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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) Retum these question sheets together with the answer sheets.
(7) Ifgiven 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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) Kﬁﬁéﬁj‘/ dz #RD K,

72
(x—1)

w/2
(2) i’iéﬁ/ 2z sin® z dz & KD Ko
0

(3) BHHHER 2—2 oz 4y 41 O—REEERSD k.

1 2 2
(4 X=|-1 1 —1} orE, X oEHEEEZRD X
1 -2 0

() A—i-j+k B=i+2j+3k C=2i+2j- kOLE, Ax(BxC) 2D L
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Question 1 Answer the following questions.

2
(1) Find the indefinite integral / L _dz.
(x—1)?
/2
(2) Find the integral / 2z sin® z dz.
0

d
(3) Find the general solution for the ordinary differential equation ﬁ =2z +y+1

1 2 2
(4) When X = l: -1 1 -1 :\ , find the eigenvalues of X.
1 -2 0

(5) When A =i — j +k, B=i+2j+3k C=2i+27— k, find A x (B x C},
where i, j, and k show the unit vectors in z, v, and z axis directions.
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A% 2 o-zyz EEEERICBWTHHEEEERTMENY b
r=2(t)i+y(t)j+ z(t)k = acosti+asintj+ctk (t>0,ac WEET a>0) (2.1)

WOWTLFROEINIEZ &Ko 22T, 4,4, k3 2, y, 2 BAFEOBEMRT FLVTH D,
1) t=0 ST 2 Eh 5l o ZERORE s 2RD X,
(2) BAGTHEAZ PV ¢(= dr/ds) R Ko
(3) B t-t =1 OFLE s KOVTHIT LI LI D, tICHEERBEMFERRRY PLERD K,

(4) c=0 DJFEERELBY, r RAEPLLTEHE o OMALORERT I LIER S, R C THEENBATEER S
BEZBYE EHFMOTELTEONS MK F(z,y) W20 LT Gauss DFEBUEE

//Sv-Fds=/CF.nde (2.2)

BEAIT 2, 22T, nix C LB 3 S » oS DERRY PV THL, c=0DLE, Gauss DHBEE %
FLWTHEESIC X Y HomEfEEZRD X

Question 2 Answer the following questions about the position vector
r=z(t)i+y(t)j + z(t)k = acosti+asintj+ctk (t>0,aand care constants, and a > 0) (2.1)
that represents a cylindrical spiral in the o-zyz coordinate system. Here, 4, 7, and k are unit vectors in the z, y, and z
directions.
(1) Find the length s of the curve measured from the point corresponding to ¢t = 0.
(2) Find the unit tangent vector t(= dr/ds).

(3) Find the unit principal normal vector perpendicular to ¢ by differentiating both sides of the equation - = 1 with
respect to s.

(4) When ¢ = 0, r represents a point on the circumnference of a circle with radius a centered at the origin. When
considering a closed region S enclosed by the curve C, Gauss’s divergence theorem

[ V.- FdS= [ F ndt (2.2)
IARESY)

holds for any continuously differentiable vector function F(z,y). Here, n is the outward normal vector from S on
C. When ¢ = 0, use Gauss’s divergence theorem to find the area of the circle using line integrals.
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ROEE 3 EEEK f(t), g(t) @ Laplace %

by ek

el [ fwetd=Fl), Lol = [ ot)e =6l (3.1)
0 0

T3, UTFOMWIZER Ko

(1) 2 ERD

cistncisl - { [ s} [ ate )= [7 [T soast e du 62

o, ZEERGI)REMTLICKD (3.4) Ry hpIrhERt, £, (3.5) ROBREUHBBILT 6L R,

wu+v==t, v="T (3.3)
(3.2) X = /O - h(t)e~tdt = LIA(L)], h(t) = ; ft—71)g(r)dr (3.4)
h(t) = L7H{LIFO)Lle®]} = : ft—T)g(r)dr (3.5)
(2) z(t) BT HEBATEN
2 (8) +wia(t) = sinvt, (0)=2'(0)=0 (w>0,v> 0) (3.6)

WZOWTHUTROWIZE X Ko
(a) (3.1) XD Laplace THDERICHEN Llsinvt] ZRD &K GHEBRBEZTRT L),
(b) (3.1) RO Laplace BHOERITHEL Llz"(t)] ZFEL, X(s)(= Llz(1)]) PRAWTEY GIEBRELZRTILZ).
(c) (3.6) X% Laplace Z#L, X(s) KD Ko
(@) N () ® X(s) CHEBEHT LISk D v w OFITFT o) BRDBL
t R
o) = 2 = 57
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Question 3  Define the Laplace transform of the functions f(t) and g(¢) as
CIf()] = /0 f)e-tdt=F(s), Llo(®)] = /0 g(t) e~ dt = G(s). (3.1)

Answer the following questions.

(1) Show that the double integral of

el ={ [ s ] [t} = [ [ seeerdun @2)

can be transformed into eq. (3.4) by applying the variable transformation eq. (3.3). Also show that the convolution
theorem of eq. (3.5) holds.

w+v=t, V=T (3.3)
eq. (3.2) = /0 P e et dt = L), h(H) = /0 F(t - ) g(r)dr (3.4)
h(t) = £~ (LB} = /0 F(t-T)glr)dr (3.5)

(2) Answer the following questions about ordinary differential equation for x(t):
2’ (t) + wiz(t) =sinit z(0) = 2(0)=0 (w> 0, v > 0). (3.6)
(a) Calculate L[sinvt] according to the definition of the Laplace transform in eq. (3.1) (show the calculation

process).

(b) Calculate L[z" (t)] according to the definition of the Laplace transform in eq. (3.1) and express it using X(s)(=
L]z(t)]) (show the calculation process).

(c) Take the Laplace transform of eq. (3.6) and find X (s).

(d) By applying an inverse transformation to X(s) in subquestion (c), z(t) is found under the condition v # w,
resulting in '
¢(t) v

z(t) = w2 — = w2 — 2 P(t)- (8.7)

v2

Find ¢(t) and ¥(t).
o(t)

02 _ 12

() Find the limit of z(t) = when v — w.
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Question 1 Consider the free fall of an object. The position where the free fall begins is taken as the origin, and the x-axis is taken to be

vertical and pointing upwards. The object is considered to be a mass point with mass 7, and the gravity acceleration is taken to be g. The

variable representing time is taken to be . Answer the following questions.

(1) Kitis assumed that an object in free fall is subject to air resistance proportional to its velocity, find the equation of motion for the
object. The resistance coefficient is taken to be C (C > 0).

(2) Solve the equation of motion in subquestion (1) and find the velocity at time .

(3) Find the terminal velocity of the object in the motion in subquestions (1) and (2).

(4) [Ifitis assumed that an object in free fall is subject to air resistance proportional to the square of its velocity, find the equation of
motion for the object. The resistance coefficient is taken to be K (K > 0).

(5) Find the terminal velocity of the object in the motion in subquestion (4).
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Question2  There is a rod with homogeneous material (length: 2/, mass: M). As shown in Fig, 2.1, the ends A and B of this rod and the
nail at point O are connected by a light string. The string does not sag and the lengths OA and OB are constant at a. The system is oscillated

freely in the plane around the point O. Answer the following questions. Gravity acceleration is g.

(1) Find the moment of inertia of this system around the point O.
(2) Find the period of the harmonic motion assuming the angle of the rotation is small.

T—T i<,

Fig. 2.1
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Question 3 As shown in Fig. 3.1, an overhanging beam is subjected to the uniformly distributed load g over the region BC. Length,
Young’s modulus and the moment of inertia of area of the beam are denoted as 2L, £ and , respectively. Answer the following questions
about the beam.

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

(2) Determine all reactions.

(3)  Draw the bending moment diagram and the shearing force diagram. Note that the specific results should be described in the diagrams.
(4) Determine the deflection angle 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.
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(4) TIfthe 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) Raise your hand if you have any questions.
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Question 1  Consider the development and operation of unmanned passenger ships. Point out and discuss one issue related to fluid
mechanics and one issue related to materials mechanics that should be considered in the development. Also, point out and discuss one

method to achieve energy conservation in the operation. If necessary, you may use schematics.





