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I =1 (#%) (Mathematics) [1/3)
fH%8 1 (Question 1)

1. 175 A==
6\—-a+1 2a+1

(a) 1791 A DEAEEZ KD L,

(b) T35 A DEEEDOVE DN 1 ThDHEX, aDEERDE,

(©) LRODEETTTRTOEAME ST BEE RS M EdENEIRE,

(@) LEOGDEETTlImA" 2RO L, nZEOEHTH 2,

Hn—r0

1{a+2 2a+2 N o e
WIZOWTETORWCE % X 72720 al3FEHTHA,

2. ROBSI—IRFERE Cramer DARE AV THET,

xX+y+z=06
2x-y+z=3
x—y+22=5

1. Answer.the following questions about the matrix A =—

1[a+2 2a+2

. Here a is a real number.
-a+1 2a+1

(a) ‘Find the eigenvalues for the matrix 4.
(b) Find the value of a when one of the eigenvalues for the matrix A is 1.

(c) Show all the eigenvalues and the associated eigenvectors under the above condition (b).

(d) Calculate lim A" under the above condition (b). Here # is a positive integer number.
H—>®

2. Solve the following simultaneous linear equations using Cramer’s formula.

X+y+z=6
2x—y+z=3
x—y+2z=5
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I —1 (%) (Mathematics) [2/3]
P58 2 (Question 2)

W D={0<x<y<1} LD 2ER7,

1
I= [, e dxdy

22T, UTOBWIZE R L
() B Z x-y FERICR L, ZOEHI Ny F L7 &2, hox, yl EOKEEZ AT L

(b)y 2EBES I H2RD L,

Answer the following questions about the double integral 7 on the region D = {0 < x <y <1} .

I = [, —dxdy

x+y?
(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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I —1 (#2) (Mathematics) [3/3)
RS%E 3 (Question 3)

x OB y IZOWTOESHSFERX (1), Q) &fF T,

y" =5y’ +6y=0 (1
y'=3y'+2y=0 @

Solve the simultaneous differential equations (1) and (2) on the function y of x.

y"=5y'+6y=0 (D
y'=3y' +2y=0 2
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I —2(#¥ H%) (Mechanics of Materials) [1/2]

fA&E 1 (Question 1)

IFORMWCE 2 L, fFICE DR OBEREELZAMICERE L, 2720, BT &7 — & BT oy

VIR IR EBS IR S EENENE, o, 12 LT 5,

1. 725 2 W ARBE |2 [E E S AUTZ AR do D FE T ~EHT IS ERRD do 2> D dol2 F CHEBIICE(LT DT — U &

S NEE STV 5D,

(@) Fig. 1@D X HICHEP ZMATZE EOABET DY 0 ZRD K,

(b) 1L@DEZXDOT— UTEHBENFOMNMNES de ITEL W IEB I OT — Ut & IUET 2EOH N J,
ENENRD &,

(c) Fig. Ib)D X HITHET 2 EEE AT LR SE7-2 &, WETOHOD §rakd L,

2. Fig. 1()D X D IZHABT & 7 — H& FAB I 5 72 D A G o o s 2 M ARBE I I [E & L= DB g 1

TPHEEZ AT R SE 5,

() BMDZITHMHE Q ZRD L,

(b) M C DENTFIHDEN & RO X,

Answer the following questions. Describe also the calculation process in your answer sheet. Note that Young's modulus,
coefficient of thermal expansion and length of the bars are E, a and //2, respectively.
1. A round bar I with a diameter dy is fixed at the left end to a rigid wall. A tapered bar Il whose diameter is changing
from dj to do/2 linearly along the axis is fixed to the end of the round bar I.
(a) As shown in Fig. 1(a), when the axial load P acts on the bars, determine the elongation ; of the round bar 1.
(b) In question 1(a), determine the elongation dd; of the element of infinitisinel lengh dx of the tapered bar Il and the
elongation &; of the tapered bar I, respectivity.
(¢) As shown in Fig. 1(b), when only the temperature of the round bar [ is risen by A7, determine the elongation &;r of
the round bar 1.
2. As shown in Fig. 1(c), after a combined bar of the round bar I and the tapered bar Il is supported at the both ends by
the rigid walls, only the temperature of the round bar [ is risen by AT.
(a) Determine the axial load Q acting on the bars.

(b) Determine the displacement & of the point C.

A Tapered bar Il (a, E)
do Round bar I P
X
a, do/2
N IS /l
/2 C /2
Fig. 1(a)
Round bar I Tapered bar II
do/2
(o, E, A7) (o, E)
Fig. 1(b)
O <=4 Round bar I Tapered bar Il feep )
((X,, E, AT) w/
C
Fig. 1(c)
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I —2(#H%) (Mechanics of Materials) [2/2])

fH9R8 2 (Question 2)

(1) BITEAREKZ, MBI EREZ, & DEIC, B E— A IMERLYE— AT RRRHCAER 7558, BAREIEN 0 ¢
BRER WIS SIT 25, T CROLIDILETRE,

- —(M+M2+T?), 7, Zi\/MZ + T2 i)

=2z A

I, Z, = 2ZEWR T ObDLT D,

Flg ZLH‘?“J:WZC, ALK ijjJTlJ:Tzﬂsi’ﬁﬁﬁﬁ'éiéw%ﬁoﬁmi@f\zvbﬁmm%c'Clnaé;h, 2ONRTYT
T AL B AR ESNEMEE 2D, BB, BOEBITE—F—ERAT, K A BOTHO R F T EEEOHEHH
+5. £z, MOWEFERdEFOATLL, <VIEOEREZD, #X MnRESE, AOWMZNL~VIEORLETD
B&kl, ~NVAOEEAEOET D, LTFORWICEZL,

(2) Fig. 2 DWEREZEL T, e~V AEOFLIZBETHE— A OOV ENHETRLL, ALVE—AITERD L,
(3) o #FE— A MRREHE, T E— A MMOBRKEEZRD L,

@) WOz, z%d TRUL BT, Ki)EVo br, #RH L,

) BRI S, TABBRBEST, KEFLfEL, ERBVORREELRALT, IR LW d DR EFERD X,

(1) When bending moment M and torsional moment T act simultanéously ona shaft with section modulus Z and polar section
modulus Z,, show that the maximum principal stress ¢, and maximum principal shear stress 7; can be calculated as follows.

Here, it is assumed that Z, = 2Z.

Consider a shaft with a rigid belt pulley of weight W fixed to its right end C as shown in Fig. 2. Tensions T; and T,
are acting on the belt, and the shaft is supported by two bearings at points A and B. A motor is attached to the left end of the
shaft, and only the axial rotation of the shaft is constrained at the point A. The cross section of the shaft is a circle with diameter
d, the diameter of the belt pulley is D, the length between.the bearings is [;, the length from the right bearing to the center of
the belt pulley is I,, and the inclination angle of the belt with respect to the horizontal plane is 6.

(2) Considering the side view of Fig. 2, write the balance equation of the moment about the center of the shaft and the belt pulley,
* and calculate the torsional moment T.

(3) Draw the bending moment diagram of the shaft and find the maximum value Mp;qx of the bending moment.

(4) Express Z,, and Z of the shaft in terms of d, and then find ¢; and 7; by using Eq. (1)-

(5) Find the conditions on d by using the results of the above problems as well as the yield strength oy, the shear yield strength
1, and the safety factor f to preventa failure in the shaft.

I, "
==
{Motor) A ~3
_____ ! B _1llc
82 @
w
Fig. 2
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I —3(#H%) (Mechanical Vibrations) (1/2)
R92E 1 .(Question 1)

Fig. 1OR%ZEZ %, WEPBIUX QUK FLRERLEZESHICE X, WEAPIJZRA BN U TEARL B
BENTWD, AP WA QTR B 2N L TERIN, WEQIIZRCENL THELERIATY
2, WEAPBIUFQOEEBIILDIIMTH S, ITHA, B, BIUXCOIZRERIZ, #hehk, 2k kTH
2, MEPBIUQOZNZhOFEEDSDEME e BEUy 55, (bbb, 2=y=0, 2=5=0
TH2YEICRIIFEIREIZD 2,) UTOBWIZEZ L
1) ZoRoEBHEREET,

(2) (1) OEEHFRERD 5 BRI L KD X,
(B8) m=1kg THEILDBTh oz T3, 72, AP ZEF TNV 25, WHEP OME LYK Q
DNB DO S AIRENEL 10 rad/s THRIREIL 722 2, kL ERD &k, GEURBEMETITEZ X)

Consider the system illustrated in Fig. 1. The objects P and Q can move smoothly on a horizontal line,
and the object P is connected to the left wall through the spring A. The objects P and Q) are connected
through the spring B, and the object Q is connected to the right wall through the spring C. The masses
of the objects P and Q are both m. The spring constants of the springs A, B, and C are k, 2k, and k,
respectively. The displacements of the objects P and Q from their equilibrium positions are denoted by x
and y, respectively. (That is, the system is in equilibrium when z =y =0and £ = = 0.)

(1) Write the equation of motion of this system.

(2) Find the free-vibration solution of the equation of motion obtained in (1).

(3) Suppose that m was found to be 1 kg. Also suppose that, when the object P was lightly tapped by hand,
the midpoint of the positions of the objects P and Q oscillated at an angular frequency of 10 rad/s.
Find k£ and give your answer with the appropriate unit.

spring. A




2025 4 10 A, 2026 £ 4 A A% (October 2025 and April 2026 Admissions)
B RFERERER T AR AR LR (—RKEKk) HMEEAZEREE
Graduate School of Advanced Science and Engineering (Master’s Course) , Hiroshima University

Entrance Examination Booklet (General Selection)
(2025 4£ 8 H 28 H % / August 28, 2025)

WEEE (MM T (FMRE ) | 7erosa]  BBIE | ZRES
Subject | Mechanical Engineering I || Program | Mechanical Engineering | Examinee’s Number
[REE P ]

I —3 (8 H%¥) (Mechanical Vibrations) [2/2])
f5%E 2 (Question 2)

Fig. 20%%E2 %, ~HERMEYBESR2HOEEm, ¥E R OHADHRA, KO X 5124 ADIFRT
THRRN, ZOEE Ny BPICHREIATVS, 3R A, B, C, BXUDIZE, FRDEZ 477 5P,
Py, P3, BIUPL Iz ThEHRINTWS, F'Wi@ilu(}@xﬁﬁ yﬁﬁ@ﬂﬁu%%h%hx;@;(}y
L, ARDOIEEEEZ 6 &5 2, SEEIREEICB W T 2 =y=0, 6=0T»H, AP tRPsldzsihkic, =
Po DY S Pyl bich 3, z, y, 0IIMITHY, sinf~0, cosf = 1 BHILT b, £z, TRABX
KiEh Cld y AAIZD A, BHBBLINAERADIEz AECOAAZEL 2, ¥R A, B, C, BXUDDIE
REBIZFHhEN3L, 2k, k, BLL2% THB, UTFTORBWIZEZL ko
(1) FAROFLEED FROEICEERBED ) OBEEE X M mR?/2 TH 5 Z L 2Rt
(2) HPy Dz HADEN, mMPs Dy HRAOEN, HPyDz FAOEMERD L, ZTIT, KP1DyiH

DEMIZy+RI LD ZEICHFERE K
(3) ZOROEFHHEXZET,
(4) :@%@ﬁﬁ%?ﬁ@]iﬁlwl, wo, W3 %*@io 7LC7'CL, w1 <wg < Wws tj-éo
(5) BLE—FDE-FRZ PLERD X

Consider the system in Fig. 2. A rigid circular disk of the mass m and the radius R with uniform material
and thickness is supported by four springs, and its motion is restricted to the zy plane. The springs A, B,
C, and D are respectively connected to the points Py, Pa, P3, and P4, which divide the circumference of the
disk into four equal parts. The displacements of the center of mass G of the disk in the - and y-directions
are denoted by z and y, respectively, and the rotation angle of the disk is denoted by 6. In the equilibrium
state, z = y = 0 and # = 0, the points P; and Pj3 lie on the z-axis, and the points P2 and P4 lie on the
y-axis. The quantities z, y, and @ are small enough to satisfy sinf ~ 6 and cos# ~ 1. The springs A and
C exert forces only in the y direction, and the springs B and D exert forces only in the z direction. The
spring constants of the Springs A, B, C, and D are 3k, 2k, k, and 2k, respectively.

(1) Show that the moment of inertia of the disk about its central axis perpendicular to the plane of the
disk is mR?/2.

(2) Find the z displacement of Py, the y displacement of P3, and the z displacement of P4. Note that the
y displacement of the point P; is y + Rf.

(3) Write the equations of motion of this. system.

(4) Find the natural angular frequencies of the system, w1, wg, and w3, where w; < wp < ws.

(5) Find the mode vector of the first mode.

spring B
2k

spring A

3k
Py
spring C R ‘
k. \ A %
Py sprmg D W
Fig. 2
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ZEBREDTESE

(1) ZHIZBEAE T, SEITMOMERRICEALTIESN,
Q) FEARIIREEEHIMDH Y E7,

Q) EREB I TR COMEARKICZRESZEAL TIZIW,
(4) RIERRITAEERMRE & BITEIRLET,
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-1 — 1 (8 #3) (Mechanical Materials) (1/2)
f9%E 1 (Question 1)
(1-1) SRERMTBIOETESMIC R E REE L RIETILERT E LN ENE L L,

Answer each chemical element that greatly affects the various properties of steel materials.

(a) B -ELA ESEE—F, & - CABEZETS®DIERLERS

Main chemical element that increases hardness and strength while decreasing its ductility and toughness.

(b) fEIR U AL AN & M k&8 5 EREFMD

Main chemical element that improves low-temperature toughness and corrosion resistance.
(&) ATV VAFDERSTH Y, BEANEDOE LIZOZROH DILFERS
Main chemical element of stainless steels and it is effective in improving hardenability.

(d) 27V —738E (@mREE) RLCBRODDEREFERS

Main chemical element that is effective in improving creep strength (high temperature strength).

(&) RIT LT, CAMEBRTIELEO—RUICEFRIIDLRVERRVE, HHIEHRFEOTZDICEM S
5T b DIFERLS
Main chemical element that tends to segregate and reduce toughness, so generally it is better to have a low content, but
it is sometimes added to improve machinability.

(12) 7AI=VABRERVAT V VAGICETHROFMVICER L.
Answer the following questions about aluminum alloys and stainless steels.

(a) THEMIMEN TV AEBRY FREFNRAL,

Explain why aluminum alloys and stainless steels have excellent corrosion resistance, respectively.

(b) EEEE LR LEBEDTAI =Y AREERVF—RAT T4 FRRAT U VAROKEE, TROBEALE
HT, TNTNRPFAE L.
" Explain the various characteristics of aluminum alloys and austenitic stainless steels compared with low-alloy steels

including the following terms, respectively.

[ L3 (specific strength), THAME (corrosion resistance), JBPE « ¥EME (malleability and ductility),
&R U AAME (low-temperature toughness), #RiFZ3E{REL (linear expansion coefficient),

BRI (thermal conductivity), ERIKHLHE (Electrical resistivity), B (magnetism),
¥ 7% (Young's modulus), YATEIEZN (latentheatof fusion), thZ (specific heat), B (density)]

(¢) TROTAI=U LEEE, BUEAE LIFRNECE L ITHAT L,
Classify the following aluminum alloys into heat-treated alloys and non-heat-treated alloys.

[A2017 (Al-Cualloy) , A3003 (Al-Mnalloy) , A4043 (Al-Sialloy) , A5083 (Al-Mgalloy) ,
A6061 (Al-Mg-Sialloy) , A7075 (Al-Zn-Mg alloy) ]
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I —1 (#H+4$) (Mechanical Materials) [2/2)
f5%E 2 (Question 2)
(2-1) KROFEATEHIATL, @UEEBHRT, 0 S—H—R- 7ML, (@ TZOIER, (DEEFEAMIET], OFEEHRK

(2-2) fec KU\ bee DEAHSFHIZ BT DIRHEEE, EHEREE &0 T,

(2-3) IT—IBMCRLUZE(112)BLUAR [112)2 A BT L,

(24) 04mass%C Z&1e Fe-C &% 1173K DA —AT A MBS DERALTZ, AERBRE FTOEA SN EBEERSRTROL,
T TTIAND C BREEIRI 0.0218mass%, AV A MERIL 6.67Tmass%C &35,

(2-1) Explain the following terms, () segregation in solidification, (b) Burgers vector, (c) lever rule, (d) critical shear stress, () activity coefficient

(2-2) Describe the number of atoms contained in the unit cell of fec and bec, including the derivation process.

(2-3) Draw the plane (112) and the direction [112] using of Miller indices in the unit cell.

(2-4) The Fe-C alloy containing 0.4 mass% C is cooled slowly from the austenite region at 1173 K.  Determine the weight fraction of cementite
just below the A, transformation point in terms of weight fraction. Here, the maximum solubility limit of C in ferrite is 0.0218 mass%, and the
cementite composition is 6.67 mass% C.
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I —2 (8 A%) (Thermodynamics) [1/2)
&A1 (Question 1)

T4 >OEBRTHEBRENEBHEFA 7 Mo T, Bl @)~@6) &2 L, ZIZ7T p VT iECE
5, B, BAOREELEL, BRE1~4IREB1~4 28T, BIEKEIT 1.00kg OBBRKETHY, KEEK
R X 0286kJ/(Kkg) ThHD, LB « 1X 140 THYEE LT D, EMEL e=n/V i3 160, TT BLT py
1% 297K BLO 0.100MPa &5, EEMBATMZONEE gy 1 900Kk & T 5,

[ER2 1-2] REE 1 2 HIREB 2 ~IIWFBVERE (1, Vi, 1 — p2, Vo, T2)
(@& 23] REB2 1 OIRKE 3 ~XEBEMER (p2, V2, T2 — p2, V3, T)
[BR 3—4] REE 3 2> BIRKE 4 ~IBBIER (2, Vs, T3 — pa, V1, Tw)
D& 4—1] RIE 4 2 ORB 1 ~XERGH (pa, 1, Te — p1, V1, Th)

(@) ZOVA I NVDEHEET,

(b) REB2 DEE T, BLTES p, ERD X,

() WRE3 DIRE To 23R, K o=Va/V2 ZRD X,
d) EEBHTE TR ¢ 2RO L,

(&) ZDHA I NOBBHE n RO LK,

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 témperature,‘ 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 0.286 kJ/(K'kg). The specific-heat ratio x is 1.40 and
constant. The compression ratio e = Vy/ V2 is 16.0, and T} and p; are 297 K and 0.100 MPa, respectively. The heat gy added
during the isobaric heating is 900 kJ.

[Process 1—2] Adiabatic compression from state 1 to state 2 (p1, V1, T — p2, V2, T2)
[Process 2—3] Isobaric heating from state 2 to state 3 (p2, V2, T — pa, V3, T5)
[Process 3—4] Adiabatic expansion from state 3 to state 4 (p2, V3, T3 — p4, V1, Ta)
[Process 4—1] Isochoric cooling from state 4 to state 1 (pa, V1, T — p1, V1, T1)

(a) Write the name of this cycle.

(b) Calculate the temperature 7> and the pressure p of the state 2.

(c) Calculate the temperature 73 of the state 3 and then calculate the cut-off ratio o= V3 / V2.
(d) Calculate the heat g1, rejected during the isochoric cooling.

(e) Calculate the thermal efficiency # of this cycle.
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I —2(#1%) (Thermodynamics) [2/2]
f5I# 2 (Question 2)

u(T;p =p,°)

FEN p,» BET, ICRWTRBAICLERM 1 GIARRE) LHRAITEERM 2 GIZIER

) AHHETE BENVERM OMMERSH D, EH% p iTR-oTe L XDERT v (BH

BT BWE 1 BB DX T XHBTRNE—) ORBEREEU(T, p=p,) % T, DEHC

BT Fig 1 DX THB, 121EL, WAFABIL H1HDVNIHE2 DWOTHHEZERL T

%, LATORRM (@) ~ (o) ITEZK,

@ Fig 19Dy, 13, 1 DEERT Ve ThBY, Fhb bi2 DLERT L ov L Thoh, BRLMIEL L,

®) FEANp,, BETZHBTH 1 D52 [T 3 L X OBITERS ) OFBAL |, (EEEBORROWIHNRINEL L
TER %, p, T \TBIT5H1 BLUHE2 D Z A E— R BI T, TRYE,

© BERL % p, T,, IBITp, LICRBITHME1 &2 DTy hati—s,s, BIUME 1 & 2 DHERY,, v, DFOHLER
HOEESTRY,

A BRL % M, p, T,, BEUp, T ICBITBH1 &2 D{LRRT v/, p, OBV, DOFRONE
LOERHESTHRE, by b X T IR RV ET DX T AOBEREE L,

© BBL ,TENAD, BElLIETELE,

We think of a pure substance, whose molar mass is M . For this substance, its phase 1 and phase 2 can coexist at the pressure
p, and the temperature T, where the phase 1, the liquid phase for example, is stable in the lower-temperature side and the phase
2, the vapor phase for example, is stable in the higher-temperature side. For this substance, Fig. 1 shows the temperature dependence
of the chemical potential y(T; p= po) in the vicinity of T in‘the case that the pressure is kept constant as p,, where the
subscript A or B stands for either the phase 1 or the phase 2 (note that the chemical potential is the Gibbs free energy per one mole

of the substance in each phase). Answer the following questions (a) through (e).

(@ Is u, inFig. 1the chemical potential of the phase 1 or the phase 2?  Answer with the reason.

(b) Express the specific latentheat L, intermsof 4 and A, which are the specific enthalpies of the phases 1and2 at p,, T,
where L, is defined as the heat reversibly absorbed by the substance during the phase transition from the phase 1 to the
phase2at p,,T;.

(c) Express the specific latent heat L_, using the appropriate quantities selected from p,, T, s, 5, U}, U, , Where s;,5,,0,,0,
are the specific entropies and volumes of the phases 1 and 2 at p,, T .

(d) Express the specific latent heat L, using the appropriate quantities selected from M, p,, T; , and suitable partial differential
coefficients of the chemical potentials of the phases 1 and 2: x4 and 4, at p,,T;. Hint: use the Gibbs’ fundamental relation
for the specific Gibbs free energy.

(e) Is the specific latent heat L,_, positive or negative? ~Answer with the reason.
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I —3 (F& %) (Fluid Mechanics) [1/2])
fSi%8 1 (Question 1)

Fig. 1 \TRT & 512, RKHNIKFICRE SN F 2 VEICERERE Q THE p OKIPRNATWS, HHOY
@Tix, WHE—RpO—XTtiie A%E %, WHOLQDEGMIE, EEY/ XA —X—NZREARESNL TN,
WO QOEEZ Ay & Ay (2L Ay > Ay £ 32), Tz uy & ug, BRHER p1 & pp &5 5. AKIZIEEME, JERGME
T, BNIEEZRETAZICg T2 %, LITOMWIER X,

(a) WO ¥ KEQ DM DERFE DR % R,

(b) W@ & W@ DR DNV X — 4 D ERE,

(c) MO WHOWHBINTWIEE Y/ X —X—BORHEOEIDEh KD X,
(d) R Q 2R X,

Water is flowing at a constant volume flow rate, @), through a horizontally set Venturi tube in the atmosphere as
shown in Fig.1. In cross sections @ and @), the flow can be considered uniform and one-dimensional. Two piezometers
are installed at sections @ and . Let the areas at sections @ and @ be A; and Ay (A; > As3), the flow velocities be
uy1 and us, and the static pressures be p; and ps. When water is incompressible and inviscid, with a density of p, and

is subject to gravity acting downward with acceleration g, answer the following questions.

(a) Find the equation of continuity between cross sections @ and @.
(b

(c
(d

Find the Bernoulli equation between cross sections O and @.

Calculate h, the difference in the height of the liquid column in the piezometers at cross sections @ and @.

— — T

Calculate the volume flow rate, Q.
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I —3 (& H%) (Fluid Mechanics) [2/2)
578 2 (Question 2)

Fig 2(@) DL, ) po DZERHITd Dkl LI

DFIz, BEE p, EE H ORBASTZRAR R OPE785 @ ®)
BN CND, = ORIEOFLEE 2 il e L7 MR R 1 $
(0, ) 5%, U AAINEE FICRY, SN X % Fo 2
6% LT 5, JOREE O ED ) 1T S o CHlis _ g
SR THO7ERIAREET D &, KITREE & BIIREND ar { Po

BB 2 L e < A o CRIARIR S B REE L 72 o 7= T
(Fig. 2 (b)) . KEOREESBLOEN, 725 ONCZEROk 2(0) =z,
PHIEEGCX, ANHERREL 9%, BOIBEORE ST g
g &%, IFORWNEZ L,

@

(b)

©
(@

water| p

AR~ 5 /KR O AT AFEOTAET B < 1, z J7TH) ! o . o .
DHDSO NN, KFDEI p(r, 2) (k5 O ]
r, z FOEG i Gl =) 2807, 7ok, i Fig. 2
SRR R I N T AT T —3 A(r, 2) D AR

VA = a—Ae +8—Ae

r ' 0z

EREIND, T Te, edTFNEILr HI, z HMOEN~T MV THD,
PR () CHEM U TR TREREFRNT, KPOIEI 30 p(r, 2)% KD X, 72720, Hulifil Fldsi) 2/KED 2 [EEE 2z
(>0 &35,
KEDTR z(N %, zo,,1,g T HVTEHR,
HLCfl | CoKED z i 20 %, H,R, 0,9 Z VTR L, FEREHIKEANE LRV (7005 20>0) 72DOHHEE o O
SbasRD X,

As shown in Fig. 2 (a), a cylindrical vessel of inner radius R, filled with water of constant density p up to height H, is placed on a horizontal and
stationary plate in air at pressure po. A cylindrical coordinate system (7, 6, z) is taken with the origin at the center of the inner bottom of
the vessel, and the z-axis directed vertically upward. This vessel is then rotated around the z-axis at a constant angular velocity .
After sufficient time has passed, the water reaches a state of rigid-body rotation at the same angular velocity @, without spilling over the edge of
the vessel (Fig. 2 (b)). Surface tension and disturbances at the water surface, as well as the viscosity of the air, are neglected. The water is assumed
to be incompressible. The magnitude of gravitational acceleration is denoted by g. Answer the following questions.

(@)

(b)

©
(d)

Derive the partial differential equations in the 7- and z-directions governing the pressure distribution p(r, z) within the water, based
on the force balance in these directions acting on a fluid element of unit volume in the rigidly rotating water. Note that, in an
axisymmetric cylindrical coordinate system, the gradient of a scalar field A(r, z) is expressed as:
04 0A
VA=—e +—e_,

r 0z
where e; and e, denote the unit vectors in the - and z-directions, respectively.
Solve the partial differential equations derived in Question (a) to obtain the pressure distribution p(7, z) within the water, assuming
that the height of the free surface of the water on the central axis is zo (zo > 0).
Express the shape of the free surface of the water zy(7) in terms of zo, @, rand g.
Express zo in terms of H, R, @, and g, and determine the condition on the angular velocity such that the free surface of the water
remains above the bottom of the vessel (i.e., zo > 0).
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I —4 (Hff1 %) (Control Engineering) [1/2]
978 1 (Question 1)
DE DB FHTEREE Z D,
dx(t)
= () = u(t)
de(;_)_ +y() +x(t) = u(t)
72720, x(0) = y(0) = 0&3%, LATORWNIEZ L,
1 u(®), x(t) Ey(8)® Laplace THA ZNENU(S), X(s) LY (5)TRTBO LT B, U(s)DbX(s)~DISEILL, U(s) >
BY (5)~DISER 2R I,
2. u()EHPLA L UVABE AL X, x(t), t = 0&y(t), t = 0&RDL,
X(s)D3bY () ~DImEEERD &,
4. x(t) =sint, t =2 0DE %, y(t), t = 0&RDL,

@

Consider the following set of differential equations

dx(t)

o +x(t) = u(t)
dy(t) B
0t y(@) + x(t) = u(?),

where x(0) = y(0) = 0. Answer the following questions.
1. Let U(s),X(s), and Y(s) denote the Laplace transforms of u(t), x(t), and y(t), respectively. Derive the transfer functions from
U(s) to X(s) andfrom U(s) to Y(s).
. Let u(t) bethe unit impulse function. Derive x(t), t = 0 and y(t), t = 0.
3. Derive the transfer function from X(s) to Y(s).
For x(t) = sint, t = 0,derive y(t), t = 0.
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I —4 (Hl# T %) (Control Engineering) (2/2)
B9%E 2 (Question 2)
Fig. 1 DYVAT KIONTEZ D, LLTORWCER L. |

L. K(s) = 10BXUP(s) = THBELDETH, ZIT, albidFEHTHD, AJir(t) = sin(2) (T DHANL,

2+ s+b

y(t) =V2sin (2t - 2) THBLOLT B, aLbOEERD L,

2. K(s)=14I8LUP(s) = 5—ThHbOLTH, 21T, albIFHTHD, ZOVAT MRELRDIDITa L
Y e AT i LR

3. K(s)= %:J;scttﬁp(s’) —  THAHELDOETA, ZOVATLADTA XA MMORFEEERD LIELTNDHE,

(s +1)( +2)

2+ s+b

Figs.2 @~(@A)h>H—2i8~, F7z, TORZERL/-ERZHAT L,

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

1. Let K(s) =10 and P(s) = where a and b are real numbers. Suppose that the output for the input r(t) = sin(2t) is

e
y(t) = V/2sin (Zt —% . Obtain the valuesof @ and b.

2. LetK(s)=1 + and P(s) = where a and b arereal numbers. Derive the conditionof a@ and b under which the system

2+ s+b’

is stable.

3. Let K(s) = % and P(s) = . Select one figure that best describes the characteristics of the Nyquist diagram of the system, from

(s +1)(s+2)

Figs. 2 (a)—(d). Also, explain the reason for selecting the figure.

AIm Alm
3 P(w)K (jw)
r+ € u v 2 / w =0
>0—>| K(s) —>| P(s) —9—> e /o
‘ of 0 Re \\OJ “Re
Fig. 1 Feedback system & 0l P(j@)K(jw)

(@ (b)

A Im A Im

w = = 0 _ % = W _
0 Re i 0 Re
i~
P(jw)K(jw) w =0} PGk (o)
(c) ‘ (@)

Fig. 2 Nyquist diagrams





