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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)
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(1) Fig. 1 IZHERZRT. BIZB\T, R(s) 1XEAEE, E(s) MBS, Y(s) slEE, Kt
EDEHTHS.
(@) BANV—TEEBEG () 2R L.
(b) ZOHERDOT A ¥ X MRRIOBH 21T, 0B, SFAA0OEMERTS L 20
ARBERBLVEOEMOBEERL, KORELGEERD L.
© ZNVEYYDZEHFREC L Y KOREREERDT, BO)DEL L e L.

(2) ERHHS) 4kVA DHBEERRH 5. —R/ZWEEH 2000 V/200V T 3. —RM% B
ML, ZREBEZ200VICLI-E 25, ZREFITIA T, AHEDILI00W Th ot
e, ~RAEZERL_RBES SVZ VoL s, “KRERITS0 A TAHEHIT 250 W
Thole. —RAUEEELIZBE, BT FIZ U 22BN BRIZ+/IS Ve 5.

@ ZRBALIME L BEMRROEB S A—F (BET KI5 2Y,, o ¥
7 E U RGo, BT H 2 Rb,, HERIEHr, RN T2 %2 Rx) 2RD L.
(b) ZORERITENRN R %D LA E NI L EDBEELEHEHRD L.
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Fig. 1




Question No. 1: Electrical engineering (2/2)
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(1) Fig. 1 shows a control system. In the figure, R(s) is the target value, E(s) is the deviation, Y(s) is
the controlled variable, and K is a positive constant.

(a) Find the open-loop transfer function G (s).

(b) Draw a schematic of the Nyquist diagram of this control system. In doing so, calculate the value of
the angular frequency when the trajectory crosses the negative real axis and the value of the real axis,
and find the stable condition of K.

(c) Find the stability condition using the method of Hurwitz stability criterion, and compare your answer
with a question (b).

(2) There is a single-phase transformer with a rated power of 4 kVA, the primary/secondary voltage is 2000
V/200 V. When the primary side was opened and the secondary voltage was set to 200 V, the secondary
current was 4 A and the input power was 400 W. In addition, when the primary side was shorted, and the
secondary voltage was 5v2 V, the secondary current was 50 A and the input power was 250 W. When
the primary side was shorted, the current flowing through the exciting admittance was assumed to be
sufficiently small.

(a) Find circuit parameters (exciting admittance Y, exciting conductance g,, exciting susceptance b,
winding resistance r, leakage reactance x) of a simplified L-type equivalent circuit converted to the
secondary side.

(b) Find the voltage regulation when this transformer is under full load with a lagging power factor of
80%.

R(s) E(s) Y(s)
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Fig. 1



Question No. 2: Communication engineering (1/2)
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RIBA, BERESZ2 b OWBEEEESsOICL > TRIBEALESX
g®) = {1+ ms(t)}A cos (2rf,t)
TEZBND. ZZTmid0<m < 1% TERERTHS. s DRBOEIEDOR
KEZNCERELENR TR D ETH. UTOMREZ L.

(1) g)PREBEE AR PAG ) Zs(t)D7— ) 2 EHBS(F) & AV TERE.

(2) SR Fig. 2 DL I IZ~frnax < f < faaxTHBHIREIN AR PV ELTEZBNRD L
&, CGHDEHERTL, HRICXVsOZERTTADILBHLTRERMLETRE.

) gOYDPTEHEHPE L VEN R Zst)DFEHEHSZ()ZHAVTER. X Ls@) =0T
HBETA.

(4) s(t) = cosRrft) D & EDRRKBIDNENaxB L VPED L EOMDOEERD K. =7ELS,
Bf, K LEZHEZTLDOLETS.

_f max 0 f max

Fig. 2



Question No. 2: Communication engineering (2/2)
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An amplitude modulated signal of a carrier wave with amplitude A and frequency f. by a signal
s(t) is given by
g®) = {1+ ms(t)}A cos (2nf.t).
Here m is a modulation index that satisfies 0 < m < 1. In addition, the maximum value of the

absolute amplitude of s(t) is normalized to 1. Answer the following questions.

(1) Derive the frequency spectrum G(f) of g(t) using the Fourier transform S(f) of s(t).

(2) When S(f) is given as a band-limited spectrum to —fiyax < f < fmax s shown in Fig. 2, sketch
the outline of G(f) and show the condition that f, must satisfy to recover s(t) by
demodulation,

(3) Derive the average power P of g(t) and power efficiency n using the average power s2(t) of
s(t). Here, s(t) = 0 is assumed.

(4) Derive the maximum power efficiency nmay and the corresponding m when s(t) = cos(2nfst).
Here, f; satisfies fq < f..
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Fig. 2



Question No. 3: Electronic engineering (1,/2)
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Fig. 3@)IZRT n F¥ RV MOS ERHFEE L5 TR (n-channel MOSFET) % AV /-1
BEREEXS. LTOMICEL L.

(1) Fig. 3()IZ R T IEIBEIRE DA SNIBRAEBD TR & < 2 3B H %, n-channel MOSFET DM
HWEE2 O THAE X,

() Fig. 3@ HREROM/IMESSHMEIEE2E25. ZZTEEvBLIUwIL, EhE
NANBLCHABFOBMEERHKEETH Y, HOMIIMKE 5. RHREFICHL
THE Cs 138K L #7285 T35, n-channel MOSFET D#%/ME 5 5 /ViX Fig. 3(b) TH-
26NB. g mIIETNETRBEEaVFIF X, FL—VEBRTHS.

(@) MEFTEMER ZHIT.

OY/IMEBBIEFIE vo/vi & gm, rp, RREAVWTEE.

(c)Fig. 3(CNTRTHRIZ, BRBIVA kT 2 VR & L FHEDE LV BID n-channel MOSFET %
BWTAMNER R ZHBRTIBEE2EX5. R%Z gn nEAVWTERYE. £, Z0
HICRERRBOAMNEREZ F I PR THRTARIREZRR L.

O
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Fig. 3(a) Fig. 3(b) Fig. 3(c)



Question No. 3: Electronic engineering (2,72)
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Consider an amplifier circuit with an n-channel metal-oxide-semiconductor field-effect transistor

(n-channel MOSFET) shown in Fig. 3(a). Answer the following questions.

(1) Explain the reason why the input resistance of the amplifier circuit shown in Fig. 3(a) is extremely
high, by drawing the cross-sectional structure of an n-channel MOSFET.

(2) Consider the small-signal equivalent circuit for the amplifier circuit shown in Fig. 3(a). Here, v
and v, are the small-signal alternating voltages at the input and the output terminals, respectively,
and the output terminal is open. The capacitor Cs can be considered as shorted for an AC signal.
The small-signal model of the n-channel MOSFET is given in Fig. 3(b). gn and rp are the
transconductance and the drain resistance, respectively.

(a) Draw the small-signal equivalent circuit.

(b) Express the small-signal voltage gain vo/v; in terms of gm, 7o and Ry.

(c) Consider the case that the load resistance R is comprised of the circuit shown in Fig. 3(c)
with another n-channel MOSFET having the same characteristics as the driver transistor.
Express Ry in terms of g and rp. Also, state the advantages of using a transistor as a load

resistance of an amplifier circuit, as in this case.

VDD

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



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

(1) P = (P7DePsPaPaP2P1P0)z » Q@ = (479695G493929190)2 » R = (y7ersmamsnoanito)z » S =
(5756555453525150)2%, 8 Ew bD 2 #FL+3. ZZ T, i=0123,4,567IZ2WT
Puqi7Si €{0,1}, s, =0TH3B. SHExbIhLE, KU@ANTKY, RBSD 2 D% L2
5X9, PLQEED L. RPOOITHHARBIEXOR)Z, +HIXIAEMMALZZThEThRT.

R=5S®P+Q (4A)

Q8EY FOREBHAETYT FLARSEY FOT—FRRBRMTED 1 D2DAEYMLE, |
SNy FNEKLIRZ A, 12508y NEET ST L0 v ¥ PC 2ROHAKE
25, ADEEITI 2 DMK TREIND LTH. Fi, AFV T FL X S0H)ITIXIEEDERX
2%, SIH)NTIZIEDEERY A3, 82(H)IZIZEESCAS, 83(H)ICITEESDAS, 9O0(H)IZITEEL01(H) A3,
FNERERAESNTEY, PC OUMEIZ 00 H)TH D, 2B, (H) 16 EHRLE2RT.
Fig. 4 DS DHZRERNT, X>YOBRIIBERCE, X <YOBEIIEBEDY, X=YDHEE
XEH 00(H)Z, TRENLVURY A BN TE70 77 0 2ERE L. 2B, 7a/J A
X7 FL X 00(H)DHIEIC M IZBRIENEZ b0 LT3, £, BIEa—FBIUARF V¥
X, #Fh2hsty rEET5.

Instruction code .
- Operation
Operation code Operand
Add the value stored at the address ADR of the memory to the
ADD ADR value of A, and store the result to A.
A « A+ M[ADR]
LDR ADR Load the value stored at the address ADR of the memory to A.
A « M[ADR]
CMP Invert each bit of the number in A, and store the result to A.
Ae<A
Lz ADR If the value of A is less than 0, then set the value of PC to ADR.
If A<0, PCe ADR

HLT Halt the program.

Fig. 4



Question No. 4: Computer science 1 (2,72)
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Answer the following questions.

(1) Let P = (p7pePsPaPaP2P1Po)2s @ = (9796959493920190)2, R = (r776Ts74TaraiTp)2, and S =
(575¢5554535,5150)2 be 8-bit binary numbers, where p;, q;,7,5; € {0,1} for i =0,1,2,3,4,5,6,7,
and s, = 0. Given S, find P and Q sothat R will give the 2’s complement of S in equation (4A).

In equation (4A), @ is a logical exclusive disjunction (EXOR), and + is an arithmetic addition.
R=S®P+Q (4A)

(2) Consider a computer with a memory M, in which an 8-bit data is stored at each 8-bit integer address
of the memory, an 8-bit integer register A, and an 8-bit integer program counter PC. Here, a negative
integer number is expressed by 2’s complement. A positive integer X is stored at address 80(H) of the
memory, a positive integer Y is stored at address 81(H), an integer C is stored at address 82(H), an
integer D is stored at address 83(H), and an integer 01(H) is stored at address 90(H), respectively,
where (H) shows a hexadecimal representation. The initial value of PC is 00(H).

Write a program that stores the integer C to the register A when X > Y, stores the integer D to the
register A when X <Y, and stores an integer 00(H) to the register A when X =Y, respectively, using
the instructions given in Fig. 4 only. The program is stored in M at addresses starting from 00(H). The
length of instruction codes and operands is 8 bits.

Instruction code
- Operation
Operation code Operand
Add the value stored at the address ADR of the memory to the
ADD ADR value of A, and store the result to A.
A < A+ M[ADR]
LDR ADR Load the value stored at the address ADR of the memory to A.
A « M[ADR]
CMP Invert each bit of the number in A, and store the result to A.
A<A
ILZ ADR If the value of A is less than 0, then set the value of PC to ADR.
If A0, PCe ADR

HLT Halt the program.

Fig. 4



Question No. 5: Computer science 2 (1/2)
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BNF SBEI L B2RD20DNE G, & G 2EX 5.

X Gy X G

E:=z|z2| - |z10| E|EE|EVE Fu:=T|FVF
T:=V|-V|TV|T-V
Viu=zy|z2| - | Z10

7272L, E,F,T,V 3IERIHEBETHS. LUTT p @XFH 12074 V ~z5 ZBKT 5. UTOD
BICEZ .

(1) Gi PERT BXFH p LT, FHEMEES 2 RVHEIRE 1 ORE.
(2) Gy BERT 3XFF p iU T, SRS 23UMIIKRE 1 ORE.
(3) G1 XBRRRXIETH D Z L 2TRE.

(4) XFEF p i3, VF SNV z1~zoaq LEEDY T IV x5 25 2 DDOFRZREM (V)
THATWR LARES (- BEEERET). G &, 1 20U LoBERBBEMTHEALHEN
¥ (sum-of-products ) DEEZERT 2 L ARES.

(a) JERRIHEE V DERRBEXTIC G, 2EEL, £REN3AEBROBMEOEREND &
S5Y 300V FIANREOL SR, BAWEERT 2BETRVWNEEY BNF iLEIC X
DSRE X. ERL7=2WXEFNDHNL 232829 R x125-T6 V ~ToT4Te V T3Tg0Z10 T
b, XFH pDESIT32DY FINTRZWEER2 D OB LERL TV
7.

(b) B (a) THRL = EHBHETR L, ERINZEROFENOERRALB L 5L 32
DY 7T INEFOBREHAL X.




Question No. 5: Computer science 2 (2/2)
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Consider the following two grammars G, and G2 in BNF:

grammar G, grammar Ga

E:=z1|2z2| - |z10|-E|EE|EVE Fu=T|FVF
T:=V|-V|TV|T-V
Vi=ax|z2| - |10

where E, F, T,V are nonterminal symbols (variables). Hereinafter, 4 means the string z,-~zz4V
—z5. Answer the following questions.

(1) Give a syntactic tree with nonterminal symbols for the string y generated from Gj.
(2) Give a syntactic tree with nonterminal symbols for the string p generated from Gs.
(3) Show that G; is an ambiguous grammar.

(4) The string p can be considered to combine two product terms, namely a product of literals
z1-z224 and a single literal -z, with a logical OR (V), where — represents negation. Ga
can be considered to generate a set of disjunctive forms (namely, sum-of-products forms),
each of which combines one or more product terms with logical ORs.

(a) By modifying G5 while keeping the definition of the nonterminal symbol V' unchanged,
construct an unambiguous grammar in BNF generating disjunctive forms such that
any generated disjunctive form consists of product terms, each of which has exactly
three literals. (Examples of desired strings to be generated are z3zgzg and z1z5-x6V
—ToT4Te V T3 xg—x10; a disjunctive form having a product term whose number of
literals is not three, such as the string g, must not be generated.)

(b) Explain why the grammar constructed in question (a) is unambiguous, and why each
product term of any generated disjunctive form has exactly three literals.



Question No. 6: Advanced Physics (1,/2)
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1 RFEART % MV (x)

0 (x<0)
Vix)=4{Vy, (0<x<8)
0 6 <x)

2EZXD. VIZEOERTHS. ZORTU I VIZERmM, ZRXNVF— gV, <) DRIFH
x = —0ohb xDEDHRCIN> TAHT 5. HFOERREORBMEEY(), h=o (h
B75 7B, iRBEEMLT5. UTOMICER L.

(Dx<0,0Sx<é BLY 6 <xDEFEHICHIT BREMICRELARV Y 2 LF 4 v A —Fi2
XEiEE.

@)%

Cel?* 4+ De~9* (0 <x <6)

Aetkx 4 Be~tkx  (x < 0)
P(x) = {
Felkx 6 <x)

EBL. ZIZTC, ABCDBLUFIIEREOERTHS. UTOMIZEZ L.

(@) kBXUq%, m, &V, AiZAVWTERDE.
(b)) x=0 BEW® x=6 IZBWVT, EEBEENRH-TREEREHLEE.

(©) BFD §<x DEB~DOFERR T=% X qgd=nn(n=12,-)DLEIT1LARS

2B, TOMENLBREZRE L.
(d) RIQ)DT%E k,q6xAVTRDE.



Question No. 6: Advanced Physics (2,72)
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Consider the one-dimensional potential V(x)

0 (x<0)
Vx)={V (0=x<9)
0 (6 < x).

V, is a positive constant. A particle of mass m and energy € (V; <€) is injected from x = —o0 to
the positive direction of x. Let the wave function of the particle in a stationary state be ¥(x), i = %
(h: Planck’s constant), and i is the imaginary unit. Answer the following questions.

(1) Write down the time-independent Schrédinger equations in the regions of x < 0,0 < x < §, and
6 <x.

(2) Let ¥(x) be

Aetkx 4 Be~tkx  (x < 0)
Y(x) =4 Cel9% + De~¢* (0<x<9)
Felkx (6 < x),

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

(@) Obtaink and q interms of m, &, Vy, and h.

(b) Write down the boundary conditions that the wave function must satisfy at x =0 and x = 4.

2
(c) The transmission probability T = -l% for the particle into the region § < x becomes 1 when

qé = nm (n = 1,2,--+). Discuss the physical reason for this.

(d) Obtain T in question (c) in terms of k,q, and 4.



