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BRRY, EREMER, BRIZ, MREYE 2T7EMFO S RENS 2B EZERL, #E
LRI N T DIEEOMEARICHEEE R, SREOMBEICE Txx (2D 1)), T
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ERBOMERARKII2HDD, Z0TN Txx (ZD 1), T*x* (FD2)] LBro>TWa,
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FE BB % (SIsystem of units) 2 fi L5 H D & L, MEZR (circumference ratio) n, E2Z D5 (permittivity
of vacuum) g, l3ZDEEFHRL THET L. BETE THERROMIET 2HEMTET.
. o . ‘ AY
1. Fig.1 D& DT, #EIK (conductor) &EZE (vacuum) DEE HE A P
% (boundary) 7% x = O (ELZZJEEE : Cartesian coordinate) |2
HO (x<0 :ER, x>0 :E2Z), EFFHEM (earth)
NTNn3, (d,0,0,) MICHER (point charge) Q[CIMNE
PNTNDET B, ROMWIZEZ K.

it
He

\
/

0

0

a) EEZ A (electric line of force) ZHElT. (BRZPMMN y
HNBEIITI0 KL LR Z &) e———J

b) REMQITE< I (force) F[N]ZRDL,

c) BEAXEOMBEMEE (surface electric charge density)
o, [C/m? %R K.

d) BHREMICHFEINIESBMEQ, [CHIENZTH,

=V

1

Fig.1

2. Fig2-1 D& DIz, BEFICEMEERE d[m), EMEE S[m?|OFETFERIT T Y (parallel-plate
capacitor) WNH D, ROEMICEZEA K. ZRELICT > YHHMOZEIIERL, EMANOEHL
(phenomenon) IR (infinite) OEMEEZFHDOETFERI TV ERUTHS ET 5,

a) OB (BER T+ Q0&ERZE, TOEM (BHEKR) T—Q0EREEGATZ. KD3 DD
BETDOWT, BRAOSANOLNE XD ICELIRE 10 KL ET O,

a-1) BHREICE S 6 [m]OEERBRATEMMN S ¢[m] DALEICTHEA (insert) TNTN S (Fig2-2).

a-2) BRRHEICE E § [m] THFE R (relative permittivity) &, (> 1) DF BRI (dielectric substance)
WREMWMMNS t[m] DAUBEIZHFAINTVWS (Fig.2-3),

a-3) BBRREICE S 6 [m] THFEEE e, (>1) OFEERBRNTEMMNS t[m] OAEIZFEDETH
AZTNTVWS (Fig2-4),

b) Fig22BWT, EFOBBRNEHEINTNSET S, T LT, ZOBMHEIC, BEWQ[CITH
FE I/ (electric-charged) JES 6 [m]DEFRREZKDO LI ICHALZET S, ZOEEDEA
U7z BRI DEAL (electric potential) V [V1Z&, d, ¢, &, S, Q. & OPATEYE,

¢) Fig2-3icBWNT, ETFTOBMRMICELY [VIDEIN (applied) SN TWABET B, ZOEMM
2, B 5 m| THFEX:. (51) OFBRRZEZROLSKHEALZET S, ZOEEDFLT
SR T OHICEZASNSEEIRI)VF — (electrostatic energy) U] & B D WK 515
(attractive force) F [N]Zd, &, S, g, &, VORTEYE,
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BB £ BRF (ZD2)
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UTFORWICEAL, 2720, 2 TEBREMR STEMR) ZANS5HDLT 2,

1

2

®3)

4

®)

LICRTEOREREOHEGERIC, ERINy# (axis) EAMICHENTWS, ZOEE,
ZB D P EICESN AR ORE (magnetic field intensity) H D RKE S EAE Z RO K.
21TRT K DN ER L/, 42 L/2 O EREEM & ER (cylindrical conductor with infinite
length) 2%, y#izdlles L TRESN TS, ZOHEKIZ, —H/2ER (uniform current)
ZyBHEATANCHRLZE 25, PAICBNT, (DTEUEZ#RAOMES HERIUKREEO HNE
BENTm, ZOEEOHBEMERICBITSEREE (current density) DKEX |J| ZRD &,
3TET LD, DOERE (EX L) 2ME (circular) 12U T, TOHLMNER (origin) &
—HT AL xy FEHEICREL /2. KIFEHEID (counterclockwise) ICEIR I Z# L /2 & &,
P AEICEONZIBAOBRE HOmEEZEAL, £z, TOKRES|HIIE, (O)THEUEBEFDRE
THOKRES|H| EHBELTREVWHNI NN ?BERMTHZL T2 HICOHIZDIT X,

<Y 2 x)VA5BR (Maxwell equations) Z#MAHR (differential form) TAIEL, £HAVR
T IER) /2 E W (physical meaning) #fEIZEEHE.

BRI LB T ARSI L D AU HER (electric field) L#FEN (static electric charge) M
R AEBEBROEEDOHEIZDNT, B\EICHBET X,

Z V4

s P(0,0,1) o P(0,0,1)

X1 X 2

;s P(0,0,L)

T

X 3
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1. 1 ® 4 3FEE (four-port circuit) IZZFEIR (AC voltage source) e(t) = Esin(wt) &
(P L W LCK ) T2 EExD, UTOMICER L,

(1) #F (terminal) a,b 7 HH7=A v B —F - Z (impedance) Z R0 L,

(2) WF a,c PHITA L E—F A (impedance) 2R L,
(
{

—

w
~—r

) BF a,c 24 (short) LT, T b, d BICEIR e(t) 28t T 5, EIEEFIRIE (steady state)
ZHDHELT, BT b2 BERICHRIVATLERR (current) &K &,

2. M2 OEKIZHBWT, EITEBEERD Y = —FBE (phasor voltage), Zo IXEROHIA =4
> Z (output impedance of voltage source), Z1 (Z&AfT (load) T, £H TN

Zo=Xo+jYo
Z1 :Xl -|—jY1

D & HIZFEE (real part) & EE (imaginary part) AR IND & T 5, UTOMICEX L

(1) &% Z, CHEINDEHES (average power) R, E,Xg, X1,Yp, Y1 THRYE,

(2) AT Z; CHEINDIEHENNERKRLBRDLFMFEZRD X,

(3) BROMAA v E—F VR Zo BRI OEKEEMTHD LT D, BIROABEREEZ w(iz/iZL
WIRC? < 1) ¥ B Lx, BN Z; T*Yi%%éﬂéilzi’]ﬁﬁﬁwﬂm‘:fﬁélﬁl%% O L, BEIEKE
EKEFOEE T,

L
Zo .
SRNTRATE I
¢ 1l ¢ 5 7 R —=cC
C o—— k e d R

X1 X 2 X3
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1. BEf@) &gt) O 75 A% (Laplace transformation) ZZHENF(s) EG6G(s) &T 5. KD
BEICDNWT, 2057 I ALK ERD K,

d*f
(1) E{EZ— (t)
2) e®f(t)
(3) ft-a)

t
@ f F(t —Dg@de
0

2. HoREBZEZS

1 2 i(?)

A1 vF (switch) % 1 DT (terminal) IZHEH L, BOKEMNRBL THhE A1 v FZ& 2 Dl
FICYOEER -, YOBA-EHNZt=0 ET5&E, t=>0 IZBIFSER (current) i(t) ZRD
X

3. MOEEEEZ D,

HOLIO:

(1) & (electric charge) q.(t) &q,(t) ITEET 2EEAEIR (circuit equation) Z3R®D K.
Q) [EED/INT A—F (parameter) WRAXZHZL TWEHDET B,
RC=1, ¢q;(0)=0, g,(0)=0, E=1/C
t>0 IZBIFB3FT Y (capacitor) DEMIq, () Eqx(t) ZRD K,
(3) BED/NNTA—FNERRX 2zl TWEBDET 5,
RC=1, q1(0) =qo, q2(0)=qo, E=0
t>20 ICBFBIToHDERq (L) Eq(t) ZRDI,
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1. {zEERA%L (transfer function) P(s)= ( !
s(s

1)?

THERINS 4 Kk%F (fourth order system) D /%

VAR (impulse response) ZR® K.

2. RANOKEH (time constant) T (7' >0) KROKRHIDT 1 > (gain) k (k>0) ZHD1K% (first

order system)

dy() ! v Y
T dt +y(f)=kll(t), y(O):O —¥ _T_[—'T_V:]\'Zl —>
ar

W UTC, BAH (nput) u 2 THS (output) y ZEET S EICKOBERRONT 1 2%
WELZW, FTRROTED DZTNENDHEEITBIT BIEHEOHEZ BRI,
(1) AF1 u DNEALZAT v 7BA% (unit step function) u(f)=1, t>0 DEFEH
2 A u WREZ 1, AFEKEE (angular frequency) @ DIEFZHE (sinusoid) u(f)=sinwt D

AN
=

3. RERMK P(S)=———-———-}-—————— TEIND 2 X% (second order system) CX L T, {=EEAE
(25 +1)(3s +1)

K(s)=K, {1+—1~) THRENS PI#HE (Plcompensation) ZfiL7z7 1 — BNy ZHl#IR (feedback
s

control system) ICDWT (FK), UTFORWIEAX. ZIT, K, BIEEOEKTH S,

(1) BV —T7{=ERI%EK (open loop transfer function) L(s)=P(s)K(s) DEZLHE (complex plane)

EDORT FVEIEE (vectorlocus), T73H6 o & 0 15 +o EFTEEIVZEEOERE L(jo)

O AER (imaginary axis) Z#Y)5 EEOAFAER o & K, 2HAWVWTEYE,

(2) 74— BNy ZHIERNLZE (stable) E/RDEHT 1> K, O#HIAZRD X,

—»0O0—>» K(s) F» PF(s)

I_

A 4
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AN~ 0 DASMES (input) 28 {0,1} OWITNMNTHD, HHfEE (output) 2% {0,e,1} @
WTNNTHBBIERE (channel) 225, ZOBFEKTIE, #ZEa Te MIHEIN, WEL TAN
ERETANAFUENH SN (0FD, AN 1LIEHEDO, AKHO0EBHT1ERD), EL-—a-f
TANMELLHAEINS (TR, £ ANEFEL T, ﬁ?’é—;—po TO, Ep, TINAHINDE
T35 (pgtp =1,

X BZANEBICHIET 2ERZEH (random variable), Y ZH N EBICIHET A HERER LTS, H
ThEFICED (AIfEED) I/MJI:~ (entropy) D4 R=HX) - HX|Y) ZRWT, BIERK

‘/ N

£ (channel capacity) C

C = maxR
Po.P1

EEREIND, TIT, HX) =-Y,xp®logzp(x) & X oL > hOobt—, HXIY)=
—Yrexyer P, Y logap(x|y) WY BWEZASNZBHETD X OFRHEMET > b — (conditional
entropy) TdH D,

ZDEE, LTFTOMONS@DOETIZEAL. HLERGEIZIE, log,3 =1.585, log, 5 =2.322 ZF
ALTERW,

1) > hraE—EEBHAfED > hoE—E O, —M&IZ HX) — HX|Y) = HY) — H(Y|X) DBEf%
ML T B Z &2 RE,

(2 HY) BELWY HYIX) & po, p1. @ B ZHWVWTER,
(3) BERAEZ a f ZHAWVWTEHE,

4 a=01, =0 OHEOBERER, BLY, a=0 =01 OHBEOBEEHRAEOHEEZFEL,
TNTNDOEEZDORNEARNE EOX DRI EMBEZ BN EIBRREK,

input output
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TO/AED)-@DICEA

)] éii%%*%ﬁi@“%?:/@f%@l’)"@%é??:‘/ (CsH0:N)IZDNWT, [a]-[d]iCE A Ko

(Answer questions [a]-[d] that are relevant to alanine, a component of proteins in organisms.)

[a] BEXZEZET,
(Draw the-chemical structure of alanine.)
[b] KIEEF TOHERZET,
(Draw the structure of alanine in solutions.)
[c] ED[a]& b]DOHEERDFERHH B ZiRK,
(Answer the reason why the structures [a] and [b] are not identical.)
[d] 7z 7 5= DEEXZ2ET,
(Draw the chemical structure of phenylalanine.)

Q) 1A KBHITLIOAINT T TA—ET TAZT A —ATLIAXNT T4 —IZDNWT, T
FNOEBABRICHHEL, FIEBIUORAZRRE,

(Briefly explain principles, advantages and disadvantages of ion-exchange column chromatography
and affinity column chromatography.)

B) TERNF—HTR VIS WEIGER ZTZDICERNTIIEDOL SR EMAZFIAL TWa 5,
TINA—AETIVT b= (BB TNETN1HTNE2ETHHIAIO—A (T alE) BERT DK
& (AGO=+5.5kcal/mol) & HIZ, EHOKEREZRR LU LT, HlAsZHATL, 2ZL, ATP %
kL TADP &V VEEZ AR T 5 RIED AGO1E-7.3kcal/mol TH 5.

(Explain the biological mechanism to achieve the chemical reaction that does not occur naturally.
Exemplify the reaction of sucrose synthesis from glucose and fructose (A Go=+5.5keal/mol) and

explain the mechanism by describing multiple reaction formulas. AGO for hydrolysis of ATP to
ADP and phosphate is -7.3kcal/mol.)

(4) HEDETZ A, BEOFARNSNTWARNY NV EOHEEE, —KEBEDOHMNSIEREICRET S Z
SEE LW, TOHAE2 DEIT X,

(Precise determination of molecular functions of a protein only based on its primary structure is
difficult. Explain two reasons for the difficulty.)




No.| 8 / 10
201 75F98 20185 4R AFEHBMEE

AR EETEMARE BE1LRE BR - FREMFK
B E A4: MiEYME (£D2)

MEES| 2

TO/MEQ)-(DITEZ

(1) BES #ifg & iPS MBI 3 2 M [a]-[ciICE A K.

(Answer questions [a]-[c] that are relevant to ES cells and iPS cells.)

(a] ES #fifg & iPS i D@ N Z IR K,
(Explain differences of ES and iPS cells.)

[b] EAEYECEZNEBLIVERIGHICBWTIPSHIENESHIlELDEN TS RElRE,
(Explain biological and medical advantages of iPS cells in comparison with ES cells.)

[c] EEERIGAICIH T iPS Mgt ® DRE R E 2T &,
(Explain medical problems of iPS cells.)

(2) BEEMEISHEADS T FIVEZTIAS ALK TH D, TOEMBITDNT 1221,
ERNTI T FIVOZENSHIROIGEETOBREZHAT X,

(Eukaryotic cells have several mechanisms to receive external signals. Exemplify one signal
transduction pathway and explain the pathway from the signal reception to cellular responses
with drawing a schematic figure.)

(3) E hHCkOMIIEKE H 2B 5. Z Ol EiREEESY /N E(GFP)Z 31— F§ 5 cDNA 2/ W

T, HETWSHIRN CTHIILE K (cytoskeleton) 2R L 7=\, EDXDRERZITAEI WM, D
EBRETODICET HITHEL DNA BLIUEREBESZ2ED T, ERORNEZHEICHIAT L,
(Answer the experimental procedure to observe cytoskeleton in living cells by using GFP ¢cDNA and
a human-derived cell line [tentatively termed H cell]. List additional DNAs to be necessary and
instruments for observation.)

4) MER ECHFEET B 1 AFOAF > Fr NI N EOHBAZEIMNICHRIET 5 Z EIXIEETH
B, AIEETH 2 ETNRXED XD hFikZE AW IUTL W,
(Is it possible to detect opening and closing of one molecule of ion channel in cell membrane?
Answer the method, if it is possible.)
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(1) RNA OFRARVIATIIEHEGMTHERTHDURX I LT —E AL, 124 73 JBEEDNS
255 NI ETHD, TOEEEE 5 mol/l DRFICL > TUH L&A, RNA YIEHEEZK> T
WBZENDMoTz, BICK > TREZRELZDBIL, BHEIEZRTRZEZA, URXILT
—+ AIZRNA 2Pl 3 23EEE2BEL T2, EOLDICLTURRX I LY —F A @ RNA SIS #HEN
18 L7z 0 EFHAT X,

(Ribonuclease A is an RNase, and is composed of 124 amino acid residues. The RNase activity of
Ribonuclease A was lost, when it was treated under 5 mol/L urea conditions. However, the activity
was recovered after the sample was dialyzed against a buffer solution without urea. Explain the
mechanism how the RNase activity of Ribonuclease A is recovered.)

(2)RNA R A 7 —Yid, BEORICERTFO/OE—F —EEBICHEGT 2L T, BRBEROFAR
DEBMET S, NVTUTDRNARIAT—EREDLDITTOE—F —HEZRHT 2 D027
T

(RNA polymerase specifically binds to the promoter regions of genes. Explain how bacterial RNA
polymerase recognizes the promoter sequences.)

() FREFEN DNAEHIZ L > TH / LA DNAZEREINSED, TOEIZ DNARY XA F-FIZX>TH
FIZEREINAHICE, V=T P THEST O TENETEL TS, TOHAZHATX.
(Genom1c DNA is duplicated by semi-conservative DNA replication. In this process, DNA polymerase

synthesizes leading strand and lagging strand. Answer the reason why these two different strands
are synthesized during DNA replication process.)

4) ¥ NIBEOERIE, RNARY AT —VIZE> TERSNIEA Yy Py —RNA WNEFME72 01T
Db, EQXDITH INTEERMTONZ DN ZHAT L,

(Protein synthesis is promoted with mRNAs as templates. Explain how the mRNA is translated to
amino acid sequence in proteins.)



No.| 10 | / | 10
201 7E9H-201 8% 4 BAFHRME

KEREEBETFMFAHE ELRIE BEX - BFREGEK
B H & OFEWF (%@2)

MEES| 2

(1) BEAYIOY 7 L DNA G, SIS N THEEL T, EOXDITIIIENTWDEDONZE,
TOMBEMGEEEO THAT X,

(In eukaryotic cells, genomic DNA is accommodated within nucleus. Answer the mechanism how the
genomic DNA is packaged into nucleus in stepwise fashion.)

(2)RNA RU AS—FE DNARY AT —VI3 HBOEMNMEEEZBE L TNEHEZEZENTNS, 20D
RICBELDD, INs 2D0BROHEMR EHEREREZSIFE L.

(RNA polymerase and DNA polymerase are considered to have a common ancestor. Answer their
distinction and similarity.)

(3) RY AT —FEHEKHREPCR)IZK > T DNA ZIEIET S8R, HEEROMEIZFEEL T, RIBDEE
P& 2 B &

(Explain materials required for polymerase chain reaction (PCR), and answer the PCR steps.)

(4) BERENRBHD Y > X8 X Z, b MNEEMBOMBENSHEAL . ZOREEZBAT 572012,
EDQXDRERNEZ SNDNEHBATX.

(The protein X was identified in human cell extracts. However, its function has not been understood.
Answer your plan to study the protein X function.)





