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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,/4)

2022 4 8 A I
ME 1 BRI
(1 EB 4 H)

(1) Fig. 1@ THIERIZEBNT, 6,(5) =K £95. 722L, K > 0L75.
(@) K=10L%, ZORIBEROR—FBRRA Fig. 1(0)DEINRoT. FALURERER w., 7
LUK GM, KBS PM DERTIITOVT, BBIZOEERD L. |
(b) Fig. 1(b) 5, ZOHKIEHRNRERIT L7225 K DfEERD L.

(2) Fig. 1@ITRTHIERT, E(s) DRREIGE e(t) BRDESIT72o72. 12720, t < 01TBNT
e(t) =0%&925.
i) D(s) =0 DEX, R(s)ELTHARTYEEBANSNIEAR, e(t) = (t+ et
ii) R(s) =0 DLE, D(s)EL TN AT Y S EHERASENIGE, e®) = (t+De -1
(@) D(s) #0, R(s) # 0 DEE, E(s)%, G,(s),G,(s),R(s),D(s) T TERE.

0) Ga(s) &, s H TR L, —RIC L[] = i (= 12.) THB.

(n—-1)! (s+a)n

(3) Fig. 1(ITTRTREREIERSHS. BEKK(A), BEB), MEC)DOESIX, 2hEh3l, 31, I Th
D, ZROESITd, ZEREBOOWMEREIIEHOL S Th. 221, MBGB)DORS 31 1TZER
DEXdEZEATELOETD. aAVOERIIn THY, IAMITIXER | BFALTND. Bl
ZEROBRERIL, TNUEN, p L yp T, WNVERITER TEIH0LETD.

(a) BEE(A), IEE(B), BEEE(C)DRBESIETLE, ZhEhRD L.
(b) EBE(A), REBE(B), BEBS(O)DRERIEHIE, ENE IRy, Rp, ReETDHLE, ZROWIRE,
Ry, Ry, Re, n, i BAVWTERE.



Question No. 1: Electrical engineering (2,/4)
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Question No. 1: Electrical engineering (3,/4)

2022 &£ 8 A%k
FE1 |EBXRIF

BEBH74E%H)

(1) Consider the control system shown in Fig.1(a), where G,(s) = K and K > 0.
(a) Fig. 1(b) shows the bode plots of the control system, where K = 1. Find the approximate values
of gain crossover frequency w,, gain margin GM, and phase margin PM of the control system.

(b) From Fig.1(b), find the value X of the control system at the limit of stability.

(2) In the control system shown in Fig.1(a), the error e(t), which is the time response of E(s), is as
follows:
i) e(t) = (t + 1)e~t if the unit step signal is input to R(s) while D(s) = 0.
ii) e(t) = (t + 1)e~t — 1 if the unit step signal is input to D(s) while R(s) = 0.
Here, e(t) = 0for t < 0.
(a) Let D(s) # 0, R(s) # 0.Express E(s) using G,(s),G,(s),R(s),and D(s).

. . tnt 1
(b) Find G,(s) as a function of 5. Here, £|——=e “t] = Gran =12).

(3) Consider the magnetic circuit shown in Fig. 1(c). The lengths of the magnetic paths (A), (B), and
(C)are 31, 31,and I, respectively. The length of the gap is d and the cross-sectional area of both
the iron core and the gap is S. The length of the magnetic path (B), which is 3l, includes the length
of the gap, which is d. The number of coil turns is n, the current flowing into the coil is i, and the
permeabilities of the iron core and the gap are p and uq, respectively. The leakage flux is
negligibly small.

(a) Find the reluctances of the magnetic paths (A), (B), and (C), respectively.
(b) Assume the reluctances of the magnetic paths (A), (B), and (C)are Ry, Rp,and R, respectively.

Express the flux density in the air gap using R4, Rg, Rc,n,and i.



Question No. 1: Electrical engineering (4,4)
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Question No. 2: Communication engineering (1,/2)

2022 £ 8 ARk
GRE 2 BIELF
(1HEB 2 E¥)

T 4 PV ENERD = by, by, ... (b; E{0ANEFEFETHILEEZRD. ZIZT, hildbDiFERD
Ey b THB. ZDLE, bELLICLTRO LI REREEMO)ZEKT 5.

L, IxExEBARVWEROBERTHY, T [sIET 4 VENMEROEZE Y FOREHR
Thd. UTORIZEZX.

DmOITE-2TT 4 VENVERbEARET DL EDEEEELZE Yy MERTERY.
(2) by, by, by, b3, by =1,0,1,1,0& T B L %, 0<t<5TICBITZ2m)DEFEKFE L.

(3) m(t) Z1RIBA, WEWRWEL, (f. > 2) CER L PERES

s(t) = Am(t) cos(2nf.t)
LT B, s(t)DEFROERE & KRy L.

@) s@®DP 35, bllRiETHEFEHYHLIZESgt )%

g(t,n) = h(t)s(t +nT)

(1 0<t<T
h(t) = {0 otherwise

ETD. fFERBEEKEL, g7V EBEGC(F,nNETH. G(f,0)EKD L.
(5) |G(f, 0)| D& K~ L.



Question No. 2: Communication engineering (2,2)

2022 &£ 8 ARk
EE 2 BIETLF
2BEB 2 E¥)

Consider transmitting the digital information b = by, by, ... (b; € {0,1}). Here, b; is the i-th bit
of b. The following modulating signal m(t) is generated from b.

Here, |x] denotes the greatest integer that does not exceed x,and T [s] is the transmission interval of
each bit of the digital signal. Answer the following questions.

(1) When transmitting b using m(t), give the transmission speed of b in bits per second.
(2) When by, by, by, b3, by = 1,0,1,1,0, sketch the waveform of m(t) where 0 <t < 5T.
(3) Let the modulated wave with amplitude A and carrier frequency f; ( fe>» %) be

s(t) = Am(t) cos(2nf.t).

Draw a rough sketch of the waveform of s(t).

(4) Let g(t,n) bethe windowed signal of s(t) extracting the signal corresponding to b,,, as follows:

g, n) = h(t)s(t +nT)

1 0<t<T
0 otherwise.

MO={

Let f be the frequency and G(f,n) be the Fourier transform of g(t, n). Derive G(f, ).
(5) Draw a rough sketch of |G(f,0)].



 Question No. 3: Electronic engineering (1,72)

2022 5 8 AENE
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Fig. 3@IZ R T n F ¥ RV MOS ERHNRERE kT v PR W= ZEBIEEIEKICOWT,
UToMIzEz L.

(D) My, My, Mz BXOR, DHREIZRRK. £/ Z 0EHEREEOFED 1 2Z B L.
() My, M, \[ZBAT AREIEMER (BEHAERR) O L ZDRMEZ R~ K.
(3) Fig. 3()IT R ZENBIREEIR OM/MEFEMRIKEEZE 2 5.
(a) B/MEREMEIR 2. 72720, My, My, Ms DBUMERET MITIX, Fig. 3(b)i
RTETAERWE.

(b) ZEBFIB K =222 % g . 15, RL DD BMERLDEZHANTERYE.

Vi1—Viz

() FHFIB K, =22%2 % 0 1, RO bUERLOERANTER.

Vi1 +viz

Vpp O—1 —o v, G o oD
D D
G G VGs ImVGs ™ ,
+ B S My My ] + l # I:T‘]
Via vy Viz S ' oS
Ve— Gy P
—L

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



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

2022 &£ 8 A
BifE 3 BFIZF
(2BH. 72 BEHh)

Answer the following questions on a differential amplifier circuit with n-channel metal-oxide-
semiconductor field-effect transistors shown in Fig. 3(a).

(1) State the roles of M), M>, M5 and Ry,. Also state one of the advantages of the differential amplifier
circuit.

(2) State the type of circuit configuration (common terminal configuration) and its feature with respect
to M and M.

(3) Consider the small-signal equivalent circuit for the differential amplifier circuit shown in Fig. 3(a).
(a) Draw the small-signal equivalent circuit. Here, for the small-signal model of M1, M) and M;,
use the model shown in Fig. 3(b).

(b) Express the differential-mode gain K; = Doy Toz using gm, Tp and Ry, as necessary.
i1=Viz

Vo1+Vo2

using gn, mp and Ry, as necessary.
Vi1 +Viz

(c) Express the common-mode gain K, =

—1— Voo

Vo1 O—1 "0 Vp2 G o oD
D D
G G Vgs ImVGs ™
+ [ S M Mzs :| +
Vi1 - v,:z S - O S
— a —
Ve—— Gy D
—L

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



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

2022 £ 8 AXEME
M8 4 ETHEHE1
(1BB2E%H)

HIDFE(AND), 22EF1(0R), REAE (NOT) DEABREREFIZ, #hFh -, +, OZBEZAV
23b0ET5. LUTOMICEZL L.

(1) 4 2D 1 By PASEEx,x0, %3, %, 1K LT, 1 vy MEFEZHATIHEBK
f(xX1, X2, %3, %) 252 3. ZOBREBEEKSLX, ANEZOI L 1 OEENS 1 UTROHA
BLERY, Z5TROVZROHANB0 &5,

(a) REEHfOHIN ) —RERE.
(b) FREREIELSf Iz X9 2 Bt OB =,

(2 7ayZIZRABMLTESIC 1 €y bF2RRTAAARINCKHLT, 1 By MEFZH
HT3IEFEREE 25, ZOBEFEIRKIZ, 3y hOAARS 111 2RIETITLIC]
ZHAL, F0MOBAIT0 2HHTS. 2T, PIHREES,, ANRF 1 ERHL
7REE%ES,, AHRFI 1 2R LZKEBEZS, & T5.

(a) ZDNEFEIRDI—Y (Mealy) FIREBEBRIZRIT.

(b) ZOIEFEREZR/MAKOD 7Y v 770y T2AVWTRHERATEIILEEEZXD. Z0O
T2IZ, RHES(0 <i < 2)ITHRIERT M ZEIV B TS, (3,70) B LV(Y, Y)idEN
ZPRREOREBELIUOROREEZERZTRERS M e L, yoB L ULITENENTAL
Ey bE2ET. 22T, xBIUZZENETNANEEBICHAIERLT5. ZOIF
FEROREBB Y 5 % 2 REBHEKE HAH % 5 2 2 HHBE% L &R ORENX
TaRE. 7z, KBS, Sp SICHIY Y THRERZ FVOELRZRE.

©@D7YVy77uy7E2RANT, ZOEFEREEOEBKRERT 7oy 7REZH#T. -
7ZL, 2AHAND #—F, NOT ¥—FZHWTH L.



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

2022 £ 8 A=k
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Note that operations of logical conjunction (AND), disjunction (OR), and negation

(NOT) should be represented by -, +, and ", respectively. Answer the following questions.

M

@)

Consider a logic function f(x,,x;,x3,%,) that outputs a one-bit signal, given four one-bit input
signals, x;, X3, x3, and x,.If the number of 1°s of the input signals is less than or equal to 1, the
logic function f outputs 1. Otherwise, it outputs 0.

(a) Show a Karnaugh map for the logic function f.

(b) Show a logical formula for the logic function f in the minimum sum-of-product form.

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. If this sequential circuit detects occurrences

of a three-bit pattern of ‘111’ in the input sequence, the signal 1 is output. Otherwise, the signal 0

is output. Let Sy be the initial state, S; be the state of detecting ‘1’ in the input sequence, and S,

be the state of detecting ‘11° in the input sequence.

(a) Draw a Mealy type state transition diagram of the sequential circuit.

(b) Consider how to realize the sequential circuit using the minimum number of D flip-flops. Each
state S; (0 <i <2) is assigned by a state vector. Let (y;,¥,) and (Y3,Yp) be the state
vectors representing the current and the next states, respectively, where y, and Y, are lower
bits. Let x and z be the input signal and the output signal, respectively. Show the state
transition functions and the output function of the sequential circuit using logical formulas in
the minimum sum-of-product form. In addition, show the values of the state vectors assigned
to the states, S,, S;, and S,.

(c) Draw a block diagram of the sequential circuit using D flip-flops. Note that two-input AND
gates and NOT gates can be used.



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

2022 &£ 8 BEHE
FIEES 5HE%2
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HUTomicEX &.
(1) BNF @RI X 3RD 3 DD G1,Go,G3 2E X 3.
X Gy X Gy X G3
S:u=a|Sa|bbS Su=TS|SU|U S u=TcU
T :=0bb T:=a|aT
U:i=a Uu=UV |V
V :=0bb

72721, S, T,U,V iZIERMECETHD, a,b,c ZRWELETH Y, S 2HMBESLTS. X
DEBEOEBALYEL, 20EBLABRRE. LUTTWR, 88 c Y IEOBE oL 28 i,
z % i EESEL THREXEFIEERT 3.

(a) Gy PERT B3CFF bbbba 23T 2HXAKIZ 2 DL EFET 3.

(b) Gy BRETZEBIE, G BREATAEHFBLELW.

(c) G3 BBHT 2 EBIE, {aich? |i BEDEHK) TH 3.

(2) {0,1} L CHEM A LHREN v OMAELRI L VBLNZHBERERREUT TR M
HR MY, Fho0RiBRE (-5 Fitlk) v #%ERE GPR—-5 Y FiEKR) &%
2%, PIziE, sETHECE3HRER A101X, 1 2 0 0REHRLEKRL, BELECES
BB 10N 2R, ZOHEDERIZI 0 THA.

(a) BIBRECIZH/BERA VAL ALL 2HBRORICHFERX L.

(b) BEREICXZRER 110V A0V ZR Xy 7E2AVWTHEY L. X7 v 7IIBY
BRARY VDOHRERRE.

(c) FRDOHRERNZMBILETER T IBKRTRWHER BNF iRk D EX, ThHE
LWz & 2HAE &.



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

2022 & 8 BEE
BI85 T2
QBB 28%)

Answer the following questions.

(1) Consider the following three grammars G1, G2, G3 in BNF:

(2)

grammar G grammar Go grammar G3
S:=a)Sa|bbS Su=TS|SU|U S u=TcU
T :=bb T:u=alal
U:=a Uz=UV |V
V :=bb

where S,T,U,V are nonterminal symbols, a,b,c are terminal symbols, and let S be the
start symbol. For each of the following statements, determine whether the statement is
true or false, and explain the reason. Hereinafter, for a symbol  and a positive integer <,
z* means a string of i consecutive z’s.

(a) There are at least two syntax trees for the string bbbba generated from Gj.
(b) The language described by G is the same as the language described by Gj.
(c) The language described by Gj is {a’cb¥ | i is a positive integer}.

A “logical expression” hereinafter means a computable expression obtained by a combina-
tion of the logical AND A and logical OR V on {0,1}, and consider their prefix notation
(Polish notation) and postfix notation (reverse Polish notation). For example, the logi-
cal expression A10 in prefix notation means the logical AND of 1 and 0, and it can be
converted into 10 A in postfix notation, whose computed value is 0.

(a) Convert the logical expression V A 01 A 11 written in prefix notation into a logical
expression written in postfix notation.

(b) Evaluate the logical expression 110 V A0V in postfix notation using a stack. Show
the contents of the stack at every step.

(c) Give an unambiguous grammar in BNF that generates any logical expression in prefix
notation, and explain why it works correctly.



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

2022 &£ 8 A £k
FifE6 E=EP
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1RERT %V V(x)

_ (0 x<0)
Ve = {"Vo (0<x)

EEZ2D. Vy BEOEETHS. ZORT UV Y VIZHE m, =X V¥ — £(0<e) ORTF
W x=—c0 B x DEDHMEIZAN> TAFTS. NFOEFREOESBERE ¢(x),

h=g (h: 75V ER), | KRB LT E. UTOMCELE.

Dx<0 BEY 0<x DEIBMTBIIBIHEMITEKELRN Y 2 L—T 4 v T—FEBRAEZEE.

@y &

Aetf1* 4+ Be~tkhix  (x < ()
Celkex (0 <x)

Yx) = {

EBL. T, A B BLXYRC IIEREEOERTHA.

(a) k1 1:54:‘(){ kz %,’, m, & Vo j’sJ:U h %%b\fﬁﬁ.
(b) x=0 IZBVT, KEEENHZTREBEREGLEYE.

© BLygll 1 2+ a 2Rk, ZOROWEERERYBAE L.

141 |4

@) e=V, PExORFE R=8L » HHHT2HCHERL.

lAl2



Question No. 6: Advanced Physics (2,72)

2022 4 8 AEfE
Bl 6 MEER
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Consider the one-dimensional potential V(x)

_(0 (x<0)
Ve = {—Vo (0<x)’

Vo is a positive constant. A particle of mass m and energy € (0 < €) is injected from x = —oo tothe
positive direction of x. Let the wave function of the particle in a stationary state be ¥(x), h = —z’in (h:

Planck’s constant), and i is the imaginary unit. Answer the following questions.
(1) Write down the time-independent Schrodinger equations in the regions of x < 0 and 0 < x.

(2) Let (x) be

Aetfr¥ 4 Be~ihix  (x < ()
Cetkex 0<x)’

where A, B and C are complex constants. Answer the following questions.

Y(x) = {

(@) Obtaink, and k, interms of m,¢e,Vy and A.

(b) Write down the boundary conditions that the wave function must satisfy at x = 0.

2 2
(c) Obtain a that satisfies :—ile + a% = 1, and discuss the physical meaning of this equation.
2
(d) Calculate the reflection probability R = % when g =V, to two significant digits.





