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Written examination
Basic subjects
Examination time 13:30-15:00

» There are 22 tests in the following order: Biology (test number 1-16), Physics (test number 17, 18),
Chemistry (test number 19, 20), Mathematics (test number 21, 22). You must select and answer six
tests. At least two tests must be selected from the Biology section.

» The Japanese text (test number 1-22) is followed by the English text (test number 1-22). Answer the
questions based on either the Japanese or English text.

» Write the following items at the designated places on every answer sheet: your examinee's number
at “=B#& 5 (there are two places on a sheet), your name at “4”, and the test number you have
selected at “[tHREE 5.

» Write your answers to each test on a separate answer sheet. If you need an additional answer sheet,
raise your hand. If the answer to a test is on two separate answer sheets, clearly write “continued on
next page” in the lower right corner of the first sheet and “continued from page 1” in the upper left
corner of the second sheet. Do not use the reverse side of the answer sheet.

« Write answers in the ruled area on the answer sheet in either Japanese or English, unless otherwise
specified.



A RE1L

UTOXELEZHAT, il (1) ~ (3) OFT~TUIZER L

BERRT T a4 FIEIZI, (o RORETHLI 7o 7 4 VEG TR, Y e A
bo-f AR, ATP SRR 2 EOBEREOME - IIEEERNEEINTWDE, D5 b,
) WSODPDORTOEEIZEID, F7a4 FAE—X bu~<ic7yae b ARNEL D,
HERKIRD ATP AR IZTEICZ D7 1 b oAl EFIH LT ATP 2487 5,

(1) T (a) I2HOWT, Zaa 7 4 ARNGEIc Rz 58bE2, Zaa 7 4 Lol
DWW EFERICE R LoD, 21TRE TR~ X,

(2) THI (a) 00T, RILFRNOT > 7 FHAKCEENDEHOI 72T
AV, BRSSO T DI R 3 oD%EZ . U TOEMNEZTXTHNTES
OET2/TRE TR~ X,

(St xR ¥ —]

(3) FHEEB (b) IZ2WTC, F7aA RIEDOY b7 v b bef BEKE 7L RF v
—NADP" =Elf#IL, 7'v F U ARERICTET 5, ETOBI;IIE-> T, Zh
LORFTBZILH7 v b BELLIKINE, ZNRTFT7aA FAPEEA he~D
T P ARERIC 2 DR KT LIS ENEI 3T Tk X



A RE2

UTOXELEZDAT, il (1) ~ (4) OFT~TIZEZR L

BLRAOBERICESHNTERENDZ X IET, (o T/ BRES LR XTF R
BHTHD, v BEAELET I VBERY Y LBNELAERE T2 LT, RYAATF FEITIE
LIV ek, X T EITFREDSIEREE Z KT 5,

(1) THRES (a) IZDWT, X o/ 7 B AT 2 20 FEEO T I 7 BRiE, BRMERIEH,
HEFEPEIGE . JEAT M EIEE, R AIH 2 & 57 X OWTANIIHEHS
Do TNENUIRT 27 X /e 1 T OZT, AMeT V7 7y b 137
D5 D J5 % Fet,

(2) F#HE (b) IZ2oWT, EARE THLIKFERMEGL T 7 T NVY — /LA /D
EWE, HFIARHET D7 I/ MOBEN 2RI EE SV T 3ITRE THMAE X,

(3) T#ER (b) IZ2WT, FEMMEY X/ B OBUKNR O 2 2 {TFLE TRl iiE
c]:o

(4) ZoNIBEOFEZHET 2 HIEC, SDSHI T 27 VAT I R7IVESKIKENE
DD, ZOFETIE, RTUAERT NU U2 (SDS) EiETHO AN T
&)= NVEHWD, ZNONE N EDONAREIEIC G2 DB L HhTEEY
HECTZ2HMAE, AbY COITRE CHAE X,



AW | RES3

UTOXELEZDAT, il (1) ~ (4) OFT~TIZEZR L

HlIPREE R 13— AREH DNA ORFRAHE RS 27855 L COIlr4 5%, ~ 7 R 2 @K (E{KA &
fEAB) OMiEs & DNA i L, HY R Eo Z i@ (2F 250 k%) % PCR CTHIE
L7z, EXZFI0D PCR FEWY) % R E OFIREEE THIN L 7=,

(1) EcoRV &\ 9 HllfREEFR 1T RAV 7B (5'-GATATC-3") % iRikd3 525, Z OS]
(SRR IR 1 RIBND EEZEZ BN DEZ L,

(2) fEIRATIL, HIFREESE EcoRV TUIWZ, 180 HEJixt, 70 ¥kt o 2 fifEHD DNA
Wb 235 B avTc, IR B Tl HIBREER S D%, 250 Ha Ak, 180 Hakbxt, 70 M
FXFO STIHOE XD DNA Wi 3G, T ORI OIEEA &EK B 23K
DZFEARIZONWT O D Z & & SITRE CHHE L, HIIRBERSIEZERITITD
ni-E+5,

(3) fERA LEIAB 223l ¥, FD Z i8I D PCR W) % il BRE% 5% EcoRV THINr L
72o 250 HEFexr, 180 HEJext, 70 ikt SFEHOW A N BT AN EEND
R E R, YBIRO ZETORMEZ CEARERITEZ VWD ET 5,

(4) HIFREEF 1L DNA 2842 D2k LT, DNA U Z—E1X DNA Wi Ok E 9
LEfMET 5, 20D DNA U —EBDOKRIGHEM#EELZ, UL FOEAZ T X THWTS3
ITRRE TR &,

[ATP, VU Ufeks, b Fuf ]
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UToOXEAEZZAT, &M (1) ~ (3) OFTNTIER L

() JBEAEMIE, AV A =y 772 mRNA 2D, —77, E#é%f@mmjﬁ
YL VAT BEEET D mRNA N TX 5, BIFR T D mRNA 4 ¥A VDRI VARV —
A (FRFEARY V—24) EXIINDIREIZR> TV 5,

(1) FHE (a) IZOWT, FEEMORY A b=y 7 L1XED L5 eiEE).
LUF OFEA) & 3R CHWT 3ATREEE CTHliE &,
(Bt = R, UR Y — RS EAL]

(2) THHE (b) 22T, EZAEHD mRNA WREIZNEIVEMZ 2T T\ D,
W ARG OIER DA PR, HE L OKE 2, 6o THTRE THPE X,

(3) THD (c) 122\ T, AU URY—AEZED LD RIRIED, T OMIENER
H & T 24T THAE X,



AW | RED

UTOXELEZHAT, il (1) ~ (3) OFT~TUIZER L

DD (o) ML E RO~ U > 7 23, BDOH D EREIREDDRD D, o) FEYD
Mifast~ b Y v 7 A ThH DHAMBAEET, () MW RFEE 7 M - AR - (B2 TAE D DICE
Tho,

<1>Tﬁ%< ) AZOUWNT ., B ORI & > THEY ORI 7o WK E R 5 1 ik
2P, TOFERTEMA O ED XK 5 72 EOENE AL T ONIONT, 2
?T*I}Jx—fnﬁﬁﬁﬂi‘cto

(2) THE (b) I2oWT, Y OMMIaEEDRERLELEE Th 5 &L a — A ki DR &
Z . LLFOFEA 2T _CTHWT 3ATRE CTHAE X,
[ va—X kirwr—R507, KEGKE]

(3) F#ES (c) IZoWT, RV RZ B LS E 5, Bln— 2K
MRHEI I DTEIRIC ED K DI BE 52 50y, L TOFENZ TN THWT 41T
FEFETRE X
[—RMaEE, e, R, Adm]



A | HE6

UTOXELEZHAT, il (1) ~ (3) OFT~TUIZER L

AW O DOREE DO T, BIaF137 ) LANT (o) BEE DI E#ED IR U 2R L
T& 72,8 M7 A3 19,000 8D & o X 7 RS 1EIG 1% & TR 32 (BHEEE N 5 72 5 53
BRI DR A DNA JEIRIZ Y ) LD 2 %Il W2 &N b T\ 5D,

(1) T#HE (a) 2o\ T, B FRAEEZEZFHRERO 1 2L LT, RELZEND
FTond, FEZECL > TREFOEEANEZ S L Hz, UTOENEZ T~
THWWT 3ATREEE TR K

[AGESA, MRRIGL AR, HH R 2 ]

(2) & M7/ & 10> DNA BLAI D 40% R TR GERER I F L TF ) A ETIKE 2
A THDHEERXDBN TS, 29 LIEESIN, WiEGEHRICL - Ty / Ak
THZ D L ARIZHOWT, 3ITRE THIE X,

(3) Afin DR TlEig D EMH OFEKBER 2 PR DB E. EAAICBAR B R DI
ZFFD DNA S ARG R & T HDONEE LY, TOHMZ, LLTOREMNZT
ANTHWT SATRRE TRAHE &,

[BERy, 225, RAFE]



A RET

UToOXEAEZZAT, &M (1) ~ (3) OFTNTIER L

MBI E —EB L SEFSERWLA NV ETTETCWS, ) BE_EBIEIA AU
WEgFEIF A CmI W, A CA 4 2B S EDEX XTI ED 1 ONRA 4T
YAV THD, )y AFZ T XTI ESF 2N H L W IFW PRI IEZ L CBHEA
T 5, (o) BEEEOAA LT ¥ RNOFEL XX L CIHIEEIEMAET D,

(1) FHREER (a) IZ2WT, A A4S+ EE —EE A2 Zm TR WEH %,
BE EHE AR T D0 OMEICHE ST 41T E TR &,

(2)?%%( b) IZOWT, A AL F D1 oL UTEMEGEMET ¥ 2R3 H5H
. ENLANOE E 2 DT, FREFENAED XL ) T ED X D pkEHl A R
tbfb6%E¢W%*Tf\ébﬁf4ﬁﬁgfﬁ%ﬁio

(3) F#ES (c) [Z2WT, {EEVEMOFEAED L HILRENMNIZRE S L < % 41T
TR &,



A | FES

UTOXELEZHAT, il (1) ~ (3) OFT~TUIZER L

(o M L BB B 2 AR CRE S LT 0 | ) BRBEPIIEN B 2L 21— A e (LT B
D iAte, = OHHER FBRT 51010, LRI PREC E 5 T & 2 oo WE S
EOBEIEH A KM LT () B8 30 Ay 5 LB 35 5,

(1) THE (a) IZoWT, EEESITEEEOMEICEETHD, EEGESIZ. £
R D & OEALITTERR S, ffaNATED L) 2y Fick o< b, BEE
Bl DX ) M AE AT, AT 3/TRARE Y X,

(2) TR (b) IZOWT, Zba— AN EREHIIIZ K0 I5E NEED HARNIZELY 3A
FNDLLAITONWT, LLFDOREAZ T THWT ST Tl X,
[Na™ Ry 7. Na'BR@h 7 Lo — AR 73— RibK]

(3) FHRE (c) 1IZoWT, M LD Y R 7 BIX IR S ED X 9 12k
SV AGA E LD 0, LT OFEMZ T X CHWT SITRRE THHE &L,
[SNARE, #is/Mn]



AW | RE9

UTOXELEZZAT, &l (1) ~ (3) OFT~TIZER L

NV A Erigeron philadelphicus 13, (o) L7 AV BIFED ) I BOZEFELEARTH
Do AFEIT (o) HUTICHIE L2 8B ICRER 2 O TRAITREEIT 2,

(1) F#ES (a) IZOWT, AARZEL2—F 7 REEILER & LT 2 U 1%, Fl—0
M RAICR T DI e LTl s, £ DMMEKRAOAFRIMD, £zt
DFFEZ 3ITREE TRl &,

(2) T#ES (b) IZOWT, T B OEFORE A LLT OFER) 23~ THWT 517
JETHHE L,
[BAE. F5B. AME. BIRAE. fRAE. SERAERF]

(3) TF#EES (c) IZOWT, NEHZDTDEHRENELLITRONTNTH D 9%
Wrd 212IZ ED X5 REFBICER T T LV, SATRE THAE X,



AYE | RIRE 10

UTOXELEZHAT, il (1) ~ (3) OFT~TUIZER L

B O AT RE )T — 2 R0 17 — XIS W TREES Lt TE D W< 200
() Z L— ERFRE STV D, () BEEN P I3 R B PR T 2 3/ B IS DSy
FHETHY, () 8BODMTHER I TN

(1) T (a) 2oV, BIRBIMMASE END 2 L— K& FORNN D 4 o
U SYEOD HV MEIT A )

TR, BB, SEARRE, F OB, SUERETY, B E)
(2) FH#E (b) 120V T, BIKBIM O AORHIE 5 5% k.

(3) THHE (c) IZoWT, MEBYMICETENDMD S5 H 2o%2%F, Th LD
BRI K OVERRZERIR S . SHIC oS SITRE THHE X,
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UToOXEAEZZAT, &M (1) ~ (3) OFTNTIER L

BRI, () AN T OB L AN DRI T b D, E6I2, AT
EOHEBICIT, ) ABEO L HOEEAZHEMRNFINLHEL ., () LEOHAEHIZH SN
LAHEE ) LBMHE- L EHEAZ b OBREN LI HONTND

(1) TS (a) (2OWT, HREDEET L6 L B0 EHET D 1§Jé‘*%ﬂ%“ﬂ1
DT DS ED KD T BUTHERE LTV D & BARRIZ R~

(2) TR (b) BEW (c) OEREEZZNENATERES D, [+« - BIEERE] L)
S /;Z_J:o

(3) THEE (b) OHERETIE, FERT LM (TIv7) BHEINTL L, BESLOM
(E7T ) @%‘%@ %iﬂ:#%‘@éﬂé ZHUTH L, T#HES (c) OHFRET
X, AWTHFOESAISESEE—bMEES N D, T O OHEH A2 6 1TTHE
THAE &,
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UTOXELEZHAT, il (1) ~ (3) OFT~TUIZER L

SR Cix, BRI K 29007 &b O HEEORICEEE R E WV BFET Do (o) ML
Tl WERS T OMEEE 3 S @m < . RS HERTIC ST 2 FEIE 5 R iRETH D,
—J5C, BHETITHN 90% DR CHitEOBIC L D HEEN T b, £, () B2 CEIl
T AR TIE, BB LA HEENA AN D, BT, BURKIZ X A HEER T 5
FETIE, (o) BODEBENHSENAETED,

(1) F#E (a) IZoWT, WFLETHERIC X 2 A DZR 0B 2 T FLIC R
H 72 BGEAR N L TED L RS DB B . AT THHE X,

(2) THED (b) IZoWT, HER EIRE ORENEBREIZ 72D X 9 72 D TENDS, KEB]
WX A MEENHELT D7D ORISR > TWNWD EEZX LN TWS, ZDOREDTT
B L NI E Az X,

(3) THE (c) 122\ T, 3ODFHENXNILTIE, EO L) REAEMTED L H 7%
KINSENAE U D DD, ZFIVEI 24 TREE TRl B X,
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UTOXELEZHAT, il (1) ~ (3) OFT~TUIZER L

DX OXAEWFESER L., AR OME N ETcH [ROENTZEE ) TT X ToOfE%
RETHZ LT LV, () T 7 L TREOREIL, F IEET Ao o, AW
HAEH., BLOZENHITL D () AEREEAZIREMIAET L2 TFEO 1 S>TH D,

(1) FHES (a) IZOWT, T 7 L IME I 27RE TR Xk, £, &
i &7 2R 22T T, TORDAERBTFNFEEZD T, 7o 7 L ILEBR
H5EH 2 3T THAE X,

(2) THE (b) O—fil& LT, B KM OB RS b TWD, B
K DM TR Z 2 5% &,

(3) T#EES (c) ITOWT, B KM FHEUM OB Z 1 SZTF T, DX 9 ITARE
RICEEZE B2 T D0k, A9TRE THIAE L
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UToOXEAEZZAT, &M (1) ~ (3) OFTNTIER L

D (o IEREIIE, BRLRERR LI > TIThDd, HOFED T o DfEix, B<%EMH
Ltﬁ(&#@%ﬁﬂﬂ%hf RIRIZRo72b D) DRIERIZERZ bo, O, B\ A
MabOHZ Lo TEmIND, 20T DEBERLETOAYOR ST, () LEMORF
ThorLEXALND,

(1) HE% LAEM 2 B9 2 B R OB, Lz B_DEROBRE LD LI
BRI TNDDITHONT, BWIZ L > TORFEOBLE D 31T THAE X,

(2) FHHE (a) (IZOWT, FEHPER OB 2, B TIEa < BRICHS Z & TAEL
DRER E 3 A M RGO T 3ITRE THIE L,

(3) THE (b) IZ2OWT, ZDOT & HOMTIMELNE L HHLE A{TRRET
AR X
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UTOXELEZHAT, il (1) ~ (3) OFT~TUIZER L

77V A6 L (o) 3672216 JT4ERID Australopithecus J&D{LA StW 573 GEFF -
(VR A7y R DI, ) ZBFD WU EDOEREEND, ZD1DOTHD (o) KEEEIL,
Z OEVM D KBRER S % B TR L e BN H o T Z L A m T IRREZ A L TV 5, — 7,
JBHEOIENGIL, 20D TS TR DITE B HEITIT> TV 2 I S 1
Do

(1) TH#E (a) 22V T, StW 573 L0 & WEROA A, 3 J U LWER
DILAE NEEOLTRT (FADBEBROWT N &2 1 oT % Xk (h&xa), 7
77Xy ROWTHORIETH L),

(2) THAEB (b) 122\, StW573 (@Fr-TU 7w b)) PAMZ 2T DO < |
oD WIZENLL EOENR RS> T DAL A D@ E 1 3T L (B4
HF.TNT 7y FOWTHORLTH LW, T, NEE(LOFIEIZIB N T,
EHEBRNEREINDERIIOWVWTAITRE TR X,

(3) FHER (c) IZoWT, ZAUE, StW 573 N HEMIC BT E24T-o T2 &
HRTHEIZ L EZA DN TS, TOHHZ 41TRE THME X,
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UTOXELEZHAT, il (1) ~ (3) OFT~TUIZER L

FEHOPTY () v —F& v b#iF (Callitrichinae) OFE CTlX, RSO ER D A
VR—NERELET S ) REEBENEEICROND, 7229 LTI, (o BEMEE
£ L THREEmA Z2FMATE S BIE S D,

(1) THE (a) I22WT, v—Fty MEBORNCHREZRENHEEEL 1 %
I FOFEDSAE & BB S 2T AORIZOWT 2T E TH Y L,

(2) F#ES (b) 220 T, EFAZEFED, ERBEMEOREIC TS EZ LT OFES
ZPANTHWT 2/7TRE THAE X,
[= A b HPERIFE]

(3) TS (c) oW T, R & @A S 72 EEREREE TOMFETH LT S
NTWDZ &%z SATRE TR &,
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UToXEZG AT, &M (1) ~ (3) OF_NTUICERZ L, ZALT TRBHEBERID
MWD EINTHEST D Ly

KT Mz x §il, $hiEHTmE y Wi s 5, KAl t =0 IZJHA O OAEE vy =
(Uxo, vyo) VG)%T% m @g/ﬁ%&bafj:afé (vxo > 0, vyO > 0)0 g;ﬁ&i\ y $Eh/%jiﬁﬂ/\o)ﬁjj

(CINAT, HWE v ([ZHHBIT L5800 —yw 2%5%5, 22T, vy IO S 2RI LB
E (y>0) THo, BHMEEL g &35, ROEPAZE> TV

a? a3
ln(1+a)~a—7+? ) lal « 1 DL X

(1) BEROEE v(t) = (0 (1), 1) ([COWVWTOMOHTRAZES, ThEENT,
RFA) ¢ ICB T2 v(t) 2R XK,

(2) WAl ¢t 1B DNA0E r(t) = (x(2),y(t) ZRD L,

(3) BENEETIHRERDES ymax 2RO I, WIT, FEZ t =0 [TBWTERES
FOEFANE LY b5/ SVIGE (yvy Kmg) ZE XD Ymax 2 HHL
DIRNGAICBIET DR E SR TENE T FR520%, y O 1ROEE TR
X,
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LIFOXEZFHAT, & (1) ~ (5)
B2 Tl HEWREN DD K 9 12

DT RTCUZEZ L, (2) ~ (5) T2 TIL,
BT HZ

&

KLADIRE T(2) 1IEmE z o LR EEBITETT 5, 1km J:ﬁ‘?"%’) S TR DM
KTFT20aEEET L, KRUTHEESAKRTHY , £72 EHF & & HICREUITHEERRNIC B
THLDERET D, RRDOKMED DNV 8% m, WTZIK/E%C%: R. EJINEE%E g

B

(1)

KROENE P(z). EMEHE v(z) & LT, BE 2 10815 KAOREHE

Bz IZBWTC, JEREME S, M eE S dz oM. EEmoESD, FiEoE
1. BEOHENOKRKOENITHOOH-TWDH, ZOZ b, KADES
P(z) R z ITX DM dP/dz &R L,

HEFRI 22 W BV IR I T
PvY = —iE

MRV SLo, ZZ Ty BEERBEEREROKZERT 1 LY RESWEHTH
Do ZOEZTE/MER v DIES P 2L DM dv/dP ZRe X,

(1) ~ (3) OWMFEEHANTIRE T OFE 2z ICX5H dT/dz 2K X,

m=28, R=8m?kgs ?K 'mol™!, y=14, g=10ms2& LT, 1km L&
T2 T LICRIRDMER T 205Kk X
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UToOXEAEZZAT, &M (1) ~ (3) OFTNTIER L

—WRITDOFHFRIRT oy LPICHLIERE m OO 2L —F 4 o H—iE%E2E
25, HPERRT v LTI, BTV LTRIILEX—N, 0<x<a TO0. FHNUUSD
#iH (x<0, a<x) CERRKTHI, 0<x<a lZBWT, 2Ok DO a2l —F 4 H—

HREEAIRATEE S,

R dP@) _ R
2m dx? EIlJ(X) 722l A= Z
ZIZT Y IR OB, E T RF— h T T ERTH D, WEIBE O

ﬁﬁ@2%iﬁ%@f?%4%%ﬁo
ZOFBRROMIL, ROEEH D,

h%k?
2m

P(x) = Ae®* + Be~*,  [E =

ZIZT. A & BITER k IZEDFEKET S,

(1) x=0 BEIW® x=a CTIFRFIIFEETERVWEZOIEEKT 0 THhd, %
BERSMEE WD, BERSM: w(0) =0, Yla) =005, &V 95D )LF— | THER
72 fEC 72 5 2 & Rt

(2) KT OFERREZ2ZEMICD> T THE 11285, Zha B bsifFo vy
7o BUALSRM 2> T, HBIEOWZ R X =2 R ORF OREB 2 KD X,

2L, BEBEEII S L T 5,

(3) 7%= (CHs=CH-CH=CH:) ® m & OWEEIRIE, Wi R #EH 7o
FRE60A 2 a L L7=—WRICOFFHERTF L v VDY 2 L—F 4 L —FF
KIS EIHET D, 77X D 1 BFORBEOZ LT —%RD L, 7
TUUER h X 6.0x1073* s, ETOEEIL 9.0x 1073 kg LT 5,
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UTOXELEZHAT, il (1) ~ (3) OFT~TUIZER L

(1) T (a) ~ (c) OHMZIGHEAPFOMENT TRENTZHD I 7 —HEz R~ b
peill I FomEn &35,

(a) z (b) = (c) z
A A A
A s
113] |4 ’
Dhyy e >y
K e %
X X X

(2) BT RS2 b OMEICEE 1.7x107'nm O XBEERKF L2 A, 2
S—3E¥ {100 TEINAREEEIODOREN, BIHFA 20 =20° DL = A
Bz, ZoHEOEMWE digo ZRKH I, sin10°=0.17H L,

(3) (2) OFEEHITBWT, I T7—F5 {110} THREINLHEALED S O ORIHTA
20 LT5HLE, sing AEMEV L, V2=14 ¥ L,



g & 21

UTFToXEZG AT, &M (1) ~ (3) OFXTIZEX L, BALZT TR BPOFE
WD X OITHEST D Z &,

Ay, 0y, 3 & AVZERR 2T E LT, 3MDLIEK
gx) = (x—a)(x —az)(x —asz)
BEZD, EHREO 2 WU TOLIERX f(x) ISR LT, B Ay, A, A3 ZHNT

X A A A
f()= 1 + 2 + 3
gx) x—a; x—a, x—as

(1) g'(ap) #0 (k=1,2,3) THDHZ L ZRYE,

(2) A BDUTOXIIZEIT D Z & a2,
_ f(ay)
g'(ay)

1

(3) ay, -, ap AW RRDEH L LT, n IROZLIHEKX

gx) = (x —a))(x —az) - (x — an)

ZAWT, BEGRRED n—1 WELFOZIENX f(x) & LTFO X D IZEHG 505Gy
ﬁgjﬂéo
f(x)z Ay n A T Ay
gx) x—a; x—ay X —a,
ZDEE,
f(ar)
= k = 1’...’
“ g'(ax) ( ")

ThHDZ&amt,
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UTFToXEZG AT, &M (1) ~ (3) OFXTIZEX L, BALZT TR BPOFE
WD X OITHEST D Z &,

flx,y) ZRMOATRERBRE L, n ZBREL t Z{EEDOEDIK LT D,

(1) fGoy) M. flex, ty) = t"f(x,y) ZH7=F L X LUFAK Do & %5kt

of  of _

xa+y@—nf

(2) txfe(tx, ty) + tyf, (tx, ty) = nf(tx, ty) PO DL E, LR TERSNLD g@)
.t IEKFELRWT & aRt,

_ fxty)
==

g(t)

(3) txfy(tx, ty) + tyf, (tx, ty) = nf(tx, ty) DBV LOE X, f(tx, ty) = t"f(x,y) DAL
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Biology | Test 1

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

The chloroplast thylakoid membrane contains several enzymes and complexes, including (the

photosystem containing the green pigment chlorophyll, the cytochrome bs-f complex, and ATP

synthase. ) The action of some of these components creates a proton gradient between the thylakoid

lumen and the stroma. Chloroplast ATP synthase mainly uses this proton gradient to synthesize ATP.

(1) Regarding the underlined part (a), explain why chlorophyll appears green, referring to the
wavelength range of light absorbed by chlorophyll, in about 2 lines.

(2) Regarding the underlined part (a), state the 3 roles of the numerous chlorophylls in the
antenna complex in the photosystem for photosynthetic reactions, using both of the
following words, in about 2 lines in total.

99 ¢¢

“light energy”, “reaction center”

(3) Regarding the underlined part (b), the cytochrome bs-f complex and ferredoxin-NADP*
reductase in the thylakoid membrane contribute to proton gradient formation. Describe the
proton reaction associated with the transfer of electrons and its effect on the proton

concentration in the thylakoid lumen and stroma, in about 3 lines for each component.



Biology | Test 2

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

A protein, synthesized based on gene information, consists of (. jamino acids polymerized into a

polypeptide chain. A polypeptide chain is properly folded via noncovalent bonding between amino

acid residues, resulting in the formation of a specific protein conformation.

(1) Regarding the underlined part (a), the 20 amino acids that assemble proteins are grouped
according to whether their side chains are acidic, basic, uncharged polar, or nonpolar.
Answer both the name and one-letter alphabetical abbreviation of one of amino acids

belonging to each of the 4 groups.

(2) Regarding the underlined part (b), explain the difference between “hydrogen bonds” and
“van der Waals attractions”, based on the aspects of amino acids making noncovalent bonds,

in about 3 lines.

(3) Regarding the underlined part (b), explain the principle of the hydrophobic force between

nonpolar amino acids in about 2 lines.

(4) SDS polyacrylamide gel electrophoresis is a method to estimate the molecular weight of
proteins. This method uses both sodium dodecyl sulfate (SDS) and a reducing agent
(mercaptoethanol). Describe the effect of these chemical agents on protein structure and the

reason why the molecular weight can be estimated in about 5 lines in total.



Biology | Test 3

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

Restriction enzymes recognize and cleave specific sequences of double-stranded DNA. DNA was
extracted from the blood of 2 mice (individual A and individual B) and the Z region (250 base pairs in
length) on an autosomal chromosome was amplified by PCR. Each PCR product was cleaved with a

specific restriction enzyme.

(1) The restriction enzyme EcoRV recognizes a specific sequence (5'-GATATC-3"). Statistically,

in how many base pairs is this sequence expected to appear once?

(2) In individual A, 2 DNA fragments of 180 base pairs and 70 base pairs were obtained after
cleavage with restriction enzyme EcoRV. In individual B, 3 DNA fragments of 250 base
pairs, 180 base pairs, and 70 base pairs, were obtained after the restriction enzyme reaction.
Explain what these results tell us about the Z regions of individuals A and B in about 5 lines.

Assume that the restriction enzyme reaction was complete.

(3) Individual A and individual B were mated, and the PCR product of the Z region of their
offspring was cleaved with the restriction enzyme EcoRV. Indicate the probability of the
appearance of offspring with 3 different fragments of 250 base pairs, 180 base pairs, and 70

base pairs. Ignore the possibility of crossover or mutation in the Z region on the chromosome.

(4) Restriction enzymes cleave DNA, whereas DNA ligases join the ends of DNA fragments
together. Explain the reaction mechanism of DNA ligase using all the following words in
about 3 lines.

29 ¢

“ATP”, “phosphate group”, “hydroxy group”



Biology | Test 4

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

@Prokaryotes have polycistronic mRNAs. On the other hand, weukaryotes produce functional

mRNAs through RNA processing. During translation, a mRNA molecule is usually organized into a

state called (¢)polyribosome (or polysome).

(1) Regarding the underlined part (a), explain the polycistronic structure in prokaryotes using
both of the following words in about 3 lines.

29 <¢

“start codon”, “ribosome binding site”

(2) Regarding the underlined part (b), both ends of eukaryotic mRNA are modified. Explain the

name, structure and role of the modifications at both ends in about 5 lines in total.

(3) Regarding the underlined part (c), describe the state of the polyribosome and its functional

significance in about 2 lines.



Biology | Test5

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

@Cytoskeletons and the extracellular matrices of plants show differences from those of animals.

wThe plant cell wall is a type of extracellular matrix. It plays an important role to form the shape of

cells, tissues and the plant body.

(1) Regarding the underlined part (a), answer the name of 1 type of animal cell cytoskeleton that
does not exist in plant cells, and explain its role to make a difference between plant and

animal cells in about 2 lines.

(2) Regarding the underlined part (b), explain the structure of cellulose microfibrils composing
the plant cell wall using all the following words in about 3 lines.
“glucose”, “cellulose molecule”, “hydrogen bond”

(3) Regarding the underlined part (c), cell shape changes accompany the plant growth. Explain
how cellulose microfibrils affect the cell shape, using all the following words in about 4

lines.

29 ¢ 99 ¢

“primary cell wall”, “turgor pressure”, “elongation”, “orientation”



Biology | Test 6

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

In the long history of biological evolution, genes have diversified through repetitive a)duplication
and divergence in a genome. The human genome consists of around 3.2 billion base pairs containing
around 19,000 protein coding genes, and less than 2% of the DNA sequence encodes information of

proteins.

(1) Regarding the underlined part (a), unequal crossing-over is one of the causes of gene
duplications. Explain how an unequal crossing-over facilitates gene duplication using all the
following words in about 3 lines.

“repeat sequence”, “homologous chromosome”, “homologous recombination”

(2) Around 40% of the human genome DNA sequence is thought to have proliferated throughout
the genome relying on reverse transcriptases. Explain how such sequences spread in a

genome by reverse transcriptases in about 3 lines.

(3) In order to infer the phylogeny of distant organisms on the tree of life, DNA regions encoding
essential genes are desirable target of the analysis. Explain its reason using all the following
words in about 3 lines.

“conserved”, “lethal”, “mutation”



Biology | Test 7

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

The plasma membrane consists of a lipid bilayer and various membrane proteins. (xlons and polar

molecules cannot cross the lipid bilayer. One category of membrane proteins that let the ions cross the

plasma membrane is ion channels. n)The ion channels open and/or close in response to various

chemical or physical stimuli. In nerve cells, jthe action potential is generated by the activities of

multiple types of ion channels.

(1) Regarding the underlined part (a), explain the reason, in about 5 lines, why ions and polar
molecules cannot cross the lipid bilayer, referring to the structure of the molecules
composing the lipid bilayer.

(2) Regarding the underlined part (b), 1 type of the ion channels is the voltage-gated ion channel.
Name 2 other types of channels, give an example of typical cells using each type and explain

its role in about 4 lines in total.

(3) Regarding the underlined part (c), explain the mechanism of generation and termination of

the action potential in about 5 lines.



Biology | Test8

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

(@Intestinal epithelial cells are bound together among neighboring ones, and )play a role in glucose

absorption from the intestinal lumen into the body. For this, membrane proteins have to be

transported appropriately to the target membrane area discriminating the apical region facing the

intestinal lumen from the other basal and lateral membrane regions.

(1) Regarding the underlined part (a), adherens junctions are critical for the epithelial layer.
Explain the location, constituting molecules in and out of the cells, and functional
significance of the adherens junctions in about 3 lines in total.

(2) Regarding the underlined part (b), explain the mechanism of how glucose is transported from
the intestinal lumen into the extracellular fluid of the body through the epithelial cells in
about 5 lines, using all the following words.

“Na* pump”, “Na*-glucose cotransporter”, “glucose transporter”

(3) Regarding the underlined part (c), explain the mechanism of how membrane proteins are
delivered to the plasma membrane from the Golgi apparatus in about 3 lines, using both of
the following words.

“SNARE”, “transport vesicle”



Biology | Test9

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

Erigeron philadelphicus is a perennial herb native to North America of the family ,)Asteraceae.

This species reproduces actively with adventitious buds on (junderground extending organs.

(1) Regarding the underlined part (a), northern Eurasia, including Japan, and North America are
treated as regions belonging to the same floristic kingdom. What is the name of this floristic

kingdom? Also, explain its characteristics in about 3 lines.

(2) Regarding the underlined part (b), describe the inflorescence of Asteraceae in about 5 lines
using all of the following words.

“capitulum (head)”, “disk-floret”, “floret”, “ovary”, “pseudanthium (false flower)”, “ray-

floret”

(3) Regarding the underlined part (c), in about 3 lines, explain what characteristics should be
noted to determine whether the organ that produces adventitious buds is a stem or a root.



Biology | Test 10

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

Phylogeny of Animalia is still being debated on the morphological and molecular data, and several

@clades have been recognized. »Phylum Mollusca has the second highest species richness of any

group following Phylum Arthropoda, and is comprised of (¢)8 classes.
(1) Regarding the underlined part (a), select 4 clades that include Phylum Mollusca from the
following words and arrange them from oldest to newest.
“Bilateria”, “Deuterostome”, “Ecdysozoa”, “Eumetazoa”, “Lophotrochozoa”, “Metazoa”

(2) Regarding the underlined part (b), describe 5 morphological characters of Phylum Mollusca.

(3) Regarding the underlined part (c), list the names of 2 classes belonging to Phylum Mollusca

and describe their morphological and ecological characters in about 3 lines for each class.



Biology | Test 11

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

Visual mimicry can be divided into 2 types: @)a type that makes animals less conspicuous and a type

that makes them more conspicuous. Furthermore, 2 subtypes of the latter type are well known: pa

subtype in which a non-toxic species mimic a toxic species with the aposematic coloration, and

(oanother subtype in which 2 or more toxic species sharing common predators have similar aposematic

coloration.

(1) Regarding the underlined part (a), give 1 example each of predator and prey mimicking, and

describe specifically what they are mimicking.

(2) What are the underlined parts (b) and (c) of mimicry called, respectively? Answer in the

form “  mimicry”.

(3) In the mimicry described in the underlined part (b), when the number of mimics (the
mimicking species) increases, the aposematic coloration of the models (the mimicked
species) becomes polymorphic. In contrast, in the mimicry described in the underlined part
(c), both species approach each other’s aposematic coloration, promoting uniformity.

Explain the reasons in about 6 lines.



Biology | Test 12

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

There are remarkable differences in patterns of parental care for the eggs and/or young across the

animal kingdom. (,In mammals, females are more likely to care for their offspring, while parental care

by males is seen in only about 5% of species. In contrast, parental care is provided by both males and

females in about 90% of species in birds. In addition, ,ymale parental care is widespread in fishes with

external fertilization. During the process of such parental care across the animal kingdom, ()3 types of

family conflict can occur.

(1) Regarding the underlined part (a), explain in about 4 lines why male parental care is rare in
mammals, considering reproductive patterns characteristic of mammals and male mating
opportunities.

(2) Regarding the underlined part (b), male behavior that results in close association between
the male parent and the egg is thought to be a preadaptation for male parental care. Answer

what that male behavioral characteristic is.

(3) Regarding the underlined part (c), describe in about 2 lines what kind of conflicts occur

between what kind of individuals for each of the 3 conflicts.



Biology | Test 13

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

Amidst the ongoing loss of species and destruction of ecosystems, it is challenging to preserve all

species with limited funds and resources. Protecting syumbrella species is one effective approach for

conserving other species inhabiting an area as well as (y)interspecific interactions and their )ecosystem

functions.

(1) Regarding the underlined part (a), explain what umbrella species are, in about 2 lines. In
addition, give a candidate of umbrella species and explain the reason for your choice

including their ecological characteristics in about 3 lines.

(2) Regarding the underlined part (b), plant seed dispersal by animals is one of the interspecific

interactions. List 2 modes of seed dispersal by animals.

(3) Regarding the underlined part (c), explain the process of seed dispersal by animals affecting

ecosystems with 1 example in about 5 lines.



Biology | Test 14

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

The @pollination of plants is carried out by various means, including by wind or by insects. The
flower of an orchid species has an elongated spur (a swollen base of the labellum that forms a pouch-
like structure), with a nectary located deep within. These flowers are pollinated by moths with long
proboscises. The floral morphology of this orchid and the length of the moth’s proboscis are considered

to be the result of (n)coevolution.

(1) Explain in about 3 lines how the relationship between plants and pollinating insects differs
from the relationship between plants and leaf-feeding insects from the perspective of

reciprocal benefits and costs.

(2) Regarding the underlined part (a), explain the benefits and costs incurred by plants relying
on insects, rather than wind, for pollination, in about 3 lines in total.

(3) Regarding the underlined part (b), explain the mechanism by which coevolution occurs

between this orchid species and a moth species in about 4 lines.



Biology | Test 15

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

@A 3.6740.16 million year old Australopithecus fossil from South Africa, StW 573 (nicknamed
“Littlefoot™), contains over 90% of the bones of the body. One of these bones, (the femur, has a
morphology that indicates that the thigh of this animal was in a slightly adducted position at the hip

joint. Conversely, the morphology of the scapula suggests that this animal also frequently engaged

in suspensory behavior with its upper limbs.

(1) Regarding the underlined part (a), give the species scientific name or nickname of 1 fossil
hominin older than StW 573 and 1 fossil hominin younger than StW 573.

(2) Regarding the underlined part (b), give a nickname for an early hominin fossil other than
StW 573 (nickname: “Littlefoot”) for which almost half or more than half of the bones have
been found. Also, in about 4 lines, describe the significance of the discovery of almost the

entire skeleton for the study of human evolution.

(3) Regarding the underlined part (c), this is considered to be a characteristic indicating that

StW 573 was habitually engaged in bipedalism. Explain the reason why in about 4 lines.



Biology | Test 16

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

Among ()primate species in the subfamily Callitrichinae, )cooperative breeding, in which members

of the social group other than the mother assist in child rearing, is observed remarkably. ()Active

altruistic behavior is also observed among mature individuals in species of this subfamily.

(1) Regarding the underlined part (a), name 1 species that is a significant cooperative breeder in
the subfamily Callitrichinae and describe the distribution range and mating system
characteristics of that species in about 2 lines.

(2) Regarding the underlined part (b), explain the effects of cooperative breeding on mothers of
primate species in about 2 lines, using both of the following words.

“cost”, “birth interval”

(3) Regarding the underlined part (¢), explain in about 3 lines what has been shown for captive

animals in laboratory settings where rewards and labors are controlled.



Physics | Test 17

Read the following text and answer all the questions from (1) to (3). Describe your calculation
processes in addition to the answers.

The x-axis is set in the horizontal direction and the y-axis is set in the vertical direction. A mass
point with mass m is thrown up from origin O attime t = 0 with an initial velocity vy = (Vyo, Vy0)
where v,o > 0, v, > 0. In addition to gravity acting in the negative direction of the y-axis, the
mass point is subjected to a resistive force —ywv proportional to the velocity v, where y is a
proportionality constant (y > 0) that represents the strength of the resistance. Let g be the

gravitational acceleration of gravity. You may use the following approximate formula:

2 a3

a
ln(1+a)~a—7+? , when |a| < 1

(1) Write the differential equation for the velocity v(t) = (v, (t), V), (t)) of the mass point and solve
it to obtain the velocity v(t) attime t.

(2) Find the position r(t) = (x(t),y(t)) attime t.

(3) Find the height y,,., of the highest point reached by the mass point. Next, consider the case where
the vertical resistive force at time ¢ = 0 is sufficiently smaller than gravity (yv,,, < mg). Find
how much lower y,,,, 1s compared to the highest point reached when there is no resistive force,
up to the first order in y.



Physics | Test 18

Read the following text and answer all the questions from (1) to (5). For (2) to (5), describe your
calculation processes in addition to the answers.

The atmospheric temperature T(z) decreases as altitude z increases. Consider how many
degrees the temperature decreases for every 1 km ascended. Assume that the atmosphere is an ideal
gas and that the atmosphere expands adiabatically and quasi-statically with ascent. Let m be the mean
molecular weight of the gas molecules in the atmosphere, R be the gas constant, and g be the

gravitational acceleration of gravity.

(1) Write the equation of state for the atmosphere at altitude z, with P(z) as the atmospheric pressure
and v(z) as the molar volume.

(2) Ataltitude z, a cylinder of base area S and infinitesimal height dz is suspended by the pressure
on the top surface, the pressure on the bottom surface, and the gravity of the atmosphere inside the
cylinder. Using the provided information, find the derivative dP/dz of the atmospheric pressure
P(z) with respect to altitude z.

(3) In the quasi-static adiabatic expansion process,
PvY = constant
holds, where 7y is a constant greater than 1 that expresses the ratio of the specific heat of constant
pressure to the specific heat of constant volume. Find the derivative dv/dP of the molar volume

v with respect to pressure P.

(4) Using the results of (1) ~ (3), find the derivative dT/dz of the temperature T with respect to
altitude z.

(5) Assuming m = 28, R = 8 m?kgs 2K ' mol !, y = 1.4, and g = 10 ms™~2, find how many
degrees the temperature decreases for every 1 km ascended.



Chemistry | Test 19

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

Consider the Schrodinger equation for a particle of mass m in a square well potential. In this square
well potential, the potential energy is zero for 0 < x < a and infinite for the rest of the range (x < 0,

a < x). For 0 < x < a, the Schrodinger equation for this particle can be expressed as follows:

h* d*(x)
2m  dx?

h
= EY(x) where h = o

where 1 is the wave function of the particle, E is the energy, and h is the Planck constant. The
square of the absolute value of the wave function represents the probability of the existence of the
particle.

The solutions to this equation take the following form:

. . h2k?
P(x) = Ae™ ™ + Be™**,  E, =

2m
where A and B are constants, and k is a positive real number.

(1)At x =0 and x = a, a particle cannot exist, thus the wave function is 0. This is referred to
as the boundary condition. Show that the energy levels are discrete values from the boundary
conditions ¥ (0) =0, Y(a) = 0.

(2) Integrating the probability of a particle’s existence over the entire space results in 1. This is
referred to as the normalization condition. Using the normalization condition, determine the
particle's wave function with the lowest energy. The wave function is assumed to be a real

number.

(3) The wave function of the m-electrons in butadiene (CH>=CH-CH=CH>) is assumed to obey
the Schrédinger equation for a square well potential with a length of 6.0 A, which is the
distance between the carbon atoms at both ends. Determine the lowest energy of the m-
electron of butadiene. The Planck constant h is 6.0 X 10734 ]-s, and the mass of the
electronis 9.0 X 10731 kg.



Chemistry | Test 20

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

(1) Show the Miller indices of the shaded planes in the simple cubic lattice in figures (a) - (C)

below. The crystal axes should be as shown in the figure.

(a) z (b) : (c) z
A A A
3] [T
sy Ay >
I ¥ I
X X X

(2) When crystals with a simple cubic lattice structure were irradiated with X-rays at a
wavelength of 1.7 X 1071 nm, a reflection from the crystal plane, represented by the Miller
index {1 0 0}, appeared at a diffraction angle of 26 = 20°. Calculate the interplanar spacing
dq oo of this crystal plane. Use sin 10° = 0.17.

(3) In the crystal described in (2), calculate the sin 6 for the reflection with Miller index {1 1
0}. Use V2 = 1.4.



Mathematics @ Test 21

Read the following text and answer all questions from (1) to (3). Describe your calculation processes

in addition to answers.

Let a4, a,, and a3 be different real numbers from each other, and consider the following cubic
polynomial:

gx) = (x —a))(x —a)(x —az)

For a polynomial f(x) ofthe second degree or less with real coefficients, use the constants A, 4,

and A; to perform a partial fractional decomposition as follows:

fx) Ay Ay Az
= +
gx) x—a; x—a, x—as

(1) Show that g'(a;) # 0 (k = 1,2,3).

(2) Show that A; can be written as follows:

f(ay)

' g'(a1)
(3) Using the nth degree polynomial
9(x) = (x —a))(x —az) - (x —ap)

with ay, -+, @, as different real numbers from each other, a polynomial f(x) of (n — 1)th

degree or less with real coefficients is partially fractionally decomposed as follows:

f(x)z Ay A T Ay
gx) x—a; x—ay X —a,

Show that:

_ f ()

=gy Em



Mathematics | Test 22

Read the following text and answer all questions from (1) to (3). Describe your calculation processes

in addition to the answers.

Let f(x,y) be atotally differentiable function, n be a natural number, and t be any positive real

number.

(1) Show that if f(x,y) satisfies f(tx,ty) = t"f(x,y), then the following equation holds.

of | Of _
Yox Yoy T

f

(2) If txf,(tx, ty) + tyf, (tx,ty) = nf (tx, ty), show that g(t), defined below, is independent
of t.

g = [tz ty)

tn

(3) If txfi(tx, ty) + tyf,(tx,ty) = nf(tx,ty), show that f(tx,ty) =t"f(x,y) using the
result in (2).





