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There are 34 items on this exam. Select two items of your choice from the 34

items given.
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Regarding the start time and finish time for the exam, follow the

instructions given by the proctor.

C BRRROSHADHLET, MEMFERVTPEZRTHEVWTEEA,

Do not open the exam booklet or look at its contents until you have been

instructed by the proctor to begin the exam.

FRERBA~OZRESORML. BBRRBROGESE H-o THLBD T I,

Write your examinee’s number in the space provided only after you have

been instructed by the proctor to begin the exam.
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K[EWEGEEIR, FEBTTEERICALETIEE N,
During the exam, if you find missing pages, pages out of order, print that is
unreadable, or stains on your answer sheet, raise your hand and inform the

exam proctor.

- BEBRR TR, BERFEERLET,

Exam booklets will be collected after the exam is over.
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Chemistry
Environmental Science
Mechanical Engineering
Economics '
Sociology

Informatics
Psychology
Mathematics

Biology

Life Science
Philosophy

Electrical Engineering
Agricultural Science
Physics

Literature

Law and Political Science

Historical Science
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Question 1

Answer the following questions 1 and 2.

1. Draw the expected products for each of the following reactions (a) to (g). If a mixture

is expected, identify the major product. Be sure to indicate stereochemistry where

appropriate.
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2. When the epoxide shown in eq. 1 was treated with sodium methoxide followed by an

acidic workup, a compound of the molecular formula CeH120s was formed as the
major product. Its !H NMR spectrum exhibited signals at 1.07 (s, 3H), 2.60 (q, 2H),
. 3.41 (s, 6H), 4.50 (s, 1H) ppm, and a strong absorption was seen at 1730 cm'l in its

IR spectrum. Propose a structure for this molecule and explain how it could have

formed under these reaction conditions.
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Question 2

Answer the following questions 1 to 3.

1) If the atomic weight of oxygen is 16, how many atoms are in 80 g of oxygen?
2) If all of the oxygen atoms form ozone molecules {Os), how many ozone molecules

exist?
Assume that Avogadro’s number is 6.02 x 1028 mol'L.

2.
For each of the following (a) — {g), assign one of the bonds: (i) covalent bond, {ii) ionic
bond, (iii) metallic bond, and (iv) coordination bond. Answer by writing the Roman

numerals given for each type of bond.

(a) K~ClI bond in potassium chloride

(b) O—H bond in water (H20)

(c) N—H bond in the ammonium ion (H4N*)

(d) C=C bond in ethylene

(e} Ti—Ti bond of single titanium

() Cuz+=N bond in the cupper-ammonia complex ion
(g) Fe—S bond in iron (II) sulfide

1) Sketch the geometrical isomers of the neutral octahedral cobalt coordination
complex [Co(NH3)e:H20(CHaNH2)2Cl].
2) Identify the point group of each isomer.

3) Which isomers, if any, exhibit optical isomerism?

g,
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Question 3

Describe the phenomencn of “eutrophication” by illustrating several examples,
specifically focusing on (1) the causative substances, (2) the ecosystem functions that
cause the issue, (3) the effects on the aquatic ecosystem, and (4) the differences between
eutrophication issues in saline water in the ocean (bays / estuaries) and in freshwater in

lakes and reservoirs.



[(BBE54: Environmental Science)

BHfE 4
FHE BT S CCS (Carbon dioxide Capture and Storage) BRI DWW TR L,

Question 4
Describe the CCS (Carbon dioxide Capture and Storage) policy in Japan.
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Question 5

In rapid prototyping for manufacturing a sample model quickly, processing technologies based
on additive fabrication are used. Explain the process principles of the following additive
fabrication technologies by paying attention to materials and solidification methods.

1. Stereolithography

2. Powder lamination method -
3. Fused deposition method
4

Sheet lamination method
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Question 6
We will consider the largest possible energy conversion ratio frgm wind energy to mechanical
energy using a wind turbine. Fill in the blanks for (a)—(j).

We have a horizontal axis turbine whose blades define a swept area. Upwind, a certain

distance from the blades, wind flows undisturbed at a velocity vy; sufficiently downwind, in the

i,



slipstream, the air flows at a substantially slower velocity, v,. We assume that at the blade

rotation plane, the flow velocity is the average of the upstream and the downstream

velocities, (a) |. The rate of the mass, m, whose density is p, streams across the swept

area, A, is expressed as m =

(b)

The wind power obtained from the wind turbine is expressed by P = (c) | Ifweuse

m= b |.P= (d)

Py = (e)

undisturbed wind, we arrive at

=@

This ratio, which is independent of

1

(i % which is the Betz limit.

(2)

and

(h)

. On the other hand, the upstream mass carries an energy,

. When we compare the removed power with the upstream energy in the

, reaches a maximum

. 7 1 . . o
(i) when =2 = = | Therefore, the largest possible energy conversion ratio is about
v 3

(Fundamentals of Renewable Energy Process, Second Edition, Aldo Viera da Rosa, Academic

Press, 2009)



(#%i#%% Economics)

e 7

. HEBERERESE. FOREGOEAVWKRE TS DDERICHTE I ENTED., H
BEERAEDL DOEBEIZDWTHRHALZSI WV, _

2. LT AUA, =0 BT D T7ICB TS BRI S OFITEN-EI NAFTA,
BU, B UNASEAN T %, NAFTA, EU, RUASEAN @ 3 DZBL T, e &b 220
AL E 2 DDOMBREFTEA LRI,

3. HEELPREIBDHEHHRE L Vo RMEER VRS, BISRERSVREEREE
WEDEIRHREELLETONEHALERI N,

Question 7

1. According to the degree of integration, regional economic integration can be
divided into 5 stages. Explain the five stages of regional economic integration.

2. Examples of regional economic integration in North America, Europe and East A
Asia are NAFTA, the EU and ASEAN, respectively. Explain at least two
similarities and two differences among NAFTA, the EU and ASEAN.

3. Using the concepts of trade creation effect and trade diversion effect, explain the

effects of regional economic integration on economic welfare.
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Question 8

1. Fill in the following blanks from (a):\ to (o)[:.
The utility function of Mr. A, who consumes x, apples and y, oranges is given by U, =
X4Va, and it is assumed that Mr. A's income is 100 and the prices of apples and oranges
are 10 and 5, respectively. Mr. A's budget constraint line is expressed by Eqg. (a)i:|.



At this point, the rational consumption behavior of Mr. A is to select a consumption plan
(x;, ;) which ®) | the utility function of Mr. A under the budget constraint. The
curve connecting the combinations of goods that can obtain the same utility is called the
(c)l:] curve. When the (c):\ curve moves in the upper right-hand direction
on the x-axis and y-axis planes showing the consumption of apples and oranges,
respectively, the utility will (d)[———_|. Therefore, the optimal consumption plan (x;,

yi) is (e):f of the budget constraint line and (] | curve. When x4 and v
are used, the marginal change of utility dU, =(ﬂ|:|dxA +(g)!:]dy,4, and at
(@ | this value is identical to M ] The absolute value of the slope of the

(C)S curve at (e)i—:__\, ie., |dy,/dx,|, is expressed by Eq. (i)[: using

x, and yu, so x5 and y; at the optimum consumption point are calculated as (j)l:l
and (k):], respectively.

Next, consider a situation where Mr. B and Mr. C, who own both z; bananas and w;
kiwifruits (i=B, C), respectively, exchange the two goods. Here, it is assumed that the
utility functions of Mr. B and Mr, C are similarly expressed by U; = z;w; (i = B,C). If the
graph of Mr. C's (c)|:] curve is rotated and put on top of the graph of Mr. B's (C)D
m curve, it will be in the form of a box. This is called the (D: box. Assuming
that Mr. B's (c)l:} curve and Mr. C's (c)[:l curve intersect in the (1)‘:|
box, there are points of resource allocations where both Mr. B and My. C can improve
their own utility without lowering the utility of the other. This is called (m)z
improvement. Mr. B and Mr. C continue the exchange, and they arrive at the point where
the (c):, curves (n)D each other. At this point, (m)z improvement
cannot be obtained anymore, which is referred to as (m)D optimum. The line
connecting these points is called the (o)\:l curve.

2. Here, the initial holding amounts for Mr. B and Mr. C are given by 6 bananas and 12
kiwifruits, and 12 bananas and 6 kiwifruits, respectively. Note that we denote the prices
of banana and kiwifruit as p, and py, respectively. Draw the figure of (m)l:
optimum allocations using the (l)lj box. Also, find the ratio of competitive
equilibrium prices (p;/p;) and the optimal consumption plans of Mr. B and Mr. C, ie.,

(2}, wp) and (2}, wp), respectively.
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Question 9

What is social order? Explain, with the following keywords, how social order is formed.

Please illustrate your explanation with examples.

Keywords: power, conflict theories, interests, utilitarianism, value, Talcott Parsons
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Question 10

Explain the following terms.

1.
2. Social constructionism

3.

4 . Methodological individualism ”Methodological collectivism

Gemeinschaft,” Gesellschaft

Social capital

-,
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Question 11
Explain the quick-sort algorithm and show its time complexity and space complexity

{proof is not required).
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Question 12

Write the dual problem (D) of the following Linear Programming problem (P) and prove
the weak duality theorem using (P) and (D).

®) max bTy

subject to ATy <e,

where b and y are m-dimensional vectors, y is the decision variable, ¢ is an n-

dimensional vector, A is an mxn matrix, and T denotes the transpose.
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Question 13
What is autobiographical memory? HExplain its characteristics by contrasting with

episodic memory and semantic memory.
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Question 14
Describe the view of child development based on the theory of Freud, the founder of

psychoanalysis. Explain what is compatible with the current view in developmental

psychology and what is incompatible with it.
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Question 15
Let o be some positive constant. Investigate the convergence or divergence of the series
=1

n=l

and give your reason for the answer. Let a, 2 0 for any n (n = 1.2,...). The fact that

o

o1 an converges if the sequence {5y} of partial smns is bounded where 5, =

the series >

S i G is the sum of the first m terms, can be used without proof.
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Question 16
Let all the eigenvalues A1, Aa,. ... A, of an nxn real symmetric matrix A be mutually different.

Then matrix A can be diagonalized by a suitable regular matrix P, i.e.,

M O ... 0
A ... O

PYAP =4, A= ) .
0 0 ... A

Let B be some n x n real matrix such that AB = BA. Answer the [ollowing questions.
() Show that malrix B3 can be diagonalized by the same matrix P ag for matrix 4.
(ii) Find the dimension dimW; of the cigenspace W; := {z;|d=z; = Mzt € RY and show

that Va; € W5, x; # 0, @; is an eigenvector of matrix B.
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Question 17

Answer both of the following questions 1 and 2.

1. Suppose that there is a group of a biological species which produces offspring only by sexual
reproduction and does not change sex. In this group, offspring are produced by mating of only the
parent generation and no mating between parent generation and offspring generation occurs. N is
the number of individuals of the parent generation of this group, the sex ratio of females and male
(females: males) of the parent generation is 1:x, and f is the average number of offspring per

female of the parent generation.



(1) The average number of offspring per male of the parent generation is written as g. Formulate
g by using N, x, f, and/or Arabic numerals. Note that all of the N, x, f and/or numerals may not
be necessary.

(2) The ratio of the average number of offspring of a female of the parent generation and that of
offspring of a male of the parent generation is written as p:q. Formulate p:q by using N, x,
and/or Arabic numerals. Note that all of the N, x, f and/or numerals may not be necessary.

(3) In most biological organisms the sex ratio of female to male is 1:1. Explain the reason why

this sex ratio evolved by referring to the aforementioned 1:x and p:q.

2. In animals, there exists a phenomenon called infanticide where adult individuals kill infants.
(1) Hanuman langurs, black-and-white colobus monkeys, red-tailed monkeys, and gorillas have
been observed to engage in infanticide, and these animals share a common breeding system.
Explain this breeding system.

(2) The typical timing of infanticides by hanuman langurs and lions shares a common feature.
Explain the typical timing when infanticides occur in these species.

(3) Researchers believe that there is an adaptive reason why infanticides exist in animals such as
hanuman langurs, lions, and gorillas. Explain this adaptive reason from the viewpoint of male

reproductive strategy.
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Question 18

Choose five of the following sets of terms, and explain their meanings by comparing the terms
within each set.

(1) proximate factor and ultimate factor

(2) releaser and innate releasing mechanism

(3) primary producer and secondary producer

(4) home range and territory

(5) haplodiploidy and diploidy

(6) convergent evolution and parallel evolution

(7) sex ratio at birth and operational sex ratio

(8) runaway hypothesis and handicap hypothesis
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Explain the biological actions of two major pancreatic hormones by comparing them with one

another.
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Question 20
Explain the following items regarding human genetics.
1.  Missense mutation, frameshift mutation, and nonsense mutation
2. Genomic imprinting
3. Hardy-Weinberg equilibrivm
4, Sanger séquencing, and short-read (next generation) sequencing
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Question 21
Explain the distinction in Stoic philosophy between “what does not depend upon us” and “what

does depend upon us.” Then consider its role and importance for freedom, wisdom, peace of mind

and resilience.
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Question 22
In the SatipaTTh4na-sutta, the Buddha ShAkyamuni taught the “four applications of

mindfulness.” Explain this overall model and each of the so-called four applications of

mindfulness.
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Question 23
Answer the following questions about an alternating current power system which
includes a thermal power generator and a transmission line.

1. Draw a figure to show the relationship between &, phase difference of the output
voltage of the generator and the voltage of the transmission line, and P,, the output

power of the generator.
2 . Explain the conditions for acceleration, equilibrium, and deceleration of a

generator rotor in the generator using mechanical input power B, to the generator
and output power P,. '

3. Assume that mechanical input power P, is a constant value smaller than the
rated power of the generator. In this case, the phase difference & could have two values
in the figure drawn for question 1. Explain the stability of each 6§ using the conditions

obtained for question 2.

T
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Question 24
1. An AC power supply £1is connected to the primary side and the secondary side of an
ideal transformer which has a winding ratio of n7: n2through impedances Z7 and Z2as
shown in the circuit diagram. Answer questions (1) to (4). .

(1) Show the relation between the voltages VI, VZ2and the currents {1, 72

(2) Show the relation between V2, 12 Z2.

(3) Show the relation between £1, Z1, V1, I1.

(4) Solve for the /1 and /2.



) Z1 1 ‘—— 22
X

%i V2 2
o €

2. Solve for the conductance G and susceptance B of the following LRC series circuit.

ﬁf\r‘v’]

o L
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Question 25
Regarding backcross breeding used in crops, answer the following questions.
1. Explain what kind of method backcross breeding is.
2. Explain which kind of traits can be effe_ctively introduced through backcross breeding,

by giving some examples.
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Question 26
Cabbage belongs to Brassicaceae. Answer the following questions.
1. From among the following vegetables, choose all the vegetables that belong to the same

species as cabbage and write the corresponding alphabet letter for each on the answer sheet.

a) broccoli b) Chinese cabbage ¢) Chinese radish
d) canola e} cauliflower 1) turnip g) horse radish
h) Brussels sprouts i) watercress j) wasabi

2. Recently, the demand for cabbage has been increasing in the tropics, but in most tropical
countries, a large amount of cabbage seeds are imported. This is because it is very
difficult for cabbage to flower and produce seeds in the tropics. Explain why in the
tropics flowering and seed production of cabbage is difficult. w0

3. Explain which areas are suitable for cabbage cultivation in the tropics.
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Question 27
Answer the following questions about the nature of light.

1. Explain Young's interference experiment to demonstrate that light is a wave. Then
derive the conditions for observing bright stripes and dark stripes.

2. Explain the photoelectric effect to demonstrate that light is a particle. In your
explanation, draw an energy diagram including the work function W.

3. Describe the physical implications of the wave-particle duality of light.
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Guestion 28

The periodic table is shown in the above diagram. All erystals consisting of Group

1 elements H, Li, ... (written as IA) become metals. Crystals composed of group IV

elements C, Si, ... (written as IVA) up to Ge become insulators.

(D

Explain how this happens, based on the basic principles of physics. Here, please
use the following four terms. (band structure, conduction band, valence band,
bandgap)

When group Il elements such as B or group V elements such as P are doped as
impﬁrities into crystals made of group 1V elements (up to Ge), the crystals become

semiconductors rather than insulators when the impurities are substituted with



crystal elements. Explain how this happens, based on (1). Here, please use the

following four terms. (donor, N type, acceptor, P type)
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Question 29
Choose a literary work related to a question about the environment from the 20th to 21t

century. Explain its significance.

o
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Question 30
The following text is a full quotation from Czestaw Milosz's ARS POETICA? What is

the main theme of this work?

I have always aspired to a more spacious form
that would be free from the claims of poetry or prose
and would let us understand each other without exposing

the author or reader to sublime agonies.

In the very essence of poetry there is something indecent:
a thing is brought forth which we didn’t know we had in us,
so we blink our eyes, as if a tiger had sprung out

and stood in the light, lashing his tail.

That’'s why poetry is rightly said to be dictated by a daimonion,
though it’s an exaggeration to maintain that he must be an angel.
It's hard to guess where that pride of poets comes from,

when so often they're put to shame by the disclosure of their frailty.

What reasonable man would like to be a city of demons,
who behave as if they were at home, speak in many tongues,
and who, not satisfied with stealing his lips or hand,

work at changing his destiny for their convenience?

It’s true that what is morbid is highly valued today,
and s0 you may think that I am only joking
or that I've devised just one more means

of praising Art with the help of irony.

There was a time when only wise books were read,

helping us to bear our pain and misery.



This, after all, is not quite the same

as leafing through a thousand works fresh from psychiatric clinics.

And yet the world is different from what it seems to be
and we are other than how we see ourselves in our ravings.
People therefore preserve silent integrity,

thus earning the respect of their relatives and neighbors.

The purpose of poetry is to remind us
how difficult it is to remain just one person,
for our house is open, there are no keys in the doors,

and invisible guests come in and out at will.

What I'm saying here is not, I agree, poetry,
as poems should be written rarely and reluctantly,
under unbearable duress and only with the hope

that good spirits, not evil ones, choose us for their instrument.

Berkeley, 1968

(Hilk : Czeslaw, M. New and Collected Poems (1931-2001). Harper Collins Publisher, 2003.

pp.240-241.)

.
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Question 31
What is power? Explain what power is, relying on the theories of those who put forth

representative perspectives on power, such as Max Weber, Robert Dahl, Steven Lukes and Michel

Foucault,
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Question 32
Graham T. Allison’s study exists as a classic theory of the foreign policy decision-making process.

Explain the main features and limitations of each of his three models, “rational actor” model,

“organizational process” model, and “governmental politics” model.
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Question 33
Explain the historical meaning of science in the modern world. You should use the

following keywords: the Scientific Revolution; non-Western world; industrial technology.
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Question 34

Explain the concept of "Anthropocene" and argue its significance and limitations for

historical research.



