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(1) This package contains problems from the 3 subject areas shown in the following table.
Applicants for the Master’s Program in Policy and Planning Sciences should choose one
subject area to answer. Applicants for the Master’s Program in Service Engineering

should answer the problems in Mathematics.

(2) Write your application number on the top of each answer sheet.

(3) Write the subject area and the problem number (e.g., Mathematics I. ) on the top of
your answer. Use a separate answer sheet for each problem.
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Mathematics

Answer both problems I and II. Use a separate answer sheet for each problem.
In what follows, let R be the set of all real numbers.

I. Answer the following sub-problems [1] and [2].

[1] Answer the questions (1.1)—(1.4) about the following function f(z,y) defined on the
plane R2.

0 ((z,y) = (0,0)).

(1.1) Show that the function f(z,y) is continuous.

f(w,y):{ 2 ((5,y) £ (0,0)),

(1.2) Show that the function f(z,y) is partially differentiable at the origin (0,0), with
respect to both x and y.

1.3) Find the partial derivatives f.(x,y) and f,(x,y) of the function f(x,y) at any point
y
(l.? y) 3 <O7 0)'

(1.4) Show that both partial derivatives f,(x,y) and fy(x,y) are not continuous at the
origin (0, 0).

[2] Answer the following questions (2.1)—(2.3) about the Gamma function defined as

2 v

(2.1) Find the value of I'(5) by using the known formula [ “e™" dt = .

1
2
(2.2) Show that I'(s 4+ 1) = sI'(s) holds for s > 0 by means of integration by parts.

(2.3) Find the value of I'(n + 3) for each natural number n.



II. Answer the following sub-problems [1] and [2].

[1] Let (21,91), (r2,%2), (1,1) be three non-collinear points in the plane R?, where x1,z, 1
are three distinct real numbers. Answer the following questions (1.1)—(1.3).

23 oz 1

(1.1) Show that | 23 2o 1 | #0.
1 1 1
vy 1

(1.2) Show that | z2 y2 1 | #0.
1 1 1

(1.3) Explain the relationship between the condition that the curve passing through the
three points (z1,41), (x2,%2) and (1,1) is y = ax? + bx + ¢ and the condition that

rr oy 1
xo Y2 1 | #0, together with your reason.
1 1 1

[2] Answer the following questions (2.1)—(2.3) about the quadratic form
522 4 5y? + 222 + 8xy + 4wz + 4yz.

(2.1) Find a symmetric matrix A so that 522 + 5y? + 222 4 8xy + 4r2 + 4yz = 'x Ax, where
x
x = | y | and ’x is the transpose of x.
z

(2.2) Find an orthogonal matrix P and a diagonal matrix D so that D = P~tAP.

x/

(2.3) Let x = Px', x' = | v/ |. Find the canonical form of the quadratic form 52 +

Z/

592 + 222 4 8wy + 4wz + 4yz.
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Microeconomics

Answer all problems I-ITI. Use a separate answer sheet for each problem.

I. Consider a firm that uses labor and capital for production under perfect competition.
The production function of this firm is given by

y=L"°K’ a>0,b>0

where y is the amount of output, L is the amount of labor, and K is the amount of
capital. Assume that w > 0 is the wage (price of labor), » > 0 is the rental price
of capital, and p > 0 is the price of output. Assume that the firm cannot change the
amount of capital in the short run, while the firm can change it in the long run. Assume
that the firm maximizes its profits.

1. Answer the following questions (1)—(3).
(1) For diminishing marginal product of labor to hold, what conditions must be
satisfied for the parameter a?

(2) For decreasing returns to scale, constant returns to scale, and increasing re-
turns to scale to hold, what conditions must be satisfied for the parameters a
and b?

(3) Assume constant returns to scale. In the short run which the amount of capital

is fixed, find the labor share wL/py when the firm’s profit is maximized.

2. Assume that a = 1/3,b=1/3, w = 1, and r = 1. Answer the following questions

(1)~(5).

(1) Express the short-run cost function using y and K.

(2) How much does the firm produce in the short run when the amount of capital
is K = 3 and the price of output is p = 97

(3) Find the optimal amount of capital and the long-run cost when the firm pro-
duces y = 4.

(4) How much does the firm produce in the long run when the price of output is
p =37

(5) Find the amount of labor and capital that the firm uses in the long run to
produce the amount of output in question (4).



II.

Let A, B and C be individuals who consume a public good and a private good. Each
individual i = A, B, C has a utility function w;(x, m;) = 29ix% +m;, where x denotes the
level of the public good provision, m; does the amount of the private good for individual
i, and 6; > 0 does the type of individual ¢. We also call 6; the strategy of ¢ depending
on the context. Suppose that the government can supply a unit of public good by using
a unit of private good donated by individuals. For simplicity, we assume that each
individual initially owns 0 unit of the private good. In the following, R denotes the set

of real numbers.

(1) Choose the correct answer from (D-(4) that refers to the Samuelson rule, a condi-

tion for the optimal provision of the public good.

(D The marginal rate of substitution of each individual coincides with the price
of the public good.

(2 The sum of marginal rates of substitution of individuals coincides with the
marginal rate of transformation.

(3) The reciprocal of the marginal utility of each individual coincides with the
price of the public good.

(4) The sum of the reciprocals of the marginal utilities of individuals coincides
with the marginal rate of transformation.

(2) Derive the Samuelson rule.

(3) Choose the correct answer from (1)—(9) that refers to the problem individual i =
A, B, C faces under the Lindahl mechanism below.

s (Lindahl mechanism} ~

e Step 1: Each individual submits his/her type 6; > 0 to the government.

e Step 2: Letting «; be the share of the cost of public good provision that
individual ¢ must bear, his/her demand for the public good D;(«;) is
calculated. Note that 0 < ag,ap,ac <1 and ag +ap+ac =1.

e Step 3: Let o, a}y, af, be such that Da(a%) = Dp(ajp) = Dco(af). Set
the level of public good provision as ¥ := D(a%) (= D(a’y) = D(a)).

*

To implement it, the government collects o z” unit of private good from

individual i.

NS J
(D) max u;(z,

(
@ max u,(
(
(

i) subject to a;x + aym; =0
x,m;) subject to a; + z + m; =0
@ max u;

@ max u;(z,

)

)
x,m;) subject to x + a;m; =0

)

3 33 3

i) subject to a;x +m; =0



(® maxu;(z, m;)
(6) min wu;(x, m;) subject to a;x + aym; = 0
(@ minu;(x, m;) subject to o +x +m; =0
min u;(x, m;) subject to  + a;m; =0
(9) minu;(x, m;) subject to azz +m; = 0
(4) Choose the correct answer from (1)-(9) for the level of public good provision under

the Lindahl mechanism when individuals submit their types (64,05, 0c).
1

9A+02+92
0

[ SIS

+02+02

[\

(

(03

(03 : + 02 + 02

(04 + 65+ 0c

(04 + 05 +0c

(04 +0p+ 0c

(0% + 0% + 6%

(0% + 0% + 0%

(O + 03+ 627

(5) Suppose that the true types of individuals are given as (6%, 6%,0). Choose the
correct answer from (1)—(9) for the payoff function 7% : S4 x Sp x Sc — R? of the

public good provision game under the Lindahl mechanism, where the set of players
is {A, B,C'}, and the set of strategies of individual i is S; = {6;]6; > 0}.

[\

[N

@@@@@@@@@

@ 7E(04,08,00) = (07 — 0;) (04 + Op + 6c)2 for each i = A, B,C
@ 7F(04,05,0c) = (07 — 0;)(04 + 05 + 0c) for each i = A, B,C
@ 7F(04,05,0c) = (0F — 0;)(04 + 05 + 0c)? for each i = A, B,C
@ 7L(04,08,00) = (20; )(9A+6?B+00)% for each i = A, B,C
® 7F(04,05,0c) = (207 — 0,)(04 + 05 + ) for each i = A, B,C
6 7TZL((9A,(93,90) = (207 — 6;)(04 + 0 + 0¢)? for each i = A, B,C
@ 7E(04,08,00) = (07 — 0,)%(04 + 05 + 0c)? for each i = A, B, C
75 (04,08,00) = (07 — 0,)2(04 + 05 + 6c) for each i = A, B, C
© 7L(04,05,00) = (07 — 0;)%(04 + 05 + 0¢c)? for each i = A, B,C

(6) Choose the correct answer from (D-(8) for each of (a)—(c) to complete the following
sentences. The same answer can be applied several times.

To check whether the truth-telling strategy profile (6%, 6%, 07) is a Nash
equilibrium or not, we need to check whether each player can profitably
deviate from the profile. That is, it is a Nash equilibrium if for each ¢ =



A, B,C and each strategy 6; € S;, . If the true types are given
as (0%, 0%,0%) = (2,4,8), then the truth-telling strategy profile
a Nash equilibrium. If the true types are given as (6%, 60%5,05) = (2,2,2),

then the truth-telling strategy profile (c) a Nash equilibrium.

L0y, 0%5,0%) >« (91,9* )

0%, 0%, >7T

k
7eBa

‘“h Sb‘Sh ‘“h

¢
04,05, 0¢
0%, 0%, 0
04,05, 0
04,05, 0

OF.
@ mf( )
@ ( )=
@ mf( )
® mf( )
©® ( ) <
@ is

. is not

NOTE: In (1)-(6), the symbol (0;,0* ;) stands for the strategy profile generated
from (6%, 6%, 07.) by replacing player i’s strategy with ;. For example, (0p,0* 5) =
(04,0, 0¢)-

(7) Replacing the Lindahl mechanism with a VCG mechanism below, consider the
game described in question (5). Choose the correct answer from (D—(9) for the
payoff function 7VCC : Sy x Sp x Sc — R? of the new game.

. (VCG mechanism} ~

e The level of public good provision under the VCG mechanism is same

as the one under the Lindahl mechanism zZ.

The government collects
(xl — >t 2«9ij% ) unit of private good from individual 7. That is,

each individual i bears the total cost z minus the utility that other

individuals obtain directly from the public good.

N J
O 7YC%04,0p,00) = (07 — 0; + ZQj)(HA + 60+ 00)% for each i = A, B,C
y
@ 7YC%04,0p,00) = (07 — 0; + JX:Qj)(QA +0p +0c) for each i = A, B,C
i
@ W}/CG(QA,QB,QC') = (9: —0; + ]Z:Gj)(aA +0p + 90)2 for eachi = A, B,C
oy
@ 7VC%04,0p,00) = (207 — 0; +]Z 0;)(0a+ 6B+ 9(;)% for each i = A, B,C
i

) VCGHA 0p,0c) = (207 —6; —G—ZH (04 +0p + 6¢) for each i = A, B,C
J#



© 7YC%04,08,00) = (20F — 0; + Z@)(@A +0p + 6¢)? for each i = A, B,C
J#i

@ 7Y% 04,0p,0c) = (07 — 0; + ZGj)Q(GA +60p + 00)% for each i = A, B,C
J#i

VO (04,08,00) = (07 — 0; + Z 0;)2(04 + 0p + 0c) for each i = A, B,C
J#i

© 7/9C(04,08,00) = (0f —0;+ Y _0;)°(0a+ 05 + 6c)” for each i = A, B,C
J#i

(8) In the game described in question (7), it is known that the truth-telling strategy 6
maximizes player i’s payoff whenever other players submit any strategies. Answer
the name of such strategy.

III. State a relationship between marginal rates of substitution of consumers under com-
petitive equilibria. Then, state an implication of it. The answer should be roughly 100
words in total.



FRTT + HiEE ]

FIEET 26 LY 2 BRIR L CTE A L, I &I~ OfFE Ik E i i &,

I.

(1)-

(1)
(2)

(3)

(1)

(2)

(3)

TROKIE, 19 R RICIRE SN RERET L0 TH S, REHTLLFOM
&z L,

TRE
I‘HREF HAGNE‘?S

PERS WL THEY 607
’mm« GIUNTRY. 4

!
© Nayen, G0
.;.o
“ 5 hanins \“’ oot
cu

ZORHTER DA, REFEORSA ., ZOMPNERT INEZHHE X,

Z OB TR I RS M OER T EHECH BRI R & R A 5 2 o, BAROH HTEHE
WCZOMENED L HDITED ANLSNT=00, 728D X 5 7epk i & RN H D ok
~ L

Frilaa oA NV AOREPEDIERIL, HiEe Il COBED LAl i K& 72
ElbZE BT LTS, EDOX I REPEHTHITAEL TND EBZHNLH0, ZDH
MOFE X FICBEEMT 2R G 2 b OB EHE S B T & g7 & BRI
MR

L BREERZiE 2 0 < OB EICBET S LT ORM (D - () I2F 2 L.

REBORE LTI —AR =2 — NI NVOEBNPUETH L0, BENITIZM O
MOBEZNOETIZE I THZ L AEEEE LV RD LN TN DL EIRAE

n LA b a— A MR EOKEOREHE L HOT, KR7Z2 ED B ARO KA
BTORBFEOSHENED L IR D0 ERRE, O LT, 2O L) IC8D
ZLEOEH L, FOEONREZNENOASEEREE AN &iﬁ%@_owf mc
BE AR TIIARLZBOFIENE LV, FOXoicthid O HEANX &
NHEEBEZLNDN, EREFZIZ L TERAMICHAE X,



(1)

(2)

(3)

. BARO MR AMHENICBE T DU T OM (1) -G IZ&Fx K,

THOR RN Tt & W S R EEOE I HEZ IR 2, ZAUEE A OHEFR] D il FR
THHN, 2O XD RBORNIES L S5 BRI T2y, LHF B2 722 A1k 2
V9 DRI OW TR EZ 2T >0 &

HARD SIS Cix, — iz, FEEAELV &, P9 - TEMHEBEOIZ O LW
FIARENTWD, ZOHEEBIZHOWT()DEXF AW E 2 THAE X,

LUF ORI, #0(0) 706 O (d) & #ifk (r) ORfREZ R LI b O TH D, ZOKICE
WTC, d' LY BEMIIOT Y 7 DOBPEHEMGE NN TE D XD Hfl 2T o728 2 A,
O EMACHIER Y, FGHINBJKLIZ 7272895, IMNORREEHWT, 20
BHlORFEER GRRFE) 2t

HfR(r)

4

A

PESE DA 1 fiE A R

EEOAT A R

0 d E B0 B O FEHE(d)

B EEZE TR ] A2ER. 2012 4F, DX 9-7 & —fk &



Urban and Regional Planning

Choose two problems from the following problems I-III to answer. Use a separate answer sheet for

each problem.

1. The figure below symbolizes the urbanism proposed at the end of the 19th century. See the diagram

and answer the following questions (1)-(3).

TRE
YHREF HA.GNETS‘.
- P 4,

PERS WL THEY 607
TOWK-UaUNTRY. o

i
LAY

(1) Answer the name and the proponent of this urbanism, then explain what this diagram means.

(2) This urbanism has significantly impacted urban planning and urban development worldwide.

Explain how this concept has been incorporated into urban planning in Japan and what

achievements and issues it has faced.

(3) The spread of the new coronavirus infection is causing significant changes in the way we live and

II.

the urban structure in our neighborhoods close to home. What kind of changes is occurring in
cities? Concerning this concept of urbanism, discuss the direction and issues urban planning

should aim for in the future.

Answer the following questions (1)-(3) on issues related to the environment and transportation.

(1) As an environmental policy, carbon neutrality is required to be achieved. Specifically, describe

what purpose it is and what index value is required by the international organization by when.

(2) Describe the difference in transportation modes between US metropolitan areas such as Los

Angeles and Houston and Japanese metropolitan areas such as Tokyo and Osaka. Then, discuss
the reason for such differences and the impact of such differences on each traffic environment

load.

(3) Currently, the decline of public transportation is remarkable in Japan. How can we increase the

number of users of such public transportation? Explain in detail in a specific bulleted list.



II. Answer the following questions (1)-(3) regarding land-use regulations in Japan.

(1) Land-use regulations restrict the use of land as private property. While this is a restriction on
individual rights, what justifies such a policy? Discuss the problems that could occur in the
absence of land use regulations, giving examples.

(2) In Japan, land-use regulations usually impose stricter restrictions on commercial and industrial
uses than on residential uses. Based on the idea in (1), explain the reason for this.

(3) The following figure shows the relationship between the Distance (d) from the city center (0)
and the Rent (). In this figure, regulations were implemented to allow commercial facilities to
be located only in the area closer to the city center than d’. As a result, the residential bid rent
curve changes from FGHI to JKLI. Using the symbols in the figure, indicate the economic

benefit (total surplus) of this regulation.

Rent(r)

+
A

Commercial bid rent curve

J Residential bid rent curve
F
1
0 da’ E Distance from th:: city center (d)

Source: Partially modified from Figure 9-7 in Takaaki Takahashi,
“Urban Economics” ( [#[Ti#%E] ), Yuhikaku, 2012



