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(1) Consider the electrical circuit shown in Fig. 1(a), where e(¢) and v(¢) denote instantaneous voltages,
and i(f) denotes the instantaneous current. Answer the following questions.
(a) Consider the transfer function Gi(s), where the input signal is e(f), and the output signal is v(¢).
Express G (s) using R and C.
(b) Illustrate a Nyquist diagram of the frequency transfer function G1(j®). Express marks of G(j )
for @ = O[rad/s], 1[rad/s], and ©© on the diagram. Let —oc<{@w <o, R =1[Q], and C = 1[F].

(2) Consider the electrical circuit shown in Fig. 1(b), where e(¢) and v(f) denote instantaneous voltages,

and i(f) denotes the instantaneous current. Answer the following questions.

(a) Consider the transfer function G»(s), where the input signal is e(¢), and the output signal is v(¢).
Express G, (s) using R, L, and C.

(b) Find the gain and phase angle of frequency transfer function G>(jw). Let R = 1[Q], L = 1[H],
and C = 1[F].

(c) Consider the electrical circuit shown in Fig. 1(c), where the dc voltage source and switch S are
added to the electrical circuit shown in Fig. 1(b). Assume that the switch S has been closed for
a long time so that the circuit has reached steady-state conditions. Find the steady-state voltage
vo for v(¥).

(3) Consider the control system shown in Fig. 1(d), where r(%), e(¢), and y(f) denote the reference input,
error, and controlled variable, respectively. Answer the following questions. Here, K is constant
(K> 0).

(a) Find the range of K so that the control system is stable.
(b) Find the range of K so that the control system is stable, and the steady-state position error is

less than or equal to 0.1.
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Question No. 2: Communication engineering (2,2)

2018 £ 8 A}k
M2 BELF
(2HEB/2E%®)

Consider an amplitude modulation wave
Eam® =A{l+m-s(t)}cosxf.1),
generated by a modulation signal s(f) and a carrier wave A, cos(2zf,t), where |s(f)| < 1. The
modulation index m satisfies 0 < m < 1. This modulation signal is demodulated by the detector shown
in Fig. 2. The voltage waveform g,,,(#) at X in Fig. 2 is given by

5 — [8am(® if g4p(H) 20
Eam® {0 otherwise ’

LPF in the detector is an ideal low pass filter and its frequency response is given by

H(f)={1 iflfleO.

0 otherwise

Answer the following questions.

(1) Find and sketch the unit impulse response h(f) of the ideal low pass filter in the detector.

(2) Assume that s(f) = 0 is satisfied at any time ¢.
(a) Sketch the waveform g,,,(r) atX.
(b) Expand g,,,(t) asa Fourier series with fundamental frequency f..

(3) Using the result of the question (2)(b), explain the reason why the modulation signal is demodulated
by the detector when the frequency band of the modulation signal s(¢) is limited to [— foms fm],
where 0 < f, < fo < f..

. X
g () o—— Hraeﬁlwﬁz‘r’e . LPF DC-blocker F——

Fig. 2
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Answer the following questions on amplifier circuits using npn bipolar transistors. Use the circuit
shown in Fig. 3(a) as a small-signal equivalent circuit of the transistor. If necessary, you may express

Ri//R; for the resistances R; and Rj connected in parallel by using the symbol "//".

(1) Answer the following questions on the amplifier circuit shown in Fig. 3(b). The properties of the
two transistors are the same. Assume the impedances of the coupling condenser Cc and the bypass
condenser Ck are negligible small.

(a) Explain the roles of the coupling condenser Cc and the bypass condenser Ck.
(b) Draw the small-signal equivalent circuit.

(c) Derive the voltage gain Kvi (= vo/va).

(d) Derive the voltage gain Kv; (= vo/vi).

(2) Answer the following questions on the amplifier circuit shown in Fig. 3(c). The properties of the
two transistors are the same. Assume the impedances of the coupling condenser Cc and the bypass
condenser Cg are negligible small.

(a) Draw the small-signal equivalent circuit.
(b) Derive the voltage gain Kvi (= vo/va).
(c) Derive the voltage gain Kvz> (= vo/vi).
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Question No. 4: Computer science 1 (1,/2)
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Consider a combinational logic circuit which receives three 1-bit signals x1, x2, x3<{0, 1}
as inputs, and outputs a 1-bit signal z€{0, 1}. In the circuit, when only two of the three
inputs match, a signal 1 is output. Otherwise, a signal 0 is output. Here, operators for the
logical conjunction (AND), disjunction (OR), and negation (NOT) should be shown by -,
+, and , respectively. Answer the following questions.

(1) Show a truth table (combinational table) for the circuit.

(2) Show a completed Karnaugh map for the circuit in the form of Table 4, then show all
of the possible logical formulas for the Karnaugh map in the minimum sum-of-products
form. Moreover, by using a minimum number of AND gates with an OR gate and three
NOT gates, draw a circuit diagram corresponding to each logical formula in the
minimum sum-of-products form. Here, all the AND gates have two inputs, while the
OR gate may have three or more inputs.

(3) Draw a circuit diagram for the circuit by using only NAND gates. Here, only one of the
NAND gates may have three or more inputs, while the others have two inputs.
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Table 4

X1 X2

X3




Question No. 5: Computer science 2 (1/2)
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(R :=Sg; Sg = R); (R :=8g; R++; Sy := R)
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(1) (R :=Sg;R++;8; :=R)
(2) (R :=Sg;R++; Sy :=R); (R :=Sy; R++; Sy :=R)

(3) (Po; R :=8g; R++; Sp :=R; Vp); (Po; R := Sg; R++; Sy :=R; Vo)

(4) (Po; P1; R :=8p; R++; 8y :=R; Vo; V1); (P1; Po; R = Sz; R++; Sp :=R; Vo; V1)

(5) Po; (Po; R :=8g; R++; Sg :=R; Vi); (P1; R := Sg; R++; Sy :=R; Vp)
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Consider a system that runs multiple processes concurrently. Each process has a register R
that is local to the process itself. The system provides three global memories Sp, S1, and Ss that
are shared among all the processes. Each of the registers and global memories holds an integer
value and is initialized to 1. When a program M is given to the system, the system starts and
a process that executes M is created. A program is a sequence of instructions. The syntax of
instructions I and programs M is given below:

I == ;=R |R:=8; | R++ | (M) | P; | V;
M = I;.-;1

where ¢ € {0,1,2}. The semantics of each instruction is as follows. S; := R copies the value
of the register R to the memory S;. R := S; copies the value of S; to R. R++ increments 1 to
R. (M) creates a new process that executes M. P; and V; are instructions that use a global
memory as a semaphore. P; decrements 1 from S; if the value of S; is greater than or equal to 1.
Otherwise, this instruction is not executable and therefore the process is blocked until the value
of S; becomes greater than or equal to 1. V; increments 1 to S;. Each instruction in a program
is executed sequentially from the beginning of the prorgram. When a process reaches the end
of the program, the process terminates. When all the processes have terminated, the system
terminates.

Only one process may run at a time. Just after each instruction has been executed, the system
may switch the running process. The process to run next time is somehow selected from among
the processes whose next instructions are executable. If there are next instructions but none of
them is executable, the system is in deadlock and therefore the system never terminates.

When a program M is given to the system, if the system terminates regardless of how the
processes are switched, we say that M always terminates. For example, the program

(R :=Sp; So = R>; (R = S5p; R++; Sg := R)

always terminates. When the system terminates, the value of Sy is either 1 or 2.
For each of the following programs, determine whether or not the program always terminates,
and give all the possible values of So when the system terminates. Justify your answer.

(1) (R :=8p; R++; Sy :=R)

(2) (R :=8y;R++; Sy :=R); (R :=Sy; R++; Sy :=R)

(3) (Po;R :=83; R++; Sy :=R; Vg); (Pg; R := Sg; R++; Sy :=R; Vp)

(4) (Po; P1; R :=Sp; R++; Sy :=R; Vo; V1); (P1; Po; R = Sg; R++; Sp :=R; Vo; V1)

(5) Po; (Po; R = Sz; R++; S :=R; V1); (P15 R i= Sp; R++; Sy :=R; Vo)



Question No. 6: Advanced physics (1/2)
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Consider a quantum system whose Hamiltonian H is given by the following equation:

H=T+V, (6A)
where - )
A VP WY
T = o |4 zkx . (6B)

Here, m and k are the mass of a particle and a positive constant, respectively.  and p are the
position and momentum operators, respectively, and they satisfy the following equation:

[, 5] = &b — p& = ih, (6C)

where i and % are the imaginary unit and the Planck constant divided by 2, respectively.
Moreover, for a normalized state vector |¢) of this system, let us define |f) and |g) as follows:

1fy=@—= @) 1), lg)=0@— ). (6D)
Here, the expectation value of an arbitrary operator Ais given by
(A) = (¥|AJ) . (6E)

Answer the following questions.
(1) Show that the following equation holds:
(flg) = (2p) — (2) (B) - (6F)

(2) The variances of & and p for |¢) are given by o7 = (f|f) and o2 = (g|g), respectively.
Obtain the lower limit value of a%ag. Note that the following relations hold:

(15 (alo) > | (Flg) P (6¢)
2
2 (5 -) (6H)

where z is an arbitrary complex number, and 2* is the complex conjugate of z.

(3) Suppose that an operator A does not explicitly depend on time, and show that the time
derivative of the expectation value (A) is given by the following equation:

| =

(A) = 2 ([, 4], (61

QL

t
where [H,A] = HA — AH.

(4) Suppose that £p does not explicitly depend on time, and express the time derivative of
the expectation value (Zp) in terms of (T') and (V). Moreover, show the relation between

A A

(T) and (V') when the system is in a stationary state.



