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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.

Ifthe 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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(1) x® x DIAFIROEERD &.
(2) x®@x DEAEEZTNTRD K.

(3) A DEIFEEFTARTRD X, oIz, A OBZEHEHEICHET 2EEEEOXRTERD X.
(4) A DITAIRDEE o ZRAVWTRE.

Consider the 3 x 3 matrix A = af — 2(x ® x), where

100 I 1‘12 1T T1T3
I=1010]),x=]2| €R® x@x= | zom; x> Zox3 |, a =z12+ 22> + x3° and z; # 0.
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(1) Find the value of the determinant of x ® x.

)
(2) Find all the eigenvalues of x ® x.
(3) Find all the eigenvalues of A. Besides, find the dimension of eigenspace associated with each eigenvalue of A.
)

(4) Express the value of the determinant of A by using a.
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(1) EHEH#Lz = tanwy, y = tan™? (ﬁ ) (

1 -
(2) DR={(z,y) ' % <z <l 1<xtany<R} b R —agﬁﬁ//l;nm

R X,

1. Find lim

z—0 log(1+z) — =

2. Evaluate

log cos z

Vgsin'z

T
the integral / dz. Here sin~! z stands for the inverse function of sinz and its range is —— <sin 'z <
& v1-—z? g 5 = =

0

6 4

T T
—<u<-—,1<v<R

z2(1 + tan? )

. Here log z denotes the natural logarithm of z.

) HLT, e 0(z,y) _

O(u,v)

dr Oz

du v BHE.
oo PR

ou Bu

dzdy DIEZRD, X 5T R - colzBIT 2MEEYE
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3. Let R be a real number satisfying R > 1. Besides, tan~! z stands for the inverse function of tan z and its range is —g <tanlz < g

oz

(1) Find the Jacobian 0(z,y) —| Ou
owv) | By

du

oz

v
Ay
v

for the change of variables defind by z = tanw, y = tan™! (

1
(2) Let Dg = {(w,y) ‘ 7{; <z<l,l<ztany < R}. Evaluate the double integral //
D

z2(1+ tan?p)
n 2+ z?tan’y

v ™ K
m) (E <u<1’1<v<R)‘

dxdy, and find the limit as R — oco.
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1. % A, B, C 1ZHC P(A) — % P(ANB) = % P(AUC) =§ BT LT 5.
772U, P(D) 38R D OMRELRT.
ZOr &, WX P(B), P(C) B X NI ZREE P(AUB|C) 2R &.

2. FEREH X ORERBEBIED f(z) = exp{—(az® + bz + 0)} TEZHNTWS.
72720, a,b,c 3EHTa>02T 5.
(1) X ORIHE E(X) 248 V(X) 2 2h2h o,b BELTRE.
(2) B(X) = 1,V(X) =3 DL ¥ c DEERD .

1. Suppose that independent events A, B and C satisfy P(A) = %, P(ANB) = % and P(AUC) = %,

where P(D) stands for the probability of an event D.
Find the probabilities P(B), P(C) and the conditional probability P(AU B|C).

2. Suppose that a random variable X has the probability density function f(z) = exp{—(az?® + bz + ¢)},
where a,b and c are real numbers with a > 0.
(1) Express the expectation E{X) and the variance V(X) of X by using e and b.
(2) Determine the value of ¢ if E(X) =1 and V(X) = 3.
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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 the answer sheet.
Raise your hand if you have any questions.
DiEasy
B-1 B2 B-3 B-4 B-5 B-6
Question Number
R
Selection
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(1) Si%F a-a’ DHATHBIDEREDA B —F L A RKD L,

() HHL R \TRNDER | kD X,

(@) L R [CTHEINAHEENERKRNETEHX ¥ /U F R € OFEFERD L,

For the circuit, including an ideal transformer, shown in the figure, the followings are assumed:

e Adot( ' ) means the complex number expression.

eV isasinusoidal ac voltage source voltage with effective value V and angular frequency w.

o rand R areresistances, L isaninductance,and C is a capacitance (variable).

e 7 istheturns ratio of the ideal transformer.

For this circuit, answer the following questions.

(1) Find the impedance of the part of the circuit to the right of terminals a-a’.

(2) Determine the current / that flows through the resistance R.

(3) Find the condition on the capacitance C that will maximize the real power consumed at the resistance R.
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#®]_10  17[x@®], 70
_ [J'C;(t) N [—1 —2] [x:(t)] + [1] u(®) @) v 2T _ﬁ)
yo=u o] *(0) = () 1 ®OF
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(D @RETTTAEHL VAT LOEEG(s) 28 L7z Sy,

(2) G(s) DREEHEHEE LT, 7142 |G(w)| MM £6(jw) ZEH LSV, £, R— FEKIOBE A s
VY, L, R RN BB A ST o 2 k.
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Given that the system and the controller are respectively defined by Eq.(2) and Eq.(b), answer the following questions
for the control system shown in the figure.

2(@®]_10  17[x®], [0 u(t
Sys [x;(t)] a [—1 —2] [x;(t) " [1] u® @ © System y(?
a.
t
yo =0 o] x(0) = [0 xOF
Controller U(t) = _klxl (t) - k2x2 (t) (b) Controler

(1) Find the transfer function G(s) corresponding to the system given by Eq. (2) using the Laplace transform.

(2) Derive the gain |G(jw)| and the phase angle 26 (jw) of the frequency response of G(s), and sketch the Bode
plot, where the characteristic numerical values are indicated in the Bode plot.

(8) Determine whether the system defined by Eq. (a) is controllable with the reasons.

(4) Find the feedback gains k; and k, so that the poles of the closed-loop system consisting of the system and the

controller are —1 and —2.
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FORTEZ HNAEEITONT, IROMWCEZ &, 720, EREPOEEEESH IR E b0 -5, F2 W

&V, VAR o OTHRREETR, V, SEREOHAERE, R IS C 13F v/ 222k 95,

. V,=0 ThiLX, V, 2V, 2fi>THRE,

2. V=0 ThdLE, V, 2V, 2foTHRE,

3. Vi=V, ThHEE, V, 2V, o THRE,

4, V, =V, THHEE, EIHEEE V,/V, OftEz koL, 72720, V=V, #0 &5,

5. Vi=V, THDHEE, w=0 & w=0 OLITOETEREE V,/V, OMNEEZRDL, 72720, V=V, #0 &
T2,

Answer the following questions for the circuit given by the figure, where the operational amplifiers in the circuit have ideal
characteristics, V; and V, are sinusoidal voltage sources with angular frequency w, V, is the output voltage of the circuit, R isa
resistance, and € is a capacitance.

Find V, using V; when V, = 0.

Find V, using V, when V; = 0.

Find V, using V; when V; =V,.

Find the absolute value of the voltage amplification ¥,/ V; when V; = V,, where V; =V, # 0.

Find the phase difference of the voltage amplification V,/ V; between w = 0 and w = oo when V; = V,, where V; =
V, # 0.

I

R
R
O— =
+
L 'L
Vl VZ __C VO
——8 ?
777
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4 DORIEI xo, X1, Xz, %3 TREINDHE n = 8x3 + 4x, + 2, + % (n = 0,...,15) TRz, RDT
o AT FEFNZAOWTLLTFORWNZE R,

Fo=0, Fi=1, Fpp=Fpy+F nZ0)

(D n=0 2bn=15 ETCOT4RFvyFH F, &FOHEL,

@ n 233 DD L FIC 1 ZRI TR fi (x0, X1, X2, x3) HEUINEIAFE CRORE L,

3 F, ﬁ)ﬁﬁ@k%(ll%ﬂﬁ%@%ﬁ fa(xo, X1, X3, X3) % B/ NI T 1,

@ folxg, X1, Xor X3) WU LI-SAFEERE &4,

(B) n 33 DfEEEIT E, BEEO L X2 1 ZIRTEREE f3(x0, x1, x2, x3) HERNENFETERRE L,

Answer the following questions on the Fibonacei sequence using the decimal numbern = 8x4 + 4x, + 2x; + x;
(n =0, ...,15), which are represented by four logic variables x,, x5, x5, and x3.

Fo=0, F,=1 Fy=F1+FEn=20)

(1) Describe the Fibonacci numbers F, from n = 0 to n = 15.

(2) Describe a minimum sum-of products form for a logic function f; (xq, x;, X2, x3) thatreturns 1 when n isa
multiple of 3.

(3 Describe a minimum sum-of products form for a logic function f,(xg, X1, x5, x3) thatreturns 1when F, is
an odd number.

(4) Write a logic circuit that represents f,(xg, x1, X, X3).

(5) Describe a minimum sum-of products form for a logic function f5(x,, x;, X, *3) thatreturns 1when n isa
multiple of 3or F, is an odd number.
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(1) BEAFDROFVLEEFHEZTVWV. LEH#HD
FHIZ 85000 HFATH S, 24, 7L, HFEOD1
BNOLEEIE, #h& 110 51, 500 AH, 250
FATH2., ©FADHA LT, TLEDAEI
42000 A EE&EP L, HEI 3 53 65000
FAUTELEW. R¥ADESRES, 94, 71
v, FEoLERE, 2024350, 190, 300 #
MTHBT Do TWS. RESERBEALT
LZX5%300XT 4 TADILEBEBHOBN Y TEEK
370 OEERIENE Y TR X,

Q) ¥ Ty 7 AEEHWT, ROWITETERE L .

maximize z = 25x1+ 50x + 34x3

subjectto  5x; + 10x; + 6x3 <430
2x1 +5x7 4+ 4x3 < 450
3x1 4+ 10x2 4+ 8x3 < 500

X1,%2,%3 > Q
(3) (2) DR XT 2 BN EE =
(4) FERRZETIE

minimize f(x1,x) = (x1 —5)% + (x2 — 2)?
subjectto  g1(xy,x3) = %x% —x—-1<0
g(x1,x) = 1(x1 — 1) +x -4 <0

PRWICME, ZORBEMRL 1 XRomBEMESEYE
(Karush-Kuhn-Tucker condition, KKT &) # 7
THhYIpEERE L.

(1) Company A wants to carry out highly effective adver-
tising activities, The budget for advertising costs is 850
million yen. Costs for one unit of advertising in radio,
TV, and newspapers are 1.1 million yen, 5 million yen,
and 2.5 million yen, respectively. The advertising policy
of Company A is to spend 420 million yen or more on
TV and 650 millionvyen or less on newspapers. From the
experience of Company A, it is known that the advertis-
ing effectiveness of radio, TV, and newspapers is 350,
190, and 300 units of advertising effectiveness, respec-
tively. Formulate a mathematical programming problem
to find an allocation of the budget to three media that
maximizes advertising effectiveness.

(2) Solve the following linear programming problem using

the simplex method.

maximize z = 25x; 4+ 50x; +34x3

subjectto  S5x; + 10x2 +6x3 <430
2x1 4 Sx2 +4x3 < 450
3x1 4 10x2 + 8x3 < 500
X1,x2,x3 > 0.

(3) Show the dual problem to the problem of (2).

(4) Solve the following nonlinear programming problem

graphically.
minimize f(x1,x2) = (x1 — 3)2 + (% — 2)?
subject to  g1(x1,x2) = 343 —x — 1< 0

g(x1,x2) = (1 —1)*+x, —4<0.

Furthermore, verify in detail whether or not the first-
order optimality condition (the Karush-Kuhn-Tucker
(KKT) condition) is satisfied at the obtained optimal so-

lution.
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y(z) IOV T DM HER

2z (z—1)?
o /o
(%) 1Y

2 +1 y=0
BEZRB.

(1) yi(z) = e BHER (») OMERBEH X ZRD K.

(2) (1) THRLNZR yi(x) ZHVTy(z) = pu(z)u(z) 2BLZIZLD, HER (x) & u(z) oWTOMZHERI
23 VP

(3) w(z) IDWT DHIHAERIE

, oz _ B
2 (1 x? + 1) 0 ‘aw(0)=1
BT

(4) AR (x) O—BRE KD k.

Consider the differential equation for y(z)
2z (x — 1)
" / _
0 Y-V Y
(1) Find the constant A such that y;(z) = e solves the equation (*).

0.

(2) Set y(z) = y1(z)u(z), where y;(z) is the solution of () obtained in (1). Then rewrite the equation (*) as the differential
equation for u(z).

(3) Solve the initial value problem for w(z)

ryof1--7% . —1.
w + ( z2+1>w 0, w(0)

(4) Find the general solution of ().




