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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,/2)

20234 2+ 3 A%k
BE1 BERIF
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(1) Fig. 1 IZRFT 74— Ry o58%EE LS. 22T, R(s)IXBEME, CE)IIHIEETHD. -,
Kp & K IXEE THS.

@ Kp >0, K;>0&73. ZOFREROBN—TRERE G(s) RO L.

(b) Kp =0, K; > 0 &5, BIL—7BEHEGEDK G(jw) 0T AFAMNRROBE LT,

(©) B(Hb)DEE, ZORIBRNBERELRDL2 Ky DFEEERD L. Ei2, SR GM [dB]
% Ky TRH.

(d) Kp >0, K; = 6Kp &5, ZOHIMRENRREET, OB EERZEN 0.1 KHGL125 Kp DFfi
EERDL.

(2) BEM 10 kVA, EH—K,/ ZREED 1000 V200 V THAEMBEERBHD. BHEHAN
RrOSRIL 450 W, $K181X 72 W THS.

(a) ER—REH Iy, [A] LB ZIREH L, [A] ZRDX.

b) ZOEEBO_RENCAMEZERL:. TEBLZERBETCHESERLIS, HAIK
4.8 kW &72Y), ARERIZ30A Tholz. ZOARDIIE cosh KD L.

(c) FQR)b)DEEDEIA P. [W] ZRDL.

(d) BEBLERBECHESELEORRIIE 1y (%] &, muDLEDARES I, [A] 2K
X, 7EL, ATDIIZE cosf & 1.0 £T5.

Kp
R(s) + , c(s)
+ (S + 1)(3 + 3)

Fig. 1
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Question No. 1: Electrical engineering (2,/2)

2023 - 2 - 3 AZEE
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(1) Consider the feedback control system shown in Fig. 1, where R(s) and C(s) denote a reference
input and a controlled variable, respectively. Kp and K; are constants.

(@) Let Kp > 0 and Kj > 0. Find the open-loop transfer function G(s) of the control system.

(b) Let Kp =0 and K; > 0. Sketch the Nyquist diagram of the open-loop frequency transfer
function G(jw).

(c) In question (1)(b), find the range of values of Kj so that the control system is stable. And express
the gain margin GM [dB] in terms of Kj.

(d) Let Kp > 0 and Kj = 6Kp. Find the range of values of Kp so that the control system is stable

and the steady-state velocity error is less than 0.1.

(2) There is a single-phase transformer with a capacity of 10 kVA and a rated primary/secondary
voltage of 1000 V/200 V. The copper loss is 450 W and the iron loss is 72 W at the rated output
power.

(a) Find the rated primary current I, [A] and the rated secondary current I, [A].

(b) A load is connected to the secondary side of the transformer. When the transformer is operated at
the rated voltage, the output power and the load current are 4.8 kW and 30 A, respectively. Find
the power factor cosé of the load.

(c) In question (2)(b), find the copper loss P. [W].

(d) When the transformer is operated at the rated voltage, find the maximum efficiency ny, [%] and

the load current I, [A] at n,,. Here, the power factor cos@ of the load is 1.0.

»  Kp
R(s) + ) C(s)
+ (s+1)s+3)
_ [ & +
" S

Fig. 1



Question No. 2: Communication Engineering (1,72)
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1 £y hoEREEREE £ [HZOBEETERAL T, EEREITETEETIZL2E X
3 (£>1T). ZXETIHERbe(0,1} 25, BRIESmEO)ERDOL I ITERTS.

2b-1 —t<t<s
mE)={“""" 72 2

0 otherwise

mt) ZERLEHEEREE s@®) IROLIIZREINS.
s(t) = Am(t) cos(2nf.t)
=EL, A REBETHS. ROBIZEZ L.

(1) b=1DL&ED st) Zs,()E L, si(ODEEERRY bVE S (f) LT 5.
(@) $:(f) &R L.
(b) [S,(F)| D EZRRHE L.

(2) REEEIX s@) 2FEL, ¥FOH > BEREE-EFELZEENZE L. %E
% yO) %
y() = s(®) +n(t)

¢T3, ZZT, n(t) IAREHRARS MEEN/2 OBBMETLTS. yOZERTD
L&, ETHIRIE 2B 2EV, yOIWEBHE [f.-B.f,+B] BLXWY[-f,—-B,—f.+
BIOHIR BB 7 A NV FEBERLIZIES 2z(t) 2Kk 3. 2721, 1/TKBKf. LIRETS.

ROMICEZ L. EL, #8887 4 V&7 IXBEHRERT A VFTHY, £ B IX
+aREL, BHEBRT7 ANFIZL-T s(t) DEBBINRLNRVWERETESZ LD L
5.

(a) [EEE/AHP, = f_":os(t)zdt%ikbbel:.

(b) z()ICEENDHFDOENREZRD L.

(c) z(t) DIEBHHTE S L ERD X.

(d) EREEL2EBZ72DIE, EROABIINMA T, EHICQABEITHISLERDS. 2(t)

NOERESEBI-DOFEEZHBE L.



Question No. 2: Communication Engineering (2,72)

2023 F 2 - 3 Xk
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Consider sending one-bit of information in a sending period T [s] using modulation of the carrier
with frequency f; [Hz] (f; » 1/T). We generate the modulating signal m(t) from the sending

information b € {0,1} as follows.

T T
m(t)=[2b—1 —-2'<t<§
0 otherwise

The modulated signal s(t) is expressed as follows.
s(t) = Am(t) cos(2nf.t)
Here, A is the amplitude. Answer the following questions.

(1) Let s4(t) be s(t) when b =1,and S;(f) be the spectrum of s,(t).
(a) Derive S;:(f).
(b) Sketch the outline of |S; (f)I.

(2) The sendersends s(t), and the receiver receives the signal through a noisy channel. Let the received

signal y(t) be
y(t) = s(t) +n(t),

where n(t) is a white noise with a double-sided power spectrum density of N/2. When
demodulating y(t), we first use a bandwidth 2B, and obtain a signal z(t) by applying a band-
pass filter with the passing band [f, — B, f. + B] and [—f; — B,—f. + B] to y(t). Here, we
assume 1/T K B L f.
Answer the following questions. Assume that we can approximate the band-pass filter as an ideal
band-pass filter, and B is sufficiently large so that s(t) does not lose any signal power by the

band-pass filter.

(a) Derive the signal power P, = [ s(t)?dt.

(b) Derive the power of the noise P, included in z(t).

(c) Derive the signal-to-noise power ratio of z(t).

(d) We need to apply an additional process in addition to the process explained above to obtain the

demodulated signal. Explain the process to obtain the demodulated signal from z(t).



Question No. 3: Electronic engineering (1,/2)

2023 &£ 2 - 3 AE®
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Fig. 3@)IC7 T n T4 %S BELEEERERMER L5 U2 % (MOSFET) M), M,
D H 27— KB T BIBEIIC VT, UFOMICER L. 25, Vop, Vglizhe

(1) fafnfEsk CEVEF D n F v /L MOSFET IZ2WC, F¥ F, ErFA 78, EZ/Es
GAT WIS ER Z X, FLA CBEOBINIR LT R LA —y — A& fafnd
2P A L.

(2) Fig. 3@IZRd A a— Rl &2 O 2R RIEE ORFE % 1 D1k k.

(3) Fig. 3T/~ 3 IR R OMUIME B30 2 %5 2 5.

(a) PUIME BEMERR 2 #5107, 72720, My, My ORUMEBET/VIZIE, Fig 30)ICRTE
TRV K.

(b) R, =00, v; =0&F 5. HEREEOHNRIEZ g, n FHWTERYE. o, GHER
M, Mo 37 < A E A B ENREK L TWBGE & TH IS & 52350
Ez L.

(c) Fig. 3(a)lZ/" 9 HEg[E B OB EFTG Ky = v,/v; & gm> T, RLEHAWTERYE. 727201,
Rp#0, 1v,#0, 1K gnip& T 5.

(4) My, My 2Mafisaik CEMETE 2v,0 FTIRMEZ Vg, Vi, viZHIWTRD L. 0B, Vy, 1T
Mi, Mpy®D LEVEBEEZFT. LEISC THEOBERE Tr, 2 N TH RV,

-1 VDD

=

Vo

©)

/4 G D G oD
Lt

ves (1)9ImVas ™
B+—ov,

Fig. 3(a) Fig. 3(b)



Question No. 3: Electronic engineering (2,2)

2023 £ 2 - 3 AE®
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Answer the following questions on an amplifier circuit using n-channel metal-oxide-semiconductor
field-effect transistors (MOSFETs) M; and M, with cascode connection shown in Fig. 3(a). Here, Vpp
and Vg are supply voltage and bias voltage, respectively.

(1) Draw the cross sectional structure of an n-channel MOSFET under saturation region with channel,
pinch-off point and depletion layer, and explain the reason why the drain-source current saturates
against an increase of the drain voltage.

(2) State a merit of the amplifier circuit with cascode connection shown in Fig. 3(a).

(3) Consider the small-signal equivalent circuit for the amplifier circuit shown in Fig. 3(a).
(a) Draw the small-signal equivalent circuit. Here, for the small-signal model of M; and M, use the
model shown in Fig. 3(b).
(b) Suppose Ry, = oo and v; = 0. Express the output resistance of the amplifier circuit using

Jm and 1. Also, from the derived result, answer how the output resistance changes compared to
when points A and B are shorted without Mo.
(c) Express the voltage gain K, = v,/v; of the amplifier circuit shown in Fig. 3(a) using g,
1p and Ry. Here, suppose R, # oo, v; # 0 and 1 K gy1p.
(4) Derive an expression for the lower limit of v, for M; and M> to be working under the saturation
region using Vg, Vi, and v;. Here, Vy, is the threshold voltage of M; and M,. May use v, for

the calculation process if necessary.

-1 VDD

=

At——ov,

VB‘Ti[Z M, Go oD

ves  (DgmvVes ™

Fi; 3(a) Fig. 3(b)



Question No. 4: Computer science 1 (1,72)

2023 ¥£ 2 - 3 A=k
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suy ZIZEBLT, £8Zt=1, 2, .(ZBIKTS 220 3 Ey b 2 EFRABEX®) =
(e2(8), 21 (8), 20 (8))2, Y (&) = (28, 71 (8), Yo ()2 R LT, 3 B b 2 EHRABHZWO) =
(22(£),2,(), 2o(t)) & 1 By MEBFO) AT HIEFEREZE 2 5. FEFREOHAIL

2

2()) = F@e =D+ ) x(®) - y(®),
i=0

2
F(t) = (z z; (t)) mod 2

i=0
ThY, FO) =075, 275U, B¥p,qricxt LT, |p|lidpDiEsiEz &L, qmodriiqZ
reElo-RVEFTLOLTS. UTORICEX K.

(1) Fig. 4@IIFXIEFREOERACBITIAHNIOEER LD THS. Fig. 4@D
@y o Qo DEEEZ L. 72721, (X())100 Y ()10, Z([))10 FENFNX(), Y(L), Z(t)
D10 EBRLETHS.

@QD7VyFr7uy7, 2NER BIUHKSEITIOLRWEORES— F2BWT, KA
FEIROERZ R 7oy 7 KE2H#T. £MERIIFigdb) 07y 7JBEAVS DL
L, a, bIZASE Y b, qid TAE Yy 26D ETFAA, sizf, c I ETHAZE
7.

(3) Fig. 40 RTEMBERDs, ¢, 2 Zh ThEBENEOREXTRE. 2L, HEM
(AND), 3%Ef0 (OR), RETE NODDPHHRERFIL, ThFh A, v, OEFEAV
23D LT3,

t | xone o @one Fo 1
1 32 a a | .
2 2 4 o o -
3 1 7 @ oa FA s
e —b
4 0 l ﬂ4 ﬂg L
s 5 002 a4 oo 1

Fig. 4(a) Fig. 4(b)



Question No. 4: Computer science 1 (2,/2)

2023 £ 2 - 3 A%k
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Consider a sequential circuit that receives two 3-bit non-negative integers X(t) =
(x2(8), %, (£), x0(t))2 and Y (t) = (y2(t), y1(t), ¥o(t))2 at each time (t=1, 2, ...) in synchronization
with a clock signal, and outputs a 3-bit non-negative integer Z(t) = (2,(t), z1(t), 2o(t))2 and a 1-bit
signal F(t). The outputs of the sequential circuit are

2
2() =F(t =1+ ) Iu(®) = %(®)l,
i=0

2
F(t) = (Z zi(t)) mod 2,

i=0

with a condition of F(0) =0. For integers p, q, v, |p| denotes the absolute value of p and

"g mod r" denotes the remainder of q divided by r. Answer the following questions.

(1) Fig. 4(a) shows input and output values of the sequential circuit at each time. Write down the values
ay, .., @19 Of Fig. 4(a). Note that (X (t))10, (Y (t))10,and (Z(t));o denote the decimal notations
of X(t), Y(t),and Z(t), respectively.

(2) Draw a block diagram representing the sequential circuit using D flip-flops, full adders and as few
logic gates as possible. Use the block diagram of Fig. 4(b) for the full adder, where a and b are
the input bits, ¢; is the input carry from the lower bit, s is the sum, and ¢, is the output carry.

(3) Show logical formulas for s and c, of the full adder shown in Fig. 4(b) in the minimum sum-of-
product form. Note that operations of logical conjunction (AND), disjunction (OR), and negation

(NOT) should be represented by A, V, and ~, respectively.

t |XO TO EOh: FO 1

1 3 2 B L ag Al

2 2 4 | a 0y —

3 7 as . oy FA 5
i ‘ —*b

4 0 1 a 0 :

5 2 as | ap 1

Fig. 4(a) Fig. 4(b)



Question No. 5: Computer science 2 (1/2)

2023 £F 2 - 3 BENE
FMIRES T2
(188, 28H)

HUTofizEX X.
(1) BNF iR &L 3 RD 2 DD G1,G 25X 5.
i Gy X Gy
Su=aS|ab|ba]|ccc S u=TbU
T:=TT|a
U:=aU|a

2L, §,T,U RIFKIMEES L L, a,b,c ZHRWELSL L, S 2BMRELS L T5. G L G,
BRJATIEBEENZTNLI L Ly T3 ROBWBOEBZHEL, £0BEBZBRNL.

(a) Gy I3BBETH 3.
(b) Ly 2R T 3 BNF iLHEIC £ 2 Y OXED 3 AN LOIFKRMERS 2#7-o.
(¢) Ln ¥ Ly, DHBRENRERSTH 5.

(2) BREUIN LT3 2DBWHEF +,%, vV 2E X, RERE (BR—7V FiiE) TRELLHE
AIBERRZLITCIE THER) YBR. 727U, + BB 2HEHEFEL, «3XFED21H
BETLYL, VI3 OOHEEFOR/MARZBRE TA2L5R3EEAFLTS. X4y
PRAVWTHERZFHMS 2. X, HER827v 2R 2y 7 2HWTHET 2 2, 8,2,7
BZDIAFTAR y ZIZHEN, 3ODBEEFHRRXy 7MY HINIEERET v
BHXN, FOBRO2HBREy ZIZHBENS.

(a) BTEN 312+ %94V5+ 2R X v 7RAVWTIHER &. B8R T v TRBIFZR% v
DHREERE.

(b) StEROEX %2, 20 ERFOBEETOER L EREFOEROEFILERT 3. 5t
BB ERX Ly 70FE 2, ZOHBENOFEFICRZy JXFET A HERT
DEAEHRLERT 2. AR, HER82TVORIIZ4THY, BERRXYIOD
HEW3TH3. nkn>3RZERDEHLT 3.

() BREnDHERD S5, DERARy JDOFEIPBNLRZE5RDDE 1 ORE.
(ii) REnDERRAD S5, BPERRAXy JDFEINBRLRZZ E5RbD%E 1 ORE.



Question No. 5: Computer science 2 (2/2)

2023 £F 2 - 3 B £}
FRES STEE?
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Answer the following questions.

(1)

(2)

Consider the following two grammars G, G2 in BNF:

grammar G, grammar Ga

Su=aS|ab|ba|cce S :=TbU
T:=TT|a
U:=alUla

where S, T,U are nonterminal symbols, a,b,c are terminal symbols, and S is the start
symbol. Let L, and Lo be the languages described by G; and G2, respectively. For each
of the following statements, determine whether the statement is true or false, and explain
the reason.

(a) Gi is ambiguous.
(b) Every grammar in BNF which describes Ly has at least three nonterminal symbols.

(c) The intersection of L; and Lo is the empty set.

Considering three operators +,,V for natural numbers, we call a computable expres-
sion in postfix notation (reverse Polish notation) an “arithmetic expression” hereinafter.
Here, + represents the binary operator for addition, * represents the binary operator for
multiplication, and V represents the ternary operator whose result is the minimum value
among three operands. We evaluate an arithmetic expression using a stack. For example,
we evaluate the arithmetic expression 827 V using a stack as follows: push 8,2,7 on the
stack in this order, pop the three operands from the stack, perform the operation V on
them, and push the result, 2, on the stack.

(a) Evaluate the arithmetic expression 312+ %94 V 5+ using a stack. Show the contents
of the stack at every step.

(b) We define the length of an arithmetic expression as the total of the number of operands
and the number of operators. We define the required stack depth of an arithmetic
expression as the maximum number of operands that exist in the stack during the
evaluation of the arithmetic expression. For example, the length of the arithmetic
expression 827 V is 4, and its required stack depth is 3. Let n be an arbitrary integer
such that n > 3.

(i) Show an arithmetic expression whose required stack depth is minimum among
all the arithmetic expressions of length n.

(ii) Show an arithmetic expression whose required stack depth is maximum among
all the arithmetic expressions of length n.



Question No. 6: Advanced Physics (1,72)

2023 £ 2 - 3 ARk
M6 PEHEM
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UTFDIRERT ¥V V(x) POER m ORTFEERXD.

V(x)=-;-mw2x2
IIT, 0 REQOERTHS. ¥k, 2=x, p=—ihs 2MEBLEHROEAT, 0=

[E(e+i2), at= B2 (e-i), nef a7 s R0, L EBEOKN ET B, UL

mw Al 2n

TomMicEx X.

(1) ZDORFITHTHENINI=T H % 2 & p ZRAVTREE.

QA % atat 2RAVTEYE.

@) Iny(n=0,1,2,..) % A ORBILINZEERZ bVET3. ZoOL %,

ar _ fVln—=1) (n=1)
“'")'{ 0 m=0) '

@t jmy=Vn+1n+1)
BRITE. ZNOOREFFALT A OEAMER ho(n+]) THHZ LimE.

(4) BZ] t =0 IZBITBREXZ bV |e0) %2, FIGB) @ In)(n=0,1) ZANT
1
l9(0)) = E(IO) +11)

&5,

(@) Bl t BT BRERZ PV o) ZRD L.

(b) Wl t TR BRFOMEBEOHFFHE (x) ZRD L.



Question No. 6: Advanced Physics ©2,/2

2023 4F 2 - 3 ARk
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Consider a particle of mass m in the following one-dimensional potential V(x).

1
V(ix) = Emwzx2

" a o .8 0 "
Here, w is a positive constant. Also, X =x, p=-— lha are the position and the momentum

= | '_ﬁ_ At — |MY —_ ‘i =£ . ) . s
operators, @ = ’zh (;?+ i——), a’' = ’ >h (2 lmw)' pys (h: Planck’s constant), and i is

the imaginary unit. Answer the following questions.

(1) Write down the Hamiltonian A of this particle in terms of £ and p.
(2) Express H intermsof @ and @ L

(3) Let In) (n=0,1,2,..) bethe normalized eigenvectors of A. Then,

A _fVRIn—=1) n=1)
a'")"{ 0 (n=0) '

atiny=Vvn+1n+1)

are satisfied. By using these equations, show that the eigenvalues of £ are Aw (n + i)

(4) Let the state vector |@(0)) attime t =0 be

1
le(@)) = 75(10) +11))

with |n) (n = 0,1) in question (3).

(@) Obtain the state vector |@(t)) at time t.

(b) Obtain the expectation value of the particle position (x) at time t.
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