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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) 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.
(%) Raise youf hand if you have any questions.
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B 1 M ToMWICER X,

(1) RS /z(logm)2dx R X,
/2

(2) Eiﬁﬁj\/ cosz cos2zdr KD X,

—7/2

2
) mparE Y sY o—mmeRs X,
dz z?

2 2 3
(5) F=e¥*i—e®jtayk DL E, VxFeRD K, 1=EL, 4,4, k& 2,y z MHEOEMY FLTHB,

-3 -2 —4
(4) A:{ 4 3 4} DrE, A DEFEZRD X,

Question 1  Answer the following questions.

(1) Find the indefinite integral / z(logz)? dz.

/2
(2) Find the integral / cos z cos 2z dz.
—m/2
dy Ly
(3) Find the general solution for the ordinary differential equation et 3=
T
-3 -2 —4
(4) When A = 4 3 4 |, find the eigenvalues of A.
2 2 3

(5) When F = e¥?i — % j + zyk, find V x F, where 4, j and k show the unit vectors in z, y and z axis directions.
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MIBE 2 Fig. 211073 X951, SEHERC Itk THEh -EEL 52 %, SRR HE T 2R
F(z,y) = Fu(z,y)i + Fy(z,y)7 LT, 2 XD Gauss DFEHEH

//SV»FdS=/CF~ndl (2.1)

DD ILDe 7271, n=ngt+nyj &k C LONIMERAERRY bL, dliZCDRMRTH B, Tz, 4, j 3ENLEN
x, y WiFEOEARY A TH B, Fig. 2.2 1R T L1, B O, LY, Ry =0 THENLFHEZER 5,
MToMWMIEZ X,

(1) #h#R C1 LOSDOMERYZ by ri(z,y) =zi+yj ¥ (22) RKTEAONB L E, F=yj LT (2.1) XAHEDH
SEITV, FHRIOHEE S KD X,

mzé(u—sinu), y:%(l—cosu) (0 <wu<2m) (2.2)
(2) FHLEOEBEDHEDMBENRY Mlr(z,y) = zi+yj A (2.3) RTRENE L &, FHEH LEDOEHR IS = g—: X %ldudv
2RD X,
. 1
= (u—sinu)v, y = (1 — cosu)v (O§u§21r, OS’USE) (2.3)

(3) /MR (2) DFEER B iz (2.1) RELOBES 2170, (21) RAMD IO T & 2R,

y

Fig. 2.1 Fig.2.2
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Question 2 = As shown in Fig. 2.1, when S is an area surrounded by a closed curve C, the two-dimensional divergence

theorem of Gauss
//V»FdS:/F~ndl (2.1)
S C

holds for the arbitrary vector function F(z,y) = Fy(z,y)i+Fy(z,y)j with continuous derivatives, where n = ngi+nyj
is an outward unit normal vector on C, and di is a line element of C. Also, 7 and j are unit vectors in z and y axes
respectively. Fig. 2.2 shows a plane surrounded by the curve C; and the line y = 0. Answer the following questions.

(1) When the coordinates of the position vector r1(z,y) = x4 + yj at an arbitrary point on the curve C} are given
in eq. (2.2) and we put F' = yj, find the area of the plane S by performing the integration on the right side of

eq. (2.1).
(1 —cosu) (0<u<2m) (2.2)

SR

(u—sinu), y =

DN =

xr =

or or
ou

at an arbitrary point on the surface are expressed in eq. (2.3).

(2) Find the surface element dS = dudv, when the coordinates of the position vector r(z,y) = zi + yJj

1
z = (u=sinu)v, y = (1 — cosu)v (0 <u<2r, 0<v < 5) (2.3)

(3) Show that eq.(2.1) holds by performing the integration on the left side of eq.(2.1) based on the result of the
subquestion (2).

y

Fig.2.1 Fig.2.2
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MRE 3 z(t) KB T 2EMOTER
/(1) +42'(t) + 52(t) = f(t), «(0)==z(r/2)=0 (3.1)
WOWTBTORNMIE:X X, 22T, fO) Xt BT 3EROBKTH 3,

(1) 3.1) ROE z(t) ZRD L,
(2) flt)=1DE =, z(t) 2RD &L,

"Question 3  Answer the following questions for the ordinary differential equation with respect to z(t):
() +42'(t) +5z(t) = f(t), z(0)=z(n/2) =0. (3.1)
Here, f(t) is an arbitrary function with respect to t.

(1) Find the solution z(t) for eq. (3.1).
(2) Find the solution z(t) when f(t) = L.
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o - o . -
X X
0\ | o\ 1
a
m m
pv vy
Fig. 1.1 Fig. 1.2

Question 1 There is a pendulum of an object with mass m suspended by a cable of length /. The weight of the cable is negligible. It is
assumed that the inclination angle € is negligibly small. The gravity acceleration is denoted by g. Then, answer the following questions.
(1) When the object is a mass point, find the equation of motion for the inclination angle 6. The coordinate system is shown as Fig.
1.1 (yis positive in the vertical downward direction).
(2) When the object is a sphere with radius g, find the equation of motion for the inclination angle 6. The coordinate system is shown
as Fig. 1.2 (y is positive in the vertical downward direction).
(3) Find the motion period of the pendulum for the mass point and sphere, respectively, Using the formulas obtained, discuss the
influence of &/ on the motion period when it is assumed to be a<</.
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Question2  There are two homogeneous disks (Disk1 and Disk2) whose rotation axes lie on the same straight line. Disk1 has mass 7,
radius r and is rotating with angular velocity 2cwo. Disk2 has mass 2/ radius 27 and is rotating with angular velocity awo. When the two
disks were brought into contact, they rotate at a common angular velocity co; without slipping. Then, answer the following questions.

(1) Find the moments of inertia of Disk1 and Disk2 around the rotation axes, respectively.

(2) Find the angular velocity  after contact.

(3) Find the loss of kinetic energy by the contact.

)
£ N
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Question3  As shown in Fig. 3.1, there is a simply supported beam subjected to the uniformly distributed load g over the region AC. The

length of the beam is L. The bending stiffness of the beam is denoted as EZ. Answer the following questions about the beam.

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

(2) Detenmine all reactions.

(3) Draw the shearing force diagram and the bending moment diagram. Note that the specific results should be described in the
diagrams.

(4) Determine the deflection at position C.
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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) 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) Retum these question sheets together with the answer sheets.
(7) Youmay use the approved ruler if you need.
(8) Raise your hand if you have any questions.
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Question 1 Consider the development and operation of a wind power generation system. Point out and discuss one issue related to fluid
mechanics and one issue related to material mechanics that should be considered in the development. Also, point out and discuss one method

to improve operational efficiency by using digital technology. If necessary, you may use schematics.



