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Subject | Mechanical Engi : D ) + ¢ Mechanical Systems Engineering/
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I -1 (%) (Mathematics) (1/3]
I8 1 (Question 1)

a
1.ﬁ?ﬂA=[

1-b b
(a) T3l A DEFME L LEHFE NI hrx 2R X,
b)A"ERDO L, 7L nidBARETH S,
(c)a=‘sin9l, b=tcos€|“€‘&’>5<‘:?§, limA" 23K X,

n—»ow

@) 1T im A" DRSS BBEVNZEZE LWL &, 0 DfEZRD X,

n—»oo

GJKOPT,HT®%VK%2iDtﬁLmbm%§T%&

c 1 1
2. 7751 B=|1 ¢ 1| OE#HERD L,
1 1 ¢

a l-a
1-5 b
(a) Find the eigenvalues A and the associated eigenvectors x for the matrix A.
(b) Calculate A”. Here 7 is a natural number.

(c) Calculate ’lgg A" when a =|sin 9[ and b =‘cos 0‘ :

1. Answer the following questions about the matrix 4 =( J when a and b are real numbers.

(d) Determine the value of & when all of the components of the matrix lim 4" are equal to each other.

n—»co

c 1 1
2. Find the rank of the matrix B=|1 ¢ 1
1 1 ¢
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I —1 (M=) (Mathematics) L2/3)
Ri®E 2 (Question 2)

D:{(x y)|x2+y251}o><k-é°, —EES

I= ” px +qy dxdy
ERDE, 127ZL, p,qliEHKL S5,

C~lculate a double integral 7, when D = { (x, y)‘ x*+y* < 1} ,and p, g are constants.

I'= ” p’x* +q*y? dxdy
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I—1 (¥,%¥) (Mathematics) [3/3]
178 3 (Question 3)

(a) ROWDHBAD—BfEZ KD X,

d
cos Id_g;i + (sinz)y =0

(b) ROFHHERIE% #217,

d
cosxﬁ + (sinz)y = cos®>z, (0) =1

(a) Find a general solution of the differential equation

d
cos ZcTZ + (sinz)y = 0.

(b) Solve the initial value problem

d
cos w% + (sinz)y = cos®z, y(0) = 1.
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B, - W s 2 7 A TR B T2

=t N 2L

AERFHH %%ﬁj:% ) R Mechanical Systems Engineering/
Subject | Mechanical Engineering Department Mechanical Science and Engineering

I —2 (M¥PH%E) (Mechanics of Materials) [1/2)

%8 1 (Question 1) ,

UTORWZEZ &, EICEDFHEOERR L ERAWRICIDRE L, 722, FEIE T — & UEND ¥ >

TR, BERREBLIVORSEENENE o, 1223 5.

1. BIARBEIZEE S BERIOAMEL 127 — f & SBIBEE ST 5,

(@) Fig. IOLSICTHEPEMA T & DAEI DBOERD X,

(b) 1L@D&LEDT = fF & FENF OM/INE Sdxlz 4 U A BTOdLB & O T — 3 E ABENEEO O, 2 %
NENRD X,

(©) Fig. 21T LT — R EABNDBEZATE T LR SE- L &, F— Ut FBIDH W% R K,

2. Fig. 31N & D ITHBL & 7 — 3 & SUBEEITE W BERS 1~ B &2 LIz BT — 3t & SENDRE # AT 1T E

T XR3,

(a) BMBZITHHEPERD L,

(b) RCOEFHREDOBERLZ KD &,

Answer the following questions. Describe also the calculation process in your answer sheet. Note that Young's modulus,
coefficient of thermal expansion and length of the bars are E, a and /2, respectively.
1. A straight bar I with a diameter d is fixed to a rigid wall and a tapered bar I1 is fixed to the end of the straight bar I.
(a) As shown in Fig. 1, when the axial load P acts on the bars, determine the elongation of the straight bar I of 4;.
(b) In question 1(a), determine the elongation of the element of lengh dx from the tapered bar IT d, and the elongation
of the tapered bar II 1., respectivity. '
(c) As shown in Fig. 2, when the temperature of tapered bar IT is rised by AT, determine the elongation of the tapered bar
I1 Of/IZT.
2. As shown in Fig. 3, after a straight bar I and a tapered bar IT are supported by the rigid walls, the temperature of
tapered bar I1 is rised by AT.
(a) Determine the axial load P acting on the bars.
(b) Determine the displacement of point C of A..

Tapered bar I1 (o, E)

R

Straight bar I Tapered bar IT P
(o, E) (o, E, AT)

~

\\\\‘t
d § Straight bar I ?} P
(o, E) * dr
d

W<€ 12 7\C< /2 - >

\Q Fig. 1

\

§ Straight bar Tapered bar IT

\ dr2
§ (0, E) (a, E, AT)

\\ Fig. 2

N\

\§\

N

\

C
Fig. 3
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= I & AN < = = ; =
B BB T2 wy | BEEAT A LRI L
. . . s ) echanical Systems Engineering
Subject | Mechanical Engineering Department | pro1o 1 Seience and Buplnsssns

I —2 (#¥EH%) (Mechanics of Materials) [2/2]
B2 (Question 2)

Fig 4 IO & 918, x-y FEMIKHEET 5 EER, ERJOAFBELZREOY /0 1/4H5 AB O~k A %
BEEXREL, MBI BOAFRICEFNS P EERASES, UTOMICER X, 2ZL, Vv I7DYr s
E4 B, HEEREY G LT 5.

1.

4.

Wi A WCVERTAEITE—A L N MBXUORUEY ML T RO X, £72, EEOAE ¢ DALEIZBW
T, Vo oBEICERTA2HITFE—A P MBITRUEY My TEKRD X,

WiE A OBTE LD S ANCET 28RN e BEIUCREVICE 2BAMIS 1 2RO X,

Fig. 5 R & ) R E AR (y) ICBWTBIERYES o EHAWIES 1, 2% T 2BMEEEE XD,
Z OBMERNOFAE 0 DEIZBWT, EREFROIS 0, BRI (1) L7125 L E2TE,

o, =0,cos 0+2r, sinfcosd )

BANCBITEBEREISNZRD L,

As shown in Fig. 4, a quarter part of a ring AB with a radius R in x-y plane is fixed at point A and a concentrated external
force P in the negative direction of the z-axis is applied at point B. In this case, the cross-section of the ring AB is a
circular with a diameter d. Answer the following questions. Here, Young’s modulus and the transverse elastic modulus of
the ring are E and G, respectively.

1.

Determine a bending moment M, and a torsional torque 7 applied at the cross-section A. Additionally, derive a
bending moment M and a torsional torque T at the angle ¢.

Derive the bending stress and shear stress by torsion at point A; on the cross-section A of the ring.
Let consider an elastic body with an inclined plane subjected to normal stress o, and shear stress 7., in Cartesian

coordinates (x-y) as shown in Fig. 5. Show that the normal stress g, at an inclined surface with the angle @ as shown in
Fig. 6 is expressed as the following equation (1).

o, =0, cos’ 0 +27, sinfcosd (D

Determine the maximum principal stress at point A;.

y

RS
N

Fig. 5
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I —3 (##AH%) (Mechanical Vibrations) [1/2]
BIRE 1 (Question 1)

Fig 1(@IZrnd L 518, EmICEEm OER%EY b ORI 2 OBVENEED, S O0.0FEDLVITELNIEERT
EHLOREZFEINTWD, ZOEE, ZOFRTIENRELLDHEDITRIZL > TERFINTWD, EixFH
IERETIIAETH Y, ITROTHWAS ETiZacosor TRENT 5 & &, ZOBOKENENLOEEGRR % O &
T35, L, BOEEGAITHS/NSWERELT, UTORWIEZ L,

1. BOEEAOICHET 2EHFEXLEE, ROBEFARSEEZ RO L, £/, BICA L 5RHEREORIE

23R, IRIESE R OBIE 2 /#T,
2. B 1IZBWT, BOEESDRIEN 2a/l X0 /E L 725 HRIEEK 0 OFEFEZRD X,

g 1WA L 91T, Figl@)DEDSLmICHMEBERE c DX v 2Ry NEFITMAzR%E2E 25, LT

DREVIZE % L.

3. BOBEHIRE*XE T2 EBHFEXZE X, ROBEER AR K0, BRBERE ., BIUOBEELS %
Kb X,

4. B312BWT, BOREEEBIEEFH® 10 AHOMIZ, RIEPESITED Liz. 2oL E0ORENL OEZE
BEH X,

A light rigid bar of length 2/ with a body of mass m at its end is pivoted smoothly at point O, as shown in Fig. 1(a). The
bar is supported at its midpoint by a vertical spring of spring constant %, and the bar is horizontal at rest. The rotational
angle 6 of the bar measured from its equiriblium position is assumed to be small. Answer the following questions when
the lower end of the spring is vertically excited by acoswr .

1. Derive the equation of motion for the rotational angle @ of the bar, and determine the natural angular frequency of the
system. Then, determine the amplitude of the forced oscillation, and sketch the amplitude response curve.

2. In question 1, determine the range of excitation frequency @ where the amplitude of the rotational angle of the bar is
smaller than 24/l .

“onsider a new system, as shown in Fig. 1(b), where a dashpot of viscous damping coefficient c is attached to the end
¢ e bar shown in Fig. 1(a). Answer the following questions.
3. Derive the equation of motion governing the free vibration of the bar. Then, determine the angular frequency @, of
the damped free vibration, critical damping coefficient c., and viscous damping ratio &
4. In question 3, the amplitude of the damped free vibration is reduced by one half during its ten cycles. Calculate the
value of £. '

sk
_f acoswt

500
Fig. 1(a) Fig. 1(b)
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Rt 2 (Question 2)

Fig2 IZ78 3 X 912, KEFEIELDICBENT2EE m, 3m, m O=2>0OENR, TREH Lk 2k 2k k
D 4 BDITRTORBNI-REEZ D, EPEDOTEBENODEMEENEIN X1, X, x3 & L, ATORMW
WZEZ L,

1. ZOXROEESHFEXEZEIT,

2. BEARSHO, 0, a;ZRDE, “FELoy<o<m 75,

3. FEAEARIDEKICKHET H2E— KT ML{g}, {#), {#1E2RDX, 7 LEE— N7 MLOFE 1 K5

1 8L
B HEIRENCIRW T, Bl r=01281F 20t (FIIEAL{xo} & FIHIERE {v}) ZLUTORXTRT L&, 2
ROWRENE— FDHRAE U B HIEAERL {x} D—F & 20T X,

*10 Vio 0
{xo} =9%20 (> {Vo} =4Vy =10
X30 V30 0

Consider the system in which three blocks of masses m2, 3m, and m move smoothly in the horizontal direction, and are
connected by four springs of spring constants &, 2k, 2k, and k. Let x;, x,, and x; denote the displacements of the blocks
from their equilibrium positions, respectively, and answer the following questions.

1. Derive the equations of motion of this system.

2. Determine the natural angular frequencies @, @,, and @; where o < 0, < @;.

3. Let the first component of each modal vector be unity, and determine the modal vectors {4}, {¢}, and {¢}
corresponding to the natural angular frequencies.

4 . Let the following expressions denote the initial conditions (initial displacements {x,} and initial velocities {vo}) at
time ¢ = 0, and cite one example of initial displacement vector {x,} so that only the second mode of vibration is
excited in the free vibration.

X10 V1o 0
{xo} =9%20 (> {"0} =4V =140
X30 V30 0
Fﬁ }f Ff
V k 2k 2k k
m NV 3m VWM m
OO O O OO ”

Fig.2
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ABRFLH ek T2 =87 Bt AT L TSR T
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II—2 (8Ah%) (Thermodynamics) [1/2]
Ri7E 1 (Question 1)

UT D&M @), OITEX L.

(a) SZIED 38 C(—E )(Dé:% ZEEHT AT AT L DR E 25.0 kW OEE L 5> T=iE% 28 CIZRED
W, COEFVRAT APRHEAN ) —FA 7NV TEBL E LT, BETDBABLIVERV AT L0
RS ERD L, £77, BEBRES 24 CICFiIF5L, FL25.0kW D% L BDICEYT HE)
Fix, 28°COBA LB LT, %M 50

(b ==l ]\A//f—‘?‘ﬁﬂ( (GT/ap)h)i UTORTEZ LD, BEKKEDOY 2—/V ALY AR
BiIIFERDZLERYE, BL, T, p, v, h, ¢, i%, ThTh, BE, E7, isFE, thr
YENY, BELBRETD,

Answer the following questions (a) and (b).

(a) An air-conditioning system is required to remove a total of 25.0 kW from a room to maintain its tempera-
ture at 28 °C, when the temperature outside is 38 °C (constant). Calculate the required power and the
coefficient of performance of the air-conditioning system by assuming that the air-conditioning system
operates on the reversed Carnot cycle. If the room temperature maintained is lowered down to 24 Gy
how much percentage will the required power for removing the same 25.0 kW be increased as compared
with that for maintaining the room temperature at 28 “C?

(b) The Joule-Thomson coefficient ,u(s (6T /6p)h) is given by the following equation. Show that the

Joule-Thomson coefficient of an ideal gas is zero. Here, T, p, v, h,and ¢, denote the temperature,

p
the pressure, the specific volume, the specific enthalpy, and the specific heat at constant pressure, respec-
tively. ‘
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RI%E 2 (Question 2)

ZEREEHFFAEL L, EfEL 1204y b=V A7 VB35 5, FIHHEE 300K, FIHES 0.1 MPa D
7R A EEBVERER, ERMBGER TER 1 kg H72D 1000 kI DEEMZ 5, ERIFBEAKMELE L
TH2DZHDE LT, ROBRMICEZ L, BEL, ZROKMEELIT 0287 KI/(kg'K), thEIZ 14 &7
B

(a) WIBVEMEHR DIRE LES, Z2ONT, Z OWBVEMNBRE TR 1 kg ZEMT 2 DICE T ST

EERD L,
(b) ZZERDOERLE, EEMBLOEELES, BI, EEMBBEIZBIT AT b B0
BA2kD L,

() ZDAY MY A 7 NVOBNEELRD X,

Consider an ideal Otto cycle in which air is used as the working fluid and the compression ratio is 12. At the
beginning of the reversible, adiabatic compression process, the air is at 300 K and 0.1 MPa, and 1000 kJ of heat
is transferred to 1 kg of the air during the constant-volume heat-addition process. Treating the air as an ideal
gas, answer the following questions. Here, the gas constant and the specific-heat ratio of the air are 0.287
kJ/(kg-K) and 1.4, respectively.

(a) Calculate the temperature and the pressure at the end of the adiabatic compression process, and the re-
quired work to compress 1 kg of the air during the adiabatic compression process.

(b) Calculate the specific heat of the air at constant volume, the temperature and the pressure at the end of the
heat-addition process, and the increment of specific entropy during the constant-volume heat-addition
process.

(c) Calculate the thermal efficiency of this Otto cycle.
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BI%E 1 (Question 1)
HMUZRTHRE VERNEZEE p=900 kg/m’ DIERERFTN TV D, BIEHICEE R FEOEED =10 m/s,
BIEFEDS 4,=12.0X10° m%, BIE2DESD p,=20 kPa, WrEED 4,=3.0X10° m*Th 5K, LTV
Ex L, IZIZLEEL, 2TIXBESROER « —kiih e L, BN EHEOREIIRRT 3,

(@
(b)
(c)
(d)

Wrim21Z 61 AR DOEE w, OEEZRD X,

WrE LB B2EH pp OEEZRD X,

EERE m DEEZRD L,

WMEPEEVEICBLIETH f2RDBZKXERL, /1 fOEEZRD L, £/, ZOFEIZELDL
DFFTA D,

Liquid with a density of p=900 kg/m’ flows through a converging pipe as shown in Fig. 1. The velocity

normal to the cross section 1 is z,=1.0 m/s, the cross sectional area is 4;=12.0 X 10™ m?, the pressure at the cross
section 2 is p,=20 kPa, and the cross sectional area is 4,=3.0 X 10> m?. Assume that the flows at the cross
sections 1 and 2 are steady, one-dimensional, and the effects of gravity and viscosity are negligible. Answer the
following questions.

(a)
(b)
(c)
(d)

Calculate the flow velocity u; at the cross section 2.

Calculate the pressure p; at the cross section 1.

Calculate the mass flow rate 7.

Draw the equation expressing the force fwhich is exerted by the flow to the converging pipe. Calculate the
force . Which direction does the force fexert in?

Section 1
SectioL
u, u,
_______ »._._._._._._._._._._ﬁ
A,
A, P2
D1

Fig. 1
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fBfE 2 (Question 2)
2IRHRRIC, zBAZ BRI & Uiz < SUTBICEE Tl E NN % JEEH « FERMEIRARS LTV B,
CDWMNDEERT oy L BKRKXTRINTWBE, DITORWIE 2 X,

p=—"2Inr, rzm
ZIT, WEOBER 0 & L, BEAORBIERY L,

() ZOFWNOEERS (Vi, V)2 FNEFhR X,

0) ZOFNDEERT ¥ RIS BBy 2R, 2 MOBERIITHBR TH B = & 2R,
(0 2 R AB BIDENZE ps —pa KD X, :

(D z 8@ F BRI Y Y ORERELZRD X,

An inviscid, incompressible fluid flows between wedge-shaped walls into a small opening as shown
in Fig. 2. The velocity potential of this flow is described as follows :

p==2Inr, r=4x>+y*.

Answer the following questions. Here, the density of this fluid is o and neglect the influence of gravity.

(a) Determine the components of velocity (Vi, V).

(b) Find the stream function w corresponding to the velocity potential, and show that both walls
are streamlines.

(c) Find the pressure difference ps —pa between points A and B.

(d) Determine the volume rate of flow per unit length in z -axis.
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fI%8 1 (Question 1)

BRI L X,
1.FmJ@VX?AKOwT%Z&tﬁL,G@=7ﬁLjf%éoit,a,ﬂﬁﬁﬁ?%&
§ +

(@) 74— RN 7 VAT AORMEFBERERD X,
(b) 74 =Ky I VAT ANLELRDT=DITa, BRI NELRMGEERD L.

2. ngwvz?AKowT%iéotﬁb,Km=l,G@=Lz?fﬁéoit,a,ﬂumﬁ
) A)
HThb,
(a) BZA L7 VA AT () = S@)WTHT B y() 23 y(t) =10e™> —10e”" ThH o7z, a, POHE
R L,
(b) EFXEAS r(t) =sint (IZxH3 2 H S y(t) DEFISED y(t) = x/isin(t ——Ej Tholz, a, D
fE% Rk &L, '

Answer the following questions.

1. Consider the system shown in Fig.1, where G(s) = .In addition, & and [ are constants.

s2(1+5)

(a) Obtain the characteristic equation of the feedback system.
(b) Obtain the condition of & and S under which the feedback system is stable.

1
2. Consider the system shown in Fig.2, where K(s)=— and G(S)=1—-qlb—. In addition, ¢ and f are
s + fs

positive constants.

(a) Suppose that the output y(¢) for the unit impulse input 7(¢) = 5(t) is y(t)=10e™ —10e™'" . Obtain
the constants & and f.

(b) Suppose that the steady-state response of the output y(#) for the sinusoidal input r(¢)=sint is

y() = V2 sin(t - %) . Obtain the constants « and /.

r t e + y

u
= @ —>?—>_ G(s)
r + e u Y

Bs e K(s) G(s)
i T

Fig.1 Feedback system I Fig.2 Feedback system II
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AERELH B T w R 7 DTSR
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II—4 (#I1f1T%) (Control Engineering) [2/2]
fi%E 2 (Question 2)

b B RERGEBEG(s) D7 FVEEFIFig SICEX BN TWAbDET 5, UUTOMICER L,

1.
2.

Fig. 4DV AT KIZHONWTEZ D, ERFEAAu() =sint IZxT 5 y(t) DEELEZRD &,
Fig. 5007 4 — RNy 7 Y RF AIOWNWTEZD, 2R Lk=2ThborbDETDH, FM1 U RHkg,
[dB] & AZAHSRA p,, [degree] 3R X,

. Fig. 507 4 — KRR J VAT AZOWNWTEZR D, FELEIIEEHRTHD, BALAT v T AN

r®)=1,t> 01 B HA y(t) DEEED y(0)=0.75 ThHoTe, Bk DEZRD X,

Suppose that the vector locus of a stable transfer function G(s) is given in Fig.3. Answer the following

uestions.

q1. Consider the system shown in Fig.4. Obtain the steady-state response of y(¢) for the sinusoidal input
u(t)=sint.

2. Consider the feedback system shown in Fig.5, where k=2. Obtain the gain margin g, [dB] and the
phase margin p, [degree].

3. Consider the feedback system shown in Fig.5, where k is a positive constant. Suppose that the

steady-state value of the output y(¢) for the unit step input r(#)=1,7=0 is y(e)=0.75. Obtain

the constant % .

2 Im
A —% 5 G(s) X
0.5 Fig.4 Linear system
/ \
/ ) \
ANYIER BENE
L -051/ . 05 1 1\{Re
\ T V
\ / / F 4+ @ u »
/ -05 / >0 k G(s)
®=100 -
=1 T
N 1= p4
v
i g~ g Fig.5 Feedback system III
7 [ G(o)
L1
| [

Fig.3 Vector locus of G(s)



