Question No. 1: Electrical engineering (1,3)
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Question No. 1: Electrical engineering (2,/3)
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(1) Consider the electromagnet shown in Fig. 1(a), where the number of coil turns is N, the relative

@)

®)

permeability of the iron core is /s, the magnetic path length of the iron core is d [m], the gap

length is x [m], the cross sectional area of both the iron core and gap is S [m”], respectively. The

leakage flux is negligibly small. The vacuum permeability is o [H/m]. Answer the following

questions.

(a)

(®)
©

(d

©

®

Show the magnetic reluctance of the iron core R4 [A/Wb] and the gap Rx [A/Wb],
respectively.

Find the self-inductance of the coil L [H].

Find the magnetic flux in the electromagnet @» [Wb], when a dc current I [A] flows in the
coil.

The magnetic flux in the electromagnet changes from ¢ = 0 to @ = @, [Wb], when the
current in the coil changes from i = 0 to i = Im [A]. Express the magnetic energy Wm [J]
flowing into the electromagnet in terms of the magnetic flux @m. In addition, express the
magnetic co-energy W’ [J] in terms of the current L.

Consider the electromagnetic force f [N] acting on the movable iron core. Show that both
electromagnetic forces obtained from the magnetic energy, Wm, and the magnetic co-energy,
W', become equal.

Sketch a graph of the relationship between the electromagnetic force f [N] and the gap length
x [m], @when the magnetic flux @ is constant, and @when the current » is constant,

respectively.

In the control system shown in Fig. 1(b), express the transfer function from the reference input

R(s) to the controlled variable ¥(s).

Consider the feedback control system of which the open-loop transfer function G(s) is given by

K

Gls)= (s+a)(s+b)(s+c)

(K>0,a>0,6>0,c>0).

Answer the following questions.

(2)
(b)

Sketch the Nyquist diagram of the control system.

Find the range of values of K so that the control system is stable.
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Question No. 2: Communication engineering (1,/2)
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Question No. 2: Communication engineering (2,/2)
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Consider a phase-modulated wave
g(t) = A cos(2zf 1 + k,s(t)) ,
generated by a modulation signal s(f) and a carrier wave A,cos(2zf.t), where |s(f)| <1, and

k, (> 0) is the maximum phase deviation.

(1) Assume that k, <1 is satisfied. Find an approximate expression for g(#) and its Fourier
transform G(f). Here, the Fourier transform of s(¢) is represented by S(f) and the frequency
band of s(7) is limited to [—fm,fm], where 0 < f,, < f..

(2) Let s(f) =sin(2r ft), where 0 < f, < f.. Assume that k, <1 is not satisfied. Answer the
following questions.

(a) Show that g(f) can be expressed as
g(t) = Re[A, exp(j2n f,1) exp(jk, sinz f1))]
(b) Expand exp ( Jk,sin(2z fst)) as a Fourier series with fundamental frequency f, using the
nth-order Bessel function J,(x). You may use the following expression.

Jn(x)=-2—17—z / e/sinf=m8gp,

(c) Let gg(r) be the output when g(¢) is input to an ideal band pass filter having the following

frequency response.

0 otherwise

Find the Fourier transform of gg(f) and sketch its amplitude spectrum.
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Question No. 3: Electronic engineering (2,72)
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Fig. 3 depicts the energy band diagram of a semiconductor pn junction under equilibrium. The x-
axis is perpendicular to the junction interface. The energy of an electron at the bottom of the conduction
band and that at the top of the valence band are denoted as Ec(x) and Ey(x), respectively. The
bandgap of the semiconductor Eg, the effective density of states in the conduction band N, and the
effective density of states in the valence band Ny are constant everywhere. The temperature is T, the
Fermi level is Ef, the Boltzmann constant is kg, and the elementary charge is q. Answer the following

questions.
(1) Show expressions for the electron density n(x) and the hole density p(x) at position x.

(2) Derive the intrinsic carrier density n;.

Let D, and p. be the diffusion coefficient and the drift mobility of electrons in the semiconductor.
(3) Derive the current density due to diffusion of electrons at position x.
(4) Derive the current density due to drift of electrons at position x.

(5) Derive the equation that relates D, and p,.

N
7

electron energy
m/
e
0)

Fig. 3



Question No. 4: Computer science 1 (1,71)
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X=(xs1x3sx2x1x0)2, Y=(uysyeyiyo)e, Z= (25242522 21 20)2
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Consider a sequential circuit which outputs non-negative binary integers
X=(xsxsx2x1x02 Y=aysyeyiyo)s, Z= (2521232221 20)2
at each time £=0, 1, 2, 3, 4 in synchronization with a clock. Here, suppose

t
X =2t V(@)= Z g
=0

and Z(8) =Y (&) +5. (X)1, (Y10, (Z)10 are decimal notation of X, ¥, Z, respectively.
Answer the following questions.
(1) (a) Show a table of values for (X)1i0, (Y10, (Z)10at £=0, 1, 2, 3, 4.
(b) Show the relationship between X (#) and X (¢-1) at # > 1.
() Show the relationship between X (¢£), Y (¢£) and Y (¢-1) at ¢ >1.
(2) (a) Show a table of values for x4, x3, x2, x1, X0, ¥4, y'3, y2, y1, yoat £=0, 1, 2, 3, 4.
(b) Show the relationship between x;(¢) and x;_1(¢-1) at £ >1 and 1< j<4.
(3) Suppose that the sequential circuit is composed of full adders and D flip-flops.

(a) Draw a circuit diagram of the sequential circuit. Use @ and [D1| as a notation for the
D flip-flops in initial states of 0 and 1, respectively.

(b) Suppose that the delay time required for the output of sum and carry are equal in all
the full adders. Show which signal takes the longest time to output in every clock
cycle and give the reason.
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Answer the following questions about the program in Fig. 5(a). The meaning of the expres-

sions is summarized in Fig. 5(b).

(1) Give the value of F(5,5). Also, show your working.
(2) For every positive odd number n, express the value of F(n,2n — 1) in terms of n.
(3) Explain a method for implementing a recursive function using a stack.

(4) Based on the implementation method of question (3), express the stack space required
for executing F(n,2n — 1) in terms of n by using O-notation. Assume that integers are

represented in fixed length.



Question No. 5: Computer science 2 (2/2)

function F(m,n) {
if n=0 then m
else
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if mod(n,2)=0 then m*F(m-1,n-1)

else m*¥F(m,n-1)

Fig. 5(a)

function F(z,- - ,z,) {E}

Upon receving the values of z1,...,x,, return the value
of E.
T1,...,2p DIEZZITE 725 E DfEZKT.

Calculate the values of Ey,...,E, and call the function
F with these values as the arguments.

Ei,.. E,DEZFEL, TNoDEZ5IEHEL UTHKF
2O,

if F1 = E5 then E3 else By

If the values of F; and E5 are equal, then return the value
of E5. Otherwise, return the value of Ej.

E, D& Ey DEPEFELITNIE E; DfERRT. %5 TH
NI Ey DEEET.

Return the integer remainder of x divided by y.

modiz, 1) x%y THoRARY EBHRTET.
. Integer multiplication.

BHOEE.

Fig. 5(b)
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0o (x < 0)
Vix) = 0 (0 < x <6) (6A)
Vo (x = 6)

VIXEDEHTHY, 0<e<V, TH5.
O <x <6 x =0 IIRBIDHRTFOEFREDCKREBELE yx) ZFNEFN

Asinkx + Bcoskx (0 < x < §)
Y(x) = (6B)

Ce® + De~** (x = 6)

EBL.EEL A= 5"; (W77 7 EE), k = 2me/h?, a = 2m(V,—&)/h2 LT 5.
AB,C,DITEREOEKTHD. LLTOMWIZEZ L.

1) V, BDEBRRKOBEIZOWVWTEZS.
(@) FEIZEFELZ2W 2 LT 4 v H—FRXE2EIT.
(b) W= TREERFHEZAVCTHW@DY 2 VT 4 v H—HRREMT. F-kH
B OBREILEE? D A L 6§ OBEFETRE.
(© FOMIZ2WT, =X VF—EHE ¢ &5 OEFREZFE.

2) Vy, BAEROBEIZOVWTEZS.
@ x =6 IIBITHEREHEZRE.
(b) a, 8, k DEFEERE.
(€ HPRRT VY VICHFNRBEND-DDEMEERD, mV, 6k s TR
.
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Consider a particle of mass m, and energy ¢ bound in a square-well potential along the x-axis

given by (6A), as shown in Fig. 6.

+0o0 (x <0)
V(x) = 0 (0 < x <9) (6A)
Vo (x = 6)

Vy is a positive constant, and let 0 < £ < V.

Let the wave functions ¥(x) in a stationary state in the region 0 < x < § and x = § be

Asinkx + Bcoskx (0 < x < §)
Y&x) = (6B)
Ce™ 4+ De™** x = 96)
respectively, where A = % (h: Plank’s constant), k = /2me/h%,and a = /2m(V, — €)/h2.

A, B, C,and D are complex constants. Answer the following questions.

(1) Consider the case that V; is infinite.
(a) Write down the time-independent Schrédinger equation.
(b) Solve the Schrédinger equation for question (1)(a) using the boundary conditions to
be satisfied. Show the relationship between A and & from the normalization
condition of the wave functions.

(c) Show the relationship between the energy eigenvalues € and & for question (1)(b).

(2) Consider the case that V; is finite.
(a) Write the boundary condition at x = §.
(b) Derive the relationship between «, &, and k.
(c) Show the condition for a bound state particle in the square-well potential in terms of

m,V,, 8, and h.
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