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1. 58 D={x+y < 1,x20,y 20} Eo 2 BB, |

I= H - Arctan \/zdxdy ‘
D x '
2oV T, UTORWCEZ X, ,
(1) FELERE 2y ﬂzﬁl‘iﬂ:ﬁﬂ/, FOERIC ANy F T2, o, x, yE EOREZTEAY
X |
(2) x=(rcos 8P, y=(rsin@)y @’I%I%?ﬁ%ﬁ5%@ “\’:IET/?:IW—Q}’EZKFDJZ
L REB, (x,y) 7 (7, 9) DEFEBIZ :?ab‘é*\’:II:T./ﬁﬁﬂ‘tjli LJT@@DE-KB%’%
| ax ax ‘ ’
lor a8
7= |9 9|
or 08
(3) 2EMT IERDL,

Answer the following questions about the double integral 7 on the region D= {x+y < 1,x 2 0,y 20}

I= ﬂ ArMnfdxdy

(1) Show and hatch the domain of the mtegral on the x-y plane and express numerical values on the x and y
axes. . .
(2) Convert the variables with x = ( cos §)2, y = (r sin @), then calculate the Jacobian determinant, J.

Note that the Jacobian determinant can be written by the following fomula ‘for the coodinate
transformation, (x,y) — (7, 6). | |
ax 0x |
ar a6
J= | %
- lgr 08

(3) Caiculate the double integral 1.
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2. ML 5z, Witk AGTE : m)BSIEREH k OIEVITH, B OIS L 72V B % IR 450 LT e
BORAE : mlc ATV D, RIS AR 72 <, SR ROBUH I R ST B & L
FEBAIT OV TUTORWICE X X, 4, Mk &@k%éig,ﬁ@%ﬁiT&Té

(1) ik A ik B 7b>o'0/\u\o>u &;6}:%@&;’6@@
D x Z23KD &, '

2) MEB %SV EVOMEID dIZTEIWTHRLRZE &, / , k mA

MRk X, - ‘ ‘ , /9044/7794447

@) MHIFM 0)=d, x(0)=0 % il 31 EROL,
@) WIKB 2>V AVORIEN BB < Bl d K E L A2 Y,
R T=0 277225 L, Wik A FEIRET LR < 4
%o Wtk A BBURBI T & ZRADER d 23Rk X,

B) my

SO\

As shown in figure, an object A (mass: ma) is connected to a massless sprihg with a spring constant
of k and to an object B (mass: mg) by non-stretchable massless string. Assuming that there is no

friction at ﬂoor and pulley, and motion of-object is limited to the stretching direction of spring,

-answer the followmg questions. Here, the magnitude of gravitational acceleration is g, and tension

of the string is T.

(1) When the object A and object B are at equilibrium position, ﬁnd‘ the spring expansion xo.

(2) When the object B is pulled from the equilibrium position by d and released, the object A causes
simple harmonic oscillation. Find the equation of motion for the object A and the general solution at
this situation. ' ' '

(3) Find the solution to satisfy initial conditions, x(O);d and x’(0)=0.

(4) When the distance d for pulling the object B from the etjuilibrium position becomes large, and
the tension does not satisfy T=0, the object A does not cause simple' harmonic oscillation. Find the

limit distance d at which the object A can cause simple harmonic oscillation.
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zxw%1m1M%3mK)m&%%ﬁlnéﬁﬁfamKiTM%br%%_iﬂ,ﬁ@ﬂﬁﬁ/
21CL, EHICEIRT1 MPa £ CHEM L TRIE 312 L7z, ZOEIKIOVTEL  muple 1

TORCO~DIZEZ X, 7272 L, ZITEBRAEL L, £DENERIT 0.0288 logarithm values

~ kg/mol, 0.1 MPa | (BT DEELBT 1 kI (kg K& 2, Elz, —fREEER [ logyo x
% 8.31J/mol K) &3 2, HERLEK1 ERAEHAE L, 2 0.301
log, x = 2.303 logqo x 3 0.477

1) ZDERDORIET 2,3 | :isaa‘&ﬂﬁ%x]%bL 4 | 0602

(2) K& 1 2 DIRME 2 ITBE LIERHC ZRAME B ME HHERD &, 5 0.699
(3) IKUE 2 D> HARKE 3 12251k L7z B WCZEKB RO LAEEZRD K, 6 0.778
@)&@1@5%%35®Tmaﬂa ﬁwm%:%w%-wﬁM%%*bio_ 7 0.845
*:@gﬁ%wﬁlwaiﬁfwmmaifEmbfﬁ%4KLQéBKEEfﬁw’ 8 0.903
KETHMLTIREESIZ LT, / 9 0.954
GIRIE 1 2 BHIRKE 5 f\0)’7’r4|ﬁ 52 ’5&0)?‘1“[317\/1/3%—0)7*{!:%%*&); 10 1,000

(6) 1 MPa 2B 2RO EELIITL r‘o7b>

© One kilogram of air at state 1 (0.1 MPa, 300 K) is heated to 600 K under constant pressure to be at
gtate 2.v It was further pressurized to il MPa under constant temperature to bé state 3. Answer
‘the following questions (1)-(4) regarding this process. Assume that the air is ideal gas, that its
molar mass is 0.0288 kg/mol, and that its specific heat under 0.1 MPa is 1 kJ/(kg K). Use 8.31
J/(mol K) for the value of the universal gaé consfant. Use Table 1 and the follawihg equation if
‘necessary.
loge x = 2.3031ogy x
(1) Caleulate the volume of this air at the states 1 2, and 3.
2 Calculate the heat and work that this air receives for the change from the state 1 to the state 2?
| (3) Calculate the heat and work that this air receives for the change from the state 2 to the state 3?
(4) Calculate the change of the internal energy of thls air for the change from the state 1 to the state
3?7 , .
‘This air is compressed to 1 MPa under constant temperature from the state 1 to be at stafe 4, and
then heated to 600 K under constant pressure to be at state 5. s
(5)1 Calculate the change of the internal energy of this air for the change from the state 1 to the state |
5?7 '

(6) What is the speéiﬁc heat under constant pressure of air under 1 MPa?
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1. BEmOBE)PEDLD KKRIZKEZEM, N2 ER EDRRIC & o TEIZEY /5 hT03 . B
LY RBERLARTIENTELLTE, NAVERRTHIL TDBLY OAERFERL L. NROMT

DHMIC % & B,
' k
v m

0]

2. BHY BLOARCEK EESEETE 5 BAL X5, |
(1) Bt icB 388D DALEE z(t) L T8, o(t) DMAHBRRE L CESHHERE B,
(2) B ARRDO—BEEE RO L. BEARER w = E/m % Aok,
WIS, BYY 1T OEEE v I BT B EHH —bo BB L T8, 727U bIREDEET b/m < wo £ T8,

(3) MEEERE B EAOME ¢ O—EE KD, |
(4) BRAE £(0) = 0. 0(0) = vo & SXEIAD o(t) & KD, TOWMPE YT T ILEE,

¥ 5T ERESAICMAT, 40 F(t) = Fycos(wt) B’BH ) KM £ $5, 2EL F. w REQERE
T35, '

(5) EBAERE BE . TORMEE RDL. ﬁ%mﬁﬁ&wi_@%ﬁﬁ()@ﬁé%m&mﬁﬁé@m

A E,
(6) WEMBDIRIEE 1D AR w OBIMRE L TY5 7 HY, £/, 20F5 7% AOTHBSSI D
WTBEEE,
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2. nmolo)ﬂ*@%ﬁi?ﬁ‘ﬁiﬁV@%HODEF'LE'?LJZW)Bﬂ'Cb\é f@i{mﬁ*T@g"{'ﬁ*Wk%#ﬂ MO T EE
' BABEDE B, I/, HOBRO—F2BEHI LT, HOKBEV 2 LI EEILPTEZL TS,

a)ﬁQWE%V#B\FﬁP@E&%%ﬁf%é&tﬂ&&%dVﬁH@%%%ﬁﬁﬁ?Emﬁﬁka
& ABSTEHER PV Tho, TOBBTRBICHEATEIHE QL T2, gHELY TV D
—ZiL dS = Q/T THb., T/, i:!iﬁ'ﬁﬁ:@ﬁ%ott)_@ﬁ&fwf‘lﬂlz«)lxﬂe~ti SEL R,
BELD ., dS#& n. SEEH R VEEAOTES K,

(2) KEBDEKRENV, 05 VG ILEMATEEESOTY ROV —2{tE n, R V,. V, 2 BVTEXHY,
TROLS 2RV O 2200 MAADI N, BET ORRRIZEINTVS L5, FOBRIIEE E
ZBHDLTDH, M 1OBIRTRL ZBIFMESME 2 0O % FEilL ., 32 DABTRL ZBFEASEK 1O
&%ﬁﬁ?é¥ﬁﬁk@afwé;ﬁzuzo@¥ﬁﬁﬁ%M¢éiTr1#6%*&@6&?6 .
T (a) D& D KHFEWZ ANFIZZR > THY . ny mol DEBEAA 1L ny mol @f@*ﬁﬁﬁi 2 @{EA%W
2. HEE —RRICEEZL TR L5, '

@) )

E n1+neg

(¢) —

ny o ny

3
N

(3) (a) PRIETOEN P2 . THThOBBEEMHIC L3 HE P P2 K&,

- (4) 2% WEWSEERETH 105 B F Y. BESK 1L BRLA 2R RLIIHMTE, ToL ¥, B
BEER R NEHEI0THS, itﬂﬁﬁ%@l/but—mwmb&movnawﬂm%m%
Tk, :

()ﬁ%&»%n%mwﬂﬁﬁ%%GQ?QEﬁPKEéiT«gwi%u%é%m&ﬁ‘Eﬁ?éo@ﬁ
RIE (a) &, Z DRI (c) L DERDIV MOV —£% | ny. 'ng. REBVTEDE,

ARV OROPIERIZ HRICHK £50Y 2 Ah, ZNO/NMNBBICEBEE 1% n; mol, AHO MR
HALIK 2% ny mol AND . KA THRIBI L 7 RIER SOIRAE (d) & T8, TODBRMAYY & S EWY |
BUFEHREICEL 7oRER R () £ 95,

() (e)

ny | ng. ny1 + g

(6) THIRREL REBDTY b DY —BbA, ETRDAIY N BV ~BIL BBE DAL DL LI L
& BBIEL,
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3. U\'ijcﬁti “Jonic imbalance induced self-propulsion of liquid metals” A E e (Zavabetl et.al, Nature
Communlcatlons, 2016, 7:12402) OBEETH S

Components with self-propelling abilities are important building blocks of small autonomous systems and
the characteristics of liquid metals are capable of fulfilling self-propulsion criteria. To date, there has been
- no exploration regarding the effect of électrolyte ionic content surrounding a liquid metal for symmetry
. breaking that- generates motion. Here we show the controlled actuation of liquid metal droplets using
only the ionic properties of the aqueous electrolyte. We demonstrate that pH or ionic concentration
gradients across a liquid metal droplet induce both deformation and surface Marangoni flow. We show
__ that the Lippmann dominated deformation results in maximum velocity for the self-propulsion of liquid
metal droplets and illustrate several key applications, which take advantage of such electrolyte-induced -
‘motion. With this finding, it is possible to conceive the propulsion of small entities that are constructed
and controlled entirely with fluids, progressing towards more advanced soft systems.

electrolyte ’%%E actuation: BREf, Marangom flow: 77 /:i b

(1) & OREE% T, 7272U. Lippmann dominated deformation XX D& & BEHLTEW,

(2) TELIE Bk Lippmann dominated deformation AL THEEATHS, Z DHPE E‘*‘o"} Nall/))
X THRAINTVS RAELBEBREOBEA = A L% #EL . #HBEE, 2T eectrode potential
amﬁ%ﬁ%ﬁmmimaﬁ@@%%ﬁﬁ&@ﬁkibé%uﬁmeaf%é

The ionic imbalance at the 1nterface between the liquid metal and the solution approaches equilibrium

. through the formation of an electrical double layer (EDL). For a liquid metal immersed in an ionic.
solutien, the EDL can be modelled as a parallel-plate capacitor. Based on the integrated Lippmann’s
equation, the surface tension of the liquid metal droplet v changes with the square of the potential
as

=Sl S

in which C is the EDL capacitance per unit area, ¢ is the electrode potential, ¢ is the potential of’
' zero charge (PZC) and +y is the maximum surface tension at PZC.

electrical double layer: BEX 2 EfE
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