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(1) REHED /Asin2@ cosmd:z; ERDE. ‘ '
(2) FEHES /sinsa:cos:z:dz FIRD XK.

_ '—11/ - 2, 2. _ o8 . ?i?_f_
(8) f(z,y)=tan S E=T 3rs?, y=3r's—s° DLE, 5 Bs 72:}2&5&.
@ s S | 2ut) = 0 D—RBERD .

(5) A= (a:+2y+4z)z+(2:c——3y z)g+(4m y+2z)k®}_’?§ VXA%'J%Z@J: TJLL m,g,kbim,y,zﬁﬁi?‘iﬁ@ﬁfﬁ“?%
WEHB. ,

Question 1 Answerhthe' following questions:

(1) Find the indefinite integral / sin 2z cos z.dz.

(2) Find the indefinite integral / sin® z.cos = dz.

. _ LY _ B B B __i f
(B)Whenf(my)—tan %= r*=3rs?, y= 3r?s s,ﬁnd(9 a.nda5

(4) Find the general solution for the dlﬁ"erentlal equatlon ( ) + 2u (t) =0.

(5) When A = (z+2y -+ 42:)1. +(2z—3y—2)j+ (4:0 - y + Zz)k find V x A, where i, j, k show the unit vectors in =, y and z
axis directions.

Wre— T~ ' Continued on the following page.
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BB 2 Figol lomd & 3 Ic MR O TEENE oy THELEOE S REXHLE, B v
BT M F(z,y) KNLTY Y~ OEE _

// vMs:/Fndz o | (2.1)
S c ‘
M5, MTDﬁwkﬁxi o ' '

(1) ‘Buler DR 6" = cosf +isin® ZF\T cosd, sing % e‘e, e lc kL hEDE.
(2) %Qﬁf! (1 @fﬁ%faﬁﬁmﬂfﬁ/\f

/cos ede— 812246 +Zsin20 42 9

Fig. 2.1

ZET.

(3) FV—VOEHE (2. 1) M‘ob"f F= ? ZHATS. f‘i%%ﬁ:‘%ﬁ% Crieky, zy THEL
@Eﬁ%m)ua L% o OFD y Eﬂa}% b DT 2 ,m":—yt Y+

o ~I5]/‘m ds
[ . . . . s .
T DfEERD XK. ‘

1

Questlon 2 ~When we consxder a plane area S surrounded by a simple closed contour C’ as shown in Fig.2.1, the Green's theorem

| -//SVFdS=./;anil. _ | - o (2.1)

 is satisfied for the function F(z,y) with continuous derivatives. Answer the following questions.
(1) Express cos6 and sin 6 in terms of ¢ and e~* by using the Euler’s formula € = cosf +isiné.

(2) ‘Derive the integral formula

. 4, sm40

by usmg the result of questmn (1).

i :
(3) We apply the Green’s theorem (2.1) for F' = -5- By perfonmng Jche line integral, ﬁnd the’ value of the moment of inertia. of

area along y axis
' I= / / z%dS
s

for a circle of radius a in the zy plane with a center at the origin.

WA=V fiE <,  Continued on the following page. .
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FE3 7y, w BERETAEMSFER _
u(t) + 2y () + wPu(t) = h(t),- 0<y<l, w>0) ~ ° (3.1) -

IED T T ORISR &, | 4
(1) u(t) O Laplace B#% Llu(t)] = U(s) =_/ e~ *fu(t) dt TEHTE. COLE, u/ (t) BET u'(t) D Laplace ”?ﬁv& E[u ®),
L) BU) ERCTEDE ’ - ' -
(2) h(t) @ Laplace 2 ?5%72 H(s) Eﬁb'@‘ (3.1) Roma%E Laplace 2 ?fféb U(s) R XK. L, A% w(0) = v/ (0) =0

Lg B,
(8) %+ 2yws + w? —(S+a)2+ﬁ2 t’x’"ﬁﬁ‘é&% a, BERDXE.
" (4) Llsinx] = RIRE. FERL, N BEHTHS.

2 + A2
(5) %M (2) ’C?%B%’Lt U(s) # ¥ Laplace zal, u(t) mzabat ,K\Eb%mi AT

£[70)] = Flo -, " £ IR Gl - [ $r) ot =) i = / Fe—r)olr)dr

%Fﬁb\f%klﬂ =iZL, F(s), G(s) REL f(t), g(t) D Laplace ?ﬁ%’:ﬁ’b LTnWa.

~

Question 3 Answer the following questions for- the ordmary d1ﬁerent1al equation ‘
"(t) + 2yt () fuw u(t) = h(t), 0<y<l, w>0) . , (3D
with constaht coefficients v and w.

(l) ‘We define the Laplace transformation of u(t) by ,C[u(t)] = U(s) / etu(t) dt. Represent the Laplace transformatlons,

L[w'(t)] and L[u"(t)], with respect to v’ (t) and u" (t) in terms’ of U(s).

(2) We express the Laplace transformation of h(t) by H (s) Ta.ke the Laplace transformation of equation (3.1) and derive U(s),
where the initial conditions are u(0) = vw'(0) =0. .

(3) When we perform the deformation 82+ 2qws +w? = (s + a)2 + 8%, find the values of and ﬂ
(4) Derive Llsin At] = —T_)ﬁv, where A is a constant.

(5) Derive u(t) by takmg the inverse Laplace transformation for U(s) obtained i in the questxon (2). If necessary, you may use the
transforma’mon formulae . .

C[e“f(t)] =F(€;)\)" E_I[F(S)G(S) /f(r g(t—‘r)d'r——/ ft—T .)d’T,

where F(s) and G(s) indicate the Laplace transforma,mons of f(t) and g(t) respectively.
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FHEE L. Figl. \ORT X 91, AT s 2 KRB R MBS, KL o D% 2T HIENRE 2T CRBER m&FTHH L, Kiad HEORC
EEEIES , R IR b RTEOHRSES v TITHHHENS DL LT, NEDHRTHES v’ ZRDZRE, (B b REEARLESh
TRy TR TADT, ERIFHRORA TIT FliLe T gcm\ LITHE, Figll1 28

Question 1. A shell (mass ) was thrown from a cannon (mass M) as shown in Fig.1.1. Then, a gun barrel was set with angle o from the horizontal groind and the shooting
velocity to the direction « is expressed as v. No friction is assumed between the ground and the cannon. Then, obtain moving back velocﬁy of the cannon v’. (Hint: actual

shooting angle is not & because the cannon moves back at the moment of shooting. See Fig. 1.1.)

Fig. 1.1

W=~ ,  Continued on the following page.
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P2 TEM, LR O—RRIRRD S, Fié. 21ERTE T, :@Fﬂﬁ%ﬁﬁﬁ (BRI - ) DARCRL L, HRIRELE 5T TERY
¥%b, BATRESBEEN, DAICHET LT, AB=], BC=h L35k, CDDRSZRDL,
Question 2. There is.a disk with homogeneous material (mass: M, radius: r). As shown in Fig.2.1, when the disk is put on the Point A on the slope (angle of slope: a), the, disk

rolls down along the slope without slipping. After that, the disk parts from the slope at point B and falls to Point D.
Obtain the length CD assuming AB=/and BC=#. ' -

I
A
AV AL
:B .4:.
n
D C
Fig. 2.1

Yere—~jgid . Continued on the following page.
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RARES. Fig3.l ISRV HEEC W TR w BMERT D L &, UTORMCER L, 2L, FotiinEs: & &9 5,

() ASCORERIER & Lic b &, T HE—R Y My MoERb L, 72721, BBExZA SEEEETS,
(@) A B COXERAE R & Uit &, I30ICEL bMADTATRLE—5RD L,
(3) A R TOXRRIIRERDL, : :

Question 3. Answer the following question about a beam with flexural rigidity EI subjected to a distributed load w shown in Fig. 3.1.
(1) Assuming the reaction force at point A as R, calculate the distribution of bending moment M(x). The origin of the coordinate x is set at the point A.

(2) Assuming the reaction force at point A as R, calculate the strain energy stored in the beam.
(3) Calculate the reaction force R at point A.

¢‘u ﬂyuuQ %

TV Y T

A 7/

&~ — B Y
Y

Fig.3.1 .
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Answer two questions out of Question 1 to Question 3.

BIEE1. LITORANQ) & Q) 2Ez L,

.

(1) Figl1\TRTEoI, —HHi Va @%W%W:ﬂ@sﬁ;?b%éo PRSP CRROTEIE B RCREL, FOKE Sidal;, Thote, R B OEAIIE
SEEZTEY, ¥y 7 —a VBREL T, Xy BT —1 g VISRRET DREOHER Vy 2V X—1 OEELAOORD L, BL, KKEP,
EKEP L L, HEFEEROITAIERTE D DL TS, T, ENNEE g, FlkEE &5, \

(2) 095, ERRHALRE=4x10" mYs D==— b A EEEEE E 2 5, BEET < OFSOME AT Fig12 \oRi8Y Th s, B8k LD
AW T OKEELFMERE, 728, BX3IU LSERAWTRE,

Question 1. Answer the following questions (1) and (2).

(1) Water flows pést the hydrofoil as shown in Fig. 1.1 with an upstream velocity of 73, The maximum velocity of the water in the entire flow field occurs at point B and it is

equal to oF},. Cavitation occurs at point B when the pressure falls below the vapor pressure. Calculate the velocity 7;,using Bemoulli’s principle, at which cavitation-

* will begin when the atmospheric pressure is P, and the vapor pressure is P, assuming that the free surface motion can be neglected, the gravity acceleration g, the density
of fluid p.: . ) :

(2) ANewtonian fluid having a specific gravity of 0.95 and a kinematic viscosity v of 4x 10" m’s flows past a fixed wall. The vertical distribution of velocity near the wall
is shown in Fig.1.2. Determine the magnitude and direction of the shearing stress T developed on the wall. Express the answer in terms of Uand 8.

y .S ey oo Ereresurfacewz - 5

By hy Vertical distribution
D — of velocity

 Fixed wall

Fig.12

R~ P~fe<,  Continued on the following page.
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foIRE 2. )
Vit U o—RepcAEsR L s D2UGEin A R TESRER T Y Vv U,
w(z) =Uz - L logz en

27
THEZbND, ZZTz=reé® TH?D, FEOEEZ p & UTUTOMWIEZ L,

(1) BHERT Lo VERD L,

Q)yr=a, 6=—n2 IZBTD r J7H, 0 HROHE g,.90 ZRD L,
B) TV ADAREROCTRAERT 800 pUl L7252 LZRY,

) 2
TTVTADLK Fx~i~Fy=i§§(%J dz TZZT Fx,Fy i 35

@) ¥oE U o—#Fpc, 131 OROTLIEE»LIERE a ONEBICH D L3 5Fg 2.1, BEE EOAR Fig. 2.1) 1ZB1T Dtz RD L,
(5) F@DIAFRT 12RO L,
Question 2.

A complex velocity potential, which expresses a two-dimensional flow around a vortex of circulation I” in a uniform flow at velocity U, is given as follows,

logz @D

w(z)=Uz~'F_
2m-i

where z=re”. Answer the following questions, expressing that the density of the fluid is p.
(1) Find the velocity potential.
(2) Find the velocity components g, and gy iri r and € directions atr=a, 6=—m/2.
(3) Show that the lift force acting on the vortexis' pUI" by use of Blasius’ Theorem.
dw
Blasius' Theorem : Fx—i-Fy=i g— § [%) dz ,where Fx, Fy arefluid forces.
'z : :

(@) A vortex with circulation I is located at the position apart from the wall as shown in Fig.2.1. The distance between the center of vortex and the wall
isa - and the oncoming uniform flow velocity is U.  Find the velocity at the point A on the wall (Fig.2.1). ‘
(5) Find the lift force acting on the vortex given in question (4).

—_—
uniform flow U

VA

Fig 2.1

Wer—~gi<,  Continued on the following page.
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(D EEHEE o, EEREEc, L LT, UTORWCEL L,
(@) Fig. 3.1 ® pv #X (pressure-volume) TRLTWA YA 77U, A LRI TY BB,
®) A 75 B O TOPER— X —02bERD X,
© A5 B OEBEDBEIT, CHbD OERORELTET S, ZOWA 70D Ts #IX (temperature-entropy) 4T,
(@) YA I NOBhERERD X, .
(&) BMb C OfE T ShABAIEEYT- Y OfFERD X,

Q) KOETFFRGE (Tble3.1) ZH &I, HTOMNEL L,
(@ SUER IMPaDH & T, FTFIKETNTHEREIR, ok %@@mﬁm IR DD,
®) KENRSMPa Db & T, kg DESFVKE TRTER SR, ZOLEOMBEERRD X,
(c) SMPa DR Y SEFERADLE N 05 ThHhoH & &, BYEMRED T b —&RKd L,

Question 3.

(1) Answer the following questions, expressing that the specific heat at constant volume is ¢, and the specific heat at constant pressure is ¢,

(2) What is the name of cycle shown in  the p-v chart (pressure-volume) of Fig. 3.1.
(b) Determine the change in the internal energy during the process A to B.

(c) The temperature during the process from A to B is T'and the temperature dunng the plocess from Cto D is 7”. Show the T-s chart (tempemtme—emmpy) of ﬂns cycle.
(d) Find the efficiency of this cycle. . .

(e) Determine the work done during the process from B to C for a unit mass. '

(2) Answer the following questions, by the use of the properties of saturated water and vapor (Table3.1).
(a) Saturated water is completely vaporized under the pressure of 1MPa. How much larger is the vaporized volume than that of saturated wamf?
(b) kg of saturated water at SMPa is completely vaporized at the constant pressure. Determine the heat given during the process.
(0 Ifthe quality of dryness of the wet saturated vapor at 5SMPa is 0.5, determine the specific entropy of the wet saturated vapor.

adiabatic Wk !
Fig. 3.1 0 v

Table 3.1 ;

EA | fOFmEE | fSfvKOLATE | SRR | Skt - | SIERGORIAW - | BEFIKOI ke - | BRGSO bt -
pressure | saturation |specific volume of | specific volume of |specific enthalpy of | specific enthalpy of | specific entropy of specific entropy of
(MP2) {temperature | saturated water | saturated vapor saturated water saturated vapor saturated water saturated vapor
(0 v’k v*(m’/ke) kg h” (kg s (KK /kg) s”(KI/K/ke)
0.005 33 0.001005 2819 138 2662 0.4763 8.396
0.1013 100 0.001043 1673 - 419 2676 1.307 7.355
1.0 180 0.001127 0.1943 762 2776 2.138 6.583
5.0 264 0.001285 0.03943 1154 2794 2921 5974
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Answer two questions out of Question 1 to Question 3.

FIE1L DITOBRINEZ L

m L)T@ﬁﬁ%c:d VCHERE X,
@ A V5EE  b) 2FEE © LAEH

Q) Fig. 1.11, FAorMy & Mgmr‘o?r%ﬁ}zénz:)%?é@%ﬁﬁévbéo 72720, Lid#ktR, SS

IHEEERT, BLTORWCER L,
(@) B TAL Tg, TaSSTs, DAHEEX, FNEFNIOWTHIEL,
®©) WEEETORA DB CETHEREICDPoL Y EHBHILIZE X, ﬁVL’C@’FB@’j‘WE

ZOW TR X,
 (c) MABIZRIT AHEOHEEHET L,

() ST ORI L BRI GBI,

AT 4 Mg & R =F L 4
@ ATVUVA  (b)A-CuMg 58(A2000)  (¢) WY =F L APE) Composition
(Mg weight %)
' Fig. 1.1
Question 1. Answer the following questions.
(1) Explain the following terms.
(a) ionic bond (b) complete solid solution (c) eutectic structure

(2) Fig. 1.1 shows an equilibrium phase diagram of a certain substance composed of component M, and Mg, where L is liquid phase and SS is phase Answer the

following questions.
(2) Give the names of the curves TaL; T and T5SS; Ty, and explain each curve.

(b) Explain the change of the phase when the substance is cooled down very slowly from the pomtAto C.
© Calculate the ratio of each phase at the point B. '
3 Expiain the characteristic of the following materials, and give an example which the each material is used for.

(@ tainless steel (b) Al-Cu-Mgalloy (A2000)  (c) polyethylene (PE)

Hrd—U~g, Continued on the following page..
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Question2.  Answer the following questions.

(1) Fig. 2. VITRTEMEZOWT, BILALEDEER (X, y,) LEILEEDY OWif 2IRE—A > P LZRDE.
(1) Calculate the centroidal coordinates(,, ¥, ) and the moments of inertia I, about centroidal x axes for a cross section as shown in Fig.2.1.

I 8 |
o) -
- 2 x
3 3
]‘ > - > 8
=
y st fi
(Bfz: cm)
Fig. 2.1
(2) Fig. 2.2 1R T M RIZOWT, MO, @, G, @, ®, @DEHII1ZRD L.
(2) Calculate axial forces of members, D, @, @), @, ® and ® foratruss asshownin Fig.2.2.
@
© E
l P1=30KkN
' }4— 3m ——-»}4— 3m ———»}

Fig.22

Wr2—~fE<, Continued on the following page.
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F'&J%Es Fig3.1 IRTREDN L, FIROBEENTNTN diyd, TABPEHEEN G Th3, T3 (ERD 3o ORIty T—A v
FTAERLTWS. ZDEX, LJ?@F'&L:’%‘Z;.. '

d,
d,

L

Y 3

X

Fig. 3.1
(1) WP DY HET—A > NI, = [ rdd (r:0s b#UINERdAE T ORERE) CRENG. WO ES B ) 2 & L,
ENENICBIT BWTE KE—AY ML, L UkEE, I, =1, +1, %7,

@) Fig3.1 OIBETIST B I, &8 b OFfEx DRE LTRD L. g

pr

@)%ﬁmwﬁéﬁmﬁwaﬁnﬁmﬁmrrﬁr(nm@#eﬁéﬁifmmﬁﬁeﬁéh@.:@ﬁ&@@ﬁ%&mwr,xﬁugzenaof

BERAE—RD L.
@ HEONCNAEDAFIT—) DEFEFNTRO L.

Question 3. A tapered rod with length Z, diameters d) and d; of both sides and shear modulus G is subjected to uniform torsion 7"as shown in Fig3.1. Answer the following
questions.

(1) The polar moment of inertia of area with respect to the center is calculated as 1, = L r’dA , where r is the distance from the center to the small area dA . Let I, and
1, be the second moment of area with respect to orthogonal axes y; z on the center of the cross-section. Show I, =7, +1, .

(2) Calculate I, ofthe tapered rod shown in Fig.3.1 as a fimction of x which is the distance from the left side.

(3) Shear stress of an arbitrary point on the cross-section is calculated as 7z = IL r , where r is the distance from the center to the point. Using this equation and the result of
. I4

(2), calculate the strain energy stored inthe tapered rod.

(4) Calculate torsion angle of the tapered rod using Castigliano's theorem.
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Answer two questions out of Question 1 to Question 3.

RRA 1.

SUFZBN B DBITE SR L (IPCC) OF 4 Rl Ci BTSN L DI, BEEEADME, TH5mHs ) bR ST inztﬂéht_@
LR (COp) AEEHIIIC X b HERDIRELASEA TOET, COs IRESENEN R TINb, Kb OEREEHEEET 2 Olost U THEk bk
SHENDREHG GRS RN LUES, 20k, SRR TAOBEREE T 2R HUE, CO ST HTHERASERR L 3 - LITEHR - &
TY, LpLans, K& EPG) CO2 [FEFNIIM LA DT LT, HBROGIRIFHEFNTIM L TWES A, tﬂ%ﬁdnnﬁﬁvfbu'aa#%u?@ﬁb\ (&2 TR
X,

() HBEROSKIEAEFNHE U2V BRI DO THB L2 &

@) HEREBH I Lo CRR LR T DIREA VLIS DO BE LT DN TENEN—0ZT R &,

() REHAHET D HERER LA HH A RBEERIC OV TR LR &V,

@ HEREREOETE K ERECRET 2 AR OV TIRER LR &,

Question 1.

According to the 47 Report of Intergovemmental Panel on Climate Change (IPCC), the global warming is rapidly advanced due to iricreasing CO», released from industrious

factories and traffic vehicles. The CO, which is the most noticeable greenhouse gas js transparent to the short-wave radiation from the sun and absorbs the long-wave

(infra-red) radiation from the earth. There are no questionable things that increasing CO, leads to global warming when the radiation heat balance in the vertical direction is

uniquely taken into consideration. However the atmospheric temperature does not increase monotone while the increase of CO, is monotone in the atmosphere. Answer the

following questions for the global warming,.

(1) Explain the reason for non-monotone increase of: atmosphen'c temperature.

(2) The anomalous events except the warming occur in the atmosphere and ocean due to the global warming. Present one example of such events for each of the atmosphere
and ocean.

(3) Explain environmental factors which exist i inthe atmosphere to suppress the global warming.

(4) Explain the method to explain more correctly the advancement of global warming,

R—~fE<,  Continued on the following page.



NN o A e b S e e T A S N )
Graduate School of Engineering  (Master’s Programs), Hiroshima University
Entrance Examination Booklet

iy || BEREIOEIE
Subrect ‘Vehicle and Environmental
Ject Systems Engineering

VAT LTE, BEITFE
System Engineering and

Environmental Engineering

[ERE 2. ITORICEZ X,
(1) @. 1)ﬂ:tw( I//r/\ﬁwﬁ%%&%f(t)f&é FERNHRIEF () LR ()%™, P (1 3R TH 5,

f@=—wm45% ‘ @

(2) WeRmERHMES ()IXQORD—FSMIRED LT DbDETD, TOMFEEEEN L 2OV 7L ZBVIHLT, %ff)jt%b\jif?){’é'% y&
T %o y DHEFSTBHIF (v) LREFBEBHLS (v) ZRANERERA L TR

fe=1, (0=<x<I) 22)
(3) W5 £ COBMIQIRD TS T/ TR 2 BB, VE, 1B/ RS, T— 1&HO/ Y auKs

FEXVRID x £ (x<8) THIELEAITII 2 BRIV L TRED O (8x) FORERTS, ZOFRFERV AT A (Fig2.1 288) 3 8 ERFEAT
EDEEEELRD L, )

f@) = 116 , (Oyear <t <10years) 23

Personal computer 1 l ‘

————0

Question 2. Answer the following questions.

(M) £ ofEq. (2 1) is a probability density function of Rayleigh distribution. Calculate the probability distribution function F (t) and the hazard rate A (f). ¢ in the formula
. isthe time.

10 =2 ey} | ea)

(2) Probability density fimction f(x) of a random variable x follows a uniform distribution as shown in Eq.(2.2). Let a random variable y be a larger value of the two
samples taken from f(x). Calculate the probability distribution fimction F{y) and the probability density function /() by using the maximum value distribution.

fx)=1; (0<x<1) ' 22)

(3) There are two new personal computers(PCs) of which failure life follow a uniform distribution shown in Eq.(2.3). One PC is started using. When the first PC fails at x
years after the start of service (¢<8), the rest (8x) years is switched to the second PC. Calculate the reliability of this standby system at the 8 service years (see Fig2.1).

fO= 116’ (Oyear <t <10years) | 23)

Wr—~fil, Continued on the following page.
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Question 3. Consider continuous design variables x and y, and an objective function f(x, y). The gradient vector g having the first order derivatives and the Hessian
matrix H having the second order derivatives of f (x, y)atpointx'= 30, 30)” are given as follows.

|18 12 1
7] |1 24
Answer the following questions.

(1) When the line search (= smg]e variable search) is applied from point x* in the direction of d; = @, 0y, ﬁnd pomth which gives the minimal vatue of /(x, y) in this
direction.

(2) Estimate decrease of the fimction L/ (x, ) by moving from pom‘cx4 to pomth

(3) NexL another line search is applied from point x°. Find a suitable direction vector ; for this line search.



