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Question No. 1: Electromagnetics (1/4)
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UToMicEx & REL, RBOFBERL o £ T 5.

(1) Fig. 1(a) CRT X5 ZBEEFIZEVT, 8 EDRA(-1,0,0) KRB q %, c#WLOA
B(1,0,0) XM B g 2. UTOMICEXX. 2EL, 1<0,>0,1>0 275 5.

(a) EEDAP(z, y, 2) KB ZEBH ¢(z,y,2) ERDX. 72721, ERBEICBIIIENE
0rd3s.

(b) EBDRP(z,y,2) CBIZBREZRDX. 7L, 2 HMH, yAH, z RO
RZMVEENENE,G,Z LT 5.

(c) BN o(z,y,2) =0 L R AFBAMMERL 2B ERL, ZORDOPLERC L EEF
RERDE. 127L, || # e T 5.

(d) Fig. 1(b) RT & D2, HBH q EWMOKRE, BhEhi-¥EFE R OBERE .0
BYRCLRZEICEHEBLE. Zok%, BEKRARDORB(,0,0) ICBINRE
g PUBRAOAGBEH M ORI I NOKEX rAMERRE. ZIT, FDLEEC,
AZE REE (1) (c) TRDMEL T 3.

(2) Fig. 1(c) KRTESRAERCBVWTH,Ea DERYH 3. BREDKRAN (r <a) TIE—E
DREV: E =L (p: BHEE)TH), ThLHAOZERTRV - E=0TH3LT5. T
DrE, ZOROARE, MUicBII3BRE2RD L. 2T, RoPLd SRS -,
FEHRDOBMARY bAEF LT 3.



Question No. 1: Electromagnetics (2/4)
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Question No. 1: Electromagnetics (3/4)
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Answer the following questions. Here, ¢ is the permittivity in a vacuum.

(1) In a vacuum as shown in Fig. 1(a), a point charge q; is placed at point A(—[,0,0) on
the z-axis, and a point charge g is placed at point B({,0,0) on thec z-axis. Answer the

following questions. Assumec g; <0, g2 >0, and { > 0.

(a) Find the electric potential ¢(z,y,z) at any point P(z, y, 2). Assume the clectric
potential at infinity is 0.

(b) Find the electric ficld F at any point P(z,y,z). Assume Z, ¥, and Z arc the unit

vectors in the z, y, and z directions, respcctively.

(c) Show that the cquipotential surface where the electric potential ¢(z,y,2) = 0 is a

sphere, and find the coordinates of its center C and its radius R. Assume |g;| # |g2]-

(d) As shown in Fig. 1(b), recmove the point charge ¢; and a grounded conducting sphere
of radius R was placed such that its center was at point C. In this case, find the
magnitude and direction of the force exerted on the point charge ¢z, placed at point
B(l,0,0) outside the conducting sphere, by the induced charges on the conductor
surface. Here, the center coordinates C and the radius R are the values determined

in question (1)(c).

(2) Consider a sphere of radius e in a vacuum as shown in Fig. 1(c). Assumc an electric
ficld E has a constant divergence V « E = -e% (p is the charge density) inside the sphere
(r <a)and V * E = 0 clscwhere. In this case, find the clectric ficld E inside and outside
the sphere. Here, 7 is the distance from the center of the sphere, and 7 is the radial unit

vector.



Question No. 1: Electromagnetics (4/4)
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Question No. 2: Electrical circuit (1,72)
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Fig. 2@D &L 512, R R[Q), AV F 27 FZ L AL[H), ¥+¥/3v ¥ X C[Fl, AREX
w [rad/s] DIEZFERHKEEIR E [V] 1523RK2E2 5. BRIIHENSERE 1[A]
L, AVEFIEBVARALEFHYNRUVI VAR CIBETIEEEZENENVL[V], Ve [V]
ET5. UTFToMIcE 2 L. 2L, BROLIRA BRI % w, [rad/s], £EFOEHR 1 %
Iy [A] £T 5.

(a) ABEE wy[rad/s] BLCER I,[A] ZRD L.

(b) HABEEDA L F I BV RL X ¥RV F VR CIZRETIBEEZZNEN VL, [V],
Voo [VI &5, Vi LV PRESNELLARBZ L ERE. E72, Vo &Veo DAL
HEEFRD L.

(c) HRDH X wo/(wy — wy) & w, [rad/s], w, [rad/s] # R, L, C, wo MPHLERHD
PHWTERYE., 2L w, & wid, EROKEX |I| BRFOBHROKE X ||
D 1/N2 ZERDZAREET, w,> w87 5.

Fig.2b)D & 512, ¥ ¥/ # A C[F), BBA V¥ Z AL, [H], L, [H], BEA ~
&7 52 MH], #H RIQ), ABEE wrads] OIEZERREER E[V] 572 35[E
BE2E25. ARER L[A] &1, [A] 2RO &, &bIZ, R R KNI EFREEo
LRBwERDE. EL, R>0, wl —1/(wC) 0L T 5.
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Fig. 2(a) Fig. 2(b)



Question No. 2: Electrical circuit (2,/2)
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Let j be the imaginary unit and answer the following questions.

)

@

Consider the circuit shown in Fig. 2(a), which consists of a resistance R [Q], an inductance L [H],
a capacitance C [F], and an AC power supply E [V] operating at an angular frequency of w [rad/s].
The current flowing through the circuit is 7 [A], and the voltages across the inductance L and the
capacitance C are V;, [V] and V¢ [V], respectively. Answer the following questions. Here, the

resonance angular frequency of the circuitis wg [rad/s], and the current I at the resonance is Io [A].

(a) Find the angular frequency wg [rad/s] and the current I [A].

(b) Let the voltages across the inductance L and the capacitance C at resonance be Vi, [V] and
Vco [V], respectively. Show that the magnitudes of Vi, and Vo are equal. Furthermore,
find the phase difference between Vo and Vg,.

(c) Express the sharpness of resonance wq/(w; — w4), w, [rad/s], and w, [rad/s] using the
necessary terms from R, L, C, and wg. Here, w; and w, satisfy w, > w; and are the
angular frequencies at which the magnitude of the current |/| becomes 1/v2 times that of
the magnitude of the resonant current |Ig].

Consider the circuit shown in Fig. 2(b), which consists of a capacitance C [F], self-inductances

L, [H]and L, [H], amutual inductance M [H], a resistance R [Q2], and an AC power supply E [V]

operating at an angular frequency of w [rad/s]. Find the loop currents I, [A] and I [A].

Furthermore, find @ such that the current through the resistance R becomes zero. Here, R > 0

and wl; — 1/(wC) # 0.

Fig. 2(a)



Question No. 3: Computer hardware (1,/4)
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Fig. 3(a) IR ¢T2MELE FA) X, —H5D 1y hOAHab & FTHANLOHTET (F%
U—) i LT, ZOHANRTs EROF ¥ Y —coy ERDPERETS. FA ZRHWT,
ZoDOnEy b 2HEMIIA = any apy - G, B=bpo1 bpy - b EASE L, TNLOFE
HATAMEREERTDZLEEXD. BTAEY b Oy NB) Day & by DMBTAE
LaMEsy, ¥V —%c &T5.1<isn—-1BVT, (i-1)EY FALLDF Y ) —
Cioa BIiEY NEDAS q;, by 3412 FA ITAH S, TOMBERBREIMs; X ¥ ) —¢ &
LTHAIhD. UTORMICEZ L.
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@

6))
(6)

5o DIRER L ¢y DIMERE qp & by ZfE > TRE.

s; DRRBRE ¢ DRBRE ¢y, @ BLO b 2> TRE. HFL, 1<isn-1L7F
5.

n=40%t%E, FAORZHEEMEAVCEIIMABREZREL, ZoRBREZH#IT.

18D FA L 1 HOAFY RFELCABAMEEZEHT S L VA Z THER SN SEFIM
BRICEALT, Z0BMERBAZHRAY L.

WHIINFERE L LRT, BEIMEROFRLRAEENEN—2TOTRE.

I—Y (Mealy) BAFRIRIERB L L CEIIMAROREEZKRDOBEY EERT D.

- KRB Q =0 (FxV—230) (0<isn-1)

KRB Q=1 H¥V-—2d1) (0<igsn-1)

=7E L, YIHIRIRIX Qo & T 5. Fig. 30b) IR TIREBBELTRESE, TheFiT. £
7z, TOREBEBRZET. KEEBREZHE, 2, AN (a,b) =(0,0) E5Ex
bhdl, Whs =0%EoTIREEN Qy 15 Qo BB T A Z L 2 RTRADIEFITIX
"(0,0)/0" LT HZ L.



Question No. 3: Computer hardware (2,74)
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Question No. 3: Computer hardware (3,/4)
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A full adder (FA) shown in Fig. 3(a) is a circuit that outputs the sum s and the carry

Cout for two 1-bit inputs a, b, and a carry ¢, from a lower-order bit. Using FAs, we

consider the construction of an adder that takes as input two binary sequences of n bits,

A=a,_1ap- - ag and B =b,_q b,—; =+ by, and outputs the sum. The sum sy and the

carry co are produced at the addition of the least significant bits (the 0-th bits) a, and

bo.

For 1 <i<n-1, the carry c;—, at the (i — 1)-th bit together with i-th bits a; and

b; is input to FA, and then, the results are output as the sum s; and the carry c;. Answer

the following questions.

(D
2

3
@

(5)

Q)

Express a logical formula for s, and a logical formula for ¢, using ay and b,.
Express a logical formula for s; and a logical formula for c; using¢;_;, a;, and b;,
where 1<i<n-1.

When n = 4, design a parallel adder using only FAs, and draw its circuit.

Explain the operating principle of a serial adder composed of 1 FA, 1 memory unit,
and registers storing the input and output.

Describe one advantage and one disadvantage of the serial adder compared with the
parallel adder.

The states of the serial adder as a Mealy-type finite state machine are defined as
follows:

- State Qp : ¢; =0 (Carryis0) (0<i<n-1)

- State Q; : ;=1 (Carryis1) (0<i<n-1)

Here, the initial state is Q,. Complete the state transition table shown in Fig. 3(b)
and describe it. Furthermore, draw its state transition diagram. When drawing a
state transition diagram, for example, write "(0,0)/0" close to the arrow indicating
that there is a transition from state @, to Q, with input (a;, b;) = (0,0) and output
s;=0.



Question No. 3: Computer hardware (4,/4)
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Question No. 4: Computer software (1/2)
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ZODBEESIBUC 2BRE fF ERD LS ITERT .
f(z,y) =if z > y then y else f(f(z +1,), f(z,y - 1))

ZOrE, f(2,1) DEIZ 1 THD, TOHBEICHEREE f OFCH LB f(2,1) BE2E
B350 1H0ATHS. £72, f(2,1) DHETEIERFUCHLISEI SR\, T
2&v 7 (RUHLAZyZ) OBRKDEXZ1THS. HMICBEX L. &b, ALK
ZEBMUHLTH > THODHUHENZ CHAESTOh 2 b0 T3, £, FEHEFCH
LiZ, 2OMUHLOFESRT T2 TETRRAZy 7 LicBs b0 L, RE FORBILIX
BRIRRNZ T 5.

(1) B f D BBHRHBECOVWTUTORIE X X.

(a) £(1,2) DEEZEX X.
(b) £(1,2) DEHBECLELREK f oOMUHLEREZEZ X.
(c) f(1,2) DHBERBIIZ2ERITRAXy JOBRRKDEEEEX X.

(2) B 2 12T 3 f(z,z+2) DRHEROVWTHUTOMIREX &.

(a) z ZAWT f(z,z+2) DIEEZRE.

(b) f(z,z+2) OFFEICHERBELY f ONRUHLEBEZEZ X.

(c) f(z,z+2) DHELXCBIZETRRAX y 7OBRAKOFEEREZ X.

() BHlzyMo<y 2WhTrE Bn>02A0T f(z,y) B f(z,x+n) ERTZL

HTES. UTOMIER L.

(a) (f(z,z+n)—z) DARX z P n IZXSTERE 3. ZOEEEEBNITRL, (f(z,z+
n) —z) DEBPEIZZDOERII—BT 5% n BT 3HENREMEIC L DAL X.

(b) f(z,z +n) DFFHICHELREY f OFUHLERE n OBBE LTRTILBTES.
T DEMERE.

(¢) f(z,z+n) ORHBEICBIZEITHAZy JOBRKDOEZIE n OBRE LTRT ZHT
%3. TOEERE.



Question No. 4: Computer software (2/2)
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A recursive function f that takes two integers as arguments is defined as follows:

f(z,y) =if z >y then y else f(f(z+ 1,y), f(z,y - 1)).

Then, the value of f(2,1) is 1, and the number of calls to the function f required for this
computation is just one for computing f(2,1) itself. In addition, since no recursive calls are
made in the computation of f(2,1), the maximum depth of the runtime stack (call stack) is 1.
Answer the following questions. Note that the function will be computed each time it is called
even if it is called with the same arguments. Furthermore, each function call remains on the
runtime stack until its computation is complete, where no implementation optimizations are
considered.

(1) Answer the following questions about the specific computation of the function f.

(a) Find the value of f(1,2).
(b) Find the number of calls to the function f required for the computation of f(1,2).

(¢) Find the maximum depth of the runtime stack during the computation of f(1,2).
(2) Answer the following questions about the computation of f(x,z + 2) for an integer z.

(a) Express the value of f(z,z + 2) in terms of z.
(b) Find the number of calls to the function f required for the computation of f(z,z + 2).
(c) Find the maximum depth of the runtime stack during the computation of f(z,z + 2).

(3) When integers z and y satisfy = < y, f(z,y) can be expressed as f(z,x+n) using an integer
n > 0. Answer the following questions.

(a) The value of (f(x,x+n)—z) is constant regardless of  and n. Find the specific constant
value and prove by mathematical induction on n that the value of (f(z,z +n) — z) is
always equal to the constant.

(b) The number of calls to the function f required for the computation of f(z,z + n) can
be expressed as a function of n. Find the function.

(¢) The maximum depth of the runtime stack during the computation of f(z,z +n) can be
expressed as a function of n. Find the function.



Question No. 5: Physics (1,76)
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MNB%Z x, A% t ¢T3, —RERTVI¥ NV V(z) ObE TENTI2HE m ORLT%
—DEZ 3. FRLEN-RFOEBIEE U(z,t) (X, EFEORZICBWT, ROKEIZEKTR
TBEValb—F 4 o H—FBRRUHED LT 5.

iﬁg@—é%ﬁ = (-—Ez—a—:+ V(x)) U(z,t).

IITHAIBRBETSVIEBEMTHB.
t<0 IZBWT, V(z) IHRDOEIIZRINDIE 2L OHFRRT ¥V THB.

_ {0 (-L<z<l),
V(z) = {oo (zx<—-L, L<az).
HFIZZORT oy VOEBEREBICHS. EERBORELY k, TOEE-RXNVF—% E,

LB E, U(z,t) BRDOEIITKREND.

U(z, 1) = {%cos(kom) exp (—i%t) (-L<z< L),
0 (<-L, L<a)

RORUZEZ XK.
() ky & E, RO L.

Q) t=0 IZBWT, HFBNRIEAD ¢ FRICENEFN L 7EIFHEEL, t >0 I2B8WT V()
IFRDEIIZRENDIE 4L ODHFERRT v e 5.

0 (—2L<z<2L),

V(z) = {oo (x <—-2L, 2L<x).
EEBEEIL t =0 BV THRRIZH L TEBRE THD LT 5. LIV -T, HFEOIRE

HOEBEEK U(z,0) ZKRDOXSIZEZLNS.

¥(x,0) = {%Cos(kox) (-L<z <L),
0 (:l: <-L, L<L :1;)

t>0 IZBIT3 U(z,t) X, I 2L <zr<?2L TRODLS>IZRENS.



Question No. 5: Physics (2,/6)
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\I’(ZL', t) = Z Cn ¢n(I9 t)y

2L
¥r(z,0) ¥(z,0) dz,

¢, =
—2L
L cos(k :c)exp( i "t) (n=1,3,5,-)
n - T = 4,0,9,°"" )y
wn(z? t) = \/f—L E
ﬁsin(knx) exp (—i#t) (n=2,4,6,-).

TIT, o0 BERETHY, ¢, (z,t) 3B 0 BEREBORDEE, £k, =1 3T OB,
E, 3ZOEATXNX—Ths. &z, B n THL, B c, =0 THINDH, t20

DEBEOBIIZIBWT U(z,t) RROXIITRIND.
E
Uz, t)= Y cnwn(x,O)exp<—i?"t).

n=1,3,5,

n>1IZHLT, E, #ROX.
n=1 RS n=3 BOOHMIBAMNDT 2r OBEEL LKA 7(>0) %

Rk, Thbb, KEHTRA r 2RD L.

(@

(b)

E3_El _
7 T =2m.
€ AE n IZHTB ¢, ELTELVHLDERD A -C. OF1LHBIRE L.
82 nw 16v2 nmw
Tanr—a) (T) B =™ (7)

=g (7)

C (= 4) 4

A n LT, HEEH ¢ ZHAVT n2=8¢+1 LRENBZLICEHTS.
U(z,7) BHFRNDOLFER —2L <z <2L T U(z,0) DEREMBELRBZLEF

@

L, TOBRREHELRD L.




Question No. 5: Physics (3,/6)
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3) Q) OHEOHBERSRTEROXDOER [ @ |-[ O | CADZXEEZIFIFENL L
TR LED 2 SO F B 5B~

THEERER - -E%, HeHEK U(z,0) ILREOHFOBAREC KSR
¥, (z,0) ZAWT zEns. B n IZHLT, ¥ ¢, =0 THHZ LiX
U(z,0) & 4,(z,0) A LTWAZ LEEHKRLTWAS.

B t>0 ICBWT, FEARERADOES [c,|* X [ (© ] FHSTIERT RNV
F—ZIE LB F exp(—iZet) BS#»5. LEsoT, U(z,t) OFBIREE & bIC
T 5.

t=7 IZBWVTIT, 728, |¥(z,7)]2 = |¥(z,0)|> &72Y, RFOEFEERENMIL
FRRIOHFRRIRES. EbIZ, t=[ (9 | kKBVTII, =8, U(z,[ (& ) =
U(z,0) &2, HFBHILE L BROBEBEK L Z2ICR—OEBBEEAETINS.

— DEIERE
A. — O OBEFREET T B. OB AERENDERAEDLELLT

— DEER
A BHXR B. L4 C. —¥&

DIEVERH
A B L L bICEET B B. BB L BT —ETHS

—— [ @ & [ (BO | oEEH
A. ETOHHE n THRIL ¢, 2 B. 2TO#H¥ n TRICMEEFZ LD
C. ZETO#H¥ n THNHEFMN1IZ2S

— DR

A 27 B. 47 C. 87




Question No. 5: Physics (4,/6)
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Let = denote position and ¢ denote time. Consider a particle of mass m moving in a one-
dimensional potential V'(z). The normalized wave function of the particle, ¥(z, t), is assumed to obey

the following time-dependent Schrédinger equation at all times:

LAU(z,t) [ A2 9
ZﬁT— (—%wﬁ' V(.’L’) ‘I’(.’l:,t).

Here, # is the reduced Planck constant.

For t <0, V(x) is awell potential of width 2L expressed as follows:

0 (-L<z<l),
V(I)z{oo (x<—-L, L<z).

The particle is in the ground state of this potential. Letting &, be the wave number of the ground state

and E, its eigenenergy, ¥(z,t) is expressed as follows:

U(z,1) = {%cos(knm) exp (—i%t) (-L<z< L),
0 (zx<-L, L<ax).

Answer the following questions.

(1) Find k; and E,.

(2) At t = 0, the width of the well is expanded by L in each of the positive and negative z-directions,
and for ¢t > 0, V(z) becomes a well potential of width 4L expressed as follows:

0 (—2L<=z<2L),

Viz) = oo (r<—-2L, 2L<Lx).

Assume that the wave function is continuous with respect to time at ¢ = 0. Therefore, the wave

function ¥(z,0) immediately after the expansion of the well width is given as follows:

¥(z,0) = {%“S“"o’”) (-L<z<I),
0 (€<-L, L<z)

For t > 0, U(x,t) isexpressed in the region —2L < z < 2L as follows:



Question No. 5: Physics (5,/6)
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U(z,t) = Y cp Pn(at),

n

2L
¢, = ¢ (z,0) ¥(z,0) dz,
—2L

——l-—cos(k:nx) exp (—i&t) (n=13,5,-),

pmy={ VL 5
ﬁsm(kn:v) exp (—th) (n=24,6,-).

Here, n is a natural number, v, (z,t) is the wave function of the n-th eigenstate, k,, = J7 is its

wave number, and E,_ is its eigenenergy. Also, since ¢, = 0 for even n, ¥(z,t) at any time

t > 0 is expressed as follows:

U(z,t) = Z ¢, Yn(z,0) exp (—i%t).

n=1,3,5,-

(@) For n>1,find E,.

(b) Find the first time 7(> 0) at which the relative phase between the n = 1 component and
the n = 3 component becomes an integer multiple of 2m. That is, find the time 7 that

satisfies the following:

E,—F __

x 2.

(c) Select the correct expression for c,,, forodd n, from A. — C. below.

V2 V2 nmw
A - w(sz - 7 (7) B. - anzz - 7y (%)
V2
¢ =g (7)

(d) For odd n, note that n2 can be expressed as n? = 8¢ + 1 using an integer g. Show that
U(z,7) is a complex constant multiple of ¥(z,0) throughout the entire region

—2L < x < 2L inside the well, and find the complex constant.




Question No. 5: Physics (6,76)
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(3) For each blank | (a) | = | (f) | in the following passage describing the physical picture in

question (2), select the most appropriate statement or phrase from the corresponding choices.

“Immediately after the well width has expanded, the wave function ¥(x,0) is represented
using the eigenstate wave functions ,(z,0) of the well after the expansion. For even n, the fact
that the coefficient ¢, = 0 means that ¥(x,0) and t,(z,0) are [ (b) | At time t >0, the
weight |c,|? of each eigenstate component [ (c) |. Each component acquires the phase factor
exp(—i 5,;‘ t) corresponding to its eigenenergy. Therefore, the shape of ¥(z,t) changes with time.

At time t =, because [ (d) |, |¥(x,)]> = |¥(x,0)|*> and the probability distribution for
the position of the particle returns to the region of the well before the expansion. Furthermore, at

t= because [ (f) | ¥(x,[ (e) ]) = ¥(x,0) and a wave function completely identical

to the wave function at the time when the well width was expanded is restored.”

Choices for | (a)

A. by only one eigenstate B. as a superposition of multiple eigenstates

Choices for | (b)

A. orthogonal B. proportional C. identical

Choices for | (c)

A. changes with time B. remains constant in time

Choicesfor [ (d) |and [ (D |

A. all odd n have the same coefficient c, B. all odd n have the same phase factor

C. the phase factor becomes 1 for all odd n

Choices for | (e)
A. 27 B. 471 C. 87




Question No. 6: Basic mathematics (1/2)

2026 5E 8 A EHE
FIE6 WP ER
(1B 2EHH)

(1) 2 RDOIEATTSNA, B, C, D, X, Y 2

P R O CE P RS

1
X=—(A+B?%, Y

1
E(B‘Az)
5%, LTOMIZER X.

(a) X BXUY ®25tH® &.
(b) A, B, C, D, X, YD3B, TAIy MIFITHZBDETRTERL.
(c) A, B, C, D, X, YD53B, 2=RVTHITH2DDEITNTEXL.

(2) B f(z) D7 -V TEBMERD LS ITERT 3.

+o00
F(w) = # : f(z) exp(—iwz)dx

UToRcEX &.
(a) ROBEED 77—V EBRERD &.
f(z) = exp(— |z])

(b) ROBBD7—V xZirRD k.




Question No. 6: Basic mathematics (2/2)
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(1) Let the second-order square matrices 4, B, C, D, X, and Y be given as

0 i 0 i i1 i 0
S H e A B I R

1 1
X=—=(A+B?), Y=—(B-4%.
AAHE), Y= (B4
Answer the following questions.

(a) Find the matrices X and Y.
(b) Find all Hermitian matrices among A, B, C, D, X, and Y.
(¢) Find all unitary matrices among A, B, C, D, X, and Y.

(2) For a function f(z), the Fourier transformation F(w) is defined as

1 +o00

Fw) = E g (z) exp(—iwz)dz.

Answer the following questions.

(a) Find the Fourier transformation of the following function:

f(z) = exp(- |z]).

(b) Find the Fourier transformation of the following function:

z
1422

f(z) =



