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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)

2021 £ 3 A=t
BE1 BRIF
(1RB72R®)

(1) EHEER 1kVA, BR—KR/ ZREE 100V,/200 V OBEBEEERIZENT, EATRR
LERAROBERIT, ROLBHVTHS.
EAWHR : —REE 100V, —RER 0.13A, ANESH 50W
SRR —REE 1.7V, —KEH 10A, AHESH 80W
ZOEERO L NHSSEMERERTT DL LI, BBREREZRD L.

(@) Fig. 1 D7 4— Ky ZHERIZHOWT, ROBIZEZ L. 7=27EL, KBI T KridER
L95.
(@) ZOHEROAN— 7 EEEEERD L.
(b) ZOHHAROERRAERw, BLXUBERS Y, KBIXUVK2AWVWTERYE.
© ZOHBRIINT, BERL =05 BIOEREERE, <0.05 ¥ FMICHRET S
7DD KB LT KrOfE%ERD &.
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Question No. 1: Electrical engineering (2,/2)

2021 ££ 3 A
g1 BERIZF
(2RBR72R%H)

(1) In a single-phase transformer with a rated capacity of 1 kVA, and primary / secondary voltages
100 V/ 200 V, the results of the open circuit test and the short circuit test are as follows:
Open circuit test: Input voltage 100 V, Input current 0.13 A, Input power 5.0 W
Short circuit test: Input voltage 1.7 V, Input current 10 A, Input power 8.0 W

Draw the approximate equivalent circuit of the transformer, and find the circuit parameters.

(2) Answer the following questions about the feedback control system shown in Fig. 1, where X and
Kr are positive.
(a) Find the closed-loop transfer function of the control system.
(b) Express the natural frequency @, and the damping factor & of the control system, in terms of
Kand Kr.

(c) In the control system, find the range of values of X and K7 that satisfy both the damping
factor {'=0.5 and the steady state velocity errorg, <0.05.
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Question No. 2: Communication engineering (1/1)

2021 ££ 3 A&
B2 BIEIF
AREB/1BH)

1RIBA, AMITZE bHOEREEEsOICEN RS MVEBEPR,()HNy/2ThH 5 BR¥ETEn(t)
NEBEINEES(OFEZD. [E5s,t)IXMEEBREH(N)E b OFIRIEBDBBKIK T 1V
FIZANENS. s)BXUOHARKRTELDNS.

s(t) = Asin (%)
1, |fl<B/2D & &

H =
") {0, Z DAt
7272 LB/2 > 1/TTHB. UTOMIZEZ L.

(1) BAE 7 4 L Z DA V-V RS ZRD, TOEBEERE L.
Q) EBsODFHEARERD XK.
(3) 74 NVFHADEERHEFL SN ZRD L.

Consider a signal s,(t) in which a white noise n(t), whose power spectral density P,(f) is
N,/2, is superimposed onto a sinusoidal signal s(t) having an amplitude A and a period T. The
signal s,(t) is input to an ideal low-pass filter having a transfer function H(f) with a band-width B.
s(t) and H(f) are given by

2nt

s(t) = Asin (7—),

_ {1, when|f|<B/2
H(f) = {0, otherwise '

where B/2 > 1/T. Answer the following questions.

(1) Derive the impulse response h(t) of the ideal low-pass filter and sketch its outline.
(2) Derive the average power P; of the signal s(t).
(3) Derive the signal-to-noise ratio S/N of the filter output.



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

2021 ££ 3 A%
B3 BFIF
(1BEH2E%)

Fig. 3(a) IX n F¥ RXNVEARBERDR S VR F (JFET) ZHAWVWEERTHS. BEHR
FIRIZBIBIFET DO FvA VER Ip BUTOXTEZLLNS.

Ves\’
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IIT, Vos RY —ARHT 27— FOBIE, § BZEYTFATRBETHD. Ipp BEIT W, O
ExZzhEh 8mA, -1V THY, HANATRAEEIX 4V THS. UTORMIZEZ L.
(1) Ip DEZRD L.

(2) Vgs DIEERD .

(3) Ry DfEZRD &.

wIZ, BMEBANBE v TNTAIHAEE vg IT2WTEZS. JFET OU/MESET
ML Fig. 3b) TEABND. ZZT, vgg 1TV —RXT 35— bOBEDOHIMEERS, In
IXJFET DHRE 3 F 7 7 A THY, BIHERIZBWT

_dly

TEZbND. RHERICHLTEE C., C HEKLBREELDOLTS.
4 gm DEZRD X.
(5) BMEBEBERIE vo/v; DIEZERD L.
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Question No. 3: Electronic engineering (2,2)

2021 &£ 3 A £
MiRE 3 BFIF
2QEH. 2 EB%)

Fig. 3(a) shows a circuit with an n-channel junction field-effect transistor (JFET). The drain current

Ip of the JFET in the constant-current region is given by

Ves\
ID-IDO(l Vf:) ,

where Vs is the gate voltage with respect to the source and ¥, is the pinch-off voltage. The values of
Ing and Vj are 8 mA and -1 V, respectively, and the output bias voltage is 4 V. Answer the following

questions.

(1) Calculate the value of I.
(2) Calculate the value of Vgg.
(3) Calculate the value of Rg.

Next, we consider the output voltage vy for a small-signal input voltage v;. The small-signal
model of the JFET is shown in Fig. 3(b). Here, vgg is the small-signal component of the gate voltage
with respect to the source and gy, is the transconductance of the JFET given by

_dl
Im = Aes

at the operating point. The capacitdrs Cc and Cg can be considered as shorted for an AC signal.
(4) Calculate the value of gp,.

(5) Calculate the value of the small-signal voltage gain vg/v;.

VDD=6V
1.,1 1 kQ D

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

2021 £ 3 ARME
MiE4 EtEHRE
(1EB/2E%)

sayZICRAHLT, &8t =1,23,..121 Yy MEBx €{0,1}ZFITIRY, 1y Mg
Bz, € (0,132 HAT2IRFRIEEZE X3, FIEFERIX, ASIRIxx, - xp g2 FD4EY
FD/RE = (X _3Xi—aXi-1%;) = (1100)DHBEZRH L Tt = ilcBWV Tz, =12 HAL, £h
S DORFX 0 AT 5.

T,

0]

@
(©))

@

-, +, %, Th¥h, /#EM (AND), 3®#EM (OR), RETE NOT)DEBEFIESLL

LUTORICEZ K.

ANEFFEIRE D Mealy BURIBBBR 2 #5117, 72721, RABIXS,, 51,5, 53¢ L, FIHIRIEES,
LE L. |

AIEFERORBEBR L T,

RA(IIZIBNNT, REBS,IZIRABME 00, S11Z 01, 5,12 10, S;i2 11 280 ¥ TS, HEOR
BEETRERY FvEy = (32,71), ROKBEZRTREBRI M EY = (Y, YL T5.
ZIZTC, Y R €{0,1} (k=12)ThH3. xZANEE, zZHAEBLLT, BIUVY,
%5z 2REEBEK, BLUz% 52 3HNBEEE RGEFKOREKXTTE.
AEFEREZ, 280K 7Y v 77 v v 7 FF) (JK-FF-1 &£ JK-FF-2) ZA\WTHEET
TlEEXB. ZIZT, JKFF-1 DAN®],K, HBH#%Q.,Q;, JK-FF-2 DA %], K,,
HMH%#0,0,£T5. JKFF-1 I2XYVRIG)DY, 2 EBRL, JK-FF-2 12X Y BG)DY, 2 RR
T2EE, Ky, Ju Ko ENENE 2 3HER (K-FF OREE%) & RERMKEORE
KX TRE.



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

2021 4 3 A
M4 StEA
(2RB/2R%)

Consider a sequential circuit which receives a 1-bit signal x, € {0,1} as an input, and outputs a 1-bit
signal z, € {0,1} ateachtime t=1,2,3,... in synchronization with a clock. This sequential circuit
detects occurrences of a 4-bit pattern (X;—3X;—»X;—1%;) = (1100) in the input sequence
X1X *** X¢—1X¢, and outputs z; = 1 at t = i. Otherwise, a éignal 0 is output.

Answer the following questions using *, +, and - operators for the logical conjunction (AND),

disjunction (OR), and negation (NOT), respectively.

0]

@
3)

4

Draw a Mealy type state transition diagram of the sequential circuit using 4 states, Sg, S3, Sz, and
S3, where S, is the initial state.

Show the state transition table of the sequential circuit.

Following question (1), assign a 2-bit state value 00 td Sp, 01to Sy, 10to S;, and 11 to S3. Let
¥ = (¥2,¥1) and Y = (¥,,Y;) be the state vectors representing the current state and the next state,
respectively, where yi, Y, €{0,1} (k =1, 2). Let x and z be the input signal and the output
signal, respectively. Show the state transition functions for ¥; and Y, and the output function for
2, using logical equations in the minimum sum-of-products form.

Consider how to realize the sequential circuit using two JK Flip-Flops (FFs), JK-FF-1 and JK-FF-
2. Let the inputs and outputs for JK-FF-1 be J, and K;, and Q; and Q,, respectively. Let the
inputs and outputs for JK-FF-2 be J, and K, and Q, and Q, respectively. Show logical
equations (excitation functions for JX-FFs) in the minimum sum-of-products form which give J;,
Ky, ], and K,, respectively, when ¥; and Y, in question (3) are realized by JK-FF-1 and JK-
FF-2, respectively.



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

2021 5F 3 ARHE
MIRES EHEHE2
(lLBEB/2EW/)

DToRMiz&EZ &.

(1) BNFREIZ X B2ROXEG 2FX 5. 721EL, a, biIZKMESERL, FRHEE2ET
WX ADHI% Fig. 512 7.

(S) == a{S)}S)|(S)b|a|b
(a) G %5 &ERE NS XFF abab ICHT 3 HKMWRE 2 ALMIAE —DRE.
(b) G2 5ERENSTFF abb IKHT 2 HMBRS 1 EUREBHOMIAE L TRE,

(2) B+, RE+, BLUEH, y, 2 THRINIBEMROLEF2EXS. 272U, «i&
+ &V BERIBEMAB N DL L, ETORFFREEENE T 5.

(a) F OBRMREERKT BB TRVWEE BNF 2 TRE.
(b) B (2)(a) CTEAXEXAWT, ROEFREERT 3 HLBTE 2 SRR TE.
zt+y*xz+y

(c) B (2)(a) CHERAXHELEE -, RE/ BIUEN (B L) 280 &5 KHEL,
BNF ETRYE. 2L, «& /i + & - LV EEELIBVETS. 351, «&
| DEEELERALEL, + & - OBEELEAL LTS, 2TORETRERSN
k.

()

(s)

Fig. 5



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

2021 5 3 AEHE
BIEE5 StEH2
.(2EE/2E=F)

Answer the following questions.

(1) Consider the following grammar G in BNF. Here, a and b denote terminal symbols aJ;d
an example of a syntactic tree with nonterminal symbols is shown in Fig. 5.

() == a(SNS) | (S)b|a|b

(a) Give a syntactic tree with nonterminal symbols for a string abab generated from G.
(b) Give all the syntactic trees with nonterminal symbols of the left-most derivations for
a string abb generated from G.

(2) Consider a set F of arithmetic formulas consisting of addition +, multiplication *, and
variables z, y, z. Here, * has a higher precedence than +, and all operators are left-
associative.

(a) Give an unambiguous grammar using BNF that generates arithmetic formulas in F.

(b) Give the syntactic tree with nonterminal symbols for the following arithmetic formula
generated from the grammar given in question (2)(a).

z+y*xz+ty
(¢) Expand the grammar given in question (2)(a) to include subtraction —, division /,
and parentheses ( and ) and give it using BNF. Here, * and / have a higher precedence

than + and —. Moreover, * and / have the same precedence, and + and — have the
same precedence. Suppose that all operators are left-associative.

($)

(S)

Fig. 5



Question No. 6: Advanced Physics (1 /2)

2021 £ 3 A=
M6 WMEHEM
(1EB/2R%)

1) ®XTEZLNS x BED 1 REHPRET Vv V(x) (Fig.6) OHOERE m, =
RNFE—e(>0) DRFE2EZXS.
V(x)'={ 0 0<x<6)
+00 (x<0,6<x)
0<x<SICBIFINFOEHREDOEBBEHK y(x) %
P(x) = Ael** 4 Be~ikx
L¥3. 2T, A BRERKOEH, k=2me/h? h=h/2n (hiZT5 7 & T
H35. '
(@) x=0, x =8ic BT BFEREH 2T,
(b) EHEKE AL ¥ —EEEE KD &,
(©) B@)@®) TR - RBBEEIC T 2 R TF OB OMFFEEL KD K.

2) 1RTERT ¥V V(x)=0 OFOHE m, TXLVF— (> 0) DRTFOEFKIEBO
EBRA% v(x) BAMMEREN v&) =y +6) 2T HEEELE L 5.
(a) XEBRHZ KD K.
(b) EEBERA BRI RIBA TRV A X—EREOR/MEL KD X.

%
0

Fig. 6



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

2021 &£ 3 AZEE .
BigE6 YEEM
(2B 2E8%H)

(1) Consider a particle of mass m -and energy & (> 0) in an one-dimensional square-well

2

potential V(x) alongthe x-axis (Fig. 6) given by the following equation.
0 (0<x<9),

Ve = {+oo  x<0,8<%).

Let the wave function y¥(x) in a stationary state in the region 0 < x < § be
P(x) = Ae’** 4 Be~ikx,

Here, Aand B are complex constants, k = W and A = h/2m (h:Plank constant).
(a) Show the boundary conditionsat x =0, x = 4.
(b) Obtain the wave function and the energy eigenvalue.

(c) Determine the expectation value of the particle’s position for the wave function obtained
in question (1)(b).

Consider the case that the wave function (x) in a stationary state for a particle of mass m

~ and energy & (> 0) satisfies the periodic boundary conditions ¥(x) = ¥(x + §) inan one-

dimensional potential V(x) = 0.
(a) Obtain the wave functions.
(b) Obtain the minimum energy eigenvalues excluding the case that the wave function is a

constant.
V(x)

% +oo

\

© N\

Fig. 6



