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Notices
(1) There are 7 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) If'the 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) I giver 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.
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(4) A=| -2 -3 -2 | or%E, ACEGEERD X,
2 2 1

(5) A=3i+2j+k, B=i+2j+2k, C=i+j+3k D%, A (BxC)%EXDX,
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Question 1 Answer the following questions.

(1) Find the indefinite integral / Q—Si— dz.
2 —x—2

™
(2) Find the integral / 2% sin z dz.
0

d 2
(3) Find the general solution for the ordinary differential equation E% = E + g
1 2 2
(4) When A =| -2 -3 -2 |, find the eigenvalue of A.
2 2 1

(5) When A=3i+2j+k,B=1+2j+2k,C=i+7+3k, find A- (B xC),
where %, § and k show the unit vectors in , y and z axis directions.
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//VV-FdV=//SF-hdS (2.1)
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z = rcosd
y=rsind 0<f<2r,0<r<a (2.2)
z

(2) a=2,F=3zi+3yj+k THBLE, P OERED LI,
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Question 2 'When we consider a closed volume V surrounded by the surface S, the divergence theorem of Gauss

//VV-FdV://SF-ndS

(2.1)

is satisfied for an arbitrary function F(z,y, z) with continuous derivatives, where n = ng¢ + nyJ + n.k is an outward
unit normal vector on the surface of V', and ¢, j and k show the unit vectors in z, y and z axis directions respectively.
Fig. 2.1 shows an object V surrounded by the curved surface Sp : % + 3? + 22 — a®> = 0 and the plane S; : z = 0.

Answer the following questions.

(1) Find the unit normal vector mq of the surface Sp, when the coordinate (z,y, z) on the surface Sg is expressed

in eq. (2.2).

zZ

T =rcost
y=rsinfd 0<6<27m, 0<r<a (2.2)

(2) Perform the surface integral on the right side of eq.(2.1) based on the result of the subquestion (1), when

a=2,F =3xi+3yj + k.

(3) Show that eq. (2.1) holds, by carrying oul the integration on the left side of eq. (2.1) in the subquestion (2).

~—~fE<,  Continued on the following page.
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FIRE 3 y(t) BT 2 EMOITREN
(1) +2y/ (1) +3y(t) = f(), ¥(0) =y (0)=0 (3.1)

WEOWTTOBWIZEZ X, 22T, ft) MEEOBEHETH 5,

(1) y(t) O Laplace Z#% Lly(t)] = Y(s) = / y(t) et dt TREF 5. L) = Fls) LRLT, (31) RO
% Laplace Z#1L, Y(s) #Xkd X, ’
(2) M w EEME T 5L B

w

—t _
Lle™Msinwt] = TRV (3.2)
B RN,
(3) (3.2) R EFIEAPEHWT Y(s) 256 y(t) KD X,
Question 3  Answer the following questions for the ordinary differential equation with respect to y(t),
Y"(8) +2y'(t) +3y(t) = f(t), w(0)=4(0)=0 (3.1)

Here f(t) is an arbitrary function.

oo

(1) We define the Laplace transformation of y(t) by Ly(t)] = Y(s) = / y(t) e~** dt. Representing as L[f(t)] =
0
F(s), find the solution Y (s) by applying the Laplace transformation to both sides of eq. (3.1).
(2) When A and w are constants, show the relation

w

—At o —
ﬁ[e smwt] = m

(3.2)

(3) Find the solution y(t) from ¥'(s) by using eq.(3.2) and convolution theorem.

R—~f5i<,  Continued on the following page.
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Question 1 Consider a coordinate system with the origin at the ground, take x-axis to the horizontal direction, and y-axis to the vertical
upward direction. From height 4 above the ground (y=#) at x=0, a mass point with the mass  is thrown horizontally in the direction of the
x-axis with initial velocity . Define the time ¢ at the time of throwing as 0. Air drag proportional to the velocity components (the drag

coefficient is C (>0)) and gravity force (gravitational acceleration is g) act on this mass. Then answer the following questions.
(1) Find the equation of motion for this mass point.

(2) Solve the equation of motion and find the velocity and position along the x and y axes.
(3) Find the maximum reachable horizontal position of the mass point when /4 is sufficiently large.

K= ~fid,  Continued on the following page.
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Question 2 A homogeneous disk (mass: M, radius: &) is rotating around the center axis on the horizontal floor (Fig. 2.1). The disk will
stop the rotation because of the friction between the disk and the floor. Then, answer the following questions. Hence, an initial angle rate of
the disk is denoted by wy, the coefficient of dynamic friction between the floor and the disk is denoted by g, gravitational acceleration is
denoted by g, respectively.

(1) Find the moment of inertia of the disk.

(2) Find the frictional moment that the disk receives from the floor.

(3) Find the time until the disk stops the rotation.

floor

Fig. 2.1
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Question 3 As shown in Fig, 3.1, a simply supported beam is subjected to a concentrated load 7 at point C. The length and Young’s
modulus of the beam are denoted as  and , respectively. Fig. 3.1 also shows the cross-section of the beam. Answer the following questions
about the beam.

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

(2) Determine all reactions.

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

(5) Determine the deflection at point C.

Cross-section
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Fig. 3.1
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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.
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(9) Raise your hand if you have any questions.
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Question 1 Consider the research and development of an energy-saving vehicle, Vehicle-X. We will conduct a model test before
developing the actual Vehicle-X. Discuss the following issues. If necessary, you can use schematics.

(1) Setthe target Vehicle-X and describe its outline.

(2) We need to provide Vehicle-X with fluid force characteristics that are effective for energy saving. Discuss (i) what kind of experiment
to conduct, (i) what kind of data to measure and analyze, and (iii) what should be evaluated, from the viewpoint of fluid dynamics
referring to the following keywords.

[Keywords] Static and dynamic pressures, Bernoulli's theory, Momentum theory, Potential flow, Law of similarity, Laminar and
turbulent flows, Boundary layer

(3) 'We need to enhance the structural strength while reducing the weight of Vehicle-X. Discuss (i) what kind of experiment to conduct, (ii)
what kind of data to measure and analyze, and (iii) what should be evaluated, from the viewpoint of mechanics of material referring to
the following keywords.

[Keywords] Stress, Strain, Stress concentration, Buckling, Structural material



