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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) 'Youmay use the approved ruler if you need.
(9) Raise your hand if you have any questions.
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Question 1  Answer the following questions.

(1) Find the indefinite integral / zsin® z dz.

dr.

1
(2) Find the integral . /0 17 e-s

d
(3) Find the general solution for the ordinary differential equation Zig + 2y = —zy.
z

3 -2 -1
(4) When A= | -1 4 1 |, find the eigenvalues and eigenvectors of A.
1 2 5
(5) When r = zyzi + z%y%2j + zy?z%k, find V x r, where ¢, j and k show the unit vectors in z, y and z axis

directions.
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Fig. 2.1

Question 2  Arnswer the following questions about the solid of revolution obtained by rotating the plane curve
z =1r2(= 2% +y?) (0 <r < 1) around the z axis as shown in Fig. 2.1.

(1) Find the length of the curve z = r? (0 <7 < 1). You may use the following integral formula.:
7 1 : '
/ Vi +adt = E{t\/ﬁ +a+alog _lt + V2 + a’ } + const. (2.1)

where a is a positive constant.

(2) When we consider a closed volume V surrounded by the surface S, the divergence theorem

'//vv-de://SﬁF.nds (2.2)

holds for an arbitrary vector function F'(z,y, z) with continuous derivatives. n is an outward unit normal vector
on the surface of V. Using the divergence theorem, find the volume V of the solid of revolution in Fig.2.1 by

surface integral.
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2 (t) + 227 () + 3z(t) = f(t), =(0)=x'(0)=0 (3.1)
F7, f(t) B
[0 (t<0)

DY XM EREITEEMBLTRD X

Question 3  Find the solution for the following ordinary differential equation with respect to z(t).

2" () + 22/ (t) + 3z(t) = f(t), =z(0)=2'(0)=0 (3.1)
Also, find the solution when f(t) is
ﬂﬂ:{g g;% (3.2)

by performing definite integration.
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Question 1 There is a sphere with mass A/ and radius 7. This sphere is placed on a horizontal plane with friction. When the sphere is
pushed horizontally toward the center of the ball, it slips and tolls on the horizontal plane, and then rolls without slipping. Answer the
following questions. Note that the kinetic friction coefficient between the sphere and the horizontal plane is 4/, and the gravitational
acceleration is g.
(1) Find the moment of inertia of the sphere.
(2) Find the equations of motion while the sphere is slipping and rolling,
(3) Find the time it takes for the sphere to start rolling without slipping. The initial velocity of the sphere is wo.

R

Continued on the following page.
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Question 2 As shown in Fig. 2.1, a block of mass M with a smooth inclined surface AB forming an angle 6 with the horizontal plane is
placed on a smooth horizontal floor. A particle of mass 7 is gently placed on the inclined surface. As the particle slides down the inclined
surface, the block also begins to move horizontally. Answer the following questions. Let (x,y) denote the position of the particle,
and (X,Y) denote the position of the center of mass of the block, with respect to the orthogonal coordinate system Oy,
shown in the figure. The magnitude of gravitational acceleration is denoted by g.

(1) While the particle remains on the inclined surface, show the equations of motion for both the particle and the block, separately for the

x- and y-components.
(2) While the particle remains on the inclined surface, find the acceleration of the block, separately for the x- and y-components.

y A
lg

(O] N =N : o NGB x

Fig.2.1
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Question3 A car with width b is moving straight at a constant speed ¥ As shown in Fig. 3.1, an animal crosses the road from pointA at a
constant speed v. The distance between the car and point A when the animal starts crossing is d. The angle between the direction of the car
and the animal’s path is 6. Find the minimum speed v and the angle & at which the animal can cross the road without colliding with the car.

Note that the animal can be treated as mass point.
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Fig. 3.1
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Question 1 As shown in Fig. 1.1, a rectangular tank with width B (perpendicular to the page) is fixed horizontally on a cart that can
move on a horizontal plane. The tank is divided into two rectangular compartments of length L by a flat vertical partition installed at the
center along the length of the tank. In the left and right compartments, liquids 1 and 2 with density p; and p, arefilledtodepths h; and
h,, respectively. The gravity acceleration is denoted as g. Answer the following questions.
Initially, assume that the cart is stationary on the horizontal plane.
(1) Find the resultant force F (rightward direction is positive) acting on the partition due to the two liquids.
(2) Find the resultant moment M. (clockwise direction is positive) about the bottom end of the partition (point C) due to the two liquids.
Next, as shown in Fig, 1.2, the cart moves with a constant acceleration of ag to the right on the horizontal plane, where a is a
coefficient that satisfies @ > 0. The liquids in each compartment do not leak out, and the bottom of the tank is not exposed to air.
(3) Find the vertical depths hy ; and h, ofliquids 1 and 2 at the interface with the partition, respectively.
(4) Find the resultant force F.
(5) When p, = %pl,fﬁnd the value of the coefficient @ that makes F = 0. Also, find the resultant moment M. about the point C in

this case.

L L Jlg

|

Fig. 1.1 Fig. 1.2
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: Fixed object E

8
G

]
Fig. 2.1 Fig. 2.2

Cylinder Fixed object
- Nozzle '

Fig. 23
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Question2  In this question, the fluid density is expressed by p, and the sectional area, the flow velocity and pressure at a cross section

(=1,2) are expressed by A;, v; and p;, respectively. The friction loss at the inner wall of a cylinder and nozzle is negligible.

(1) As shown in Fig. 2.1, there is a flow in a cylinder. The control volume surrounded by the cross section 1 in the upstream, the cross
section 2 in the downstream and the inner wall of the cylinder is considered. Show the force F exerted by the fluid in the control
volume on the cylinder in the flow direction.

(2) AsshowninFig,. 2.2, an object is fixed in a cylinder with a constant cross section (cross-sectional area: A) in which there is a uniform
flow. The cross sections 1 and 2 are set in the upstream and downstream, respectively, and the flow becomes uniform again at the cross
section 2. Show the force F acting on the object in the flow direction, using only 4, p; and p,.

(3) As shown in Fig. 2.3, a nozzle (diagonal line part) is attached to the edge of a cylinder and the jet flow comes out of the nozzle to the
atmosphere. The atmospheric pressure is considered as 0.

() The cross sections 1 and 2 are set at the inlet and outlet of the nozzle. Show the force Fy acting on the nozzle in the flow direction,
usingonly p, A;, v; and v,.

(b) The jet flow coming out of the nozzle hits a fixed object and splits into two directions on a horizontal plane at the angle of 30°.
Show the force F; acting on the object in the jet direction, usingonly p, A, and v,.

1
[ Cylinder
. ) 2
U . E
4 Flow ) { Flow >
W |
: I
Fig. 2.1 Fig.2.2
Cylinder Fixed object

Nozzle

Fig. 2.3
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Question3  Answer the following questions regarding potential flow. Here, Z(= x + iy) isacomplex number and expressed as z =

re'®, which is a polar form of a complex number z, where 7 is an imaginary unit.

(1) Prove that " if the initial vorticity is zero, no vorticity will occur in the subsequent flow" in a two-dimensional potential flow.

(2) Derive Bemoulli's theorem from the two-dimensional Euler equation of motion (steady flow). Here, we use the condition that the
vorticity is zero. Then, the conservative forces are the volume forces.

(3) Consider a two-dimensional potential flow, w given by the following complex velocity potential, where z is the position on the
complex plane, the pressure at an infinitely far field is Py, the flow velocity is U (>0 ), and the circulationis I" (>0, and the fluid
density is p. Answer the following questions.

w(z) = Zi—;logz + Uz | 3.1

(a) Find the velocity potential and stream function. -

(b) What flow do the first and second terms on the right-hand side of the eq. (3.1) represent?

(c) Find the flow velocities g, and qg intherand 6 directions at the point (7, 8).

(d) Using Bemoulli's theorem derived in the sub-question (2), find the pressure p at the point (7, 8).
(e) Show the fluid force F acting on the point z=0 and its direction using the first Blasius formula.
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Question 1  Answer the following questions regarding the axial force acting on the cross-section of a bar with constant cross-sectional area

(elastic modulus is £ and the cross-sectional area is 4), as shown in Fig. 1.1 and Fig. 1.2. ,
(1) As shown in Fig, 1.1, when both ends of a bar of length L are fixed to walls and an axial force P is apphed at the cross-section C,

determine the reaction forces Q and R generated at both ends of the bar.
(2) Asshown inFig. 1.2, when axial force Sis applied to both ends of a bar of length Z, and axial force T'is applied at cross-sections G and

H, determine the total elongation 4 of the bar.

A B
© . E G H F
0 v R s ' s
A,
sy P H e -7 T e
7 e
7 > - < > 5
L L, L L L
L i = L | 5
Fig. 1.1 Fig. 12
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Question2 As shown in Fig. 2.1, arigid frame ABC is subjected to a concentrated load H at point C. The lengths befweenA and B
and between B and C are denoted as a. The flexural rigidity is denoted as E1. Answer the following questions about the rigid frame.
(1) Draw the free body diagram of the rigid frame ABC.

(2) Determine all reaction forces.

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

(4) Determine the displacement at point C along the direction of the load.
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Question3  As shown in Fig. 3.1, there is a beam AB whose left end is supported by a spring and whose right end is completely fixed. A
concentrated load P acts on the center of the beam. Length, Young’s modulus and the moment of inertia of area of the beam are denoted
as 2L, E and I, respectively. The spring constant is denoted as k. Answer the following questions about the beam.

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

(2) Determine the deflection at point A.

(3) Determine all reaction forces.
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