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Lubricated motion of a rigid sphere in an elastic tube

(PMMH-ESPCI, Paris, FRANCE)
Marie TANI, Thomas CAMBAU, José BICO and Etienne REYSSAT

[Introduction]
The motion of large objects through narrow tubes is a common problem in physiology and
more generally in the biological world. We address this problem with a model experiment
where a rigid sphere is displaced at constant velocity inside a narrower elastic tube. We

investigate both the dry sphere/tube contact and the lubrication by a fluid layer.

[Results and Discussion]
The friction force in the dry case is well described by the Coulomb law with the pressure
generated by the stretched tube. In the lubricated case, the force is generally lower than
that in the dry situation. Interestingly, the force increases with nV to the power 1/3,
where n is the viscosity of the lubricant and V is the pulling velocity. The force also
depends on the geometry and the mechanical properties of the tube. All our experimental
data are well described by a scaling law combining lubrication and elasticity equations.
We furthermore measured the thickness of the lubricant film and found that measured

values well suit with our prediction.

@ F(n,V,E,t,R,AR)? )
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Figure: (a) Large sphere pulled in a narrow lubricated elastomer tube: the pulling force
is found proportional to the velocity to the power 1/3, and also depends on the viscosity
of the lubricant, the geometry and the mechanical properties of the tube. (b) A series of
pictures during a typical experiment (the radius of the sphere R = 19.8 mm and the inner
radius of the tube R, = 17.6 mm).
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Onsager Principle
- A Principle Useful in Soft Matter Physics -

Masao Doi
Center of Soft Matter Physics and its Applications,
Internationa Research Center, Beihang University, Beijing, China

In the celebrated paper on the reciprocal relation for the kinetic coefficients in irreversible
processes, Onsager extended Rayleigh's principle of the least energy dissipation to general
irreversible processes. The principle has been shown to be useful in deriving basic equations
which describe non-linear and non-equilibrium phenomena in soft matter[1, 2]. Here I will show
that the principle is useful in getting an approximation solutions[3]. Examples are given from our
recent researches on negative normal stress of gels[4,5], vapour induce droplet-motion [6],
drying of colloidal suspensions[7] and beads-on-string configuration in fiber spinning[8] etc.
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[1] H. W. Greensmith, J. Polym. Sci. 21, 175 (1956); A. Kadir and A. G. Thomas, Rubber
Chem. Technol. 54, 15 (1981); K. Tsunoda, et al., J. Mater. Sci. 35, 5187 (2000).

[2] N. Sakumichi and K. Okumura, Scientific Reports 7, 8065 (2017).

[3] Y. Morishita, K. Tsunoda, and K. Urayama, Polymer 108, 230 (2017).
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HIEKIRBEAL AR D72 6d, =R F =DM Ex2 BRYE LT, MRESR OBEEE KO
BROOLN TS, FIZIFEBHEOLE, TV TRETHZRLF—D I HD 16.5%H
BEEEA L LTRDILTVND EWVWIMERH VO, ZNEKET 52 LITEETH D, HiF
W2 UTc ERE OB, stia 5 23 #E i d 2V T EaL U2 RRBICR AT 2 /17 RIME
FADBEIRE 2o TNDEBLXONEN, TDA = ALIRMATH S, Bowden X° Tabor
HIZ Lo TRE SN HHRET L TiE, OEFEEMENICIT 5 REER, OQREITAE
LT B2 LT SRR, QEAE AN 3817 2 VB O R MEIRBT O IO FEPMUE ST
W5, T2 LT, F /7 BRI CiAD BIVTIRIER . V7 &38R B R % R 36 A3
HEEINTEYO, ZOMMEERIIOET LHEM TRV EBNRBIND, o T, HEigHoT,
J ZERNZRT D IIFRIER AT, B L ORFE LT T 20BN H D,

(R L EE]

F /1% @ (SFA; Surface force apparatus)iZ 429"V H| & (RSM; Resonance shear
measurement) DEERE & 7 & H 72 SFA-RSM@ % A\, *ta4 2% —>OERFREMIZEHE
MAZXSATHEES Y, TOROFRS &0 ML T Lz, HEHc—RIICHNGND
NI T 4 SR EIIS ATESE, REMEBERELZ /NS LTS &, RumfEERE 10 nm 2
EIZBWTRDPBHE I NAD T, ZOFRNITHOEELE & HIZABIZE R L, KiEfiE
BEIZ O ICEE L2 Do Tn, T OREOT 0 Btk 2 3540 L7 /5 5. FRORAE & RIRHTREEE S 20
ICHERLTWe, ZOZ &b, S, 7/ ZRA~OH CIADIZ K0 iREIMEZ KU,
BEARERLOBEMEZE RN OEBRLENSELI0RRH L EEZ2 61D,

I, BEKRE A B I hiciimn s s 100
FEELFRFEHI(FM; Friction modifier) il & L 72 ~+without FM
T DN T, [FIEE DT 24T > 72, FWE —e-with FM
FM 134 LAV & KRR & R D MBI AL
B ThHDH, FM ZEE LIcma. RABIEAE
LTWDIZH DL MO R IR E]
gapnahole (BX) . ZoOZ &%, 7/ %
FI~OFCIADIZ K DI OMEEDOTL . ‘ , ,
A FMIC L > THflansd Z L2 RLTERY, 0 01 Normal‘f’joe’m 03 04
FM O BRI IR & OBENRR I LD,

[ 3]
(1) K. Holmberg, P. Andersson & A. Erdemir: Global Energy Consumption due to
Friction in Passenger Cars, Tribol. Int., 47 (2012) 221.
(2) H. Sakuma, K. Otsuki & K. Kurihara: Viscosity and Lubricity of Aqueous NaCl
Solution Confined between Mica Surfaces Studied by Shear Resonance Measurement,
Phys. Rev. Lett., 96 (2006) 046104.
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[iIZC®iz] —RICHENREERT S EVHE)
VEZRBETHEE., PO BEENRRKETHD
MEPRETDDIIES TIERW, 2O &%, 7

- SRR, B 1: eyt o> Ch i E 7 — IR S I
ROET B A, ZmE COSRRADH m itk (R RGP, HINE

DIE Y ORISR, SHRBIRE LTWD 2 E.6.0V. &% 160Hz)

EEBETNIEBIZES 2N THAD, LNLARRL, 26 OMIXE BHEOKRWREAR T
BV, G LREILIET D Z LITBUROMEFIC L > THAFRETH D, TDO—FHT,
XV BBHEOEWRICEBWTHERES 2 3 29K (KfE ClIEEEEER L MES) 28ET D &,
MREIIAS BB 2 D, 2D L LCiX, FHRICBITHER, TAKE, F, Ho50»
ITEMRICEIT D ATP GEERCNI TV THIRTE—F —FDNEYET 5, 2 9 VoL Bf s
HAOPORELICE S TERINTNWE LB NN, TO¥ELZ IR T 5 AT X <L
ENTELTHAMERZD 1 DOFEL 72> TC0D, AFFRIZBWTHE 41X, FH. £EW%R LF
HICZHBAERTHD Y 7 b~ F—D—2TH HIKBRICEB VTR SN 25 BEEEEERICER L
oo BARRNICIE, EARABFICB W Ta L AT Y v 7 gz A THARR® Fa v 7Ly MChi#
mE T )EERL, ZHICRRESZHIINT 5 Z & ChlistEiE R E2 BmE <722 1),
(R EE]  BHEAMFRCIIE T —WNIC Ch K
B WA R IR S B S s (K 2, §lE =
E—NR) . ZHICRMESGEZHM L E Z A, K2 DR 15
RERI 23789~ K O ISR E O B BRI T B\ THEL IR 2
DY T —NEZEH L T EEINER SN (RIRE—
R) o 20L&, EEPHEHIRITERETIUER 1 IR
£ 91 3 [EIEHEHFRORE L ROEENTR S du, [FIRF M o 10000
CEHEEE AT SN, © O TSN BMEL. ¥ 02 Km0 Oh i S —
FUF 4. EF—ER, HMEE, BEKOVTRcE,  ICRTSRIEN
EKEES, LFLo 3 BEIREESHFRO S ONFIC X E R o7z, £, RICA T MO HY
TBAB(> 7'~ + 7/V R v F)Z RN L CRERICIREERZER L7z & 2 A, WEINAR IS JE
BERE S 1 HTRRE S D Z ERHA L2, Z OEWITREINIZEET 2 Al A 4 v O
BIGICKTT DINEEEOBEBNMNIER LTS LB X DL, EELOFEENIELHIMC L - TH#E S
NATRMBOTWENZ L > THREN TS, LIRZDZENTE S, i, HESTAMBERE
WE o THERE—RFPFEINTND LEZOET—NROFEMGEZHT L& 2 A, EiLo
FLMAIIE 7 —FREIZHEL., BHNZ 2 KRTHIEE L TWD Z LA L,
PLEOFEBREREZRAE L, B 3 BIEEEIHROEENLENT 28EL., T —T—D%&
SEER[1Z AW CHIAT A Z & 2Rl AT, FEMITEE TRRS,
[Z2%&3CEk] [1] M. Doi, J. Phys.: Condens. Matter. 23, 284118 (2011)
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AATT 4 7HPDI 7 uiphFEENE E T DOBRFEEL E DR
RE KRR TIFERDTT) BE HE4

[IxT®ic]
HRAs T TIXBLMIZ BT 2 RERBERR T & o0 FEENES I F L. 200N R a DRI 2k - 1
RROBIRE 72D, RED~ 7 a2 —RKICBES< ML TWER, KEFOSFDI T 1
IRREERCEEME I OV TIIWE LRI R SN TORY, 2T, &b AR RIR
MO—2THDEARAIT 4 v 7 AMPFIZBWT, KD T HBEIERICKE « |EZRFAICE
NENED LS REHA 7 — /L THHEEB 21T > TV D, £ ORBRFLL L ORRM
LAHTH D, AWFETIE, BREDICI VB INTE 2N o~ a 72 EFMEEGELE
Z8CBICH LAWDZ EIZEV ARATT 4 v 7 AMTICET MMy T OE#Z I 7 1l
R — )V CHEBEN Uz, BRI, E9m0 THAD T ~vBEEE~ 1 AN X9 B
EZATV, ZHICINZ THEBEBAT ¢ T (EHEHELIC L D) T ~vBROo= X —igA
WY ZFRD LT, QIR T DHEDEMT DRFERZ D Z LN TE D, 12 AATT
#4 v 7 OGS, BORMEIT/ NG R~OWERS. BEOERNIZEBIT 20 FEOR
FEBEFERIIIA A ~DOBELR T ICH 5T 572D, 26 OBELE D IZB W T RV X —IRIR )
DERIET D Z & T, BIERITKE - BMEF WO FOWEEH ORFERZ ZNZENFH~D
TLEMMTE D,

[#ER & B%]
AATT 4 v 7 ARIZBWCBIERICEERSFW. T 725N OO HEES) O R EL
7, 1% Arrhenius HIZHE 9 K 9 72 ey Bl 22 B IR A 2R LT, — HREIER . 3 7b
LREZE S KD RO TOTEESH ORERG L. XR~T 4 v 7HPOIRELZTT 5L, A A
7T 4 v AMSOEBIRE) SRR CTRERRF ORI D LA N1 DORMRER %
B L7, T, b1, DM 0 DREREIIEI S RAICET = LB TE, AATF 4 v 7 A=
~7 4 v 7 HEBIRERE CRlAZRE 2R LT,
ZORERE Y BIERT R OSFEEMEIIBRRFERICKRE S EEELZIT TND I ERRE
ST, EBE L ERFEORBRGREEZ S DI L AND D, IMARBELER ORI B
— 7 T g mfRees I CTRRAGREO g&FHEERDT, ZORR, AR O g K HEIXE
ProREED g M (OF V ISR ) TR EELZITTWDL 2 R nhoTe,  (KRIE
WZB89 % i DEAfRMEIT de Gennes IZ L D FEf S LTV 5, ) B ORI O g KAFME
& FHHOMEIEIR 7 O RAMRME & | FEOEER F OB OBRREB OB REHNDL Z LT & D
b b DIRERTFORD BVEERMICHMTH LN TE R, ZhEV, AAIT v 7 A
FIZBW TR ERICHRIKTE LI 7 uxy HEEBOMBEED Z LR TE 2, —F,
27 Ry FEEBORGED R RBRRFEZ R T 52 b, ¥4I 7 ZHEIC L
DI aRBEPLBRFERZRETELFREERH D EEZXDND,

(2% k]
(1) Makina Saito, et. al, J. Phys. Soc. Jpn. 81, 023001 (2012).
(2) M. Saito, et. al, Scientific Reports in press.
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Field-driven Pattern Formation in Nematic Liquid Crystals: Mesoscopic Simulations of
Electroconvection
Kuang-Wu Lee
CREST, JST (JPMJCR1424), FU#B K5 BZHFIER

Abstract

As an environment of rich pattern formation, electroconvection (EC) of nematic liquid
crystals (LCs) is studied via fully nonlinear simulation for the first time. Previously, EC is
mostly studied by experiments or by linear/weakly nonlinear hydrodynamic theory, of its
instability criteria. While the negative dielectric LCs are used in most EC analytic and
experimental investigations, EC with positive dielectric LC is only limited to experiments
due to its more complex nonlinear behavior. In this work we take a step beyond the existing
weakly nonlinear EC research by using a fully nonlinear particle-based simulation.

To investigate the distinct dynamics of positive and negative dielectric LCs, we modify the
molecular potential in the LC stochastic rotational model (LC SRD)! to incorporate the
dielectric characteristics and the field-particle interaction. As results, different convection
patterns known in EC experiments are observed in our simulations, for which those
patterns appear orderly as a function of external field strength. The simulated director
and flow fields correspond each others well as found in experiments.For the positive
dielectric LC, we discovered a net directional flows2 accompanying the traveling EC rolls.
This numerical model and its hydrodynamic analysis could be used for precise flow control

in micro-scale, such as nematic colloidal transportation in microfluidics.
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Figure. The typical EC with negative dielectric LLCs is shown here. Panel a is the x-y
projection of the directors, while panel ¢ is the x-y projection of the flows. The middle panel
b shows the bound charges
seen in the x-y plane, for which it is calculated according to Poisson’ s equation for
dielectric materials.

[23E 3R]
(1) K.-W. Lee and M. G. Mazza, J. Chem. Phys., 2015, 142, 164110.
(2) K.-W. Lee and Thorsten Poeschel, RSC Advances, 2017, 7, 42218
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BRAATVEEELWVIICHLEDLLTEBEZRTHEE L T=raFXT RT7 I (NR)
WBRNBA O TS [1], NRIEEDPEAIZEIEDITONDZ ENARETHD Z ENPFHMNIT
725 CTURE [2]. FlAx O NRIREDBFRROZEE 2R ENMESNTER 3], 5T, B
KM NR &A% HFE & 9% Water-in-oil-in-water BT~ /L3 g o2 /Efl4 5 L. BAlZL-
THLE Z HIE T& 51E0 NRIBAEOFIELMIC L 0 A5 Ol b KFEDORAZLEL,
WK EZRETE D Z EBHLNZ2> TS [4],

FrixzonETla, ixr D NR BEOEK EWHEICET IMEEIT> CTE 2R, HBRIKT
RIS ZRT NR BRITELNTWARNoTo, T2 T, HFOREDORZEMICER L
THEix O NRIERERZRE - AR L, BIRTFILRx~F v 7 (N*) FZRT NRIEHEZ RHL
Too A IENE, Sy FELEEICE B L=y Ta%aHEst & \N*LC fi % > = )L & 3% Water-in-oil-in-water
“HxTw/NLY g (NRN*T L) OERIZOWTHRET 5, 2 ER L7 NRN*> = /LD,
SWRTEFTMT + b= 7 HEYE [5] 2EOMEEEAL LTOMEIZO>WTHLHRET 5,

[HR L E£]

NR ENCICHESET 2 7 == VDAV ML 7 v RBEEHRTHZ L TRANET TS &
MWboofe, B2, 78 IR LB L THRAEERORAIX 7 v REHRIZ X > TRIEIZHED
Lir, 7zl -7 4 u 7 2= V%2 ES NRAELEHIZHOWT, DFT &Iz LY = x
N —DEEEENZRDIZE 2 A, Tz AL o-7 VA n 7 = = VHETIE, REREN
RESEBRDZ B DPoTe, ZOZ b, 7 VT 4 L RERBEOIENFMEL T ET D
ZET, FEREBHESND Z ERRAOKTIIIEN THL EE X BND, —F T, NR
AL DS S BT HEENLENM L T, FlEtk - BRESRIENTEZ & TERROET
DIz ONZEBZLND, UL, EEWVEREMEEN 2 b OIRED T OREHES & LT,
— AL TE D RTREMEDS EV Y,

BlR M B ARV NRN*R S IXRENMEZ RO b O D, KENEFIZE WO, ZOEETIE
~A 7 BT NA ZNZE DV = VOERIITE X, £ 2T, BRELE - BRE RS %
~A 7 ah T THFIETH S ELIXIR ik [6] 2@ Lz & 2 A, NRN* = LO/ERLC
FOHTHS LTz, NRN*Y = VD KE AT FAVRIEIZL Y, N*¥* = VIR O FN 7 +
b= 7 #E1E [5] DR TEX721F0 . NRN*Y = VI A 2S00 7 & 2 A, BanfEo
TREIGABIZ L > T, NRN*V = LR ICH EFELND Z ENbnoTa,

[Z%3ciHk]
[1] N. Ikuma et al., Angew. Chem. Int. Ed., 43, 3677 (2004).
[2]1 Y. Uchida et al., J. Mater. Chem., 18, 2950 (2008).
[31Y. Uchida et al., J. Am. Chem. Soc., 132, 9746 (2010).
[4] Y. Uchida et al., J. Mater. Chem. B, 2, 4130 (2014).
[51Y. Uchida et al., Adv. Mater., 25, 3234 (2013).
[6] T. Akita et al., J. Mater. Chem. C, 5, 1303 (2017).
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X=T 4 v 7RI BIT B ERENL— F ORI

(REERZRSB: T#HA) SH M. Al BEX 47 LE
R 5L, Rl HERI

[ixzT®iz]
RRT 4 v 7 IREIBIT DR ORI MR PV RMETHY . 2NV 7 O & 132
RHIEDBENERT I LD, EEBNCRIE LRI OS & L TIEATE 2Rt H
51, Fex lIERREICRREAEZATHIRAEGME EX 52 L THY NS v FREFITE
WTATHNCEIMEAZFBE TE D I L 2R LER, 2N E TOMETIZZDORIRIT 2 B DER
MZESDDITER LN TWEZ[2], ABFZETIX, —ARESMFEER & X ¥ — B ER 2 A 5D
% Z & CHRTNEICERTET H—7 ﬁ@%ﬁ%ﬁtttoé%;\ﬂ&~/ﬁﬁﬁm®mﬁ
FALHh R — ANAEF L TA—T OIRENRE D2 Z 2 RH L, #EZH LML,
(KR & BE]
W%%?%%ﬁféz&@%WLfﬁ4vﬁ&@ﬁ
MAENRLRDHEE. A4 L7 X3 U FHIRE S
h60&4v7&@mbnﬁ#ﬂm%ﬁzéﬁﬁﬁd
NUNOBEDKEE (VA=Y A ZR) BAET., 5
ENFHR S D0, ARBFFETII 7 — B & —
FRBLIA ZEEAR DR AF o Z WV, U=V A X D
FAEMBEEZGIE Lz, X 1ICRROBERFEICHY & 2: &LV —FERICE V(@)%
T B = R Y, B ER OB AR L. — R EAR R L OV b) — RS ED 1 EaAR
IRE— B EAR OB AL S D8 ro b O ofdE S DR,
ETHEHE—HLTWAER ZFInbwDiEEH > T-n/2
btn/2 EFTENT D, T72bbH, U=V AR
MIFRE O EICETLD L) ITEHIN TS,
X 2() TR B A% DR T ORIEBMEE S 2 <7,
BEERITRVRE LTBRSN, Z0RRITY N—2 W_J
VARXAMPAELDMEEBBLE—&LT, —FH.F M 1:RFCBITBEZ—ViEw %
L S N7 — T REE OB FAEITRE LY BE VI (a) 66 pm (b)33 pm & L7BADEFD
BRI, T2, M1IZBWT rnl3Z 27, w RIeHEsER,
DHENEL Lica (K 20) 12ik, BEEILRE
Bl & u%ﬁ%:koto Thbb, UN—ZAVA R NRRBETHMELZEEL TWHTH
B — MBIHEAT LT BAEARR DUENEE Z 2 Z E A G E e o Te, EREBROIHEIZ DV CEE
i 272012, WWMFBFHNOHBET R X —2 BRI L7z & 25, SEROIEITE
HIIR Y N—= 2 A 2 MIBEDEIZ K DT XL —D FH L EEROFMNEIZ L2 =X
NE—FDLDOON EVOFRERLE L TEZLND I ERHALNL ol FEMITY BHET 5,
[ 3R]
(1)X. Wang et al., Nat. Mater. 15, 106 (2016).  (2)H. Yoshida et al., Nat. Commun. 6, 7180 (2015).
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X Z VIR ENVORERRBRFEE & ONXFETEHSER

OuKpe#E) f&HIE—
(NAS Ukraine) Andriy Nych, Uliana Ognysta
(Univ. of Ljubljana/JoZef Stefan Institute) Slobodan Zumer, Igor Musevié

[IXCDIT) #ahIT. FHDORPRIEIIE Ul x RBRFBE PRI 2 T2 &b,
WEEOBIRE OISR E L TRMEN TS, FxIZINET, BTV T 02467
DR D IR DN FAT R EVD, MK Z Getkc 2BRTFHEEZTRT 22 L2, &
BB E S EERAEICL > THLMCLTE RN (ZZ2Tn) TEWy) &iE, a0
X7V 74l LdR Loy F (HE nm) LRBEUTTHDLZ L E2HET) . AT
X, DX D RF TR ORRFEE 2 P CESEBIE LR E . PSSR %
BAEFEIC L > TRO DA ZRNT B[2],

[ERELEBL] WEEHEA LTV OIHEEDHHITIEE nm BRERD T, RIEFS Jones
matrix EREDREDOZEHETEISHAVLOND FIEICHS Z LI1XTET, EMKICETS
Maxwell FREXZBUEHNCEZERE LEXH D, AR TIZ. BAOFATERIZFEAT 25 M
(213 Bloch OEFICES  FHEHEERZ, BELRGFMIIZ=RLX —REFNZETICEE L
T 220 E % IV CHERU 72 B L RN R L. BLASEE A B VI AR L2 RO
TR, KO AEEZIT oo, WEORTFHEE X, BIAETE 2 BOT v VY VOBRFEER
25 CRLil T~ D HEHAERRICESWTEHE L, A OFEERT v Y /W gy=ewo dytaayy £ HIT D
& L7z (;1% Kronecker DT IV ¥, g0 & e [T DOMMETRE 2 EH) . . HFHME
BN TIE L RN Lo THEIES IR B /VIC AR T2 DT, AN B OB
X7 MOFME, L ADORAMBIZE > TREDSLEANOREL 2GRN E - CEHEZAT
ol TORRERNT, K NHOBESMEZERENICB W TR L, £ O R % MK
BB L,

A TIE, EADRFEFICHENGEICEL DAY I FTARAT—IF UK FE, 2L K
DHOPLBEWELTELLZANVIZDaL AT Y v 7 TL—HOKFHELZHEIATA AL X
D MBI OWTHRFEMBEBR DR ZITV, ERICZ 2BMEROEHENMHE 2 1ZIFES
BT DR REGR2]. FHAREFIE. BROHEBROFEMIZOWTIL, #ETHRITT 2,

Z OFFEIL. BHFE(JP25400437, JP17TH02947). Slovenian Research Agency (P1-0099, J1-6723,
J1-7300), Center of Excellence NAMASTE (Slovenia), X UWE T /A A FEIRIL[FHFFEHL 5 O 42
WL VITR o7,

[5%3CHk]
(1) J. Fukuda and S. Zumer, Phys. Rev. Lett. 104, 017801 (2010); Phys. Rev. Lett. 106,
097801 (2011); Nature Commun. 2, 246 (2011).
(2) A. Nych, J. Fukuda, U. Ognysta, S. Zumer and I. Musevi¢, Nature Phys.
DOI:10.1038/nphys4245
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(1 JURSEERF, 2 TUABRATRT, 3 INC B{b) VE)I[¥ER 1, W 2, oiEi
BNRE |, BERGEES, IWARE 3, ERLE 3, FHrhssh !

[zt ®»iz])
RRIE S -3 & 72 D% HERIE DOFERIT, —MRIT, HERD T ORT-E— A > b OFECIH 554
IR END, K, FBHLWIE= haXoP i, KERFERL TTMMERE S LT
Hiv, 36~80 MEDFERE T, — ., RBORBM TH LR ~T v 7 HKdhix, 51K
BAFMICHEL T, A L7 Z =2 LT, BELFMICZ2DOFEREZ D, b
DOFEBROEITFERFMELE LT, WET A AT VAICBITHEBERNRTA—FD—D
Lo TWD, BH, R~F v 7 REDFHEEBERTMHEOHERHMEIT 0~20 FRE, K& TH 100
BETHDL, 4H, TAIXINE TCORBMEIOFHRELET. £ 10,000 DERZ2FHERGME
ZHBLT 5 @i E A IO THET 5, Ex OmHElE (FCBEMSIEIZE, DSC,
XRD, FHEEFMAL7 MVAIE, DBXEERRE. 5 REREE) DOARWEIZA A
F v VO XD ICREBOIWERRF A AT, A4 L7 X I THMICHEGE BRI E &R
TIEEMERLE, SHIC, ZOMRETICEZONDIERDWBRIAA = XL ERET D,
(R LEBE] o ]

I3-DA S M EAT HE 7 v FRGME DIO) & v | o

BILC, BEEMALS MHEICR Y, ElBEErE

5 SR EEREI (MP £8) 1238\ THI 10,000 DRFIZK 5 oo = 1Kz

ERBERIMNELDZLBWONL RS D). "

B X OAA X BREFTEE OFE S, MP A O 1R fER :;DZ . eo00e o o

LBV T, BOES E—2 Bl S T, @O~ R

o ZHITTEBIEIS L 5 TS R R 54 X 1:DI0 OFREICHT 5E
B m— RN EARIC, 22 nm BROEERRFcRR R (AEE 1 kHz)
FT57 u— RipE— 7 BNNARICERD bz, Ll TR e T
Mo, FEEMEEE,bIX, XvFy /7 ETERE
LENROARE RIS 2 VIXFRR O KK 2 £ *om,
Schlieren %A MP FHIZB W TBIEZ SN, £7-. DIO
I3 MP T3 T 4.4 uC em DK X 2R A0HME 2 fE 5 4546
KErzRL, X OICHFEERTHEOLNDIBED P-E &
27 Y A ER L (K2) , EHEAIIRICEW
TiE MP HIN DS FRRIAIT R — T o718, SRS
R R ES AN LIREE TS A Ly X — NS
FENZSAT & 72 B — B ARRE R & D 2 E Ry oT-, & BT, B REFHK (SHG) £
LD, MPHICB VTR 72 SHIE B 217, A AL B OB PR Ui /05 s % 2T
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First “molecular movie” of photoresponsive liquid crystals
OB REREBETS IR (L8 RN
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HIREA Y T OWEEEEFEBEDOZ A LA — LV THEEEBIET 52 LT TETWnin
>7c, AEIF %1%, FLAP & RERICEEIERE CERE{bEZE Z In-COT & A V7 i b b
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(1) S. Saito*, et al. Nature Commun. 2016, 7, 12094.
(2) M. Hada*, S. Saito*, Y. Shigeta*, K. Onda*, et al. J. Am. Chem. Soc. 2017, in revision.

Copyright (C) Y7 A—HZ% % All Rights Reserved.



10/24 15:45
TRk

TS — RBALEZERMERIC K 5K OB S n RO B H

(hRET) Al &

[IZT®iz]

BEIIT A AT LA L LTOHBRESHBNED, ZHNL Lo RIZERT 5l
S IREIREEOREN 2B TH D, /o, WIREIZT 2 & DNA RE-AE<E bikdsREL
Y, WWEROFHEE L TR, EOEHBREMMENE B SWA BN, £ OEHAE WML
HFFLOD, O TZLXIEVT 4 —DENI ENEDORELERNTE TS, 2D X
INTHFEMAEERR I Y A— b A—F =T &5 RICEHMEL H bt b DM EHIMIZIX
7RV, T DR EERIED K5 2T OREEREDHBEAER A MR L7 Z FTRBIZ LTV
Do FexlI, 20X BREHEBEICKRSHFERIOMEAERNED X 5 IEWT 2 D2 T
e L C& e, EOREE, HINELETFHE TE DM E S LTl A —RrIcEL 3 2
LI K> TEDORBE O T Z OB 2 AW TRIE L, 2165 100m/s DA —F —CHlW )7
MDOHBDECE MBI T 52 L2 RE LT, ¥ SE, TO X5 RHOEEZEEA A —Y
VT TEDEMBEE R L, A LOEIRE A B L0 THET 5,
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[£%53CHR]

(1) T. Sato and K. Katayama, Sci. Rep. 7, 44801 (2017).
(2) T. Sato, K. Katayama, Mol. Cryst. Liq. Cryst. 644, 44 (2017).
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Some new aspects of three-sphere swimmers
(Tokyo Metropolitan University) Shigeyuki Komura

First, we discuss the locomotion of a three-sphere microswimmer [1] in a viscoelastic mediumand
propose a new type of active microrheology [2]. We derive a relation that connects the average
swimming velocity and the frequency-dependent viscosity of the surrounding medium. In this relation,
the viscous contribution can exist only when the time-reversal symmetry is broken, whereas the elastic
contribution is present only when the structural symmetry of the swimmer is broken. Purcell's scallop
theorem breaks down for a three-sphere swimmer in a viscoelastic medium.

Next, we discuss the dynamics of a generalized three-sphere microswimmer in which the spheres
are connected by two elastic springs [3]. The natural length of each spring is assumed to undergo a
prescribed cyclic change. We analytically obtain the average swimming velocity as a function of the
frequency of cyclic change in the natural length. In the low-frequency region, the swimming velocity
increases with frequency, and its expression reduces to that of the original three-sphere model by
Najafi and Golestanian. Conversely, in the high-frequency region, the average velocity decreases with
increasing frequency. Such behavior originates from the intrinsic spring relaxation dynamics of an
elastic swimmer moving in a viscous fluid.

Finally, we discuss the directional motion of an elastic three-sphere micromachine in which the
spheres are in equilibrium with independent heat baths having different temperatures (see Fig.1) [4].
Even in the absence of prescribed motion of the springs, such a micromachine can gain a net motion
due purely to thermal fluctuations. A relation connecting the average velocity and the temperatures of
the spheres is analytically obtained. This velocity can also be expressed in terms of average heat flows
in the steady state. Our model suggests a new mechanism for locomotion of micromachines in

nonequilibrium biological systems.

Fig.1: Thermally driven elastic three-sphere micromachine in a viscous fluid.
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Microswimmer 73 EGRIC R B A 5 48 FEB R 0 HfiE
-EHERERHEICL AT e —F-

KU 5L 1, John Jairo Molina2, [UAE— 23
(1 EEEEARABFFEHT MathAM-OIL, 2 mR#i KL F T RER,
3 HIR RFEAFESAATZERT)

[iTT®»iz]
FHNO local 72T R /¥ —% JIFR 7oL I8 # L CHBMIER Z 0 5 R &ML T
Active Matter & FE.5. Active Matter & Cld, HAKEEFHE BAROEE) ) & 1L T8 K E#E 72 3E B
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LELTRTOAEMEFRT L ENTE LN, Rt 2m-wE, HEEMLZORHEICE
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(Squirmer modell) % T, %95 L7cELHIEB) QWA « FrrElC D CEEEE
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(2% 3Ci#k]

(1) M. J. Lighthill, Commun. PureAppl. Math., 5, 109 (1952)
(2) NO, J. J. Molina, and R. Yamamoto, arXiv:1606.03839 (2016)
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(1) Kantsler, V., Dunkel, J., Polin, M. & Goldstein, R. E. PNAS110, 1187-1192 (2013).
(2) Ishimoto, K. & Gaffney, E. A. J. Theor. Biol. 360, 187—199 (2014).
(3) Li, G. J. & Ardekani, A. M. Phys. Rev. £90, 1-12 (2014).
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