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Question No. 1: Electromagnetics (1,/3)
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THEEBHEEIZOWTUTORIZEZ L. r=x2+ y9 + z2lIxyzZEMIC BT ALE~Z b,
X, ¥, ZixdENTFhx, y, zEiFMOEEST bV, ko, &, wlITNETNREZERIZEBITHE
BEE D, FEE, BMETHD.

(1) Fig. 1@IZ/RT L 512, xHROERBSE b OFmBERIED, BERREOERNLOH
FE, TEZHRNLEREERICAHL, AK, TESIIKHF LK. s2lifk&m%z =01
L5 AEE L K OBEBERE T NENE, = REje %00’ E, = RE,e ko2 T L
I Tay BLVaIAH S LORNEO GG M A RTBA~Z b T, #lxida,id
a, =9sinf; —2cos@, EFL LN TES. ROMIZEZ K.

(a) E %, E;, ko, 01, ¥, 2z, RERAWVWTEE.
(b) SELEAERERIZEITAEROEBRS OBERFME2E L.
() FMMbL)DEEZA, 0, =0,THDZ & Z#E i},

(2) Fig. IOIZ AT L ST, xFmOERED % L OFmEREL, RERNL, LiFERe,,
WERGE | OMBAFEREEIZ, FEAREDOERN O OAE TAH L7z, FEMAEK
Haxz=012t 5. ANHE, K ZREOEEERL FNFNE, = REje h®'T E, =
RE,e 1ko@z T E. = RE,e MKo@a T L R4 = T Ta,, a,, a;lTFNFRANE, KHHE,
FRE DGR Z T EANY M, n= Ve 3FBEORBTETHS. FEAEKRED
ERPOORFECAEEZI, ZRECAEZY L L, ROBIZEZ XK.

(a) BARsFEAREEOREREIIBT2EROBERN S OERFHZR~X.
(b) B)@)D&MtZHWTE, ¢, nOBIRZE T,

(c) ANFEROBHEMAH %, E, ko, € Ho» 0, y, 2z, 9§, 2EHVTEYE.
(d) BROKHIGREKE,/E %, 0, ¢, nEFHWTEE.
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Question No. 1: Electromagnetics (2,/3)
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Answer the following questions about a plane electromagnetic wave. r = x® + y9 + z2 is the
position vector in xyz-space, and X, ¥, and 2 are the basis vectors in the directions of the x-, y-, and z-
axes, respectively. ko, &, and y, are the wavenumber of the electromagnetic wave, the permittivity,
and the permeability in a vacuum, respectively.

(1) As shown in Fig. 1(a), a plane electromagnetic wave with an electric field component in the x
direction is incident from vacuum on a perfect conductor at an angle 6, from the normal to the
conductor’s surface and is completely reflected at an angle 6, . The surface of the perfect conductor
isat z = 0. The complex electric fields of the incident and reflected waves are represented as E; =
REje k01T and E, = RE,e %08z’ T respectively. Here, @, and a, are unit vectors indicating
the propagation directions of the incident and reflected waves, respectively; for example, @, can
be written as @; = ¥y sin 8; — Z cos 6;. Answer the following questions.

(a) Express E; intermsof E;, ko, 01, ¥, Z,and X.
(b) State the boundary condition for the tangential component of the electric field on the surface
of a perfect conductor.

(c) Using the condition in question (1)(b), derive that 8; = 6,.

(2) As shown in Fig. 1(b), a plane electromagnetic wave with an electric field component in the x
direction is incident from vacuum on a lossless dielectric medium with relative permittivity &, and
relative permeability 1, at an angle 8 from the normal to the dielectric’s surface. The surface of the
dielectric medium is at z = 0. The complex electric fields of the incident, reflected, and transmitted
waves are represented as E; = RE;e %0817 E, = RE,e7*0%2'T  and E; = RE;eInkeds T,
respectively. Here, a,, a@,, and a; are unit vectors indicating the propagation directions of the
incident, reflected, and transmitted waves, respectively, and n = /&, is the refractive index of the
dielectric. Let the angles of the reflected and transmitted waves from the normal to the dielectric’s
surface be 6 and ¢, respectively, and answer the following questions.

(a) State the boundary condition for the tangential component of the electric field at the interface
between different dielectric media.

(b) Using the condition in question (2)(a), derive the relationship between 8, ¢, and n.

(c) Express the complex magnetic field of the incident wave H, in terms of E;, ko, &, Mo
6, y, z, ,and 2.

(d) Express the reflection coefficient of the electric field E,/E; intermsof 8, ¢, and n.



Question No. 1: Electromagnetics (3,/°3)
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Question No. 2: Electrical circuits (1,72)

2025 £ 8 A=
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AVEIBURLH], F%/30FXC[F), 7 R[Q] "oi2AWEEX . EHHE
fiizje LT, ATOMIZEZ L.

() Fig.2@IZRT L 512, FtEA v v —F R Z[Q] OEBRBRBOXER L ZTEIRIC, A

A w(radis] OEZRERHRER L AW E TN ENER L.

(a) REBOOEZRI-AHROA L E—F U AR L.

(b) TEROBIEMN V[V] TEZLNBEE, X V¥ U ABLUHERZHN 5 ER
Ic [Al, R[A)ZZENENRRD L.

(c) B OAEN 1 IZRD7ODE R DfE% e, L, C ZAVWTERL, £OL 5 RIEM R
BHEETHIEHOABERe DEEEZRD L. T, ZOLEDAFOL L E—F
A% L,C,RERAVWTERYE.

d) BROAEN 1 DL &, TEBIIBITIRHFRE L ZBREELZhTHRD K.

() Fig. 2Rt & 512, AMCEREER E[VIE XA vF S 2#EkEL, +oREIE-
T-%1Z, B =0 IZBWVWTAS v F SE2BALK. ERZBENDEFR ir()[A] BiIREIT S
72D LCRDFHERDEL. £, F0LED ROERD K.
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Question No. 2: Electrical circuits (2,/2)
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Consider a load consisting of an inductance L [H], a capacitance C [F], and a resistance R [€Q]. Using
the imaginary unit j, answer the following questions.

(1) A sinusoidal AC power supply of angular frequency w [rad/s] and the load are connected to the

transmitting and receiving ends of a lossless transmission line with a characteristic impedance

Z. [Q2], respectively, as shown in Fig. 2(a).

(a) Find the load impedance viewed from the receiving end towards the right-hand side.

(b) When the voltage at the receiving end is given by ¥ [V], find both currents Ic [A] and /r [A]
flowing through the capacitance and the resistance.

(c) Express the value of the resistance R in terms of w, L, and C that makes the load power factor
equal to 1 and determine the condition on the angular frequency @ for such a resistance R to
exist. Furthermore, express the impedance of the load in terms of L, C, and R in this case.

(d) When the load power factor is equal to 1, find both the reflection and transmission coefficients
at the receiving end.

(2) A DC power supply £ [V] and a switch S are connected to the load as shown in Fig. 2(b). After a
sufficiently long time has passed, the switch S is closed at the time ¢ = 0. Determine the condition
on L, C, and R for the current ir(f) [A] flowing through the resistance to oscillate. Furthermore, find

the expression for #r(?) in this case.
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Question No. 3: Computer hardware (1,4)
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7Ry ZIIECTHARERTZIK 7Y v /70y 7% 3EAVT, 3H0 2 I xt
FET 5 0201,Q0 BRTAIE Y b3S Q)2 AT BIEFEREE LS. Fl2 L, Q;=0,0, =
0,Q =10 %, 2K 001 7T, i€{0,1,2} IKHLT, iBADIK 7V v F7a v 7D
AD&E] K &L, TOHAITQ LT3, UTOMIZEX L.

(1) Fig.3(a) 1ZJK 7V v 770 v 7OEBEETHS. =L, QM,Q(t+1) X, #h=2
R Lt +1 1217 5H) Q DEEFY. ZOHEBERND, Fig. 30b) (CR4HiEs
ANOBBFEEE L DR) 2RBET L. SEICIE Fig. 30) 2&RLTEAL,
Don't Care &Iz * 2> Z &.

(2) Fig. 3(c) IZRTIRFEIBIZEVT, FIHHE 000 154D, HU000 #HAT2ETH 3 H
N1EQ, Qy,Qy PEBZRE. BB, (000 > -+ — 000] OETRT L. KL,
Vhigh IZAN 1 #EBKT 5.

() HAh%x 10 EHTRRTEEL, 07— 6—2—3— 0 LEBTIRFRIKEED

v, UToMicEx X.

() Fig. 3@)N%, 7u vy 2t LT3EDIK 7Y v 77 ay 7 DA Q, Qr QB EILY
DRERXT LO-LEOMERTHS. ZOMERFERIF L. 7ZL, i €{0,1,2}
WHRLT QD) Qit+1) iX, TNENRZ t,t+ 1B HIFEBOHN Q DEZF
3. AR Fig. 3 %R L THEMA L, Don't Care S5 * 2ES Z L.

(b) 3 D JK 7V v 770y Z0EAN Jo)u]o KoKy, Ko &, 7 Q2 Q1, Qo 2FESTR
B TREY L. =7FL, FREBEIIMRRbOEZ—OTFTI L.



Question No. 3: Computer hardware (2,/4)
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Question No. 3: Computer hardware (3,74)
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Consider a sequential circuit that outputs Q,, Q;,Qp corresponding to a 3-digit binary
number (the least significant bit is Q) using three JK flip-flops whose outputs change
according to the clock. For example, if @, = 0,Q, = 0,Q, = 1, then the output is a binary
number 001. For i € {0,1,2}, the inputs of the i-th JK flip-flop are J; and K;, and its output
is Q,. Answer the following questions.

(1) Fig. 3(a) shows the truth table of a JK flip-flop. Here Q(t) and Q(t + 1) are the output
Q at timet and t + 1, respectively. From the truth table, complete the excitation table,
which summarizes the driving conditions for the inputs, shown in Fig. 3(b). Copy Fig.

3(b) and use it for your answer, and use * for the Don't Care symbol.

(2) For the sequential circuit shown in Fig. 3(c), show the entire transition of the three
output values @3, @1, Qo starting from the initial value of 000 and ending with the output
of 000 again. The transition should be expressed in the form “000 — --- — 000”.

Note that Vhigh means input 1.

(3) We wish to build a sequential circuit whose output transitions from 0 — 7 — 6 — 2

— 3 — 0 when expressed in decimal. Answer the following questions.

(a) Fig. 3(d) is the overall excitation table, which summarizes the transition of the
outputs @z, @1, Qp of the three JK flip-flops according to the clock. Complete the
excitation table. Here for i € {0,1,2},Q;(t) and Q;(t + 1) are the i-th output Q; at
time t and t + 1, respectively. Copy Fig. 3(d) and use it for your answer, and use *
for the Don't Care symbol.

(b) Express each of the inputs J3, /1, /o, K2, Ky, and K, of the three JK flip-flops as a logic
formula using the outputs Q,, @1, and @,. In each case the logic formula should be

written in a simple form.



Question No. 3: Computer hardware (4,74)
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Question No. 4: Computer software (1, 2)
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FAHECS A3 S TH 2 XIRE BIXHE G DERRAIZ

S -t
S —» f
S - §55%

LERTD. IIT, t, £, SRVWThIKRRESTH2. ZOEGITL>TERENZEE
(XFFNDHEE) LT3, £/, XFFNwERtift$fS L ERTSE. ZDOLE, wldXEG
WE->THHTEZ79, weLtizd. YUTORIZEX L.

(1) XF5 w OEHA (BXK) Z2RRE X.

(2) NEH w iE=E2DXFH wy, we, w3 € L ZAWVWT wywowz $ DETRITILHTES. D
r ’é’r, I$§U w1, w2, w3 %%ﬂ%’nﬁ:\"ﬂ'

(3) 3EG VBB THZZLITED, t, tUATEELREENINFIRIRT=0DOXF
v, ve,v3€ LERAVWT 00038 DET—RBIIRFTILHMNTEZ. ZOZ2MALT, L
o= oD HIFEE size ¥ eval ZLLTD XS ICEET 3.

size(t) =1 size(f) =1 size(vy vo v3 $) = size(vy) + size(va) + size(vz) + 2
eval(vg) if eval(vy) = True

eval(t) = True eval(f) = Fals eval $) =
(®) " ® © (v vzv38) {eval(vg) if eval(v;) = False

ZIZT, vi,vg,v3 € LYL, BB size DHATIIEE, % eval DHSITH 3 True & False i
FhEhHEBHEOELBE2RITERTHZ. 2O %, LUTOMIIEX X.

(a) size(w) & eval(w) DEERD &.
(b) size(u) = 5 23D eval(u) = True /=T X 53R XFFue L 2T NTHETF L.
(c) Z2oDXFEH z,y € L BUTDOEREEH-LTWB LIRET 3.

o yldz EFANFIL LTEY

o size(y) d size(z) +4 LFEL W

o eval(y) X eval(z) DEETH 3

ZDLE, XFHy % s EAWTRYE.

(d) EFRDXFF z€ LITNL, size(z) =4k + 1 LR 2 BE L BEET I Z L E2RE.



Question No. 4: Computer software (2. 2)
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The production rules of a context-free grammar G with the start symbol S are defined as

S =t
S —» f
S - §S8S$

where t, f, and $ are terminal symbols. Let L be the language (the set of strings) generated by
the grammar G. Define w as the string t £ £t $£$. Then w € L holds because it can be derived
by the grammar G. Answer the following questions.

(1) Draw the derivation tree (parse tree) of the string w.

(2) The string w can be expressed in the form w; wa w3 $ with three strings w;, wp, w3 € L.
Find the individual strings w;, ws, and ws.

(3) Every string in the language L other than t and £ can be uniquely expressed in the form
v v2 v3$ with three strings vy, v9,v3 € L since the grammar G is unambiguous. Using this
fact, two recursive functions, size and eval, on L are defined as follows:

size(t) =1 size(f) = 1 size(vy va v3 $) = size(vy) + size(vg) + size(vs) + 2
eval(vg) if eval(vy) = True

eval(t) =Tr eval(f) = Fal eval $) =
val(e) ue  eval(£) alse (v1v2v39) {eval(vg) if eval(v,) = False

where vq,v2,v3 € L, the output of the function size is an integer, and the output of the
function eval is the constant True or False representing the Boolean values true and false,
respectively. Now answer the following questions.
(a) Find the values of size(w) and eval(w).
(b) Find all strings u € L such that size(u) = 5 and eval(u) = True.
(c) Assume that two strings x,y € L satisfy the following conditions:

e y contains z as a substring,

o size(y) is equal to size(z) + 4, and

e eval(y) is the negation of eval(z).

Then express the string y using .

(d) For every string z € L, prove that there exists an integer k such that size(z) = 4k + 1.



Question No. 5: Physics (1,/4)
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xBFRIICBBEFZATEI—RERT V¥ NMUGR)T x<0 DOHxDEFMIZEF(TRNVF
—E, EBm, EMq< O)BRARTAIHEEE2ELE. UN)REBFOZRINVF—NKREL DS
MEEIZE S, eldRA ETH, ITREBMV-1, i3T1 Ty 7 BETHD. BRIIKEFEL
RO—RFEDY 2 VT 4 o H—FBRRIEFOERBBEKOERB oY) ZAVTRO X I IZ
#i15.

h? d%h(x)
2m dx?

+ U(x)y(x) = EY(x)

(1) Fig. 5(@\TR338Y, 1M SFIROU@)EZROISICEETS.

FEIK I [x < 0]: U(x)=0
{ﬁﬁiﬁ No<sx<al: Ukx)=U,
Bk 11 [x > a): Ux)=0
TIT, METINX—U, (> E)IIEROERLTS.

(@) Vab T4y H—FHBRREFER | THRVHE, Yk) = +re~th LRTILNTE
BET5, BRI, G 1 T Y(x) = tel®™® LRTIENTEDLTS. rEtiIEFIRIE
TH5. MIEETHY, EOEETHS. k% (E, h, m} ZRAVWTEE.

(b) B 11 I2BWT, alb TAvH—FRAZME, Y(ix) = Aef* + Be Bx LRJILM
T&D. ALBRRENThERREBTHS. BIRBEERTHY, EOEKTHS. p%x {E,
h, m, Uy} ZAWVWTERHE.

©) Y&) & dp(x)/dx 3, x=a THEGETHIRMHEDD, ALB% {a, B, k, t} ZRAWVT
gL, ZIhb, BRI |A/BI? % {a, B} ERAVTEY.

(2) SIRLICX L THRIRINIZEBEV (> 0)ZEIAIL, Fig. 5(0IZTRTIIZ, Ik I THRFV U yLEE
BERMESI LT, ZDLE, FEMTORT L A MILU T D@ THS.



Question No. 5: Physics (2,/4)

2025 &£ 8 A
BizE S YiE
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FEI 1 [x < 0]: Ulx)=0
FEEI0<x<al: U= UO+3aKx
FEUE 111 [x > a): U(x) =qV
IR 1 2RI 111 ~DOFBRER T(E) = |t(E)|? 1XCEEHLLT, RATHPEINDLTS.

T(E) = Cexp [—E v2mU(x) —E) dx

f Jyys>E

(@) E<Uy+qV DFE, 0<x<a DEFET Ux)>E THAHILIZEEL, T(E)%
{a, C, E, h, m, q, Uy, V} ZRVTRE.

(b) E2Up+qV OFE, 0<x<a OHBR x=x BT, Ux)=E &5, 0<
x<xy DHT U(x) >E THHZLIZEEL, T(E)® {a, C, E, h, m, q, Uy, V} %
RAVWTRE.

© FR))EMRODHEDOENERDISICERMICHATS. | () | & [ () | K
TITEDEEA TR L.

[E < Uy +qV DFE, BEOHIMIEY 0 < x < a IZIBTBREEED LY Aha<
725, —F, E=Uy+qV OBPAITIE, BEEDERMNA MINSIRBBIRAN
BRENTVS. |

v v

A

5 " \

Fig. 5 (a) Fig. 5 (b)



Question No. 5: Physics (3,/4)
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An electron (energy E, mass m, and charge q (< 0)) is incident from x < 0 in the positive x-
direction on a one-dimensional potential U(x) with a degree of freedom in the x-direction. The
direction of U(x) isdefined as positive toward increasing electron energy. Here, e is Napier's constant,
i is the imaginary unit (V—1), and & is Dirac's constant. Using the electron wavefunction ¥(x), the

time-independent one-dimensional Schrodinger equation is as follows:

h? d?P(x)
2m  dx2

+ Uy (x) = Ep(x).

(1) Asshown in Fig. 5(a), U(x) in regions I to III is defined as follows:

region I [x < 0]: U(x) =0,
regionll [0 <x < a]: U(x) =U,,
region Il [x > a]: Ux)=0.

Here, the barrier energy Uy (> E) is taken as a finite constant.

(a) When solving the Schrédinger equation in region I, the wavefunction can be expressed as
P(x) = e** + re~ikx_Similarly, in region I11, it can be expressed as Y(x) = te**_ Here, r
and t are complex amplitudes. k is the wave number which takes any positive real number.
Express k interms of {E, h, m}.

(b) Solving the Schrodinger equation in region 11 gives the solution ¥(x) = Aef* + BeF* Here,
A and B are complex amplitudes. B is the decay constant which takes any positive real
number. Express f interms of {E, h, m, Uy}.

(c) From the condition of the continuities of ¥/(x) and dy(x)/dx at x = a, express A and B

in terms of {a, B, k, t}, and express the coefficient ratio |4/B|? in terms of {a, B}.

(2) Applying a voltage V(> 0) to region III with respect to region I, as shown in Fig. 5(b), the potential



Question No. 5: Physics (4,74)

2025 4 8 A £k
Bz 5 &
4EB /74 EH)

barrier in region II becomes inclined. At this time, U(x) in each region is as follows:
region I [x < 0]: Ux) =0,
regionll[0<x<a]: Ux)= Uo+%x,
region Il [x > a]: U(x) =qV.
The transmission probability T(E) = |t(E)|? from region I to region 11l is approximated by the

following equation, with a constant C:

T(E) =Cexp [—%f V2mU(x) — E) dx|.
U

(x)>E

(a) Inthe case of E < Uy + qV, noting that U(x) > E holds over the entire region 0 < x < a,
express T(E) intermsof {a, C, E, h, m, q, Uy, V}.

(b) In the case of E = Uy + qV, there exists a point x = x, in 0 < x < a satisfying U(x) =
E. Noting that U(x) > E holds only within 0 < x < xg, express T(E) in terms of {a, C,
E, h, m, q, Uy, V}.

(c) Describe qualitatively the difference between the two cases in the questions (2)(a) and (2)(b) by

completing | (i) |and | (ii) | in the following sentences:

"In the case of E < U, + qV, applying the voltage reduces the average barrier | (i) | in

0 < x < a. On the other hand, in the case of E = Uy + qV, the effect of reducing the effective

barrier is also considered."

U U
N A
5 " \
| Il I I Il I
0 a > X fo) a i
qv

Fig. 5 (a) Fig. 5 (b)



Question No. 6: Basic mathematics (1,/2)
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(1) 120 THEALGNT=BAR fOICH LTS TTAE#RE

c[fO)=[" f@exp(-prrar
LEETD. 22T, pIREPEDOHFRTHS. RD(a)~(c)PRITE X X.

() ROBEKf,(NICHT 3 L[f,()]ERD K.

1 (0t <),
f"’(t)_{O (m<t).
(b) ROBE ST L[_ﬂ,(z)]%rikbbel:.

S ()=sin(t) (t=0).

©) B¥eg) #ERAICL->TERT S.

T 37
0 (t<5,—2-3t),
g()= . 3
sin(r) (—St<—).
2 2

WOBE £,() 12T 5 L[f.(0] KD X.
fc(t)=ig(t—2n7z) (t=20).

Q) xy-FEIZBITAHEE2EX5. RD@) ~(C)DPREIZEZ K.

(@) EROFBRIIRERK a, b, ¢ EAVT, ax+by+c=0 ([a,b]=[0,0]) LRFENS.

3B 0), (X, 1o), (%5, ;) BRI—ER EIZH 272D OME+EE%E, THIROED
FEXE LTRD L.

(b) ADHBRRIIREEK a, b, c,d ERAVTalx’ +y")+bx+cy+d=0 (a=0)&RREN
B. 4 K05, ) (X 1) (53, 0), (3, ) BRI—H EIZH B 12D D LB+ 53 &M%, 175
ROBOLRAL LTRD L.

© 3 A, ) G2 (35, ) EEAC bOSAKOEM S BRATRINS Z LEF
.
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Question No. 6: Basic mathematics (2,/2)

2025 4 8 A=k
MR 6 BUpEM
(2EB/72R%)

(1) For a function f(¢f) in 20, the Laplace transform is defined as

+x
c[f0]=],” f@exp(=pyar .
Here, pisacomplex number with a positive real part. Answer the following questions (a) to

(c).
(@) Find L[f,(1)] for the following function f,():

L 0<t<7m),
fm'{o (T <t).

(b) Find £[f,(r)] for the following function f,(f):
£ (t)=sin(t) (r=0).

(¢) The function g(¢) is defined as the following equation:

0 (Kg,%’s;),
g)=
. /4 3z
sin(¢) (— <t< —-‘]
2 2

Find L[£,()] for the following function f£():

fc(t)=ig(t—2n7r) (t>0).

n=0
(2) For shapes on an xy -plane, answer the following questions (a) to (c).

(@) The equation for a straight line is expressed using real constants a, b, and ¢ as
ax+by+c=0 ([a,5]#[0,0]). Find, as an equation in the form of a determinant, the

necessary and sufficient condition that three points(x,, y,), (x,, ¥,), and (x;, y;) are on the
same straight line.

(b) The equation for a circle is expressed using real constants a, b, ¢, and d as
a(x*+y*)+bx+cy+d=0 (a=0). Find, as an equation in the form of a determinant, the
necessary and sufficient condition that four points(x,, y,), (x5, ¥,), (x;, y;), and (x,, y,) are
on the same circle.

(c) Show that the area of the triangle S whose three corners are (x,, y,), (x,, y,), and (x,, y;) can
be expressed by the following equation:

x oy 1

x oy 1.
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