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fE 1 MUTolwicEz k.
(1) FEED /:c3log3svdw 2R X,
(2) ﬁfﬁﬁ/ z?e " do BRD X,
0

o2f  O*f
— T2 K
(3) f(z,y)=log/z2+y%2 DL ZE, 8$2+8y2 ZRD X,

(4) BT j—i 3ty O—RRERS X,

1 -3 -3
By A=| -1 1 —1} DrE, AOEAMEEZRD X,
1 3 5

Question 1 Answer the following questions.

(1) Find the indefinite integral / 23 log 3z dz.

(2) Find the integral/ z%e 2" da.
0
2 2
(3) When f(z,y) = log /22 + 2, find % + g—y];

d
(4) Find the general solution for the ordinary differential equation % =34+z+y.

1 -3 -3
(5) When A = [ -1 1 -1 ] , find the cigenvalue of A.
1 3 5
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MIfE 2 HHE S CHEA-HER V 2525 &, EHkBlEEErE T 2 TR F(z,y,2) AL T, Green DF

HUEHE
J[[v-Fav=[[ Fonas (2.1

DR DILD, 727 L, n=ngi+n,j+nk @V OREWSNHNAEDEMERRS bATHD, 4,4,k 1Tz, 9,
2 WA RIOBEMR Y FATH B, W, Fig. 2.1, Fig.2.2 \RT X518, Pl 2z =2y, BX, #iHl 2 = 22 + % THE
NEMEEEZ S, LToRMWICER X,
(1) BB 2 HAEFRRZ P v n 2RD X,
(2) FHEEMEOZRIBNT, z &y DBEFRETRE,
(3) F=(0,0,2) ¥ BE 2.1) RoETDEHET 22, WhOFEV big Y725, (21) ROGHOESTZITV, (2.1)
R DD Z v BRE,

z 4

Z=x2—|—‘y2

=~ z=2y

Fig. 2.2
Fig. 2.1 &
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Question 2 When we consider a closed volume V' surrounded by the surface S, the divergence theorem of Green

//Vv.FdV://SF-nds (2.1)

is satisfied for an arbitrary function F(z,y, z) with continuous derivatives, where n = ngy¢ + nyj + n.k is an outward
unit normal vector on the surface of V, and 4, j and k show the unit vectors in z, y and 2 axis directions respectively.
Fig. 2.1 and Fig. 2.2 show an object surrounded by the plane z = 2y, and the curved surface z = z? + 32, Answer the
following questions.

(1) Find the unit vector n at each surface of the object.
(2) Show the relation of z and y in the crossing line of the plane and the curved surface.

(3) The volume of the object, V, becomes g by the left side of eq. (2.1) when F = (0,0, z), Show that eq. (2.1)
holds, by carrying out the integration in the right side of the eq. (2.1).

z 4

)

Z:X2+y2

z=2y

Fig.2.1
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M3 y(t) IS B e RN
y'(8) +wiy(t) = F(t) (wo > 0) (3.1)

WCOWTHTORWIZER ko 72720, t=0TOWHIREE y(0), v (0) LT
(1) B AERN 3.1) O y(t) ZRD, FXRELFRBIZTITTRYE,
(2) f(t) =asinwt (a,w: EE) DL &, By(t) ZRD X,
(3) /N (2) TRDBZRIZB VT w — wo DL EZDME y(t) ZRD &

Question 3  Answer the following questions for the ordinary differential equation with respect to y(t),
y"(8) + wiy(t) = f(t) (wo>0) (3.1)

where, the initial conditions at ¢ = 0 are denoted as y(0), y'(0).

(1) Find the solution y(¢) of the differential equation (3.1), and express it dividing into a homogeneous solution and
a particular solution.

(2) Find the solution y(t) when f(t) = asinwt (a,w : constants).

(3) Find the solution y(#) when w — wp in the solution found in subquestion (2).
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BREE 1 AT, DR w, AW L OB 0 TRERT T, EINEEY, TSP ERTCEAH0E LT, T
OREVNTE X L.

(1) KTFERERREE RO 5,

@) [ CHEEE v CENE_ TR ORRAORS &, /] (DDA LR FERREE S LV, AR 0 R0 X,

Question 1 The stone is thrown on the horizontal plane by initial speed, vo. Hence, angle between the thrown direction and the horizontal

plane is . Answer the following questions. The gravity acceleration is denoted by g. Air drag can be neglected.

(1) Obtain the horizontal flying distance.

(2) The stone is thrown to the vertical direction by same initial speed, vo. Then, the height of the highest point and the flying distance of
above (1) are same distance. Obtain the angle 6.
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(1) BbYEB0ESFCxEE &0, 1TRODNEVOEEx=0 T2 LE FIZBIT580 0 OME )T
x=xeos(w)EREINDZ LE, Bh Y OESGFEN)HOEHIC X > TEEA LS,
(2) UUTORWEAETE 22 &, 2B, A3, EIMEETI0ms? &35, BrbIELLGTHD &,
a FiERBRL LT, ZORIZEENg DBLVERD LIZb | em U, ZOXRDITHEE k 23RS,
b IEOIRALOETER 100 g OBH YD 5| 0ik>TUNE Q) O L S ICiEE S E =, B 0 IXIMHEICARRET 5
BSRDIREN,
c. m=3cm L£THLE, BHYOHEORKEEZRDZRIY,

Question 2 Attach a weight with a mass of m to one end of the spring, place it on a smooth desk, and fix the other end. The weight was
pulled to extend the spring by xo, and the weight was gently released at time #= 0. The mass of the spring itself is ignored, and the spring
constant is denoted by £.
(1) ‘When the x-axis is taken in the direction of pulling the weight and the equilibrium position of the spring is x = 0, the position of the
weight x (¢) at time ¢ is expressed as x = xp cos(@ ?). Prove this by the derivation from the equation of motion of the weight.
(2) Answer the following questions with numerical values. For simplicity, it is assumed that the circumference ratio is 3 and the
gravitational acceleration is 10 m/s?. Write the unit correctly.
a. Asapreliminary test, a weight with the mass of 90 g was hung on this spring, and it stretched 1 cm. Find the spring constant of
this spring .
b. The weight with the mass of 100 g was pulled on the smooth desk to make a simple vibration as shown in subquestion (1). Find
out how many times the weight vibrates per second.
¢.  Find the maximum value of the weight’s velocity when xo=3 cm.

HTer—~§i<,  Continued on the following page.
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(1) Fig. 3.1 \ORT X TROEAZFNENT, DT 5E, il Zhthnish h OEEEERD X,

Q) FROENTBIOLERDL,

Question3 There is a wheel and axle (moment of inertia : 7, radius of the wheel : 2, radius of the axle : 7) which rotates around the

horizontal axis. As shown in the Fig, 3.1, two light strings are reeled around the wheel and axle, and a weight of equal mass (Mass: m) is

connected with each string, Answer the following questions. The gravity acceleration is denoted by g.

(1) Obtain the motion equations of the wheel and axle and the two weights. Hence, the tensions of the strings are denoted by 73 and 75,
respectively as shown in Fig. 3.1.

(2) Obtain the tensions of the strings, 71 and 7>.

Fig. 3.1
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MRE1  Fig 11 © X D1, KD EIKDA S B EREERIEDI TN D, BNaed x FAO~TELB, y Fmo~HETHE

IR ET, BeshOKOEESIIELRD x FIRD-HEDYSY BR Thb, ZOREFOMEE2 (Sidewall2) IZFFH L, Fig 120

X 9iz, MEE1 (Sidewall-1) TR C (Edge C) ASHUENCEE L7-REETHIEMN S AE 0 70 HE e, Z0 & &, KBFEND

TIEND Z Lideinots, AEE ] EOBNIIES (BRBRESANOBIEORX) % L, fEE2 FORRSE LEL, KOBE

p, EJINEEERZgE LT, IFORWIEZ L,

(1) Li+L%, BEAWTEYE,

@) Li—L%, B& OFRAWTEY,

() ML, EFT-RERANOKEETOES HE, BL oAV TERYE,

(@) KEZ L TREE 1 ITERT DA Fu ( x FRNCAERT 7)) LB Fa (2 FERT 500 %, Zheiukd L,

(5) AT L > THEE 1 IZ/ERT 2, 1A 1 TUReB C Y DF—A L b Mo ZRKD &, 72721, Fig 12 AR T drRHaE
D DFE%EE— A FOEFEET 5,

Bird’s view Front view . .
Sidewall-1 Sidewall-2
Sidewall-1 Sidewall-2 / N\
‘%‘ Pull up
B
B
Unit length: 1 "R ™~ =
“Réigig Ground surface
\\‘ N Water || B/2 (Horizontal) \ Sl B2
.7 Ground surface s o
Fig, 1.1
Bird’s view Front view Sidewall-2
Sidewall-2 Sidewall-1

Sidewall-1

/

Fig. 12
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Question 1 As shown in Fig, 1.1, there is a rectangular container filled with water on a horizontal ground surface. A dimension of the container in
the x-direction is B, and its dimension in the y-direction is the unit length. The water depth in the container is half the dimension of the container in
the x-direction B/72. Then, as shown in Fig. 1.2, the container is tilted at an angle & by pulling up the sidewall-2, while the bottom edge C of the
sidewall-1 is touching on the ground surface. During and after tilting the container, the water has not spilled from the container. Then, wetted lengths
of the sidewall-1 and sidewall-2 in the container’s depth direction are denoted as L, and L, respectively. Here, the density of water is denoted as p,
and the gravity acceleration is denoted as g. Answer the following questions.

Q)
@
€)
Q)

&)

Find L+ L, using B.

Find L] —Lz using Bandd.

Find the water-surface height A from the ground surface, using B8 and 0.

Find the horizontal force F1; in the x-direction and the vertical force 1 in the z-direction caused by the water pressure acting on the sidewall-
1.

Find the moment Mc, around the bottom edge C of the sidewall-1 caused by the water pressure acting on the sidewall-1. Here, the positive
direction of Mc; is denoted as the counterclockwise direction in the right figure of Fig.1.2.

Bird’s view Front view . .
Sidewall-1 Sidewall-2
Sidewall-1 Sidewall-2 / N\
%‘ Pull up
B
4———2—"—" L=
Unit length: 1 71777 e =
i = Ground surface W
SN Water \B/ - (Horizontal) = B2
AN \ T
o b v TEIRRER S
Edge C: PRy vl o : T - |
= y Ground surface ¢ RTINS y e S W
z
Fig. 1.1
Bird’s view Front view Sidewall-2
Sidewall-1 Sidevall-2 Sidewall-1

/

Fig. 12
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RRE2  Fig 2.1 (R & 918, WifEa 2 X b U7-HEsess, AP # ik Lz 5 (Base) O _FEO Iz
THEN TS, BRITARICE HENTEY, +E~KTHE ehmE) b aaE, TRrAL, AR, Tithid 5, 7adothim
L OEEIIERTE, WROFEIIAE, WUTES LIEET S, WEREOEE2p L& L, KRREL0 &A1, LITOR
WAz &,

(1
@
3
@

EFROWSEN u THHEF, WA ERICRIFIATAL, HRERT27) R &,
WEROTOED u TH A, MERS AT TRES, CHAERT 57 2RO L,
WSROV, & 0°, VEROTEHIA0, % 90° LT 58, TRIERT 2610 a2 R &,

BOBEICLY, HEIC/ERT HEMEEL M L5 (EiOBEICL AEEREER T 2 &RE)., fletaiit
ORI R 0.1 &35, WEMESROFARAG, & 30°, WEROFHIA, % 6008 T 28, TEMxEipsm~EhX
TR EOEROVOES A KD L, FOR, fRENICENS ZABBUIEIER L, (BY b sin(30°=05, cos(30°)=0.87)

Nozzle (cross-sectional area: a)

Jet
(velocity: u)

Ground surface

Fig.2.1
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Question2  As shown in Fig. 2.1, a jet of water from a nozzle with the cross-sectional area @ flows along the curved surface of the top of the
stationary base placed on the horizontal ground surface. The jet is exposed to the atmosphere, and comes into the base at 8; and comes out of the
baseat 8, with respect to the horizontal direction (x-direction), respectively. The friction on the curved surface is negligible, so that the velocity of
the jet is unchanged and the steady-state flow is assumed. Here, the density of water is denoted as p. The atmospheric pressure is considered as 0.
Answer the following questions.

M
@
€)
@

When the velocity of the jet is z, find the horizontal force f, (force inthe x-direction) exerted by the jet on the base.

When the velocity of the jet is z, find the vertical force f, (force inthe z-direction) exerted by the jet on the base.

When the angle of the jet into the base 6, is 0° and that of the jet out of the base 8, is 90°, find the direction of the resultant force a.

The vertical load due to the weight of the base on the ground surface is assumed as M (the vertical load due to the weight of the jet is assumed
negligible). The coefficient of static friction between the base and the ground surface is assumed as 0.1. When the angle of the jet into the base
8, is 30° and that of the jet out of the base 8, 1s 60°, find the condition of the velocity of the jet in order not to make the base move in the x-
direction. When answering, calculate the trigonometric functions that appear in the solution. (hint: sin (30°) =0.5, cos (30°)=0.87)

Nozzle (cross-sectional area: a)

~ 7\
91 k \\T
Jet R < \%
(velocity: u) '

Ground surface _

Fig. 2.1
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MEES3  RF v LU DT, LUFORIWE Z L,

M

@)
©)
Q)

)

©)

BHRHERT v RO L SR SNAET L ox VD 5. HL, z(=x+iy, i=V-1) 3EFE
K (>0) [ 3FETEETD, BHERT /L@, By, (r,0) BEEEDOEE v, vy &,

f=ixklogz 3.0

N () 1 ED LD BT e VR L, MBS U AV TH RV,

/ANE (1) OFRUCOUNT, FRIUTIRT-BER T &R L,

—BERER U [T, TR 255 G o) @AY OfthBEE x5, JORNOERERERT YV f &
T,

N (4) OFHEBICIT, EERERVES (= 0) OFERENAERTAENE py, B8R [ BHL5EDOME
AERT DE % p, b T 5, FRHDESZEAD (= py —p1) KDL, ZIT, a=1, WHRDENNIpy, E7%
DIENNI P, FBEEILp, ENTERTES,

Fig.3.1(a) {OF9 L1, z FHELETx SSH L THAE o 120 R U O—R7aiitho PIc B iz PR (¢
xoni— (RY) R B ORT v VingEx D, ZOMIIEERE D OFWDESRERERT %L f 13,
Fig.3.1(b) R { Wil b~DEATBREEHZET, UTORIICEKTIENTED,

f=u(etz+ %) + ixlogZ 32)
Z=¢—0 (33)
7=¢+% G4)

TIT, Z=Re L3, ZoOMEIEEIREC, RO L,

(a) z-plane (b) {-plane ,
C pi

2 4 o
2 R
/—_ m ) %\
. 0 B x A <—-—a—-—“"‘> B f
U
- :‘i'_(_x. U \/

- el D’

Fig. 3.1
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Question3  Answer the following questions about potential flows.
(1) The potential flow has a complex velocity potential:
f=iklogz, 3.1)

@)
3
Q)

©)

©)

where z (= x + iy, i =+/—1)isthe complex number, x (> 0)is the real constant. Find the velocity potential, ¢, the stream
function, 1, and the velocities, 1, and vg atthe (r,8) coordinates, respectively.

Explain the potential flow in the sub-question (1), then you can draw a figure, if necessary.

Find the circulation, I, along the flow in the sub-question (1).

Show the complex velocity potential f to represent a potential flow around a cylinder having a radius, a, with a circulation, I', in a
uniform velocity, U.

In this flow of the sub-question (4), the pressure, p;, is excited on the surface of the cylinder without a circulation (I” = 0), and the

pressure p,, on it with a circulation, I, respectively. Find the difference pressure, Ap(= p, — p1), where a = 1, pq is the
pressure at the stagnation point, p.. is the pressure at the far upstream side, p is the density of fluid, and the gravity acceleration is
negligible.

As shown in Fig. 3.1 (a), consider a potential flow around a circular arc aerofoil (a flat plate with a camber) in a uniform velocity, U,
with an angle, a, with respect to the x-axis in the z-plane. As shown in Fig. 3.1 (b), the complex velocity potential for this flow in the

{-plane can be represented by the conformal mapping as below:

f=U(eiez+ Rz—e“) + ixlogZ, 32)
Z=0—4, (3.3)
7=¢+5%, (34)

where Z = Re'®. Derive the lift coefficient, C,; , of the circular arc aerofoil.

(a) z-plane (b) Z-plane

g~ A
U
s u

Fig.3.1
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Question1  Asshown in Fig. 1.1, an overhanging beam is subjected to a concentrated load P at point C. The length and Young’s modulus
of the beam are denoted as 2L and E, respectively. Fig. 1.1 also shows the cross section of the beam. Answer the following questions about
the beam.

(1) Determine the moment of area around the ¥ axis.

(2) Determine the distance from the ¥ axis to the neutral axis (y axis) of the beam.

(3) Determine the moment of inertia of area around the ¥ axis.

(4) Determine the moment of inertia of area around the y axis of the beam.

(5) Determine all reactions.

(6) Draw the shearing force diagram and the bending moment diagram. Note that the specific results should be described in the figures.
(7) Draw the distribution of the bending stress at point B. Note that the specific results should be described in the figure.

Cross section

P 2a
¢ —X | B ! ____-f
£ &3 a
L l L 3
Z
PN

Fig. 1.1
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Question2  As shown in Fig. 2.1, a bar is supported by rigid walls at both ends. The bar consists of two materials. Young’s modulus, the
linear expansion coefficient, the cross-sectional area and the length of the bar AB are denoted as £, o, S and Z, respectively. Those of the
bar BC are denoted as £, az, S and L, respectively. The bar AB and BC are connected at point B. Answer the following questions when the
bar is loaded by a concentrated load P at point B together with thermal change A7.

(1) Tlustrate the free body diagram of the bar AC.

(2) Determine all reactions.

(3) Determine the normal stresses of the bar AB and BC.

(4) Determine the displacement of point B.

E,a,S !—?P E, a,S

AN

L L

e NN

Fig. 2.1

R— i<, Continued on the following page.
9



2022 4£10 A, 202344 AAZ: (October 2022 and April 2023 Admission)
[ S T AR EISeRHE I RREA Y () PR R AFHERRTE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2022 &= 8 H 25 HEENE /August 25,2022)

= FnosiER TR LT Wik - BIES AT ATASTE | s o

CaYy . - - =g

£ (EEF9R}E 1D Pl A Transportation and Fxaminee's | M

. Vehicle and Environmental Program Environmental Systems o
Subject A Pr - Number
Systems Engineering I ogram
MBI
Material and Structural Mechanics

FHEE 3 Fig 3.1 [Od 8 C ICERHTE P MBI L QW AP — A &E 2 5, FEMORSBIUHTEIEZ T T
NI, EI&T 5, ITORWIZEZ X,

(1) FARYS— X > E AT,

Q) ETOXRRIERD L,

B) HFE—A Y MyfiERD, TNERIRE L,

@) HC COWEFMOENZRD L,

Question3  As shown in Fig, 3.1, a rigid frame is subjected to a concentrated load P at point C. The length and flexural rigidity of each
member are L and FJ, respectively. Answer the following questions.

(1) Draw free body diagram of the rigid frame.

(2) Determine all the reactions.

(3) Determine the distribution of bending moment, and draw it.

(4) Determine the displacement at point C along the direction of load 2.

Fig. 3.1
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