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(Answer the following questions.)
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(As shown in Figure 1-1, a copper plate is bonded between two steel plates. At this time, no
stress is generated in the laminate. The cross-sectional areas of the steel plate and the
copper plate are A; and A, the Young’s moduli are E; and E,, and the linear expansion
coefficients are ag and «a, respectively, where ag < a.. When the temperature of the
laminate is raised by AT, answer thermal stress g, generated in the steel plate and thermal

stress o, generated in the copper plate.)

M (Steel plate) A

#Atk (Copper plate) Ac

#iix (Steel plate) A
l il

(Cross section)

Xl 1-1 (Fig. 1-1)

12 1R T 91T, FEMmAEE S, A i SRS 1, frEtRE
E, Wil “RE—AL b I OIFORH5. 1300 EEICITESARE q MERA L
TWD. ZDFY DlzbhzEEORSE L TR K.

(As shown in Figure 1-2, there is a beam with length [, Young’s Modulus E, and moment
of inertia I, with its left end fixed and its right end simply supported. A uniformly
distributed load g is applied on the top surface of the beam. Determine the deflection of

this beam as a function of coordinates.)
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<] 1-2 (Fig. 1-2)
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(As shown in Fig. 2-1, a solid cylinder is wound with a thread and suspended. The solid
cylinder is released quietly from a stationary state. The solid cylinder rotates and falls from
position (a). At that time, the thread unwinds but does not stretch or slip. We can ignore energy
losses due to air resistance and friction between the thread and the solid cylinder. Here, M is the
mass of the solid cylinder, R is the radius of the solid cylinder, g is the gravitational acceleration,

t is the time, and the moment of inertia around the center of the solid cylinder is EM R?. At

position (b), the vertical velocity of the center of the solid cylinder is v, the angular velocity is ®,
and the tension in the thread is 7.)

() =FAX—REFHIND, y=h OME@IZBITLZRLXF—L y=0 OMED)IC
BILIZRAF—NELNWEBLZENTED, ZoHBEXNEET.
(From energy conservation, we can set the energy at position (a) where y = h and the

energy at position (b) where y = 0 can be considered equal. Write this equation.)

2) FAHEOFLOES v &EHEE o ZRKD K.

(Determine the linear speed v and the angular velocity @ of the center of the solid cylinder.)

3) MAEH.LO y ol tEEE) O R EHT.
(Write the equation for the translational motion in the y-direction for the center of the solid

cylinder.)

4) MFEF.LORE DY ORENEE) O A ZFHIT.

(Write the rotational motion equation around the solid cylinder’s central axis.)

(6) KON T2RD L.

(Determine the tension 7 in the thread.)

(BT R~ — 212 HE <)

(The question continues to the next page.)
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d
Y (a) y=h, d—’t’ =0
w
VY
(b)y=0, F=v

2-1  FPREIIALIE ()2 DAL 0 A58 0 THEh D
(Fig. 2-1 The solid cylinder is released from position (a) with an initial velocity of 0 and an

angular velocity of 0.)
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BEEED IR WE R R — U U H TR S 4L D Ras SRR EEL R, eELE 1.5 OBARKAN
BEEEINTEY, PIDICKURITET] py, BE Ty, AR v, ORELICHD. ZOKUKIEL,
WIZART A 70 1-2-3-4-5-1 [T Lo > TRIFIZZE LT 5260 & LT, BLFORWIZ
Bz L. np, Wi (BT ARUEDET), IRE, WERBEEZENEI p;, T, v TRTHD
ET5 (i=1,2,3,4,5).

12 KAWL L, IR v, /4 ORTE 21270 5.
2-3 1 [RURINEREZEAL L, ET] ap, DIREES 272D (@ =1).

34 [UEADHEEEL L, R prv; OREE41270D 1< <4).
4-5 KUKV L, AT v, OWRIES 12725,

5-1: KUADEREIL, RELIZES.

An ideal gas having gas constant R, specific heat ratio 1.5 is sealed in a frictionless
piston-cylinder container and initially the gas is at condition 1, where pressure p;,
temperature T;, specific volume v;. Assuming that the gas is changed reversibly
according to a next showing cycle of 1-2-3-4-5-1, answer the following questions.
Pressure, temperature and specific volume of the gas at condition i are expressed as

p;, Ti, v;, respectively (i =1,2,3,4,5).

1-2 : The gas changes to condition 2 adiabatically, where specific volume is v, /4.

2-3 : The gas changes to condition 3 with constant volume, where pressure is
ap, (a = 1).

3-4 : The gas changes to condition 4 with constant pressure, where specific volume is
Bv; (1< B <4).

4-5 : The gas changes to condition 5 adiabatically, where specific volume is v;.

5-1 : The gas returns to condition 1 with constant volume.

(1) Z YA 7 )V OMEE M KUROES) p, BENZ AR v & L7z p—v MK EICk
. ek, KITITRE 1, 2,3,4,5 AR T, BLXOR 1 Z2@2%EMR T, 22nEFh
N BN
(Display this cycle on a p—v diagram schematically, where vertical axis is
pressure of the gas p, horizontal axis is specific volume v. In the diagram, indicate
points showing conditions 1, 2, 3, 4, 5 and constant temperature line, T; passing

through the point 1, respectively.)

(BT R~ — 212 He <)

(The question continues to the next page.)
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(Display following quantities as simple equation or number, using required

parameters among R, Ty, a, f8.)

SEORCECNCNCNG)

)

SAKDERELLEN ¢, (Specific heat at constant volume of the gas, c,)

KD EEEN ¢, (Specific heat at constant pressure of the gas, c,)
SAKDIREL T,/T; (Temperature ratio of the gas, T,/T;)

SEDOIRE L T;/T; (Temperature ratio of the gas, T3/T;)

SEDORE T,/T, (Temperature ratio of the gas, T,/T;)

SAKDIRE L Ts /T, (Temperature ratio of the gas, Ts/T;)

HBALE &N T2 0 OKEDERIERE 2-3 TRZ LTCEAE gy

(Heat that unit mass of the gas exchanged during constant volume process
2-3, q23)

HAE RS20 OKUENFEEE 3-4 TR L72EGE gz,

(Heat that unit mass of the gas exchanged during constant pressure process
3-4, q34)

BB RS20 OKUKPFRIER 51 TR LIEEE ¢

(Heat that unit mass of the gas exchanged during constant volume process
5-1, qs1)

OV A I NVOHEGREGE n ZRATRLEGAEOE ABXOB
(Quantities Aand B in case that theoretical thermal efficiency, n of this
cycle is expressed as next equation)

=177

(8) Z DY A 7 IV OBERG Z et KR DOIRE T, filhictbt— bt — s L L7z T—s ##
M Elcge. £72, KICIRIREE 1, 2,3, 4,5 27744, @O BXW Q@ TKRD=

(Display this cycle on a T —s diagram schematically, in which vertical axis is

temperature T, horizontal axis is specific entropy of the gas s. In the diagram,

indicate the points showing conditions 1, 2, 3, 4, 5 and the heat ¢,3, g5; evaluated

in questions (2)@ and (2)©@), respectively.)
4) ZOH A7 MZBNT, 1 DOBREEMST D LI X > TR SILA Y A 7 L
(A b= A7 )V) OERBEAHNE n Z2RD L.

(Find the theoretical thermal efficiency of a constant-volume cycle (Otto cycle) 7/,

which is composed by neglecting one process in this cycle.)
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4-1VRT RIS, JEEE A O Fy 712 a OBUKARRT S, L E
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(As shown in Figure 4-1, consider a quasi-one-dimensional inviscid and incompressible flow
in which seawater with a density p flows with the velocity v, from the sea through an intake
with a cross-sectional area a into a dock with a bottom area A. The heights of sea surface and
dock’s water surface are H and h, respectively. Answer the following questions, assuming the
gravitational acceleration is g. Note that the pressure at both the sea and dock’s water surfaces
is equal to the atmospheric pressure p,, and the change in sea surface height is negligibly small
compared to the change in the dock’s water surface height. Additionally, since the height of the
intake is sufficiently small, it is assumed that the height of the intake is equal to the height of the

bottom of the dock. The origin of the vertical coordinate is set at the dock’s bottom.)

=1 (Point 1)

A

Pa
A

MB(sea) | Rys

H (dock)
E Pa
v |
R S Ih .
=2 (Point 2) /@ 0

Xl 4-1 (Fig. 4-1)
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(The question continues to the next page.)



)

2

(€)

“4)

6))

(6)

(7

®)

BEXRF XFRETFHRE BLATHRE SERFER BEEF PG
BMTELAAE F—REE (2024 F£8 AEM) AHME GERME)
ZONAREOMAIIZIAICIRY 9, £/, FFaa B8R, Bl ST 28,
BLOEFBRTOEMLR 21T Z LT TE EHA,

AR DEMEREH Y OMNOENEFICL D=2 F—, EHTRLF—, (L&
TR F—ZR LIRS,

(Show the work done by the pressure and the kinetic and potential energies per unit mass of the flow
at point 1.)

A2 BT LEERELH Y OMNDOENEFICL D2 F—, EHT ¥ —, L&

TARAF—FoR LRIV, 228, A2 DEINE Ry 7 MOBKEESE L

(Show the work done by the pressure and the kinetic and potential energies per unit mass of the flow
at point 2. It should be noted that the pressure at point 2 is equal to the hydrostatic pressure on the
dock side.)

() EQDEEEZRWT, R1N6H2 Z@HM O~ X —A AR LS.
(Using the answers from (1) and (2), show Bernoulli's equation along the streamline from point 1 to

point 2.)

QYDEEZHWT, m2IZBT2MNOiE v, ZRE.

(Using the answer from (3), show the flow velocity v, at point 2.)

@DEE Z VT, BUKO SIS B & a2 e,

(Using the answer from (4), show the mass flow rate through the intake.)

HFEE ()OEEZ VT, Ky 7 OKEO EREE T &5,
(Using the continuity equation and the answer from (5), show the rate of rise of the water surface in

the dock, 2 )
dt

Ry 7 QKEPIERND EATH5EB52 5. (O)DEZEZHWT, Ry 7 MKz 5 REHE
ty (=ERyZ7OKEORES h DEEROES H EHE L 2DKH) 2R LAR30.
(Consider the rise of the dock's water surface from the bottom. Using the answer from (6), show the
time ty for the dock to become full (i.e., the time when the water surface height h of the dock

equals the sea surface height H).)

(NDEEZRNWT, WOFMETICBIT D Ny 7 BRI DR ¢y 2Rk K.
(Using the answer from (7), find the time t; for the dock to become full under the following

conditions: )

m
A =+5000 m?, g=10.OS—2, H=10m, a=1m?
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WDT 14— RNy ZHIBRICOW T T ORICEZ L. =20, Y(s), R(s), D(s)
Feneny(t), r(r), dt)p7 77 2AEHETHS.
(Answer the following questions about the illustrated feedback control system. Here, Y (s) ,

R (s) , D(s) are Laplace transforms of y(t) , T (t) , d (t) , respectively.)

A

r
H}f-» K(s) (5 P(s) 1>
(1) K(s)=55+7, P(s)=—" (1) =00, UTOMNIELE.
2 —
1 . .
(Let K(S)=5S+7, P(s): E and d(t)zO.Answerthe following questions.)
§2—
Y
© ) s
R(s)
. . Y(s)
(Find the transfer function )
R(s)

@ ANr(t) A7 > 7%

LUz xoIE p(t) 2k k. =20, p(0)=0LT 5.

(Find the response y(t) with input r(t) as a step function

(FREIZ R — 21 2H5¢ <)

(The question continues to the next page.)
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1
2) K(s)=K, P(s)= , d(t)=00DL &, RNLEL DK O Z
@ K(s) 0= 40 X, ROLE b
Kb X
(Let K(S):K, P(S): S(S+2)(S+4) and d(t)=0. Determine the range of K

for which the system is stable.)

1 1
K =— P = :O ) =] C//r.z.c 2 .
®) K(s)==. P(s)=——o7 r(t)=0m&x, LTOMWCEZ &
1 . .
(Let K(S)—;, P(S)_S+10.1 and r(t)—O.Answerthe following questions.)

o el wn
D(s)

(Find the transfer function

@ OTRDOIAREREL DR — RREI O % 7.
(Draw the asymptotic Bode diagram of the system found in (D.)

H [ Q) @ X LT, EHOERR Y £3. 'FEXH) & 1§
BEH O2KERMLETOT, ALHTIEEW.
HHOMERBORAIIE, ThEN

X BREE
FEEM) & TREM] DRl
ZRAL TSN,

Attention: A special answer sheet to draw the diagram is to be used for the problem (3) @.
Two copies of the sheet, one for a draft and one for an answer, will be given upon
request.

In the margin of each special answer sheet, write the following information

+ application number

« which is the “Draft” or “Answer”




