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(Answer the following questions. In the following questions, E, I and w are the Young’s

modulus, the moment of inertia of the cross-sectional area and the deflection, respectively.)

(D) B 1-1 IR T EDTEFE— A MMyZ =T 5 Wi R OxIZ 8T 5 i £ — 2
Y IMETbAfdw/dxE B X723V, 72770, 0<x <all oW THRE LS.
(A simply supported beam is acted upon by a concentrated moment M, as shown in Fig.
1-1. Derive the bending moment M and the deflection angle dw/dx

at x (where 0 < x < a).
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1-1 (Fig. 1-1)

Q) HI12ITRTHEPE—A L FMyZZ T 28R RO K 21Z8T 5T E— A FM,
BEI I,
(A continuous beam is subjected to a concentrated moment M, as shown in Fig. 1-2.

Derive the bending moment M, at point 2.)
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1-2 (Fig. 1-2)
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(Figure 2 shows a block A with mass M sliding on a table. Friction force acts when block A
slides on the table's surface. The coefficient of kinetic friction between block A and the table is
. Block A is connected to block B with mass m by a massless, flexible, non-stretching string.
The string remains horizontal. A frictionless shaft sets a pulley at O. There is no slipping
between the string and the pulley. The moment of inertia about its axis of rotation for the pulley
is 1, and the radius of the pulley is R. Two tensions in the string are 7;, 7, . The acceleration

due to gravity is g.)

(1) 7wuv 7 ADEEGEXL R,
(Show the equation of motion for block A.)

2) 7wm v s BOEEFREXEL .
(Show the equation of motion for block B.)

(3) VEHOEB) R A .
(Show the equation of motion for the pulley.)

4 M=2kg, m=25kg, I=1kgm? R=01m, u=0.2, g =98m/s?2DHHE, 71
v 7 ADINEE a, WHEOMHNEEDL BIORORNT,, T, KD XK.
(Find the acceleration of block A, a, the angular acceleration of the pulley, b, and the
string's tensions, 7,,7, , for M =2kg m=25kg [ =1kg m?, R=01m, u=
0.2, g =9.8m/s?%)

(BT R~ — 212 HE <)

(The question continues to the next page.)
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b BN, RURERR [/ (kg K)], BB K = 1.5 OFARGI A BT & L,
BNTRTHEHRE — b hrE— (T—s) BXIZBIT 5 1-23-1 OF A 7L AT LT
Do TEEIT 5. 22T, [URDIRIE i (=1,2,3) IZBT2IEE, £, ks En
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(A heat engine performed a cycle A of 1-2-3-1 as shown in absolute temperature-specific
entropy (T — s) diagram of Fig. 3, in which an ideal gas having gas constant of R [J/(kg*K)],
specific heat ratio of k¥ = 1.5 is used as a working fluid. Here, temperature, pressure, specific
volume of the gas at condition i(=1,2,3) are expressed as Tj, p;, v;, respectively.
Assuming that changes of the gas condition are reversible during cycle A, answer following

questions using required parameters among R, T;.)

T
2T, 2C > 3
Cycle A:
HEREE
(isochoric
change)
1
T, <

3 (Fig. 3)

1. YA 70 ADBIKIZOWNT, itz XBOES) p, BEhZHERE v L7z p—v
BKICE L &V, 2288, BUSIRIREE 1~3, BIOEER T,~T; 2ThZhord
Z &
(Display the cycle A schematically in the p — v diagram, in which vertical axis is pressure
of the gas, p, horizontal axis is specific volume, v. In the diagram, indicate conditions

from 1 to 3 and isothermal lines T; to T;, respectively.)

(FREIFRA~—212HE <)

(The question continues to the next page.)
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SURICEAT 2 LT O REICOWT, METHIE In2 = 0.7 OIFLEEHWTRD 2R
S,
(Evaluate following quantities of the gas using approximation of In2 = 0.7, if necessary.)
(1) JEJ1kt py/py (Pressure ratio, p,/p;)
(2) JEAME vy /v, (Compression ratio, v;/v;)
(3) EMLLEA ¢, (Specific heat at constant volume, c,)
(4) R 12 THAEEY7Z Y OKIKROIT S T AH 1y 4,
(Work that unit mass of the gas performed during process 1-2, [, 1)
5) A7 NVAIZBNT, BEENT Y OKKOZEE qy
(Heat that unit mass of the gas received during the cycle A, qgy)
(6) JEJikt ps3/py (Pressure ratio, ps/p;)
(7)) ZOV AT NMIEBNT, BAEEYT Y OKIEOREE |qL)
(Heat that unit mass of the gas released during the cycle A, |qy.|)
8) WA 7w A DOHGFHEGHZE n, (Theoretical thermal efficiency of the cycle, 174)
9) PA 7NV AIZBWT, BAEEYSTZD OKUEDOIT o T2 EREF [y pet
(Net work that unit mass of the gas performed during the cycle A, [ net)
(10) B 3-1 1B Dk b v—2(bE s, — s;

(Change of specific entropy during process 3-1, s; — S3)

YA 70 AZRT 20008 3 D%, K[URITEEVE RS KOS EREM O 2 @k 28 TR
BB1ICRDYA I NVBEERD. A7/ BIZBWTYH, KUKOIRIEE(LIL A
MTHLHDERELT, UTOMWIELRS .
(Considering cycle B, where the gas returned to condition 1 performed two processes of
adiabatic expansion and isothermal compression after condition 3 of cycle A. Assuming
that changes of the gas condition are also reversible during cycle B, answer following
questions.)
(1) YA 27 B OHGREGNRZ RO IV,
(Evaluate theoretical thermal efficiency of cycle B, 7ng.)
() VA7 NVBIZEBTHEMEENT Y OKEDOIERT lghe ZROZI0.
(Evaluate net work that unit mass of the gas performed during cycle B, Ig pet.)
(3) VA IZNBEYATIVADERIEFEDZ et — lanee &K, ZiHE T—s
B Elc R LR s,
(Evaluate the difference of net work of cycle B and cycle A, lgpnet — lanet, and

display it in the T — s diagram.)
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4R T RO, REICRE SN 26T 2EONMEEEDR p T—EOIER
PEWRAR DS EHICm T TER TIHRA TV D T RICIRALIZOWTE XD, BE py
(p <py) DERENEALTHS UFHOMEIL, K401 BLOE2 OES T
EEICEH L ThD. 1 BIOR 2 IZBT 2ol S IZENE Vy, Vo, EIE py,
p, CETHY, TNOLOREGLHEE OWHEIXZIZEIL Ay, 4, (A, <A4;) THh
5. UFRIOMENOIKEIEL, S1E0 G720 FhER2XE0 h, FIFFHICHY, 2
OOWIEIEE S H 72 RTCnWe., ENNEEEZ g & LTUTOMWCEZ L.
2L, MEEADRNOES I ZTHFRIZESTHo/MENWHED LT 5.
(As shown in Fig. 4, consider the quasi-one-dimensional steady flow flowing upward inside the
tube equipped with a throat vertically, where the fluid is inviscid and has a constant density of p.
A U-shaped narrow tube containing a liquid of density py (p < pg) is connected to the vertical
tube at the heights of point 1 and point 2 as shown in Fig. 4. The flow velocities at point 1 and
point 2 are V;,V,, the pressures are pq,p,, and the areas of cross section including these points
are A;,A; (4, < A;), respectively. Liquid surfaces inside U-shaped narrow tube are h,
below the point 1 and h, below the point 2, and these liquid surfaces are different by the height
of H. Answer the following questions assuming that the acceleration of gravity is g. The flow

velocity inside vertical tube is quite low compared to the speed of sound.)

Vertical tube

Point 2

Point 1
U — shaped

narrow tube

X 4 (Fig. 4)

(FREIFRA~—212HE <)

(The question continues to the next page.)
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4 DX IRERNITK D HaRITT2EOLAREE R K.
(Answer the name of tube equipped with a throat in the tube as shown in Fig. 4.)
4D X D72 RIEIOENZEZFHT 57200 U FRIOME DAL HEEZ L.
(Answer the name of U-shaped narrow tube to measure the pressure difference between
two points as shown in Fig. 4.)
S 2 ICBIANDOEES V, &2 Ay, Ay, V; ZHWTEL, TOBIIEM LR
RIozFRa % 2 K.
(Express the flow velocity at point 2, V, using A, A,, V; and answer the name of
conservation law applied in this case.)
FKEORXAZBHL, R 1 ER2DETZE pr—p, & g, H, hy, hy, p, py ZHWV
THRE.
(Applying hydrostatic equation, express the pressure difference between point 1 and point 2,
p1 — P2 using g, H, hy, hy, p, py.)
B BIOR2 ZBDIHICK LTIV X—Af ORXEWEHT D52 LIk Y, f11iZ
B DHNAOFEEESD2H V2 % g, H, hy, hy, Vs, p1, P2 p ZHOTEE,
(By applying Bernoulli equation to streamline passing through the point 1 and point 2,
express the square of average flow velocity at point 1, V;%using g, H, hy, hy, V5, py,
D2 P-)
KB TH LN ZFREMG)ORUTRAT L LICEY, &1 12BT 5D
PR ED2F V,2 & Ay, Ay, g, H, hy, hy, pr, o, p ZFHNTERYE,
(Substituting the equation of question (3) to the equation of previous question (5), express
the square of averaged flow velocity at point 1, Vi% using Ay, A,, g, H, hy, hy, p1, P2,
p-)
K@) TH LN ZFREMO)OXITRAT L LICEY, &1 12BT 5D
SRSV, & Ag, Ay, g, H, p, py ZRHWTEYE,
(Substituting the equation of question (4) to the equation of previous question (6), express
the averaged flow velocity at point 1, V; using Ay, 4,5, g, H, p, py.)
WOEMTFIZBIT 2 M1BLOR2OFEHS Vy [m/s] BEDQ V, [m/s] &<
AR D I,
(Evaluate the averaged flow velocities at point 1 and point 2, V; [m/s] and V, [m/s],
respectively under following conditions.)
Ay =3.00x10"3m?, 4,=1.00%x10"3m?, g=10.0m/s?, H=0.05m,
p=1.0x10%3kg/m3, py=9.0x 103 kg/m3
AR A(8) & [RISEIC BT 2 5 2 O'E & E M, [kg/s] ZRD L,
(Evaluate the mass flow rate at point 2, M, under same conditions with previous question

(8).)
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WROZ 4 — Ry 7l (R 5-D) ICOWTELFOMICEZ L. 2721, Y(s), R(s),

D(s)ixznziy(t), r(t), d(t)P7 77 ALH#TH 2.
(Answer the following questions about the illustrated feedback control system (Fig. 5-1). Here,

Y(s), R(S), D(S) are Laplace transforms of y(t), r(t), d(t),respectively.)

¥

o+ %
AT
S(s) |«
% 5-1 (Fig.5-1)
(1) K(s)=K,, P(s)= : S(s)=1, d(1)=0m& %, UFOMNC

s(0.2s+1)(s+1)
Br L TEL, K, >0&T 5.

1
S(O.Zs +1)(s +1)

(Let K(s):Kp, P(S): , S(S)zl and d(t):O. Answer the

following questions for the case where K, >0.)

o s ) p g x
R(s)

Y (s)
R(s)”

@ ZORWKIELRD K, O Z KD L.

(Find the transfer function

(Determine the range of K , for which the system is stable.)

(FREIZ R — 21 2H5¢ <)

(The question continues to the next page.)
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s(s+1)

@ K(s)z%, P(s)= L S(s)=1, r(6)=00 1%, LFORNIEL L.

(Let K(s)z , S(S)zl and r(t)zO. Answer the following

questions.)

© ) g x
D(s)

(Find the transfer function

D(s)

@ ANd(t) 2T v 7B%

0 (<0

d(1)= (1<0)

1(r20)
LLELEOISE y(0) TRk bIEV b OE X 52 O A~H LV BERE L. 2721,

y(0)=0&4%.
(Among A to H in Fig. 5-2, select the one that is closest to the response y(t) for a

given input d (t) defined as a step function

(R R —21HE <)

(The question continues to the next page.)
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5-2 (Fig. 5-2)

(FIREIFIRA—212#E< )
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1 4
3) K(s)=5, P(s)=————, S(s)==s, d(t)=00& X, LLFOMWIZE
3) K(s) (s) (2550 +1) (s) 5 (¢) &, AT
z X
(Let K(S):5, P(S):m, S(s)z%s and d(t)zO. Answer the
following questions.)
Y
© s lE) e
R(s)
. o Y(s)
(Find the transfer function )
R(s)

© OTROAZERBDO AR — FERH OB AT
(Draw the asymptotic Bode diagram of the system found in (D.)

E R 3) @ 1T LTiE, FAOMENRRSY 4. 'FESH) & T
BEH O2BERMLETOT, HLHETIZE.
ERAOMEMRORAICE, £ th

SR L R4

FEEM) & TEM) ohl

ZR AL T IZE .
Attention: A special answer sheet to draw the diagram is to be used for the problem
(3) @. Two copies of the sheet, one for a draft and one for an answer, will be given
upon request.
In the margin of each special answer sheet, write the following information

application number and name

which is the “Draft” or “Answer”




