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I —1(#2) (Mathematics) [1/3]
RIRE 1 (Question 1)

2 -4 2
LT85l A= -2 1 2| i 2>\ TBTFToRvIZEz X,
4 2 5
1

(@) X7 bx=| 6 |HTIAOEFTSI b OVESTHDLZ LT, HET3EAEMEL KD X,
16

(0) TTHN A DD —H>OBEFE L ST AEFRY brikdl,
(c) 771 A ZxrFA{be X,

2 5
2.7 M bi=| 3|, b= =1, b= B’ [ BRI TH D & & DOFH b DEMEERD L,
-1 3 0
2 -4 2
1. Answer the following questions about the matrix 4=| =2 1 2 |
4 2 5
1
(a) Show thatx =| 6 | is one of the eigenvectors for the matrix A4, and find the corresponding eigenvalue.
16

(b) Find other two eigenvalues and the corresponding eigenvectors for the matrix A.
(c) Diagonalize the matrix 4.

1 2 5
2. Find the condition on the real number 5 when vectors &, =| 3 |, 5,=| —1 | and b; = b* | are linearly independent.
-1 3 0
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I —1(¥%) (Mathematics) [2/3)
618 2 (Question 2)

; ﬂ ln(x2+y2)d J
= —— X
D Jx%+y? Y
WZOWT, UTOMWIIEZ X
(a) B EHE vy FEHEIORL, ORIy T 7%, »ox, yBEoRELEALL,

(b) (uy)=(rcosd,rsin®) OEKREHREITIEOY a7 LATHIRERD L, 2k, (6y) » .0 DE
BEBICBT 2287 ATHRT I, UTo@EY 52 b b,

Jdx 0Ox
ar a6
dy dy
dr 08
(c) 2EMED I #RD X,

Answer the following questions about the double integral 7 on the region D = {x? + y? <1} .

(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 the variables with (x,¥)} = (rcosf,rsin@) | then calculate the Jacobian determinant, J. Note that the
Jacobian determinant can be written by the following fomula for the coodinate transformation, (x, y¥) — (r,6) .

dx Ox
ar 08
dy dy
or 060

(c) Calculate the double integral /.
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578 3 (Question 3)

R f(0)IZ oW T

ffeo+f

hmx_,() X

MR D & ELUT OWIZE Z K,

1! (x)

‘W =f+y)+xy
=3

(@ ffO%EkRD L,
(0) X(D)Dy =dx IZOWTHEAETHZEEBRLTf()ICET MO FEAEZRD L,
©) fOERD L,

When a function f(x) satisfies

ff+f
lim,_,q I

, answer the

X

‘M =f'(x+y)+=xy
x)=3

following questions.

(a) What is the value of f'(0)?
(b) Get the differential equation for f(x), considering that Eq. (1) holds for y = dx.
(c) Obtain f(x).

(D
)

M
@
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I —2(# ¥ H%E) (Mechanics of Materials) [1/2]
%8 1 (Question 1)

Fig. 1 ICRNIC B 2 U/NEEER ABC ICIER T 201D % 7R3, FHEILIRFEIC B W Ty, ))BER IC I T BT
GE 0 O Ty 8T B (L EBERE 07 TBERI B EER X yVEERE TS, )y EERICE T BIETHK
TE 6 wyl T d B, BNEROEIFEMESILTE, UTOBWIREZ 7RI v,

(1) PHERICH 2/NER ABCICEBIT 3 x FADHDOHFEVWOREE XL I v,
) PHERCH 2N EZABCIKE T 3 y HFADHOHEOREEE R I v,
3) Gy Ty O 0 Ty 20FEFHOTERLEI N,
4) UToRBBIKY Lo & 2R,

2

oyt o0 Oy — O
(ax'—u) +Tx'y'2=( x2 y) + Tyy”

In Fig. 1, the stress components acting on an infinitesimal element ABC in a body are shown. The normal stress oy, o, and
shear stress 1, are the stress components on a coordinate system (x, y) in the plane stress state. The rotated coordinate
system (x’, y°) makes an angle & with the original coordinate system (x, ). The normal stress ox* and shear stress 7, are
the stress components on a rotated coordinate system (x’, y’). Note that the thickness of the element is unit length. Answer
the following problems.

(1) Describe the equation of equilibrium in forces acting on the element ABC in the x-direction.
(2) Describe the equation of equilibrium in forces acting on the element ABC in the y-direction.
(3) Describe oy, 7cy using ox, oy, Txy, and 26.

(4) Prove that the following formula is satisfied.

oy + 0y\° Oy — Oy\2
(Jx- B ) + Tyl = ( ) + Tyy?

A

Ox
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5178 2 (Question 2)

Ew, ES 1, &S h OEFEMESEE, Fig2 ORT X951, AR &R OREE TN -TRIZT
M2, DOESKECTEL, £0%, LEIZJEMS P, AmEIZ5IED Q #FnEN/EREIES 2
LHEEZD, EL, EFEOHEMEEEE E, N7V oEvE L, B, KEEEHFEREOBOBEIT
BHT S, UTOBRWZEZREWN,

() EFEZIERAT HEEG IS0, oy RDBRIVN,

() ZRTEEEKICBT D5 - OFHERXE, BEIGIES 0y, 0y, 0, L EBEOT BRI e, &, &
DRERIZIBEL T, MR LAedw,

3) b LEZ t BRERLRTNE, FROTHORENSKILTHZ & B, TOLE, BEOTHRY
& &> &%, (1), QDRRIZLVRDRE,

4) Q)DIREET z HFMNZE LD R ERDR I,

O) BERt XO/NEL RBGERFET D, TOBEDOP L QIR T 582 RDAR IV,

As shown in Fig.2, an elastic cuboid with width w, thickness # and height # is placed into a tool which consists of a
rigid floor and rigid walls with an interval 7. At this moment, there is no clearance between the tool and the cuboid,
and the cuboid is under a stress-free condition. Then, compressive force P and tensile force (J are acting on the upper
and side surfaces, respectively. Here, the longitudinal elastic constant and the Poisson’s ratio are denoted by £ and
v. The frictionless condition between the cuboid and the tool is assumed.

(1) Calculate the normal stress components o, and o, generated in the cuboid.

(2) Describe the stress-strain relations for a three-dimensional elastic body from the viewpoint of relations between
normal stress components (0, 0y and o) and normal strain components (&5, &, and &).

(3) When the thickness does not change, the plane strain condition is satisfied. In this case, obtain normal strain
components &, & and &, by the results of the problems (1) and (2).

(4) Show external force R in z direction under the situation of the problem (3).

(5) It is possible that the thickness becomes smaller than ¢. In this case, show the condition to be satisfied between
Pand Q.

N

AR
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I —3 (8 H%) (Mechanical Vibrations) (1/2]
8 1 (Question 1)

Fig. 1aDX 5 5 REEZ D, HEOEHTELEE ROEVED, KHLDHE H OMEICHERE S NizE
ERECERHEN TV S, BOERIZERE VSERO LRICEREN TV S, ERE 2V ERO FHIZRD
LORE X DMBICHD, ZNREFHT—X—IC K> THEAMICENT T }:73"(?—5’%)0 HICIIBEEIN SO
BEEE A DMIBICER m OERDPEEIN TS, ERIVNEROBRRE L, ERERE k, R c
£$%, EIOMEEL g T 5, BOMEEMA QBRFFIRIDZELL, sinf 0 LHERRZETNTNET
%o

(1) FEPREEICBV TR EICES K X WETICEEEN TV S LRET %,

(1-a) HEHHFEXE X ZAVTIC B,
(1-b) X & AMGETTEHERZRYE,
(1-c) ROBEEAREHRERD L, L, c@TFihEnEd B,

(2) R=1m, k=400 N/m, m=2kg THY, cld+7chEned 5, 3RF/ERDOTHZREE
10 Hz, iRiE0.01 m CIRENEE, THICEEMRRLEZD LD X & 0 ORFIEENENETN Fig. 1bB&
U'Fig. le D& S Eot, TOLED ADEEEWRT 1 I TEYAEMZMTTEZ X,

Consider the system shown in Fig. 1a. A massless rigid bar with a length R is supported by a rotational
joint fixed at a height H from the floor. The right end of the bar is connected to the top end of a spring-
damper element. The bottom end of the spring-damper element is at a height X from the floor, and it
can be moved by a linear motor in the vertical direction. The mass m is fixed to the bar at a distance A
from the joint. The spring-damper element has a natural length L, a spring constant k, and a damping
coefficient ¢. The gravitational acceleration is denoted by g. The tilt angle & of the bar is measured positive
counter-clockwise and is small enough to satisfy sin8 = 6.

(1) Assume that X is fixed so that the bar is horizontal in the equilibrium.

(1-a) Write the equation of motion of the system without using X.
(1-b) Find an equation that is satisfied by X and A.
(1-c) Find the natural frequency of the system assuming that c is small enough.

(2) Assume that R =1 m, k = 400 N/m, m = 2 kg, and that c is sufficiently small. The bottom end of the
spring-damper element was oscillated with the frequency 10 Hz and the amplitude 0.01 m, and after a
sufficiently long period of time, the temporal changes of X and 6 were as shown in Fig. 1b and Fig. lc,
respectively. Write the value of A with one-digit accuracy with an appropriate unit.

X [m] 0 [rad]
0.12 ' 0.01
=, i
spring-damper element gﬂ)etg 0.11 g
H natural length: L e
spring constant: k X 0.10 -0.01
floor \damping coefficient: ¢ 100.0 100.1 100.2 100.3 100.0 100.1 100.2 100.3
\\\ AUNKANNARRAARRANNNNNANANAARANNNNNNNNNNNNNNN t [s] t [s]
Fig. 1a Fig. 1b Fig. 1c
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I —3(##H%E) (Mechanical Vibrations) (2/2])
fél%E 2 (Question 2)

Fig. 2IcRT &S50, X YARAFhFN2ODIERTHER/RINE, BOEX 6h O—RREZESEOR (HE
M) OEFNCOVWTEZ S, ROFEHE XY ANICHRINTVNSE L T5, IROELGDX - Y HHDEN
# (z,y), BEsAER 9L L, Fig 2iTRTAAZIEL T %, OATERECDHE L E, (z,y) =(0,0), 6=0
THBLT 3, 4 DOITRITEEREIC BT Fig. 2 IR TABIDEBNTED, ERERITRTETH
%, z Ly BRIV EREL, R X#EAmEBLIWVE Y#HBROWTNNCDIHINZELS, £,
0L +4ic/hEL, sinf~0BETcosf~1BRIIT S, ROMBWIZEZR Ko

(1) ROELE D DEEE— A M 6MI2 THB T L BT,
(2) OROEBHFERIAD 3 DOXTEENS T & 2R,

M3 + 2kz — kh6 =0, Mij+ 2ky =0, 6Mh%0+ 7kh%0 — khz =0

(3) TOROEEHIREEZTNTRDK,

(4) FIEARMER (z,y) = (ah,0), 8 =a, £ =9y=0, 8=0&L7L¥E, 2, y, BLUIORMEIDTST
OB ERIT, ZIZL, o TN EVWIEDERTH B LT 5,

(5) BHLEVEEAIRSHOREET— FlcBWT, RECEMOEDEET 5, ZORDMNEZEX K

As shown in Fig. 2, a uniform square plate with the mass M and the edge length 6h is supported by two
springs in each of the X and Y directions. Its motion is restricted to the XY plane. The position of its
center of mass, G, is denoted by (z,y), and its orientation is denoted by 6, which is measured positive in
the direction shown in Fig. 2. When the plate is in the equilibrium, (z,y) = (0,0) and 6 = 0 are satisfied.
The four springs are connected to the plate at the positions shown in Fig. 2 in the equilibrium, and their
spring constant is k. It is assumed that = and y are sufficiently small and that the springs give the force
only in either X or Y direction. The angle 6 is assumed small enough to satisfy sinf ~ § and cosf ~ 1.

(1) Show that the plate’s moment of inertia around its center of mass is 6Mh?.
(2) Show that the equations of motion of this system are given as the following three equations:

M3 + 2kz — khO =0, Mij+2ky =0, 6M~20+Tkh%0 — khz =0

(3) Find all natural angular frequencies of the system.

(4) Let a be a sufficiently small positive real number. Suppose that the plate starts moving from the initial
condition (z,y) = (ah,0), 8§ =a, & = 7 =0, and § = 0. Draw rough sketches of the graphs of z, y and
# with respect to time.

(5) In the vibration mode with the lowest natural angular frequency, there exists a stationary point on the
plate. Find the position of the point.

k=
\\\\\\\\\\F\'\\\;\\\\\\\\\\\
ig.
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0 —1 (B4 #) (Mechanical Materials) (1/2)
f1%E 1 (Question 1)

(1-1) ROFBECIERAL K. @EEIRHT, b/ \—H—R-RIML, ITZOEL, (DERFE AR, ()EEHRE
(1-2) fec B bee DIRFELHE, ENOOEMEFHIIET 2RFESFTLE.

(1-3) [(RFREM 03masskDFHE ALY, REMS 0.3mm FETHEER 08masshd7id, BREHEmnZRD &, BHERE 7% 1223K,
EEDRFRRE 14masshed D, BERE CETTHEREIRICOME x Bl t 2B T5EE clIxX()TtEZoNn5,

CO -C X
- )
Co—-C; erf(zVDtj

f=f2L, Gold x A 0 TORE, D (IEURETH S, 72510 NoAl)eA—R T4 My RO B EEURE(D. . D)IFRQ), QTH
AoNd, [UATER R 8314510/(mol-K)TH D, Fif=, FTEIZIE Table 1 (TR IAERIME(FEAL TO LLHRERIEE &£,

—7 2
D, =8x10 — 75.66kJ /mol)/(RT / _ "
a = o oxp{( RT); ms @ Table 1 Z3ZRBAER Error function
D, =2x107° exp{(- 141.28kJ /mol)/(RT)} m?/s ®3) 2 erf (2) = erf (2)
0 0 0.90 0.797 0
0.025 0.028 2 0.95 0.8209
(-4 Q) ORERIE, FIDEAZHE D D 0.05 0.056 4 1.0 0.8427
0.10 0.1125 1.1 0.880 2
. E . ps . . 168 0 1.2 09103
(1-1) Explain the following terms, (a) segregation in solidification, (b) Burgers 015 016

.. .. - 0.20 02227 1.3 0.934 0
vector, (c)leverrule, (d) critical shear stress, (e) activity coefficient s S— L4 0.9523
0.30 0.328 6 1.5 0.966 1
(1-2) Indicate both a coordination number in fce and bee, and numbers of atoms 0.35 0.379 4 1.6 0.976 3
in their unit cells. 0.40 0.428 4 1.7 0.983 8
0.45 04755 1.8 0.989 1
(1-3) The diffusion of material (initial concentration : C;) into g';gs o g?gg g iz 8322 i
5 Rt B . <
a semi-infinite solid is represented by Eq.(1). Determine 0.55 0.563 2 2.9 0.998 1
carburizing time (min) showing 0.8mass% C in the position of 0.3mm-depth, 0.60 0.603 9 2.4 0.999 3
using a carbon steel with 0.3mass% C. Carburizing temperature (7) is 1223K 0.65 0.642 0 2.6 0.9998
and carbon concentration on the surface is 1.4mass%. 0.70 0.677 8 2.8 0.9999

0.75 0.711 2

Co—-C x M 0.80 0.7421

Co-C; erf| D1 0.85 0.770 7

1

where, x,t and D are distance,exposed time and diffusion coefficient, respectively.

Coand C; are concentrations inx of 0 and oo, respectively.

R (=8.31451}/(mol - K)) is gas constant. Calculate the value by linear completion using Table 1. D, and D, in o and y phases are represented by
Eqgs.(2) and (3), respectively.

D, =8x1077 exp{(~ 75.66k1 /mol)/(RT)} m?/s @

D, =2x107 exp{(~141.28kI/mol)/(RT)} m%/s  (3)

(1-4) What law does equation (1) obey?
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I —1 (#4841 8) (Mechanical Materials) [2/2)
%8 2 (Question 2)

Fig.1 i Fe-C T RIREER O ARl TWVA, 1800 T T T T T T T
LUFORMWIE 2L, 1700 |-

Figure 1 shows the part of Fe-C binary phase diagram.
Answer the following problems.

(1) Fig.l1 F#O [~V ITRENDEICENSMIL, 11 ~

ZRATAELE, e
(1) Describe the phases of regions I ~ IV in Fig.1. g
&
(2) C 87%0.15 masshOF% 1000 CETMBALIHE, &
SRECHBCODLRALLBEORBEL & |
DN, As BREIRER LU A FRIBEICBEIESE T
2k, 900 y+Fe,C
(2) Describe the microstructural changes in the steel with a 800
C content of 0.15 mass% when it is heated to 1000 °Cand  [III o \ _
then cooled very slowly to the room temperature, in r\a.ozo’” 727C
relation to the As and A transformation temperatures. 600 - V]
'500 ] ! I ] i 1 i i !
(3) HEIEEL & BB A DL RBICBT RO LD PO content massyy
( IPCEDRSEL AL ’
WOEMITELLT( © ) FEFORBICEESN Fig.1l Fe-C —IeAikiEX
B BENBR THAEE S TE, (@ )G Fe-C binary phase diagram

( @ )HE~OEESEND, T74bL, IHIEE
OEMEEBIZ A IRES ARELETL, ~AFTAME( @ )OI LHEEE 20970,

(3) Put the appropriate words in parentheses ( ) in the following sentence concerning transformation when the cooling rate is
accelerated.
The transformation of a steel is mainly governed by the diffusion of ( (D ) atoms. If the cooling rate is increased during
the cooling process, the diffusion cannot keep up and the transformation from the ( @ ) phaseto( 3 ) phase is
delayed. In other words, both the A3 and A temperatures decrease as the cooling rate increases, and hardened structures such
as bainiteand ( @ ) structures are likely to occur.
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[FEIRE K]
I —2(#;A%) (Thermodynamics) [1/2]
S8 1 (Question 1)

HLEEEEEA DS, BERENERIT, ROADDWEREZTOIHDLT D,

WTELER KB 1 -2  (EME 11)

EREMEL  REE2 -3 (&R 1kg H7/-D 800kI ODBENZ 5)
WrELIEAE ; HREBE3 — 4

TERTE ; REE4 — 1

W BTSRRI AT O Z K OWMRIBE 7113 350 K, #JHAFE S p113 0.1 MPa TH o /2. ZBRIFHASZHRE L THRA D
HOELT, UFORMICEAL. HL, ZROKQAKELRIT 0287 kI/(K-kg), HEIT 1.4 2T 5,

(a) ZOYA 7 IEEEMIC p—v @EITHET. BL pvIiZENETNES, HEETH 2.
(b) BBVEREBEORE » EEH1 p 2RO X

(c) MIATHBETER 1 kg ZEBTH2DICETHHEELEZRD L,

(d) EEMBEZOBRE T ETEN ps 2RO K.

() EEMBBRIZBITALT O E—DOFEL Ass 2RO L,

Consider a heat engine, where the working fluid is air. It consists of the following reversible four processes:

Adiabatic compression state | — 2 (Compression ratio is 11)

Constant-volume heating state 2 — 3 (The heat of 800 kJ is transferred to 1 kg of the air)
Adiabatic expansion state 3 — 4

Constant-volume cooling state 4 — 1

At the beginning of the adiabatic compression process, the initial temperature 7} and pressure p; of the air are 350 K and 0.1
MPa, respectively.  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/(K-kg) and 1.4, respectively.

(a) Draw the cycle on the p-v plane qualitatively, where p and v denote the pressure and the specific volume, respectively.
(b) Calculate the temperature 7> and pressure p; of the state 2.

(c) Calculate the required work to compress 1 kg of the air during the adiabatic compression process.

(d) Calculate the temperature 75 and pressure p; of the state 3.

(e) Calculate the change of the specific entropy Asz; during the constant-volume heating process.
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I —2 (#7522) (Thermodynamics) [2/2]
f5%E 2 (Question 2)

FE OB TR LB TR LR OR X 7 A= R X —RE LW LN HRPBRILT 5,
b _ 568 (1)
dT vg -y
ZIZT p T RRIRFHEREOESN, RETHY, s¢ s, ve, v FIEICREOLT > bot—, EEDOKTy oy
—, KEOWERE, WEOERETH D, LLTORM (@)~ () &2 L,

(@) RE T IZBITAHEDOT ko B —2k L ZAFER r OBERZ AV, BIKDOEREZER L TRIEOFE
WWHASEOREFRERXEZAWVWSZ T dp/dT % p,r, T L RIETE R #HVWTET,

(b)y ETHLNAEXEEST 5 2 & CRIREER EORE &I EHOBRRZET, 2720, v REEIEKFLRZN
bOEL, WA T BT A2HURKEE p &R L,

(©) KRDEIEHER r LAERKDOKMETE R ix 2257 kikg B LT 04615 kI(Kkg) Thd, KO (Th) 373K 128
I AETFERSIE (py) 101 kPa A DR 298K (2381 HKOASFERGIE AR L,

On the gas-liquid equilibrium curve of a pure substance, the following equation holds since the specific Gibbs energies of
gas and liquid are equal.
Sc —4&§
d _ 6= ()
dT v -v
In the above equation, p and T are pressure and temperature on the gas-liquid equilibrium curve, and sg, 51, vs, and vy are
specific entropy of gas, specific entropy of liquid, specific volume of gas, and specific volume of liquid, respectively.

Answer the questions (a) through (c) below.

(a) By using the relation between the latent heat of vaporization, r, and entropy change of phase change at temperature 7, by
ignoring the liquid specific volume, and by assuming the ideal gas for gas volume, write an equation for dp/d7 by using
p, r, T and gas constant R.

(b) By integrating the equation derived above, derive an equation between temperature and pressure on the gas-liquid
equilibrium curve. Assume that r is independent of temperature, and the saturated vapor pressure is py at the boiling
point Ty.

(c) The latent heat of vaporization » of water and the gas constant R of water vapor are 2257 kl/kg and 0.4615 kI(K-kg),
respectively. Calculate the saturated vapor pressure of water at room temperature 298 K, by using the saturated vapor pressure ( ) 101
kPa at the boiling point (7) 373 K of water.
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I — 3 (FEtkH %) (Fluid Mechanics) [1/2]
fSIRE 1 (Question 1)

Fig. LIZRF & 312, KFEERICBINT o = 60° DHEEOHEERERHE Q = 200 L/s OKMBEENITNATED, @
DB SHRFBICHBELTWS, HEOTRENR%E d; = 650 mm, HE@TOENEE d, =300 mm ¥ F 5%, K
DEKZ p = 1000 kg/m® £ L, UTOMWICEZ &, =720, KIZEEME, ERET, KOELLEFERZHEQO L K
HQTH—oHARIIHLTVEdDL T 5, ARUER p, =100 kPa & ¥ 3,

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

BEQOTO®EE v, MEQTOEE vy ZEATHKD L,
MIEQ@QTOES p1 ZRD X,

KBPHEBIET 2 FHOS F; & y AADH F, 2 2hFhRe X,
KPHBRBIETHFOKREXLAM O ZRD X,

As shown in Fig. 1, water with the volume flow rate of @ = 200 L/s flows steadily through a curved-pipe of a = 60°
on the horizontal plane and discharges into the atmosphere at cross section (2). The diameters d; and da of the cross
section (1) and (2) are 650 mm and 300 mm, respectively. The density, p, of water is 1000 kg/ m3. Answer the following
questions. Here, assume that the water is incompressible and inviscid, and that the pressure and velocity of the water

are uniformly and axially distributed at cross sections () and (2). The atmospheric pressure, p,, is 100 kPa.

(a)
(b)
()
(d)

Calculate the velocity, v;, at the cross section @, and the velocity, vg, at the cross section (2).

Calculate the pressure, p,, at the cross section (D).

Calculate the z-direction force, F;, and the y-direction force, Fy, applied to the curved-pipe by the water flow.
Calculate the force, F, applied to the curved-pipe by the water flow, and its direction, 6.

0]

da=300 mm
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I —3 (A=) (Fluid Mechanics) [2/2]
fH1%E 2 (Question 2)

Fig. 2 1O X9 1C, HEFEp OTAROIE R E L, DIAQD Ficdh 5, z
AL IRl L C o2 © oorfle, By, HAER 0
BIERHRASRDOHIC D DYES AP IAE R CIIE LT B0 7751,
ZHEATE L% T b, SR & RO BRI AT C 2= 0 ORIEIC 5 5,
£, BEEOBIRI < py< pr Tl B0 TN FIFE (T 5D, ) 0 \if4§ P=Py

Fluid @ P

MR DA X %g|=g L35, DIFORICEZ X, D

g
Fluid @ 2

(@ —HREIGcoOTETAOEHEENIIRDO LB TH 2,
Z—?+(U-V)U=—%Vp+g. Fig.2

ZZTC U pp glXUERZ b, HEERE, T, EIIEERZ b Th D, EEICH > CGERTE T2
T & Tz DTS5 p2) % Kd 2 7201 fift R EWI TR E K X,

(b) z=01CBIFBTAEDITT % po & LT, MRDLTRRDDHD 2 /1RO 1540 p@2) % % N ik K,

© TAONORIFERDOHFER Vi, TAQHNDRIFREROAERER Vo & L7z &, MAERICIZZ 6 IFIIORES FE2 V), V),
P, P g DERE LTKD X,

@) VAONOMUAERDOAIE V, L IAQNDRIAERDOAMEV, %2 D & R OB L L-Tko, HICHIAERDEEp, % p1, pa. D,
R OB LTk X,

As shown in Fig. 2, Fluid (D with the mass density of p; is located above Fluid @ with the mass density of ,0,. Both the fluids are
incompressible and at rest. In the fluids, a solid sphere with the mass density of s and the radius of R is at rest, where the solid sphere is soaked
in Fluid @ to the depth of D. The z-axis is vertically upward, and the interface between Fluid (D and Fluid @) is horizontal and located at
z=0. The density relation between three materials is p1 < ps < p». The gravitational force works in the vertically downward direction and the
magnitude of gravitational acceleration is |g|= g. Answer the following questions.

(@) The equation of motion for a perfect fluid in a uniform gravitational field is

a—u+(u~V)u = —le+g ,

ot o)
where U, p, p and g are the flow velocity vector, mass density, pressure of the fluid and gravitational acceleration vector. Derive the
differential equation to be solved to obtain the pressure distribution in the fluids in the z-direction p(z) by simplifying the equation of
motion using the given conditions.

(b) Determine the pressure distribution in the z-axis direction p(z) in Fluid (D and Fluid (), respectively, assuming that the fluid pressure is
poatz=0.

(c) Show the magnitude of buoyancy force F acting on the solid sphere in terms of V1, V, p1, p2 and g when the volumes of the solid sphere
inFluid O andinFluid @ areV; and V2, respectively.

(d) Find the volumes of the solid sphere in Fluid (D (V) and in Fluid &) (V,) in terms of D and R, and then derive the formula expressing
the density of the solid sphere ps in terms of p1, p2, D and R.
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[ 1 (Question 1)
T ORMOCEZE,
1. DEDOGTEAEEZD,
d’y@® | dy@) _ _dy(0) _
ez T 3 TR 2y(t) =u(t), y()= T 0

(@) u b y ~OEEEERD X,
b u@®)=2,t=20 OLx, MHHFREE y(@),t =0 IZ2OWTHIT,
@ ul®) =2,t200L%, y(t) OEEREEZRDL,

2. YY) =GR UGB EBEZLD,
(@ u(®) =1,t =20 OLEDOEFERED y(t) =sin(t), t = 0 Tholm, G(s) &RdL,
b) u(t) =sin(t),t =20 DEEXOEFRED y(t) =sint —a), t =0 ThHot, 727701, a>0L7T 5, G(s) RD

o

Answer the following questions.
1. Consider the following differential equation.

d’y(®)  _ dy(®)
2Py =uw, ¥ =
(@) Derive the transfer function from u to y.
(b) When u(t) = 2,t > 0, solve the differential equation with respectto y(t),t = 0.

(¢} When u(t) = 2,t = 0, compute the steady-state response of v(t).

dy(©) _

dt ¢

2. Consider Y (s) = G(s)U(s).
(@) When u(t) = 1,t = 0, the steady-state response of the output is y(t) = sin(t), t = 0. Derive G(s).
(b) When u(t) = sin(t),t > 0, the steady-state response of the outputis y(t) = sin(t — a), t = 0, where a > 0.Derive G(s).
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578 2 (Question 2)
Fig. 1 DI AT HLIZHOWT, UTORIWIEZ X,

1.

Gi(s) == BEV G0) = ThY, a HEHET 5. Fig. 1 DVAT ARRELRBIZDOIC a Wil

s+a (s+1)?
TAREZEERD L,
HDOLEERGEBRK G(s) DFR— FEKIA Fig. 2 THEXLNTWDH D ET D, Eiz, G(s) =10 & T5,
Fig. 1DV AT ANRETHDHNED, BHAL L HIZEZ L,
HOHREDBERE G,(s) OFR— FBREMN Fig. 2 THEZLNTWALEDLTDH, 72, G,(s)=5 &7 5,
IDEE, Fig 1OVATIIREE D, AT r(®) =1,t=0 XTI yt) OEFEEZRD L,
HDHEEMBERE G,(s) OFE— FREMN Fig. 2 THEZALNTWA LD LTS, 72, G,(s)=0 &7 5,
AF r(t) =5 +sin(10t),t = 0 IZHTHHS y() OEFISELRD L,

Consider the system in Fig. 1. Answer the following questions.

1.

2.

Let G,(s) = S—;; and G,(s) = —2%_ where a isareal number. Derive the condition of @ under which the system in Fig, 1 is stable.

(s+1)?’
Suppose that the Bode diagram of a stable transfer function G, (s) is given in Fig. 2. Let G,(s) = 10. Answer whether the system in
Fig. | is stable or not. In addition, explain the reason for it.
Suppose that the Bode diagram of a stable transfer function G, (s) is given in Fig. 2. Let G,{s) = 5. Inthis case, the system in Fig. 1 is
stable. Obtain the steady-state value of the output y(t) forthe input r(t) = 1,¢t = 0.
Suppose that the Bode diagram of a stable transfer function G, (s) is given in Fig. 2. Let G,(s) = 0. Obtain the steady-state
response of the output y(¢) for the input 7(t) = 5 + sin(10t),t = 0.

roo+ Y
G,(s) *—>

2

> w [rad/s]

G,(s)

Gain [dB]

Fig. | Feedback system

> w [rad/s]

0"10-2 10 10° 10! 102

Phase [deg]

Fig. 2 Bode diagram of G,



I —1 (B4 %) (Mechanical Materials) (1/2]) LITF, R4
fH1%E 1 (Question 1)

(1-1)
(@)BE[E AT - WA TWE BT SR — 2R Tdh o 7o F IS L, BEEIC A - TR
EF E AR H DR SN D2 FTARE L omikEgL s L,

(b) N—=H—=Z + X7 ;)b BALHR O JE O IZHEFHEI Y 17 B 2 7 > 7 o THERK &
NOEEZH (A= —2EE), KEREICEAAGERTWD &, ZORIEMA TR,
KB & 5T D 12 OIS MR S BIR RIS 2 5 N7 b b,

()T Z DAl 2 LR FHORAER B TRl - TSI W T, HHIE, FHHK O &
B OEESFROIT, FHMEEE XA E LESOBEAHE S EHOMKICEIESEZROE SIC
LI RBEREE s TcEOERILOBEFRTREIN D,

(EEREAWIET) : HDOMEIORE STZIREIZBNWT, T X0 ZHGT 2R ESTMHO, A
Wr i /)

(e)TE BAR KL FEALUWR D Raoult & 2 i3 Henry JERIN B O X L ORI 2 R4 475K

(1-2)
BofZ% z  fee:l2  bec:8
HALAIZ B3 5 N fec: N=8x(1/8)+6x(1/2)=4 bce: N=8x(1/8)+1=2

(% fcc:0.741 bce:0.68)

M-S R IREBERFROREIRF AN TEL D, FKF (KT a THRIAHEELEX
TelE, fcc D FREMETH D, Lo > THEASIWIS /11X fec O T B/NIWEEZTD 720, Wtk
ERNKSTHD,

(1-3)  Fe CRVHRREER LY | RIIFOMITA—ATF Ak

3
D, =210 5 exp - L2810
RT 11 m2
T=1223K A LT, D, =1.8511x10 /%c
AR OfR L D |
CO_C(X’t):erf( X j
Co-C,; 2./Dt

1.4-0.8 L 0.3x1073 J
=erf
14-03 | 2x+1.8511x10 M xt

-3
erfL 0.3x10 J: 0.545455
2% \/1.8511x10~ 1 x t

erf (z) = 0.545455

z=0.50+0.05x% 0.545455-0.5205 _ 0.5292

0.5633-0.5205

0.3x1073

—0.5292
2% /1.8511x10 1 x t

] 71-73min F TOff7e HELY,
t =4335sec =72.3min

(1-4) Fick D% 2 BEHI,
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ZOFRHEZBRLRWES, AV ZR AT X,

[FERE 2 2 ZH#]) [ Answer Sheet for Question 2]

(1)

WU, Region

#H, Phase

I F—=27FA & (y), austenite(y)

i F—A7FA b (y) + 7=F4 b (), austenite (y)+ferrite (a)
I 7274 b (a), ferrite ()

v 7274k (a) + BAZA K (FesC), ferrite (o) + cementite (FesC)

(2)

1000°C COMFHIA—AT A M GEHEKD THD, HHEIL T & Ar3 ZREEE (F850°C) LRV NEECA—ATF
A IPBT 2T A MAOEENIEE Y, MFHIA—AT A b 72T 4 O 2 (BRE) M/ GERID, S OITREDR
KF35E, 7274 MEEPNEED, Arl ZREEE (7270) LVEWRETHERE L QDA —AT A "M s—F A e
L, M#I7 =54 k- 5—F4 FO 240 (RE) Mk GERIV),

The microstructure at 1000 °C is a single phase of austenite (region I). As the temperature decreases, the transformation from

austenite to ferrite starts below the Ar3 transformation temperature (approx. 850 °C), resulting in a two-phase (mixed)

austenite-ferrite microstructure (region II). As the temperature decreases further, the ferrite fraction increases, and the

residual austenite transforms to pearlite at temperatures below the Arl transformation temperature (727°C), resulting in a

two-phase (mixed) structure of ferrite-pearlite (region IV).

(3)

C (%), C(carbon)

F—AT7FA b, austenite

774k, ferrite

CHECEECRNGC)

~</VT %A N, martensite
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& 1 (Question 1)
(a)
P A 3

4
1

0
(b) KA DET

>
h o B =R AV, 7, =350x11"*" =913 K, p,=0.1x11"*=2.87 MPa,

Using the isentropic relations of an ideal gas, 7, =350x11'*"'=913 K and p,=0.1x11"*=2.87 MPa.

(c) H—iERIZE,

Using the first law, ¢, (7,-T})=
(d) ERMBGBRETZ0 G, T, =T, +Ci =T+
BRI ORISR a0,
Because of the isochoric heating process, 7, =T, + 4 T, +

Using the equation of state of an ideal gas, p, =

5 ¢, dT
© d=f o0

[ 2 (Question 2)

(a) BEFRAs; —s; =% Lo, —v myg =

Using the relations of s, —s;, =—

d_rp

b
®) dT R T?

1

r 1
c =p exp|——| =—— | |=10Ixexp| —
©) p=p, p{ R(T ILH p[ 0.4615

¢,(I,-T)=

R oL
k-1 T,

g4

0.287
m)((]—vz —7—;):404 kJo

0.287
a1 X

i (T, -T;) =404 kJ.

800
——X
0.287
RT, _RT; _

Uy %)

(1.4-1)=2030K .

T
pzT

2

D= =6.37 MPa,

ﬂx(m—l) =2030K.
, 0.287

RT, _RT,

v, U,

=p2£=6.37 MPa .
L

0287, T,

~0.572 KI/(K -kg) .
14-1 1, /(K ke)

Eygf@b\, p _ 565
dT" v, —u;

RT -

and v, —v, *U, =—o, dp _ s6=sy
p dr

__rf1 1
R\T T,)°

2257

U — U

ﬂ =3.73 kPa,

7

P
T o,

Py

(1 1
298 373

Uk
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& 1 (Question 1)

(a) UI=L=0.6O3 m/s, U2=L=2.83 m/s

7r(dl/2)2 7r(dz/2)2
(b) ~NR—A DREM, p =p, +§(uz2 ~0?)=104kPa

Using the Bernoulli’s equation, p, = p, +§(022 —1)12) =104 kPa .

2 2
(c) xHhHFmOEBERFAELY, F = (p1 +p012)7r[%j + cos(603)(pa + puzz)ﬂ(%) =384 kN,
2
y Bl OB RRAFA LY, F = sin(60‘:)( P, + pu;);z(%J =6.61 kN,
From the momentum conservation in the x direction,
_ 2 d\ 0 2 d, ’ _
F. —(p1 +py, )ﬂ'[?lj +cos(60 )(pa + pu, )ﬂ' > = 38.4kN.

From the momentum conservation in the y direction,
2
F = sin(603)(pa +p1)22)7r[%j =6.61 kN.

F,
(d) F=|F|=\JF’+F}=39.0kN, 9=Tan-1(7yJ=o.171rad=9.77z,
iR 2 (Question 2)
(@) TR 0 2D TO= - Vprg TV, glk-z MG, %:_pgo
o]

e 1 . L
Because the fluid is at rest, 0=——Vp+ g . Further, g isinthe —z direction, % =—pg.
P

(b) il;pz—pg DL p=p,—pgz 2025, WEOFT T p(z>0)=p,—pgz TH Y, FHAEQH TIE
p(z<0)=p,—pgz TH 2,
Because the solution of %z—pg is p=p,—p9z, p(z>0)=p,—pygz in the fluid @, and
p(z<0)=p,—p,gz inthe fluid @.

(© F=pgVi+p9s0

@ V=" "2 (R-2*)dz =§(3R—D)D2 , :%m@ 7, :%(D+R)(D—2R)2o

4 . o (D+R D—2R2+p 3R —D)D>
1019V1+P29V2=psg§7rR37”:75>%, P, = 1( )( 4}{3 2( ) .
p,(D+R)(D-2R)" + p,(3R-D) D’

AR° '

o9V, + pygV, = P59§”R3 . Therefore, p, =

LIk





