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Consider the electromechanical system of a linear motor shown in Fig. 1(a). The
linear motor has a moving part made of a permanent magnet inside the winding and
the thrust force originates from the magnetic field due to the winding current. M is
the mass of the moving part, v(t) is the velocity of the moviﬂg part, f(t) isthe thrust
force, and d(t) is the friction force, respectively. Here, d(t)} =yv(t) and y is the
friction coefficient. The electrical equivalent circuit of the linear motor is shown in Fig.
1(b). R is the winding resistance, L is the winding inductance, e(t) is the input
voltage, i(t) is the winding current, and e;,(t) is the speed electromotive force,
respectively. Here, f(t) = Kfi(t), en(t) = K,v(t), where K; and K, are the thrust
force coefficient and the speed electromotive force coefficient, respectively. E(s), En(s),
I(s), F(s) and V(s) are the Laplace transforms of e(t), en(t), i(t), f(t) and v(t),

respectively. Answer the following questions.

(1) Ablock diagram of the electromechanical system of the linear motor can be drawn as
shown in Fig. 1(c) assuming E(s) is an input and V(s) is an output. Derive the
transfer functions G,(s) and G,(s). The transfer function G;(s) can be derived from
the circuit equation for Fig. 1(b) and the transfer function G,(s) can be derived from
the equation of motion of the moving part in Fig. 1{a).

(2) The block diagram in Fig. 1(d) was obtained by simplifying the block diagram of Fig.
1(c) when the values of the parameters M, y, R, L, K¢, and K, were given. Derive the
closed—loop transfer function Gi(s). Also derive the output v(t) when the input
e(t) is a unit impulse.

(3) A speed control system of the linear motor is shown in Fig. 1(e). Here, R(s) is the
Laplace transform of a target speed. Answer the following questions.

(a) Derive the closed—loop transfer function Gs(s) of the speed control system.
(b) Find the range of values of A so that the control system is stable, assuming
G4(s) is equal to the closed—loop transfer function Gs(s) which was derived in

question (2).
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Consider a transmission system as shown in Fig. 2. The transfer functions H;pr(f) of the ideal low
pass filters (LPFs) used in the transmitter and receiver are given by

Hor®)= {1, otherse

Let the carrier wave at the transmitter and the local oscillator signal at the receiver be cos(2rf;t) and
2cos(2mf,t), respectively, and f, is the frequency of the carrier, where f. > D. Consider the input
signal s(t) expressed as follows,

1, when0=<t<T
0, otherwise.

s(®) ={

Answer the following questions. Assume D = 1/T and the transmission line is lossless.

(1) Derive the Fourier transform of s(t), and sketch the amplitude spectrum [S(f)|.

(2) Sketch the amplitude spectrum |S'(f)] of signal s'(t) at the point A.

(3) Formulate spectra of the input signal at the points B and C using $’(f), and sketch their amplitude
spectra.

(4) Show that the output signal y(t) is equal to the signal at the point A when n(t} = 0 in Fig. 2.

(5) Derive the noise power at the output of the receiver when n(t) # 0 is added to the transmission

line. The white noise has a double-sided power spectral density of Ny/2.

White noise

..............................................................................

cos(2xf,t) n(t)

O——» LPF LPF 0O

Transmitter Receiver
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(1) Answer the following questions on an electronic device using Si semiconductors.

(a) Explain the reason why the diffusion potential and the depletion layer are
induced at the junction of n-type and p-type Si semiconductors, and draw the
energy band diagram showing the diffusion potential.

(b) Consider an npn—junction bipolar transistor with emitter (E), base (B) and
collector (C) electrodes in Fig. 3(a). Explain the reason why a current starts to
flow between the collector and emitter electrodes by using the energy band
diagram, even when a voltage applied between the base and emitter electrodes
does not reach the diffusion potential.

(c) Describe qualitatively the conditions on the thickness and the impurity density
of the base p—type semiconductor layer, which are required for obtaining a large

common-base current gain « in the transistor shown in Fig. 3(a).
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(2) Answer the following questions on an amplifier circuit using an npn bipelar transistor
shown in Fig. 3(b). Here, the voltages Vi and Vv, are the small-signal alternating
voltages at the input and output terminals, respectively. Moreover, the impedance of
the coupling capacitor Cc is regarded as zero for the frequency range used for the
amplifier circuit. E, B and C mean emitter, base and collector, respectively.

(a) Draw the small-signal equivalent circuit for the amplifier circuit by using the
small-signal transistor model shown in Fig. 3(c).

(b) Derive the open-circuit voltage gain Ky (= v, /v;) for the amplifier circuit.
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Consider a sequential cireuit which receives one 1-bit signal x,£ {0, 1} and outputs
one 1-bit signal z,={0, 1} at each time £=1, 2, ... in synchronization with a clock.

The output z, of this sequential circuit is 1 if

t
(2 2t xi) mod 8 = 0,

i=1
and 0 otherwise. Note that “p mod ¢ denotes the remainder of p divided by ¢. Answer

the following questions.

(1) Show the output sequence z;z,z;2,z;2; corresponding to the input sequence X XXX Xsx;
= 110001.

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

(3) Show the excitation equations (state equations) and output equation of the
sequential circuit using logical expressions in the minimum sum—of-products form.
Suppose that x, z, y,£1{0, 1} and ¥,€{0, 1}, =1, 2, ..., are the input signal,
output signal, current state signal and next state signal, respectively. Let AND,
OR, and NOT Boolean operators be denoted by +«, -+, and .

(4) Draw a circuit diagram of the sequential circuit using D flip—flops and 2-input
NOR gates.

(5) Draw a eircuit diagram of the sequential cirecuit using D flip-flops and 2-input
NAND gates.
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Consider the programming language whose syntax is given in Fig. 5 (a), where the semantics
of each expression is given in Fig. 5 (b). For example, under the program given in Fig. 5 (c), the
expression f(1,1) evaluates as follows.

F(1,1) = suee(f(0,1)) - suec(l) —» 2

Notice that the evaluation of an expression under a program may not terminate, such as the
evaluation of g(1) under this program.

(1) Answer the following questions on the program given in Fig. 5 (c).

(a) Evaluate f(0,2) and f{(2,2) under this program. Show your working.
(b} Prove by induction that f(m,n) evaluates to m-+n under this program for any natural
numbers m and n. '

(2) Answer the following questions on programming in this language.

(a) Give a program containing a function mul that multiplies two natural numbers.

(b) Give a program containing a function le that compares two natural numbers m and
n, such that le(m,n) evaluates to 1 under the program if m < n, and 0 otherwise.

(3) For this programming language, there exists an injective mapping that assigns a natural
number n,p, to each pair of any program p and any unary function h defined in p. Then, it
is impossible to give, in this programming language, a program ppey containing a function
halt and satisfying the following property.

For any program p and any unary function h defined in p, and for any natural
number m, halt(nyy, m) evaluates to 1 under ppyy if the evaluation of h(m)
terminates under p, and 0 otherwise.

Prove this fact according to the instructions below.

e Suppose that there exists such a program ppqy. Consider a program p obtained by
adding the following functions to pagis.

h(z) = ifz halt(z,x) then 0 else loop()
loop() = loop()

e Discuss whether the evaluation of h(nyp) terminates under p or not.
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Evaluate e;. If its result is 0, evaluate ez, and otherwise
evaluate ez.
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Suppose that there exists a function definition
f(z1,...,z¢) = e. Evaluate each ¢;, 1 £ ¢ < k, and
let m; be its evaluation result. Then, evaluate the expres-
sion obtained from the function body e of f by replacing
each x; with the natural-number constant expression n;.
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Let A and B be two commuting physical quantities of a quantum system, and let a = %1
and b = £1 be the eigenvalues of A and B, respectively. Using the common eigenstates
of A and B, namely

la,b) (a==£1,b==1),

as an orthonormal bases set, the system state is written as

where «, 8, v and § are complex values satisfying |a|? + |82 + |7|*> + 6] = 1. Answer
the following questions.

(1) Let {A) and (B) be the expectation values of A and B, respectively. Obtain {A)
and (B) for |1).

(2) Let a physical quantity € be
C=A+B.
Obtain all the eigenvalues of ¢ and the corresponding normalized eigenstates.

(3) Let a physical quantity X be
X = AB.
Obtain all the eigenvalues of X and the corresponding normalized eigenstates.

(4) For a physical quantity Y, let

0 {(a=d orb=V¥)

(@, 10, ) = { 1 (a#d and b#b)

Obtain all the eigenvalues of Y and the corresponding normalized eigenstates.

(5} Show that X in question (3) and Y in question (4) commute with each other.
Then, obtain the common eigenstates of X and Y for all the combinations of the
eigenvalues of X and Y.



