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(2) 7va FUBRENIX 2 DD B . ZD 2 DO ORERIZ, RV A FD
RickoTEEND, FO200HEE % X,

(3) TR (b) IZOWT, EAEECEIT I UL FR M DL 5 X &2 LI T DORE
Z 3 _THWT SITRE CHlAE X,
(Z7ma7 4, K, FT7ARF% /]

Read the following text and answer all the questions from (1) to (3).

Both in mitochondria and chloroplasts, ATP synthase utilizes (.proton motive force across the

membrane for ATP synthesis. The proton motive force is formed by (»electron transfer reactions.

(1) Regarding the underlined part (a), explain how ATP synthase produces ATP in mitochondria
and chloroplasts in about 5 lines. In the explanation, mention from where to where and

across which membrane ATP synthase translocates protons in each organelle.

(2) Proton motive force consists of two factors, whose relationship is expressed by the Nernst
equation. Answer the two factors.

(3) Regarding the underlined part (b), explain the function of photosystem II in the electron
transfer reactions using all the following words in about 3 lines.

1” (13 % ¢

“chlorophyll”, “water”, “plastoquinone”
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UTOXEZLZHAT, il (1) ~ (4) OFXTIZEZ L,

S URTBIE, TR VBRI T G TORB TR Y RXTF REHN G5, R T
F RERT0 2l ENTHEAEOHEEETERT H & T, X UV EOWENEIT 5, ¥
N7 BEOREIE, —RAEE, ) ZREEE, ) RS, DUIREEIE D 4 S ORSE OBLR D
HmTE D, . L OMBHNDE R ITETIH, VAT A UEREOMSE S LA
(o) PAIVT 4 REEBTORBR S TND I ERMBNT VD,

(1) F#ES (a) IZOWT, XU N7 HED “KEEE 1 ObF, TOWMEOR M A
SATRREE TRl X,

(2) T (b) ITOWT, XU %7 O =i L kRS EDE NS, 3ITRET
FAE X,

(3) T (c) IZ2oWT, ZOMAENER SN DHE %2 3TTRE TR X,

(4) THE (c) I2oWT, MENTIIER. ZOKESIIFRSLy., FORH
Z 24TREE CHAE X,

[English text continued on the next page]



Read the following text and answer all the questions from (1) to (4).

Proteins are composed of polypeptide chains, which are amino acids linked together by peptide
bonds. Proteins can perform their functions when polypeptide chains fold into their own structures.
Protein structures are discussed in terms of four levels of structure: “primary structure”, (,)*‘secondary

structure”, ) ‘tertiary structure”, and “quaternary structure”. In addition, many extracellular proteins

have () disulfide bonds between side chains of cysteine residues.

(1) Regarding the underlined part (a), list one type of “secondary structure” and describe the
structural features in about 4 lines.

2) Regarding the underlined part (b), explain the difference between “tertiary structure” and
g g p p y
“quaternary structure” in about 4 lines.

(3) Regarding the underlined part (c), explain the benefit of forming the bonds to the proteins in
about 4 lines.

(4) Regarding the underlined part (c), these bonds generally do not form in the cell cytosol.
Explain the reason in about 2 lines.
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UTOXEZLEHAT, il (1) ~ (3) OFXTIZER L,

BB HRIT (o) DNA BRI X - CRECZTFH#HANLD, LrL, MN I d
o) DNABENE = 5, TD7=H, MIZiX ) DNA EEEENFEL TV D

(1) THE (a) 2o\ T, DNAEROBOER 7 3+ — 27 T, V—FT 4 J#HL T
X TERB D, D 2ODOFEHDENIHOWT ST THE X,

2) TS (b) 122\ T, DNABEBIZII TV U RIS ERT 2 BISHE BT
B ZIHIZHOWNWT, ZNFI 2T Tt X,

(3) F#ES (c) IoW\T, DNA hiz/A U AR & 1 T 2 Hif & 5 1 TRLE T3
W &

Read the following text and answer all the questions from (1) to (3).

Genetic information on the DNA is faithfully passed on by ) DNA replication. However, ) DNA

damage is constantly occurring in the cell. Therefore, the cell has ) DNA repair mechanisms.

(1) Regarding the underlined part (a), there is a leading strand and a lagging strand at the
replication fork during DNA replication. Explain the differences between the two strands

during replication in about 3 lines.

(2) Regarding the underlined part (b), depurination and deamination are the most frequent
chemical reactions known to create serious DNA damage in the cell. Explain the mechanism
of each reaction in about 2 lines.

(3) Regarding the underlined part (c), explain the mechanism of base excision repair (repairing
base lesions) in about 5 lines.
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UTOXEZLEHAT, il (1) ~ (3) OFXTIZER L,

FEFE RNA (non-codingRNA) TH 5~-1 7 2 RNA (microRNA, miRNA) (L (., mRNA
DR 2 RIS 352 Ik, BRI THEEREEIZH 5,

(1) TR (a) NAREZFEE %2 . miRNA OEARGERROFI S 5 T 54T T
YKL, 72720, LTOEMZ T XTHWAZ &,
[RNA FEH 1 Lo 7HEHAEK RISC), X7 LT —F, —ARK#H., —A8]

(2) —FD miRNA NEEDORLDELEFORBAEZHET L E083H5, EDX o7
HFLAAT K0 R S D 0 SITRLE TRilAE X,

(3) bR @E a3 BLREISERE Ll L7232 A7 & & LT RNA T (RNA interference.,
RNAI) 2% 5, RNAi 1T, ARITT A V272 LICHRT H4k0 A48 RNA %
39 2 M O RS T 2 23, BIE Tl FAM TR CTIA IS & T
W5, EOXITUSHEN TS 3ITRE THHE X,

[English text continued on the next page]



Read the following text and answer all the questions from (1) to (3).

MicroRNAs (miRNAs), representing one type of non-coding RNAs, function for (i) specific

degradation of mRNAs and thus play an important role in the regulation of gene expression.

(1) Explain the reason why the underlined part (a) is possible, along with an explanation about
the biosynthesis process of miRNAs, in about 5 lines. Use all the following words:
“RNA-induced silencing complex (RISC)”, “nuclease”, “single-stranded”,

“double-stranded”

(2) A single species of miRNA can regulate the expression of multiple genes. Explain how this

can be achieved in about 3 lines.

(3) RNA interference (RNAI) is a similar system to the degradation of mRNA by miRNAs.
RNAI is considered as a defense system against foreign RNAs such as viral RNAs, but it is
now widely used in molecular biology and drug discovery researches. Explain how RNAI is

used in such applications, in about 3 lines.
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v~ 223 < BRI (mobile genetic element) 3{F1E L., % DNA Ed4lixe K7
J BDHGEL R L TV D, (o) B KEBEERTFIFZ OB 24472026 DNAR R Z
AR L ha b T UAR D 2FEICKMIEND, L UL L AT L Fa R T v
2R EFPLTWDER, RESBRIFEDLH 5,

(1) T (a) ITOWT.DNABI RS U AR L bR T URRS LV OFNE
DWW T, FOBEIOMH A% A T 5 ITRE CHHE X,

(2) TS (b) IZOWT, LhEIAALARL b T UVARY U ERELSERD
R DWW T S ATREE TRl X

Read the following text and answer all the questions (1) and (2).

Mobile genetic elements compose approx. a half of the entire human genome. (Mobile genetic

elements are classified into DNA transposon and retrotransposon on the basis of the mechanisms of

their mobility. »Retrovirus and retrotransposon share a number of similarities; however, the former is

specified by unique characteristics that retrotransposon does not possess.

(1) Regarding the underlined part (a), describe the mechanism of mobility of DNA transposon

and retrotransposon, in about 5 lines.

(2) Regarding the underlined part (b), describe the major unique characteristics which

retrovirus but not retrotransposon possesses, in about 5 lines.
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B DR Z RS DM ORIT, MR & MINED /R T o 22 K-> TRzl TV %, T2
& ZNE AT OIRLHAROMMME TIX, (o) AEL o Mlng 7 v 7 F MlIESE (7R b —
VA) WZEVERYERS 2 & T, MBI ORE S 2FHET L T\ D,

(1) THES (a) IZ2WT, MROBEE (7 u— ) LOENE, HifldDZEE)<°
FERE, JE P OMBE~DFED 6 5 TR TRlE X,

(2) THEEE (a) Z5| & TR O S RISV T, LT OREA 23 _THW
T SATREE TR X,
[ FZulbe, Bax, 5 I, FETMF a2 —¥  FER T o h 23—+

Read the following text and answer all the questions (1) and (2).

The number of cells in animals is maintained by strictly controlling the rate of cell division and cell
death. For example, in developing embryos and adult tissues, the number of cells and the size of tissues

are regulated by (removing unwanted cells through apoptosis, a programmed cell death.

(1) Describe the differences in characteristics of the underlined part (a) from cell necrosis in
about 5 lines.

(2) Describe the molecular mechanism of the underlined part (a) using all the following words

in about 5 lines.

29 ¢ 29 ¢¢

“cytochrome c¢”, “Bax”, “nuclear lamin”, “effector caspase”, “initiator caspase”
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BHERN LB # &2 FOCEVEENGE ) 2 R 32 2 &N T 5, BRI, ) EE
RN DL T FTNEZITDE . o) MIED CtREAR EFRSED, @%@%Eiﬁ@
(o) BRI OB E RS T & =X —Z LI SO BEEA Z ATHEIC LT, FRVN
i % 51 &kl = 9,

(1) THE (a) I2oWT, fRIIS 7 F Ty F 7R ERHEN A A E % LT
EIND, VT AORE EEEEOWC, SAITRRE CBH XL,

(2) THES (b) IZOWT, ME D Ca? B IXFF LR IX DD TR S R 7= T
%o ORI ONT, 24TRRE T X,

3) FHE (c) OtEICHOWT, U TFOiBAZT X THWT 5/7EE THAE X,
[SAVVHEE, U I AT 4T A, ATP, T2 F T 4T AV b,
ISy ]

Read the following text and answer all the questions from (1) to (3).

The skeletal muscles of vertebrates allow them to achieve a high level of movement. When

skeletal muscle cells receive (a)signals from motor nerves, (»they rapidly increase the concentration

of Ca?" in the cytoplasm. The increase in Ca®* concentration allows () the interaction of cytoskeletons

and motor proteins in skeletal muscle cells, leading to strong muscle contraction.

(1) Regarding the underlined part (a), neural-type signals are transmitted through junctions

called synapses. Explain the structure and function of the synapse in about 5 lines.

(2) Regarding the underlined part (b), the Ca?* concentration in the cytoplasm is kept
P ytop p

extremely low at resting state. Explain this mechanism in about 2 lines.

(3) Explain the mechanism of underlined part (c) using all the following words in about 5 lines.

“myosin head”, “type Il myosin filament”, “ATP”, “actin filament”, “hydrolysis”
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AN CHENT-SEIERAINVITR TN, (o MG L ANV TR T DS
(b) AN R FETH ://\07),?5@%%75‘??@“50

(1) THEES (a) ITOWT, MRED BEENIZ S X7 B3k S5 AT D0
T, 3ITRRE TR~ X,

(2) THE (a) lIToWT, fMENS I bay R 7TREREIEISH R 7 DNk
ENAHHINTHONT, BEINA X 7 EOREE S ST 3ITRE Tl X,

(3) F#ES (b) IZ2OWT, AT R TR TH 37 EA L SN DA DN T
2ATRRE TR~ &,

Read the following text and answer all the questions from (1) to (3).

Eukaryotic cells contain various membrane-enclosed organelles. Proteins are translocated (.)between

the organelles and the cytosol or ,)between the organelles.

(1) Regarding the underlined part (a), explain the mechanism by which specific proteins are

selectively transported into the nucleus in about 4 lines.

(2) Regarding the underlined part (a), explain the mechanism by which proteins are delivered
from the cytosol to mitochondria or chloroplasts, including the structural state of the

transported proteins, in about 4 lines.

(3) Regarding the underlined part (b), explain the mechanism of protein moving from one

organelle to another in about 3 lines.
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() TEB B0 FEBrYG & FEIE, ﬁ<#%y<®$%iﬁ%thf%to@#%
DOEFFEINE ) FiEAE S BEEAENEG D Z &N, T R T HD S
R TWD

1) FHE (a) 2o\, R OHEMMM ORI % 3 22T X,
2) TR (b) 1I2oWTC, FEAM S EBEBAREOE N Z 31TRRE CHlAE X,
3) FHES (¢) 2o\ T, O RFMEATIC @#%@lﬁ@&k%ﬁ@ﬁ%@

TR %@%@miﬁﬁib%aw:&mrémt ZiX, FOlH
ﬁ@@@kﬂ%bf&@i9&_k#%z%mém3ﬁﬁgfﬁ%ﬁio

Read the following text and answer all the questions from (1) to (3).

@Oceanic islands have long stimulated biologists to investigate patterns and processes of evolution.

On oceanic islands, yneo- and paleoendemic species were recognized based on evidence from

(omolecular phylogeny and the fossil record.

(1) Regarding the underlined (a), list three commonly found features of oceanic island floras.

(2) Regarding the underlined (b), describe the differences between neo- and paleoendemic

species in about 3 lines.

(3) Regarding the underlined (c), explain the evolutionary process leading to oceanic island
endemics if the divergence time between the endemics and their sister species on continental

area is older than the age of the formation of the oceanic island in about 3 lines.
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Y OZRMERIT. 5 F T =X BLOBRERT —Z ITESETHEES kel TW D, (o) il
B3 - REMEATIC K Ve S /= 7 L— R T, £ OFRHIZEM R ) TERZE 72 2 AR M
T,

(1) T#HE (a) IZoWT, ZOLAHRTOHK L 2 o7 2 DDBRERIFEIZ OV T,
SATRERE TR X

(2) TEENDICE EN L8 A 2 5281, F ORI HOWTENZEN 31T
JETEEE &

Read the following text and answer all the questions (1) and (2).

Phylogeny of Animalia is still being debated based on the molecular and morphological data. . The

clade of Lophotrochozoa was recognized based on the molecular phylogenetic analysis. The body

plans of the phyla within this clade show a remarkable variety among Animalia.

(1) Regarding the underline (a), the clade of Lophotrochozoa is named after two distinct

characteristic features. Describe these two characters in about 3 lines.

(2) List name of two phyla within the clade of Lophotrochozoa, and describe its morphological

characteristics in about 3 lines.
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BARIATE, RO L) R BRMRMED R/ THEFICA OGNS, £z, YRRV IAZIZ,
BREMEDBIZIR S, B/ THIR Abh b,

(1) BAMDIARZIZED X 5 RSB D0, LATFD 250302 AV T 31TFEE
Tl &,
L], Bfd]

(2) Btk BOMOR ¥ Z . BitEDT L B LR 5, L FOiEMZ T X TH
WC B ATREEE TR XL
VR aE . PE. EERES ]

(3) PERIRIVIAZIZIZ E D KD ZREFEN B S 7>, 3ATRE THHE X,

Read the following text and answer all the questions from (1) to (3).

Filial imprinting is prominent in precocious birds such as ducks. Sexual imprinting is widely seen

not only in precocial birds but also in altricial birds.

(1) Describe the characteristics of filial imprinting by using all the following terms in about 3
lines.

“sensitive period”, “conspecific”

(2) Describe the characteristics of precocial bird chicks in about 5 lines, by using all the
following terms, comparing them with those of altricial birds.

29 ¢

“sensory organs”, “feathers”, “motor ability”

(3) Describe the characteristics of “sexual imprinting” in about 3 lines.
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TXE 2L NATOFANNIBIBIC L VIRET D 32D F A TIMFEE L, ZINEMED
ORERD G- ALY FH), TNHDF AL, ARLEDRREZKS TENENELRD
BRI 2 & D, A A TF DI 2R T, 0 A== —EIKE L 5, Lo U2 AT
MRESBERT, WWRDIEY 26 HEFEPIENE - RLERZ2 R, HFA ZIEPEOKR
TITHRWEDITV Z2FKLH, —HHDAZADHL T 5,

ING3XATINE o [ZF KA WELTED, D 1ODX A 7T OF ABMEKTENT
%< 725 2 Lk,

(1) FHEEE (a) 1I2oWVWT, —BICA=—H—F ZAOIKIIED L 572 D) 24T7F
JE TR X

(2) THES (b) IZHOWT, ZO=F LK RHIENTNED L A TINEDFZ A TITHF]
ThHDLEBEZALNDD, $T2Z9BZAONLHHZ, TN 21TRE TR~ X,

Read the following text and answer all the questions (1) and (2).

There are three genetically determined types of male Common Side-blotched Lizards and each type
has a different throat color (yellow, orange, or blue). Each of these males has a different strategy for

mating. The yellow type does not have a territory and employ the (a)‘sneaking” strategy. The orange

type is large, aggressive, and has a large territory, which is called as resource defense polygyny. The
blue type is intermediate in size, has a small territory, and defends only one female.

There is a ¢):‘rock-scissors-paper” relationship among these three types, with no one type of male

being dominant in the population.

(1) Regarding the underline (a), describe the strategy of “sneaking” males in about 2 lines.

(2) Regarding the underline (b), describe which type has the advantage in each body type pairing.

Also, explain the reasons in about 2 lines each, a total of about 6 lines.
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() B UM ZE EE 35207 77 2 0OMICIE, BRAZDSDHDHMPFNEL D,
EHIT, INBDT T I AVEREBTAHT Y N AT EOHEENFET AEAITIE.
(b) AT DRI Z 0D D,

(1) THES (a) I22OWT, 7L AR UMEPFEZIEEL LT TH, 2HOEEHD
FICAEC &R AZD S OBRNHLFRERBES N D561 H D, € 9 LIRS
ECEDERNERICOWT, LT O 2 505804 VT 5T E TRE X,

[A=REAYHIAT  (ecological niche) . TEEEH#2 (character displacement) ]

(2) FTHE (b) IZ2oWT, 2FOT 773 E 1HOT L MU LAY EHETREBIC
2P, LFOREA 2T X CTHWT 5 TRE T+ X,
[ERE, EHEFEDA T, M AER ]

Read the following text and answer all the questions (1) and (2).

@ Iwo aphid species sharing a host plant species are expected to compete with each other for

resources. Moreover, if there is a lady beetle species preying on the aphids, the two prey species may

be involved in (n)apparent competition.

(1) Regarding the underline (a), competition for resources can be mitigated even if both aphid
species are specific to the same host plant species. Describe evolutionary processes leading
to such mitigation of competitive interactions in about 5 lines by using all the following
terms.

9% ¢

“ecological niche”, “character displacement”

(2) Regarding the underline (b), describe how “apparent competition” operates in the system
consisting of the two aphid and one lady beetle species in about 5 lines by using the all the
following terms.

9% ¢ 29 ¢

“population density”, “alternative prey”, “indirect interactions”
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RN MR 5 2 L 13T & 10 & » TEHERBBEDO —OTH D, EMEHEIESFI T,
M SAEVE R B ST, B, ARERD 3OO L~V THZ., FNUEOHELE BN L L CEESL
NN G QAT

(1) BIETOZHME, BOZKME, EBROZHEEOTLETNIZONT, GbET
SATREEE TR XL,

(2) BEfFOARERICK X 72 E KL Z T/ REOR AL, &7, fE, £ERERD 3D
DL~JLDEMSZIEMICH L, FNTETNED XL I REELEE 2 50, §bET
S5ATRRE CTiiBHE X,

(3) PEMVERRROEMIFEICB N T, FELORBCHE T, SRR ORI B2
BEZRIZLTND EEZOND, HELDMREGIZZWVEREEC, WD 720 BREE T
IO ZIRIEIZ ED L ) R BA G A H LB DN N TOEE L E D,
BOET3TRE THMHE L,

[English text continued on the next page]



Read the following text and answer all the questions from (1) to (3).

Maintenance of biodiversity is one of most important issues for us living in the modern world.
According to Conservation on Biological Diversity (CDB), there are three different levels of

biodiversity: species, gene, and ecosystem.
(1) Describe biodiversity in species, genes and ecosystems in about 4 lines in total.

(2) Invasion of exotic (non-native or alien) species often causes major problems for the
ecosystems. How do alien species affect the biodiversity in the above three levels? Describe

the problems for biodiversity in about 5 lines in total.

(3) In terrestrial ecosystems, the magnitude and frequency of disturbance play a significant role
in maintaining species diversity. How is plant species diversity affected in environments
with extremely high or extremely low levels of disturbance? Describe it including the

reasons in about 5 lines in total.
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UTOXEZLEHAT, il (1) ~ (3) OFXTIZER L,

KOFENI NEOHAMIE LB N THIE R >T e ZE X 6N TS, KEHIET 5 Z &
WL, () EFEOEDIZWVL O DORENR b SN, ) BEmORHBEIZIZD I HD—>
ThHY, BEOWWEZOREMEIIRKL . EEOBWRETE () AHDOIFREIZW S OO EHE
BB ELTZD L,

(1) F#EB (a) (2oWT, BAOFREELSMN, A3 EORIH %2 3 525810 X,

(2) THE (b) IT2oWT, KOFHFETHLELEINIBYDORE LB EELND
538 FOF|EIZHOWT B ATRRE CHBE &,

(3) F#EE (c) IZoWT, P NFHOBHAE (0872 &) LAk (B, .
M7 L) DRz LT OfER 23~ THWT 3TTRE THRAE X,
[H. ZH. Hk&R]

Read the following text and answer all the questions from (1) to (3).

The control of fire was a turning point in the technological evolution of humans. x)Several important

advantages for daily life and survival were brought about by this new technology. ) The cooking of

food with fire expanded the breadth of the diet and its nutritional quality. Over evolutionary time

(othis brought about several key changes in the morphology of humans.

(1) Regarding the underlined (a), describe three major advantages, other than cooking, that fire

conferred on humans.

(2) Regarding the underlined (b), describe the important shift in dietary items and the nutritional
benefits acquired by cooking with fire, in about 5 lines.

(3) Regarding the underlined (c), describe the major changes in the hard and soft tissue
morphology of early humans in about 3 lines by using all the following terms.

2% ¢¢

“teeth”, “jaw”, “digestive system”
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H 53 DH RSN OW K% FV T BB %z 32 EBZ‘J“ZD?T@J S é FSEREYTBESNATND
WL OMOBRIAFE T, BAT OS2 F/0I2 ) 1 BAE AR 217 5

ENHER SN TN D, £ D LIEiTE, 1@%'JE’\J$;§7‘:“HT“7‘£< (o) LAY E 208 LT
LEHTHEEIND ZERMBATND

(1) THE (a) OBEEMFHEEBFEHICOWT, ZOEWRLNS X IITEbET
SATRRE CTiBHE K.

(2) THHE (b) loT. KD 4 FME DGR & J DR
B TR I,

[} (propagation) |, [z&#7t (tradition) | . [ 3C{kAk (enculturation) |, M= (diffusion) |

RIPbThZh 247

(3) HEORUREIZOWT, b FOZRIZALN DR A 21T THHE &,

Read the following text and answer all the questions from (1) to (3).

Use of objects other than one’s body to achieve a goal has been observed among a variety of animals

In some primates, () “tool-use behaviors” or “borderline tool-use behaviors” have been observed

mainly in foraging situations. Techniques for such behaviors are not only acquired through individual

learning but also through ()social learning where information is shared among group members

(1) Explain the underlined (a), highlighting the differences between “tool-use behaviors” and
“borderline tool-use behaviors” in about 3 lines.

(2) Regarding the underlined (b), describe each of the four categories in about 2 lines
“propagation”, “tradition”, “enculturation”, “diffusion”

(3) Regarding the manufacture of tools, describe the characteristic that is uniquely human in
about 3 lines.



WP | [ERE 17

UITFOXFE AT, %MW (1), (2) 2ME bEx Xk, B 7200 ThEHERBEN SIS
EOTRETHZ L,

TROX I, BERimZ8T BT AEe TR EHICRT, LZZICRIOITE DI B D
BABIZHUTHZ LE2EZD,

(1) KAl t =0 I HEREZEE vy THRITIZEEZ, BICUTZWZA t=T O/
2WHBRZ RO K, 72720, EHMEEL g &5,

(2) TEHR/NZTHEOIZIZ0EE>THIZTI V), RDE, TZODEEEKEE X,
(1) THEonT-2®kFERXOMIAZ O TS L, TNEHWAZ ENTE S,

[English text continued on the next page]



Read the following text and answer all the questions (1) and (2). Not only the answer, but also the

derivation must be written.

As shown in the figure below, let us consider throwing up a mass point m with an angle 6 relative

to the horizontal axis to hit the straight-line bar AB obliquely placed in the air.

(1) When one throws up a mass point at time ¢t = 0 with the initial velocity v,, derive a
quadratic equation satisfied by the time t = T at which the mass point hits the bar. The

gravitational acceleration is g.

(2) Obtain the value of 6 that minimizes T. To do that, you can consider that T is a function

of 6 and take the derivative of the quadratic equation you derived in (1).
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i

Tl

PIFOXEAEFAT, g%l (1) ~ (3) OFTRTUEZ L, BT ThHEBEN S
#5&5K%m¢5:ko

\T

—MIZ, R g &R g NEZET TR r ONEICH D & x, EAHICELS 7 —nm
YIIDORE S,
_ 419>
4mreyr?
T B, T IT e HEZEDHFERTH D, WEHZHT, 28 L0z =allElfq. 2= —a
\ZEM —q 3o D, 72720, a>0 8795, 2 OOEMBOHEHEN /NI W E & Z A ER IR
FEPFER, p=2aq ZRBRTFE—RA L RV,

(1) A& P, =(0,0,2) (7272 L. z>a b T2) ITBITHEAMEEBLGY MLaRD L,
(2) xz¥m EOBELGY M EKRE X,

(3) A& P, = (x,0,2) (72720, r=vVx2+z2»al$5) IZBTDEMEp. 1. BX
@z%%wfﬁﬁotﬁL\Hﬂ«l@k%lmﬂ+h~L4whkEULTiwo

[English text continued on the next page]



Read the following text and answer all the questions from (1) to (3). Not only the answer, but also the

derivation must be written.

In general, when a point charge q; and another point charge g, are separated by the distance r
in vacuum, the strength of the Coulomb force between the charges is

_ N9
4mreyr?

where ¢, is the vacuum permittivity. Now, in vacuum, put a point charge g at z = a and another
charge —q at z = —a along the z-axis, where we assume a > 0. When the distance between the
two charges is small, the pair of charges is called an electric dipole where p = 2aq is termed the

dipole moment.

(1) Obtain the electric potential and the electric field vector at the position P; = (0,0,z) where

we assume z > a.
(2) Draw a map of the electric field vector on the xz plane.
(3) Obtain the electric potential at the position P, = (x,0,z) , where we assume

r =vVx2 4+ z2 > a, and express it with p, r, and z. You can use the approximate formula
1/v1+h~1—-0.5h, for |h| < 1.
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LIFoEi (1) ~ (4) X TUTER L,

(1) ROWE Z BRI D S WIEICIE A~ € OHH b FHHE X,

(2) ROWE ZHEEMEE D @ WIEIZIE A, Z OB H b HE &,

(3) ROALEM % Snl FUSIZR T D FOSHER @ WIEIZIE A~ £ O bRt X,

(4) UTOMKIZe ZAF Vo ofbFEE s, K, 25°CIZEBIT D pKa 7R LTV D,
pH4.0 £7201374 DL &, B AFVUNED 5 BT OIE#EEEFhEh
DT

[English text continued on the next page]



Answer all the questions from (1) to (4).

(1) Rank the acidity of the following, from 1 (most) to 3 (least).

(2) Rank the basicity of the following, from 1 (most) to 3 (least).

(3) Rank the Sn1 reactivity of the following, from 1 (most) to 3 (least).

(4) The figure below shows the chemical structure of histidine and the pK, in water at 25°C.

Draw the main chemical structure that histidine can take at pH 4.0 and 7.4, respectively.
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IFoxf] (1), (2) 2fE b2 X,

(1) HE-SEOFERBIST D7 TA mroXid, Tido (K1) TRIhD,

(2)

dp AH,, \
ﬁ = Tl/v:; (ITZE 1 )
ZIT, plEAERIE, TIXRE. AV, TAFITHE S ISR, AHyg, (37T
B — (FERB) #FT. [UKOTNEEY, (9) ILRIEDTEREEL D & IEH
ICRENDT, Ay & Vi (9) LB TE D, SHICRK L HAKIE L 2 LT L
. (K2) TREIND7 70 VTR TFTXMa 0B Ehid, 727EL, R
IREEHETHD, 77UV T AT T unrOROEHEEEZ R,

dinp  AHyqp

dT ~ RT? (:t2)

1AUE (101 kPa) 12351 % & 2B X DA% 350K T, AHyg, 73 35.0 kJ/mol T
o7, 300K TOMEX DHELKELZ KD L. 723, 300K 75 350K D5 L4
TE WEXDOARFEE AN E—HREIKFE LRV D LT 5, [EEHKR T
8.3JK ' 'mol! & § %, flRK{LD7=D B OFHET/IIEE 2 ML FIX\E L TH R
W, F7m. e? =74 %N TEL,

[English text continued on the next page]



Answer all the questions (1) and (2).

(1) Clapeyron’s equation for the liquid-vapor boundary is shown in Eq.1 below.

d AH,,
== W

Where p is the vapor pressure, T is the temperature, AV, is the volume change due to
evaporation, and AH,,, is the enthalpy of vaporization (heat of vaporization). Since the
molar volume of gas V;,,(g) is much larger than the molar volume of liquid, AV,4, canbe
approximated to V,,(g). Furthermore, when the gas is regarded as a perfect gas, the
Clausius-Clapeyron equation takes the form given in Eq.2. Derive the Clausius-Clapeyron

equation and show the derivation process.

dinp  AHyq
dT ~ RT?

(2)

(2) The boiling point of a substance X at 1 atm (101 kPa) is 350 K and the enthalpy of
vaporization AH,g, is 35.0 kJ/mol. Calculate the vapor pressure of substance X at 300 K.
In the temperature range of 300K to 350K, the enthalpy of vaporization of substance X
should be independent of temperature. Let the gas constant be R = 8.3 JK!'mol™!. For
simplification, you can ignore the second decimal places in the middle of the calculations.
You can use e? =7.4.
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I

Iroxi] (1), (2) 2MEbER L, BAZIT TS
Z &,

TEORFEDN 303D KO ITIET D

T

(1) z=fO,y) D, x2+y? 12T OB z=gx?>+y?) & LTERED & X,

az_ 0z
yax_xay

DRSLT 5 Z L Aot
(2) z=f,YITONT, (a) BV IEDE &, 2ITx2+y2 PO E LTHRED

ZEHE ROELIIZL TR, x=rcosf.y=rsinf EBZ,z=f(x,y) =h(r,0)
EB<, (a) DV HSE X, 0h/00 =075 LEntd, 7272 L.

o 059, L —sine (b 1)
ax—cos , ay—sm

00 —sind 00 cos@

9 _ o (b 2)
0x T dy T

ZHWTRU,

[English text continued on the next page]



Solve all the problems (1) and (2). Describe your calculation process in addition to the answers.

(1) Suppose z = f(x,y) is represented in a form z = g(x? + y?) depending only on x? +
y2. Show that the equation

az_ 0z
yax_xay (a)

is satisfied.

(2) Suppose z = f(x,y) satisfies the equation (a). Show that z is represented in a form
depending only on x? + y? in the following. Introduce (r,6) defined through x =
rcos@ and y =rsinf, and set z = f(x,y) = h(r,0). Show that dh/00 = 0 when
equation (a) is satisfied. You can use the following results:

= 0 o 0 bl
ax—cos , ay—sm (bl)

69_—sin9 69_c059
ox r ' dy r

(b2)
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LITomf (1), (2) 2M& B L, BRI TRGIHEBEN DD L9 ITHET S
z&,

(1) #orFiek

d
d—zzxyz—%c (a)

WEZbNE L&, Ihvaimio iy 2aTEIT,

(2) Wi (a) 1IZ22W T, y(0) = 0 2l 7= THRERMEZ RO X, Z DORRIZONT,
x> oo D, BIWx - —c0o DfEZ KD L,

Solve all the problems (1) and (2). Describe your calculation process in addition to the answers.

(1) Obtain all solutions for y to the differential equation

) 2
— . a
=xy* —9x (a)

(2) Obtain a particular solution to the equation (a) which satisfies y(0) = 0. Obtain the values

of this solution when x — o and x —» —oo.





