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Notices
(1) There are 8 question sheets and 7 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) Tfthe space is exhausted, use the reverse side of the answer shieet and write down “to be continued”” on the last line of the sheet.
(5) Answer all the questions.
(6) Return these question sheets together with the answer sheets.
(7) Ifgiven the instruction to draw a diagram, draw it on the answer sheet.
(8) Youmay use the approved ruler if you need.
(9) Raise your hand if you have any questions.
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MfE 1 KUToMWZER X.

72
(1) Z;.i*ﬁﬁ/mdl %*@lo
/2
(2) iﬁﬁ/ 2wsin?zds 2Kk,
0

(3) BHAHER j—z- —orty+ 1 O—EEERD &,

1 2 2
(4) X = [ - 1 —1} orE, X OEEEEZRD &
1 -2 0

(5) A—i—j+k, B=i+2j+3k C=2i+2j— kDL %, Ax(BxC)%Rd &,
727U, i, 5, k& z,y, z BAROBRMRS PLTH B,

Question 1  Answer the following questions.

2

(1) Find the indefinite integral / (x—f—ﬁ dz.

x/2
(2) Find the integral / 2z sin’ z dz.
o -

d
(3) Find the general solution for the ordinary differential equation d—y =2z+y+1.
T

1 2 2
(4) When X = [ -1 1 -1 :l , ind the eigenvalues of X.
1 -2 0

(5) When A=i— j+k, B=i+2j+3k,C=2i+2j - k, find Ax (B xC),
where ¢, 7, and k show the unit vectors in z, y, and z axis directions.
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ME 2 o-zyz BERCBVTARERsRTMEBERY b
r=z(t)i+y(t)j +z(t)k =acosti+asintj+ctk (¢t>0,a & clEEHT a>0) (2.1)

WOWTHTORWIIEZ &, 2T, 4,4, kiE z,y, 2 MIARIOHEMARZ ML TH S,

(1) t=0 KMET2RPLH-HBORE s ERD X,

(2) BB P t(=dr/ds) ZRD X,

(3) BB t-t=1 DA% s IKOWTHMATAHILIC kD, ¢t ICEELREMERERS P AERD K,

(4) c=0 DIBPEEELB L, r BEARDLL T 24E o OFALOAERT Z 21Tk 3, #HR C TEZN:MER S
REZLLE, BEHEMSTELEIEORS MVEE F(x,y) 120 LT Gauss ORBGEH

/LVF%zLFmM (2.2)

BRET2, 22T, nid C LicBII2 S oNHEEDERNI L THE, c=0DLE, Gauss DRFEEHZ
AwTEfT L hHomErked X,

Question 2 Answer the following questions about the position vector
r=2x(t)i+y(t)j + z(t)k =acosti+asintj+ctk (t>0,a and c are constants, and a > 0) (2.1)
that represents a cylindrical spiral in the o-zyz coordinate system. Here, 4, §, and k are unit vectors in the x, y, and z
directions.
(1) Find the length s of the curve measured from the point corresponding to t = 0.
(2) Find the unit tangent vector t(= dr/ds).

(3) Find the unit principal normal vector perpendicular to ¢ by differentiating both sides of the equation t-# = 1 with
respect to s.

(4) When ¢ = 0, r represents a point on the circumference of a circle with radius a centered at the origin. When
considering a closed region S enclosed by the curve C, Gauss’s divergence theorem

/vaw:LFnﬂ (2.2)

holds for any continuously differentiable vector function F(z,y). Here, n is the outward normal vector from S on
C'. When ¢ = 0, use Gauss’s divergence theorem to find the area of the circle using line integrals.

H—~e<,  Continued on the following page.
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MIRE 3 BAEK f(1), g(t) D Laplace &%

LIf®)] = /Ooo fWye=*dt=F(s), Llgt)]= /Ooo g(t)e™* dt = G(s)

YEET L, BLTOBWE

(1) 2 B

Z Ko

(3.1)

Lf(w)L[g(v)] = / flu)e s du / g(v)e % dv} = /000 /000 flu) g(v)e_s(“+v) dudv (3.2)

i, ERER (33) REMT - LIcED (34) RE KRB LERE, T, (3.5) ROSPIEHBAIIT 5 = £ 2RE,

u+v==t, v=r1 (3.3)
(32) K = /Om h(t)e ™t dt = L[r(t)], h(t) = / St —71) (3.4)
h(t) = LH LIVl = /D f(t - ) glr)dr (3.5)
(2) z(t) BT 2 EMS HFER
2’ (t) + w?z(t) =sinvt, z(0)=2'(0)=0 (w>0,v>0) (3.6)

ZOWTHFDOMWIZEZ X
(a) (3.1) XD Laplace ZIOERICHE W Lsinvt] KD X GIEBAEZRT I L),
(b) (3.1) o Laplace Z#DERIHEN L{z"(2)] ZFTEL, X(s)(= L[z(t)]) ZHVWTHRE GIEERERTI L),
(c) (3.6) X% Laplace ZH#L, X(s) ZRD &L,
(d) /N (c) D X(s) WWHEEBTI2ICLD v#w ORBTFT 2(t) ZRDB L

o) = 2~ Yy (3.7)

YD, B() b p(t) B3Rk,
(©) v w DL E 5(t) = w‘“’” RIS R &
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Question 3 Define the Laplace transform of the functions f(t) and g(t) as

ClF ()] = / T H)etdi=F(s), Llgt)] = /0 " gyt = G(s).

Answer the following questions.

(1) Show that the double integral of

(3.1)

el ={ [ rwemal{ [“sweal - [T [T rawe a6

can be transformed into eq. (3.4) by applying the variable transformation eq. (3.3). Also show that the convolution
theorem of eq. (3.5) holds.

udv=t, v=r7 (3.3)
eq. (3.2) = /0 TR et dt — LR, () = /O £t - ) gr) dr (3.4)
h(t) = L H{LIF Lo} = /0 F(t—7)g(r)dr (3.5)

(2) Answer the following questions about ordinary differential equation for x(t):

() + w?z(t) =sinvt z(0)=2'(0)=0 (w>0,v>0). (3.6)
(a) Calculate Lfsinvt| according to the definition of the Laplace transform in eq.(3.1) (show the calculation
process).

(b) Calculate £[z"(¢)] according to the definition of the Laplace transform in eq. (3.1) and express it using X (s)(=
L]z (t)]) (show the calculation process).

(¢) Take the Laplace transform of eq. (3.6) and find X (s).

(d) By applying an inverse transformation to X (s) in subquestion (c), z(t) is found under the condition v # w,
resulting in
pt) v

2(t) = g = ——— (). (3.7)

Find ¢(¢) and ().
B(t)

w2 — 2

(e) Find the limit of z(t) = when v — w.

Hw—~i<,  Continued on the following page.
5



20254 4 A A% (April 2025 Admission)
IR RFERF S EE AR AT ONE A SRR, SR A LS sanes
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (Special Selection for International Students)
(202541 A 23 BFEHi / January 23, 2025)

g | WSEERELE Wk - BHLAT LTI Th | g
BE (EFHARED AT A Transportation and ];(aminee’s Ny
Subject Vehicle and En\'zirorgnental Program Environmental Systems Numbor
Systems Engineering I . Program
VAL
Dynamics

P 1 WD AR TEE2 D, HEE TR0 BBEERL L, $E HAZIC il & 5, YRTEEm OEA
EHR L, ENNEEL g &5, £, BEERTESE LT3, UTFORWCEL X,

M

@

3)
@

Q)

BT DR IRBE I 2 K& SOLEKHEGAMERT 2 L 272 LIE5E, WiAOESFES s kb L,
BRI C(C>0& 73,

/NE (1) OFEBFER RS, B TR AEEE AR &,

/AN (1), (2) OEBNZISIT AR ORIREREE 25K &,

B T DI TRED 2 RITHFIT B R E SOZESIETIAMERT 5 & 2 UIHBE, WikomEsiEts sk
Dl EHEREIK K>0)&75,

/N (@) OFEENZISIT DA DORERE R L,

Question1 ~ Consider the free fall of an object. The position where the free fall begins is taken as the origin, and the x-axis is taken to be
vertical and pointing upwards. The object is considered to be amass point with mass 72, and the gravity acceleration is taken to be 2. The
variable representing time is taken to be z. Answer the following questions.

¢y
@
6)
@)

)

Ifit is assumed that an object in free fall is subject to air resistance proportional to its velocity, find the equation of motion for the
object. The resistance coefficient is taken to be C (C > 0).

Solve the equation of motion in subquestion (1) and find the velocity at time .

Find the terminal velocity of the object in the motion in subquestions (1) and (2).

Ifit is assumed that an object in free fall is subject to air resistance proportional to the square of its velocity, find the equation of
motion for the object. The resistance coefficient is taken to be K (K > 0).

Find the terminal velocity of the object in the motion in subquestion (4).

W~—~fi<,  Continued on the following page.
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Q@ EEEAINPESNEEELT, HNEBIORDZRD X,

Qestion2  There is a rod with homogeneous material (length: 2/, mass: M). As shown in Fig, 2.1, the ends A and B of this rod and the nail
at point O are connected by a light string, The string does not sag and the lengths OA and OB are constant at a. The system is oscillated
freely in the plane around the point O. Answer the following questions. Gravity acceleration is g.

(1) Find the moment of nertia of this system around the point O.

(2) Find the period of the harmonic motion assuming the angle of the rotation is small.

Fig 2.1
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A3 Fig 3.1 WORT L5, 3RV HILIZY 2%, K BC IS5 g 2511 C05, IVORS, Yo /%, Wik?2
WE—A L MIENEN2L, E, 1 £95, ZOXVIZOWTELFOMWIZEZ L,

(D) XD AC OB BRRIZHET,

() ETOIRITERD L,

() HFE—AV MR, BAMARE#NT, 0B, FELERAXPICEEATL,

4 LB CIZRBIT A Tcbi iRk L,

Question 3 As shown in Fig. 3.1, an overhanging beam is subjected to the uniformly distributed load g over the region BC. Length,
Young’s modulus and the moment of inertia of area of the beam are denoted as 2Z, £ and 7, respectively. Answer the following questions
about the beam.

(1) Draw the free body diagram of the beam AC.

(2) Determine all reactions.

(3) Draw the bending moment diagram and the shearing force diagram. Note that the specific results should be described in the diagrams.
(4) Determine the deflection angle at position C.
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(2) RPEARE OVRERIROZNZIUL, SR T2t AL TLTIEE0Y,
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Notices
(1) There are 2 question sheets and 2 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) TIfthe space is exhausted, use the reverse side of the answer sheet and write down “to be continued” on the last line of the sheet.
(5) Answer all the questions.

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

(7) Raise your hand if you have any questions.
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FIE 1 B CEMIOREMOBITE LIERZE 2 D, BRIV TEETRE, JiI)7, MR AR Fie £
NS, TNLICOWGRE L, F7z, EAmICIEWT, Hrprd—a2FB T 551k% 1 >%8T,
VEITSUT, HEMWTHZELIARY,

Question 1  Consider the development and operation of unmanned passenger ships. Point out and discuss one issue related to fluid
mechanics and one issue related to materials mechanics that should be considered in the development. Also, point out and discuss one

method to achieve energy conservation in the operation. If necessary, you may use schematics.





