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FIRE 1 DT ORWZEZ X

(1) XEEﬁ\/mzcosmda: R X,

1
(2) i%ﬁﬁa‘/ VA—z2dr 2RD X,
~1

(3) musER 2 4y =Y o—f@mEke X,

2 3 2
(4) A= l -4 -5 -2 ] DrE, A DEFEEZRD L,
3 3 1

(5) A=3i+2j—k B=i+2j+3k C=3i+3j+kOLE, (AxB)xC 2RD X,
7=, 4,4, ki, y, 2 MAROBARS VLTH S,

Queétion 1 Answer the following questions.

(1) Find the indefinite integral / z* cos z da.

N .
(2) Find the integral / V4= zde.
-1

(3) Find the general solution for the ordinary differential equation j—z +3y= g—
2 3 2

(4) When A= | —4 -5 -2 |, find the eigenvalues of A.
3 3 1

(5) When A=3i+25—k,B=1+2j4+3k, C=3i+3j+k, find (Ax B)xC,
where 2, 7 and k show the unit vectors in z, y and z axis directions.
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FIZE 2 fhiE S TETNLEAERV 2EZX 3 &, EEnEEREE T EEER Fz,y,2) KNLT, REce

[l w0 s

DD T D0 #TEL, n=ngi+nyj+n.k 3V OREIMSNTAMEDRMERRZ PATHY, 4,4, kit z, y, 2 AROHE
R P VTH B, Fig. 2.1, Fig. 2.2 KFRT I35, B So: 22 +y2 +22 - 1=0, BXU, M S THEA S —2WEV 22
3. DTFOMWZERL X,

(1) WEV OFEBDRDMEBRY b r = (z,y,2) & (2.2) ATRT L =, KE So 0BT 2 BAERRT Pl ng RD X,

z =rcos¢sinf
y=rsingsingd (0<r<1,0<¢<2m, 0<6<6) (2.2)
z=17cosf

(2) Fig. 2.3 iR X310, FIEFE LI &, n BEREN3, ZOY XM#E LOTEOSOMERY b r = (x,y,2) % (2.3) AT
FT v E, MME S B3 RAEERNY P ng 2R &,

T = afcosn
y=afsing (a=sinfy,h=cosfp,0<£<1,0< < 2m) (2.3)
z = hé

(3) /b (1), (2) FERE b 2 (2.1) RALADFETETV, WEV OFEERD X,
(4) (2.1) RELDOFEDEITV, YEV OBLGME 26 2RD X,

Fig. 2.2
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Question 2 When we consider a closed volume V surrounded by the surface S, the divergence theorem

///Vv.pdvszsp.nds (21)

is satisfied for an arbitrary function F(z,y, z) with continuous derivatives, where n = ngi + nyj + n.k is an outward unit
normal vector on the surface of V, and i, § and k show the unit vectors in z, v and z axis directions, respectively. Fig. 2.1 and
Fig. 2.2 show a uniform object V' surrounded by the sphere Sy : 22+ y*+2°—1=0and the circular cone 5;. Answer the
following questions.

(1) Find the unit normal vector 1o on the sphere surface Sg, when the coordinates of the position vector r = (z,y, 2) of the
object V at an arbitrary point are expressed in eq. (2.2).

x = rcos ¢sinf
y=rsingsing (0<r<1,0<¢<2m 0<8<6o) (2.2)
z=rcosf

(2) We take ¢ and 7 coordinates on the surface of the circular cone as shown in the Fig. 2.3, and the coordinates of the
position vector = (x,y, z) on the surface S at an arbitrary point are expressed in eq. (2.3). Find the unit normal vector
ny of the circular cone Si.

T = aécosn
y=afsinn (a=sinbg,h =cosp,0<E<1,0<n<2m) (2.3)
z=h¢

(3) Find the volume of the object V', by performing the integration on the right side of eq. (2.1) based on the results of the
subquestions (1) and (2).

(4) Find the position of the center of gravity zg of the object V by performing the integration on the left side of eq. (2.1).

Fig. 2.2
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RME s  y) KT 2 E#HIAER
Y + 27wy () +wly(t) =3(t), y(0)=4¢(0)=0, ¥>0 (3.1)

WKOWTHUTORWIZEZ L, T27T, v, w @EHTH D, 6) ITEEOME 9(t) ZHAVWTRARTERINZ FAZENTH 5,

d(t)y=0 (fort#0), /°° 5(t) g(t) dt = g(0) (3.2)

F 7=, BAEL f(t) @ Laplace &% L[ f(t)] = F(s) = / Ft) e~ dt TEHET 3,
0

(1) Lle™f(t)] = F(s+ ) ORREET, N BERETT,
sy 1 : .

(2) L[te] = [CE9)E DR EET,

(3) 0<y<1DEE (3.1) ROBERD X,

(4) y=10r % 3.1) ROBERD L,

(5) v>1 DL E (3.1) ROMERD X,

Question 3 Answer the following questions for the ordinary differential equation with respect to y(i),
() +2vwy () + P y(t) = 6(), w(0)=9(0)=0, y>0 (3.1)

Here, v and w are constants, and §(¢) is the Delta function defined by the following equation with the ordinary function g(?):

§(t)=0 (for t#0), / 8(t) g(t) dt. = g(0). (3.2)

And, the Laplace transformation for the function f(t) is defined by L[ f(¢)] =F(s) = / (&) et dt.
0

(1) Derive the relation £[e * f(t)] = F(s + A). X denotes a constant.
1

: CEPVE

(3) Find the solution of eq. (3.1) for 0 < v < 1.

(4)

(5) Find the solution of eq. (3.1) for v > 1.

(2) Derive the relation L£[te*] =

Find the solution of eq. (3.1) for v = 1.

Hn—~fE<,  Continued on the following page.
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Bl 1 HEm O R 2 —EHE w TEEL TV, BICTUOUMEIEL, BNIENEGES Z L Lo, 20

R, MSEEICHST DA AR 5 & L, TOMBIEEE Ce0)LT5, T JUNMEE LR =0 & L, #0

ETHAZ x ThEED & &, IROBVNTE L X,

() ZOmOEEFREERD L, 220, WOMNINEES m &35,

() FIHEARLAEE, Bl \ZRIT BIOEE )R L,

B) EE u S D 1% pole b &, MNHEIE Lz AT, ZOREDRES] £ 72 5 ONCHROIE IEIREE x, 5Rd k. 7772
L, BEA =0 1Z80) AROEIEIREf T Y o &5,

Question 1 A ship with a mass of m was moving straight with a constant speed of ) in calm water. The engine suddenly stopped and the

ship is coasting. At that time, the water resistance proportional to the speed acts on the ship, and the proportionality constant is denoted by

C (> 0). The time when the engine stopped is assurmed to be #=0. Taking the x-axis as the forward direction ofthe ship, answer the following

questions.

(1) Obtain the equation of motion of the ship. Here, the added mass of the ship is denoted by .

(2)  Solve the equation of motion and find the ship speed (?) at time £.

(3) The ship is assumed to completely stop when  is 1% of . Find the stopping time # and the stopping distance x; of the ship. The
stopping distance is zero at 1= 0. '

W=~k Continued on the following page.
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FRE2 HEM, FEr 0—RMIRBHD, OMMREEE BBRA 0 4B L, MRIRE L T~5P
0%, BIRCHENDREN, DRICHET Lz (Fig 21), 4B=], BC=h &35, LITFORNNCER L,

() FROEMEE—A FERb L,

() BRZBT HFROFLOEELZRD L, LBEIINEEL ¢ L35,

3) CODDRSERD L,

Question2  There is a disk with homogeneous material (mass: A/, radius: 7). When the disk is put on the point.4 on the slope (angle of the
slope: 6), the disk rolls down along the slope without slipping. After that, the disk parts from the slope at point B and falls to point D (Fig.
2.1). Answer the following questions assuming AB={ and BC=4,

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

(2) Obtain the speed of the center of the disk at Point B. The gravity acceleration is denoted by g,

(3) Obtain the length CD.

)
A
ane ‘:} ‘ 9
_]B A
h
D C
Fig.2.1
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FIE3 Fig 3.1 ITRT LIS, RS, HEm O—HRIL TN, $EAZBEOI T THD, XL 7 EAEARE & 0
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(1) AESE, SEFRMDIDD0 S Ert, ENNEEY g 93,

Q) BELIDOFREEDY DET—RA L hDDY HUERt,

B) REBIVRERDL,

@ xZXRDL,

Question3  As shown in Fig. 3.1, the homogeneous ladder (length: /, mass: m ) is placed on the vertical wall. The angle between the
ladder and the horizontal ground is 6. Consider that a person (mass: M) goes up this ladder. When the person goes to the position 4 in the
Figure (distance from the bottom of the ladder: x) , the ladder begins to slip. Answer the following questions by using R as the normal
reaction which the ladder receives from the ground, R; as the normal reaction which the ladder receives from the wall. The coefficient of
static friction between the ladder and the ground is 4, and the coefficient of static friction between the ladder and the wall is also 4. Hence,
the Iadder is thin and strong, and the center of the gravity of the person moves on the ladder

(1) Show the equilibriums of forces in horizontal direction and vertical direction. The gravity acceleration is derioted by g.

(2) Show the equilibrium of moments around the bottom of the ladder.

(3) Obtain R; and R>.

(4) Obtain x.
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Notices
(1) There are 9 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.
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(7) If given the instruction to draw a diagram, draw it on the answer sheet.

(8) Youmay use arented ruler if you need one.
(9) Raise your hand if you have any questions.
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RIRE 1 PHEICBET DL FORVNCE R L, 22T, giXENINEE, p, i NREOEE, p 3 HEO—EREE (o, < py), W
IRREOER, Fl3FHEERT 23135, £z, GIEFHEDELDL, B ITE KRBT 510, BIBEER 370N
TR, MIHED (ERBG & BE@EAHNEMRE DR &15,
(1) Fig L1ITRT L S IMEBRROBHE X 23, EE7HMERIT A2 L 5E 25,
(a) BPRHEEROByNEREAY Z2RD &, 721, #UNEREdA (=dx-1) ZRVWAZ L,
(b) ZOWYINEFEIVICERT A IdFs RO &L,
(© ZDEIAFIZL B0 — O'BlE Y DT—RA 2 hdMp ERD L,
(@ FHEXIZAELD0 - 0'EEY DET—A2 Mg ERD L, 72720, [x?dA =1, EHEX ZKETY->7ED0 - 0’
BE Y OB 2 IRE— A B BRWAZ L,
(e EEBW, s (=BG), H#h (=GM) VT, BEHF2550 — 08D DE—A L MMy &k X,
(O Mp=My"L LT, HlthzROL, Fhr, ZOBMEXITONWT, HEORESEEZRYE,
(2) Fig 12T L O BRFEINRAY 282 5,
(a) FACKREEDRE, WKd,%H, p,, ps CEHE,
(b) ZOEHEYIZ, E, ERLOWIAMER L7, Fig 13 10RT L O ITHE Y IESLREE o3 N R Uiz, Bk
BM LEREiGM 2R X, 72770, a, H, p,, p 3T L,
©) ZOEHKY BWEETHDDDaDEMEE, py, ps @O TRE,

Floating body Y
Fig. 12 Fig. 1.3
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Question 1  Answer the following questions regarding a floating body. Here g isthe gravity acceleration, p,, is the density of fluid, p, is the
uniform density of floating body (p; < p,,), W is the weight of floating body ,and Fyp is the buoyancy force acting on the floating body. G is
the center of gravity, B is the center of buoyancy at the still water, B' is the center of buoyancy when the floating body is slightly inclined, and M is
the metacenter (the point at which a vertical line through B’ crosses the straight line BG).
(1) As shown in Fig, 1.1, consider a floating body X of arbitrary shape inclined at very small angle 8.
(@ Findthe small volume dV,shaded in the figure, using the small area dA (= dx - ).
(b) Find the buoyancy force dFy acting on the small volume dV.
(¢) Find the moment dMy of the buoyancy force dFy about 0 — 0’ axis.
(d) Find the moment My about O — 0" axis acting on the floating body X, using [ x2dA = I, (moment of inertia of area around
0 — 0' axis of the plane of floating body X cut by the water surface).
(¢) Find the moment Mg" of the buoyancy force Fg about O — Q' axis, using the weight W and the distance s (= BG) and the
distance h (= GM).
(f) Find the distance & when My = Mp'. Then, show the stability condition of the floating body X.
(2) AsshowninFig. 1.2, considera box-shaped floating body Y.
(a) Showthedraft d, atthe still waterusing H, p,, and p;.
(b) When wind, waves and currents act on the floating body Y, the floating body Y is slightly inclined from the upright state as shown in Fig,
1.3. Find the distance BM and the distance GM, using a, H, p,,,and p;.
(c) Show the condition for o that makes the floating body Y stable, using p,, and p;.

Floating body Y
Fig. 12 Fig. 1.3
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RIE2 Fig 21 \ORTE O, BEpDBIEB AT BEhid 5, WEhONEIZ, BIEKREMH D K ERERPERINTEY,
BEROFIRNGIAEBKRPA~ETHI LTS (Fig.22), SHEKRTEBOEROMERAL TEhd,, 4, T—EELT5, =
TT, FEO BRI SN TE Y, RS EIRMTE OGRS SITHATHIREVL D LT3, Fi, FhoOWHEE
FEAITA,, Ap XV bHRITKRE L, BERNOTAUIEE LT 5, BEIRIKTHRIEOE L, Bas»LEBA~ORADIZRBIT
BILHES, 3B L UEHORERORER L EAOBDBEOEEIEE T 2 L0 L LT, UTOMITEL L,

(1) Fig. 22 [T &5, BROSBYAE TR N, THOSHRICEmEbZ &5, 0L &, Wika, bR AFHEu,,
up, G, TIEINHEET D, upBu,, Ay Ap VTR,

Q) Wil a BT BIRIED SV, p, THRChHHETH, £, SHKREOEERR L0/ —VEbp, TR THH LT
By PP, Agr Apr U BRVTEE,

B) poZp. h, u BIXUOESNIGEEgE A CEE,

@) u, %A, Ap, h, gERNTEYE,

(5) uBERKEMRDA, LA, DBIFRETRY, T, ZORODU, ZRE,

6) BEERDEAFKICE - Tuy ST 52 L%, HREROCRE,

Pa Ab

>
b
NG

Fig. 2.1 Fig.22
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Question2  As shown in Fig. 2.1, there is a tank containing liquid with density p. A horizontal pipe with a sudden expansion is connected to the
tank at the depth of h, and the liquid flows out from the end of the pipe (Fig. 2.2). The cross-sectional area of the pipe before and after the sudden
expansionare A, and Ap, respectively, and they are constant. Here, the top of the tank is open to the atmosphere and the depth & is suﬂicienﬂy
larger than the vertical height of the cross section of the pipe. The liquid surface area A inthe tank is sufficiently largerthan A, and A,,and the
flow in the pipe is steady. Answer the following questions, assuming that variation of atmospheric pressure against the depth &, pressure loss at the
inlet of the pipe from the tank, and friction on the walls of tank and pipe are negligible.

(1) Asshown in Fig. 2.2, the cross sections @ and b are defined before the sudden expansion and at the end of the pipe, respectively.
Assuming uniform flow velocities u, and u, atthe crosssections a and b, respectively, find u, using u,, A, and Aj.

(2) Assuming a uniform gauge pressure p,, atthe cross section @ and also a uniform gauge pressure p, on the vertical wall surface at the
" sudden expansion, find p, using p, 4,4, Ap,and U,

(3) Find p, using p, h, u,,and gravity acceleration g.

4) Find u, using A,, Ap, h,and g.

(5) Show the relationship between 4, and A, where u, is maximum. Then, show the maximum wu,.

(6) Show mathematically that 1;, must decrease due to the sudden expansion of the pipe.

o A

g - .

o
A N B
h paJ.'—> U, ?ub

p I a 1/ _?

b

Fig. 2.1 Fig.22
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@ w@=e"z G

® w) =2z (32)

© w(® ="logz-1logz (3)
@) FEaDIFER REFOEY OFNOTIC B, MR D DRSS S L TR ENS,

w(z) =V (z ; “72) G4

(@ EARDONME(R,y)ERD L,
() FRICHEBEE, MHE IERN B 5 272k, JERONEN(x, y) = (0,—a)il/z>Te, ZOROERIr okEs s
A& &R L,

Question 3 Answer the following questions about two dimensional potential flows. Here, z is a complex number and expressed as z = x +

iy or z = re'? which is apolar form of a complex number, z. i is an imaginary unit.

(1) Consider the flow fields where the complex velocity potentials, w(z), are given-by (a), (b) and (c) as below. Show each stream function and
outline each flow field by drawing the streamlines with the flow direction. Here, m is the strength of a source and I" is a counterclockwise

circulation.

@@ w(z)=e "4z 3.1
® w(z)=z* (32)
© w()= %logz — Zi—l;zlogz 33)

(2) When there is a circular cylinder having aradius a in auniform flow velocity V, the complex velocity potential to represent a potential flow
around the cylinder is expressed as below.

a? '
w(z) = VA(Z + 7) 34
(a) Find the position of the stagnation point (x, ¥).
(b) When adding a circulation I around the cylinder by a vortex placed on the origin, the stagnation point was at (x,y) = (0, —a).
Find the magnitude of the circulation I" and its direction.
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Question1  As shown in Fig. 1.1, a shaft is fixed at one end to arigid wall, and loaded by a uniformly distributed torque g over the region CB. Fig,

1.1 also shows the cross section of the shaft. Modulus of transvers elasticity, length and diameter of the shaft are denoted as G, L and < respectively.

Answer the following questions about the shaft.

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

(2) Determine all reactions.

(3) Draw the distribution of torque produced in the shaft AB. Note that the specific values should be described in the figure.

(4) Determine the position or region where the maximum shearing stress occurs, and its value. Also, draw the distribution of the shearing stress
on the cross section at that position or region.

(5) Determine the angle of twist at the section B.

N o~

A | C B Cross section

=R

Fig. 1.1
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(1) &TOIRRIERD X,

Q) ETOEMOEERD X,

(3) M.C CORE P HRDER ScERDL,

Question2 A statically determinate truss is subjected to a load P at point C as shown in Fig, 2.1. The length of the members is shown in Fig. 2.1.
Young’s modulus and cross section area of each member are E and A4, respectively. Answer the following questions.

(1) Determine all the reactions.

(2) Determine axial forces for all the members.

(3) Determine the displacement 8¢ at point C along the direction of load £

Fig. 2.1
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Q@ ETOIRRIIERD L,
@) HNFE—Ar NERRT, 7272l FEEARPICGIET 2L,

Question 3 As shown in Fig, 3.1, a beam is rigidly clamped at the point A, simply supported at the point B. A moment M is applied to the point
B. Young’s modulus, the moment of inertia of area and length of the beam are denoted as £, /and L, respectively. Answer the following questions
about the beam.

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

(2) Determine all reactions.

(3) Draw the bending moment diagram. Note that the specific values should be described in the figure.

A\
>

ow
I ~

FERNN

-

Fig. 3.1



