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There are 4 question sheets and 4 answer sheets including a front sheet.

Fill in your examinee’s number in the specified positions in this cover and each question and answer sheet.

This examination booklet consists of only question sheets. Use other separate sheets for answers.

If the space is exhausted, use the reverse side of the sheet and write down “to be continued” on the last line of the
sheet.

Solve 3 questions A-1, A-2 and A-3 in any order. Never fail to fill in question number in each answer sheet.
Return these question sheets together with the answer sheets.

If given the instruction to draw a diagram, draw it on the answer sheet.

Raise your hand if you have any questions.
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2x2 MIMTH A ZRCTRINZUTO2RM\EEZ 5,
2+ 2v3zy + 3y + 2v3z — 2y = (2 gMG) + (2v3 —2) ( ) =0

T
Y
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Consider the quadratic curve represented as follows.

t+2V3ey + 3y +2v3z — 2y = (z y) A (Z) +(2v3 —2) (;) =0
where A is a 2x2 symmetric matrix.

(1) Find A and all the eigenvalues of A.

(2) For the matrix P = CPSO *Sme (0 Lh< z), find all the values of & such that P~'AP is a
sinf cosf 2

diagonal matrix.

(3) Draw the quadratic curve on the zy plane.
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(log:c)

2. §i5 /Zl e"z(”{')(sinx +cosz)dz DEERD XK.

5 =
3. B# f(il? y)= I2+y2+m REZ5.
W 3 w10 3 ewn e
(2) (a,b) = (3cos9,331n9) (0202 2m) T, g(t) = fla+tcosh, b+tsinb) — f(a,b) .5 3.

R 1m 2 ekw k.
=0 t

2 2 132
4. B // {Z +aly— 1)} dody oERD X 2HL, D={($,y_) | %+(y 41) §1} r¥3.
D

z*(log z)*

1. Find the limit hm m—i—)‘

Here, log =z denotes the natural logarithm of z.

2. Evaluate the integral 2(m""t)(sm:z + cosz) dz.
1
3. Consider the function f(z,y) = /2?2 + 9%+ L
of of ’ 24+ y2+1
Find =~
(1) Fin 5 20 nd —— B

(2) For (a,b) = (3cos8,3sind) (0 £ 0 < 2m), let g(t) = f(a +tcosh, b+tsind) ~ fla,b).

Find the limit hm g( )

(y—l)

4. Evaluate the double integral / / —+z(y—1) }dmdy, where D = {(:1; y) I

II/\
—
HI,__/
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BT RFERER X, Y KOWTHER 5. X OWREEBER f(z) 25, c ZERE LT

clz —1)? 0<z<2),

PN O U CEEEE
0 (z<0FklEz>2)

THY, Y OO G(z) = P(Y £ z) =min{e’, 1} THB LT 3.

Z T, min{a,b} iX a, b OR/MEERRT.

(1) E# c v EE$P(%<X§3, —2<Y§1) EENEIARD X.

(2) BEREH Z =2X —Y +3 OHIFHE E(2) & HB V(2) 2 #hzhRe k.

Consider independent random variables X and Y. Let the probability density function of X be

c(z—-1? (02z<72),

fla) =
0 (x <0orz>2),

where c is a constant, and let the distribution function of ¥ be G(z) = P(Y < z) = min{e*, 1}.

Here, min{a, b} stands for the minimum of @ and b.

1
(1) Find the constant ¢ and the probability P (5 <X<£3, -2<Y < 1), respectively.

(2) Find the expectation E(Z) and the variance V(Z) of the random variable Z = 2X — Y -+ 3, respectively.
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Notices

(1) There are 7 question sheets and 4 answer sheets including a front sheet.

(2) Fill in your examinee’s number in the specified positions in this cover and each question and answer sheet.

(3) This examination booklet consists of only question sheets. Use other separate sheets for answers.

(4) If the space is exhausted, use the reverse side of the sheet and write down “to be continued” on the last line of the
sheet.

(5) Select 3 specialized subjects among the following 6 specialized subjects (B-1, B-2, B-3, B-4, B-5 and B-6) and
answer these questions. Solve the questions that you selected, but never fail to fill in the specialized subject and
question number in each answer sheet. Moreover, mark specialized subjects that you have selected with circles in
the Mark column in the Table given below. '

(6) Return these question sheets together with the answer sheets.

(7) If given the instruction to draw a diagram, draw it on the answer sheet.

(8) Raise your hand if you have any questions.
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B-1 B-2 B-3 B-4 B-5 . B-6
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(1) ¥ a-a’ DD ATAROERED A 2 B —F 2 AR L. Figure 1

(2) BAELRERD 1 IRANE 2 RAIOEIEZZ L ZFIRD L.
(3) EHAMR) & FEMATR, L) THE SNDIEBH 2T EhRD L.

Figure 1 shows an electric circuit in which a power source supplies power to resistive and inductive loads through an
ideal transformer. The followings are assumed:

A dot ( . ) means the complex number expression.
E denotes the voltage of a sinusoidal AC voltage source with the effective value E and the angular frequency w.
Ry and R; are resistances, and L; and L, are inductances.
The turns ratio of the ideal transformer is 1 : 7.
For this circuit, answer the following questions.

(1) Find the impedance of the part of the circuit to the right of the terminals a-a’.
(2) Determine the primary side and the secondary side voltages of the ideal transformer, respectively.
(3) Determine the power consumed at the resistive load (R1) and the power consumed at the inductive load (Ry, L»).
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Figure 1

SRR OREZEMER CE 2 O b L &, BIEEZr() & T HH1EFR (Figurel) %25, 22T,

x(t) = [x.(t) 2O, u(®), yOIL, WHAZEBIT HIRET v, AT, HhEZFnEFhET. System 1 13,

u(t) = —lky klx@)TEXLNDWRET 1 — RNy ZHERIZ W T, -1 -2ICBEES N b0 E T 5.

System 2 ([ZB W T, e(t) = r(t) —y@)iXHlERZZ, w)IhlEERC b0 haRT. LTORMICEZ L.

(1) S RG A F I T D Z & 2.

Q)T 4—=KFNN 75 Ak =[ky ky]zsRD L.

(3) System 1 DIREBBRBN S = 2L B L&t L, W(s) = Lw®)] Y() = Ly@®]T
H5b.

(4) CORIRIMNFE 3 7 A VK & - Tw(t) = K, fote(r)dt'@’—il—‘i b & X, System 2 WEE & 72 DK, D&
R k.

Consider the control system (Figure 1) with the reference signal r(t), when the controlled object G is given by the state-

space representation of Equation (I). Here, x(t) = [x,(t) x,(t)]7, u(t), and y(t) represent the state vector, the input,

and the output at time t, respectively. In System 1, the poles are placed at —1 and —2 using the state feedback control

law given by u(t) = —[k; k;]x(t). In System 2, e(t) = r(t) — y(t) represents the control error, and w(t) is the

output from the controller C. Answer the following questions.

(1) Show that the controlled object G is controllable.

(2) Determine the feedback gains kT = [k; k,].

(3) Show that the transfer function of System 1 is represented by
Y(s) = LIy(0)]. | |

(4) Determine the range of the integral gain K; such that System 2 is stable, when the control law of C is given by
w(t) = K, [} e(t)dr.

Y(s) _ 3

w(s)  (s+1)(s+2)’ Here, W(s) = L[w(t)], and
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Figure ] THX ONDEHEE 2. 72721, HRFOMHMBIERIEEREL LD, AREKE 0 £75.
£V IEEBEOATIEBE, Vo [2EIEOHIEE, Ry, Ry, Ry, Ry (HEITOME, €, G 1EF vV I OETHS.
IRDOFNTE X L.

ROEMZ Vy, LLIZEE, V, &V Zffo THRE.

1. A

2. V, BV, o THRYE.

3. T DEIEDOIFEMRMA BB Z KD L.

4. C,=C,=C, Ry=R, =R DLl %, ZOEBEIFEIETDHDDRMEZRD L.

Consider the circuit given by Figure 1, where the operational amplifier in the circuit has ideal characteristics, the
angular frequency is w, V; is the input voltage of the circuit, V, is the output voltage of the circuit, Ry, R,, R3 and
R, arethe values of the resistors, and C;and C, arethe values of the capacitors, respectively. Answer the following
questions:

1. Represent V, using V; when the voltage at the point A is V.
2. Represent V, using V.

3. Find the oscillation angular frequency of this circuit.

4

Find the oscillation condition of this circuit when C; = C, = C and R; = R, = R.

Vi

===
l
I
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Fig. 1 C/R9° 7 2D LED (a,b,c,d e, f,g) ZRITSED T T A MRIRGICFRINT25E . 4 DORmEEL
x; (i =0,1,2,3) TRINDHKROHHEE X 1220 T, MT@F‘%\ (CEZ L,

X = Z 2kx,

(1) X DEROGEIT 1 2R s x; (=01, 2 3) % ARy BRI E L Rt e X,

Q) X DEEEIE X =10 OBAIC 1 2R RIS x; (i = 0,1,2,3) %J%u\fﬁd\ﬁnﬁikbﬁatﬁot

(B) 7RI AFRIZONT X A Fig 2 DINTEMYTONIEE, x; (i = 0,1,2,3) &7 B AN a,b, ..., g
DEFEF T ERERE RS,

@) X 2 Fig. 2 DIDTEWSETONIEE, 11 a,b, ..., g FENTT 23S x; (i = 0,1,2,3) &V
B/ NERL L Gt X,

() @ TRDTGRHERIIEADNT, X 2 Fig. 2 DINTE LB TONIIGAE. X & 7 B A MU AiadEnlig s it
e,

When displaying the seven LED (a, b, ¢, d, e, f, and g shown in Fig. 1) on a 7-segment indicator, answer the
following questions on the decimal number X, which is represented by four logic variables x; (i = 0,1,2,3).
3

X = Z 2kx,
k=0

(1) Describe a logic function that returns 1 when X is an odd number using a minimum sum-of-products form with
x; (i =0,1,2,3).

(2) Describe a logic function that returns 1 when X is an odd number or X > 10 using a minimum sum-of-
products form with x; (i = 0,1,2,3).

(3) Describe a truth table that shows the relationship between x; (i = 0,1,2,3) and the 7-segment outputs
a,b,..,g when X is assigned in the 7-segment indicator as shown in Fig. 2.

(4) Describe logic functions for outputs a, b, ... , g using minimum sum-of-products forms with x; (i =0,1,2,3),
respectively, when X is assigned as shown in Fig. 2.

(5) Based on the logic function derived in (4), write a logic circuit that outputs X in the 7-segment indicator when
X is assigned as shown in Fig. 2.

a
f b P 0 U
é Ll iVl i
s e Lo iy <R SR RN
€ 4 ¢ X=0 X=2 X=4 X=6 X=8 X=13579,
Fio o 10~15
2 N
. '8 (black = 1, gray = 0)
Fig. 1
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B— 25

) ROFIEFHERE (1) 1I22WT, M Ja), (b) IZ& % &X.  (I) For the following linear programming problem (1), an-

L swer the questions (Ia) and (Ib) below.
minimize z=3x;+2x;

subjectto  x; +xp, > 10 Lo
d i = minimize z=23x;+2x;

2t 212 4 M) subjectto  x;+xp > 10
e 2 1t Wt > 12 (1)
xX1,% 20 X1 +2x > 14
(da) > ¥ 7Ly 7 AR HOTEREMR (xf,x5) &R x1,x 20
& BT, RERICNIGT 5 BIBIRIE o 2K (Ta) Using the simplex method, find the optimal solution
D& (x],%3). Additionally, determine the objective func-
(Ib) IRV Z Al CTRBf (x],x5) 2R &. tion value z* corresponding to the optimal solution.

(Ib) Find the optimal solution (x],x5) graphically.

(D) RO EIRE (2) 2o\ T, M (Ila), (IIb) I2%& (1) For the following nonlinear programming problem (2),
zZ k. answer the questions (IIa) and (IIb) below.

minimize  f(x;,x) = (x1 +3)% + (x2 — 5)?

subject to - g1 (x1,%2) =7 —4x1 —x2 <0 @) minimize  f(x1,x2) = (x1+3)% + (x2 - 5)
820, 0) =224 - 21 +x -9 <0 subject to g (x1,%2) = x7 —4x; —xz <0 2)
! Ay . ‘ N, pr— 2 —_— —_— <
(Lla) IR E ORI (x",x57) ZRD X, g2(x1,22) = 20y ~ 201+, ~9 <0
(IIb) (Ila) TKD I EIEMR (x7*,x5%) 25, 1 RO (Ila) Find an optimal solution (x}*,x3*) graphically.
DRBEAT (Karush-Kuhn-Tucker condition, KKT (Ilb) Show whether or not the optimal solution (x}*,x3*)
&fF) ZHiZSrErEEEL ¥ IR, which is found in (ITa) satisfies the necessary condi-

tion for the first-order optimality condition (Karush-
Kuhn-Tucker (KKT) condition), and provide the rea-

soning.
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y(z) IOV T DM HER

v +ay + by = ce*® (%)
#EZ5%. I2iFL, a, b ci3FERLT 5.
(DNa=—-4,b=4,c=0Dr %, HERX () D% RD X.
(2a=b=1c=-20t %, HERX (x) ORKEL 1 ORD X.
B)a=-3,b=2,c=3 D%, HEX (x) DRHMELZ 1 ORD &.

(4)a=—4,b=4c=10t%, JEKX (x) O y(z) T, y(0)=1,y(0) = -2 27T bDOERD X,

Consider the differential equation

| Y+ ay + by = ce® (%)
for y(z). Here, a, b, c are real numbers.
(1) For the case a = —4, b= 4, ¢ = 0, find the general solution of the equation (x).
(2) For the case a = b =1, c = —2, find a particular solution of the equation (x).
(3) For the case a = —3, b= 2, ¢ = 3, find a particular solution of the equation ().

(4) For the case a = —4, b = 4, ¢ = 1, find the solution y(z) of the equation (x)
satisfying y(0) = 1, 4/(0) = —2.




