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1. BRLEBEOBERABKETE 1 KB OMERAKIC, TREE - KAFVLTRALREY,

2. ERHRFE, EEER, BRI MRAEYE, oFERFEOSHEHENS 2B HEBIRL,
FIEADPTEIN TV LR EORERBICAEETE LI, FRBEOMEIZE Tk (D 1)),

Tk (F02))] Bdsd, BRLEBBOETORBBEICME L&,

3. ERBOBERAKII2KEDY. FhFh (xx (F01)), (%% (FD2)) &RoTW3,
RO TRIRUEBBOMERE L — B3 2EAKICMRE L2 X,

CBRLZ2oTREBELED T, MEAKITETRE LSV,

5. B, ata—4%, Rew— R TH, AV— M NI yTFERERTAILIETERN,

N
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2023498 -2024F 4 AAFHERME
RERFEBETERREMELRERES - FHRENER
B 4: EMRFE (20 1)

FEES| 1

LT D E 22t > E RS (Electromagnetic field in vacuum)iZBE4 2 BRRIZE X 2 SV, 2k, BEZEOFHFER
(permittivity of vacuum) % &y, BEZE DR (permeability of vacuum)Z py & & 8o

(1)

(2)

(3)

(4)

(5)

(6)

HAE a OFEFICHOABORIREE 1 THEELTWAE, F0Eh EIch 2 HF00 bR 2
D I BT B EH DK ZF & (magnitude of electric field) E 2 RKDR I,

¥ef% a OIEFITHOAROERICE B Efi(steady current) I 3FRaL DB, HLEH EICH 5 HH D>
HEEEE z O AICBIT AR E DR X (magnitude of magnetic flux density) B Z KD 7R IV,

BEE 1 TEELTWAER o OIEFICHVCAFROESFL.LEIE Y 1A EE (angular velocity) w
CTHEHET DR, FOEMLECHIATLILER 2 ORIZE T DB E DR S (magnitude of
magnetic flux density) B &R I\,

& B fi(steady current) I, DWANAEHREERLZELENICH D 1 WORE a OIFEITHWIETF
CEEEEZ D, ZOEBOFLARL =0 TERGHENDL O x, OIBICHY, —EDOR
& v TEREGNOESITOR, ERICZELIEERN V Z2RDLIW,

R (4) DIEIE DO HH(resistance)?S R Th A & &, BNEFRN - D ICEIR CRET D Va2 —VEJoule
heat) Q %RDL IV,

RS (5) TR =Y = — L #(Joule heat) DA —E T 20 EBLE L2 IV,
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MEES 2

B2 OEREF DS A F 2 77 X (dynamics of electromagnetic field in vacuum)#, ZDH OB Em, Bfiqz
& D BRI DiEE(motion of a charged particle with mass m and electric charge )& E=¥ 1 > 7§52
ETEZS, NMBEERrO)ICHA2HEBRIFNEEv) 2RO TWS EE, RIEERBE LAREEBREBE
(volume charge density and volume current denmsity) i&, p(r,t) =q8(r—r®) B & VJ(r,t) =q¢6 (r—
r(t))v(t)@d: DIZRFLTED, TIT, 6(r—r())ld Dirac DS (Dirac’s § —function) TH 5. LLFD
BWIZEZ L. 72720, EEOFER B (permittivity and permeability of vacuum) 2 ey, uo, JeH (speed
oflightyZc& L, SIBEMREZANWS Z &,

(1) 7 A7 )V AR (Maxwell’s equations) D537 (differential forms) %2 FE 1 (electric field)E(r, t) &R
# BE (magnetic flux density)B(r, t) & i W TE &, £ & OYEEHE IR (physical meaning) & R R &,
(2) FEB()DO 7 AT = )V AR (Maxwell’s equations)/n 5 H D . (equation of continuity) 2 ElT,

2o +7-Jr0) = 0. )
3) MEEEr()ITH5ME *_L?@@iﬁjﬁff(equahon of motion of the charged particle at r(t))Z&Z17,

(4) FERLF O LRIV F — DR EZ b (time variation of energy of the charged particle)/ LA F O R TE 2 51
5 EEmE, £, ZORXOYIERIE K (physical meaning) 2R K,

;t [1 muv? (t)] fr (t)EVdT] (r,t) - E(r,¢t). (2)

ZIT, [, dridRTERS) (volume integral) 7§ .
INEDS X7 MVEEE, A 7 —B D518 (r, )BT 5,
(5) 773V b FERE(Cartesian coordinate) & F VYN TRINRIL T B & & 2T L,
V- (ExH)=H-(VXE)—E-(VxH). )
6) B 5, ERE L X)L F — % JZ (electromagnetic energy density) Uy, = %so EZ+ %uOH 2 & Poynting
vector § = Ex HOBARZE, X7z, B5/zHAARET 2 SOBMEZEZ L.
(7) BEZE6)TRD IR ZRQ@IIZRALT, REED R F—

1
UCOI‘.' = _‘mvz (t) + f uede,
2 eV
DRFEIZS lj(time variation of the total energy) & § &K L.
(8) B&M(NTH SN OETEZ B A &9 % MIFE T D2 HX(an equation in the limit of infinite volume) %
R, T DO OYEE I E B (physical meaning) 2R J2,
(9) RIBRIFOFFTE L 72\ & E(in neglecting the charged particle), F2fH(6) TRDZRNNN2 B HKICRE
FTEMEEZK. E,FORNOYEME K (physical meaning) 2~ J2,
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A H % - EEER (F01)

FEES| 1

1. A A% (angular frequency) w [rad/s] DEER (voltage source), #EHT (resistance) Ry, Ry [Q]

A &7 % (inductor) L [H], FIZE =25 Y (capacitor) C [Fl CHERINAX 1 OE¥ (circuit) 3
25, BEBEA (inaginary wnit)idj &35 &%, UTFOMWIE X L,

(1) ZoEEDOA " —4& X (impedance) Z % Ry, R,, L, C, o THEY,

(2) 7 x=—H¥EE (phasor voltage) V & 7 = —VEHR (phasor current) I A3[EFE (in—phase) 12785 =2
5% C &Ry, Ry, L, w THEHE,

(2) O&ERFETCHOT TR =20Q, R, =100, L=100mH, @ =100rad/s D& X, 7
—WEEV L7 =—VERI, I, I, DEARMEEZERFE E (complex plane) HIZKFE X,

(3)

2. X2 0EEIZv() = 100vV2sin(wt) VIOEBEEZMZ 72, 72720, o rad/s]IZARAEHTHD, &
BEAMEj, MAREn TS, 0L, LUTFTOMWIEZ L,
(1) ZoEBDOA v E—F 27 7 RIS XX (adnittance) Y &R, L, C, o TENENEE,
(2) R=20Q, L=200/nmH, C =1/nuF, @ =50Hz DL &, Z LY DEEZFNENLRD L,

(3) TEEIRRE (steady state) IBITD (2) DEIE COEGOBRME (instantaneous value) i(t) [A]
2RO L,

(4) (2) OEETOERI AT B K AEE S (apparent power) P, H#hE S (active power) B, E%h
/1 (reactive power)P., ¥ LTI (power factor) DEZENEILRD L,

3. 3 DEIFEIZIRBWT, I Rs AL 5 B (current) I 25K X,
I[A] Rl[ ]
2 ‘\M <
111 [A]| [T2(A]

Vv L{H@ £ Ryl

X1

X 2
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(1)

(2)
(3)

(4)
(5)
(6)

wqBe| 2

1 OEE(circuit 2 BT, A A » F(switch)S; % B U(close), S, % BV 7= (open)fRFE (IKEE
D(status1) &, S, % B Uclose), S; & BV V2 IREE (IREE 2)(status2) %, FER(time) THEIZAR Y KT,
TOERDBE T L &, uTwﬁw W&z X,

=0 TIREE 2 2> HIRFE 1 1 {l(change) L7z, 0 <t < T COEFi(current) iy () (2T A EIK 512
K&,

(1) Tig(0)=~I, (0<Iy) DEE, ii(t)=—Iy+i,@) DiO)ERD I,
t=TTREE1INOREE2ICEL LTz, t' =t-TEEET D, 0<t' <T (T <t <2T) TOi(t)
B BRI FRAE R,

(3) Ti(0)=I,0& %, iyt =1Iy+i,{t") Di,(tYERD L,

0 <t < 2T TOEE(voltage) vy, (t)@H#F”ﬁ(tlme){ﬁﬂ’/(waveform)7&’% V¥ (draw),
E=1, R=1, L=1, T=10k X[ &Rk® X, FBEIZILB AR DENapier's constant) e & &
A TEWY, (can include)

2. X2 OEE Te(t) = V2E;sin(wt) + V2E;3sin(3wt) TH > 72, tan *(wCR) = 8;, tan 1 (3wCR) = 03 &
THEELUTORWCEZ X,
(1) e(t) =V2E;sin(wt) + V2E;sin(3wt) & ﬁ‘éo e(t) DEMEE, s KD &,

(2) E;=0, Ez#0& LT &%, EEREBICBITAERI()ZRD X,
(3) Ey#0, E3#0& LTcE %, Er%ﬂ? BT DERI() ZRKD L,
Sl
s o
[ i
R
E _T— Ve (1) lLL(t) E — 6/ Te(t)
R%E C _
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KFREEBTIFMERMELEREES - FREGER
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MEES 1
1. OB (control system) & 2 5,

1"+i Cu++ P }"

FIEIRIZBWT, CEPIEEFNTNIRTEZONB LD LT 5,

1
C(e) =k Pls) = ss+D(s+2)

¥z, kitk=0THB LD ET B,

1) EICRENAEIHZDORNEELEM (internal stability) 22V T, #DEZ (definition) &
w X,

2) T4 %R bOREHADNE Nyquist stability criterion) Z BWT, FlEHRZRINHELZETHD
kDR ZRD X,

3) kPRI CROEEHO EFEE LD LT D, ZOBEICBITHIHALV—TROMmRE KD
X, Fz, NELEMEZHBIE L,

2. ROEBBREE (electric circuit) &z 5,

e; il 1 eo

FEIREIZ RN Te i ASIEE (input voltage), e, tdH /IEIE (output voltage) #3F7,
1) AJ1EEe, b HITETe, ~DI=iEEE (transfer function)G(s)Z R X,

2) G(s)Dii (pole) & Z M (zero) &K L,

3) G(SYDRT v FiE (step response) #3RK &,

3. KOFIHEFREE 2D,

Jﬁ?*(?u+ P .

HIERIZBWTC(G)=1/(s+ 1), P(s)=1/sTHrbLDET D,
1) rinby~DREBEG,, (s), 8BELVAH by ~DIRERHG,4(s) %KD X,
2) LUITFOEHEITOWNT, EFIRE (steady state) IZHBITDy(0)Z KD X,
a) r(t)=1, d@t)=0
b) r(t) =0, d(t) =sint
c) r(t) =1, d(t) =cost
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2023598202454 AFHERME
RERGERTFMALHELRIEER - FTREGER
B %&: fBlwLY (£D2)

MEES| 2

AHFEY 130 (ad-sided dice) d MEB SN HHEELER (randomvariable) x € {1,234} 2&E X 5,
ZDYA Id% n [EMIT (independent 1y) 124k > TniEA (samples) 257,

ZOHAa0did A, B OWTNNTH O, EREEE (probabilitymass function) =22 py,
pg ELTUTORTEZOND, T2, niERDHXES (relative frequency) pcb i TREHL =,

x 1 2 3 4
1 1 1 1
Pal®) | g 1 a a
4 2 1 1
e | 8§ | B 8 8
7 5 3 1

pc(x) I I 16 16

KOBEWIZEZ X, BEWE (information content, surprisal), > hOE— (entropy) ICBEHET 3
BIXBEAIZ [bit] TEZ &,

(1) HMEHpc(x) EZnEAOME x®,x@, . xWh55E T 2% Kronecker delta BI%S,, 2 HWNT
ZEZ Ko

(2) Y1 a0dPAEEB > TRWES (good code) ZED =, LitniEARZEREI L THE1L (encoding)
5 &, [EWMEFE(LER (source coding theory) TH | AL =D S, [bit] = T/EM (compress)
TES, FARICYS I0dMRBOEE, Sgbhitl ETEMTES, SAPLUVSGOEEZEZ L. £, O
BEOHHREEZL L.

(3) LEFenEEADN S EE (likelihood) Ly, LB%ﬂ‘?&béic‘:“@, H aadiFA, BOWTHOFRED S
LWwihhzaEZ L, £, ZOHEHSIE (inference method) DAHEE Z K.

(4) LEFESa&La, Sg&leh s, SELO—HAIIZEEFRI (relational expression) 2% 2 Ko
(5) EEEnkEAMS Bayes HEE (Bavesian inference) io kD, B+ 2dDA, BOWTNTHAHNITD

WTDOEESA (posterior distribution) 2R K. £/, @Y/RERI/HAE (prior distribution) if
[ RS A 5
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FEES| 1

LTS @Y IZE R EW,

D) TRTOEMIRFEHZ3 DD K AL (PR KHETE D, Thbi, 7—x7 (FME)
EXBLIVY THY, T—%71%, #EOIZY XYL XICHEETHD, X &Y DEBREEZR IV,
(Living organisms are classified into the three domains; archaea, X, and Y. In this
classification, archaea is in closer kinship to X than Y. Answer X and Y.)

Q2 ED3 OO RAALOBURIEDL S LTHETE S, 3TULETHMALR IV,
(Describe how to deduce relationships among the above three domains. Explain with 3 or more
lines.)

(B) ik, () BDLIEBCORR, Gi)AFH, Qi) #HEMLEREROME, ICLo THE ST LN
%, FRROEREA (HIR/NRE, AAVTRTEET) OO, (D16 (i) OBELHE S AL
nNEhoLFE, ()b Gi) OBEEZHESWEOLTH, TLLDOWEEERT B FOLAWE
TNENEBEZIREV,

(Living organisms can be defined by three characteristics; [i] distinction between self and
non-self, [ii] metabolisms, and [iii] growth and inheritance of genetic information. List
the cellular components (including organelles) important for these functions, the materials
mainly composing the organelles, and small molecules that constitute those materials.)

@) ZoRIBISEIERTREEMZ O 175, ¥ 7 EOFMRERESHOME 3 0%, Thth
DEREZBENEZEZRED, 72, 32903 H 1212250 TC, FIRBEHLZIT 2T I BOAKH
LIEEME S BT FREEEZRLRI,

(List three examples of post-translational modifications of proteins and their functional
importance. As for the one example, draw molecular structure of the modified amino acid along
with its modification.)

(5) HfgHFCOZ AR ERLOMEEAOBRIE, 0L RSTFHOEERCHICL > TREDS TN
B, FDAT=XLZOWT, KEHNTHEA LRIV,
(With drawing an illustration, explain how the strength of protein—protein interaction in
the cell is determined.)

(6) Bk L T OEEOBRMER, FoL ) REENBEICL > THEBIIT oSN, BEL 2 05T,
SHIZEND DWREFEFRHEFHNTHRA LRI,
(Explain how characteristics of enzyme are described by using quantitative indices. List two
indices and explain with drawing an illustration how they are determined.)
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FEES| 2

WD 5DNCDONT, ENENRE#NT3ITULETHBA LRV,
(I1lustrate each of the following five phrases and explain it with 3 or more lines.)
(1) EE i kX —2{l(standard free energy change)
(2) {EBYENL (action potential)
(3) LiR— & —&IEF (reporter gene)
(4) #R ¥ (cofactor)
(6) 7 a7 A— LfEHT (proteome analysis)
(6) 25 AHNEIE S F (tumor suppressor gene)
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MEES 1
PLTFOELNZHOWT, B BRE|ITZOZFEL, BV RS AHEITERY Sl U-EA %25, Indicate

whether each of the following sentences is true or false. In false cases, explain the reason.

L MR T2 ICER SN 5 DNA SHE ST L RIF (B —37 ) icHite s, MEOHEEEINIR L TH
5, In replication, both of template and synthesized strands have the same sequence when read
in the same direction (6° —3’ ).

2. KIBEDODNARY A F7—FIII M3 -5 =XIX7 L7 —BEEEEKD &, DNA EROEEITEL
AN, BEEIZEEIIR, Lossof 3 —5’ exonuclease activity of DNA polymerase II1 decreases
replication speed but it does not change fidelity.

oAV P UEEE LTEEBENRZ IRLL72] THH0b, RNA R T4 LTIk » T—RFREEEY
O IEFEIZERD S B LEET#EY Y, Because intron is a genetic garbage, RNA splicing does not need
to remove it precisely.

4. 37 T Y 7Tk, BEEHEES VR BIXBREMR DN ESICHEET DL, SDICZ0Z I/ IER
RNARY A5 —EBLHERLT, BERBOBELRDDIZLNTES,

Upon binding to the specific DNA sequence, transcription—activator protein can also bind to RNA
polymerase and increase probability of transcription start.

5. RIRD RNA B FIZ R OB EMX 7 LATF RO% I, EEEY RNA ITHEAAEN D RNZER I N,

Most modified nucleotides in natural RNAs are synthesized before incorporation to RNA transcript.

6.MRNA U 7 F R ONDEMX I LAF RiX, &GEEW RNA ICHAATNABNICEREN S,

Modified nucleotides in an RNA vaccine are synthesized before incorporation to RNA transcript.

7. @6 TEERTOTRKIL, 2 FUORGOEREL T Fa RO 3FBOEEOR TR 5,

Wobble base pair is formed between 1st base of codon and 3rd base of anticodon.

8. crisper—Cas9 RZ A L7y ) AREIZOWT, BRI L 72 5 DNA DIFE & Bl U CHEISIRE R 2 IR E
LTWBELTFIX, HIRERRERRIZE /R ETH D, Aprotein in crisper-Cas9 system defines
DNA-sequence specificity by directly contacting with the bases of DNA, as well as restriction
enzyme.

9. BEONE L /ANBEONIEE, EFHEL LN ERU AR T P —I272 5, Inner space of nucleus, as

well as that of endoplasmic reticulum lumen, has the same topology as a space outside the cell.
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UTOBRMICEZ &V,
1 Q1)

mRNA [ZHTFET D AUG 2 oD 55, T —HOABERBEBICAVON D, YR Y —AIZEBLT,
DL A= AL L TV AR, Only a part of AUG codons in mRNA is/are used
as a start codon. From view point of ribosome, explain a mechanism which selects the start codon.

M2 Q2

HHMIBTIX, HBEIE UV EBERE—RT2a R O—2R DN DOERIZE>TTCA IZR->TLE
Sle®, TuY UEEERVEMTEFETERR>TLES K, ZOFUNJTHEIZE, E0L5R
BERTEMENHEEZIN A0 ?A mutation which generates TGA codon in an essential gene to live in
a medium without proline diminished viability of a cell in the medium. What kind of enzymatic
activity does the essential gene have?

M3 Q3)

FREOMOMITIE, el 2 M TOEFTPIC, MORERBEDOMILD tRNA E{R-FD DNA
WCASTZlediz, M2 LRICERBRELTH Y VEESERVIHITHLATFTA LI ICRoTc v,
ZOBE, UGA 2 RN R R 7 7 ZEIRRENL Tz, Y07 2 BO tRNA BETFIZOWT, EOE
FIWCERN AT EBEENSH?2Single nucleotide replacement in a tRNA gene allows growth on
the restriction medium even after the mutation in the protein gene described in Q2. In this case,

UGA codon is translated into Trp. Which position of tRNA was mutated? Also explain the name of
the amino acid the tRNA corresponds to.

R4 (Q4)

ZODE DR tRNA OEERASTZHICHOWT, fOZBOEE LBETOBRIZOWT, X574
RN ET D50, W OMDBREIZON TR Xy, What consequences would the presence of such
a mutant tRNA have for the translation of the normal genes in this cell. Explain multiple cases.

M5 (Q5)

3B LU 4 DERIC LD EHOEFRBETFORMROKERIL, ZTOEREF S LIZHIOMIEIZE
WTC, b —2DE U RIBRBEBEFOERIZE > TRESEMM LI, EDOFURIENRERLT, D
SOREREZLT-O LD, BEENABE O —R IOV THR_A &V, The results of translation
for the most normal genes described in Q3 and Q4 changes by a mutation in another protein gene
in a different cell carrying the same mutation with that in Q3 and Q4. What changes occurred
by mutation in the gene? Explain multiple pairs of the mutated gene and change.

f6 (Q6)

BARKBEOST / AMREREZACIEL2ERBERZIToTh, M30BREERBETLHZ LT TER
Pofe, MEENRERELEC I LBRIEOFIC, HANNDOELFERIELITI &, M3DBEREZEET
BILENTE T, BANCED L S RBREFBRIEET 120, £z, TOBERSLEAThH oEHRE B~
72 &>, The result in Q3 cannot be obtained by any point mutation in wild-type £ coli genome.
Before the introduction of the single nucleotide replacement to the tRNA gene, a genetic
manipulation is required to obtain the results. Explain the genetic manipulation and the reason
why the manipulation is required.
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SHES /110
No. -
£ 2023598202454 GALRBRRERE B iR
AKEREEBIFHERETREES - EREMER
HKEEDOFERIEFT | H#HIR BEBEES 1 B4 HEEME (FD 1) (4 »3&)
(1) FlOES . ICDOWTHRE, 7 3/ B4R Name)
X V. %%fﬁﬁg .
(2)
(5)
X .
(3) A
44 F% (Name) [i] [ii] : [iii]
WE Material) [il [ii] [iii]
[E4F (Small molecule) [i] : [ii] [iii] )
BEL EE2 .
(4)
FER 1% {5486 (post translational modification) D1 £ ¥F: (Name) X
2% (Function)
TR (&N (post translational modification) D2 ZF: (Name) _—
#%%| (Functian)
TR % ERT (post translational modification) ™3 £ FR (Name)
#%%E([ (Function)
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XEEOFERIEFT | ER MBEES | 2 FMEA

HEEME (F02) (4) R (cofactor)

(1) EEE B =RV F—2( (standard free energy change)

(2) {EEENL (action potential)

(2} VAR—F —#=T (reporter gene)

(5) 7o T A4 — AHEHNT (proteome analysis)

(6) 28 AMFIE{ET (tumor suppressor gene)
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