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I —1(¥2) (Mathematics) [1/3]
RRE 1 (Question 1)

1 0 x
1.1750 A= y 0 0| @OV TUTORWZEZ L, 2720 x IZADEK, y ZEOBE THS,
-2 2y

(@) y 14751 A DEEEDOO L oTh 5 2 & &TRE,
b) x bELATFIADBHEOOE D THBLTD, ZDLE, 1754 DHLIVOES>OEAEERDL,
@) LEROODOEHET Tx+y=0THB L&, TRTOBEELNETIEERS M EZRENRE,

2 0 5
2. 1151 B=|3 8 3| O#THIERD L,
12 |
1 0 x
1. Answer the following questions about the matrix 4=| y 0 0 |. Here x is a negative integer and y is a positive integer.
-2 2 vy

(a) Show that y is one of the eigenvalues for the matrix 4.
(b) Let x be also one of the eigenvalues for the matrix A. Find the other eigenvalue for the matrix 4.
(c) Show all the eigenvalues and the associated eigenvectors when x + y = 0 under the above condition (b).

— 0 O
N W W

2
2. Find the inverse matrix for the matrix B=| 3
1
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I —1 () (Mathematics) [2/3)
f9%E 2 (Question 2)
fEik D ={x*+y* <1} Lo 2EHS,

1= ﬂ Jx% + y2In(x? + y?) dxdy
D

oW, BTFOMWIEZ X,
(a) BWOEEE xy FERICRL, EOFEBRICN Y F 7 &0, »o, x, y#i EORELZRAE L,
(b) 2WITHBEIEICERL, 2EMES I 2MEE (r,0) ZAVTEIEYR,

(c) 2EMN I ZRD L,

Answer the following questions about the double integral I on the region D = {x* +y? <1} .

I= ﬂ Vx2 +y2In(x? + y?) dxdy
D

(a) Show and hatch the domain of the integral at the x-y plane and express numerical values on the x and y axes.
(b) Convert to two-dimensional polar coordinates, then rewrite the double integral 7 using the polar cordinates, (r,0).

(c) Calculate the double integral 1.
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I —1 (#%) (Mathematics) (3/3)
f4%E 3 (Question 3)

WMoy HRER
y'+ay' +by=0 )]
IZOWT, BLFOBWCE 2 X, 72720, a, b 1338, A BIIEEOEH LT 5,

(a) RO RIEPRQ)E 2B L DT a, b ZWRET L,
y=Aexpx+Bexp2x (2)

(b) R(DDO—RENHKB)E 2D LD a, b ZRER L,
y=Aexpx+ Bxexpx (3)

) RMO—BENKX@D 2D L H1T a, b ZTRER X,
y=Aexpx “)

Regarding the differential equation
y"'+ay' +by =0, 0))
answer the following questions. Here, a and b are real numbers and A and B are arbitrary constants.

(a) Determine a, b so that general solution of equation (1) is equation (2).
y=Aexpx+Bexp2x (2)

(b) Determine a, b so that general solution of equation (1) is equation (3).
y=Aexpx+ Bxexpx (3)

(c) Determine a, b so that general solution of equation (1) is equation (4).
y=Aexpx “)
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I —2 (# ¥ :H%E) (Mechanics of Materials) [1/2]
f5i%8 1 (Question 1)

Fig. 1 [ZRT 4% R O¥HERHEZ b 2IE D IZ W TEITFOWITE 2 &,

P HAEE D y DIEBEC S 2 BUNEROERE dd %, R, 0B L dy & N TERE,
yER, 0EAWTEYE. £, &/d0 #RDTth, &%k R, 0B LV dO & HVTERE,
ZENCBET AWIE— KT — A b SoERD I,

ZEIDNH R G £ TOERE e 23R &,

PHNCET AMIE KT — AL D LERD L,

Z BB AW —RE— A v h LERD &,

S kWD

There is a beam of a semicircular cross section with radius R as shown in Fig. 1. Answer the following problems.

Describe the area of the infinitesimal element d4 located at an arbitrary distance y* from the z’-axis using R, 6and d&’.
Describe 3 using R and 6. Then, determine dy’ using R, ¢ and d6 after obtaining dy’/d6.

Calculate the first moment of area Sz on the z’-axis.

Obtain the distance e from the z’-axis to the center of figure G.

Calculate the second moment of area /> on the z’-axis.

S o

Calculate the second moment of area I, on the z-axis.

Fig.1
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I —2(HHHE) (Mechanics of Materials) [2/2])
f5l78 2 (Question 2)

Fig. 2 {7 & 51T, x-;»ﬂimﬁrfﬂc:dbé&i’&d@m%t*ﬁﬁ&%ﬁ BREFED) VI O VAT AC D A ZEEXFRE
L, s C #BEIHFT 5. MAT, x B OAEaDMBIZH D B IZBNT z 8> T FREICEPIH T P
BERSED, UTOMNMIEAL, 20L&, RCIZBITLIEENE Re, U7 ONGREREE E, BHERE
EGETDH, :

1 EBOAENIBNT, PBIO ReZRANTY 7 OBEICERAT2HMFE—2 0 b MBIORUY E—2
YR TERRDE, Fio, Wim Al *ﬁéﬁéﬁ“élﬁ T2V M MABIURLYE—AL P ThERD X,

2. Fig. 200 R34 A OWFE L0 S ALCBY 3 TFIEHoB E 0 LY I & B EABIR e R D X,

3. A ACBITAERKRER o/ b »%kiﬁ/\/lﬁm}ﬁn%j@&) £

4, V27D UAESY ACICEZ bNDOTHRIILE—U ZRD X,

5. WAF VT — ) DFEBERNT R ZRD L,

As shown in Fig. 2, a quarter part AC of a ring with a radius R and diameter d of a circular cross-section in x-y plane is fixed at
‘the point A and simply supported at the point C. In addition, concentrated external force P in a negative direction of z-axis is
applied at the point B with the angle « from the x-axis. Here, R is the supporting force at the point C, and the longitudinal and
transverse elastic moduli of AC are E and G, respectively. ‘

1. Obtain the bending moment M and the torsional torque 7 acting on the cross-section at an arbitrary angle ¢ by using P and Rc.
Additionally, determine the bending moment M, and the torsional moment T4 applied at the point A,

2. Derive the bending stress ¢ and the shear stress T by torsion at point'A; as indicated in Fig. 2(c) on the cross-section A of the
ring. |

3. Calculate the maximum principal stress o1 and the maximum principal shear stress ) at the point A;.

4. Determine the stored strain energy U of the part AC of the rmg

5. Obtain Rc by the Castigliang’s theorem.

(a) B (Bird eye’s view) (b) kT (Top view) (©) A A T B WEX

(The cross-section at the point A)

Fig. 2
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I —3 (## =) (Mechanical Vibrations) [1/2]
%8 1 (Question 1)

Fig. 1D&X51C, BREL, BREHEDOERICE>T, BEm OUMAA DL ENTOD, Yk A I
TN DOHITTZEDE L, K bWk A £TOHEE y 295, YWk Al EEDMFINEATED,
TOMHBEE wIZIEUT, [EMEAD SR A CBEADS] f. = bw? coswt B2 LT3, Tt IFFY,
VIFIEDEHTHY, fETHERIELT S, £, EANEER g L35, 2T, BHEEDNHT CITH
WU TETIIRIIOADTE > TWBENRIER L2 260D F 3,

(1) Wik A OEE RN EET,

(2) Mk A DZERLOIRIE A, % f3EE 0 OIS LTER, £z, ZOBROS S 7 OEET, 7Ok,
Ay Dw -0, w—collBITBMBEEIHITE L,

(3) R BIRNMA NS f OZEBONRIE Ay 2 w OB E LTES, $iz, FOBEKDYS 7 O
il ZOBE, Ay Dw -0k w— colcBITBMBRIEITZC L,

(4) DRFAENTED, wd FHICREVNET B, A, & A O ERNEL LIEWEE, m &k OflizED
FOCRETNE RV, R (15~30 STHEE) TEZ X,

Consider the system shown in Fig. 1. The object A with the mass m is supported by a spring with the
natural length L and the spring coefficient k. The object A is assumed to move only in the vertical direction,
and the distance from the floor to the object A is denoted by y. A rotating object with the angular velocity
w is attached to the object A. The rotating object applies the force f, = bw? coswt to the object A where
¢ is time, b is a positive constant and f, is measured positive downward. The gravitational acceleration is
denoted by g. Assume that the system is in the steady state where the free vibration is already damped
and only the forced vibration is left.

(1) Write the equation of motion of the object A.

(2) Write the displacement amplitude A, of the object A as a function of the angular velocity w. Also,
illustrate the graph of the function. In the graph, the limits of Ay as w — 0 and w — oo must be clearly
indicated.

(3) Write the amplitude Ay of the force that is transmitted to the floor as a function of the angular velocity
w. Also, illustrate the graph of the function. In the graph, the limits of A rasw — 0 and w — oo must
be clearly indicated.

(4) Assume that b is given and w is sufficiently high. If both Ay and Ay need to be small, how should the
values of m and k be chosen? Answer in a single brief sentence of around seven to fifteen words.

rotating
i object
object A
m\ ....................
A
k Y spring

T, ) floor
Fig. 1
6
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I —3 (M H=) (Mechanical Vibrations) [2/2]
Ri#8 2 (Question 2)

Fig. 210RT K91, Mtz 3 TS Ni— AT & R B 2 OMIRDBOETNC DL TE
A oo MO M, [$&7% 2L, ERUIEZINTNEBIU8K/5 LT 5, MO TLLOSING HOLN %
u, KFEDPEDORDOEEAER 0 £ %, u=0, §=00DL%, BITEIKECHZ LTS, 01FT0hEN
ERGEL, sinf~0, cosf~1ET %, M (6) USHE, S5 FIdEZTV, ROBWICEZ X,

1)%@§®@D®Eﬁ%—xyb1d,Wﬁfﬁéh%CK%ﬁﬁ:I:%Mﬁ

(

(2) u & 01CBY BER SRR E T,

(3) EEMEIE v BT wy RO &,

(4) wi BET w ICHT BEET— R MV {41} BEU {¢} BZNZIRD &,

(5) w1 BEU wp I BEHIRIE— KT, BLTHESAOLMAFICED L RBATENERETH,
BROELD S OHMABZ &, 2L, TOXSKAPHELCEVESE, TOEEZ X,

(6) BOELKD hIZVTEENTZRIS, 47 f = Fsinwt DE FAZICH & %, EHIRED 0 & o ZEE ¢
DR E LTRDE, FEL, wdHEEOERTHS,

As shown in Fig. 2, a uniform rigid bar of uniform cross-section and mass density is supported by springs
at both ends. The mass of the bar is M, its length is 2L, and the spring coefficients are k and 8k /5. The
vertical displacement of the bar’s center of gravity is represented by w, and the bar’s orientation from the
horizontal direction is represented by 6. The bar is at the equilibrium when v = 0 and § = 0. The angle 6 is
assumed to be sufficiently small, and thus sinf ~ 6 and cos ~ 1. The external force, f, is not considered
in the problems except for (6).

1
1) Show that the bar’s moment of inertia around its center of gravity is given by I = —3—]\/[ L2,

(1)

(2) Derive the equations of motion for u and 6.

(3) Determine the natural angular frequencies, wy and ws.

(4) Determine the modal vectors, {¢1} and {#2}, corresponding respectively to w; and ws.

(5) In the natural vibration modes corresponding to w; and wsy, determine the distance from the center of
gravity to the point where the vertical displacement is always zero. If such a point does not exist on
the bar, answer so.

(6) Suppose that the external force, f = F sinwt, is given to the bar in the vertical downward direction at
the distance h from the bar’s center of gravity. Determine « and  as a function of time, ¢, at the steady
state.
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SZEREDFEEIE

(1) ZHITFERK T, AT OMEARKIZEA L T E &V,
() MREARKIIRBEEEAIKH Y £7,

() ARMB LT X TCORMEARICZBRE S ZILALTIE I,
4 MERARITREERKE EbizERLET,

Notices
(1) This booklet consists of only question sheets. Use another booklet for answers.
(2) This booklet consists of nine (9) sheets including this front sheet.
(3) Fill in your examinee’s number in all sheets including this front sheet.
(4) Return these question sheets together with the answer sheets.
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O —1 (B %) (Mechanical Materials) (1/2]
BARE 1 (Question 1)

(1

@

(D

@)

Temperature (°C)

FRTHT VI =0 L0 XBETONEITO &, EIPTA 20 2338465 , 44.713° , 65.09° 12— LR
Shic, TNENOE—J I T 2 TFEEREZHEL, ThEoED 7—EErEs1 Lk, 22T,
FT VI =0 LOKTEHIT 0.40494nm, X BOEEIL 0.154mm &5,

Fig. 1 13 Al-Si 6@ DEEIREERI TH D, fK C, Co CGOEEEFFMAN LW WIHEILTZ, LLTORMWC
Bz L,

(@ ORBLIOQADHMBE, £ETHHOK, MHyOkE e,

() O&, PA, RA, SEBIUOTATOASHBERT,

When the X-ray diffraction analysis of pure aluminum was performed at room temperature, peaks were observed at
diffraction angles 26 at 38.465 °, 44.713 °and 65.09 °. Calculate the lattice plane spacing corresponding to each peak
and answer the Miller index of each plane. Here, the lattice constant of pure aluminum is 0.40494 nm and the
wavelength of X-rays is 0.154 nm.

Fig. 1 shows an equilibrium phase diagram of the Al-Si alloy. The alloys of composition Cy, C;, and C; were cooled
slowly from the liquid phase. Answer the following questions.

(a) Show the degrees of freedom, the number of coexisting phases and the number of components at points O and Q.
(b) Draw the microstructures of alloy at points O, P, R, Sand T.

800
750
700
650
600
550-
500
450°

400
J (AD)+(Si)

350°
30011

5 10 15 20 25
Al Atomic (%) Si
Fig. 1 Equilibrium phase diagram of Al-Si alloy.
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M

GG
I —1 (#+ %) (Mechanical Materials) [2/2)
Ri%E 2 (Question 2)

Table 1 1%, f4RA72 3 FifE(a, b, ¢) PATUL RO EEHES (O, @, @, Fe) ZRL TS,
UTORWEz L,

(1)
2)
(3)
(4)

(5)

D, @, @TRT LHRIIMH, B

F—ATFTANR, 7=TANR, wNVT oY ARNRAT VA S T560D% a, b, ¢ NHIES,

VIV T T ANRAT AV ARDRF B E R E IR,

A= AT FANRAT 1V AHA SUS304 % 600~800 °C THIEAL 218, WERRE DIHAA L & AT RBREL T Ol
RAL7HE, KFEREAELD, ZORRERDAN =X LEHFEL,

TRLR I BV A W E T 5% 2 DFIT &, $7, SUS304 Ot U A tEa K0S L=k 4 2 R8T, 20
IS Mk BB L,

Table 1 shows main alloying elements (D, @, @), Fe) of three kinds of major stainless steels (a,b,c).
Answer the following questions.

(1)
2)
(3)
(4)

(5)

Indicate the elements (D, @ and @), respectively.

Show which a, b and ¢ correspond to austenite stainless steel, ferritic stainless steel and martensitic stainless steel.
Discribe the property and usage of the martensitic stainless steel.

Intergranular corrosion occurs when the austenitic stainless steel SUS304 is used in a corrosive environment with
chloride ions such as sea water after heating at 600-800 °C . Explain the mechanism of intergranular corrosion.
Describe two methods for improving the intergranular corrosion resistance. And list two kinds of steel which were
improved such intergranular corrosion resistance better than SUS304, describe the JIS standard for each steel.

Table 1 fRRIGERTUL AFDEILFERS (mass%)
Table 1 Chemical composition of typical stainless steels (mass%)

O] @ ©) Fe

a 0.15 -- 13 Bal.
b 0.08 -- 17 Bal.
0.05 9 19 Bal.
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I — 2 (&:h%) (Thermodynamics) [1/2])
RARE 1 (Question 1)

LT %R (a), (b), (c), (d) 12

(a) WIBAS L 7-—EREORBONEN 2 ORI BN TN D, AHICIIEER, 7T ERB A2 TEY,
FNENOWMBOEEILY,, REXT, EAEP THd, (LU0 2 EHOICIY RE, TR 2%
Oy b —E{LEAS R L, 2L, KATHEAZR, HEA3e CERECR (SI)M“/Z)

(b) ﬁjww—b% N E D 25 CCOTEN LA, 40 CONRICEEBTOHRBEY AT LEE XD, 5

RSN 6kW D & &, ZOMBEY AT LORMERE & BRI LBERE 2RO K,

(©) zozaﬁ«mgmazxMam&@ﬂﬁ%a:%a%ﬁm, 2. =8y CHD, TIT, g, gl K%, tHALHEBOD
HET AHETRINVE—Chb, LT, A LB oEFMMBIL, EH(P)-RE(T)FE ETg, =g &K
BT oM ChH b, BRR g, =g, OPFBIZOVWTHAEEZDZEICED, A 21 B ORFHMBOME
dP/AT %HH A L B DHMEES = ORIEREH - TR, L, FEEDEWRT 2 REBEZ PRkIC LT
G, A OIRRER L8 B OIRIEE %TH%@%K%A B TR &,

(d) fr@k(HzO)@;E—é\, 0 CleBWT, EHHEMIRT 5K ERTIXdT/dP=-0.007524 Katm™ Th D, 0 CiZRT

%, KARERD H0)DE % 099987 g cm?, K(EERD HO)DEEE 091675 gem™ & 52L&, 0 ClTBIT D
SR (HO)DBRE L [cal g7 | & oked &y 72721, 1atm=101325Pa, 1cal=4.1847 & L CRHEE L,

Answer the following questions (a), (b), (c), and (d).

(a) A thermally insulated container with a constant volume was divided into two chambers. One of these chambers was filled
with oxygen, and the other chamber was filled with nitrogen. Each chamber has a volume of 7, a temperature of T,

and a pressure of P, . Calculate the amount of change in entropy, AS, after the divider is quasi-statically removed and

enough time has passed. Here, the oxygen and nitrogen are ideal gases, and the units are in the international system of
units (SI).

(b) Consider a cooling system employing a reverse Carnot cycle that transfers heat from a room of 25 °C to its surroundings
of 40 °C. Calculate the coefficient of performance of this cooling system and the power required to operate this cooling
system when the cooling capacity is 6 kW.

(¢) The condition for that phases A and B of a pure substance are in thermodynamic equilibrium is expressed as g, =g,
where g, and g, denote the specific Gibbs free energies of phases A and B, respectively. Additionally, the coexistence
curve for phases A and B is a curve describing the condition g, =g, on the P-T plane, where P and T are
pressure and temperature, respectively. By considering the differentials of both sides of the equation g, = gy, describe
the gradient dP/dT of the coexistence curve for phases A and B in terms of specific thermodynamic variables of phases
A and B. In describing the answer, show the nomenclature and use subscripts A and B for phases A and B, respectively.

(d) In the case of pure water (H,0), the freezing-point depression for pressure increase is d7/dP=-0.007524 K atm™ at
0 °C. Calculate the heat of fusion of pure water at 0 C: L [cal g’l] using the mass density of water (liquid-state H2O)
0f 0.99987 g cm™, the mass density of ice (solid-state H,O) of 0.91675 g cm?, 1atm =101325Pa,and 1cal=4.18417T.
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I —2 (&%) (Thermodynamics) [2/2)
B%E 2 (Question 2)

WS TED LN -ZZE 0T, FRRRE 20 EWET 5 2L cmEEnd, ZORABERICET 2RM (2
~(d) WX X, ZRIEBRATH Y, KEEST 0.287 KI(K-kg), LI 1.40 TREIEFLRVB D LT D,

(2) KEDEFIHFEE T 101.3 kPa TH Y & 700 m T 933 kPa TH D L T2, HMEREITENT27°C THoT
ZESHAEE 700m £ T ER L& EORELRD L,

(b) = DOEFET 1 kg DEKIABI I LIEBREFITN < By,

(c) ZOWRRITIBITD kg DESOT Y b BB = ZNE—Z{LERD X,

(d) HIEE T 27 °C OAEK ZETZERAS, 700 m £ T EF Uiz & )0 TOKRKROEENMEIC L D BB LTz, H
HEICBIT B LELEOMIHEEIIM% Th o7 L Z 2 N5, KOMMEKEIIR 1 0@ Th D, KEXRE
G TN THEKDRBER L WEIIEDL LR NS D ET D,

£ 1 KoOfAFARE

BRI [°C] | Z&UE [Pa]| | IREE [°C] | RKE [Pa] | |{RE [°C] | AKUE [Pa] | | IRE [°C] | ARRUE [Pa]
16 1818 19 2197 22 2644 25 3167
17 1937 20 2338 23 2809 26 3361
18 2064 21 2487 24 2984 27 3565

When an air parcel is heated on the earth's surface, it becomes ascending air flow and is cooled by adiabatic expansion.

Answer the questions (a) ~ (d) about this cooling process. Assume that air is ideal gas with gas constant of 0.287 kJ/(K-kg)

and specific-heat ratio of 1.40 independent of temperature.

(a) The pressure of atmosphere is 101.3 kPa on the surface and 93.3 kPa at altitude of 700 m. ~ An air parcel of 27 °C on the
surface ascended up to the altitude of 700 m.  Calculate the temperature of the air parcel at 700 m.

(b) Calculate the expansion work done by the 1-kg of air parcel to the surroundings by this process.

(c) Calculate the entropy change and enthalpy change of the 1-kg of air parcel by this process.

(d) When an air parcel of 27 °C on the surface containing water vapor ascended up to 700 m, cloud started to be formed by
the condensation of water vapor. What was the relative humidity [%] of the air at the surface? The vapor pressures of
water are shown in the Table 1 below. Assume that the gas constant and specific-heat ratio are unchanged when the air

contains water vapor.
Table 1 Saturation vapor pressure of water

temperature vapor temperature vapor temperature vapor temperature vapor
[°C] pressure [°C] pressure [°C] pressure [°C] pressure

[Pa] [Pa] [Pa] [Pa]

16 1818 19 2197 22 2644 25 3167

17 1937 20 2338 23 2809. 26 3361

18 2064 21 2487 24 2984 27 3565
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I —3 (FAH %) (Fluid Mechanics) [1/2]
9% 1 (Question 1)

Fig. 1IZRTEOICENZKR TNE EIZHILTEY, MR A U FE~Y /) A—ZNEICERINTWD, B
D & WrEH@OWrEHE X Z 2 4:=0.01 m2, A4,=0.002 m?, KOs Wm@omMEIZH=015m TH5H, ZDL
X, v/ A—FOHRMIAh=01m Thol-, WIUIIELME, EF, H#E-RKILT, ~LX—A OFEFNEH FEER
FET-T, ENERNDEEREZ Q[m¥s] £ LT, AFOMWIEx L, HL, K&~/ A—=FNOMDE
FEIE, EREI pw = 1000 kg/m?, poi= 800 kg/m?, ESHNMHEDKE S Zlgl=g=9.8m/s> LT 5,

(a) WD & Wra @Iz 20 w, o [m/s] %, Q & A1, 4 HHWTEYE,

(b) ~IVX—A OFEHDEH FTRER SR 2 E T,

(€) ~IVX—A OEHNG, Wik L Wriki@IZB1F HIET17E pr—p: [PalZ BFEITE O OREEE LTRD &,
(d) WU FTE~ ) A—ZIR LT SIDESN EBEHOBERNDS, £/ pr—p2[Pa] DEZERD X,

(e) KFEIRE: O[m’/s] DEZERD X,

As shown in Fig. 1, water flows from bottom to top through the tube to which the inverted U-tube manometer containing oil is
connected. Cross-sectional areas at the cross sections (D and @ are 4; = 0.01 m? and 4>, = 0.002 m?, respectively. The
distance between the cross sections D and @ is H=0.15 m and the manometer reading is 4= 0.1 m. The volumetric flow
rate is Q [m?/s]. Assume that the flow is incompressible, steady and quasi one-dimensional, and satisfies conditions for
applying Bernoulli’s principle. Answer the following questions. Here, the densities of the water and the oil are p, = 1000 kg/m?
and poi = 800 kg/m?, respectively, and the magnitude of the gravitational acceleration is |g|= g= 9.8 m/s%.

(a) Express the flow velocities u; and u, [m/s] at the cross sections (D and @ using O, 4; and 4».

(b) Show the conditions for applying Bernoulli’s principle.

(c) Applying Bernoulli’s principle, find the differential pressure p;—p2 [Pa] between cross sections O and @ as a function
of Q0.

(d) Calculate the differential pressure p; —p» [Pa] from the relationship between pressure and gravity that holds for the inverted
U-tube manometer.

(e) Calculate the volumetric flow rate Q [m?¥/s].
m /pon

— |4k

|
)

Fig. 1
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I —3(F{A %) (Fluid Mechanics) [2/2])
f5%E 2 (Question 2)

Fig. 2 IC/R 9, PR R OEERE O MEE N O IEEMMMERA (8
Eﬁﬂ‘f#ﬁ;p, WERy COINDHER) OEHERNEE 2 5, HfE
BOWNITIR > CzHh% & o> 2MEHBESR (r, ¢, 2) ITBWT, i
izﬁﬁ@E(nL“C, TED r, ¢ BE 0 (w,=us=0) TH5, ZTD
z M OEF RN Z AT 2EH) R
ou, 1dp /1{1 8( ou, j 1 %u, 82u2}

U, —t=—— | = L

oz p oz ror\_ or ) 9> 0
ThHhb, T TulIHED z 5T, pldENITH2, z FADE
NEBLIE—ET, Ip/oz=-a (>0)& T 5, UTORWICEZ X,

(a) TORD 207 u-\Z r iCOBRKET 2 (w=u(r) T35, 2oL Z, EEHEXZEREICH> TEBLL, w)
BRD B0 %KD X,

w)@fﬁbtﬁ%%%,mm@~%%%*@;

(c) D)y TRD =R LT, r=0& r=RICEHIFTIHEREHLL2 L, MEENOEESM u.()ERD X,

(d) MBEENOEERE Q %k X,

(e) MFEIENEENFAICER T2 MAEBE LY DDz 0 %, FEicEFEREL Tk X,

As shown in Fig. 2, let us consider the steady flow of an incompressible viscous fluid, whose mass density p and viscosity
are constant, through an infinite circular tube whose inner radius is R. In a cylindrical coordinate system with the z-axis along
the axis of the circular tube (7, ¢, z), the fluid flow is a laminar one in the z-direction, and the »- and ¢-components of flow
velocity are zero (u, = up = 0). The equation of motion governing this steady fluid flow in the z-direction is

0 19 19( 9 1& 0’

uz & — ___p + ﬁ — u + u2z

oz poz p ror ar r 09> Oz
where u. and p are the z-component of the flow velocity and the pressure, respectively. The pressure gradient in the z-direction
is constant, dp/dz =—a (&> 0). Answer the following questions.

(a) Assuming that the z-component of the flow velocity «. depends only on the coordinate r, u. = u-(r), find the equation to be
solved to determine u.(r) by making the equation of motion simplified using given conditions.

(b) Find the general solution of the equation obtained in (a).

(c) Determine the velocity distribution u.(r) in the circular tube by applying the boundary conditions at » = 0 and » = R to the
equation obtained in (b).

(d) Calculate the volumetric flow rate Q.

(e) Calculate the z-component of the force per unit area 7 acting on the fluid by the inner wall of the tube with the correct
sign.
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I —4 (HIfE T5) (Control Engineering) [1/2]
Ri%E 1 (Question 1)

PIT ORI NTE % Ko

1. DEOWLTHENEE X B,

dy(t)

=t y@® =r®), y0)=0

(a) rinby~DIREBEHE KD X,
b) r@) =10 & X, WHIHEREy(O)IZ OV THET,
) r(t) =1 D&E, y(t) DEFEZRD L,
2. B () DT 7T A (5) % DX CIEZRT D
F(s) = f f®)e stdt
0

(@ lim f De St = 0D L&, f(t)DEREHRDT 7T AIHHSF (s) — f(0) THDH Z & ZFE L,
©) ft) &gt ZRNTHOEDI(L) ZEHET D,

Mw=ff@ma—ww
0
g Eh@Q) DT T T AEMETNENG(s) EH(s) TET L X, H(s) = F(s)G(s) Tt X,

Answer the following questions.

1. Consider the following differential equation.

d
% +y@®)=r®), y(0)=0.

(a) Derive the transfer function from 7 to y.
(b) When r(t) = 1, solve the differential equation with respectto y(t).
(c) When r(t) = 1, compute the steady-state response of y(t).

2.Let F(s) denote the Laplace transform of a finction f(t), defined by
F(s) = f ft)e stdt.
0
(@) When }im f(®)e™st = 0, prove that the Laplace transform of the derivative function of f(t) is sF(s) — f(0).
(b) For f(t) and g(t),define

t
ho = | F@g( - D
0
Let G(s) and H(s) denote the Laplace transforms of g(t) and h(t), respectively. Prove H(s) = F(s)G(s).
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I —4 (%l %) (Control Engineering) [2/2]
fI%E 2 (Question 2)

PITFORWZE 2 X,

L.

Fig. 1 DV AT AMEANTEZ D, 27 L, 6(s) = EX6™D wpp o 3R TH B, ATES ul) = sin(5t)

(s+1)2(s+3)

R L, HAEE y@© EFRMICEL D20 LT D, a DEEZRD L,
Fig. 2DV AT AICONWTHE 2D, IEL, Gi(s):;—‘j— BEY Gs) =5~ THY, a FEHETHD, =
DYAT BIRNBEERD LI a WEETLNEZ L, SblT, %@iﬂaﬂaéézio

Fig. 2 DY AT LIZOWTEZD, 727210, G6(s) = BXO Gs)=et THY, L ITEDEHTH

F??
By TOVATANEELRDEOIT L D T_R&EEME2RD X,

Answer the following questions.

1.

(s2+a)(s—1)

Consider the system in Fig. 1. Let G(s) = GTDA(eray’

where a is a real number. Suppose that the output signal y(t) is

zero in the steady-state for the input signal u(t) = sin(5t). Determine the value of .

Consider the system in Fig. 2. Let G,(s) = and Gy(s) = —— where « is a real number. Answer whether there

exists @ such that the system becomes stable. In addition, explain the reason for it.

Consider the system in Fig. 2. Let G,(s) =

\/" = and G,(s) = e~ LS, where L is a positive real number.  Derive the

condition of L under which the system is stable.

. —
"y Gs) L ()

Fig. 1 System G,(s)

Fig. 2 Feedback system
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i 1 (Question 1)

(a) HFERIKIZH L T2 b utbzéE{meVOm VO LB MNE, AS=2 By, 2,
0 0 0
The entropy change for each gas is i In 2;/ Therefore, AS = 2 01 2.
0 0 0
(b) W) —H A7 TIEEE Q :ifow)“(“, COP:%:LNIQW L0, W=x302.0 W,
H H w H 2L
In a reverse Carnot cycle, %zi holds. Therefore, COPzgszw.W and
QH TH w QH_QL
W ~302.0 W.
() dg=—sdT+vdP &M\, dg, —dg, =L =5a75% (¢ 15, &4, oo o E— & W iRED,
dT" v, —u,
Using the relation dg =-sd7+oudP , dg, =dg, :%z 5”5  where sand v are the specific
Uy —Up

entropy and specific volume, respectively.
Lx4.184x10°

d) s, - _Wc IHERE LT, AildofERE/HE Y, L=79.72calg™,
3
Using the relation s, —s; = % and the answer of the question (c), L =79.72 cal g™
[ 2 (Question 2)

x-1

(a) HAEKUEDHET L b B —BRAE L, T700=T<){@J " 220318 K =20.0C.,
Do

=

Using the isentropic relation of the ideal gas, T,,, =T, (@j =293.18 K=20.0 C.
Py

(b) FSADE T o E—BRR A, W =1xj““’° pdo=5.00kJ .

700

Using the isentropic relation of the ideal gas, W = 1><I pdvo=5.00kJ.
(c) = hr v —21LITAS =0,
T NE=RE, EERRC, :K—_ N, AH =1xc, (T, —T,)=-7.00 kI ,
The entropy change is AS =0.
Using the specific heat at constant pressure ¢, = ’f—fl , the enthalpy change is
AH =1x¢, (T, —T,) ==7.00 kI .
(&) BT BI@OE L, ERROAEROTASER I DLy, R HA
mopy R X258 ) iy gt X238 905 9 00,
933 93.3x3.565

From the meaning of the question and the answer of the question (a), the mole fraction of water vapor in



the air is . From this, the partial pressure of the water vapor on the earth surface is

101.3x2.338 1 p, | Accordingly, the relative humidity is 10132338 _ 712 =71.2%.

93.3 93.3x3.565

LIk
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i 1 (Question 1)
0 0

Q) U =—, Uy=—,
(@) u R
(b) EH « Fr o bu bt — GEEMZR BIERE) i,
Steady isentropic flow. If the fluid is incompressible, steady inviscid flow.
- . 11
© BHE@OEZ bV, p-p, =22 (?-Fj“’wg'“
2 1

2
Using the answer of the question (a) also, p,—p, = P W2Q {% —%J +p,8H .
2

1
d) p,-pugHy~ Pughh=p - p,g(H+H,+Ah)= p —p,=p,g(H+Ah)- p,gAh=1666 Pa

() EMDPEALY, 0= Ipl_pzl_pW‘fH =0.00128 m* 57",
Pol 2 1
\/2 [Ai Afj

From the answers of the questions (c) and (d), Q= I P =P pu8H 0.00128 m’ s™".

puf b1
247 4°

]/ 2 (Question 2)
Ou 10p wu|lo( Ou 1 0’u, ou d({ du o
@ u—F=———"+"|——|r——F |\ttt || |=——T,
oz poz plror\ or r- o0¢ oz dr\ dr Y7
(b) i(rduzj:_g :>duz =—lgr+ﬁ:>uz=—lgr2+cllnr+c20
dr\  dr Y7 dr 2 u r
(¢) r=0Tu AT, r=RTu =072715, uzzig(Rz—rz)o
Y7
) ) la,/.,
Because u_ is finiteat =0 and u, =0 at r=R, uzz——(R -r )
4 pu

R T
d 0= 2ardr===R",
(d) Q=] u.2mrdr S 4

du
(€) 7=p 1

z =—laR o
r 2

LIk
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