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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.
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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.
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Two answer sheets will be given. Use one sheet per problem. You may use the back of the sheet
if necessary.
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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.
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No questions relating to the contents of the problems are acceptable in principle.
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Any answer sheet with marks or symbols unrelated to the answer will be invalid.
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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.
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Do not take the answer sheets and this booklet out of the examination room.
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Problem 1

Given two continuous-time real signals f(¢) and g(¢) (¢ is a real number representing

time), the convolution integral (f = g)(t) and cross-correlation Rj,(t) are defined as

(F 9)(t) = / (M)l - ydr, Ryplt) = / " Fgt +ryar

Answer the following questions. When drawing graphs in the following questions,
the range of the horizontal axis should be [—3, 3], and the time ¢ at which the shape
of the graph changes should be specified on the horizontal axis.

(1) The rectangular function is defined as

<t> L if |t < a/2,

rect | — ) = )

a 0 if [t] > a/2,

where a is a positive real number. Answer the following questions when f(t)=
rect(t — 1) and g(t) = rect(t/2).

(a) Draw the graphs of f(¢) and g(t).
(b) Draw the graphs of (f * g)(¢t) and Ry,(t).

(2) Suppose that z(t) and y(t) are input and output signals of a linear time-invariant
system L[], respectively. The impulse response of the system L[] is given as
h(t) = L[5(t)], where §(t) denotes the Dirac delta function. In addition, the
periodic delta series with a sampling period T is defined as

(o0}

comby(t) = Z 5(t —nT).

(a) Write an equation that holds between z(t), y(t), and h(t).

(b) Suppose the input signal z(t) = (f * g)(¢t) (f(t) and g(t) are the functions
defined in Question (1)). Draw the graph of the output signal y(t) given
the impulse response h(t) = combs(t).

(Continued on the next page)
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(3) The auto-correlation of a continuous-time real signal f(t) is defined as

(a)

(b)

Rys(t) = / T O+

Prove that R;s(t) is an even function. In addition, prove that the value of
Ry (t) is maximal at time ¢ = 0. Here, assume that f(t) is a deterministic
signal.

Using the functions f(¢) and g(¢) defined in Question (1), draw the graph of
the auto-correlation of Ry4(t)-combye(t). Here, specify only the maximum
value of the function on the vertical axis of the graph.

(4) As shown in Fig 1, consider the observation of sound waves arriving from a

sufficiently distant point source at a certain angle § with two microphones M,

and M, placed at an interval D. Assume that a signal s(t) originating from

the point source arrives at My, and a signal s(t — 79) delayed by a time arrival

difference of 7y arrives at M. Here, suppose that s(t) is an aperiodic signal.

()

Suppose that y1(t) = s(t — 7o) and ya(t) = s(t) are signals observed at
M and Ms, respectively. Given the speed of sound c, express the time
arrival difference 7y in terms of ¢, D, and 6. In addition, explain a method
to estimate the angle 6 from y1(t) and y»(2).

Next, suppose that 11(t) and y,(t) are observed as s(t — 7o) + ni(t) and
s(t) + ny(t), respectively. Here, ny(t) and ny(t) are random noise, and
ni(t), ny(t), and s(t) are assumed to be uncorrelated with each other.
Denote the powers of ny(t) and ng(t) by P, and P,,, respectively, and
assume that they are equal (i.e., P,, = Py, = P,). Let P; be the power of
s(t). Explain a method to estimate the signal-to-noise ratio Ps/P, using
auto-correlations and cross-correlations.

s(t — 10) s(t)
1
M{((gy====m="=-- Mo
1 (t) Yo (t)
Fig. 1
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Problem 2

Answer the following questions about band-pass filter circuits. Let j be the imaginary
unit, w be an angular frequency, and s be the Laplace operator. Assume that all
the operational amplifiers have ideal characteristics.

(1) Fig. 1 shows a band-pass filter consisting of a resistor with resistance R, a
capacitor with capacitance C', and an inductor with inductance L.

(a) Derive the transfer function Gi(s) from V; to V, of this circuit.

(b) Let wy be the angular frequency that maximizes |G (jw)]. Obtain wy and
the maximum G = |Gy (jwo)|.

(2) For the maximum G obtained in Question (1)-(b), let w; and wy (w; < ws)
be the two angular frequencies that satisfy |G, (jw)| = —\}—53'—. In addition, the

parameter () is defined as @ := wg/(wy — w1) in terms of wy and ws.
(a) Obtain wy, wsy, and Q.

(b) Draw the outline of the Bode plot for the magnitude of G (jw). Note that
wp, wi, and wy should be indicated in the plot.

(3) Fig. 2 shows a band-pass filter consisting of resistors with resistances R, kR, ca-
pacitors with capacitance C, and an operational amplifier, where k is a positive
real number.

(a) Let Va be the voltage at the node A in Fig. 2. Obtain the voltage Vi as
a function of s by using Kirchhoff’s current law at the node B in Fig. 2.

(b) Derive the transfer function Gy(s) from V; to V, of this circuit.

(c) Define wy, G, and @ for Gs(jw) in the same way as those for Gy(jw) in
Questions (1) and (2). Obtain wy, G, and Q for G, (jw) and show G = 2Q2.

(4) Fig. 3 shows a band-pass filter consisting of resistors with resistances kR, R;,
Ry, capacitors with capacitance C, and an operational amplifier, where k is a
positive real number. Gs(s) is the transfer function from V; to V, of this circuit.

(a) By using Thévenin's theorem for the circuit enclosed with dashed lines in
Fig. 3, consider an equivalent circuit replaced with an equivalent voltage

~

source with voltage Vi and an equivalent resistor with resistance R as
shown in Fig. 4. Express Vi and R in terms of Vi, Ry, and R,.

(Continued on the next page)
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(b) Define wy, G, and @ for G3(jw) in the same way as those for Gy(jw) in
Questions (1) and (2) and consider determining k, K1 and R, that satisfy
G = 1and Q = @Qp, where Qg is a positive real number. When the
equivalent resistance R obtained in Question (4)-(a) is equal to R, show
the condition on Qg and express k, R;, and Rs in terms of (Jg and R.

Fig. 1
Lo i
R C R
v T e f—>H "
Fig. 2
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Problem 3

Consider the feedback control system depicted in Fig. 1. Here, P(s) and K(s) are
the transfer functions of the plant and the PI controller, respectively, given by

2—3s 15}

PO = oy K=ot

where the parameters a and § are real numbers. Moreover, 7 is the reference, y is
the output, and e is the control error. Answer the following questions.

(1) (a) Find the transfer function T'(s) from the reference r to the output v.

(b) Find the stability conditions of the closed-loop system.

(2) In K(s), fix the parameter as 8 = 0, and answer the fltlest101ls below.

(a) By properly selecting o, we would like to set one of the poles of the closed-
loop system at —2. Find « to achieve this.

(b) Using o obtained above, find the output y when the unit step signal is
input as the reference. * Explain its characteristic behavior around time
t=0.

(3) In K(s), take S to be a real number, and answer the questions below.

(a) Find the steady-state error when the ramp signal is used as the reference.

(b) Based on the results of Questions (2) and (3)-(a), explain the difference
between P control and PI control along with the reasons.

Ty e — U 4+ Y
—T’K(S)‘?—’* P(s) >
Fig. 1

(Continued on the next page)
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Next, consider the feedback control system depicted in Fig. 2. Here, we set

2
(s+1)*(s+0.1)

G(s) =

Answer the following questions.

(4) (a) Draw the Bode plot of the loop transfer function. Straight-line approxi-
mations may be used.

(b) Determine whether the closed-loop system is stable using the Nyquist sta-
bility criterion. If stable, then find the gain margin. When making the
Nyquist plot, calculate the coordinates of the intersections with the real
and imaginary axes and the angular frequencies at those points.

(c) To improve the stability margin in the closed-loop system, we consider to
add a controller K (s) to the system as shown in Fig. 3. Explain which of
the two methods, phase-lead compensation and phase-lag compensation,
is effective for this case along with the reason. Also, explain the properties
which are brought to the control system by this compensation method and
require our attention.

ro+ Yy

/CQ
o
v

Fig. 3
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