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Consider a beam AB of length /, Young’s modulus E, second moment of area /, and

answer the following questions.

(1) X 1-1 IO, FEFHE: AB 236 B ICHEFHE P 2521058, Joi B D7
DI wp Z KD I
A cantilever AB carries a concentrated load P at the tip B as shown in Fig. 1-1.

Determine the deflection ws at point B.
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1-1 (Fig. 1-1)

(2) K 12 IS, FFFHE AB BSROFRIETHE P 25 5L, Joli B O
TeoZr we Z 3RO L.
A cantilever AB carries a concentrated load P at mid-length as shown in Fig. 1-2.

Determine the deflection wg at point B.
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1-2 (Fig. 1-2)
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(The question continues to the next page.)
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A beam AB is fixed at point A and simply-supported at point B and carries a
concentrated load P at mid-length as shown in Fig. 1-3. Determine the reaction

force at point B Rs and the maximum of the absolute value of bending moment
|Mmax|.
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(The pulleys of the system shown in Fig. 2 harmonically oscillate with amplitudes 6,
6, from the static equilibrium position. The pulleys have radius 0.5R and R and
moments of inertia 0.25/ and I respectively. The rope does not slip on the rims of
pulleys. Bearings with negligible friction support the pulleys. On one end of rope
hung an object with mass M. The other side of the rope is attached to the spring. The
stiffness of the spring is K. The mass of the rope and spring and friction between the
pulley and the rope are negligible. The system is undergoing harmonic oscillation, so we
obtain equations (w,0;)? = 6%, (w,0,)? = 62. The natural angular frequency of the
system is w,. The dot notation denotes differentiation with respect to time. Answer the

following questions.)

(1) RO REE TRV F—T1.. 2RO L.
(Find the maximum kinetic energy Ty.x of the system.)

NERDERRT Y ¥ VTR T — Uy 2RO .
(Find the maximum potential energy Uy, Of the spring.)

(3)% DEA AIRENEL 0, 2 KD L.

(Find the natural angular frequency w,, of the system.)

(PRI R — 212 H5¢ <)

(The question continues to the next page.)
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BONICES EA brr& v TR SN D B as ORI ERILE ¢, B « DR
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(An ideal gas having specific heat ratio at constant volume of ¢, specific heat ratio of x
is sealed inside a container composed of smoothly moving piston and cylinder. Initial
condition of the gas is shown as point 1 in the pressure — specific volume (p — v)
diagram of Fig. 3 (condition 1), where specific volume is v;, temperature is T;. This gas
is adiabatically changed from condition 1 to condition 2, where the specific volume is
vi/a (a > 1). Next, the gas is changed to condition 3 with constant volume, and is
adiabatically changed to condition 4, where specific volume is fv; (8 > 1). Next, the gas
is changed to condition 1 with constant pressure. Assuming that the gas is reversibly

changed during this cycle, answer the following questions.)

V]/a Vi ﬁV|
% 3 (Fig. 3)
1. DUTOEL ¢, T, Bk OO HLLERERZ W TERYE,
(Express following quantities using required parameters among c,, Ty, a, 5, k.)
(1) K2 OREE, T,
(Temperature of the gas at condition 2, T,)
(2) BB EYT- 0 OKEBKIEGEEE 1 -2 [ZBWTTo 7o 5H, 14,

(Work that unit mass of the gas performed during adiabatic process 1 —2, l;;,)

(PRI R — 212 H5¢ <)

(The question continues to the next page.)
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(3) KB4 DWE, T,
(Temperature of the gas at condition 4, T,)
(4) fREE 3 DIE, Ty
(Temperature of the gas at condition 3, T3)
(5) AREE 3 DJES)DIRKE 2 DIEZXT D, p3/ps
(Ratio of pressure at condition 3 to that at condition 2, ps/p,)
(6) HAEEYTZY ORENRZ DY A 7 VBN TRITHR - o8&, qy
(Heat that unit mass of the gas received during this cycle, qy)
(T HAEEYST2 D ORUEN ZOHA 7 AT THUE L7 B, gy
(Heat that unit mass of the gas released during this cycle, |q|)
(8) HAEEYTZY ORUKNZ DY A 7 WTBWTIT o T2 EHRAE, 1 et
(Net work that unit mass of the gas performed during this cycle, [, pet)
9 ZOVA 7 NVOBEGHEGER, 1y,
(Theoretical thermal efficiency of this cycle, 7y,)
(10) ZfEfE 2 -3 ICB 2R Eolk=r he v —%(b&E, s;—s,
(Change of specific entropy of the gas during constant volume process 2 — 3, s3 —

Sz)

2. ZOVA 7B DRAEDREECOPIE ZBE — b b o v —@jXIcRE, 7
72U, MEhAZRE T, filat— beb— s &L, RE1~4 ZXHPITRYE,
(Display schematic changes of the gas conditions during this cycle in the
temperature — specific entropy diagram. Note that vertical axis is the temperature T,
horizontal axis is the specific entropy s, and indicate the conditions from 1 to 4 in

the diagram.)
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As shown in Fig. 4, fluid flows in a horizontal two-dimensional channel which is
bounded with upper and lower walls. An obstacle is mounted on the lower wall, and the
channel height is H. Here, we can neglect viscous effect on the wall. The velocity at the
cross section D is uniform as U, . The velocity at cross section @ has linear profile,
also is 0 at y=0 and U at y=H. Here, the fluid density is p and the pressure is
constant on the cross section O and @), respectively. Answer the following questions

by considering unit width for this two-dimensional channel.

X 4 (Fig. 4)

D UzU T&EE.
1) Express U by using U, .

2) BEEIZIR o o Ok ETIBES 2V b D EEL & 5. Eii@ TOES) p, 2RD
K. L, WO ToOENZ p &T5.
2) Assuming an ideal flow streamline without any loss along the wall, obtain the

pressure at cross section @ p,- Where, put the pressure at section @D as D,.

IWTE O TOME u, &y ORIK L L THRE.

3) Derive the expression of velocity profile at section @ u, as function of y .

(T RA~—21HE <)

(The question continues to the next page.)



BEXRE KRFREBIZHER EIaTHFEE S FER #BiEE PG
SMSELBAE E—REE (202248 B ASHBE (BIREE)
ZOANRMEOERIIZRAEICRY £9, £/=, e ER, B, AT &,
BIXOEFIHOTOMAREEZITH) ZLITTEEEA,
HEEDO L@ % HAY T 5 EEh B &4 KD K.
4) Obtain the momentum flux at sections @O and @.

BYIMEZ X2 H1-D x D 172K K.

5) Obtain the force in = direction to mount the object on the wall.
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Answer the following questions about the illustrated feedback control system. Here,

Y (s) is Laplace transform of y(t) .

B
+
(s) P(s)

S(s) ¢
1 1 N
= = = =0D LT DT )
(1) K(s) L P(s) 5 S(s)=2, d(t)=0D & &, LFORWIZEZ X
1 1 .
Let K(s)—s+2, P(s)—s+5, S(s)=2 and d(t)=0. Answer the following
questions.

® s ) sy
R(s)

r(s)
R(5)

Find the transfer function

(PRI R — 212 H5¢ <)

(The question continues to the next page.)
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@ A1) & AT v T

L EOIRE ) Ekd &, 22L, y(0)=0LT 5.

Find the response y(¢) with input 7(¢) as a step function

(DK@F%,P@) Lo S(s)=1, r()=0m&%, LTFOMNIER L.

Let K(s):i, P(S):S-il-z , S(s)=1 and r(t)=0. Answer the following

questions.

O A1d(t) % AT > 7RI

LLEEEoREN)ERDLE. EEL, p(0)=0L7 5.

Find the response () with input d(¢) as a step function

0 (1<0)
d(t):{B (120)
when y(O)zO

(MEIFRASR— 12 #E< )
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Y(S) .
D(s)

Draw the asymptotic Bode diagram of the transfer function

AR (2) @ 12 LTiE, FHOMENRIHY 4. 'FESH) & T
EH] O2ZRAMALETOT, FLHEHTIZS V.
EHOMEMRORAILE, TEh

ZRE TR LURA

MFEEH) & TREML Ol

ZRAL T IZE 0.
Attention: A special answer sheet to draw the diagram is to be used for the problem
(2) @. 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 and name

which is the “Draft” or “Answer”




