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

mstructed by the proctor to begin the exam.
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Write your examinee’s number in the space provided only after you have
¥ P

been instructed by the proctor to begin the exam.

. RBRPICEIEM T OEIBIREH, P 0%T - BT RUREREOENE S

KATWIEE ST, FEETFTEESICALT T FEL,
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.
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Exam booklets will be collected after the exam 1s over.
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Question 1

Answer the following questions 1—35,

1.  Draw the structure for the compound with molecular formula Ci¢H;s that contains a
five-membered ring and a six-membered ring. In addition, draw the structure for the
compound with molecular formula CoHs that contains a five-membered ring and a
six-membered ring.

2. Consider the molecule CH;CH-OH.

a) How many sigma bonds does this molecule contain?
b) How many covalent bonds does this molecule contain?
c) How many nonbonded electrons does this molecule contain?

3. Draw the expected products when 23-dimethyl-1,3-cyclohexadiene is treated with HI.
Identify the most stable product and justify your reasoning,

4. When 5-bromo-1-pentanol is treated with NaOH, a new compound with the molecular
formula CsHqO is formed as the major product.  a) Propose a structure for this compound

and b) explain the formation mechanism briefly.



5.

1-Phenyl-1,3-butanedione exists primarily in its enol form (89%); however, most simple
ketone exist predominantly in their keto form. Give an explanation for the unusuaily high

enol content of 1-Phenyi-1,3-butanedione.
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(7%) most simple ketone

(1I£) most simple ketones
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Question 2
Answer the following questions 1-4 regarding a gas-phase equilibrium reaction with the rate
constants of £ and &* shown below.
},‘
B
e
1. The molar concentrations of the reactant A and product B, [A] and [B], evolve with time ¢
and finally attain equilibrium. Show the rate equation that describes this evolution of [A].
2. Assuming the ideal gas behavior for the reactant and product, express the pressure
equilibrium constant X, in terms of k and £* based on the rate equation in question 1. Also
show briefly how you derived this expression,
3. Under constant temperature and pressure, equilibrium is attained in a state where the

Gibbs free energy of the system is minimized. Paying attention to this fact, we focus on



the chemical equilibrium attained from an initial state at r = 0 where the reactant A and
the product B have the concentrations ag and 0, respectively. The reaction proceeds 10
realize equilibrium in a state where A and B are mixed, even if the molar Gibbs free
energy of B, Gp,y, is larger than that of A, Ga . Focusing on this mixing of the reactant
and product, explain briefly what the driving force for this equilibrium is.

. Solve the rate equation in question 1 for the initial conditions explained in question 3 to

express [B] as a funetion of &, &°, ag, and time £,
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Question 3

Discuss what you know about the history of the four major Japanese pollution issues in the
postwar peried, and discuss the subsequent global-scale environmental problems and global

frameworks leading to Sustainable Development Goals (SDGs).



[F3%% Environmental Sciencel

flEE 4
T8 |E O HhEENB AL B IC R DI [ Tk~ k&,

Question 4

Describe Japanese policy measures for global warming issues.
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Question 5
Answer the following questions about a gyroscope.

(1) Complete an outline drawing of a gyroscope using all components shown in the figure.
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(2) A Gyro rotates in the right-handed direction with respect to the direction from point B to
point A at angular velocity . By pushing downward on point A, the gyro does not move
downward but moves toward point Y. This is called the gyro effect. Draw points A, B, X, and Y
and the direction of angular velocity w in the figure drawn in question (1).

(3) Consider an airplane in which the engines rotate in the right-handed direction with respect to
the flight direction. Exptain the change in attitude caused by the gyro effect when the airplane
makes a left turn.

(4) In order to safely operate an airplane, we need to be able to accurately ascertain the
horizontal direction without being affected by the movement of the airplane. A horizon
indicator is made using the property of a gyroscope which is directed toward a constant
direction without being affected by the movement of the airplane. However, the gyroscope has
an error of a few degrees every hour caused by friction between components. Therefore, an
automatic correction feature is required. It is possible to achieve this simple automatic
correction just by applying a weight at a certain point on the gyroscope. Draw the outline
drawing of a gyroscope with the simple automatic correction feature and explain the mechanism

for why this feature works.
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(1)Symbols A,B,C,D,X,Y are showing in components of gyroscope. Draw an outline to

fit the same symbols of components.




[H&ig L5 Mechanical Engineering]

fHZE 6
L.
(1) BEKEOT ke (S) %, #AHFEHE 1 LA
AE = TAS — pAV
& FERH DK
AE = (), AT
FRWTERDREN,
e RBASEOREFERX
pV = nRT
(P RHEEE, ptefs, VR, o8B E, RREVEEFR PR L2 ET5,
(2) £=, TOBRXL Y B ENEZEPCERBE S & &, = bo -2l
m, —E, ELIOMNLTHADONEBELAZS LV,
2. BANT=0 L& AN/ —VA 2 VERWRR T TENE =25 12753
DI S 2 Y OB w=100W LB L LT,
(1) R v BB 28 EQ, &

G_G_ W

B & -
ERWTRM L, ZZTEEQIT. BALERUADIMETHA,
(2) Bk, ZRb2x,
(3) AR TOPBERDRI,

Question 6
1
(1) Describe the entropy S of an ideal gas using the first law of thermodynamics,

AE = TAS — pAVY,
and the equation for heat capacity at constant volume,

AE = Cy AT,
where E, T, p and V denote the energy, the temperature, the pressure and the volume,
respectively. The equation of state of an ideai gas

pV = nkT

(where » is the number of moles of gas; and R is the ideal gas constant) can be used in this



system.
{2) According to the equation for S, when an ideal gas expands in a vacuum will the entropy

increase, remain constant, or decrease?

2. Assume that a heat pump which operates using a reverse Carnot cycle needs power ¥ of
100W to achieve an inside room temperature of 7o= 25 when the outside air temperature 17 is

0.

(1) Calculate the heat quantity @, which is discharged to the open air by using the relation

where (4 is the intake heat guantity.
(2) Calculate Q4.

(3) Caleulate the efficiency of this heat pump.
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Question 7
Answer the following three questions.

1. Explain the difference between fixed and flexible (floating) exchange rate systems. Give
examples of countries today that have fixed and countries that have flexible (floating) exchange
rate systems.

2. Under which exchange rate system do we use the terms “depreciation” or “appreciation™ of
the national currency? Explain what terms are used for exchange rate changes under the other
exchange rate system.

3. Which exchange rate system (fixed or flexible) is best for emerging and developing
countries today? Answer the question by explaining the advantages and disadvantages of fixed

and flexible exchange rate systems for emerging and developing countries.
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Question 8

1. Fill in the following blanks from (a)| | to (q)l

Let's assume that shops A and B selling hamburgers with the same price (p) and quality on
Higashi-Ichijo street (where Shishu-Kan is located) are in positions a and 1 — b, respectively
(0<a<1—b<1) Assuming that the length of Higashi-Ichijo street is set as 1 and all
consumers reside along the street and have demand for hamburgers with uniform distribution
along the street, i.e., the demand is 0.2 for consumers living between 0 and 0.2, Consumers are
supposed to eat only one hamburger bought from either shop A or B and the utility for the
product is u, moreover it is assumed that the transportation cost is given by tX? corresponding
to the square of the distance X for each consumer who visits the shop. The transportation cost
of the consumer living at location x to get to shop A is mathematically expressed as (a) lj
|:I, and the transportation cost of the consumer at location x to get to shop B is
mathematically expressed as (b) |:, Taking into account the decrease in utility as a
result of the transportation cost for a consumer, the reduction in utility as a result of the
consumer’s paying for a hamburger, and the increase in utility as a result of the consumer’s
eating a hamburger, the total utilities for the consumer who goes to shops A and B are
mathematically represented by (c) I: and (d) :L respectively. Assuming that
the utility is identical whether the consumer at an ideal position € buys it at either shop A or B,
we have 0 = (e) :I Now, let us change our point of view and consider the utility, i.e.,
the profit, of a hamburger shop. Since consumers on the left-hand side (the 0 side of the street)
of 0 purchase a hamburger from shop (f) {j, the sales volume of shop (f) :I is
mathematically expressed as (g) [:L In contrast, consumers who are on the right-hand
side (the 1 side of the street) of 8 purchase a hamburger from shop (h) I:], the sales volume
of shop () |:] is mathematically expressed as (i) :I Assuming that the cost
for making a hambuwrger is ¢ (p > c¢), the profit ny(p,c,a, D) of shop A is mathematically
expressed as (j) :l and the profit m,(p, ¢, a,b) of shop B is mathematically expressed as
() [ ] The partial derivative of the profit of shop A with respect to a and the partial
derivative of the profit of shop B with respect to b result in amn,/da= () I:J and
dn, /ob = (m) |:, respectively. When a increases, i.e., shop A approaches the 1 side
of the street, the utility or the profit of shop A (n) :I When b increases, i.e., shop B
approaches the 0 side of the street, the ufility or the profit of shop B (o) |:| Recall here
that 0 € a <1 —5h < 1. As a result, considering the position where shops A, B do not get any

more profit even if they move further (i.e., (p) l:} Equilibrium), shops A and B will be



focated at (q) l_——_l of Higashi-Ichijo street.

2. Based on the results obtained above, give an example from society in which similar

phenomena can be observed.



[#:%£%" Sociology]

FiEE 9
MEEFRLOMAD, ZILRBEDLSBERLERNH I, BENRHEAEL LIZB T
RE,

Question 9
What is constructionism, and what are its advantages and disadvantages? Explain by referring to

concrete examples.
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Question 10

Explain the following terms.
1. mechanical/ organic solidarity
2. charisma
3. structuralism

4, secujarization



[5#% Informatics])

REEE 11

F— L —7 (Heap) &3, YEZEVEITBEZ LV KEVDHELWV WA ELE
et Z oD ERED, E—T7E2RWEEINE (e—7 Y — b)) OFREZRL, ELL
BITEAZLZERL, &5ICHABRROBIT 2T,

Question 11
Data structure Heap is a binary tree satisfying the property that every child node is no less than

its parent node. Show an implement of the heap-based sorting algorithm (heap-sort), prove its

correctness and finally show its time complexity.
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Question 12
Consider the following Linear Programming problem (P). Show its dual problem and prove the
weak duality theorem,
(P) min ¢"x
sbA% = b

where ¢, xER", bER", ASR", x is the decision variable and " denotes the transpose.
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Question 13
The function of the human visual system is often compared to that of a camera. They have,
however, both similarities and differences. Consider characteristic phenomena of visual

perception and explain as many differences between the visual system and a camera as possible.
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Question 14
in psychology, methods have been invented to investigate mental functions of animals and
infants who do not have language. Regarding this point, answer the following questions.

1. We now want to investigate whether or not 4-month-old infants can discriminate between

the speech sounds “ba” and “va” by using the habituation-dishabituation paradigm. Describe

what experiment should be designed and what should be measured.

2. Explain how the data in the above experiment should be statistically tested.
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Question 15
Show I > 1 [or the delinite integral
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Question 16

Answer the following questions.

(1) Show that the eigenvectors of the nuatrix

are mutually orthogonal,
(i) Let E be a 2 x 2 unit matrix. Let B be a real 2 x 2 matrix other than F satisfying
B*=E.

What trace, namely, sum of diagonal elements, and determinant would B have?
Construct B explicitly.
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Question 17
Answer both of the following questions 1. and 2.
1. The formula below is the logistic growth model, one of the basic models of population
dynamics.
dn/dt = r(1-n/Kn
Here n is the size of a population of biological organisms, and t is time.
(1) Explain what r represents.
(2) Explain what K represents.
(3) Explain r- and K-selection, respectively, by referring to one or more actual examples in
biological organisms.
2. Evolution of altruistic behavior can be seen in biological organisms. Suppose that an altruistic

behavior based on a genetic traif fead to an increase of another individual’s fithess by B, and a



decrease of one’s own fitness by C. The degree of relatedness of the individual who receives the
behavior from the viewpoint of the actor is r. In addition, Wo is the fitness that is not directly
influenced by this altruistic interaction,

(1) The inclusive fitness is written as IF, Formulate [F by using B, C. r, and Wo.

(2) Describe the inequality known as Hamilton’s rule, a theory that postulated the conditions in
which an altruistic behavior evolves by kin selection.

(3) Explain one or more actual examples in biological organisms concerning altruistic behavior

that is considered to have evolved through kin selection using the concept of inclusive fitness.
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Question 18

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

(1) ontogeny and phylogeny

(2) nidifugous and nidicolous

(3) Batesian mimicry and Miillerian mimicry

(4) directional selection and disruptive selection

(5) allopatric speciation and sympatric speciation

(6) endemic species and invasive species

(7) in-situ conservation and ex-situ conservation

{(8) keystone species and flagship species
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Question 19

Human diseases are usually classified into 1) single-gene (Mendelian) disease, 2) chromosome
abnormality, 3) polygenic diseases, 4) mitochondrial genetic disease, and 3) somatic genetic
disease according to the inheritance paitern. Explain single-gene diseases and polygenic
diseases using the following six terms.

[dominant, recessive, X-linked, founder effect, penetrance, genetic polymorphism]
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Question 20

Explain using the following four terms why acidosis, a process causing increased acidity in the
blood, oceurs in type | diabetes that results from destruction of pancreatic beta cells.

[beta-oxidation, insulin, ketone body, free fatty acid]



[#7% Philosophy]

e 21
TEI O AEROWRICBITRIOORRELATO HE) ne 8oplta)l, =7
a R EJEORLORBIRT S OEHOERIZ >V THRAL RS W,

Question 21

Explain what are the three kinds of “desires” (émiBviiia) in Epicurean philosophy and the role of

this distinction for the Epicurean discipline of desire,
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Question 22

Explain how, in Buddhism, the “three poisons” (Sanskrit: niviSa, Tibetan: dug gsum) are the

main causes of suffering and how they can be purified.
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Question 23

Answer the following questions about alternating curreint circuits.

(1)

(2)

(3)

(4)

We apply alternating voltage e that varies with time in accordance with a sinusoidal wave
Ensinwt 1o a circuit. Explain effective value £ using the maximum value of voltage
s

Current { draws when voltage e = E,, sinwt is applied to a circuit which consists of
only resistance R. Calculate current i and power p, and draw a graph to show the
relationship between e, { and p as a function of time. Write a relational expression for
the effective value of the voltage E and the effective value of the current /.

Current i draws when voltage e = Ep, sin wt is applied to a the circuit which consists of
only coil. Counter-electromotive force is generated by inductance L in the circuit.
Caleulate the current ¢ that flows through the circuit using conditions in which applied
voltage and counter-clectromotive foree are balanced.

Describe the phase difference between voltage e and current i obtained in question (3).

Calculate power p, and draw a graph to show the relationship between e, i and p as a



function of time. Write a relational expression for the effective value of the voltage E and
the effective value of the current 1.

(5) Explain the difference between power p for a circuit which consists of only resistance R
and power p for a circuit which consists of only coil (inductance L) in terms of

consumption and storage of electricity.
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Question 24

Consider a situation in which AC power with an angular frequency of @ is connected to both

ends of the following circuit. Answer questions 1 — 5.

R
R
c/—m L o 1] )
G

Calculate the combined impedance Z.

When the imaginary part of Z is 0, calculate the resonant frequency w, of this circuit,

When w=w,, calculate the circuit impedance Z;.

The charge (Q,) of the condenser C can be expressed by @, = wCR. If we define ¢ as
1 ;

Q. when w=wy = i SXpress g using wgy and Qq.

When R = oo, show wy — @y.
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Question 25
Fig. 1 shows the results of an experiment concerning effects of air temperature on pollen
viabilities of the common bean and cowpea. In this experiment, flowering plants of each crop
were placed in temperature-controlled glasshouses for 2 days or 4 days and after that polien
viabilities were investigated. Answer the following questions.

a) Analyze and discuss the results of this experiment.

by The common bean and cowpea are considered to have originated in tropical America and

tropical Africa, respectively. From the above analysis, explain the environmental conditions of

the location of origin of each crop.

O Commnon besn
log - o Cowpen

o ) = g

Poblen viabilily ("w) .

A B L L E
Treatmend

Fig. 1. Effects of air temperature on pollen viabilities of the common
bean and cowpea.

A:28°C 2 days, B: 36°C 2 days, C: 36°C 2 days + 28°C 2 days,

D: 42°C 2 days, and E: 42°C 2 days + 28°C 2 days
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Question 206
Many herbaceous crops with long-day traits have originated in temperate areas with a winter
rain climate, such as the Mediterranean climate according to Koppen’s climatic classification.

Explain the reason for this phenomenon by referring to specific examples.
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Question 27

Consider the Carnot cycle consisting of the following four processes for [kmol of ideal gas.
Process A—B: Contact with a heat source at high temperature T, and quasi-static

isothermal expansion.

Process B—C:  Quasi-static adiabatic expansion until the temperature falls to Tj.



Process C-D3:  Contact with a heat source at low temperature 7y and quasi-static isothermal

compression.

Process D—A: Quasi-static adiabatic compression until the temperature rises to T,. We

return fo point A.

Answer the following questions about the Carnot cycle, Here the equation of state of an ideal

gas is pV = RT, where p, V, R and T are the pressure, the volume, the ideal gas constant and

the absolute temperature, respectively. Furthermore, we have the relation pVY = constant for

the quasistatic adiabalic processes, where y is a constant defined as a ratio of specific heat at

constant pressure to specific heat at constant volume.

8y

@)

@)

(4)

)

(6)

(7)

®

Draw the above four processes in a plane by making V the horizontal axis and p the
vertical axis,

Calcujate the work W,,,, done to the surroundings as a result of an increase in volume
from V4 to Vg during process A—B.

Write a relational expression for temperature 7, and volume Vp at point B and
temperature T; and volume V, at point C during process B—C.

The volume decreases from Vp to V, by work done to the system during process C—D.
Calculate the work Wp,.

Write a relational expression for temperature 7; and volume Vp at point D and
temperature T, and volume V, at point A during process D—A.

Write a relational expression for V,, Vg, Ve, and Vp using the two relational expressions
obtained in questions (3} and (5).

During process A-=B, internal energy does not change because the temperature is constant.
Thus Wy, is equal to inflow of heat @, from the heat source at temperature T5. During
process C—D, Wy, is equal to heat @ delivered to the heat source at temperature Ty.
Write a relational expression for @y, @, Ty, and T, using the three relational expressions
obtained in questions (2), (4), and (6).

Show that the efficiency of this Carnot cycle n is determined only by Ty and T, using

the relational expressions obtained in question (7).
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Question 28

There are three plates of semiconductor crystals with the same shape but made of different
compositions. You cannot distinguish the three plates at a glance, as their surfaces are well
polished. By accident, you drop all of them. Although you pick them up, you find that you
cannot figure out which plate is which. Conceive a method to identify the three semiconductor
as simply as possible without destroying them. The answer must include a drawing of the

experimental system setup as well as the experimental results used to distinguish the plates.
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Question 29

Exnlain "modernity" in literature citing retevant examples and using the following three terms:
2 g

(1) classicism, (2) Romanticism, (3) industrial society.
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Question 30

Choose a literary work produced in close relationship with other genres such as music, fine art,

thought, movie, etc., and explain its significance.
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Question 31

Political parties are indispensable for modern democracy. Explain what functions political

parties are expected to fulfill in order to make democracy work adequately.
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Question 32

Realism and liberalism are the traditional theoretical perspectives for analyzing international

relations. Explain realism and liberalism, while contrasting their differences,
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Question 33
How was the First World War diffevent from any other war up to this time? Explain it from

the viewpoints of “weaponry”, “the home front” and “wars after the war”.
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Question 34
[t has been said that the circulation of material in the Edo period was functional and that this
period was “ecological”. On the other hand, some disagree with this opinion. Explain how each

side has argued and justified its position.
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