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(1) Consider the direct-current motor shown in Fig. 1(a), where va(?) is the armature voltage, ix(?) is the
armature current, R, is the armature resistance, L, is the armature inductance, and 8 (?) is the rotor
angle. The speed electro-motive force of the direct-current motor ev() is given by |

do(t)

a

where Ky is the speed electro-motive force coefficient. The mechanical equation of the direct current

ey (D) =Ky (14)

motor is given by

2
d 6() +D de(r) ’
dt? dt

where Kr is the torque coefficient, J is the inertia moment of the motor including load, and D is the

Krig(t)=J (1B)

viscous resistance. Answer the following questions.

(a) Derive the circuit equation associated with the electric circuit shown in Fig. 1(a).

(b) Express the Laplace transformation of the electric circuit equation derived in question (a). In
the same way, express the Laplace transformation of equation (1B). Let Va(s), Za(s), and @ (s)
denote Laplace transformations of the armature voltage va(f), armature current i,(f) and rotor
angle 6(¢), respectively. Let i,(0) and & (0) denote the initial values of armature current and
rotor angle, respectively.

(¢) Find the transfer function G(s) = @ (s) / Va(s).

(d) Find the unit impulse response g(¢) of the transfer function G(s). Let Ra=1, L,=1,J =1,
D=4,Ky=2,andKr=1. |

(2) Consider the control system shown in Fig. 1(b), where R(s), E(s), C(s) and D(s) denote the Laplace
transformations of reference input #(f), error e(f), controlled variable c(f), and disturbance d(?),
respectively. K is a positive constant. Answer the following questioné.

(a) Express E(s) in terms of R(s), D(s), K, and s.

(b) Find the steady-state position error &. Let n(f) =1, d(1) = 0.2, and K = 1.

(c) Find the periodic oscillation p(¢) included in the error e(?). Let #(f) = 0, d(f) = sin ¢, and K = 1.

(d) Let reference input #(f) = 0 and disturbance d(¢) = sin ¢. Find the condition with respect to K so
that the magnitude of periodic oscillation is equal to half the magnitude of p(¢) found in
question (2)(c).
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Consider a transmitter shown by Fig. 2 for a transmitting signal g(t) that is limited to
[—fi fin]- Note that 0 < fi, < f. and f. denotes a carrier frequency. Answer the following

questions.

(1) The signal g(t) is sampled by the following periodic impulse sequence ps(t).
gs(t) = g®ps(®),

+00
p(®) = ) 8(c—n),

n=-ow

where g.(t) is the sampled signal and &(x) is a unit impulse function.
(a) Let P,(f) be the Fourier transform of pg(t). Show that

rn=1 > 5(r-7)

(b) Let G(f) and G,(f) be the Fourier transforms of g(t) and gs(t), respectively. Show
that

Use the following formula
400

8(x —a)f(x)dx = f(a),

—0o

if necessary. Here f(x) is a real function and a is a real number.
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(c) Derive the condition on the sample period T to recover the original signal g(t)
from the sampled signal g4(t).

(2) Consider a binary data sequence {a,} (wherenisaninteger) that is obtained by

quantizing and encoding the sampled signal ‘gs (). A modulating signal u,(t)

inputted into the double side-band (DSB) modulator is given by the following equation.

Un(® = ) byt —nTy)

n=—co
where the coefficient b,, is determined by the value of a,, T}, is the pulse width per

bit, and u(t) is a unit pulse signal given by the following equation.

_ (1, when0<t<T,
u(t) = {0, otherwise.

When the transmitter output is given by a phase shift keying signal, the coefficient
b, is determined as follows.

b = {—A, when a, =0,
"~ 4  whena, =1

Assuming that the binary sequence {a,} is a periodic infinite sequence

(..,0,1,0,1,..) consisting of (0,1), derive the Fourier series of the modulating signal
Uy (t). Here ag = 0.

DSB Modulator

. ] Quantizing .
Sampling > . > Conversion
9(® gs(p)_& Encoding U (6)

{an}

cos(2mf.t)

Fig. 2
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Answer the following questions on amplifier circuits using n-channel MOS field-effect transistors.
Use Fig. 3(a) as a simplified model of the transistor. Here, gm, 7p, and vgs are a transconductance, a
drain resistance, and a gate-to-source voltage of the transistor, respectively.

(1) Consider the amplifier circuit shown in Fig. 3(b).

(a) Draw the small-signal equivalent circuit.
(b) Express the voltage gain Ky in terms of gm, o, RL, Rs, and Cs.

(2) Consider the amplifier circuit shown in Fig. 3(c). Here, both transconductances of TR; and TR; are
given by gm, and both drain resistances of them are also given by rp. The gate-to-source voltages of
TR; and TR; are given by vgs: and ves2, respectively.

(a) Draw the small-signal equivalent circuit.
(b) Express the voltage gain Kv in terms of gm and rp.

(3) Consider the differential amplifier circuit shown in Fig. 3(d). Here, both transconductances of TR;
and TR, are given by gm, and both drain resistances of them are also given by rp. The
gate-to-source voltages of TR and TR, are given by vas:1 and vesz, respectively.

(a) Draw the small-signal equivalent circuit.
(b) Express the differential-mode gain Kg using gm, /o, Ry, and Rs as necessary.

(c) Express the common-mode gain K. using gm, 7, Ri, and Rs as necessary.

(d) Express the common-mode rejection ratio CMRR using gm, #p, R, and Rs as necessary. Here,

rp is sufficiently larger than Ry and Rs.
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Consider a sequential circuit, which receives 1-bit signals a;, b, s:£1{0, 1} and

outputs a 1-bit signal zE€{0, 1} at each time # =1, 2, ... in synchronization with

a clock. In this sequential circuit, when the number of 1s in the input sequence

S:Se1---551 is even, the output z of this sequential circuit becomes the logical product

of the inputs a and 4. On the other hand, when the number of 1s in the input sequence

is odd, the output z of this sequential circuit becomes the logical sum of the inputs
ar and b;. Let AND, OR, Exclusive OR, and NOT Boolean operators be denoted by -, + ,
®, and , respectively. Answer the following questions.

®

2)

3

@

)

(6)

Show the output sequence zz22 corresponding to the input sequences aasaa = 1010,
bbby = 1100, and syssses = 0110.

Draw a Mealy type state-transition diagram of the sequential circuit, where the
number of its states is 2.

Show the excitation equation (state equation) and output equation of the sequential
circuit using logical expressions in the minimum sum-of-products form. Let a, &,
and s be the input signals and z be the output signal. Let y €1{0, 1} and ¥ €
{0, 1} be the state signal representing the current state and the state signal
representing the next state, respectively.

Draw a circuit diagram of the sequential circuit with D flip-flops, 2-input AND
gates, 2-input OR gates, and 2-input Exclusive-OR gates.

A multipléxer with 1-bit signals ¢, &, &€1{0, 1} is a circuit which outputs &
when ¢ =0 and 4 when ¢ = 1. Show the logic function that represents the operation
of the multiplexer.

Draw a circuit diagram of the sequential circuit with multiplexers, D flip-flops,
and arbitrary 2-input logic gates. Use appropriate symbols to represent
multiplexers.
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Consider the following imperative programming language:

P = z=z-z | [P;P] | wlzlP

z == a|b

where P and z are non-terminal symbols that denote programs and variables, respectively, and
a,b,w, = -, [, ;, and ] are terminal symbols. Each of the variables a and b holds an integer
value. Their initial values are given from outside of a program before execution. The semantics
of each syntax is as follows. x1=z2-z3 replaces the value of z; with the integer obtained by
subtracting the value of x3 from that of zo. [P;;P,] executes P; and P sequentially in this
order. w[z]P iterates P until the value of z is less than or equal to zero.

Let A and B be propositions on the values of the variables. We say {A}P{B} if, whenever A
holds before the execution of P, B holds at the time when P terminates. We say - {A}P{B}
if { A} P{B} is obtained just by a combination of the following rules:

Rule 1 When P is of the form z1=z-x3, if A is literally identical to the proposition obtained
by replacing every occurrence of z1 in B with the expression 23 —x3, then { A} P{B}.

Rule 2 When P is of the form [P;; P,], if there exists a proposition C such that {A}P,{C}
‘and {C}P,{B}, then {A}P{B}.

Rule 3 When P is of the form w[z] P, if {4 and z > 0} P'{A}, then {A}P{A and z < 0}.

Rule 4 When there exist two propositions C' and D such that C is a necessary condition
for A, and D is a sufficient condition for B, if {C}P{D}, then {A}P{B}.

For example, - {a > 0} w[a] [a=a-a] {a = 0} holds because

1. {a—a>0}a=a-a{a >0} (Rule 1),

2. {a>0and a > 0}a=a-a{a > 0} (Rule 4),

3. {a >0} wla] [a=a-a] {a > 0 and a < 0} (Rule 3), and
4. {a > 0}wlal [a=a-2a] {a = 0} (Rule 4).

Let F be the program w[a] [a=b-a;b=b-a]. Answer the following questions.
(1) Draw the syntax tree of F such that all the terminal symbols in F occur in its leaves.

(2) Execute F with initial values (a,b) = (23,41) and calculate the values of a and b at the
time when F terminates.

(3) Show + {for some integer i, i > 0 and (3) = (¢ ()} F{po=1}.

(4) Determine whether or not F terminates for any initial values of a and b. Justify your

answer.
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Consider a one-dimensional harmonic oscillator with charge e in a homogeneous static electric
field F', whose Hamiltonian is given by

H = Hy — eFi, (6A)

where
T ﬁ2 1 242 6B
Hy = om + S (6B)

m and w are the mass of a particle and the angular frequency, respectively. & and p are the
position and momentum operators, respectively, and they satisfy the following relation:

& — pi = ih, (6C)

where i and % are the imaginary unit and the Planck constant divided by 2w, respectively.
Moreover, the annihilation and creation operators a and al are defined as follows:

b | (5 P
=\ <x+zmw) ’ (6D)
at = [T (5 i P
a o (ac me) . (6E)
Here, the following relations hold.
dlny = VAl - 1), (6¥)
atny =vn+1|n+1), (6G)

where |n) (n = 0,1,2,---) is a normalized eigenvector of the Hamiltonian Hy. Answer the
following questions.

(1) Express Hp in terms of w, A, @, and a'.
(2) Express the eigenvalue Ey of Hy for |n) in terms of w, A, and n.

(3) Show that the following relation holds.

(nlin') = | 5 (V1 + Vi) (6H)

where n’ and &,/ are a non-negative integer and the Kronecker delta, respectively.

(4) Obtain the first-order perturbation energy E for |n) using —eF% as a perturbation Hamil-
tonian.

(5) Obtain the second-order perturbation energy FE» for |n) using —eFZ as a perturbation
Hamiltonian.



