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Attention: Choose 2 questions out of the following 6
questions and answer each of them on a separate answer
sheet. You may use the backside. Questions are
written in both Japanese and English.



Question No. 1: Electrical engineering (1,74)
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Fig. 1@IZTRT X572, ITRE k DI TEELEGINZA 8 P 2b >BRAEE LS. P I,
ITRANBRRERBAE x = 000, TIPSR BME x =d (> 0)ETEKILHTES. P &K
SERASEIZED R, BIREaA Vi, BER v(t), B r, BXU=A NV LS LERBIRBIC
s T\, BIRICIZER i) SRNATRY, P OBIEIZL> TRES e, () RELTVS. BE
DORKIFEITRE THY, IANVOLNBERLEEA ¥ I 2 RATERTEDLDLTS.

(1) BKRERIZEWT, EHE2SLREORSE D, EREBLOWMEME S, ZRER.LOFERK
BEFNFN g, us(> 1p) £75.
(@) x=00Dr%, ZRIZEZONIMK T RN F—LZNUNOBRICE X ONDHER TR
NE—BENTNW,, W £T5. Wo/W, 2RO L.
(b) x=d/2 DrE, PIZEKERALITRICEIDMEN B DVH T, ZOLEDREBPIDRER
DOREZERD L.

(2) Fig. 1(b)iZ, Fig. @D BHEA VAT LDy /R THD. AHIDV(s) LHAD X(s)ix%E
NEN v(t) L P OHLE x(t) DTTITRAEHRTHD. PILBKERES fin(t) LEES e, (t) (28
LT, Kp & K, BEDEEELT, fu(t) = Kpi(t) & em(t) = K, dx/dt DERBRYLOBOL
T3, 1(5), Fr(s), Em(s) IZEFNBIVI(L), fin(t), em(t) DTTIRAERERT.

(a) ZOTay/BRROMN—TREBREE, K, G1(s), G2(s), G3(s) ZAVTRE.
(b) EEBIE G,(s) BUT TEALNALE, PICETIEBHERRELRD L.

a
s2 4+ bs + ak

(¢) Fig. 1@ITRLI-EBREIREN S, BEBEK G1(s) & G3(s) ZRD L.
(d) ADBBMRTyTDLE, +HRERARRL%ED P OME x (< d) ZRDX.

Gy(s) = (a,b: EOE)



Question No. 1: Electrical engineering (2,/4)
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Question No. 1: Electrical engineering (3,/4)
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Consider the electromagnet shown in Fig. 1(a), which has a movable part P fixed to a wall by a spring

with spring constant k. The part P can move from x = 0, where the spring is at its natural length, to x =

d (> 0), where the gap disappears. The entire electromagnet except for P does not move. An excitation

coil is connected to an electrical circuit with a power supply v(t), aresistor r, and a coil L. In the circuit,

a current i(t) flows and an electromotive force e,, (t) is generated by moving P. The magnetic property

of the magnetic core is linear, and the leakage flux and mutual inductance of the coils are negligible.

(M

(@)

In the magnetic circuit, the length of the magnetic path, including a gap, is D, the cross-sectional

area of both the gap and the magnetic core is S, and the permeabilities of the gap and the magnetic

core are yg and ug (> ug), respectively.

(a) When x = 0, the magnetic energy stored in the gap and that in the rest of the magnetic path
are W, and W, respectively. Find Wy /W.

(b) When x = d/2, the electromagnetic force on P and the elastic force of the spring are balanced.

Find the magnitude of the magnetic flux in the magnetic path at this time.

Fig. 1(b) is the block diagram of the electromagnet system shown in Fig. 1(a). The input V(s) and
the output X(s) are the Laplace transformations of v(t) and x(t), which is the position of P,
respectively. For the electromagnetic force f,(t) on P and electromotive force e,(t), the
approximations fi,(t) = Ki(t) and en(t) ~ K, dx/dt hold, where K; and K, are positive
constants. [(s), F,(s), and Ey, (s) represent the Laplace transformations of i(t), f,(t), and e, (1),
respectively.

(a) Express the closed-loop transfer function of the block diagram in terms of K¢, G, (s), G, (s),

and G3(s).
(b) Find the equation of motion of P when the transfer function G, (s) is given as follows:

a

G2(s) = s2+bs + ak

(a, b: positive constants)

(¢) Find the transfer functions G, (s) and G;(s) for the electrical circuit shown in Fig. 1(a).

(d) When the input is a unit step, find the position x (< d) of P after a sufficient time has elapsed.



Question No. 1: Electrical engineering (4,74)
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Question No. 2: Communication engineering (1,72)
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BRI A vi(t) = Vsin2nfyt (V> 0)TREINAEEZ, Fig. 2@ T EBRREEIFIC
ANLeE, HAENBEEEF v,(t) %, 0<t < 2/f, OREHGHETRREL. 2L,
HAF—F D DIEFBEAE—F A%, EHE R ICHARTERTEZLDLTS.

1 BSOBRBREEA TR TELLNIELARY 1/,,0BHBE v(t) 27 —)=KEiC
BREAEL. 727ELE 2 BRAER S DOEETTRV.

1
v(t) = Vsin2nfyt (0 <t< —)

,
w(t) = 0 (Z—fOStS-f;)

Fig. 2(0IZRT X3, BQ@D v(t) THEAGNIEABBREERLABA L E—F R Zy B
BRAEBENSOHAE, HARIA B —F R Z, OARBERIN-FE@RT /v
% (BPF) BB %&ET. ZnLx, HAShBZEHOM (BALIX[W]) R L. 72721, BPF 1358
4 BRERS DR EBAXERLOLL, TOABABERRLIA E—F A AEEHLNATEY,
Zy =500 QT 7F L AT BRTEDL DL T D) ThHS. Fi=, V =314V, f = 1.00 GHz,

=314 EL, v() O 4 AEERNT - cos8nfot TH.

RGBT, [ERRENDIZBMEZT LHASNS. fI(3)D BPF »bHHAINAHEEE SO (HAL
IZ[W) &2RL, B BT ENE (SN)ZR® XK. 72721, Boltzmann E##%1.38 x 10723 ]/
K, [EERZETEIRSEDREES 300 K, BPF O@iB#IKIE%L 10.0 MHz, 7/ VDR
fe¥% 1 L7535,

D
o m + O . ]
BPF I::'Zo
vi(t) R [v(t) ¢
signal source

Fig. 2(a) Fig. 2(b)



Question No. 2: Communication engineering (2,/2)
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Plot the output voltage waveform v,(t) in the time range 0 <t < 2/f, when a voltage whose
temporal waveform is represented by v;(t) = Vsin2nfyt (V > 0) is input to the rectifying
detector shown in Fig. 2(a). Assume that the forward impedance of the diode D is negligible
compared to the resistance R.

Expand the periodic function v(t) with the fundamental period 1/f,, whose temporal waveform
for one period is given by the following equations, into a Fourier series. The terms up to the second
harmonic component are sufficient.

v(t) = Vsin2nfyt (O <t< %)
0
1 1

v()=0 (Z—fOStSE)

As shown in Fig. 2(b), the output from a signal source consisting of a radio-frequency voltage
source given by v(t) in question (2) and an internal impedance Z, is passed through a bandpass
filter (BPF) circuit with a load of impedance Z, connected to the output side. Find the value of
the output power (in [W]). Assume the BPF only allows through the 4th harmonic component, and
the impedance is matched with the BPF input/output circuit, Z; = 50.0 Q (the reactance
component can be ignored). Also, assume that V = 314 pV, f, = 1.00 GHz, m = 3.14, and the

4th harmonic component of v(t) is % cos 8mfyt.

Thermal noise is also output from the signal source in question (3). Show the noise power value
(in [W]) output from the BPF in question (3), and calculate the signal-to-noise power ratio (S/N).
Assume the Boltzmann constant is 1.38 X 10723 ]/K, the temperature of the entire circuit

including the signal source is 300 K, the BPF passband width is 10.0 MHz, and the filter noise
figureis 1.
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BPF [ ]2

Fig. 2(a) Fig. 2(b)



Question No. 3: Electronic engineering (1,72)
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Fig. 3(a)ix, npn ®ARA KR—F I VR F AV RRBIBRIE THS. 22T, BEvE
XV, TRENANBLUCHIBFORBMERZMEBEETH 5. BHR,, Ry, Rz, RyD
flix, ¥ 80k, 20k, 4.0kQ, 1.4kQET5. BREE VcPEIRI0VETS. 27
L, REESOAEKIIBW TV T ¥ 0, G, DA E—F R I+S/hEVnbn LT
5. LUTORICEZ &.

(1) B DOAEEZ, N—RXBEV,, aVIFIBEV, BIUO=I v FBEVOEER
DL ZIZT, R—RX—x Iy FEBE VgePHIZ06VET D, R—XBRIIERTES
HLoLT B,

(2) ZWEBEIRRICBIT B2 F ¥ G, GORENZ DWW TENENHAYE L.

(3) I’EH R, DBE & Z DEBRNBEERICH LTERETHZBHICOWVTHRAE L.

(4) Fig. 3R T RRBEREOM/IMEFSMEIK L#IT. 7L, TORF U IRZDOM
IMEBEMERE L LT Fig. 32V Z L. S5, HiERIEBDOANA L ¥—F L RZ;,
HMha vv—&r 22, BEFBK,(=v,/v)DfEERDL. ZZT, FFTUPREZD AR
7 A—% h, heDEIE, ENEN40kQ, 200 LT 5.

Fig. 3(a)
i
Be _b’ o (C
h; D hyin
Ee —- E




Question No. 3: Electronic engineering (2,72)
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An AC amplifier circuit using an npn bipolar transistor is shown in Fig. 3(a). Here, voltages v; and
v, are the small-signal alternating voltages at the input and the output terminals, respectively. The
values of resistors, Ry, R,, Rj3, and R,, are 80kQ, 20 kQ, 4.0 kQ, and 1.4 kQ, respectively. The
value of the power supply voltage, Vec, is 10V. Assume that the impedances of
capacitors Cy, Cy, and C; are negligibly small at AC signal frequencies. Answer the following questions.

(1) Consider only the DC components and calculate the values of base voltage, Vg, collector voltage, V¢,
and emitter voltage, V. Here, the value of the base-emitter voltage, Vgg, is 0.6 V. Ignore the base
current.

(2) Explain the roles of capacitors C; and C3 in the AC amplifier circuit, respectively.

(3) Explain the role of resistor R, and the reason why this circuit is stable against changes in
temperature.

(4) Draw the small-signal equivalent circuit of the AC amplifier circuit shown in Fig. 3(a). Use the
circuit shown in Fig. 3(b) as a small-signal equivalent circuit of the transistor. In addition, calculate
the values of the input impedance Z;, output impedance Z,, and voltage gain K, (= v,/v;) of the
amplifier circuit. Here, the values of the h parameters of the transistor, h; and hg,are 4.0kQ and
200, respectively.

h; D hyiy,

é o E
Fig. 3(b)



Question No. 4: Computer science 1 (1,72)
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UToMICE X L.
(1) kD55, MAEETEBOF L L TRLETNRLOZ 1 OERE L.
A Z7VyFo7uyf B) Avuv# C) Fa—F D) VLIRE

(2) kDS b, BEETERE LIBFEROEVEZR HBEDICHAL TS H D% 1 DBIRYE L.
A) MEVERIZIZITZ 4 — KRy 2 A—TRHY, EFEIRRIZIEZR.
B) HAAVRIRICIINTEATY BRRH Y, EFERICITZRV.
C) MAETRBIZIRMEDANDOARIZESHWTHAZAERT 2, IEFERIIBEOAN L
NERRIBIZESWTHAZAERT 5.

(3) Fig. 4 ITRTEFIMEREELXS. =751, a, b, ¢;, 5, ¢, €{0,1}¢ T 3. ZOHEFIMA
B, 2200AHE Y balbBIURHIOMENLDOHT EIF AN 2ZITERY, ZThb3
OOEEMELTRs EHT ETH A, 2ERT 3. ZOBEFIMARE LTHIETS, &/
DOREHTDI—Y (Mealy) FIREEERRE L HIT.

(4) (a) “10” TRDLIZTRTOE Y MIZRATHIERKRREZFE.

b) 7y ZIZAMLTLEY FFORRTAIANRINIHLT, 1y MEEZHAT
BIEFEIREZE 2D, ZOIEFERE, ASRFIN () DERRREFH TR, oF
D1IDOERBIZOBADINEZRHICHANL E2Y, ZOMOBEIT0EHNITS. =
DIEFEIED L—T (Moore) THIRIBBBR ZH#i1T. £/=, ZOIRFEE%ZAIRERZRY
LPEOD 7Y v T 7uy S LREBS— b ERVTHEIT.

a —»

b —| Full adder

LD fiip-flop|+—2

f

clock

Fig. 4



Question No. 4: Computer science 1 (2,/2)
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Answer the following questions.
(1) Choose the most appropriate example of a combinational circuit from the following:
A) Flip-flop B) Counter C)Decoder D) Register

(2) Choose the most appropriate description of the difference between combinational circuits and
sequential circuits from the following;:
A) A combinational circuit has feedback loops, while a sequential circuit does not.
B) A combinational circuit has internal memory elements, while a sequential circuit does not.
C) A combinational circuit produces an output based only on current inputs, while a sequential

circuit can produce an output based on current inputs and its internal state.

(3) Consider a serial adder, as shown in Fig. 4, where a, b, c;, s, ¢, € {0,1}. The serial adder takes
two input bits of a and b and an input carry ¢; from the previous addition, and adds these three
values to produce a sum s and an output carry c,. Draw the Mealy-type state transition diagram
with the fewest possible states that acts as the serial adder.

(4) (a) Show a regular expression that describes all bit strings ending with “10”.

(b) Consider a sequential circuit that receives a one-bit signal of an input sequence, and outputs a
one-bit signal at each time in synchronization with a clock. This sequential circuit outputs 1
when the input sequence satisfies the regular expression in (a), i.e., when 0 is input immediately
after 1, and outputs 0 in all other cases. Draw a Moore-type state transition diagram for this
sequential circuit. Also, draw the sequential circuit using the fewest possible number of D flip-

flops and logic gates.

b —* Fulladder

D flip-flop|+—2

clock

Fig. 4



Question No. 5: Computer science 2 (1, 2)
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2 O@?Fﬁgﬁ%ﬁﬁmb 1 DDIEERZRTUTORIREE f 2EX 5.
fO,n) = n+1 (n>0)
fm,0) = f(m-1,1) (m > 0)
fm,n) = f(m-1,f(mn-1)) (m>0,n>0)

HUTFORICEX &.
(1) FEDOFABHE L f(l,n) =n+2THBHT LEIHLX.
(2) f(2,2) DiEERDX. BFDFHELRT T L.

(3) T EBEHROBMLIAZL, THEREED—DDAZY 7 2FEL, BEFEH USERO
HOMRETIIT 4T LTHEHIEAVL IR ZBMZEZ 5.

(a) DX HBHO L T—RICERBETH L LEREEET 35 ER 4~6 TTREDX
ETHAL L.

(b) ZD &S HBWO LT, BREEK f 2REI BT TV a—-F2ET. BESDY
ZWNEDT LT a— FOBIERRED, XBEBTIAY b2ENTHLV. BY-
F—n—7n—, ATVHER BIUHERRIERLEZITIW.



Question No. 5: Computer science 2 (2 ./ 2)
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Consider the following recursive function f that takes two non-negative integers and returns a
positive integer.

f(0,n) = n+1 (n>0)
f(m,0) = f(m-1,1) (m>0)
fm,n) = f(m-1,f(mn-1)) (m>0,n>0)

Answer the following questions.

(1) Prove that f(1,n) = n + 2 for any non-negative integer n.
(2) Find the value of f(2,2). Show also the intermediate calculation.

(3) Consider a register machine with a sufficient number of integer registers, a stack of sufficient
size, and no instructions for function calls or returns as primitives.

(a) Explain in around 4-6 lines of text how to implement recursive function calls and
returns in general on such a machine.

(b) Write assembly code that implements the recursive function f on such a machine.
The syntax of the assembly code is arbitrary as long as its behavior is clear, while
you may also write comments in text. You do not have to consider integer overflow,
memory consumption, or computational complexity.



Question No. 6: Advanced physics (1,74)
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Fig. 6(a) IZRT X512, R (6A) TEZOLND x W EOHFERRT vV V(x) IZHRESH,
EERIBIZHIHLT (HEm, =RXNVF— E)IZONWTEZS.

+00 (x<0) i (D
V(x) = { 0 (0<x<a) g (1D (6A)
Vo (x = a) R (11D

ZIT, VL alZEEDERTHY, 0 <E <V, THD. /=, 8K ID L AID I2BWT, ZORLFD
R ¢(x) 13X (6B) TEXLNDLDETB.

_ Ae'** 4 Be~ikx (0<x<a)  HEAD
Ve = { CeP* + De~F* (x=a) g 1D 6B)

TIT, BB, k & pIEEDER, A, B, C, D HHREOERTHE. h= (hiZTT7
EH)LLT, LT ORICELE.

1) 8 4D 2RI ARFEICKRTFEL 2V 2L —F o H— e EE, k% h,m, V,, ED
SHLNLMLERLOFAVTEE. T, x = 0 1B HEBEKOEREELZZEE T LI
oT, Bk AD ITBIFDY(x) 2 x, a, k, B, ADILPLLERLOERHNTRE.

(2) fask (ID 2B ABRICIRTEL W o al —F o H— R E8E, 2 A, m V, ED
FLMLNLERLOFRAVTEY. T, x = a ICBITAEBEKOBEGELERTIZLIC
o, EIK AID ICBiITB YY) £ x, a, k, B, ADILIBLERLOEFRAVTEYE.

(3) x = a LRI AEBBKRO BB OEFEIELEETDILIZEoT, fa k ka DEIZK (6C) T
SN AoV (W1 51 AR ARG NS S iy

Ba = —ka cot(ka) 6C)
(4) Ba k ka DREIZI (6D) THZONBMHRMBRYILHOILETE.
Ba=[R)?— ka2, R,=YT"a (6D)

(5) Fig. 6(b) Iz=&N 3K (6C) LR (6D) DI TF77h%, EERIED ka BRI DEDOHBEAZ R .

(6) EERBICHVTHERE = 2HMIIOLREL, cot(ka) & ka DEERDL. ELT,
RLFDOFERERDRRRLRD x % a ZAVTRE.



Question No. 6: Advanced physics (2,/4)
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Question No. 6: Advanced physics (3,74)
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As shown in Fig. 6(a), consider a particle (mass m and energy E) which is bound in
a square-well potential V(x) along the x-axis given by Eq. (6A) and in a stationary state.

+o0 (x<0) region (I)
V(x) = { 0 (0<x<a) region (II) (6A)
Vo (x=a) region (III)

Here, V, and a are positive constants and let 0 < E < V. Furthermore, the wavefunction
PY(x) of the particle in regions (II) and (III) is given by Eq. (6B).
WX = { Ae'®* 4 Be—ikx (0<x<a) region (II)

Cef* + De P* (x 2 a) region (II1) 6B)

Here, i is the imaginary unit, k and B are positive constants, and A, B, C, and D are
complex constants. Supposing A = ;—':’ (h is Planck’s constant), answer the following questions.

(1) Write the time-independent Schrodinger’s equation for region (II), and express k
using the necessary terms from #, m, V,, and E. Furthermore, taking account of
the continuity of the wavefunction at x = 0, express Y(x) for region (II) using
the necessary terms from x, a, k, #, and A.

(2) Write the time-independent Schrédinger’s equation for region (III), and express S
using the necessary terms from h, m, V,, and E. Furthermore, taking account of
the continuity of the wavefunction at x = a, express ¥ (x) for region (III) using
the necessary terms from x, a, k, 8, and A.

(3) Taking account of the continuity of the derivative of the wavefunction at x = a,
show that the relation given by Eq. (6C) holds between Ba and ka.
Ba = —ka cot(ka) (6C)

(4) Show that the relation given by Eq. (6D) holds between fa and ka.
Ba = R — (ka)?, Ry ={Zq (6D)

(5) From the graph of Egs. (6C) and (6D) shown in Fig. 6(b), show the range of
possible values of ka in the ground state.

(6) Supposing that the relation E = % holds in the ground state, find the values

of cot(ka) and ka. Then, express the value of x at which the probability of finding
the particle is a maximum, in terms of a.



Question No. 6: Advanced physics (4,/4)
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