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ZRES

Examinee’s Number

M

[FMERE]
I —1(¥%) (Mathematics) (1/3]
fEiZE 1 (Question 1)

(06 08 0
1. 1781 A=| 0.8 0.6 0 | KKOWTUTOMWIZER X,
0 0 04

(@) 1THlA DEBAFEEEF~Z P ERD K,
(b) 1751 A DHITHIERD L,
(©) T A" &3 EX L, nlZBAKTH S,

U
@) EFBEEST MM u=|v | &T5HLx, limda”u Z3ET L,
w
1 1 &
2. 4751 B=| 1 B 1| oE#HERDE, RBbIIEKRTHS,
21 1

-06 08 0
1. Answer the following questions about the matrix4=| 0.8 0.6 0

0 0 04

() Find the eigenvalues and the associated eigenvectors for the matrix A.
(b) Find the inverse matrix for the matrix A.
(c) Calculate A", Here » is a natural number.

U

(d) Calculate lim A*u whenu =| v | is a nonzero real vector.
n—x

w

1 1 b?

2. Find the rank of the matrix B=| 1 1 .| - Here b is a real number.

pr 1 1




szf In|y| dxdy
D

KN, Lo 2 X,
(a) FESEEE x-y FEEIZRL, ZOBEBIINvTF T 227, 20, x, y#EICELZTYE,

(b) 2EHESI%RDE, BB, BHLEIWELT,

fl Inz J 2
z=—=In

o V1 —z2

DEEDEHVTEL,

Answer the following questions about the double integral 7 on the region D = {x? — 2x + y? < 0} .

I=_U In|y| dxdy
L

(a) Show and hatch the domain of the integral on the x-y plane and express values on the x and y axes.

(b) Calculate the double integral /. The following integral may be used as necessary.

fl Inz J n1 5
z=——In
o Vi—2z2 2



[P
Z zE,

Answer the following questions regarding simultaneous differential equations (1) and (2).
z=y »
y.= z' (2)

‘(a) Show that y = coshx and z = sinhx satisfy Egs. (1) and (2).

(b) Solve the simultaneous differential equations (1) and (2).
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I —2(# ¥ H7%) (Mechanics of Materials) [1/2)
F9%E 1 (Question 1)

Fig: 1 \ORT L5 Rt L HEL BRI AEEEENH D, B, RE(+1), WEHE A, REZRE
o, BXOVYLVIERE Ths, BEIL, BE, WEHE 4 BEREE w0, BIUYCYIRETHD, 12
7L, 151, w<a: Thd, BERZIBOmGE~EE L L, MEETEOIREZHE Omm BIERIC
BT A E T AT PP LR &R, ZOREBICBWTHEL BEOEFRICERT 2RO ETRENL 01 B X
RO ET5, LTORWIZEZ X,

SukE & A OEF AICERT AN O & O DREITEK Y S A D#E W 0ORE R,
ELEEOEVEINFNS BLXOY 6 ET5EE, 1, aBLV & ORI THRY ILOEENETRE,
L HFICERT IR 0 BLO R ERD K,

MEICE BB S ERD L,

bl e

There is a combination bar consisting of a round bar and a circular tube as shown in Fig. 1. The round bar has a length
of (I + 4), a cross-sectional area of 41, coefficient of thermal expansion a1 and a Young’s modulus of £1. The circular tube
has a length of /, a cross-sectional area of 4, coefficient of thermal expansion o, and a Young’s modulus of £3. Note that /
>> 1, a; < az. The temperature of the combination bar was raised by 4T until both ends of the circular tube contacted the
rigid boards after both ends of the round bar were fixed to the rigid boards. In this situation, the internal forces induced in
the axial direction of the round bar and the circular tube are Q1 and (s, respectively. Answer the following problems.

1. Show the equation of equilibrium of forces 01 and Q.

2. Show the conditions to be satisfied about Z, 1 and &> when the elongations of the round bar and the circular tube are
o1 and da, respectively.

3. Determine the internal forces O and 0 induced in the round bar and the circular tube, respectively.

4. Determine the elongation of the circular tube Jz.

Rigid board

Round bar —]

;]22

s
Circular 7
tube

Rigid.board

Fig. 1
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I —3(gHHE) (Mechanical Vibrations) [2/2]
Ri%E 2 (Question 2)

Fig. 20X 5K Z%EEZ S, BEN 3m & m THB 2D0MWENHY, TNTHD Fig. 2 1R /TEIDZEN
Ba Y 8T B, CNODNEEREEICHB L E, 21 =02 =0TH3LT %, 2 DOYHEDERNI/KTFITH
ICHEINTVWAEDET B, KMhD 4k, 2k, BLU Kk, ThAETNDERDOEREHRTH Y, FIZEE3ImM
OYIRICE N TH B, BHEROBEBIIBETEZIZENETVEDET B,

CF9, F=0&LT, ROBMWIZEZX K,
(1) TDHROEHFABEXZET,

(2) TOROEFAKEEE TN TRD K,
(3) 2 DDYHEKDFTEMBNZN TN 21 =20 BE U 23 =30 TH Y, FHEENLELCEOTHELE, 0

BEC z, At OB E LTEY, BULFATE L, LEL, a R TN EVIEORKTH S,
i, NI F IR L LRI F = Fysin(wt) DX I ICEENT 2 LRET %, 727ZL, wid (2) TRDOE
FARSEOVTNEE—HLEVWERTDH D, R BEDEHTHB, RDOMWVICER Lo
(AN . B2 FTY n LU IHRENGE Ik & ,
h gl T ERFIIRENR R WD Lo .

iy

(5) z1 I DWT DFEFIIRENFEDIRIEN 017525 £ 5 & w ZRD Ko

Consider the system shown in Fig. 2. It consists of two objects with masses 3m and m, and their
displacements in the direction shown in Fig. 2 are denoted as z; and xo, respectively. When the system is
in the equilibrium, z1 = z3 = 0. Their motions are restricted in the horizontal direction. In the figure, 4k,

2k, and k represent the spring coefﬁcients of the springs, and F represents the external force acting on the
?p)ject with the mass 3m. The friction on wheels is negligibly small.

(2First, assume that F = 0.
- %E . . ——lw

Find all the natural angular frequencies of this system.
Suppose that the objects start moving from their initial positions 1 = 2a and z2 = 3a with the zero
initial velocities, where a is a sufficiently small positive real number. Find z; and zo as functions of

" - at PRPRSIEN § FEU DU P U AN D S [P g |
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(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.
S o S Gt ™" mm—.
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I — 1 (##$) (Mechanical Materials) [1/2]

F928 1 (Question 1)

1) v 7%y AMDBLUT A =0 AADE, THEHREATHEIER L UBLIECH S, Thehomks
EEF T L,

@) Mg B LUAl DFEFH4E, £ 0.145nm, 0.118nm Th D, Mg LT Al DSEEFEROEFEREZRD L,
T, HENCEENAFETHERD L,

(3) Mg BL U Al REOERICBIT 3T E, 70 Hf%Z I 57— L > TR, 72, Mg BEUAIREROE
frfarbOT_RYE, TR0 ETOTRY FROEETRE,

@ F11% Mg-Al O ARIOTFERER CH D, Al TRO—IREFEE o ~D Mg Jt3RO 200°CH LT 400°CTD AL
5% Mg OEGIREE LY, %72, All0at%Mg &4&% 450CTalifiE Lictk, @i L, T, =ETHRE
| B BRI AR S ORBHE AR L, e A L BRI B Q) Hl AT R,

(1) Magnesium (Mg) and aluminum (Al have hexagonal close-packed and face-centered cubic structures,
respectively. Draw each crystal structure.

(2) The atomic radii of Mg and Al are 0.145nm and 0.118nm, respectively. Calculate the. lattice constants of perfect
crystals of Mg and Al Then, indicate the number of atoms contained in each unit cell.

(3) Indicate the slip plane and ship direction of Mg and Al crystals at room temperature by Miller indices. Also,
indicate the number of slip planes and slip directions on each slip plane in the unit cell of Mg and Al crystals.

(4) Fig. 1 shows the equilibrium phase diagram of Mg-Al on the Al side. Show the solid solubility limits of Mg to Al
at 200°C and 400°C, respectively. Al-10at%Mg alloy was quenched after changing it into o single phase at 450°C.
After that, illustrate quantitatively the relationship between hardness and exposure time when held at room
temperature, and explain the reason why this relation exists.

700

i680.452°C

6004 \

Oc)

~ 500+

Temperature

100 - ~ ,
A0 10 20 30 40
Mg (at.%)

o il
1 Al Al-Mg Fi#rikfeR  Fig. 1 AI-'Mg equilibrium diagram on the Al side.
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I — 1 (###44) (Mechanical Materials) [2/2]
B9RE 2 (Question 2)

@) F—RFFA FRATFLULVAEH, wATLHA MRATUVAR, T4 FRAT VAR, I35, &IRMO 5
TEOSW N5 D, U FORRERYET D7 DI Rl 28R L, $7r, ZOEREHZE~L,

(&) WRIERAALR
() EATRAE
© thE
@ R

(1) Pure iron, 0.8% carbon steel, and 0.08%C-18%Cr-8% Ni austenitic stainless steel were slowly heated from room temperature to
1100°C, held for 10 minutes, and quenched. All materials had been sufficiently annealed before heating. Answer the following

questions. (The unit of concentration of element is mass%a)
(1-1)  Explain the change of microstructure in each material during heating and cooling processes.

(1-2)  Explain the difference between the mechanical properties such as tensile strength, elongation, and hardness, before heating

and after cooling each material by giving the reason.
(1-3)  The corrosion resistance deteriorates in 0.08%C-18%6Cr-8% Ni austenitic stainless steel when held for a long time at about
- . P - N ° o g e 2 arrg v et ez

Tl wg
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[(FREMAM] .
I —2(#H2) (Thermodynamics) [1/2]
fI%E 1 (Question

n

-

LTFWART 4 oOAHERNOERE DRNFIA Z/ZONT, & (@)~ () WEA L, BFREFI 1ke
OEEEALTHY, KHEER R 1T 0287K/(Kkg) THD, F/bb#hlk « 13 136 THYHEEETSH, T T
p, V, T WIIBEIZES, (b1, BAHEREZRL, BF ~43REB1~4%2K7, 1,05 BLV ps WEIENS 491K, 298
K B0 855kPa TH D, v,

Vi,
GRTE 1-2] R 1 2 5MR08 2 ~XFERE (0, LT =3 p2p, T
[EFE 2—3] REE 2 5> SIREE 3 ~ITMIENER (p2, Vo, 0 — ps, T3)
B 3-4] REE 3 D OREE 4 ~IHRER (3, 73,3 ps, D)
[ETE 4—1] IREE 4 2> DAREE | ~IIWTEVERE (pa, Va, T3 — p1, V1, Th)

(a) -HE s 2RO L,

(b) EFE V3V, RO X,

(c) WriB\iEZRiRiE 23 B9 2{L%F W 2RO L,

(d) BERMAD 1A 2 A TTHERDOHER 1078k ThiE X, iy bk L,
() DY ATZNDOEENE 5 2RD I,

Answer the questions (a) thorough (e) for a thermodynamic cycle consisting of the following four reversible processes.
Thesagnting aasicnne Filoaram of ideal nas with the gas ronstant R o) 2R7 KK ke The snecifin-heat ratio «. is L%é.




®)

©

(d)

©

b)

©

@

©

o e -

=NRT (R,

©),
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[RARERR]
I — 3 (k1) (Fluid Mechanics) (1/2]

RI#E 1 (Question 1)

Fig. 1 {TT~T X912, FENpOREHNE, BE p DKM Sz R OFHROBRD DD, ZORBROEIZHDEH a

-y Al ke An—Ee e e 1w TE in

DN B £ = 0 gl AN ARk R ) TR BT A  ATEOR TR o i G,
IEEREN (p<<ny) &T5, BasDBREDEMIERTE, ﬁt’s?dj_:&i%é}:{a‘zg'd*‘

DROFEHSES v ITHA, BICEETE S

BN T P T I S
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= i . BES

[FtE K]

I —3 (fttk 1) (Fluid Mechanics) [2/2])
fﬂﬁ 2 (Question 2)

(b)

Rip 2 WRTEEREERT 5. FAO & FHEMPHIERAR MR HRIE Q T oy FENTIANB ST

2MAMEEZL B, ZOL %, FhBBERCBEICRNES2EHD, UTOMWCER X
d
@ FA O 2RBRICBITS, HE v & v 2ERTARD &

e)
( RE X IR I ok U e } [ S N N RN L 1 vz 2 N Lo 2

4 Y

Fig.2
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I —4 (T %) (Control Engineering) [1/2]

RAZE 1 (Question 1)
AT ORWZE 2 X,
1. Fie., LDZa =Ko Z 3 AT ATONWTEZA _Jolol. K(s) = L Gs) =1Thb, Eir, alBIIIFEDEETH

—

Do

TRy ~DOGEEREP () &R L,
= &, P(s)DEfLA L IVAIEERDE, 1272 Lo 0l FEOFETH D,

unit

r o+ € u v

-—_>T—-> K(s) G(s) r

Fig. 1 Feedback system 1
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I —4 (%8 T %) (Control Engineering) (2/2]
f%E 2 (Question 2)
PUTFOMWELE, v
PUTFO=»ORIcE BEEINBVARFAIONTERS, 2L, afliEHTHA,
dzy(t). dy(t) u(t), u(t) a L ZT(T) Y(T))d'[ ] dy(t)

(a) az lg TY®= dt '

() 7Dy ~DIRERIRG () kD X,
VAT BIRIE & T2 DT DI a, BN RE SR RD L,
2. y,
Fig. 207 4— Ky 7 VAT LEEXD, KIEL, G(s)dbbRERMRERMCTH XDy MEHIFe 3T5
ZBNBBDETE, T, KOOI K(s) = e S ThHbDETD, 12121, LIXEDEE ThD, VAT DBRELRS
T DICLAN T E Rk L, 72385, Fig 3 DwitARNEERL, TORIIErad/s £75,

Answer the following questions.
Consider the system described by the following two equations, where ¢ and 8 are real numbers.

d’y(t)  dy(t) T T dy(t)
o e e R RN CHERTO N fo (r@-y@)ar p2
(b) Derive the transfer function G(s) from r to y.

Derive the condition of @ and B under which the system is stable.

9. Consider the feedback system in Fig. 2. G(s) is a stable transfer function, and its vector locus is given in
Fig. 3. In addition, K(s) is given as K(s) = e™L5, where L is a positive real number. Derive the condition of
L under which the system is stable. Note that @ in Fig. 3 represents the angular frequency, and its unit is

rad/s.

r + $ y . ‘
> G(s) — —> AMm
l e L]
K(s) ' _
Fig. 2 Feedback system 2 ; = .
/ \
-0.5 ’a') = w=0 N
-1 100 1 Nre
Ao = 1008 /
I —0.55
3 /
\\\\ <
= \’\-j/ /Iéw =5
0 = 10
CEEHHE o)

Fig. 3 Vector locus of G (s)
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(Thermodynamics)
2023 8 (Brief explanations of the entrance examination in August 2023)

1 (Question 1)
(a) Vy=RT,/p,;=1.00 m*
Using the thermal equation of state of an ideal gas, 7, = RT,/p, =1.00 m®.

1 1
(b) ViV, =(T,/T,)=2 =(T,/T;)=1 = 4.00
1 1

Using the isentropic relation of an ideal gas, V,/V, =(T7,/T;)~ =(T,/T,)=* =4.00.

© Ws =, (T,~T,) =—(T,~1,) =154 I
K_
From the first law, W,,=c,(T,-T;)= il(Tl ~T,) =154 kJ.
K_

(d) W 152 3—>4

£ Wee | _
W, jpdV+J' pdV = RTIn—+RTIn7— (T, - T)InV2 i:exp[le(Tl—_tTg)}_mo

3 1 1
1 1
1[1) (Zj AN ANA
Vo T I Vi Vs Vs
From the first law, the net work W, is equal to the net heat supplied to the system, and is equal to the
net work done in the isothermal processes 1— 2 and 3— 4. Therefore, the answer is as follows.

£ Wee | _
W, jpdV+J' pdV = RT,In 2+RT|n _R(T T)In7:>7—exp{R(Tl—_tT3)}—7.OO

Vs 1 1
1 1

o |L|™ (L™ A

i \L I Vo V3 1,

(e) n= VVnet — VVVnet R(T T) ( Z/V) =1— £20393
Op IVZpdV RTlln( 2/V) L
From the first law, n_Wet— VW”et _RE-L)n(h) ~1-T2 _g.303.
IzpdV RTlln( 2/V) I
2 (Question 2)

Tin

() CdT =TdS = S;, - S, =C, Inf
T, +T,

T,="A7"8 340K
2

AS, —461x|n%—1012 JK, AS, —461><In3i03=—829 JK, AS,.s=AS,+AS, =183 J/K

Because this process can be considered as an isobaric process, we can write as

C,dT =TdS = S;, - §

fin

i=C, Inh. Because the heat capacities of the objects A and B are the same, we

ini
ini



S, +AS, =183 J/K

, the answers are as follows.

_ oS (an
writeas | — =— — .
ap ), oT »

(©)

S} +V, using the
T
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[ 1 (Question 1)

(@) lvfz +Po 4 x :ivo2 + P
2 ol 2 ol

(b) Zefbv < v, £V, BEIQEOEZ EH, %%%gx:mo:«/zgx LE S,
Using the condition of v <v, and the answer of the question (a), we can write
%UDZZQXZUDZJZQX.

© A R (R X (2Rx x)

as



(©)

(d) ﬁfﬁ@ﬁ%f:{ﬁcv-dl=_[S(V><v)-nd8 F 0. UNE O A L A P o [ 62
ERODE, BT OREED, T=[ u,rd0=0 LHATE 5,

From the definition of the circulation: 7" = @Cv-dl = L(va)-nds , We can calculate it using any closed

curve enclosing the origin in this case. Therefore, using a circle of radius r, we can calculate the

. . 2
circulation as . rd 0



