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Notices
(1) There are 4 question sheéts 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.
(§) Solve 3 questions A-1, A-2 and A-3 in any order. Never fail to fill in question number in each answer sheet.
(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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(1) A OfTFIROfEE KD &.
(2) A DT RTOEFEEMIST 2EHRY MLERD &.
(3) A2 DI NTOEFELMGTZEERY FL%ERD X,

(4) 4% 1 34 OBRAOEEMERD k.

Consider the matrix A = Here, a and b are real numbers with 0 < a < b.

o e
o o O
Q O

(1) Find the value of the determinant of A.
(2) Find all the eigenvalues and the corresponding eigenvectors of A.
(3) Find all the eigenvalues and the corresponding eigenvectors of A2,

(4) Find the minimum eigenvalue of A% + 3A.
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1. fEfR 112%&15 (\/2 —x? — %sin_l %) ZRD K. 727U, sinT10 & sind OWEEEEL,

Zz DfEEE mg <sin"lg < g 33,
o T sin’z &
2 %ﬁﬂfo I ofERD X

3. zy FHIEHR TERSI NI f(r,y) = 22° + 621% — 32 + 3y° OMEZR KD k.

4. ERED // v dedy OEZRD K. 7270, D={(z,9)|z20, 2°+y* <y} LT 3.
D

1 2
1. Find the limit lim — (\/ 92— xz2— Zgin! i) . Here, sin™! @ stands for the inverse function
=0 X \/5
of sin @ and its range is —g <sin7lg < -g—
T 2
2. Evaluate the integral / Lﬂ; [z
o l+42cos?z
3. Find the local extreme values of the function f(z,y) = 22 + 6xy? — 32 + 3y? defined on

the whole zy plane.

4. Evaluate the double integral / / y? dzdy, where D = {(z,y)|z20; 2*+y* = y}.
D
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TEHEIZLRATWR LTS, ZZT, c 3ERTH 5.
(1) B c BLUHER P(X £2) R &.

(2) B& A DU P(A)= . THD, X <2 0T T A QAU EHENPA|X <2) - 2 %

32
fldeE, X>20TTD ADEFMNEHERP(A|X >2) 2R &.
(3) X OHIfFE E(X), 7B V(X) BLTY = (X - 1)? OHIfFE E(Y) 2 #hehRko k.

Let the distribution of a random variable X be given by

24k
P(X:k):k_l([l—__k—)] (k_:0,172,3,4),

where ¢ is a constant.

(1) Find the constant ¢ and the probability P(X < .2).

(2) For an event A with probability P(A) = %, assume that the conditional probability of A given X < 2
satisfies P(A| X £ 2) = :1))—2 Find the conditional probability P(A|X > 2) of A given X > 2.

(3) Find the expectation F(X), the variance V(X) of X and the expectation E(Y) of Y = (X — 1)?,

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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Question Number
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B-1 B-2 B-3 B-4 B-5 B-6
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For the circuit shown in the figure, the followings are assumed:

e Adot( ' ) means the complex number expression.

e [ isasinusoidal ac current source current with effective value I and angular frequency w.
e (G isaconductance, and C is a capacitance.

For this circuit, answer the following questions.

(1) Write the nodal equations by choosing node voltages V;, V,, and V, as variables.

(2) Find the node voltage V.

(3) Obtain the active power and the reactive power supplied by the current source.

(4) Obtain the power factor of this circuit.
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s(Ms+D)

(3) ¥ AT AT Dirac D SEEBTERENDA V2SNV AAN B G 2= &M y() OB EHET. B, =0
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Answer the following questions about the system represented by the mass M (> 0) and the viscous
damping coefficient D( > 0) shown in the figure below. The input u(t) is the force to the object, and the
output y(t) is the displacement of the center of the mass from the origin 0. The friction between the mass
and the ground can be ignored.
0
1 y(t)

. D

(1) Derive the state-space representation of the system.

(2) Show that the transfer function of the system is given by G(s) = 01Dy

(3) Sketch the outline of the response y(t) when an impulse input represented by Dirac's delta function
is applied to the system. Additionally, indicate the characteristic points in the outline by using M and
D.

(4) Check the controllability and the observability of the system.

(5) Consider a closed-loop system composed of the given system and a controller with u(t) = —ky(t). Here,
k represents the feedback gain. Show the range of k that makes the closed-loop system stable, and

describe the reason.
2
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Answer the following questions for the circuit given by the figures, where the operational amplifiers in the circuit have ideal
characteristics, Vy,V,,V3,V;, and V, are the input and output voltage of the circuit, and Ry, Ry, R3, R, and Ry are resistances.
1.  Express V3 using V; and V, for the circuit shown in Figure 1.
2. Answer the following questions for the circuit shown in Figure 2, where the states of switches S;, S, S, and S, are
represented by the numbers OFF = 0 and ON = 1, respectively.
A) Express V, using V; when §; = S, = S3=1 and S, = 0.
B) Express V, using V; forany Sy, S, S3, and S,.
C) Assume the state of the switches as a 4-digit binary number §,535,5;. In this case, explain the relationship between
V,, V;, and the decimal number of the binary number $,535,5;.

S R
R
s, . "
E f
Vi Ry R .
o—__}— - __f)j/o_lﬁ_. Ry
R R
Vs 2 /
V. Vi Sy 8
O—E 3 O—A—O/()—: Vo
+ +
777 777
X 1 2
Figure 1 Figure 2
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4 DORMBELR x0, X1, %2 X3 TRENDKD 0EHK X, ¥ ITONTLUTOMNIZE L L.

3

X = Zxkcos——— Y= Zxksm-——

- k=0

(D) X R0DLEIC1 ZRFHREEE x0, 21, 4, X3 RAVOEER/INERTEE L Cibhe X,

(2) XY B1oLEIC] BETIEEE x,, x1, x5, x; ZRCEBMEFE Lcithie L,

(3) X+Y B20LFic ]l ZIETHEEREE xo, X1, X3, X3 FAGEBR/INENEE L bR L.

4) X 220 DL ¥EIC 1 BRTIMEAEAHET. 7L, ZoEEIZ AND, OR, NOT #—Mc X hiEREh
3. A ,

() X+Y P20 ¥icl ZETHREERERT. 7271, ZOEKIINAND 7 bk VERI LS.

Answer the following questions on the decimal numbers X and Y, which are represented by four logic variables

X, X1, X, and xs.
3
km
X= ) x cos—z—, Y = Zxksm—.
k=0

(1) Describe a minimum sum-of-products form using xq, x;, ¥, and x; for alogic function that returns 1 when
X is0.

(2) Describe a minimum sum-of-products form using x, x;, ¥; and x; for a logic function that returns 1 when
XY isl.

(3) Describe a minimum sum-of-products form using x, %;, x, and x; for a logic function that returns 1 when
X+Y is2.

(4) Write a logic circuit that returns 1 when X is 0. This circuit is composed of AND, OR and NOT gates.

(5) Write a logic circuit that returns 1 when X + Y is 2. This circuit is composed of NAND gates.
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() ABRHI A B, Co3EED 5. SIBKIIE, FvF&, U VEE,
REEH V7 105 0,B,7 [%] DR TEEN TV, £-80E
FHTIX, BED O [%] STENTWE. FRIZRERDF v &,

v VB, RS Y AOSERLEROBHE, B X UM
CEEPENSh TV .
RIEH VT A (M [ke]
A 8,10,6 550 5 20
N 56,8 600 8 20
¢ 55,15 500 6 10

HIE#RDh, Fo&R, VIV, KBV v EThZFR
9,11, 14 [kg] L EFEAE U 7=u. 72721, $EFIT 16 [kg] AT
L7z,

ZhEE, IERA B COBMNEES:ZD DR AEFIREE
Boxy,x,x3 [kgl & LT, BAS/IMEREZGEAEMEL LU
TEALE XK.

Q) 7Ly 2 RERHWT, RO EERER ET.

maximize z=48x; +40x; +45x3

subject to  7x; +5x3 +6x3 < 110
Ax1 4+ 6xp 4+ 3x3 < 50
4x1 +3xp +4x3 < 60
X1, X2, X3 >0

(3) (2) DREFEIINT T AN HEEZRE. (2) DRE YL ZF ORI
BREhENETEREZ O %, 2 00EOBRICD
WA X

(4) JERIYR TR

minimize  f(x1,%2) = (x; —2)% + (23— 2)?
subject to gy (x1,%2) :x%—l—xz—S <0
ga(x1,x2) = —gx3 +x2 <0

RRINCIRE, ZOBEMRD | XOBBEMESRMF (Karush-Kuhn-
Tucker condition, KKT &) 2z 30 5 hEHERE L.

B AT L
[S=g—3N AT A 1] 4
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(1) We have three types of fertilizer, A, B, and C. Each fertilizer con-
tains nitrogen, phosphoric acid, and potash in proportions of a, §,
and y [%]. Each fertilizer also contains 0 [%] chlorine. The ta-
ble below summarizes the nitrogen, phosphoric acid, potash and

chlorine content of each fertilizer, together with the price and

weight.
Fertilizer  nitrogen, phosphoric  price  chlorine  weight
acid, potash [yen] [kg]
o B y[%] 6 [%]
A 8,10,6 550 5 20
B 5,6,8 600 8 20
C 55,15 500 6 10

Nitrogen, phosphoric acid, and potash should be 9, 11, and 14
[kg] or more, respectively, for fertilizer application per unit area.
However, we should limit the amount of chlorine to 16 [kg] or
less.

Formulate the cost minimization problem as a linear program-
ming problem with the input amounts of fertilizers A, B, and C

per unit area as the decision variables x;, x2, and x3 [kg].

@

Solve the following linear programming problem by using the
simplex method.

maximize z=48x; +40x; +45x3

subject to  7x; + S5x3 + 6x3 < 110,
4x1 + 6xp 4 3x3 < 50,
4x1 + 3xp +4x3 < 60,
Xxi,%2,%x3 > 0.

(3) Show the dual problem to the problem of (2). When the prob-
lem of (2) has a feasible solution and its dual problem also has a

feasible solution, describe the relation between the two problems.

“

Solve the following nonlinear programming problem graphically.

minimize  f(xi,x2) = (x; —2)? + (x2 — 2)2
subjectto g1 (x1,x2) = xf +x—-5<0,

ga2(x1,x2) = —}x} +x, <0.

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



20234 10 H, 2024 £ 4 A A% (October 2023 and April 2024 Admission)
JE B REFER Gt TRBH A R LR (—f®ik) SR E A ERAE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)

(2023 4F 8 H 24 HZEE / August 24, 2023)

I T
VAT Ll

BRY AT Ll (Eli?rhical S stejjfgnd SRR
= N N o > — ] ¢l ]
KB A (EMAE ) TusT N o -

. . Control Engineering) Examinee’s | M
Subject (Electrical, Systems, and Program o
L. A=t ) =yay Number
Control Engineering IT) .
(Smart Innovation)

B 2(2), y(t) \CBEF 2@ ek

(+) ' = —2x+2y+asint+ Beost
*
Yy = —z — 4y +ycost

BEZB. TREL, o, B,y IEERE T 5.

Da==7=00L %, (x)D—fEERKDX.

2) (z(t), y(@)) = (sint, cost) D () DIEL 2B L &, o, B, y DIEERD k.

(3) (2) TRDz a, B, y DK LT, FIHIEL (2(0), y(0) = (—1, 1) &7 F (x) DfERRD k.

Consider the system of ordinary differential equations for z(t), y(t)
() {x’——Q:c-l—Zy—l—asint—&-ﬂcost,
Yy = —x — 4y + ycost.
Here, a, f and = are real numbers.
(1) Let & = B = v = 0. Find the general solution of (x).
(2) Determine the values of c, 8 and 7y such that (z(t), y(t)) = (sin¢, cost) is a solution of (%).

(3) For the values of a, f and +y determined in (2), find the solution of (%) satisfying
the initial condition (z(0), y(0)) = (-1, 1).






