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Notices
(1) There are 8 question 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) Ifthe 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) If given 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.

=
YL

) prLE



2021410 B, 202244 B A% (October 2021 and April 2022 Admission)
BRSO TRRERIC RS L RRAEAT (—AERR) SRR E AT
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
(2021 428 A 26 HFEH / August 26, 2021)

SHER TR L5 o R « TS AT LT 0T A %% 5
RE (EMEE D PA=VAZNA T@sportati()ﬂ and Fxaminee’s | M
Subject Vehicle and Environmental Program Environmental Systems Number
Systems Engineering 1 Program
Mathematics

i1 T OMWZEZ X
(1) ZQﬁEfﬁﬁj\/mcoswsinxdm 2R ko

(2) &S /exalogmdw ERD £,
1

cos 2T —

(3) M 1 S22 g
xz—0 x

2 2
(4) HEMA TR %y_ A e
x Ty

(5) A = H g} DL E, A OEEMEERD X,

Question 1 Answer the following questions.

(1) Find the indefinite integral / z cosz sinz dz.

(2) Find the integral / 23 logz dz.
1

2z —1
(3) Find the limit value lim —— .
z—0 x
d 2 2
(4) Find the general solution for the ordinary differential equation ﬁ =2 ;;/y

1 3

(5) VVhenA:{4 9

} , find the eigenvalue of A.
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Question 2 When S is an area surrounded by a closed contour C, the two-dimensional divergence theorem of Gauss

(Green’s theorem in the plane)
//V-FdSz/F-ndZ (2.1)
s c

holds for the vector function F(z,y) = Fy(z,y)i + Fy(z,y)j with derivatives (Fig.2.1). n is an outward unit normal
vector on C and df is a line element of C. Also, 4 and j are standard unit vectors in z and y axes respectively.

(1) When we put F = yj, calculate the area of the triangle shown in Fig. 2.2 by means of the line integration using
eq. (2.1).
(2) Show that the right hand side of eq. (2.1) is written as

LF-ndé:L{Fwdy—Fydw} (2.2)

(3) When we put F = yj, calculate the area of the triangle shown in Fig.2.2 by means of the line integration using
the right hand side of eq. (2.2).

Y (zhyyn)

X
0 ’ 0 (a,0)
Fig.2.1 Fig. 2.2
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dz(t)
dt
dz(t) = dy(t)

i Tar oo =0

+z(t) — 2y(t) =0
, 2(0)=1, y(0)=1 (3.1)

Question 3 Find the solutions for the following simultaneous ordinary differential questions with respect to z(t) and
y().
dz(¢)
dt
da(t) | dy(t)

it +7+5$(1§)=0

+z(t) — 2y(t) =0

, x(0)=1, y(0)=1 (3.1)
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Question 1 I am a shooting player. In order to shoot through a target existing in front ¢ and above b of the initial position (origin) of the
bullet of the gun, in which direction should the bullet be shot from the origin at a velocity U ? Find the inclination angle & from the horizontal.
It is assumed that the bullet can be represented by a mass point, and the force due to air resistance etc. can be neglected. The gravity
acceleration is denoted by g. (Hint: Since there is no disturbance from the side, it becomes a two-dimensional problem on the vertical plane.)
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Question2  As shown in Fig, 2.1, a cylinder (mass: M; radius: a) is set up on a horizontal plane, and two spheres (mass: m, radius: b) are
put in the cylinder. Then, answer the following questions assuming a <2b . The gravity acceleration is denoted as g.

(1) When the angle between the vertical line and the line which connects the centers of two spheres is assumed to be &, find sin &.

(2) As shown in Fig, 2.1, the reaction forces from the cylinder to spheres are assumed to be Ry and R, respectively. Find Ry and R,.

(3) Find the range of mass M so that the cylinder should not roll down.
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Question 3 The thread is wound along the circumference of a uniform disk with mass M and radius
The disk was made vertical, and the thread was also made vertical with holding the end in the hand as
shown in Fig, 3.1. After that, the disk was gently released. Show the characteristic of what kind of
movement the center of the disk does. It is assumed that the force such as air resistance is negligible. The
gravity acceleration is denoted by g, and angular velocity of the disk is denoted by «.
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Question 1~ As shown in Fig, 1.1, there is a container filled with water (the height of the water level: z) and it has a small hole on the side
wall at the bottom of the container. Both heights of the bottom of the container and the small hole from the ground are considered as d. The
area of the small hole a is sufficiently smaller than the area of the water surface 4. Thus, the downward speed of the water surface is assumed
negligibly small. In addition, it is assumed that the energy losses and flow contraction are negligible when the water flows out of the small
hole. Here, the density of water is denoted as p, the gravity acceleration is denoted as g. The atmospheric pressure is considered as 0.
(1) Find the velocity of the water flowing out of the small hole. )
(2) When the height of the water level is z= H, find the horizontal distance, sy, traveled by the water until it falls on the ground.
(3) When the horizontal distance traveled by the water becomes s/ 2, find the height of the water level in the container, using H.
(4) The height of the water changes by —z during a small-time interval . Show the relational expression between df and cz.

(5) How much time does it take until the water in the container becomes empty from the height of the water level, z=H?

Area of the water surface: 4

WA=V

Area ofthe
small hole: a

y iy - -
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5o when the height of the water level is H

Fig. 1.1
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Question2  Regarding a pipe, answer the following questions.
(1) As shown in Fig, 2.1, a fluid having the constant discharge Q and the constant density p, passes through a gentle contraction in a
diameter of a horizontal pipe, where the diameter of the pipe is Dy, the velocity is V;, the pressures is Py at the section I, and the
diameter of the pipe is D5, the velocity is V,, the pressures is P, at the section II, and the energy loss can be negligible in the pipe.
The gravity acceleration is g. Show the pressure difference AP = P; — P, between the sections [ and I1.
As shown in Fig. 2.2, a fluid having the constant density p, passes through a sudden enlargement in a horizontal pipe, where the
velocity is Vy, the pressure is P;, the area is A, at the section I, and the velocity is V;, the pressure is P,, the area is A; at the
section II. The gravity acceleration is g. Derive an expression for the energy loss hy,ss of the pipe using only A;, A,, V3 and
g.

@

Sect:mn I Sect:ion 1 Section I Section II
1l T
Dy v A R LV
Qo Lo P DN N S N
R S 0 >,
! ! Aq Az
Fig. 2.1 Fig. 2.2
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Question3  Regarding ideal fluids, answer the following questions.
(1) Show avelocity potential ¢, a stream function ¢ and a complex potential w(z) in the following flows, where z = x + iy.
(@) Uniform flow (b) Source and Sink  (c) Doublet (dipole) ~ (d) Vortex
(2) As shown in Fig. 3.1, a clockwise vortex of a circulation —T', is added on a surface of a circular cylinder having a radius a ina
uniform velocity ¥, where the pressure on the surface of the cylinder is p, the pressure and the velocity at the upstream side are pg,
and V, respectively. Answer the following questions.
(@) Show the velocity potential ¢, and the stream function .
(b) Obtain the velocities v, and vy on the surface of the cylinder in the normal and tangential directions, where (r, 6) is the polar
coordinate.
(¢) Derive the coefficient of pressure C,.
(d) Calculatethe forces F, and F, acting onthe cylinderin x and y axes.

Fig. 3.1
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Question 1 A frame is clamped at the left end, and is subjected to a tensile load P and a triangular distributed load as shown in Fig, 1.1.
The distributed load is w at fixed end A and zero at free end B. Young’s modulus of the frame is E. Answer the following questions.

(1) Find all the reaction forces and moment at fixed end A.

(2) Find the deflection angle and deflection at free end B.

(3) Find the maximum tensile stress along x-axis.

v

%
!
.
>

| A
P :

Cross section

Fig 1.1

We—~i<,  Continued on the following page.
6



20214510 A, 202244 A A% (October 2021 and April 2022 Admission)
JRBREE RSO T AR LRaT (i) SR R AR
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2021 48 A 26 HZEHE /August 26,2021)

ape | TSHRRREI LS ik BB AT ATOSTA | s
i (EF9RLE D) AT AP Transportation and g [é ~
R NE| ansp Examinee’s
Subiect Vehicle and Environmental Program Environmental Systems ‘Number
Jec Systems Engineering 11 Program
MR
Material and Structural Mechanics

FRE2 Fig 2.1 IORT LI, F—AREEOS A \EPHEHMEH LT 5, ABME BCHIDESIE a &2,
fTHIE S BT 295, Z0OT7—A AEEIOWT, LIFORWZER X,

(1) BHEEERET,

Q) ECOXRIIERD L,

(@) MTFE—RAY MfiERD, ENERIRE X,

@) BAITBTAREAMOERNEZRD X,

Question2  As shown in Fig. 2.1, arigid frame is subjected to a concentrated load A at the point A. The lengths between A and B and
between B and C are denoted as a. The flexural rigidity is denoted as E7. Answer the following questions about the rigid frame.

(1) Draw the free body diagram.

(2) Find all reactions.

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

(4) Find the displacement at the point A along the direction of load H.

Ae=n

90°

AN

B Vo
%9 Oo \
v N
B El CIN
« I
a
Fig, 2.1
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Question3  As shown in Fig, 3.1, a cantilever beam is supported at the point B, and subjected to a concentrated load P at the point C.
Total length, Young’s modulus and second moment of inertial of the beam are denoted as 2, E and 7, respectively. Answer the following
questions about the beam.

(1) Draw the free body diagram.

(2) Find all reactions.

(3) Find the deflection at the point C.

4
A 4
A
A

A A
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Fig. 3.1
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