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The question booklet consists of 4 pages including a front sheet, and the answer sheets also consist of 4 pages
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 an answer sheet.

Raise your hand if you have any questions.
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a b c x d

751 A = (a2 8 ) exZ bz = |yl, b= |d®| 2BXB. ZZT, a, b, ¢, d I ZFEEKT abc # 0 »»D
a® ¥ B T \z d?

(a—b)b—c)c—a)#0 T 5.

(1) A DFTFIRDOMEE a, b, c BHVTRE. LEL, KEI®ES N TR k.

(2) BN AHER Az = b Off ¢ ZRD X,

(3) W75 A1 2R X.

ad ¥ S z d3
abc # 0 and (a — b)(b—c)(c—a) #0.

a b ¢ x d
Consider the matrix A = {a® ¥ ¢? | and vectors = (y) , b= (d2) Here, a, b, ¢ and d are real numbers with

(1) Express the value of the determinant of A using a, b and c. Here, describe it in a factrized form.
(2) Find a solution @ of the system of equations Az = b.

(3) Find the inverse matrix A™'.
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Answer the following questions. Here, log z denotes the natural logarithm of z.

log (1 — sin(z? 1
1. Find lim og(1 - sin(z’)) and lim (1 — sin(z?)) o=,
z—0 1 —-coszx z—0

1
T ,
2. Evaluate the integral / —————( 1 7y tan~! z dz. Here, tan~! @ stands for the inverse function of tan 6 and
0 -z

. . T 1 v
its range is 5 <tan "0 < ok

2+1 .0 9
3. Let f(x,y) =log (:rzzil——yzjk_2> Find a—i(a;,y) and gg(x,y)

4. Evaluate the double integral / /

z dxdy, where D = {(x,y) I 1<z2 494254, 250, yzxféx}.
D
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(1) #i® P(B) &K X.
(2) ZebFt R P(A°] BY) 2K X,
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flz)=1¢ THdLT5.
0 (x <0)

() HERPOSX<1,1S5Y £2) 2R L.
(2) Z = (X +Y)? OHIfHE E(Z) 2K X.

1 1
. Suppose that the events A and B satisfy P(A) = 3 P(B|A)= -, P(B|A®) = 1 Here, P(C) stands for the probability

ol w

of an event C, A¢ describes the complementary event of A, and P(B | A) is the conditional probability of B given A.
(1) Find the probability P(B).
(2) Find the conditional probability P(A°|B¢).

. Let X and Y .be independent random variables which obey the exponential distribution with rate parameter 2.

2¢7% (z 20)
That is, the probability density functions of both X and Y are denoted by f(z) =

0 (z <0).
(1) Find the probability P(0S X 1,1

Y
(2) Find the expectation E(Z) of Z = (X +Y)2
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The question booklet consists of 5 pages including a front sheet, and the answer sheets also consist of 4 pages
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.

Select 3 specialized sUbjects among the following 4 specialized subjects (B-1, B-2, B-3 and B-4) 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.

Return these question sheets together with the answer sheets.

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

Raise your hand if you have any questions.
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(1) tan 6, DfEZRD L.
() tan 8, BL O L n OEEZRKD L.
B) AA vF S BEHWVWTWBEEE, Z, "D R BHETDEN P 2 V, & R ZHAVTERYE.

For the circuit shown in the figure, which includes the ideal transformer with the turns ratio n, V, denotes the voltage of the
sinusoidal AC source with the effective value ¥, and angular frequency w. I represents the current flowing in the primary-
side circuit. Here, the overdot ( ' ) denotes the complex representation. Z; is the primary-side impedance consisting of a
resistance R and an inductance L. Z, is the secondary-side impedance consisting of a resistance R and a capacitance C.
Here, R >0, L >0, C > 0, and the phase angles of Z; and Z, are denoted by 8; and 8,, respectively.

In this circuit, when the switch S is closed, the overall power factor of the circuit is 0.8 and |/| = I,. When the switch S
is open, the overall power factor of the circuit is 0.8 and |i | = I,/2. In both cases, assume the circuit is in the sinusoidal

steady-state. For this circuit, answer the following questions.

(1) Determine the value of tan,.
(2) Determine the values of tan 6, and the turns ratio n.

(3) When the switch S is open, express the power P consumed in R, which is contained in Z,, in terms of ¥, and R.

1
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Answer the following questions about the system composed. of a resistor with resistance R, a coil with inductance L, and a
capacitor with capacitance C, as shown in the figure. u(t) and y(t) represent the input voltage.and output voltage at time ¢,
respectively. The currents through the resistor, inductor, and capacitor are denoted by i(t), i, (t),and i.(t), respectively. u(t),

y(t), i(t), i (t),and i-(t) areall zeros for t < 0. Note that in the following questions, the input and output of the system are
u(t) and y(t), respectively.

(1) Derive the transfer function -Z—E-))- of the system. Here, U(s) = L[u(t)] and Y(s) = L[y(t)], where L[-] denotes the
Laplace transform.

(2) Determine y(o) when a unit step input is applied to the system.

(3) Derive the state-space representation of the system. Here, the state vector is x(t) = [x,(t) x,(t)]7, where the state
variables are given by x,(t) = y(t) and x,(t) = i, (t), respectively..

(4) - Consider a closed-loop system composed of the given system and a controller with u(t) = —k,x;(t) — k,x,(t), where
k, and k, are the feedback gains. Determine the values of k; and k, so that the poles of the closed-loop system are
located at —1 and —2.
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minimize z= 2x1— Z9 — X3+ 224
subject to — x3 +4x2 + z3— 224 =10
20y — x2+2x3— 4= 4
1, T2, T3, T4 >0
\-

(1) F9RE (P) OIHfRER T2,

(2) P (P) AR BRI RLT. RN T oD

frr, MST 5 &EHBEBEE RE.

() 2B > T Ly 7 RIER VTR (P) 2R
KD T BB (xf, 5, x5, 25) &, XS T 25EEN

BEUE 2+ .

(4)
T SR B TR E A XK.

(5)
ZHE P LT 5.

minimize 2’ = 2x1 — 5x9 — T3 + 274

I (P') & Z DXNEED £ NENDEEITDONT

W &

(3) TRDH=FERE (P) OB S, WHFEDER

B (P) OBWBEEELTO 2 ICEELT, Zh

~ Linear Programming Problem (P) ~
minimize z= 2z — X3 — Z3+ 24
subject to — 1 +4x9 + x3— 224 =10
207 — a9 4223 — 4= 4
T1, T2, T3, T4 = 0.
P 4

(1) Show the dual problem of Problem (P).

(2) Solve the dual problem of Problem (P) graphically.

(4)

()

Show the optimal solution of the dual problem
and the corresponding optimal objective function

value.

Solve Problem (P) using the two-phase simplex
method. Show the obtained optimal solution
(x7, x5, x5, x;) and the corresponding optimal ob-

jective function value z*.

Explain how to obtain an optimal solution of the
dual problem from the optimal solution of Prob-
lem (P) obtained in (3).

Problem (P’) is created by changing the objective
function of Problem (P) to the following 2’.
minimize 2’ =2z — 5z — x3 + 224.

Explain the solutions of Problem (P’) and its dual
problem, respectively.
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y(z) IOV TOMITHTER
(%) y" + 2y — 2y = asin? g
2EZD. 1L, a 3EHL T 5.

Ma=0Dr %, AER (x) D—KHEEZRD X.

20 a=0Dt %, HBER (x) DR y(x) T, y(0)=0,¢y(0) =1 2H=TdHDERD X.
B)a=1Dt %, HEKX (x) O—KELRD X.

Consider the differential equation
(x) y' + 2y — 2y = asin2g

for y(z). Here, a is a real number.
(1) For the case a = 0, find the general solution of (x).

(2) For the case a = 0, find the solution y(z) of () satisfying y(0) = 0 and 3/(0) = 1.
(3) For the case a = 1, find the general solution of (x).




