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Choose two of the following subjects and answer the questions of the two subjects you choose.

. BXR + B 1E#E (Electric and Electronic Circuits)

. #ERE (Electromagnetism)

. B - §l#8 T (Dynamics of Machinery and Control Engineering)
. A - B3 (Mathematics for Electric and Mechanics)

. B3 (Strength of Materials)

6. WMiENHZ% » #% (Fluid Dynamics and Thermodynamics)

e W o=

9]

EBIR L7 H 02— 08N (check box) IZO%E DT TLEZV, BRABRWESIIERE
RAGENDHVET, BX—VIIZREBBFEZLALTLIEE Y,
Put a checkmark in the check box of each subject you chose. If there is no check, your score may

be zero. Fill in your examinee’s number on each page.

7 FoOEEFHE (Important points regarding the examination)
O EEOKLALEROEHA, EH - IV AOBITEROET,
It is not permissible to bring caluculators into the examination room.
Rulers and compasses are permitted.
@ MREMPBRYBRWEST, TOMEOERmAZFEAL T LIV,

The answer can be written on the back of the sheet of the question.
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f11. ZRRERRICETLUTDOA), B)DRWIEZ L, 72720, fiﬁﬁ@’ﬁﬁﬁiﬁiﬁ’i’ o, EBEEALE L L, [H
DR, L, CIZENEIEE, aA VDA T I E VAR, AT rdOXFy N "\ EVADEERT LT
B
QI.  Answer the following questions (A) and (B) regarding AC circuits. Let w be the angular frequency of the AC and ; be
the imaginary unit. R, L, and C in the circuits represent the values of the resistances, the inductances of the coils, and
the capacitances of the capacitors, respectively.

(A) Fig. 1-A OEIFEIZONT, RD@)~(C)DPBWIZEZ L,
(@) ZOEEDERT FIF - AERD L,
(b) BIE V LEIR | RREMAICRS =D O EEE w %K &,
(©) RZK wy’l? THBLEED wERD L,
(A) Answer the following questions (a) to (c) regarding the circuit in Fig. 1-A.
(a) Calculate the total admittance of the circuit.
(b) Find the angular frequency wy for which the voltage V and the current [ are in phase.
(¢) Find mwo when R? < wq?L?.
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ER - EFEE (24) FREIBIR (check box) :

(B) Fig.1-BD X 5 RERNAH D, ZOEROIEH R DENAFEDE &, BE V L& [ PRMHEIZZ2
L7 HDEHL R BLUOAEEE o DF&FEZRD L,

(B) Inthe circuit of Fig. 1-B, determine the condition for the resistance R and the angular frequency  so that voltage
V and the current [ are in phase when the value of R is variable.

V‘@ C— j Vl@ L3 L

Fig. 1-A Fig. 1-B
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fl2. Fig.2 (%, BAEART 7 (BAEENESR) THOEBER TH S, UToRWIEL L.

Q2.  Fig. 2 shows an amplifier circuit using an ideal operational amplifier. Answer the following questions.

(a) BRA T 7 (BEEFIEES OFEiz-o»

THA7ZLITFD () WIS, BEYREaAETA o+

RN vinT A O
EIERIERDS, ( ) ThHD, rﬁ x = Tvour
ARA e B AR, ( ) T B, _— n?;
HAA v E—F 20, ( ) Th B, —
A O—BRREANBT (<) 127 4— K %
Ry SRTOHRE, FRBANBT (+) Ry | iy
L REANBT (—) OB ( )
2B, The ( ) L3,

Fig. 2 Operational Amplifier Circuit.

(a) Please fill in the appropriate word inthe () below which describes the characteristics of an ideal operational amplifier.
- Voltage amplification factor is ( ).
« Input impedance is ( ).
+ Output impedance is ( ¥
- When part of the output is fed back to the inverting input terminal (-), the voltage between the non-inverting input

terminal (+) and the inverting input terminal (-) becomes ( ). It is called ( ).

(b) Fig.2 B ABOEEICONT, B & & bIcHBe L,

(b) In Fig. 2, explain the voltage at point A with the reason.

(c) Fig.2 PP Ry #NhDEH iy LIEH R, 2N ZEHR i OBRIZHOWVWT BAL L BICHBAYE L,

(c) InFig. 2, explain the relationship between current {; and current i with the reason.
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(d) Fig.2 OMRBEROBEEHEEE (v /Vin) ZRO L, GEPOHEBELFT L)
(d) Calculate the voltage amplification factor (Vs / Vi) of the amplifier circuit in Fig. 2. (Please also show the calculation

process.)

M 3. Fig.3 13, BAEART 7 & AV HiEE R I, C
AT 0 OZHANGEE vy, PSERESLE I
B TH D, UTORWIER L. i
Q3. Fig. 3 shows an amplifier circuit using an ideal —
operational amplifie. An AC signal v;, with O— R |
angular frequency @ is connected as input of the o
circuit. Answer the following questions. UinT @ T"out
@ s

(a) 5T R 2N 5ER | 2R X,

(a) Find the current [ through resistor R. ) ) ) o
Fig. 3 Operational Amplifier Circuit.

(b) HAEE vy RO L,
(b) Find the output voltage V.

(c) Fig.3 DRINEEE OBERIEE (Vpye/ Vi) OREBSEE GRIE. (7)) 12>V THRIE L,
(¢) Explain the frequency characteristics (amplitude, phase) of the voltage amplification factor (V4 /Vyy,) of the amplifier
circuit in Fig. 3.
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1.

B1okiiz, BERT, xyPli EOBEI-L<x <L, -L<y<LIZ, —HDORINP2ULD, ESDOERTES
ENRERERDEH D, @BRFRICITHEMNEES- Y EWEEs CIEERDS —HRAML TS, 2BFRHND 4
AA,.B,C,DOER%E, TEF(xy 0, (x+A4Ax,50), (x+Ax,y+Ay,0), (x,y+Ay,0)0&T 5, 727Z LAx,
zj}lz#i%ﬁfl\%i’f‘&;éo HORPOEEZXY,2ETD, RELZ>0ET 5, BRERIIG LT 5, LLTFOMWIC
2 A

A negligibly thin square metal plate with sides of 2L is placed onthe xy—plane
in the area —L < x <L, —L <y <L in the vacuum (See Fig.1). On the metal
plate, positive charges are uniformly distributed with a surface density o. Let the
coordinates of four points A, B, C, and D in the metal plate be (x,y,0), (x +
Ax,y,0), (x + Ax,y + Ay,0), and (x,y + Ay, 0), respectively, where Ax and
Ay are infinitesimally small quantities. Let’s call some point as a point P where its _7

coordinates are (X,Y,Z) with Z > 0. Let the electric constant be &,. Answer the
following questions.

(1) oDHEMZEZ X,
Answer the units of . @1 WEHHABDIE B TEOLDERENTLS
Fig. 1 Tiny rectangular ABCD is enlarged for the eyes.

(2) B/Z ABCD IZF Eh 5 ER &% KD X,

Answer the amount of the charges included in the rectangular ABCD.

(3) EF77Z ABCD ADER L, KA ICETOBERMMPEE oo ER L AT D, ZOREMBRPIZOL 28R
2R L
The charges contained within the rectangular ABCD are considered as a point charge at the point A. Obtain the electric
field at the point P generated by this point charge.

(4) ERFBRNOEERBAPIZOL HEFHEHE RO DAL (EN CROLXDOFHEITARE),
Obtain the formula to calculate the total electric field at the point P generated by the whole charges of the metal plate. No
need to calculate the obtained formula.

(5) L » oDRRIREZEZZ - L &, @B FiRE ER Y EMES, ERFENA P IZOK 2ESRE, AU ADOERAO
e HOTRO L, FHEERLETI L,
When we consider in the limit of L — oo, we call the metal plate as the infinite plane. By using integration form of Gauss’s
law, derive the electric field at the point P generated by the charges of the infinite plane. Show the calculation process.

UTFTTEHG)TERL-EREFEOHEELEZXD,
In the following, we restrict our interest within the infinite plane considered in (5).

(6) FERVFHEHDOBEM AR PIZoL 8N E, EUOERNHHT, BEUORATEBRTEHEH(Zz=0ET5, HHEHE
BLALT &,
Starting from the definition of the electric potential, derive the electric potential at the point P generated by the charges
on the infinite plane. Let the origin of the potential be at the infinite plane (z = 0). Show the calculation process.

(7) ERFE LOBERZLVED, BERORWEBFERIZT D, APICENEDEQOAEMEBEET 5. MPOD
RAERADL 52> 0DFMOERE DR R ICEIT HEHIT, @B FRONDIIZ, HDRPIC, & 5HEM e
DRBRHEZBVWTHD E, ZOREME, AP OREMI 2L Bz > 0DHKICBITHARERLFCICTE
. RPOEREL, SN0z RD L. FEERLETZ L,

Let the infinite plane be grounded and be chargeless. Let’s fix a point charge with positive charge q at the point P. The
electric field at an arbitrary point R in the region of z > 0 generated by g can be the same as the total field that generated
by g at Pand another point charge g’ placed at some point P’ instead of the infinite plane. Derive the coordinates of the
point P’ and the value of charge g'. Show the calculation process.
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MEEZZENTHL, METII L, BEEbEHLTIL,

Write down the question number before answering. The reverse side may also be used.




BRSSE (3/4) fif %4 (check box) :

ZEr# 7 (examinee’s number)

fid 2.

Fig. 1 IZR$ & 910, BEPICERICES KEZERTEIEHRERLHY
BIRINWN TN D, ZOER EDHO Zhl b L, EHRICEE LN OEER
DOHZMCLT D, BEDOHE MBI Iy L T5, TOMWZE X X,

As shown in Fig. 1, there is a straight conductor of infinitely long and negligible
diameter in vacuum, and a current [ flows through the conductor. Let a circle € be a
circle of radius R in the plane perpendicular to the conductor with center at a point O
on the conductor. The magnetic permeability of the vacuum is . Solve the following

problems.

(1)

2)

(3)

(4)

()

MCoME LT, Fig. 1 DX IR P EED, M PICHITBHRBEBOM
E2O0~Onb—20@~, 272 L, OOITEHITATRIAM, @@ITH 0%
HE, @OIEMOERGRITHD,

Take a point P on the circumference of the circle € as shown in Fig. 1. Choose one direction of the magnetic flux density
B at the point P from @ to ®. Here, D@ are in the direction parallel to the conductor, @@ are in the radial
direction of the circle, and ®®©) are in the tangential direction of the circle.

MC L FE—FiE <, MCOMEATHINSBREES LIS, LED MR 5 EIE LT L BB EBOMIC
13V X B = plSi ¥ 522, LLTFD(A), B)TrRashdiEsdy, MREEBOKE &B, &R, BIZHAVWTE
Xdo TITT, AIRESDERNZ b THY, RESIE 1T, BRIEFELAE THD, QICHOWTIIEE
WELFLTZ L,

The area that is in the same plane as the circle € and bounded by the circumference of the circle € is called a surface
S. Between the current density 7, and the magnetic flux density B at any point, V X B= UoL. Answer the quantities

givenin (A) and (B) below using the magnitude B of the magnetic flux density B. the radius R, and the current I. Here,
7 is the normal vector of the surface S, its magnitude is 1, and it has the same direction as the current /. For (A), also
show the calculation process.

(A) RS [(V x B) - 7idS
The surface integral [.(V x B)-#dS
B) S [ ol - AdS " 11
The surface integral [, pol - dS 0
QOFREREAVT, WREBEEOK X SB%, Bifl, HEOHEMRY,, FHEREM | A up
WTEZ L, £, I=1A, R=1mD L &, BOKEERD, BALEYE, 7272
L. 4g=4rx10"7H/m &E13, I
Using the result in (2), answer the magnitude B of the magnetic flux density B using the
current /, the vacuum permeability pg, and the radius R. Also, when I = 1A and R =
1 m, find the numerical value of B and show its unit. Here, uy = 4m X 10”7 H/m.
RPPHOET (HEm, Efif—e<0) % Fig. 1 D@0 H ANy (EEv) THHBH L, ZOBRMICEFD D
FBNfRBE VT, RZ bk LTHYE, 2, fORZX%, Fig | OO~@7 b — &,
An electron (mass m, charge —e < 0) is launched from the point P at ¥ (speed v) in the direction of @ in Fig. 1.

Fig. 2

Express the force f received by the electron at this instant as a vector using ¥ and B. Also, choose one direction of f
from @ to ® in Fig. 1.

Fig.2 I{Z” 4 K D12, BIRIAHN S EREERERO IS, KO0 2ZPLETIRIAOENICERT S, £
REEREHRDO ZO—HRBR PO ZMEBEDKE &B %1, up. R LEAVWTEZ X,

As shown in Fig. 2, consider a segment of length 2L, centered at the point O, of an infinite straight conductor carrying a
steady current I. Answer the magnitude B; of the magnetic flux density generated by this segment of the infinite straight
conductor at the point P using I, py, R, and L.

REFIZ1AORSIDPAUDEFGIAVBH Y . BRIDTHTAL TV D,
A square coil with a side length of 2L is in a vacuum, and a current / flows through the coil.

(6)

EFFEORNOPLICET IBEBEDOKE XB,Z KD L,

Find the magnitude B, of the magnetic flux density generated at the center in the plane of the square.
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Write down the question number before answering. The reverse side may also be used.
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FEMR 5 - IR 1 RO 3 MUERIE T, M2 L4 RRAETY, M2, M400nThricma L
SV, WMAHDRIZBELZGAEIZ0RE LET, AbET3HOMENRVETY,

In Mechanical Dynamics and Controls, Q1 and Q3 are must-answer questions. Q2 and Q4 are selective questions. You must
answer either Q2 or Q4. Note that the score becomes zero if you answer both problems. You must answer a total of three
questions.

il 1. (LERIE)

Fig. 1 DX 51T, 2 2DITRENENDITRELR 6k L 3k) & & —(hitERE f
R )T, HEm O/NERERLZVBERZEEATWS, ZowkiERO m &
THRIZULEETERWED L5, E T HmoEiid FnxdFEL Ly 215,

Bzt &35, EDIER L2V, m>0 BILUE>0 &5, FIHIZAL x0=3, F1# 6k
Evw0 252 BE0OHHESEZEX S, KOFMICEZRE, Ik ¢
(@) 2 SDIThOERIThEK L 2R L. # 2 LS

(b) £, m. k', ¢, xZHWTERHFELEZITL,
©) c=0 DHEOBEEERII LEm & b EHVTRE,
(d) ¢=0 DIFEDRFM ¢ LN x DRI ZRD L.

Fig.1

Q1. (Mandatory question)

As shown in Fig. 1, a small and undeformable object having mass m is supported by two springs and a damper. The spring
constants of the springs are 6k and 3k, respectively. The viscous damping coefficient of the damper is c. In this figure, this
object can move upward or downward directions only. The displacement in the upward direction is defined as x. The positive
direction of x is the upward direction. 7 represents time. There is no gravity. Here, we set m >0 and & >0. We consider the free
vibration of this system when the initial displacement is xo=3 and the initial velocity is vo=0. Answer each of the following
questions.

(a) Determine the equivalent spring constant &’ of the two springs.

(b) Construct the equation of motion for this system using t, m, k', ¢ and x.
(c) When ¢ =0, show the natural frequency £, of this system using m and &’ .
(d) When ¢ =0, show the relation between time ¢ and displacement x.
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2. CBRINE: B2 =34 BRLEBE = ()

Fig.2 DX 512, Fh(EhE L L7 o "~ ERE )T . EEm A
f]\é_ifcﬁ%ﬂ:ﬁL?L;L\%f$7j§jz¥\’féﬂ‘(b\6o ZOWEREKO ETFERIC L ovE m _J,’ X
BTERvwbndds, ETHFRAOEME EMExEEELx 235, HElE

ETAH, EAIRERALRY, m>0BLT k>0 75,

>0 DFEEEEZLD, ZOFXROH IR TIREIN A L2WREE2ET, =

Q2. (Optional question: select either Q2 or Q4)  The question you selected = ( )

As shown in Fig. 2, a small and undeformable object having mass m is supported by a spring and a damper. The spring
constant of the spring is k. The viscous damping coefficient of the damper is c. In this figure, this object can move upward or
downward directions only. The displacement in the upward direction is defined as x. The positive direction of x is the upward

direction.  represents time. There is no gravity. Here, we set m >0 and £ >0.

For this free vibration, derive the conditions without generation of vibration, when ¢ >0.
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3. (MWERE
KOERNTEZ IR EW,
(@) kD), QDEEMEOY A BRHOEE Frhfrkl) Z#iEiswn,

( 800 @) 100(s+1)
5(4+5)(20+s) s(s+10)

(b) K3 DL >RV AT ATBVTRE)DHY(s)E TOEERIERD L,

Rﬂa—»{ Gy (s) }—T'i 52(5)}—2‘!’1?8__" o
_____ B

Fig. 3

() B4 DLIBRATHEBR(S). Ry(S)EFFHOVAT LADIREY,(s). YL(s)EKRD L,

Ri(s) + Yi(s)

Fig.4

Q3. (Mandatory question)
Answer each of the following questions.
(a) Draw approximate gain diagrams (line approximations) of the following transfer functions in (1) and (2).
(b) Find the transfer function from R(s) to Y(s) in the system shown in Fig. 3.
(c) Find the response Y;(s) and Y,(s) ofthe system with input signals R;(s) and R,(s) as shown in Fig. 4.
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R4, GRIRE : M2 /414 BRLEM = ()

Fig. 5 (@ DX 5727 41— FRy 7HERICBNT, ey s 1, O, MZEhFho7oy 7 0BEELE2
BILRMYHTZENTED, Z2C, Zry2z 1, IE—KELRWELETHD, F7uy J7OBNRT v/
&M Fig. 5 O(1), (), (IDDERIZZR 7=, LLFORWIZZ X,

R(s) . ; : = Y(s)
O K [0+ Gi(s) [ Gals)| 9+ Ga(s)[ o~
7
(a)
0 () 92(2) 9s(t)
A
1 1
1 L
(1) (11) (Im)

Fig. 5.

(@ 1. I, MOEEREG, (5), Go(s)s Ga() &KW L,
(b) ZORDOATIR(ES)NHHAY ()& TOEEBE KD L.
© ZDT74— Ry I RREETHDHIHOK, FORPE%HEHK, HEF 2 L TRRE L,

Q4. (Optional question: select either Q2 or Q4) The question you selected = ( )

In the feedback control system as shown in Fig. 5 (a), blocks I, II, and Il can be taken out without changing the
characteristics of each block. Here, blocks I and 11 are first-order delay elements. The unit step response of each block is now
shown as (I), (IT), and (III) in Fig. 5. Answer the following questions.

(a) Find the transfer functions G;(s), G,(s),and G5(s) for I II and III.

(b) Find the transfer function from input R(s) to output Y (s) of this system.

(c) Graphically show the range of K and F for this feedback system to be stable with K on the horizontal axis and

F on the vertical axis.
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fil 1. LTl 1) & 1@QomEIcE L X,
Answer the both of the following problems 1(1) and 1(2).

(1) B¥fO DT 7T AEWF(SHIF(s) = LIf(t)] = fnmf(t)e‘“dt'-??fﬁéﬂég ft) = cre2t*es 4 ¢, @
LEDF()ERD L, 7275 0Us, ci. €0 3. CITEHEL, 0<, <s5:T 5,
Let F(s) be the Laplace transform of the function f(t). Then F(s) is defined by F(s) = L[f(t)] =
fﬂwf(t)e_“dt. Obtain F(s) when f(t) = c,e%"*% + ¢,, where s, ¢;, ¢, c3, and ¢, are real numbers.

Note that 0 < ¢, < 5.

Q) 777 AEREFR LT, ROWHFEXLMIT, LBEITIECTL ()] = s?F(s) —sf(0) - f'(0) &
AunTd v,
Using the Laplace transform, solve the following differential equation. You can use L[f"(t)] = s2F(s) —
sf(0) — f'(0).
ffO+f)=-57%, fO=-1 [f(0)=2
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H 2.

Z B 5(examinee’s number)

WERZEXD, T— A ¥ MEBIMM(0) = e DIEHAHMIZHED £ 35,727 La. BIXIEEDERTH 5,
LLFOR] 2(0) & 2D FICE z k.
The random variable X follows a normal distribution with moment generating function M(8) = e“‘g*b‘gz, where a

and b are positive real numbers. Answer the both of the following problems 2(1) and 2(2).

(1) MFHEE[X] & HBVIX1 %, al bt HWTHEYE,
Express the expected value E[X] and the variance V[X] using a and b.

(2 ZEBEEERSMICHEOWREH L L, HIHEFPOLEZOZOMMEI<Z<2,¢T5, =Lzl
EHTHD, ELPTHY, HOZOZOFMMICKHITT HXOFEME A, a, b, zyZHVWTEHE,
Let Z be a random variable that follows a standard normal distribution, and the range of Z be
0 < Z <z for a certain probability P, where z; is a real number. Express the range of X

corresponding to the range of Z using a, b, and z; when the probability is P.
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R 3.

ZhHE B (examinee’s number)

UToMM~@ounghh1 2icEz L. XBRUMEBRTTSZ L, BROMICHRELEEAIL
0RET 5,

Answer one of the following problems (1), (2) or (3). Do not forget to indicate the problem you chose. Note that
the score becomes zero if you answer several problems.

(1) A Z—DEXEZFIA LT, KOKAKX (MEERE) AT X,

Using Euler’s formula, prove the following theorem (addition theorem).

COS(X + ) = COS X Cos ¥ —sin xsin y,
sin(x+ y) =sinxcos y +cosxsin y.

Calculate the following functions. Here unit vectors along x-, y- and z-axes are denoted to bei. jandk ,
respectively.
Droth (b=zi+xi+yk) 2)V¢ (4=2x)

() ZZ A—NDOHRAEZFML T, ROBEL—KRFEXERIT,

Using Cramer's Rule, solve the following simultaneous linear equations.

x+y=3,y+z=5z+x=4.

=R L7=f (The problem you chose) : ( )
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AR - R (4/4) iR &= (check box) :

fil4. UTOBMO~@onTFhhi1 2ic8 2 L, 3BIRULAMEHRT 2L, EROMICHE LHAIT
0m&T 5D,
Answer one of the following problems (1) or (2). Do not forget to indicate the problem you chose. Note that the
score becomes zero if you answer several problems.

(D) KofT5 A OFFAMEL BREX7 ME([F=DEkn X,
Find the eigenvalues 1 and eigenvectors X (M =1) of the matrix A.

3 %)

(2) ORI f(x) 27—V = REERE L,

Derive the Fourier expansion of the following periodic function f{x).

F)=x] (2<x<2), f(x+4)=f(x)

=L 7= (The problem you chose) : ( )



B (172)

fi£ 25847 (check box) :

T Ea# 5 (examinee’s number)

1. X 1-1 D), (b), DHNEZITHIZIV D, HANAHKSED)E#HiIFE—2A 2 FRBMD)E LT, 1L
TNERLSEIDLNEOLEREO~DL W RIR L, FEMIZGEARL,

Q1. Select the most appropriate shear force diagram (S.F.D.) and bending moment diagram (B.M.D.) from options (U to @
for a beam loaded with external forces as shown in (a), (b) and (c) in Fig. 1-1, and enter the appropriate number in the answer

table.
< { W
I — s+ f
i C ¥
(a) ERMETEwW[N/m] (b) IDDEDFEW [N] N

(a) Uniformly distributed load (b) Concentrated load W[N]

w[N/m]

Fig. 1-1

BT (options)

W
q—a—H—b—blq—c—-b

£E 2E g

(€) IDDERETEW[N]
Ot R £
W R 2F

(c) Concentrated Load W[N]
[0 Modulus of longitudinal elasticity £
B Modulus of longitudinal elasticity 2E

@) o @ [, )
%“HRH !
AN I e
@ ® ®
| m
I \. 1 . .

@
e
) a

il 1. [FIZ5H(Q1. Answer table)

&AM 71X phif£— A MY

Shear force diagram Bending moment diagram

(a)

(®)

(c)

—
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L H% (272) fi 23R (check box) :

fl2. B2-1Z37 X902, lliEiE AB % 3 A0HHRODOTo5 T, MBROCODOWEMIZZENFh 34, 24,

ATH5H., AEBITHRETKET, FHERKOTHEIIZITHD, CHICERFE W LIMAZON-#Y ., Rl

EEPKEEZROBEIZOWTL FORBWIZEZ L, CEAITA S0 b OIBICH 5, BB OGEMEEET

ELtT5,

(a) MBROIHEHT2ENE W & LEBEOHBOOOT ek, WiBL, a, b, 4, E, IO bLYERTE
ZRWT R,

(b) HHROQBENEFNIEHTZENZ W Wa Wa & LTI-SBEDO W, Wa Wak W, a. b, A, E, ID>5 HyE
i mEHWTTRE,

A RBAVDE—AL FOFVENWKRE, W, a, b, A4, E, |D5 bYBELRTEZHVWTRYE,

(d) HEBEp &, W, a, A, E. |®> bULERTEXHAVTTRYE,

Q2. A rigid beam A is supported by the three steel wires (D@3 as shown in Fig. 2-1. The wires have cross-sectional areas
3A4(M), 24(©2) and A(). The beam was originally horizontal, and the original length of the wires was /. Solve the following
problems so that the beam remains in the horizontal position when a load W is applied at point C. The distance between point
A and point C is b. The modulus of longitudinal elasticity constant of the three steel wires is E.

(a) When the tensile force acting on the steel wire (D) is W}, determine the strain & in the steel wire (D) using W) and the
appropriate symbols from a, b. 4, E, and /.

(b) When the tensile force acting on the three steel wires (D@@) are ¥y, W, and W3, determine W), W, and W3, using the
appropriate symbols from W, a, b, A, E, and I.

(c) Show the equation of equilibrium of moment around point A, using the appropriate symbols from W, a, b, 4, E, and /.

(d) Determine distance b using the appropriate symbols from W, a, A, E, and /.
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fi 1 226/ 4 ZEEE K.

Answer 4 questions.

fil1. Fig. 1 X952, BHIBEN-BRILZ2EF-
BEH O GHRE (B :p) BEEHERTWA, LIF
DOIVIZE AL, L, BHMEEZg: L. p %
RRIELE T 5, BEsNOKEOEEIZRE IZE1+5
KEL, BBHIZ X ABEBAOKN H OF{LIZERT
&, TRAVXF—HBRIEIEZR,

(a) BEBEH OICBITAHE &R X,

HETRES ORI EFR L BOE H O OWrEEIZ Z 1 Fh 41, A2
ThoT-,

(b) METREBIZIS T S0 1 2R X,
(c) METEBIZBIT HEI pr KD X,

Ql. Liquid (density: p) in a tank is drained from the
exhaust of the pipe, and the pipe has a contraction part as
shown in Fig.l. Gravitational acceleration is g and
atmospheric pressure is p,. The changing of water level H is
negligible because the surface area of tank is much larger
than cross section of pipe. And energy loss is also negligible.

(a) Estimate velocity V> at the exhaust of pipe.

Here, the cross sections at the contraction and exhaust parts
are A1 and 4, respectively.

(b) Estimate velocity V) at the contraction part.

(c) Estimate pressure p, at the contraction part.
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R 2. Fig. 2 O X9 2FTERAD 2 WocIEEREMETRN
kEz2DH, ZOLxHNOEREIBRABKOXTEZS
NB, ZIZT, p.p. uiTTNTNIES., BEE, KMEERYK
Thbd, Flo. u. vIZENEFILx M, y HRAIOEERK
DTTHD,
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(@) MITERFETIHA LT 5,
DX D IZFE M NB DT,

ZDLEA(). ¥

ETFoEOKEIZENFEN U (y=0), U, (y=H) Th

2T,
(b) FEHEZA w(y)Z KD X,
(c) FTOREDIHEAE D (Uh=0) THY, MEHLTIX

TR o ((0.5H) =0) Thol, ZOLExDx KM
DOEHAEZRD L,

Q2. The two dimensional incompressible internal flow
between two flat plates is set as shown in Fig. 2. The basic
equations for this flow are as equations from (1) to (3),
where p, p and u are pressure, density and viscosity,
respectively. u and v are velocity components of x and y
directions, respectively.

(1)
&Fu u
(&5) W
Pv v
(@*ﬁ) ®

(a) If the flow is steady parallel flow. simplify equations
(1) and (2).

Here, upper and lower wall velocities are set U; ()= 0)
and U> (y= H), respectively.

(b) Determine the velocity distribution u(y).
(c) When U=0 at lower wall and »= 0 at the center (y=

0.5H) in the flow, determine the pressure gradient in the
x direction.
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3. Fig.3 CRENDp-VHRXTHEESTHEHERH S,
UTORWIZEZ &, BLbEdRT5Z L,
(a) IRHE 3 MOAREE 4 IZB(L L7ZBRIC, AN ~H HEahn AL
L TEATEERD L,
(b) ZDEWEBIN 1 1 7 L THEIC T {EEEZ KD L,
() ZOBWEBID 1 A 7 MTBWT, ZAE O = 360 J AAAMER A~
Ehtz. ZOBEBOBNERERD K,

Q3. There is a heat engine operating on the p - Vdiagram shown

in Fig. 3. Answer the following questions. The units should be

included.

(a) Determine the absolute and technical works done by the system to the
surroundings, when the system is changed from state 3 to state 4.

(b) Determine the work done by the system to the surroundings, when this
heat engine is operated in one cycle.

p [MPa]
1.0}
0.5
_________________ 4
............. ; 1 V[m"]
0 02 04 06 (x10?)

Fig. 3

(c) 360 J of heat Ok is released to the surroundings in one cycle of the heat engine. Determine the thermal efficiency of the

heat engine.
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4. HEmkg OBETEPRE —ETKRED (E/1p, BBV, BET) »OIRE2 (EH po. K 15,
BEET) ~ALERCIZR L7z, BRERAEOKEREREZ R L L TUTORMWIEZ L.

(a) BEBKIEDPNIC 2 LIt EFE w2 B m, [LHp. p BE T, KEEHR 2 AV THRYE,

(b) = bt —DE{E ($-8) ZEEm, [E/Hp. p. REEH R ZHVWTHRYE,

() HxoNT=BBEOM%BEMMEFIEDNT-KRD X,

Q4. An ideal gas of mass m kg expands reversibly from state 1 (Pressure : p;, Volume : ¥j, Temperature : T') to

state 2 (Pressure : p», Volume : V3, Temperature : 7' ) under a constant temperature. Here, the gas constant of the ideal gas

is R. Answer the following questions.

(a) Determine the absolute work /1> done by the ideal gas to the surroundings by using mass m, pressures py, pa, temperature
T and gas constant R.

(b) Determine the entropy change (5> - 81) by using mass m, pressures pi, p» and gas constant R.

(c) Determine what percentage of the quantity of heat given from the surroundings is used for the absolute work.



