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2021 School Year Graduate School Entrance Examination
Problem Booklet

1 7R EER B /Oral Examination B

F1EISERNSL, 1ROAZEIRL THREE L.
Answer one out of Problems 1-6.

BRI / Examination Time: 11:30~12:30

(9 B 20 43 / including 20 minutes for answering time)

B ZF I / Instructions

ARRAEONEIZET 2-ERICR LTiE, AL LTEZ V.
No questions relating to the contents of the problems are acceptable in principle.

MBIEE LB H 6 METHY, BAT2 Hb 9 H, =X 10 HH 1THT
b2, 6D H 1 ME AAGERNLRETHEST L2 L.

Six problems appear on pages 2 - 9 in Japanese and pages 10 - 17 in English in this PDF file.
Answer one out of the six problems in Japanese or English.

FREVZBRO 72V, Rl ALERITENLE T 2.
Any answer sheet with marks or symbols unrelated to the answer will be invalid.

FIRADIRICEB O FREMEDR B A DN L HEE, HESEDOERLRIFLFIML T
R LT RV,

In the case that a problem can be interpreted in several ways, you may answer the problem
adding suitable definitions or conditions.

PRERR A AR T BB D T <, RHREPEHOMBREZTR T2 2 &, Willof
T R R TR T D

Your answers must include calculation and derivation processes, not just the final conclusion.
Lack of arguments will result in score deduction.

BEOIRE IS KON L DIF (S F =y b~DT v 7 r— Fagie) [T
4%, BRLEGEXBRAKREZED LT 5.

Taking pictures of the problems or sharing them with others (including uploading to the
Internet) are prohibited without exception. Such acts will invalidate your examination results if
found.

BIR U2 15 1R o X9 WA LB O EEICHR T 52 L.
Indicate your selected problem as “Problem 1” on the top of your first page of answer sheets.
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Problem 1

A continuous-time signal f(¢) and its Fourier transform F'(w) are related as

Flw) = [ ftyexp(—jut)dt, (1)
1) = 5 [ Flw)esplionde. @)

Answer the following questions.

(1) The Fourier transforms of real-valued continuous-time signals z(t) and y(t)
are denoted as X (w) and Y (w), respectively. Their real parts, Re[X (w)] and
Re[Y (w)], are given by

relxl] = { o 53 ®
— el w wWo
Re[Y(w)] = {(1) w0 u;}o | (4)

Their imaginary parts, Im[X (w)] and Im[Y (w)], are 0.

(a) Derive z(t) and sketch its outline. For the outline, although it is not
necessary to indicate the values of x(t), clearly indicate the exact values
of ¢t where z(t) = 0.

(b) Derive y(t) by using the following relation:
1
Y(w)= w—X(w) x X (w), (5)
0

[13%2

where “x+” denotes convolution.

(2) Suppose that a linear time-invariant system £ has the following transfer function
H(w):
H(w) = —jsgn(w), (6)

where sgn(-) is the sign function defined as

1, x>0
sgn(z) =40, x=0 . (7)
-1, z<0

(Continued on Next Page)
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(a) Derive the impulse response of £ denoted as h(t). The following relation
can be used: q
L) = ~2i6(w). )

Here, §(-) is the Dirac delta function.

(b) Let z(¢) be the output signal of £ for the input signal y(t) of Question (1).
A signal whose real and imaginary parts are y(t) and z(t), respectively, is
defined as w(t), i.e., w(t) = y(t) + jz(t). Derive the Fourier transform of
w(t), W(w), and sketch the outline of |W (w)|.

11



2021 TPC

Problem 2

Answer the following questions about electric circuits using operational amplifiers.

Assume that all the operational amplifiers have ideal characteristics.

(1)
(a)

(b)

(c)

(a)

(b)

Figure 1 shows a circuit consisting of resistances Ri, R», and an operational
amplifier. Determine the relationship between output voltage V, and input
voltage Vi.

Figure 2 shows a circuit consisting of resistance R, capacitance C, and an
operational amplifier. Obtain V(7). The capacitance C is initially discharged,
and Vi(f) = 0 when ¢ < 0.

Figure 3 shows a low-pass filter consisting of resistances R1, R», capacitance C,
and an operational amplifier. Determine the frequency characteristics of this
circuit, and obtain the value of the capacitance C that sets the cutoff frequency
to 100 Hz.

Figure 4 shows a hysteresis comparator consisting of resistances Ri, R».
Answer whether the concept of virtual short is applicable to this circuit or not.
Next, obtain the voltage of non-inverting input V-, where Viis input voltage,
and V5 is output voltage.

In Fig. 4, determine the input voltage threshold VL at which the output of this
circuit switches from logic 1 to logic 0 by continuously dropping Vi. Also
determine the input voltage threshold Vu at which the output of this circuit
switches from logic 0 to logic 1 by continuously raising V;. Here, Vs and —Vs

are output voltages that correspond to logic 1 and logic 0, respectively.

(Continued on Next Page)

12
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Problem 3

(1) A control system is shown in Fig.1. Answer the following questions.

MO}

(@) Determine the transfer function G(s) = Xo)'

(b) Determine the steady-state error for a unit step input X(s) in terms of C; and
(>, where the error signal E(s) = X(s)— Y(s).

C
X(s) | + Cs +l 1 Y(s)
— —> —>O—>
;E_ s+1|+ 842
Fig.1

(2) Consider a plant given by a state space representation;

d 1 2 2
7x® = [_3 _4] x(t) + [b] u(t)
y() =1[c —1lx(),
where x(t), u(t), and y(t) are the state vector, the input, and the output,
respectively. Answer the following questions.

(@) Show the conditions on b and c¢ so that the system is controllable and observable.

(b) When the value of b = 3, and for a state feedback u(t) = Kx(t), find the value of
K which assigns the poles of the closed loop system to —2 and —3.

14
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Problem 4

(1) Consider the following Boolean function (logic function) f(z,y,z) shown in
Equation (1).

flz,y,2)=T-y-z+x-J-z4+x-y-Z+x-y-2 (1)

(a) Give a truth table of f(z,y, z).

(b) Show the Boolean expression of f(z,y,z) in a simplified sum-of-products

form.

(¢) Show the Boolean expression of f(z,y,z) in a simplified product-of-sums

form.

(d) Show the dual function fy(z,y,z) = f(T,7y,%) of f(x,y,2) in a simplified

sum-of-products form.

(2) Consider a cache memory for a processor using 12-bit address space and byte
addressing. Assume that the size, the line size, the set associativity, and the
replacement algorithm of the cache are 512 bytes, 32 bytes, 2 ways, and LRU,
respectively.

(a) Determine the number of bits in each of the tag, the index, and the line
offset portions of a memory address to access the cache.

(b) Suppose that the cache is initially empty and then the processor accesses
the memory with addresses of 0x24C, 0x554, 0x258, 0x26C, and 0x540 in
this order. Identify all the accesses that hit in the cache. Note that the
prefix “0Ox” indicates that the following number is hexadecimal.

15
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Problem 5

As shown in Fig. 1, a non-elastic, negligible weight thread of length 2 is fixed at the
upper end O while a thin and homogeneous circular disk of mass M and radius a (K ¢ )
is hung on the lower end P of the thread to induce small oscillations around its equilibrium.
Taking the upper end of the thread O as the Cartesian origin, we take the x-axis
horizontally and the y-axis vertically. Let @be the angle formed between the vertical axis
and the thread, and ¢ be the angle formed between the vertical line and the line segment
PQ that connects P and the center of gravity of the disk denoted by Q. Assume the thread
and the disk move in the xy-plane. Denote the absolute value of the gravitational
acceleration by g, with its direction along the negative direction of the y-axis. Assume

that 6= 0, ¢ = 0. Answer the following questions.

(1) Describe the position (x, y) of the center of gravity Q of the disk as a function of 2,
a, @and ¢ .

(2) Find the moment of inertia of the disk about the center of gravity Q.
(3) Derive the equations of motion of the disk.
Note that sina =~ a, cosa =~ 1 for |a| < 1.

(4) Assume that @ and ¢ are described by using the same frequency @ (>0) as follows:
6 = Asinwt ,¢ = Bsinwt (4, B: constant).

(a) Derive .

A
(b) Find the sign of E for @ derived in (a). y4

1
Note that (1 +z)z = 1 +§ for |z| « 1.

Fig. 1

16
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Problem 6

Let R and R be the sets of real numbers and positive real numbers, respectively, and
let N'(1, 0?) denote the normal distribution whose mean and variance are p € R and
0% € RT, respectively. The probability density function of the normal distribution

N (11, 0%) is represented as follows:

p(z) = \/%GXP <—%> :

For a function f : R — R, Ex[f(X)] is defined as the expectation of a random
variable X over the probability distribution P(X).
Suppose that P(X) is N (u,0?%) and a € R,b € R. Answer the following questions,

(1) Derive the following expectations by using a, b, y1, and o.
(a) Ex[aX + ]
(b) Ex [(aX +b)?]

(2) Suppose that ¢ € R, and P(Y|X) is the conditional distribution of a random
variable Y given X.
When P(Y|X) is a normal distribution given by A (aX +b, ¢?), derive the mean
and variance of the marginal distribution P(Y") by using a, b, ¢, u, and o.

(3) Suppose that two probability density functions of P(X) and Q(X) over R are
p:R =R and q: R — R, respectively. The Kullback—Leibler divergence from
P(X) to Q(X) is defined as follows:

o0

Diw(Q(X)]| P(X)) = / a(z) log %d

When Q(X) is N(m,s?), m € R, and s* € R, derive Kullback—Leibler diver-
gence Dkp(Q(X)||P(X)) by using u, o, m, and s.

17





