(1

(2)

(3)

(4)

(5)

(6)

(M

VAT MMEFRTHEL
& AR AR N SR R
Master Course Entrance Examination Problem Booklet
Information Physics and Computing

B FAEAER /Specialized Subjects

2021 -8 A 23 B / August 23, 2021

FIRMNSESHNDS S, 2MZERL THREL L.
Answer two out of Problems 1-5.

FREREFE / Examination Time: 10:00~12:00

(9 BFRZEIERF 50 43/ including 50 minutes for answering time)

B @ TH / Instructions
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No questions relating to the contents of the problems are acceptable in principle.

RIEITEE 1 B0 ESMETHY, HAI2HMNL8H, RIIHEMNL I5HTH
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Five problems appear on pages 2 - 8 in Japanese and pages 9 - 15 in English in this PDF file.
Answer two out of the five problems in Japanese or English.

fRECBMRDIRVGE S, HERELTALLLERITED LT 5.
Any answer sheet with marks or symbols unrelated to the answer will be invalid.

FEOIRERICEE DO RSB A DS HE1E, HEHSEOERSLRMFFELMIMLT
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In the case that a problem can be interpreted in several ways, you may answer the problem
adding suitable definitions or conditions.

IZFR RN R VIR Y, RTERA AR TR D A T <, FHREEH o e 4 5L
W52 & MO e REITRR T 5.

Your answers must include calculations and derivation processes, not just the final conclusion,
unless otherwise indicated. Lack of justification will result in score deduction.

FEOREZ B LUCMA L DIE (7 =%y h~DT v T u— et (384
9%, BELCGAEXBRAKEZED 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.

IR U728 E T3 1) o X5 ICHMENMRORKR EIBICHRE T 5 2 &.
Indicate your selected problem as, for example, “Problem 1” at the top of each page of the
answer sheets.
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Problem 1

A causal IIR filter F is described by the following transfer function:

(1—-0.427H(1+09z71)
(14+0.3v2(1 +j)z=1)(1 +0.3v2(1 —j)z 1)

G(z) =
Answer the following questions.

(1) (a) Draw poles and zeros of G(z) in the complex plane. Indicate poles with
x and zeros with o. Then, evaluate whether F is BIBO stable or not.
Note that a system is considered BIBO stable when the system yields a

bounded output signal for any bounded input signal.

(b) Find the difference equation of F which represents its input-output relation
given an input signal z[n] and an output signal y[n] with the discrete time

n.

(2) The autocorrelation function r[n] of hln|, where h[n| is the impulse response of

a real input and output system, is defined as
rln] = Y h[m]hln+m)].
(a) Prove that the z-transform of h[n] and r[n|, H(z) and R(z), are related as

R(z) = H(z)H (1> .

(b) Derive the z-transform of the autocorrelation function of F.

(3) Give a transfer function of a second-order IIR system whose autocorrelation
function is identical to that of F. The transfer function must be of a system
which is causal and BIBO stable, and it must not be £G(z). Discuss the
relationship between this system and F.
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Problem 2

Answer the following questions about operational amplifiers. Suppose that all the
operational amplifiers are ideal.

(1) Obtain the transfer function from V; to V; in the circuit shown in Fig. 1.

oV,

R,

Fig. 1

(2) Figure 2 shows a circuit in which a source Vi with an internal resistance r is
connected to a load Ry,. Let F denote the circuit element shown in Fig. 1 with
Ry = o0 and Ry = 0. We insert F into the circuit in Fig. 2 between the nodes
X and Y to obtain the circuit in Fig. 3. Find the voltage at the node Y in both
Figs. 2 and 3, and explain the effects obtained by inserting the circuit element
F.

Vs

R,

Fig.2 Fig.3

(Continued on Next Page)
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(3) Asshown in Fig. 4, an RC series circuit and an RC' parallel circuit are connected
in series to the output node of the circuit in Fig. 1. Denote the voltages at the
nodes X; and Xy by V; and V3, respectively.

(a) Obtain the transfer function from V, to V5.

(b) In Fig. 4, consider the circuit where the nodes X; and X, are connected.
Find the condition between R; and R, such that the circuit operates as
a sine wave generator. Also, express the angular frequency wq of the sine

wave in terms of R and C.

(c) For Ry and R, that satisfy the condition obtained in Question (3)-(b),
suppose that Ry changes to Ry + €, where |¢] < Ry. Explain how the
amplitude of the sine wave in Question (3)-(b) changes for both when e is

positive and negative.

C
| v C R
/ R
Vo3
X,

S S, /4

Fig. 4

11
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Problem 3

Consider the feedback control system shown in Fig. A. Answer the following ques-

tions. Note that the closed loop system is said to be stable below if the input-output

system from r to y is bounded-input bounded-output stable.

(1)

(a)

r e U Y
>

C(s) » P(s)

Fig. A

Suppose that C(s) = 1 and P(s) is one of the following cases (i)—(ii):

s24+s+5 . s+ s2+3s—1
- (i) P(s) =
$34+s2+s st4+ 834252 4+5+2

(i) P(s) =

For each case, show whether the closed loop system is stable or not by
completing the corresponding Routh table shown below (fill in the blanks
(A)—(F) and (G)—(S) and show the numbers). If a Routh table shown
below is not appropriate, show the correct Routh table and then answer
whether the closed loop system is stable or not.

Routh table for case (i) Routh table for case (ii)

4 N

1 (A) 1 (G) (H)

2 (B) 2 ) (J)

(©) (D) (K) (L) (M)

(E) (F) (N) (0) (P)

Q) (R) (8)
- J

Suppose that C(s) =1 and P(s) is one of the following cases (iii)—(iv):

2s+3 —s+2

(i) P(s) = 55— (W) P(s) = 5~

Select the most appropriate figure from Figs. 1-9 as the outline of the time
response y(t) when a unit step signal r(¢) is input from time ¢ = 0 in each
case. It is not necessary to explain the reasons. If there is no appropriate

figure among these, answer “none” and draw the correct figure.

(Continued on Next Page)
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1 1 1
0 t 0 t 0 t
Fig. 1 Fig. 2 Fig. 3
y(t) y(t) y(t)
1 1 1
0 t 0 t 0 t
Fig. 4 Fig. 5 Fig. 6
y(t) y(t) y(t)
1 1 // 1 /
0 t 0 t 0 t
Fig. 7 Fig. 8 Fig. 9
1
(2) Suppose that P(s) = 5 © > 0, and C(s) is one of the following cases
es
(v)—=(vi):
() C(s) =1 () Cls) =
v)C(s) = vi)C(s) =
1+s

(a) For each case, show the condition on ¢ for the stability of the closed loop

system.

(b) Let us represent the transfer function from r to y as T'(s). For each case,
show T'(s).

(¢) Show the values of |T'(joo)| in cases ¢ = 0 and £ > 0, in both cases (v) and
(vi).

(d) Using the results from Question (2)-(c), explain the difference between the
two cases (v) and (vi) from the viewpoint of control engineering,.

13
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Problem 4

Answer the following questions on logic functions.
(1) Express f(x,y,z)=Xx-y-zZVXx-y-zVXx-y-z in the simplest sum-of-product

form.

(2) The operation of exclusive OR @ is defined as x®y =x-yVx-y. Express x
and x Vy byusing only x, y, exclusive OR, logic AND, and constant (0 or 1).

(3) Any 3-input logic function F(x,y,z) can be expressed in the following form using

only exclusive OR and logic AND. Here, a; represents a constant (0 or 1).

F(x'y;z):ao@al'x@az'y@a3'z
Pa, x-yDas-y-zPag-z-xPa, x-y-z

Express f(x,y,z)=x-y-zZVXx-y-zVx-y-z of Question (1) in this form.

(4) A 3-input logic function F(x,y,z) is implemented as a circuit. Under the constraint
that only the output can be observed, we would like to detect a fault in which the input

x is fixed to 1 as shown in Fig. 1. In order to detect such a fault, we need to give

appropriate values to the 3 inputs (x,y,z) for which the output value changes

depending on the presence or the absence of the fault.

(a) Suppose that F(x,y,z) is f(x,y,z2)=x-y - zVx-y-zVx-y-zZ of
Question (1). Derive all the combinations of 3 input values (x,y,z) which can
detect this fault.

(b) Answer how many 3-input functions exist for which any values of y and z can
detect this fault if O is given to x.

x 1
input Y F(x,y,z) +— output
z
Fig. 1

14
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Problem 5

As shown in Fig.1, a wheel and axle (moment of inertia /, radius of wheel R, radius of
axle r (<R), mass m) rests at time /=0 on a surface, and is set into motion by pulling a rope
wrapped around the axle at an angle a (O<a<§) with respect to the horizontal plane with
a constant force 7. The rotation angle around the axis at time ¢ is 8(¢), and 8(¢) is positive
for clockwise rotation. The rotation occurs on the xy plane. There is no slip between the
axle and the rope, and between the surface and the wheel. Denote the absolute value of

the gravitational acceleration by g. Answer the following questions.

(1) Derive the equation of motion around the axis of rotation of the wheel and axle. Here,

the frictional force is F' as shown in Fig. 1.
(2) Describe the frictional force F using I, R, r, m, a, and T.

(3) Derive the condition of the static friction coefficient between the surface and the

wheel p using I, R, r,m, a, T,and g.

(4) When R =2r, find the condition on the angle a for the wheel and axle to move toward

the positive direction of the x-axis.

4

Fig.1
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