Z; = %ﬁ (i =1,2,3,4). Answer the following questions.

(1) Find P(Xy > p+0.750). (10 points)
(2) Find the value of a such that P(Zl2 + Z% < @) = 0.10. (15 points)

. 2'3 = .
(3) Find the value of b such that P(——W > b) 0.05. (15 points)

(4) Calculating the sample mean of the observations x; (( = 1,2,3,4), we obtain ¥ =
Z?:lxi
4

= 3.5. Also, assume that o> = 4 is known. Find the power of the test when

we test the null hypothesis Hy : g = 2 against the alternative H; : x4 = 3 at the 0.05
significance level. (20 points)



3. First, assume that the true regression model is given as follows:
Yi=Pop+BiXi+u;, i=1,2,...,n,
where X; is a non-random variable and ; is the error term, satisfying the following properties:
E[u;] =0, E[ulz] = g2, Efluu;] =0fori +j.
However, a researcher mistakenly specified the regression model as follows:
Yi=aX +u;, i=1,2,...,n
Answer the following questions in this case.

(1) Derive the least squares estimator (@) of @. (20 points)

(2) Find the expected value of & and check if it is an unbiased estimator. (20 points)

Next, assume that the true regression model is given as follows:
Yi=pXi+v,, i=12,...,n,
where X; is a non-random variable and v; is the error term, satisfying the following properties:
E[v;] =0, B{vi] =, E[v,v;]=0fori # j.
However, a researcher mistakenly specified the regression model as follows:
Yi=ay+a1 X;+vi, i=1,2,....n"
Answer the following questions in this case.

(3) Derive the least squares estimator (@) of @;. (20 points)

(4) Find the expected value of & and check if it is an unbiased estimator. (20 points)



Normal distribution: X ~ N(0, 1)

N o 1
¥ a=P(X > zq4) =f —exp(——xz)dx

Za Zo m 2

Zg | .00 01 02 03 04 05 06 .07 .08 09

0.0 1.5000 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
0.7].2420 2380 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 .1460 .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 .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 1.0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
L7 1.0446 0436 .0427 0418 .0409 .0401 .0392 .0384 .0375 .0367
1.81.0359 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 .0154 .0150 .0146 .0143
2.21.0139 0136 .0132 .0129 .0125 .0122 0119 .0116 .0113 .0110
2.3|.0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
24 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
2.81.0026 0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
2.91.0019 .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 .0005 .0009 .0008 .0008 .0008 .0008 .0007 .0007
3.2|.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
1.2816  1.6449 19600 23263 2.5758 3.0902 32905 3.7190 4.2649




t distribution: X ~ #(k)

—f

tﬂ

¥ @=P(X>1g) f FGdx

' o' 10 05 .025 .010 005
(Degrees of Freedom)
1 3.0777 63138 127062 31.8205 63.6567
2 1.8856  2.5200 4.3027 6.9646 9.9248
3 1.6377 2.3534 31824 4.5407 5.8409
4 1.5332  2.1318 2.7764 3.7469 4.6041
5 14759  2.0150 2.5706 3.3649 4.0321
6 1.4398  1.9432 2.4469 3.1427 3.7074
7 14149  1.8946 2.3646 2.9980 3.4995
8 1.3968 1.8395 23060  2.8965 3.3554
9 13830  1.8331 22622 2.8214 3.2498
10 1.3722  1.8125 2.2281 2.7638 3.1693
11 1.3634  1.7959 2.2010 27181 3.1058
12 1.3562 1.7823 2.1788 2.6810 3.0545
13 1.3502  1.7709 2.1604 2.6503 3.0123
14 1.3450  1.7613 2.1448 2.6245 2.9768
15 13406  1.7531 21314 2.6025 2.9467
16 1.3368 1.7459 2.1199 2.5835 2.9208
17 13334 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 24922 2.7969°
25 1.3163 17081 2.0595 24851 27874
26 1.3150  1.7056 2.0555 2.4786 2.7787
27 1.3137 17033 2.0518 24727 2.7707
28 1.3125  1.77011 2.0484 24671 2.7633
29 1.3114  1.6991 2.0452 2.4620 27564
30 1.3104 1.6973 2.0423 2.4573 2.7500
40 1.3031  1.6839 2.0211 24233 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: y2(m)

o oo
=R = [ e
0 xzu. °

o 995 99 875 S5 90 .10 05 025 010 005

1l

(Degrees of Freedom)

1 0000393 .000157 .000982 .00393 0158 2.71 384 502 6.63 7.88
2 0100 0201 0506 103 211 461 599 738 921 10.60
3 0717 115 216 352 584 625 781 933 1134 12.84
4 207 297 484 11 1.06 778 949 [1.14 1328 14.86
5 412 554 .831 1.15 1.61 924 11.07 12.83 1509 16.75
6 676 872 1.24 .64 220 1064 1259 1445 1681 1855
7 989 1.24 1.69 217 283 1202 1407 1601 1848 20.28
8 1.34 1.65 2.18 2793 349 1336 1551 17.33 2009 2195
9 1.73 2.09 270 333 417 1468 1692 19.02 21.67 2359
10 2.16 2.56 3.25 394 487 1599 1831 2048 2321 2519
11 2.60 3.05 3.82 457 558 1728 19.68 21.92 2473 2676
12 3.07 3.57 4.40 523 630 1855 21.03 2334 2622 2830
13 3.57 4.11 5.01 589 7.04  19.81 2236 2474 27.69 29.82
14 407 4.66 5.63 6.57 7.79 21.06 23.68 26.12 29.14 31.32
15 4.60 5.23 6.26 726 8.55 2231 2500 2749 30.58 32.80
16 5.14 5.81 6.91 796 931 2354 2630 28.85 32.00 34.27
17 5.70 6.41 7.56 8.67 1009 2477 2759 30.19 33.41 3572
18 6.26 7.01 8.23 939 10.86 2599 2887 31.53 34.81 37.16
19 6.84 7.63 8.91 1012 11.65 2720 30.14 32,85 36.19 38.58
20 7.43 8.26 959 10.85 1244 2841 3141 34.17 37.57 40.00
21 8.03 890 1028 11.59 1324 29.62 32.67 3548 3893 4140
22 8.64 9.54 1098 1234 1404 3081 3392 36.78 40.29 42.80
23 9.26 1020 11.69  13.09 1485 32.01 3517 38.08 41.64 44.18
24 9.89 1086 1240 1385 15.66 3320 36.42 3936 4298 45.56
25 10.52 1152 1312 1461 1647 34338 37.65 40.65 4431 4693
26 11.16 1220 13.84 1538 17.29 3556 38.89 41.92 4564 48.29
27 11.81 12.88 1457 1615 18.11 3674 40.11 43.19 46.96 49.65
28 12.46 13.36 15.31 1693 1894 13792 4134 4446 4828 50.99
29 13.12 1426 1605 17.71 1977 39.09 42356 4572 4959 5234
30 13.79 1495 1679 1849 2060 4026 4377 4698 350.89 53.67
40 20.71 2216 2443 2651 2905 51.81 5576 5934 63.69 66.77
50 27.99 2971 3236 3476 3769 63.17 6750 7142 76.15 79.49
60 35.53 3748 4048 4319 4646 7440 79.08 83.30 88.38 9195
70 43.28 4544 4876  51.74 5533 8553 9053 95.02 100.43 104.21
80 51.17 5354 5715 6039 6428 96.58 101.88 106.63 112.33 116.32
S0 59.20 61.75 65.65 69.13 7329 107.57 113.15 118.14 124.12 128.30
100 67.33 7006 7422 7793 8236 11850 124.34 129.56 135.81 140.17




