2024 FE REWH AT E
2024 School Year Graduate School Entrance Examination
Problem Booklet

VAT LEHE / Information Physics and Computing
FIEHISEBD S5, 2MOAHZRIRL TRED £.

Answer two out of Problems 1-3.

REARFH / Examination Time: 10:00~11:40

E ¥ ¥ IH / Instructions

(1) RBRBAIEDARET, ZOMBEMFEREMRNT &,

Do not open this booklet until the starting signal is given.

(@) RB-FICET, 8T, ERAREHOER e ERbomBEITEm LHS 2 &, EFAK
T RUEN-VEAMFAGEVEEL Tidd b,

You should notify the examiner if there are missing or incorrect pages in your booklet. Do not
separate all pages including the draft papers from this booklet.

(3) FIREIZSFIRDOESMETHY, BAIZENLME, FIIBEANLAR THD. 3/
5 HoflE ARV LERETRETL I &,

Three problems appear on pages 2 - 14 in Japanese and pages 15 - 27 in English. Answer two out
of the three problems in Japanese or English.

(4) RERMCHAEIND. IMIL N TIROMERREERTLI &, LERL &L
iR RO B A LT v,

Two answer sheets will be given. Use one sheet per problem. You may use the back of the sheet
if necessary.

(6) BMERMOBESNIES, TREFELIUEORBTHRE T HMBESTE 50
TREATLHZ L. RARENTRRLRWN.

Do not forget to fill the examinee’s number and the problem number in the designated place at
the top of each answer sheet. Do never put your name.

(6) PERRIEONRIZMYT 2 EBIs LTk, FRRIE LTEAARW.

No questions relating 1o the contents of the problems are acceptable in principle.

(1) MREICBEROZVES, B570 LR A LI RERED LT 5.

Any answer sheet with marks or symbols unrelated to the answer will be invalid.

(8) HLIZHEARMARWVIRY, RIBEMERAMICIIEEMED AL TR, HEPHB OB

BIDZ &, RUOR+o 2R T 5. BEOCIHIRICEE O TREM2% L b
Simail, BEESEOCERCLREELTIMUTHE LTI,
Your answers must include calculations and derivation processes, not just the final conclusion,
unless otherwise indicated. Lack of justification will result in score deduction. In the case that
a problem can be interpreted in several ways, you may answer the problem adding suitable
definitions or conditions.

(9) MEEREE L UBERFERRE» bR bHs T &

Do not take the answer sheets and this booklet out of the examination room.
ZRE S R L /- REE =
/ Examinee’s | No. / Problem numbers
number you selected
EHCERBESEZRATDHI L. EHNSER UTz2 2 ORER B 2 5ATH

Fill this box with your examinee’s number

.
Fill these boxes with the problem numbers you
selected.
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EREEEME S a(t) (CIKRR2RTER 27—V Z#L, (D) DL D IZHEEK
ART MV X (w) (widARFEEERTER »Eondeds, A(INIRX(w) D
M7=V TEBMTHD, jIEREN, s RHERTHS. UTORWIZER L.

X@Q=[ﬁdﬂmﬂﬂmﬁt M
(1) = % [ " X(w) expljwt)dw (1)
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EX5N5.

e 2t
= ; IT1
0= 3 oo (175) ()
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(4) EHGFEES 2(t) 2 —ERMEECHEILL, BRENES on] (n 285
2/HEE, z[n) Dz BT

X(z) = Z zin]z™™ , z2€C (VII)
TEHINSG. |
e 0 (n<0
(2) olo) HELAT y TRBE LT, afn] = | O E'z;o% DESEEA BN

D&, AN(VID) Dz BHRONURFEE RS K. £/, IEET 256D X(2)
LREEBTRE.

(b) z[n] = exp(a|n|) (a I ZEH) TH2LE, K (VID) Dz BHOIEEL%
KDL, iz, NHETHEHED X(2) 2 FHERTEL.
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IR 2 ROART VA &, HHAET £V, #8047 > 7 4, BV
1, 3, 4 CRTELREBICOVT, NTFORNMIER & BBEDOHT Vi, Vouur,
Vinz, Vouz, -y By C RENEN, ANRE LCHIROEE, BHoEE o>
TUYVDERERY. FRYMARI t =0 BV TarFrHoEME 0 2T 5,

(1) K1 DEEEZZDS. Vi) 2HVT Vaa(t), 0 <t #ETRNETRE.

(2) B 1 OEBCBEWNTH 2 TRINB B 2T OB V. (¢) VT Vi (t) =
Vet) 238, Voun(1), 0 <t ERTHARE. K72 0< ¢ AT BT B Vo (t)
D% RRE &,

(3) M 3DEREZEZS. %KL C =L, Vin(t) = V.(t), Vo(t): B 2 DIETHI,
Vit B, —Vi < Vi <V, 25 5.

(a) Vaua(t), 0 <t #RFTNETRE.
(b)

(4) HADEBEER L. /2L C = &, Via(t) = Va(t), Ve(t): Rl 2 DK, &
T3,
(a) T DEIFEDHR L RHE Y L.

(b) Vina(t) = Visin(wt), w = g L L7 LT, Viws(t), 0 < t < 20T O %
R .
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(1) K1 BWTEEBR PG =P((s) 235, P(s)iX1RRE L, ZOEMR
7o TINEDILD LD FFRNE 0.44, BEEE 2 2 RoTW5. P(s) Zmt. Z
T, ATy FIREWEEMED 10%0 5 0%ITR 2 ETICHT 2REETS
EhEEE WS, MERS5In2=07, In3=11, In5=16%HX.

(2) B 1B WTHEBEE P(s) = B(s) 255, By(s) RB/IMIMEREL, 20
R MR D7 4 YHBERK 2 D L 510k oTwb. Bys) BRE.

(3) B3 1THBNT

P(s)=i—;, p>1, Kis)=K, 1<K <p

¥ 5. BERBS) = 1/(1+ PE)K() LT, 20¥—2454 V%
M,s = max,er |S(w)] EERT 2. p<3DEE Mg >28RDIEERE,
72720, WER GG L, BMTOBEGBRN (BAMEOFE) 2T k.

max|G(jw)| = max |G(s)

(4) B3 BV THINL— PEEREE L(s) = P(s)K(s), HMBIEREE T(s) =
L(s)/(1+ L(s)) T 3. 432 L(s) DR 7 FABR L AR\ ERT. PM
BAAERBERL, 71 Y RERERR w,, HEREHEKOY -7 1 V%
M, &35, ITORPDIZEZ K.

(a) PM % FWVT |T(jwye)| B2t
(b) PM > 45° 235 M, ZRD XK.
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Problem 1

Suppose that a frequency spectrum X (w) (w is a real number representing angular
frequency) is obtained by the Fourier transform of a continuous-time signal z(¢) (¢
is a real number representing time) as shown in Equation (I}). Equation (II) shows
the inverse Fourier transform of X (w). j is the imaginary unit, and = is the circle
ratio. Answer the following questions.

X@) = /_ " 2(t) exp(—jewt)dt (M
z(t) = % /_oo X(w) exp{jwt)dw (11)

(1) Obtain X(w) when x(¢) is given as a time-shifted Dirac delta function z(t) =
§(t — 7). In addition, obtain z(¢) when X(w) is given as a frequency-shifted
delta function X{w) = d(w — w').

(2) Obtain X{w) when z(¢) is given as a periodic delta series z(¢t) = 5. §(t—mT)

with the sampling period 7. In addition, prove that this X{w) also becomes a
delta series by using that z(¢) is a periodic function and can be expanded by a
Fourier series. Fourier series expansion is given as follows:

() = i e EXP (jz”r,}”t) , (1I1)

mM=—0g0
T/2 it
e, = % / 5 2(t) exp (—%) dt. (IV)
J=T72

(3) Suppose that X (w} and H(w) are obtained by the Fourier transform of continuous-
time signals z(t) and h(t), respectively. In this case, prove that the Fourier
transform of a convolution integral given by

y(t) = f_ " Byt — r)dr (V)

oo

can be represented as

Y(w) = Hw)X (). (V1)

(Continued on next page)
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(4) A discrete-time signal z[n] (n is an integer) is obtained by sampling a continuous-
time signal z(t) with a constant sampling period. The z-transform of z[n| is
defined as

X(z) = i znlz™™ , ze€C. (VII)

n=—0co

(a) Derive the region of convergence of the z-transform of Equation (VII) when
_— : L |0 (n<0) s
z[n] is the unit step function given by z[n] = I (>0 In addition,
express X (z) in terms of a rational function when X(z) is convergent.
(b} Derive the region of convergence of the z-transform of Equation (VII) when
z[n] is given by z[n| = exp(a|n|) (e is a real number). In addition, express
X(2) in terms of a rational function when X(z) is convergent.

17



Draft paper
(Do not separate this from the booklet)

18



Draft paper
(Do not separate this from the booklet)

19



2024 TPC

Problem 2

Consider the electric circuits shown in Figs. 1, 3, and 4, where A; is an ideal opera~
tional amplifier and A, 1s an operational amplifier having saturation output voltages
+V,. Note that the notations Vini, Vout1, Vin2, Voutz, ..., B, and C' in the figures rep-
resent the voltages of the input terminals and the output terminals, the resistances
of the resistors, and the capacities of the capacitors, respectively. Assume that the
electric charge of each capacitor at the initial time ¢ = 0 is 0. Answer the following
questions.

(1) Consider the electric circuit shown in Fig. 1. Find the expression for Vi (t),
0 <t using Vini(t).

(2) Consider the electric circuit shown in Fig. 1 and set Vi () = Vi(t), where V,(t)
is a rectangular wave of period 27" shown in Fig. 2. Find the expression for
Vowa(t), 0 < ¢ and draw the outline of Vi1 (t), 0 < ¢ < 4T.

(3) Consider the electric circuit shown in Fig. 3, where C' = 5%, Vi (8) = (1),
V.(t): the rectangular wave shown in Fig. 2, Vi constant, and —V, < Vi < K.

(a) Find the expression for V,a(t), 0 < t.

(b) Find the expression for

1

27
D= o /0 V,a(t)dt

as a function of V..

(4) Consider the electric circuit shown in Fig. 4, where C' = - and Viua(t) = Ve(t),
Ve(t): the rectangular wave shown in Fig. 2.

(a) Explain the uses and the feature of this electric circuit.
(b) Draw the outline of Vou3(t), 0 < ¢ < 207, where Viy(t) = Visin(wt),

—
W = 0T

(Continued on next page)
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Problem 3

(1)

In Fig. 1, consider a transfer function P(s) = Py(s). Suppose that Pi{s) is a
first order system and that the rise time is 0.44 and the steady state value is
2 in the unit step response. Find Pj(s). The rise time in the step response is
defined as the time required to rise from 10% to 90% of the steady state. Use
In2=0.7,1In3=1.1, and In5 = 1.6, if necessary.

In Fig. 1, consider a transfer function P(s} = Py(s). Suppose that F(s) is a
minimum phase system and that the magnitude of the Bode plot is given as
in Fig. 2. Find Py(s).

In Fig. 3, suppose that

1_.
P(s)zs_;, p>1, K(s)=IK, 1<K <p.

For the sensitivity function §(s) = 1/{14 P(s)K(s)), define the resonant peak
as M,s = maX.cp |S(jw)|. Show that p < 3 implies M,g > 2. Tor a stable
G(s), the following relation {the maximum modulus principle) may be used.
max |Gjw)| = max 1G(s)].

In Fig. 3, let L(s) = P(s)K(s) and T(s) = L(s)/(1 + L(s)) denote the loop
transfer function and the complimentary sensitivity function, respectively. In
Fig. 4, the vector locus of L(s) and the phase margin of the system are shown.
PM denotes the phase margin, and w,y and M, denote the gain crossover

frequency and the resonant peak of the complimentary sensitivity function,
respectively. Answer the following questions.

(a) Express |T(jwge)| with PM.
(b) Find M, that achieves PM > 45°.

(Continued on next page)
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