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(Answer the following questions.)

(D) B 1-1(a) 12T £ 91T, BE 1000 mm AHFHIEY D%l 5 400 mm OLE £ T
EME w Nmm 2MERT 5. 228, 130 OWERIRIEK 1-1(b) (R0 &
THEX, LFOMWIEZ L.

(a) EEHHETI2HRANMTE—A N M %, LofMEw AWz TRE.
(b) WrmfREk Z ke K.
(c) #FFII1Z 80MPa &5 L&, AT DR KNDFS MM EOEZ KD L.

(As shown in Figure 1-1(a), a cantilever beam with a length of 1000 mm is subjected to a
uniformly distributed load w N/mm over a span of 400 mm from the free end. The
cross-sectional shape of the beam is as shown in Figure 1-1(b). Answer the following
questions based on this information.

(a) Express the maximum bending moment M at the fixed end using the uniformly

distributed load w.
(b) Determine the section modulus Z.
(c) Given that the allowable stress is 80 MPa, determine the maximum uniformly

distributed load that can be applied.)
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(a) HFEIMEAICECDBEKREANIES 1, &, d ZAVTRE.

(b) THZEHHE B OWMTEIRE ZF %, d 2V ORE.

() HEME A ITELLZHEREAMIST) 1, &FZEABRITAE T DRKE WIS
5 DIk 15/t ZRD L.

(As shown in Figure 1-2, a solid round bar A and a hollow round bar B—made of the same

material, with the same length and identical outer dimensions—are fixed at one end to a

rigid wall. The cross-sectional area ratio of bars A and B is 2:1. A torsional moment T is

applied equally to the free ends of both bars. Answer the following questions:

(a) Express the maximum shear stress 74 generated in the solid round bar A using the
diameter d.

(b) Express the polar modulus of section Z5 of the hollow round bar B using the
diameter d.

(c) Determine the ratio 75/t4 of the maximum shear stress in the hollow round bar B to
that in the solid round bar A.)
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(As shown in Fig. 2-1, a slender rod AB with a mass of 1 kg and a length of 1 m is given. The
center of mass is located at the center of roller C, which is attached to midpoint of AB. The
uniform slender rod is released quietly from the position #=0" and descends in a vertical plane.
Roller A is constrained to move smoothly along a vertical guide. The size, mass, and friction of
the small rollers A, B, and C are neglected, and the system is to be treated as a conservative
system. € represents the angle of the slender rod with respect to point C, and w denotes its

angular velocity. Answer the following questions.)

2-1 R AB IIATERIE 0 38 L OIS 0 THA Ricih-> TReT
(Fig. 2-1 The slender rod AB slides downward along the guide with an initial

velocity of 0 and an initial angular velocity of 0.)
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(Use the mass element dm = pdx, where p is the mass per unit length, and determine the
mass moment of inertia /c of the center of the slender rod of mass m and length / as shown
in Fig.2-2.)

dm

C X | |.dx
1/2 p /2 .

%] 2-2
Fig. 2-2

(2) FEDY 0 =45° OfLEZ BT L L EDa—7 C OFLE BRI F.O & O
Kb k.
(Determine the distance between the center of roller C and the instantaneous

center when the slender rod passes through the position 8 =45° .)

(3) MWD 0 =45° DNLEZEIET 5 L X OEH TRV F—2AHE o ZHTHE
.
(Determine the kinetic energy of the slender rod with angular velocity w as the

position 6 =45° is passed.)

(4) FIHINIE 0 =0° OLEXOENZEIDHMEBZALFT—I1T0 VL, =0EERIND.
0 =45° ZIEIHT D & & OMAMEOENN L DMETRLF— T2 2RD L.
(The gravitational potential energy is defined 0 (V; =0) as the position
0 =0° . Determine the gravitational potential energy V5 of the slender rod as

the position 8 =45° is passed.)

(5) 6 =45 ONLEZEIET 5L S DOMEE o 25K L.
(Determine the angular velocity w of the slender rod as the position 6 =45° is

passed.)
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(An ideal gas having gas constant R, specific heat ratio of xk = 1.50 is sealed in a
frictionless piston-cylinder container and initially the gas is in condition 1, where
pressure p;, temperature T;, specific volume v;. Assuming that the gas is changed
reversibly according to the next showing cycle of 1 -2 -3 -4 —1, answer the
following questions. Pressure, temperature and specific volume of the gas at

condition i are expressed as p;, T;, v; (i =1,2,3,4), respectively.)

1—2 : The gas changes to condition 2 adiabatically, where specific volume
is 0.25v;.

2—3 : The gas changes to condition 3 with constant volume, where
pressure is 3.0 p,.

3—4 : The gas changes to condition 4 with constant temperature, where
specific volume is v;.

4—1 : The gas returns to condition 1 with constant volume.

(FIREIZ RS —212#i<)
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(1) ZDHA 7 VOIS 2 Mt KR DIET) p, B IAETE v & LK BICRE.
72k, KITITRAEE 1,2,3,4 #&K TR, BLOKREZELI FRBREEZ ZNEIURT Z
k.
(Display this cycle on a diagram schematically, where vertical axis is pressure of
the gas p, horizontal axis is specific volume v. In the diagram, indicate points
showing the conditions 1,2,3,4, and isothermal lines passing through each

condition, respectively.)

(2) LFOFEEIZOWT, R, Ty © 5 LHEREKIZ I DB E 138752V TERE.
BB, BMFIIAEET 2 HicEE. F£72, In2.0=0.69 HHME In3.0= 1.1 OIF
{OUiE 2 FIV T L.

(Evaluate following quantities by equation using required parameters among
R, T; or number. Display the number with two significant figures. Also, use the
approximations of In 2.0 = 0.69 or In3.0 = 1.1.)

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

KUEDES p,/p; (Pressure ratio of the gas, p,/p;)

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

HAE Y 72 0 OKUADR B BGETE 1—2 TIT o 7o 1,

(Work done by unit mass of the gas during adiabatic process 1-2, [;,)

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

BB BN 720 OKRUEPFRIERE 2—3 TR LTCEE g,

(Heat that unit mass of the gas exchanged during isochoric process 2-3, q3)

@D ZHHEERE 2-3 BT A& MEDk bu B —2{bE s;— s,

(Specific entropy change of the gas during isochoric process 2-3, s3 — s,)

KURDIEI py/p; (Pressure ratio of the gas, p,/py)

BAE EY 720 OKURNEIRIEE 83—4 TITo7oflE I3,

(Work done by unit mass of the gas during isothermal process 3-4, l34)

SIRIETE 3—4 ICBIF ROy b B LR s, — 53

(Specific entropy changes of the gas during isothermal process 3-4, s, — s3)

@ HEEENZY OKUEDEEFE 4—1 TRZ LI2EE q4

(Heat that unit mass of the gas exchanged during isochoric process 4-1, q4;)
@ ZOVA 7 NVTHEAEEYTZ Y OKEP T T ERIEE e

(Net-work done by unit mass of the gas during the cycle, l,q)
B DY A 7 VOHBESR

(Theoretical thermal efficiency of the cycle, ny,)

@ ©0006

© @
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1,2,3,4 #RTWAEFT L. £, 2OV A7V LMREE 1,2,3 2o TR EH
LEEYA 7NV (v b= A 7)) LOIEKREFEROEZKPITRYE.

(Display this cycle on a diagram schematically, in which vertical axis is
temperatures of the gas, T, horizontal axis is changes of each specific entropy
from condition 1, As (= s; —s;) (i =1,2,3,4). In the diagram, indicate points
showing the conditions of 1, 2, 3, 4. Also, show the difference of net-work between
this cycle and a constant-volume cycle (Otto cycle) on the diagram, which is

composed by passing the conditions of 1,2,3.)
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4-1 R X 91T, Wi Ay OEBIR—2A0D, BE p OKN ANEi@ELT
KEFITATFITHAKR SN TNS. 7 ZVEROWIER A, = 054, TV, HAEIE
KEE py=p, THDH. WAUIEF 72 1 oL Th Y, FEREME - FEEMEMET &
BET S, BHMEEZ g . mS% h, HEZ V L, TOEHRAF 1LV 21T,
FNERHR—AEB LU A E TS0 LT 5.

(As shown in Fig. 4-1, water with density p is discharged horizontally into the atmosphere
through a nozzle of a fire hose with a cross-sectional area A;. The cross-sectional area at the
nozzle exit is A, = 0.54;, and the exit pressure is equal to the atmospheric pressure, p, =
po-The flow is assumed to be steady, quasi-one-dimensional, inviscid, and incompressible. Let
g denote the acceleration due to gravity, h the height, and V the velocity. Subscripts 1 and 2

refer to the hose section and the nozzle exit section, respectively.)

Point 1
Vi,hy, 01, A1

X 4-1 (Fig. 4-1)

(RIS — 12 <)

(The question continues to the next page.)



)

2

3

“

®)

(6)

(7

®

(€)

BERF XFREIFHAR FIATHRE HRMFER HRHZF PG

SHM8FEL4RAAE F—RXREHK (2026 F£8 AxEME) AHME (ERMEE)

ZOANRKEEOBENIZRAICEY £, £z, FFeR<ER, i, EHT2 2 &,
BIOERAWTOERREZITH) Z LTI TEEEA,

HERFNZ AT, 7 ZVERDWIE vV, 2R LRI,
(Express the velocity V, at the nozzle exit using the principle of mass conservation.)
BZEBIT DA EREH T DT R LF— (ENT L 2T R F—, EHT R/ F
—, fiETRLF—) ZZhETRAERLLIV.
(Express the specific energy per unit volume at point 1 in terms of the pressure energy,
kinetic energy, and potential energy.)
R TR DA EREH T2 DT R T — (ENT X DR F—, EHT R/ F
—, ffETRLF—) ZZhETRELLIV.
(Express the specific energy per unit volume at point 2 in terms of pressure energy, kinetic
energy, and potential energy.)
(H~Q)DFERB LN X —A OXEHWT, £ p; LRI
(Express the pressure p;, using the results of (1)~(3) and Bernoulli’s equation.)
HUATIRER 4 72 0 2 rid 1 A @R 3 D iR oEmh & My 2R LRI,
(Express the momentum flow rate M, through section 1.)
HUATIRERE 4 72 0 12 Wrih 2 A 3@ 2 iRk oEB & M, 2R LRIV,
(Express the momentum flow rate M, through section 2.)
(D~(6)DAEF I L OSEBN ERAFH 2 AV -C, Wik 1, Wrim 2, B8O ZXLNEEC
PHEN DA (X 4-1 DR CTHENME) (26 LT, Wik 7 ZLHEED
BT LKD) F, #RK LRIV, 220, 5267 &E2HWT, "l
IR ERE TR L.
(Express the horizontal force F,, exerted on the fluid by the nozzle inner wall within the
control volume enclosed by section 1, section 2, and the nozzle inner wall (the region
indicated by the dotted lines in Fig. 4-1) using the results from (1) to (6) and the principle
of conservation of momentum. It should be noted that the final expression must be as
concise as possible, utilizing the provided conditions.)
J ZRIVRBEDSIRAR D 321 D KETTR D T) Dy 2 L7 S0,
(Express the horizontal force Dj, exerted on the nozzle inner wall by the fluid.)
J ANHBEDN RRED BT DIKNETTAI D] Doy 2R LIRSV,
(Express the horizontal force D,,; exerted on the nozzle outer wall by atmospheric

pressure.)

(10) 8)~ () DFERAZANT,  AANZF 5T RTOAEFADS D 2FLRSW.

2L, BRAONIEFRMEZINT, FRERIRY @R TRT L.
(Express the total horizontal force D acting on the nozzle using the results of (8)~(9). It
should be noted that the final expression must be as concise as possible, utilizing the

provided conditions.)
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IERFARE S AT JMZOWTOLLFORWIZEZ L. 28, r(6),y(t),e(t),u(t) ILHF
At BEKE T HRMEBE S EET LD L L, R(5),Y(s),E(G),U(s) IZENHDT T
TAEBTHD. £12, P(s),K(s) 1T7 0 v 7 MEOZTNETNDIEERBTHS.

(Answer the following questions on linear time-invariant systems. In all following questions,
r(t),y(t),e(t) , and wu(t) denote time-domain functions of t being time, and
R(s),Y(s),E(s), and U(s) denote their Laplace transforms, respectively. P(s) and K(s)

denote the transfer functions in block diagrams.)

(1) 7 vy 7# e HIERICBET 2L T ORMIZE 2 K.

(Answer the following questions on block diagrams and control systems)

u(t) Q) £
PO "o f e(d P u(t), 3 Y
X 1 (Fig. 1) 4] 2 (Fig. 2)

@O ®M1O7ay ZHEICHBNT, ul),yt) 2T O HR
ay(t) + by(t) = u(t), y(0)=0

EWMELTVWALOLET S, 22T, a>0b>0 LL, y()=2 Th5. =

DELED P(s) &R L.
(In the block diagram shown in Fig. 1, u(t) and y(t) are governed by the following
differential equation for a > 0 and b > O:

ay(t) + by(t) = u(t), y(0) =0,

where y(t) = %. Find the transfer function P(s).)

(IR~ — 2128 <)
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@ OFEL, H1DORIZT4— R w7 8wEL, 7oy 7HXEX2 L7a5 &
IEFLZ. K(S)=K>0 (%) THHELT, VAT LAEEKOEERK

R K.
(Next, a negative feedback loop was added to the system and the whole block diagram

was altered to the one shown in Fig. 2. Assuming that K(s) = K > 0 (constant), find

the transfer function of the system defined by G(s) = %.

® @QDOHBAITBNT, r(t) BULTDORT v 7K
A t=0
() = {0, t<0
THzZLNDHA, y@) RO L. 72720, A>0 L95.
(For a system with the above transfer function G(s), find y(t) when r(t) is given as
the following step function for A > 0:

A t>0
r(t)_{o, r<o )

@D ZDORIZEBITS e(t) RMELMD, t- +oo IZBIT DA e(+o) % EF i
ALIES, ZOMERICB W TERRAEEZ 05~ /NSL<TH720I12F K D
% &9 9 2D XWHBEH 2 & DRI L.

(e(t) in this system is referred to as the error, and its limit with t - +oo is referred to
as the steady-state error notated by e(+4o0). If the steady-state error is desired to be as

small as possible, how should the value of K be chosen? Explain concisely with the

reason.)

(FRBEII R =212 H5¢ <)

(The question continues to the next page.)
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Q) K207 vy 7BHTEINDLRICONVTOMWZE X L.
(Answer the questions on a system with a block diagram shown in Fig. 2)

Y(s)

D P(s)zﬁ, K(s)=2 L35, (RIS G(s) = -5 &k k.

R(s)
(Let P(s) = $ and K(s) = % find the transfer function of the system defined by

Y(s)
G(s) :Fi)'

@ K(s) IZBWT a=25 &L, ZOEXDIDY AT LADOR— FEREIZHOWN
T, 74 URRKE XL OAAERK OBIE A 3 O I~IV 226 ZEHIEY, [A],
[B], [C], [D], [ENZY TidE 25 A RE.

(The value of a in K(s) was set to 25. In this case, choose the appropriate gain and
phase plots of this system among I-IV in Fig.3 and answer the proper values of [A],

[B], [C], [D], and [E] in the graphs.)

Gam [dB]
=
Gain [dB]

® 10X w [} 10X w
Angular Frequency [rad/s] Angular Frequency [rad/s]

m v

Phase [deg]
Phase [deg]

o]

Angular Frequency [rad/s] Angular Frequency [rad/s]

3 (Fig. 3)
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(Answer the following questions on system stability.)

1D 4 e(d IO

— 1

X1 4 (Fig. 4)

O K47 my 7K TRIINDRITEBNT

1
P(s) =
() s3+52+3s+9

LY. ZOLEOEER Gs) = 5o AR L.

: S . 1 .
(In a system illustrated in Fig. 4, the plant is defined as P(s) = RIS Find the

~ _Ye
transfer function G(s) = R’

Q@ ZORWLEENENNIONT, RDA L7V ARE gt) OBLE DR L.

A LISV AIEED t - oo TEMT DGEICV AT MILETRIRDIE
ZREHZ < VW T R,

(Explain whether this system is stable or not, from a perspective of the impulse
response of the system defined by g(t). You may refer to the fact that a system
becomes unstable if its impulse response becomes infinite when t — 400 without

proof.)



