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Consider the feedback control system shown in Fig. 1, where #(f) and y(f) denote the reference input

and the controlled variable, respectively.

K .. . .
(1) Let G, (s)=—, where the constant K is positive. Answer the following questions.
s

(a) Find the open-loop transfer function G(s) of the feedback control system.

(b) Find the characteristic equation of the feedback control system.

(c) Find the range of values of X so that the feedback control system is stable.

(d) Sketch the root locus of the feedback control system, and find the intersection point of

the root locus and the imaginary axis on the s-plane.
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K
(2) Let G.(s)= 3 where the constant K is 19.2. Answer the following questions.
S+

(a) Find the gain |G(jw)| and phase £ G(jw) of the open-loop frequency transfer function
G(jw) of the feedback control system.

(b) Sketch the Nyquist diagram of the feedback control system, and find the phase
crossover frequency @s.

(c) Find the gain margin GM of the feedback control system.
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Fig. 1
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Consider an amplitude modulation wave g, (f)=4, {1+m-s()}cosQzf,t) (0 < fu << fo)
generated from a modulation signal s(f) = cos(27 f,f) and a carrier 4, cos(27 ft). Here, m is the

modulation index, and 0 <m <1 is satisfied. Answer the following questions.

(1) Sketch the waveform of gu(?).
(2) Derive an expression for the power efficiency 74y of gum(f).Then, derive its maximum power

efficiency.

A receiver model for the amplitude modulation wave gud?) described above is shown in Fig. 2.
White noise n(¢) with the double-sided power spectral density of Ny/2 is assumed to be applied into the
receiver. The band pass filter (BPF) is assumed to have ideal transmission characteristics expressed by

the following equation, with a center frequency of f; and bandwidth of 2.

Lo -4
o, |A-£

<fr

H(f)={ S f

Here, f, /- and fr satisfy the relation of f, < fr <<f.. Answer the following questions.

(3) Show an example circuit of the envelope detector used for the receiver, and explain its operation.

(4) Derive an expression for the signal power to the noise power ratio (S/N)ou of the output signal
Zoul(f) from the receiver. Then, derive the maximum of the (S/N)ow. Here, the signal power to the
noise power ratio of the input signal into the envelope detector is (S/N)i, and the amplitude of the

carrier 4. is assumed to be large enough compared to that of the white noise.

\ White §
i noise n(f) i
—is BPF ,| Envelope J DC block
' detector g
L) P o)
"""""""""""""""""" Receiver

Fig. 2
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Consider a semiconductor at equilibrium. The density of electrons in the conduction band is

calculated as

n=| g(E)f(E)dE (3A)

Ec
where g(E) = 4m(2m,/h?)3/2(E — Ec)*/? is the density of states of electrons in the conduction
band per unit volume and f(E) = [1+ exp{(E — Ez)/kT}]™* is the Fermi-Dirac distribution
function. Here, E is the energy of an electron, m, is the effective mass of an electron, h is
the Planck constant, E; is the energy at the bottom of the conduction band, Er is the Fermi

energy, k is the Boltzmann constant and T is the temperature.
Answer the following questions, assuming that E — Ex » kT for E > E.

(1) Calculate the integral in eq. (3A) to derive the following equation and derive an expression

for the effective density of states N¢.

EC - EF)

n = N¢ exp (— T

(3B)

(2) Calculate the average energy of electrons in the conduction band.

(3) Consider an n-type semiconductor with a donor density of Nj. Derive an expression for

Er in the case where n = Np.

(4) At low temperatures, the density of electrons in an n-type semiconductor is given by

n=Np|1l- 1 ! (30O
1+ jeXP{(ED — Eg)/KT}

where Ej, isthe donor level. Derive expressions for Er and n interms of E¢, Ep, N¢, Np,

k and T, assuming that Er — Ep > kT.
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Consider a sequential circuit which receives two 1-bit signals a;, 5,< {0, 1} and outputs one 1-bit
signal z;€ {0, 1} at each time #=1, 2, ... in synchronization with a clock. The sequential circuit outputs
1 when =4 and the Hamming distance between input sequences a:a:1a.2ar3 and b:br.1b.2b.3 is 4, and
outputs 0 otherwise. Note that the Hamming distance between two bit strings of equal length is the
number of positions for which the corresponding symbols are different. Answer the following

questions.

(1) Show the output sequence zszsz4z3z2z; corresponding to the input sequences asasasasa:a/=101010
and bebsb4bsb2b=110100.

(2) Draw a state-transition diagram of the sequential circuit. Suppose that the number of states is 4.

(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 y;, y>& {0, 1} and Y11
€ {0, 1} are the current and next state signals, respectively.

(4) Draw a circuit diagram of the sequential circuit using two D flip-flops and an arbitrary number of
NOT, AND, OR and EXOR gates.
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Answer the following questions about the programming language given in Fig. 5 (a) and com-
mands given in Fig. 5(b) for a stack machine. The behavior of each command of the stack
machine is given in Fig. 5(c). The empty stack is denoted by [, and the state of the stack
obtained by pushing n1,...,n; to the empty stack in this order is denoted by [ng, ..., n1].

1)

2)

Consider the command
PUSH 2; PUSH 3; PUSH 5; SUB; SUB; END

which corresponds to the expression “(2 — (3 — 5))”. Write down the transition sequence
of stack states obtained by executing this command from the empty stack.

Consider the command
PUSH 3; BRANCHZ (PUSH 4; END) (PUSH 5; PUSH 6; SUB; END)

which corresponds to the expression “(ifz 3 then 4 else (5—6))”. Write down the transition
sequence of stack states obtained by executing this command from the empty stack.

For an expression e that evaluates to n, if there exists a command ¢ whose execution from
the empty stack finally results in [n], such a command c is denoted by compile(e). For com-
mands ¢; and co, we define ¢; <cy as the command obtained from c; by replacing every END
occurring in c¢; by co. For example, (PUSH 1; END)<(PUSH 2; END) equals PUSH 1; PUSH 2; END.
For example, compile((el —e3)) can be expressed as compile(e1) < compile(ez) < (SUB; END),
if compile(e1) and compile(ez) exist. Note that the operator < is associative. Answer the
following questions.

(a) Write down compile(n) for an integer-constant expression n.

(b) Let e1, ez and e3 be expressions, and suppose that there exist commands compile (e1),
compile(e2) and compile(e3). Express compile((ifz e then ey else 63)) in terms of
compile(ey), compile(ez), compile(e3) and <. Also, write down the command

compile (((ifz 1 then 2 else 3) — 4))

explicitly. Show your working.

(c) Determine whether there exists an expression e such that the size of the syntax tree
of compile(e) is exponentially large to the size of the syntax tree of e. Justify your
answer.
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7\ / expression
en=n (BEBUER / integer constant)
| (e1—e2) (BHURE / integer subtraction)

| (ifz e; then e3 else e3) (5&f£53152 / conditional branching)

1272 L, 3 “(ifz e; then e, else e3)” DflE, e; DN 0 LFLIFNZ, ey DIHEIC, Z 5 TR
Nid es DIEICEFELV. ERET - IBHEEZRT LT 5.

Here, the value of “(ifz e; then e else e3)” equals the value of ey if the value of e; equals 0,
and otherwise equals the value of e3. Operator — denotes integer subtraction.

Fig. 5 (a)
i/ command
c = END (FR DG~ end of a command)
| PUSH n;c - (B#(7» < 2/ pushing an integer)
| SUB;c (¥ E  integer subtraction)
| BRANCHZ (c1) (c2) (€153 branch on zero)

Fig. 5(b)
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74/ command

8){E / behavior

END

FICE LR (@ mof) .
Do nothing (the end of a command).

PUSH n; ¢ BB nZAX Y eIy a3 %. ZO%cZETT 5.
Push the integer n to the stack. Then, execute c.
SUB; ¢ 2'3@%;&722 & n BRAZYIHhBERYTL, niy — N2 DFERZE AR T

K Swyadh ZTO%cRETTS. ZREL, ng REAIDOR Y THIE
THRONEEETHD, n BRORY TRETHELNBETHS.
Pop two integers ny and ny from the stack, and push the result of n; —nsa
to the stack. Then, execute c. Here, ny is the integer obtained by the
first pop operation, and my is the integer obtained by the second pop
operation.

BRANCHZ (c1) (c2)

BB B ARy IhERYTTS. FO%, nh04kbc 2, TH5TAK
Ui e, 25179 5.
Pop an integer n from the stack. Then, execute ¢; if n equals 0, and
otherwise execute cs.

Fig. 5 (c)
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Consider the quantum state of a particle of mass m in the potential along the z-axis

oo (z<0)
Viz)=¢ 0 (0<z<1L) .
Vo (z>1L)

Here, L and Vj are positive constants and the particle is in a stationary state with energy
h

E (0 < E < Vp). Answer the following questions. In the following, A = o (h: Planck
s

constant) and 7 is the imaginary unit.

(1) Let 41 () be the stationary wave function, i.e., the solution of the time-independent
Schrédinger equation, in the region 0 < z < L. In general, ¢1(z) can be written as

P(z) = Ae*® 4 Be~tke,

where A and B are complex constants and & is a positive constant. Obtain £ in
terms of m, E, and A.

B
(2) Taking account of the condition that 1 () should satisfy at = 0, obtain e

(3) Let t2(z) be the stationary wave function in the region z > L. Given that 1,(z)
converges to 0 when x — oo,

zﬁg(x) = C’e"”,
where C is a complex constant and & is a positive constant. Obtain & in terms of

m, E, h, and Vj.

(4) Taking account of the conditions that ¥:(z) and ¥o(z) should satisfy at z = L
together with the result of question (2), obtain two equations showing the relation-
ships between A and C.

(5) Obtain the lower limit of L where at least one stationary state exists satisfying
0< E< V.
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(3) MHEML jc f(2)dz ZRD k.

(4) RS [ f(-2)dz SRD k.

(5) ELH x DB g(x) = ———— O 7 — V) T ERD K.
2i+sinx
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Consider a function f(z) = Tﬁ of a complex variable z.
z" =4z —

When C is a positively oriented contour z = e'® (0 <8 < 27), answer the following questions. In
the following, i is the imaginary unit.

(1) Find all the isolated points and their corresponding residues of the function f(z).

(2) Find the Laurent series of the function f(z) about z=2-— V5 inthe region

0<|z—2+J§|<2J§.

(3) Find the value of the complex integral L f(z)dz.

(4) Find the value of the complex integral .[c f(=2)dz.

(5) Find the Fourier series for the function g(x)= of areal variable x.

2i+sinx



