Question No. 1: Electrical engineering (1/3)
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Consider the control system shown in Fig.1(a). The controlled object P(s) and the compensator

C(s) are given by
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respectively, where X, T'[s], 4, Bls], aare positive. The Bode diagrams of P(s) and C(s)P(s)
are drawn in Fig.1(b). As shown in the figure, P(s)‘ is at the stability limit. Answer the following
questions.
(1) Find the value of T [s], using the phase characteristics of P(s).
(2) Find the value of K, using the fact that P(s) is at the stability limit.
(3) Find the value of the phase margin PM [degree] of the control system after the compensation
with C(s).
(4) The maximum value @, [rad] of the phase of C(s) and the frequency @, [rad/s] that
maximizes the phase are represented by

) S L S T
i a+1’ " BJa’

respectively. The frequency @), is chosen to be equal to the gain crossover frequency
@, [rad/s]. Find the values of a, B[s]land 4.
(5) Find the ratio of the steady-state velocity error after the compensation to that before the

compensation.
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Consider a transmission system using double side-band amplitude modulation with suppressed
carrier (DSB-AM-SC) as shown in Fig. 2. The transmission line is assumed to be ideal and lossless.
White noise n{t) with the double-sided power spectral density of Ny/2 is assumed to be applied into the
receiver, The low pass filters (LPFs) used in the transmitter and receiver are assumed to be ideal low

pass filters having identical transfer functions expressed as follows,

L Vs4
H(f)_{o, |f|>f(-]

The carrier wave at the transmitter is ACCOS(ZE fc t). The local oscillator signal at the receiver is

2COS(271' £ t). Here, A.and f; are the amplitude and the frequency of the carrier, respectively, and £

>> f;. Consider that a unit impulse train with a time period of 7= 1/f; is input to the transmitter as a

signal s(f). Answer the following questions.
(1) Derive the DSB-AM-SC signal x(¢) at the point A in Fig. 2. Then, sketch the signal x(¥).

(2) Derive the frequency spectrum Y,( /) of the signal component of the synchronous detection signal
¥(?) at the point B in Fig. 2. Then, sketch the frequency spectrum Y( f).

(3) Derive the signal-to-noise power ratio (S/N) of the receiver LPF output z(r) at the point C in Fig. 2.
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The densities of electrons and holes in a semiconductor are given by

E; - E,

) and p = Nyexp (‘W)'
B

E,—E
kT

n = N.exp (—

respectively, where N, and N, are the effective densities of states in the conduction and valence

bands, E. is the energy at the bottom of the conduction band, E, is the energy at the top of the

valence band, Er is the Fermi level, kz is the Boltzmann constant and T is the absolute

temperature. Answer the following questions. Let the elementary charge e = 1.6x107%° C.

9y

)

€)

)

Derive an expression for the intrinsic carrier density n; in terms of N, Ny, Eg, kg and T,
where Eg is the energy bandgap. In addition, derive an expression for Ey in an intrinsic
semiconductor in terms of E., E,, N., Ny, kg and T.

3 and

The densities of electrons and holes in an n-type Si were found to be 4.5%10% cm-
5.0%10% cm™, respectively, at T = 300 K. Calculate the electron density in a p-type Si with a
hole density of 1.5x10%% cm™ at the same temperature.

Calculate the specific resistance of the n-type Si in question (2) at T = 300 K. The electron
mobility at this temperature is 1500 cm?- V=1 5~1,

Consider an abrupt pn junction between the n-type Si and the p-type Si in question (2).
Calculate the widths of the depletion layers in the n-type Si and the p-type Si, respectively, in
the case where the total width of the depletion layers is 200 nm. In addition, calculate the space
charge per unit junction area under the same condition. Assume full ionization of impurities in

Si.
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Consider a sequential circuit which receives a 1-bit signal x,<{0,1} and outputs a 1-bit signal z,E
{0,1} at each time #=1,2,... in synchronization with a rising edge of a clock signal. The sequential
circuit outputé 1 when it receives an input sequence xux,.x;.o=101 at 123, and outputs 0 otherwise.

Answer the following questions about this sequential circuit.

(1) Show the output sequence zezsz4z3727) corresponding to the input sequence xgxsxexsx,x;=110101,
and show the timing chart of the output signal together with those of the input and clock signals.
Suppose that gate delay is negligibly small.

(2) Draw a state-transition diagram of the sequential circuit. Suppose that the number of states is 3.

(3) Show the excitation equations (state equations) and oﬁtput equation of the sequential circuit using
logical expressions in the minimum sum-of-products form. Suppose that y;, 72 € {0,1} and ¥1,Y>
€{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 adequate logic gates,
and specify the initial state of the D flip-flops. '
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Consider the recursive function £ shown in Fig. 5. Here, it is assumed that the inputs x and y
are any positive integers. The function div(x,y) returns the integer quotient of x divided by y,
and mod (x,y) returns the integer remainder of x divided by y. The operators ‘-’ and ‘*’ denote
integer subtraction and multiplication, respectively. Furthermore, the value of the expression
“if e;=ep then ez else e4” equals the value of eg if the value of e; is equivalent to the value
of ez, and equals the value of ¢4 otherwise. Answer the following questions about f.

(1) Calculate £(2,7). Also, show your working.
{(2) Show that the calculation of £(x,y) terminates.

(3) Show the order of the number of the recursive function calls required to calculate £ (x,y)
in terms of y. Justify your answer.

(4) Show that the value of £(x,y+1) is equivalent to the value of x*f (x,y).

flx,y) =
if y=1 them x
else if mod(y,2)=0 then f(x*x;div(y,2))
else x*f(x,y-1)

Fig. 5
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Consider a two-level quantum system described by the following Schroedinger
equation. Here, H is the Hamiltonian, IW) is the eigenstate vector of H, and ¢

is its eigenvalue.

Hy)=¢v), (6A)
H=[E‘ 'A]. (6B)
-4 E

Answer the following questions.
(1) Obtain all the energy eigenvalues € of this system.

(2) Consider a 2x2 matrix U described as follows:

1t
U—E[l _J. (6C)

Obtain the inverse matrix U~ of U.

(3) We transform [¢) and H into |¢) and H" by using U and U™ as
follows: :
|9)=U"\w), (6D)
H =U"HU. ' (6E)
Show that |¢) is an eigenstate of H’ and its eigenvalue is also given by .

(4) When E, = E, = E,, obtain all the eigenvalues £of A and their corresponding
eigenstate vectors

|W)=[gj. (63)

Assume that |y) is normalized.

(5) WhenE, = E, = E,, obtain the matrix expression of H’ and show that the
eigenvalues of H lie on its diagonal elements.
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Consider a function
a-1

Z
z+1

f(2)=

of a complex variable z.Here, a is a real constant that satisfies 0 <a < 1. Cl, Cz, C3 and
C, are integral paths defined as follows (Fig. 7,

C:z=t (r<t<R),

C,:z=Re" (0<t<2r),

C,:z=(R+r-t) &  (r<t<R),

C,:z=re*™" (0<t<2m).

Here, t is a parameter, and i is the imaginary unit. Also, r and R are real numbers

satisfying 0<r<1 and 1< R, respectively. Answer the following questions.

(1) Find the value of the complex integral IC ot flz)dz.
172 3T

(2) Find the values of the complex integral %Ll}l J-cz f(z)dz and ']i}l}%‘[c4 flz)dz.
(3) Find the relationship between J.c flz)dz and .[c flz)dz.

xa-—]

1 = T (m) (0 <a< 1) for any real number Xx.

(4) Prove the equality I EI:O



Question No. 7:  Advanced physics 2 (3/3)

2015 &£ 3 AE#
BifE7 HEEM2
(FER.3E%H)

Im z-plane
iR
&

Fig. 7



