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Notices
(1) This booklet consists of only question sheets. Use another booklet for answers.
(2) This booklet consists of eight (8) 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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I —1 (#%F) (Mathematics) [1/3]
R578 1 (Question 1)

2a 0.2
~0.2 3a

(@) TT7lA PEHEAITEDER b ZAVWTKROKNTREND, b DEEZRD L,

. Sata*+b
2 ,
0) FTFNA DOESOEEEN S D)~ FOBEBFEDO2ETHD L&, aDELEBEFREEZKRD L,
(¢) EFROGDERBTTITI A DEE~Z hERDL,
(d) LREEORAT TlimA"x=cp WERST B 2 & 2R, 2L n iXEARE, o BN RER, pIXEA

L ?:J:§IJA=( j g:ol,\'cj;L‘Fde'pﬁb\&C%‘:iJic 2Bl EOEKTHD,

X

y
(&) EE(DDRZ bl x ZEAH (x*+)° =1) EOROMNERZ " ET D, ZDLENIMA XIZE-T

B &0 X5 REBICET 50, SHE L,

NI MADIHEDELLPDED, x=( ]&i&%’?@#%%/\‘“ﬁ FvEd 5,

2. WOES — R FRRADPME—REFFOL D72 d DRIFZTL, MR X,
-x+y+z=2
x—y—d’z=0
x+y—-dz=4

2a 0.2

1. Answer the following questions about the matrix A»={ 02 3
-0. a

] . Here a is a positive real number.

(a) The eigenvalues A for the matrix 4 can be described as follows using a positive real number b. Find the value of 5.
Sa=x m
2
(b) When one eigenvalue of the matrix 4 is twice the other eigenvalue, find the value of @ and each eigenvalue.
(c) Find the eigenvectors of the matrix A under the above condition (b).
(d) Show that ’141_1)130 A"x =cp holds under the above condition (b), where # is a natural number, ¢ is an appropriate

A=

. X
real number, p is one of the eigenvectors, and x= (
y

(e) Let the vector x in (d) be the position vectors of points on the unit circle (x* + y* =1). Explain how the unit circle

J is any non-zero real vector.

changes by lim A"x.

H—>c0

2. Show the condition on 4 such that the following simultaneous linear equations have only one solution, and find the
solution.

-x+y+z=2
x—y-d’z=0
x+y—dz=4
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1 —1 (&%) (Mathematics) (2/3)
BH55E 2 (Question 2)
tEI D ={x*+y? <1} Lo 2ERES,

I=[f,In(x* +y?) dxdy

12T, ITFTORBWIZEZ X,
(a) FESVSEEE -y FEEICTR L, ZOERICN Ny F 7 a0, »ox, y 8 EORELEAL L
(b) 2EFHES I &RD I,

Answer the following questions about the double integral 7 on the region D = x2+y2<1}

I = ff,In(x* +y*) dxdy
(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) Calculate the double integral /.
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[ —1(#=2) (Mathematics) [3/3]
f9RE 3 (Question 3)

S HRRA (D W OWTUTORWIE L L, 7L vy i3 x OFETH S,
xy" + Gx+2)y'+(6x+5)y =0 6h)

(a) (xy) ZEEEL,

M) (xy)'ZEFHEFE L,

© FRDZE &), (xy)", xy ZRHVTEY,
(@) (D& R,

Answer the following questions on the differential equation (1), where y isa function of x.
xy" + (5x+2)y + (6x+5)y =0 (D

(a) Calculate (xy)'.

(b) Calculate (xy)".

(c) Express the left hand side of Eq. (1) using (xy)’, (xy)", and xy.
(@) Solve Eq. (D).
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I —2(#H 3 %) (Mechanics of Materials) [1/2])
B9%E 1 (Question 1)

Fig. 1 \IZRT L 9 RETEZFF 2130 b 5, LTOMWCEZ L,
(1) z’EHIZ BT AWIE —IRE— A > b Sp &R &,
Q) zENLHE ORI G FTOER e 25k X,
Q) BT HWE _IRE— A b LERD I,
Az IZRET 2T _IRE— A N LERD L,

There is a beam with a cross section shown in Fig. 1.

(1) Calculate the first moment of area ;' around the z -axis for the cross-section.
(2) Obtain the distance e from the z -axis to the centroid G for the cross-section.
(3) Calculate the second moment of area 7 around the z-axis for the cross-section.
(4) Calculate the second moment of area ; around the z-axis for the cross-section.
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I —2(## 33%) (Mechanics of Materials) [2/2]
%8 2 (Question 2) '

EOhoESE [, @iFRIEE El L350, LLFTORWCELEL,

(1) Fig. 2@ d 557, oS q MERTHRAFEDIIN AB ICBII2A A Ofcbd §, ERDIN, ZOK, &
A WRBENCERTA8EF A TEEOETN N T 2EX, IV LOEE x CBITAEIFE—AVF M, %, AH
EREP O TE—- A MDD DVENWRKERZ E TR L,

@D T EBZKET, IINCEZALNLIVTHTRNLF—ZKD L,

(3) QDFERNE 6, & q, FAVWTRDL

(HFEHIIY AB O—1i A 20EF M T MEICH/EEE o BERZBICRAIED—F— BBV ThD, Fig. 20077
IO, AELIXY AB IKESFHIN T g, PMERTALE, £ A BREHKD—T—IZHEELRWIZDD g, OFEEERD
Ko

(5) B A BEBER o —7—|TERL QWDEE, AfFo—F—0bm A IERT23XRM) R kb,

Answer the following problems when the length and flexural rigidity of the cantilever are assumed to be ! and EI, respectively.

(1) As shown in Fig. 2(a), the deflection at point A on the cantilever AB where a uniformly distributed external force g, acts
intends to be obtained. After considering a concentrated external force 7 acting virtually in the direction of vertically
downward on the point A, find the bending moment M, at the-coordinate x on the cantilever by obtaining the moment
balance equation. At the same time, draw a free body diagram.

(2) Considering T in the state of (1), calculate the stored strain energy of the cantilever.

(3) Obtain 8, by using g, from the result of problem (2).

(4) A rigid roller is placed vertically downward at an infinitesimal distance a from one end A of a cantilever AB. When a
uniformly distributed external force g, acts on the cantilever AB as shown in Fig. 2(b), find the condition of g, such that
the point A does not contact with the roller.

(5) When the point A is in contact with the roller without frictions, find the supporting external force R acting on the point A
from the roller.
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I —3(#MNF#) (Mechanical Vibrations) [1/2]
%8 1 (Question 1)

Fig. 1 DREEZ %, Yk P IIKPFRERL—IVEEZGZDOMCENE, ERABLUTX/SBZTLTE
LEFIEN, AUSCENLTHAQLEERENTVS, MAP DEEE m, $RADERERITETHY,
RSB ERIRC OBEFRBINTNG c THD, CNODEIE A < mk 2l d, MMAP BIURQ
DN S DM ZN TN 2 BEI Ty &35, 2=L, =0, y=0Ths ¥, RITEREHD, $h
AWSEBHCIMDZ I THD, CTTLRBEDERTH S, LITOMWICER Ko 5%, MEEEDRI
cosacos 3+ sinasin§ = cos(a — ) ZHWVT LW,

(1) ¥tk P @S A EE T,
(2) HQMW—TEDEE ) =v TBEHLTVE LTS, TTToREDTHTH S,
(2a) CD& ¥, (1) OEBLEXDO—MREE KD X
(2b) ¥tk P HVEE D OFREED 3L RIGOME CPHIREEL 725 Tedic, FOER v BT NERMFZK
&,
(3) L QONEM y = 2L + Bsin(wt) DXICEHL TS LTS, TITBLwIEDERTH S,
(3a) TDLE, (1) DEFHERXOBHHREIFZ KD Ko
(3b) (3a) DFEHHRENR & 5 Q ONIE y ORFEENE D & 722 AR w ZRD K.

Consider the system illustrated in Fig. 1. The object P is allowed to move smoothly on a horizontal
rail, and it is connected to the wall through the spring A and the damper B, and to the point Q through
the damper C. The mass of the object P is m, the spring constant of the spring A is k, and the damping
coefficients of both dampers B and C are ¢. These constants satisfy ¢® < mk. The distances of the object
P and the point Q from the wall are z and y, respectively. When z = L, £ = 0, and y = 0, the system is
in equilibrium, and the force acting from the spring A to the wall is zero. Here, L is a positive constant.
Answer the following questions. If necessary, use the formula cos acos 8 + sin asin 8 = cos(a — 5).

(1) Write the equation of motion of the object P.
(2) Assume that the point Q moves at constant velocity ¥ = v with a positive constant v.
(2a) Find the general solution of the equation of motion obtained in (1).
(2b) Find the condition for the positive constant v so that the object P comes to equilibrium at a distance
smaller than 3L from the wall.
(3) Assume that the point Q moves as y = 2L + Bsin(wt). Here, B and w are positive constants.
(3a) Find the forced vibration solution of the equation of motion obtained in (1).
(3b) Find the condition for the angular frequency w with which the phase difference between the solution
obtained in (3a) and the position y of point Q is zero.
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I —3 (###12) (Mechanical Vibrations) [2/2)
5178 2 (Question 2)

Fig. 2 DHREEZ %, 3WOMEHN 2ADMTORANTED, EHTEZI THHINTVS, 3KOMEED
HEDODEEE—AY MIFNFNJ, 37, BXU2J THY, oL OAEEZENEFNE BT 2% T
H5, MOHE LHIZOEBIIBHETE 512/ EL, ZHINSRVEDET S, HBOEERESYZFN
Fhn 61, 02, BXT O3 & L, @MADEDOR NN OD L & 0 =0:=105 £72%, LITORIWICEZ K,

(1) 61, 65, 05 1CBIT 2 BEHEREET,

(2) COROEEAERLETNTRDE, £z, TNENOEEHEHHET 3 E— FRY FLER
b,

(3) Hﬁ@*ﬂ%@%g% 91 = —a, 92 : a, 03 = —a, *ﬂf@ﬁﬁg{% él == 92 = 93 =0 &@‘%o C@c‘_’.:}é, 91,
02! ‘0.3 %B%ZU'&@BS@& LT%“@}; a Liﬁ@iiﬁkﬁ'%o

(4) FBROTIARAER 61 =02 =03 =0, TIHAEER ) =6, =0 =b LT B, TDLE, 6, 6, 05 2Hf
At DR L LT&RYE, b BIEDE#HET B,

Consider the system illustrated in Fig. 2. Three rigid disks are coaxially connected by two' shafts. The
moments of inertia of the disks are J, 3J, and 2J, and the torsional stiffnesses of the shafts are k and
2k. The masses of the shafts and the friction in the bearings are both negligibly small, and the shafts are
assumed not to bend. The angular positions of the disks are denoted respectively by 6, 62, and 3, and
they satisfy /1 = 6o = 03 when the shafts are not twisted. Answer the following questions.

(1) Write the equations of motion of the system with respect to 8y, 65, and 6s.

(2) Find all the natural angular frequencies of the system. Also, find their correspondent mode vectors.

(3) Suppose that the disks start rotating from the initial angles of §; = —a, f2 = a, 65 = —a and the initial
velocities of f; = 0y = 5 = 0, where a is a positive constant. Write 81, 6, and 83 as functions of time ¢.

(4) Suppose that the disks start rotating from the initial angles of #; = 85 = 63 = 0 and the initial velocities
of 6y = 0y = 5 = b, where b is a positive constant. Write #1, €, and 63 as functions of time ¢.

s}_{afts

;. bearings
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ZERLODIEEIE

(1) THEREAR T, MEIERIMOMERBICEAL T ZEN,
(2) MEAKIIREKEZEL 9B F5,

() AEMEE L TR TOMBEAKICZRESLEAL T ZE,
(4) EBEAMRITRERRLE & bICER LET,

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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I — 1 (B84 ¥ (Mechanical Materials) [1/2])

RBIZE 1 (Question 1) :

(1) EOSEHHEE (feo) BLUELIHEE (bee) @ (100)H, (110) E L O(111) mDOJEFBLE & Krg £,

Q) TA3I=vs (A) BEWask (aFe) OWTERKL Th£h 0404nm I 0.286nm THDH, Al BLO
o Fe DE—ITHEIE 7RIS, 5 rBR 7 HE R X O R EEREZ RO X,

(3) aFe ® X BB 21T - LA, (110) &, (200) E@H L OQ211D) E»LE LN DEPTA 20 2R L, 2T,
X BROB I 0.154nm & § 5,

(4) Fig. 1 iX Cu-Ni 82D FHERER TH 5, a,b,c KTOMOTEHE (L, o) &ZOMMBITEIRITONTER
£

(1) Draw the atomic configuration of the (100), (110) and (111) planes of the face-centered cubic structure (fcc) and body-
centered cubic structure (bcce).

(2) The lattice constants of aluminum (Al) and a-iron (aFe) are 0.404 nm and 0.286 nm, respectively. Calculate the first nearest
neighbor (1st-nn) atomic distance, second nearest neighbor (2nd-nn) atomic distance and third nearest neighbor (3rd-nn)
atomic distance of Al and oFe.

(3) Calculate the diffraction angles 26 obtained from the (110), (200) and (211) planes in the case of X-ray diffraction analysis
of aFe. Here, the wavelength of the X-ray is 0.154 nm.

(4) Fig. 1 shows the equilibrium phase diagram of a Cu-Ni alloy. Answer the types of phases (L, o), their compositions and
their ratio at points a, b and c.

1300

1200

Temperature (°C)

?
°
?
|

5
20 30 40 50
Ni (mass%)

1100 '

Fig. 1 The equilibrium phase diagram of a Cu-Ni alloy.
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I —1 (B (’Mechanical Materials) (2/2]
FH5%E 2 (Question 2)

2TV AIZOW T T ORWIE 2 X,

(1) 7294 FRBIOA—RFF A FHRAT VLV ARMORBHRIFMTE L RENREERBEE L L,

Q) MAREERAEBB I UMM ABKAERZHETIOICRKERAT VLV AHEE X L, £ 0ORINFER
ik,

(3) PAT YA FRAT L AHIOREEB LR zE X,

(4) F—ATF A FFRAT L AEH SUS304 % 600~800°ClIRIHEHRRF L7214, 1B/AKEREE T CEMT 2 SRVERRA
U5, ZOBFYERDA =X LZ e X,

(5) SUS304 OIRLAEAME L0 &E L=k % 2 EEZT, JIS BE4 I L O Odipt OTKL S & m Lo
B U L,

Answer the following questions on stainless steel.

(1) Answer the typical alloying element(s) and typical amount in the ferritic and the austenitic stainless steels.

(2) Answer the most suitable stainless steel to produce the container for liquid nitrogen and the vessel container for an aqueous nitric
acid solution, and explain the reason.

(3) Describe the propetties and usages of the martensitic stainless steels.

(4) The intergranular corrosion occurs. when austenitic stainless steel SUS304 is exposed under the seawater environment after heating
at the temperature range of 600~800°C for long time. Explain the mechanism of intergranular corrosion.

(5) List up two kinds of steels which are improved the corrosion resistance better than SUS304. Describe the JIS standards and the
reasons for the improvement in intergranular corrosion resistance for each steel.
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o —2(&h%) (Thermodynamics) (1/2]
RIRE 1 (Question 1)

LUIFD 4 >OFSBE CHR SN ABNEY A 7 Vo0 T, Bl (@)~@E) K&X L, 22T pV,TIHECE
F, K, BHRBEEXRL, BREI1~4ITRE1~452KT, EMEREIT 1.00kg OBEKETHY, K[FEH
R 1% 0287KI/(K'kg) THD, FHBL « X 140 THVERLTD, EAL po/pr 13150, T BXT I3 &
JIEIC 300K BLO 1400K &35, '

[EFE 1—-2] REE 1 2> HREE 2 ~ITWBVERME (p, Vi, T > pa, Vo, T2)
(B 2—3] K2 2> O HRHEE 3 ~TEEMER (po, Vo, T — pa, V3, T3)
DB 3—4] REE 3 M OIREE 4 ~IIWFBVEIR (p2, V3. T3 — p1, Va, TW)
[EFE 4—1] KEE 4 BIREE 1| ~NTEESH (p1, Va, Ts — p1, V1, Th)

(a) KEE2 DIRE T, ZRD L,

(b) EEMETIA SNTE s RO K,

(c) EEMANTHETHE gu RO I,

(d) 2DV A 7 NVOBNE n ZRD I,

(e) BIERIEN 1 HA 27 L TTHERDOHEFELZRD X,

Answer the questions (a) through (e) for a thermodynamic cycle consisting of the following four reversible processes. Here
p, V,-and T denote pressure, volume and thermodynamic temperature, respectively, and subscripts 1 to 4 denote states 1 to 4.
The operating gas is 1.00 kg of ideal gas with the gas constant R of 0.287 kJ/(K-kg). The specific-heat ratio « is 1.40 and
constant. The pressure ratio p» / py is 15.0, and I3 and T3 are 300 K and 1400 K, respectively.

[Process 1—2] Adiabatic compression from state 1 to state 2 (p1, V1, T1 — p2, V2, T2)
[Process 2—3] Isobaric heating from state 2 to state 3 (p2, V2, T2 = p2, V3, T3)
[Process 3—4] Adiabatic expansion from state 3 to state 4 (p2, V3, T3 — p1, Va, Ts)
[Process 4— 1] Isobaric cooling from state 4 to state 1 (p1, V4, Ta — p1, V1, Th)

(a) Calculate the temperature 7% of the state 2.

(b) Calculate the heat g3 added during the isobaric heating.

(c) Calculate the heat g4; rejected during the isobaric cooling.

(d) Calculate the thermal efficiency # of this cycle.

(e) Calculate the net work done by the operating gas by one cycle.
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I —2(#AHZ) (Thermodynamics) [2/2]
5178 2 (Question 2)

UroxzEdo [a]l ~ [kl ICAND XSGR, Bl e EA k. 220, [UEE, KRRz ahs
AbEERVEAED, [IREHER=287Tkg' K, HEULc =140 DEEMEEKME LT,

ik L2 KRB OES 5L, FREX —dp/dz-pg=0 ICE>TH2OND, 72720, zdiliZshE b o
i, plIKRROES), p FRRAOEREE, ¢(=98ms? ) FEIMELEOKE STHD, KADREL(Z HAER
KORY bty 724k RV bu bty 7#n) LT L, RETOARIT/d X [a]l LFT 5, EEEER
R[RET N TIERAT/dz=-6.5Kkm' EEDHHINLTEY, Zhidn= [b] IZHYT D,

WIZ, KRR BURROHD L7 ITWBBNCEN T 5, 72720, KEFHOENARITER T, KDL
PASR & ReE, £ ZI0EENLKREROZETRHMASELD bRV, 20L&, ZORKOM EHITENT
LHEROWREZEZITAT/dz= [c] Kkm! Th D, FHORKOIBEARN dAT/dz=-65Kkm ' 726, EHIZEML
TERROWOEEHEITHAFAORKOEEEELV S [d]l , EAHRFEHEV S [e] 22V, ZORKOIIT [f] I
B<, —F, b LEXBAVIAATREBORKQOMREAED dT/dz =13 Kkm " (T2, EHICEN LI RKROHE
DEEEEITIAMORKOEREELY S [g]l , EAXFEAHEV S [h] 220, ZoRKOME (1] 12#<,

— BT, EIFICEM LI KRKOHEMR FHICH 7 b READOIREBIFLETH Y, S5 EFICH b RRADIRE
BIARZETHD, RROWERRZETHD L, EHICEMLEZKRROMIT EA LT CQREMET L,
TEHEENLTVDOKERDGE L AFMARENE LD, IHICEFLTRIADIHDOBENRI HIZTFRL ERKID
Womokn [j] LiadDd, 2975 L KRAOO EFREENHET 2, TOEABE (k] 72D TH D,

Answer the appropriate mathematical formulas, numerical values, or words that should be placed in [a] through [K] in the
following text. Note that the gas, with or without water vapor, should be treated as a calorimetrically perfect gas with the gas
constant of R =287 Jkg™' K™' and the specific-heat ratio of x =1.40.

The pressure distribution in the stationary atmosphere is given by the equation —dp/dz— pg =0, where z-axis is the vertical
upward coordinate axis, p and p are the pressure and mass density of the atmosphere, respectively, and g(z 9.8 m s'z) is
the magnitude of the gravitational acceleration. If we consider the change of state of the atmosphere as a polytropic change of
an ideal gas with the polytropic index n, the gradient of temperature, d7/dz , can be written as [a]. The International Standard
Atmosphere Model defines d7/dz=-6.5 K km™', which corresponds to 7 = [b].

Next, an air mass containing water vapor is displaced adiabatically upward. Note that the horizontal pressure gradient is
negligible, the air mass can be regarded as a closed system, and the partial pressure of water vapor contained in the air mass is
lower than the saturated vapor pressure. In this case, the rate of temperature change during the upward displacement of the air
mass is d7/dz=[c] K km’". If the temperature gradient of the surrounding atmosphere is d7/dz=-6.5 K km™', the mass
density of the upward-displaced air mass is [d] than that of the surrounding atmosphere, so the gravity force is [e] than the
buoyancy force, and therefore the air mass moves [f]. In contrast, if cold air enters and the temperature gradient of the surrounding
atmosphere becomes d7/dz=-13 K km™, the mass density of the upward-displaced air mass is [g] than that of the surrounding
atmosphere, so the gravity force is [h] than the buoyancy force, and therefore the air mass moves [i].

In general, if the upward-displaced air mass moves downward, the atmospheric state is stable; but if it moves upward further,
the atmospheric state is unstable. If the atmospheric state is unstable, the upward-displaced air mass will continue to move
upward and the temperature will continue to decrease and at some altitude the partial pressure of the contained water vapor will
become equal to the saturated vapor pressure. Furthermore, if the temperature of the air mass decreases further as the air mass
moves upward further, the water in the air mass will begin to [j]. When this happens, the rate of ascent of the air mass increases.
The reason for this is that [K].
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I —3(F&H%) (Fluid Mechanics) [1/2]

F5%E 1 (Question 1) :

 Fig 1IORT X 51z, KO AL SRR O [m¥s], WIERE 4 [0, 5% 1 [m/s] CEES pp DREHIKTAHH
L, WL UR & C—EOES Up[m/s]0 < Up <V)TEIK, BE 0 KHACERS2FHICHEZEL TN D, B
TRICEZE L= b & 1E 2 FEICH I, BRADLTSBEN-HED & BE@ TZNENARIEE 01, 0 AT
TSI > TRV D, WEROBTHR & iz T 4=001m?, V=2.0m/s, A 0=60°, KDL p=1000kg/m® & L
T, UFORWNTER L, 72721, Fig | IORIIRDKTERE Lickh ), EF, HEH JHE BT EHOHBIIER
TEBET5,

(@) 7 ANHODEERE QmYs] 2R X,

(b) FRDEIE LTV L &Up =0), WATHRICBIIETAHFINERD L, £, ZOHDOMEEEZL,
(c) RGO L &, HKEHE 0, OmslEZhZhRD L,

(d) FHISEE Up = 0.5 m/s THEIL TS & &, TRIWMSEHRICBRIET A FINJZRD X,

As shown in Fig. 1, a horizontal jet of water exits a nozzle with the volume flow rate O [m*s], an area of cross section A [m’] and the velocity
¥ [n/s] into the atmosphere at a pressure p,. The jet strikes a large flat plate, which is moving at a speed Up[m/s}(0 < Up < V) along the
same direction as the jet, inclined with the angle 6. The jet is split into two directions after it strikes the plate, and the water flows along the flat plate
with the volume flow rates Q1 and Q> [m?s] at the cross sections O and @ that are far from the impinging point of the jet,
respectively. The area of cross section and the velocity of the jet are 4 =0.01 m?and ¥ = 2.0 m/s, respectively. The angle is & = 60° and the
density of water is p =1000 kg/m’, Answer the following questions. Assume that the flow in Fig, 1 is on the same horizontal plane, and is steady,
incompressible, inviscid and laminar. The effect of gravity is negligible.

(a) Calculate the volume flow rate Q [m?/s] at the nozzle exit.

(b) Calculate the force F [N] acting on the stationary plate (Up = 0), and describe the force direction.
(c) Calculate the volume flow rates Q; and Q> [m¥s] in.question (b).

(d) Calculate the force F[N] acting on the plate when it is moving ataspeed Up = 0.5 m/s.

)

//
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fSi#E 2 (Question 2)

Fig. 2 OX 91T, ZEKHT, ARFEEIZH LT TRk U7 SRR O L
AT TEY, FIUTERRECBRCH D, x#EHRIIB->TT
FXIZL Y, yEhE RO UTEE M ICE 5, AEEEHRICHTZR
FETHY, WAL xy FEND 2 KR Th D, x & E DR H
AF0< 8 < /2 DEBFHICH D, KOEREEE p L plI—E LT D,
FT, ZEROMHIER XS, UTORWNIEZ L,

(@ KOFEHTAUCKTT 2 EBTERIRD L BYTH B,
(@-Vu= ——l—Vp +EV1g
PP

Fig2

LT u iKOFESY PV Tu=,0) (w b x BIFRORSE), pl3IES, gl TENNBEERY M THD, KOFERD
WCAFDENLy DIRAEKIFT D (p=p0), we=u() o ESNIEEOKE &% | g| = g & UCEBHERE x, y HARSY
DLICERRL, EEEICH - CHIBM L LR T,

®) KE (y=6) TiE KIZEHI—E (p=p) DERIEL T3, KPDENGHERD X,

© Fig.2 IoRT & 51, k&R & OB ORI & 7x 2824 (controlvolume) % &%, T DREMRRICHL T
x HENCEI DT v R EEZ, FHARIPKICKIETTEABIGI DR E &5 2R X,

@ x HEOEBHEREIEL 200, y=0Ick1) 2EEREH% 2 O,

() X (@) DEREEHE AT @ TROAMIMLL 72 x TROEE TR 2R E, FEIHERD &,

As shown in Fig. 2, in air, water is flowing on a stationary infinite flat plate tilted with respect to the horizontal plane and the flow is a steady-state
laminar flow. The x-axis is taken in the downward direction along the flat plate and the y~axis is taken in the upward direction perpendicular to the
flat plate. The water surface is a plane parallel to the flat plate and the flow field is a two-dimensional flow in the x-y plane. The angle & between
the x-axis and the direction of gravity is in the range 0 < @< 7/ 2. The mass density pand viscosity 4 of the water are assumed to be constant. The
viscosity of air can be neglected. Answer the following questions.

() The equation of motion for a steady flow of water is

- Vu=-vp+Lvuag,
p o p

where u is the flow velocity vector of the water, & = (uy, 0) where u; is the velocity in the x-direction, p is the pressure, and gis the gravitational
acceleration vector. The flow velocity of the water and the pressure in the water depend only on the coordinate y, p = p(y) and u, = u(y).
Describe the equations of motion separately for x- and y-directional components with the magniiude of the gravitational accelerationas g = g
and show the simplified expression of each of them using given conditions.
(b) Atthe water surface (y = &), the water is in contact with the air with a constant pressure p = po. Find the pressure distribution in the water.
(c) As shown in Fig. 2, the control volume is taken so that the area of the contact surface between the water and the flat plate is the unit area. Find
the magnitude of the shear force acting on the water |z |, by considering the balance of forces acting on the control volume in the x-direction.
(d) Show two boundary conditions aty =0 for solving the equation of motion in the x-direction.
(e) Find the velocity distribution by solving the simplified equation of motion in the x-direction obtained in question (a) usmg the boundary

conditions in question (d).
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I —4 ($I# T =) (Control Engineering) [1/2]
fZ8 1 (Question 1)

DEDBEMIWI HTEAEE LD,

d
50 o
dx;t(t) = —x; () — 20, () + u(?)

y(t) = x.(t)
72720, {2002 x,(0) =x,(0)=0&7F5,

AT ORVICE % &,

(@) udby ~DEERHERD X,

b) (=10D& &, BA L7 NVRREERD X,

() 0<{<1MEE, HNA L UV RIEEERD X,
d (=00t %, BEfiA L/ VRREELRD L,

Consider the following set of differential equations.

dx; t(t) N
P20 - i (®) — 2000+ u®
y(®) = x.(0),

where ¢ = 0 and x,;(0) = x,(0) = 0.

Answer the following questions.

(a) Derive the transfer function from utoy.

(b) When { = 1, calculate the unit impulse response.

(¢) When 0 < { < 1, calculate the unit impulse response.
(d) When ¢ = 0, calculate the unit impulse response.
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I —4 (4%l$3 T %) (Control Engineering) (2/2]
F5%E 2 (Question 2)

AT O NZE Z X,
1. Fg.UDVX%A%%zéotEL,K@)=“w,P@)='1 THY, a, BIFEHETD, VAT LIRLELLDE

s s(s+1)

Iz a, BARINTNDEDETD, r(t) =2t,t 20 BLAQE) =t +1,t = 0IZTTHEF e(t) PEREZRD L,

2. Fig 2DVARTFLEEZD, 12171, RFDOCOERIIRANTRINDLILDOLTD,
y(t) = =2y(t) + 4e(t)
Fiz, RHOK DBERIRAXTRENDBDET D,
%(t) =V2y(t — h)
ZIT, hIIERDEHTH S,
(a) —XYmERREA RO I,
() h=0 &35, I VEERES w,, [rad/s] LAFEAE PM [rad] OfEZRD L,
(€) VAT LWEELRBIZOIT h BT _REEMHERD &,

Answer the following questions.

1. Consider the system in Fig. 1. Let K(s) = a—ssfﬁ and P(s) = —L_ where a and f arereal numbers. Supposethat @ and B arechosen

s(s+1)’

such that the system becomes stable. Derive the steady-state value of the signal e(t) for (t) = 2t,t = 0 and dt)=t+1,t=0.

2. Consider the system in Fig, 2. The element G in the figure is described by the following equation.
y(@) = =2y(t) + 4e(®).
In addition, the element K in the figure is described by the following equation.
x(t) =V2y(t - h),
where h is anonnegative real number.
(@) Derive the loop transfer function.
() Let h = 0. Derive the values of the gain crossover frequency wg, [rad/s] and the phase margin PM [rad].
(c) Derive the condition of & under which the system is stable.

T+ £ u + ¥ -

ey T

Fig. 1 Feedback system 1

Fig. 2 Feedback system 2
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R 1 (Question 1)
(a) HAKEO%ET Y b E—BRXEEY, T, =(p,/p)

x=1

Using the isentropic relation of an ideal gas, 7, = ( D,/ P )T 1, =650K.

x=1
« I,=650 K,
(b) &—EHILY, q23=L1R(T3-T2)=753kJ0
K'_
From the first law, ¢,, =L1R(T3 -T,)=753kJ .
K'_

x-1
(c) BIMKAEDHE T b B —MERE/#, T,=(p/p,)* T,=6458K,

S bl

(R

L HERE Y, q41=L1R(1;—T1)=347kJO
—

K-l
Using the isentropic relation of an ideal gas, T, = ( p/p,)* T,=6458 K.
Furthermore, from the first law, g, = LIR (T,-T,)=347KJ.
K‘ —_—

(d) B—EAEY, n=(q5-9,)/q,=0.539,
From the first law, 7 =(q,; —q,,)/4,; =0.539.
() HBIEANILY, w=gq,,—q, =406KkJ,
From the first law, w=gq,, —¢, =406 kJ.

R/ 2 (Question 2)
N ne
(@) FY bty s B EOBRR L BERIRORIE XL, p=RL T, p= Lo,
%ﬁ TOE
THBE X BIEENSEOLRFEAICRA L, LT, ‘};Tbn_—l%O
n

Using the relationship of the polytropic change and the equation of state of an ideal gas,
1

L_,_] —
p= RL(;T e p= L(;T »=1Substituting these into the given governing equation for the pressure distribution,

TOE T,
and then arranging it, ar = _n-ly .
dz n R

o Lo 719 (510 Km ' = n=1235.

dz n R
© Yo %719 _ 9756 K k™! (= x =1.40)

dz K R
(d) =< higher (e) K& < greater (H T+ downward (g) &< lower
(h) /&< less (i) % upward (j) %EfE condense

(k) KOEHMEIZ—FEORAKIETH D00, EAICHEI RAOBOBEER TRENEMLR2VWEAE XD b
INEL Y, FRELTRROHOBEREENEEM LW SEE XY bK< > T, EFEZHREITS
VARIES:- DN B
water condensation is a kind of exothermic reaction, which makes the rate of temperature decrease of
the air mass associated with the ascent smaller than in the case of no condensation, and as a result the
mass density of the air mass is lower than in the case of no condensation, and the force driving the ascent
of the air mass is increased

DN =
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R 1 (Question 1)

(a) Q=4V=0.02 m’/s.

(b) VARDOEE I OES BTN LY, F=pV’Asinf=34.64 N, [A1& |34 F T, FHRICTEE,
From the momentum-conservation law in the direction normal to the flat plate, F = pV>A4sin@=34.64 N. The
direction of the force is right downward, perpendicular to the flat plate.

(c) HERFALY, 0=0+0,, FRITIH > 7= H M OEEBERFHIL Y, OVeosd=0V, -0, & HIT, N

Q(1+cosl9) Q(l—cos@)
2 2

NX—=ADXEY, V=V=V,, ZNLHLY, Q= =0.015 m*/s, Q,= =0.005 m*/s,

From the mass-conservation law, Q =0, +Q, . From the momentum-conservation law in the direction along the flat

plate, OV cosé=QV,—Q,V,. Furthermore, from the Bernoulli’s equation, V' =V, =V, . Using these, we can write

Q(1+cos¢9) Q(l—cos@)
2

as O = =0.015 m’/s, Q,= =0.005 m’/s.

(d) FHUCIETE SN EERIT B 5 PRO B A OEBREFAIL Y, F=p(V-U,) 4sin0=1949N,
From the momentum-conservation law in the direction normal to the flat plate in the coordinates fixed to the flat
plate, F=p(V-U,) Asind=19.49N

R 2 (Question 2)
2 2 2
uxaux uy%:_laerﬁ 8u;+8u; +g.eX:>du;:_pgcos6’
1 U ox oy pox pl ox oy ly 7,
(@) (uV)u=——Vp+=Viu+g=
P P ou, ou lép u o’u, ou, dp .
U —+u,——=-———_—+—| —-+— [+g-e, > ——=—pgsinf
fox Ty pdy pllx Oy oy

(u, b p by DHIKFET L0 T, BITEWOTEATH L Z LICEREE L)

(Note that the answers are ordinary deferential equations because both u_ and p depend only on y.)
dp . P P 3 . .
(b) E= —pgsinf = jp dp= —pgs1n¢9j§ dy= p—p,=—pgsinf(y—5)= p=p,+pgsinf(5-y)

(©) |rw| = pogcosB

_ pdgcosl

> )fy:O_

(d) udu" =p59c0502%
d dy |, 7

y=0

2
du, =_pgcos€ :%z_pgcosﬁy+cl =_pgcosl9y+p5gcosl9

© dy? H dy H 2 H
S =_l/?g<:0s49yz_|_,05gcosl9y_|_c2 =y(§_zj pgcosd
2 u 2 i

DN =





