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Notices
(1) There are 7 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) Raise your hand if you have any questions.
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Question 1 Answer the following questions.

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

™
(2) Find the integral / ze~ % dz.
0

r—1
(3) Find the limit value lim c .
z—0 3

d
(4) Find the general solution for the ordinary differential equation d_z = 6zy.

21

(5) When A = { 2 1

}, find the eigenvalue of A.
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Fig. 2.1

Question 2 When we consider a closed volume V surrounded by the

surface S, the divergence theorem
///V-Fde//F‘ndS (2.1)
v s

is satisfied for an arbitrary function F(z,y,z) with continuous derivatives, where n = nz%¢ + nyj + n.k is an outward
unit normal vector on the surface of V, and ¢, § and k show the unit vectors in z, y and z axis directions respectively.
Fig. 2.1 shows an object surrounded by planes z =0, y =0, z =0, z = h, and the surface flz,y,2) =2*+y*> —a® =0.
Answer the following questions.

(1) Find the unit vector m at each surface.
(2) Put F = (0,y,0), and evaluate the volume of the object by the right side of eq. (2.1).
(3) Show that eq. (2.1) holds, by carrying out the integration in the left side of eq. (2.1).
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2'(t)+ bz’ () + cz(t) = f(t), z(0)=a, 2'(0)=8, (de—0b*>0) (3.1)
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Question 3 Find the solution for the following ordinary differential equation with respect to x(t) by means of the
Laplace transformation.

&)+ ba'(t) + ca(t) = Ft), x(0)=a, 20)=8, (dc—b>0) (3.1)

Here, b, ¢, « and f are constants, and f(t) is an arbitrary function. In the answer, express as v4c —b? = w.
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Question 1  Consider the motion when a mass point with mass m is thrown vertically upward at an initial velocity vo from the height of 4

above the ground. Air resistance proportional to the velocity (drag coefficient is C (> 0)) and gravity (gravitational acceleration is g) act on

this object. Answer the following questions.

(1) Define a coordinate system o-y with the ground as the origin o and the vertical upwards as positive, find the equation of motion of the
object, and find the velocity v and position y at time ¢

(2) Find the time 75 when the object stops in the air.
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Question2  There is a rod with homogeneous material (mass: 7, length: 2a). As shown in Fig, 2.1, the rod is oscillated freely around the
point 4. The distance between point 4 and the center of the rod is 2 (h<<a). Answer the following questions. Gravity acceleration is denoted
by g

(1)  Obtain the moment of inertia of this system.

(2)  Obtain the period of the oscillation of this system.

(3)  Obtain the length 4 so that the period of the oscillation is minimized.

~—"

Fig. 2.1
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Question3  As shown in Fig. 3.1, a cantilever beam is subjected to the concentrated load P and the moment M at position x=L. Answer
the following questions. Note that Young’s modulus and the moment of inertia of area are denoted as £ and I, respectively.

(1) Tustrate the free body diagram.

(2) Determine all reactions.

(3) Tilustrate the shearing force diagram.

(4) Tlustrate the bending moment diagram.

(5) Determine the deflection at x=L.

Fig. 3.1
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Question 1 Recently, offshore wind power has attracted much attention as a renewable energy. Describe the overview, technical
background and future perspective. If necessary, you can use schematics.



