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(1) Consider the control system shown in Fig. 1(a), where R(s), £(s) and C(s) denote the reference input,
error and controlled variable, respectively. K is a positive constant. Answer the following questions.
(a) Find the error E (s) when the reference input R (s) is the unit step function.

(b) Find the range of the gain K so that the steady-state position error £y is less than 0.1.
(c) Derive the open-loop frequency transfer function Go(j@ ).

(d) Find the phase crossover frequency.

(e) Find the range of the gain X so that the control system is stable.

(2) Consider the electrical circuit shown in Fig. 1(b), where e1(f), ex(f) and es3(¢) denote the instantaneous
voltages, i1(£) and i>(¢) denote the instantaneous currents. Answer the following questions.
(a) Express the loop equation for loop (A) using ei(£), i1(¢), i2(f), R and C.
(b) Express the loop equation for loop (B) using ex(?), i2(¢), L and C.
(c) Fig. 1(c) shows the block diagram of voltage and current for the circuit shown in Fig. 1(b). The
Laplace transformations of the voltage e1(¢), e2(f) and e3(?) are E1(s), Ex(s) and E3(s), respectively.
Express the transfer functions Gi(s), G2(s) and Gs(s) shown in Fig. 1(c) using R, L, C and s.
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Consider the transmitter shown in Fig. 2. An input signal g(t) is a periodic signal

+0oo
9= ) goe—nD),

n=—oo

which has period T. Here, the signal go(t) is given by

1, when —t/2<t<1/2
go(t)—{ / /

otherwise,
where 0 < 7 < T. The carrier wave is cos(2nft). Here f. is the frequency of the carrier wave and
satisfies 1/T & f.. The transfer function H(f) of the ideal low pass filter (LPF) in Fig. 2 is given by

_{1, if |[fl<M/T
H(f) = {0, otherwise,

where M is an integer greater than or equal to zero. Answer the following questions. §(x) denotes

the unit impulse function.

(1) Derive the Fourier series expansion of the signal g(t).
(2) Derive the amplitude spectrum G(f) of the signal g(t).
(3) Show that the Fourier transform X(f) of the filter output x(t) is given by

= 3 )

(4) Derive the output signal x(t) of the LPF when M = 1. Use the following formula,

+00

6(x — a)p(x)dx = p(a),

—Co
if necessary. Here p(x) is a real function, and a is a real number.

(5) Derive the Fourier transform Y(f) of the transmitter output y(t) when M = 0.

gt) O— LPF y(t)
x(t)

cos(2mf,t)

Fig. 2
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(1) An energy band diagram of an npn bipolar transistor in thermal equilibrium is shown in Fig. 3(a),

when all terminals are open.

(a) Draw the energy band diagram when the transistor is working in the active region. In addition,

explain the principle of the current amplification at that time.

(b) Explain how the current gain and higher cut-off frequency change when the base layer
thickness is set to be thin.

(2) Answer the following questions on the amplifier circuit using the npn bipolar transistor shown in

Fig. 3(b). As a simplified model of the npn transistor, use Fig. 3(c).

(a) Draw the small-signal equivalent circuit in the case where the impedance of Cc and Cg are
negligible. In addition, derive the input impedance, the output impedance, and the voltage gain
Kvi (= Vo).

(b) Draw the small-signal equivalent circuit in the case where only the impedance of Cc is
negligible. In addition, derive the voltage gain Ky, (= V/Vj). Also, derive the lower cut-off

frequency.

(c) Explain how the behavior of the circuit becomes stable in the case where the collector current

increases caused by a change of temperature.
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Consider a sequential circuit which receives a one 1-bit signal x<€{0, 1} and
outputs a one 1-bit signal z,£{0, 1} at each time ¢z =1, 2, ... in synchronization
with a clock. In this sequential circuit, the binary value (2z: ze1 .. .2 2 21)s
corresponding to the output sequence at each time ¢ is the 2’s complement of the
binary value (x; x~1 --..Xs X2 x1)2 corresponding to the input sequence. Let AND, OR,
Exclusive OR, and NOT Boolean operators be denoted by -+, + , &, and ,

respectively. Answer the following questions.

(1) Show the output sequence zZzszuzzzzi corresponding to the input sequence
Yxsxxsxoxm = 011001,

(2) Show z, as logical expression in terms of x: Xpi, ---, X1.

(3) Draw a Mealy type state-transition diagram of the sequential circuit with as
few states as possible.

(4) Draw a Moore type state—transition diagram of the sequential circuit with as
few states as possible.

(5) Show the excitation equations (state equations) and output equation of the
sequential circuit using logical expressions in the minimum sum—of-products form.
Let x and z be the input signal and the output signal, respectively. Let y;€ {0,
1} and ¥,={0, 1}, 7=1, 2, ..., be state signals representing the current state
and the state signals representing the next state, respectively.

(6) Draw a circuit diagram of the sequential circuit with as few JK flip—flops and

2—-input NAND gates as possible.
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Let n represent a non-negative integer. Consider the following language
S = f(x;7)=F
E 2= n| x|y | DE) | A(E;E) | BLE;E;E) | £(E;E)
where S and E are non-terminal symbols that denote function definitions and expressions,
respectively, and n, £, x, y, 4, D, B, (, ;, ), and = are terminal symbols.

An expression E is evaluated under a function definition S. The evaluation of E under
S = £(x;y)=Ep is carried out by rewriting E according to the following rules:

Rule 1 If E contains a sub-expression of the form D(n) where n > 0, replace the sub-
expression D(n) with the integer obtained by subtracting 1 from n.

Rule 2 If E contains a sub-expression of the form A(nj;ng), replace the sub-expression
A(ni;ny) with the integer that is equal to the summation of n; and na.

Rule 3 If E contains a sub-expression of the form B(n; E;; E»), replace the sub-expression
B(n;E1; E;) with E; if n = 0, Es otherwise.

Rule 4 If E contains a sub-expression of the form f(nj;ng), replace the sub-expression
f(ny;n9) with the expression obtained by replacing every occurrence of x with n;
and that of y with ng in Ep.

We write (S, E) — (S, E’) if E becomes E’ by applying one of the above rules under S to one
sub-expression of E. We write 23 as zero or more repetitions of —. For example, we have

(S,A(D(5);D(4))) —> (S,A(4;D(4))) — (S,4(4;3)) — (S, 7)

and therefore (S,A(D(5);D(4))) = (S, 7).
Let P and @ be the following.

P = f£(x;y)=B(y;x;f(A(x;x);D(y)))
Q = f(x;y)=B(y;x;A(£x;D(y));£(x;D(y))))

Answer the following questions.
(1) Draw the syntax tree of P as a tree structure, each leaf of which is a terminal symbol.
(2) Calculate n such that (P,£(3;1)) — (P, n).

(3) Prove that for any non-negative integers n; and ng, there exists some n such that
(P,f(n1;ng)) — (P,n) and (Q, £(nq;n2)) =5 (Q,n).

(4) Give the number of applications of Rule 2 in the evaluation (@, £ (n1;n2)) = (Q,n) in
terms of ng.
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(6B)

(6C)

Consider the quantum state of a particle of mass m in the potential along the z-axis
V% (z<0)
0 (z>0)
Here, V; is a positive constant and the particle is in a stationary state with energy e. Answer

h
the following questions. In the following, A = %(h : Planck constant), ¢ is the imaginary unit,
and A, B,C, and D are complex numbers.
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Let ¢1(z) be the stationary wave function, i.e., the solution of the time-independent
Schrédinger equation, for —Vp < € < 0. In general, ¥1(z) can be written as

Pi(z) =

Aetk® 1 Be~T (g < 0)
, (6B)

Ce"* + De " (z > 0)

where k and k are real positive numbers. Here, we assume C = 0 to keep 1 (z) finite as
x — +00.

(a) Obtain k and « in terms of m, ¢, Vo, and .

B

(b) Taking account of the condition that () should satisfy at = = 0, obtain T

Let 92(z) be the stationary wave function, i.e., the solution of the time-independent
Schrédinger equation, for € > 0. In general, ¥2(z) can be written as

Pa(z) =

Aek1® | Be~#hiz (3 < 0)
; (6C)

Cetk2® 4 De~*2% (1 > ()

where k; and kp are real positive numbers. Here, we assume the case that the particle

is transmitted from the region £ < 0 to the region z > 0 and let D = 0. Obtain the
2

and discuss its physical meaning by comparing it with

transmission probability 1 —
C
A

B ,
Let = = Re%® where R and ¢ are real numbers. According to the results in questions
(1) and (2), draw the graphs of R and tan2¢ as a function of e.

2




