AT T -“.‘31

Hokkaido University S C

Re=zeareh Instinse

i Labnratnrv of Hunllnear Etuchea and Cnmputatlnn

Flectrs ;n|:. ":L rr:r1...r

el kﬁﬁxﬁﬁ%ﬂ ;Lﬂ

"55"-';' B
J ._.-‘ - ""(

e HABRE: S5 W
o “ Y S B E(;“t




SSEs e
—HKEN ER o EERNEE(—

BRIV H 42 B0 4 5 IR L4200 I O LT IO 2 IO Ly
A v OYSRE SR EIE VAT WD LK SN TN LEMIAY S0
3 ORMEQHEL S QA Y 55 5° WK dS0ONKKE B%
N 5 3 S IERHE T A I 5 VAT Sv° BEHSEBRM ALY KOV 5000

ek
HmEH Lo S O VLEIY HE 0 SUKHKEE KRS i mOKE" BK

EOERLY Kk KEEIEES AN P JouEIE O VRV BRRVS T

Wt 50

ORUEBREA 2 BEEEOY BIECEEAPSSHS" UQUNERE O K

L]




HAMEBEZRTHDRRYME
-Astrov and Purwins, Phys.Lett.A283(2001)-
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2

u, = D,Au— uv + f,(1—u) i, =D Au+ ks —w’ — kv —kow + k.
1+ f,w
uv? =D Av+u—uwu.
v, =D, AV + —(f,+ f)v

2

W, = D, AW+ f, (v — W) i









SEHYEICEGLIFONEEFHDEIL

EEYBEDREIZISCTIFEADL AR ANHAH NS

 SEYE  (quinine)

0 mM
G 4 mM
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= 5¢ 8 mM

(Takagi et al. Proc TACSN )



TEEZE?

« HET OEFTERTS.
—*J%E’JE%O) &, VoL, BN, ..
o« GEL WEEVEJ IIZKDEE

—BaDTATUOTATATEERI(RER) ZEDE
E NEEIH|S?

o IRIEZTEEDEE
— IRGEICDEFE S /O0FLET I OHIED D%
MY, ESTEZTEATIT<OMN?
— A ETEIRAE GRLY, ZBRK)ZFET, ThHhHoT11<.

|ILIJ|I




Iyt—

FPREFIREBDDOEHY (RYT—2) ZHIC
Fib-EILZERL, ThEEICHIETS.




20D =RARXT 4
SRITT2DEER

» Drift + Peanut: 220Ky F7 #— o9
»Drift + Splitting: EvyF274—=2 2% FIL) — F I



T—=RAXAE271 1

o ER B DFSIRIL ?

T.Teramoto, K.Suzuki, and Y.N., Rotational motion of traveling spots in dissipative systems,
PRE 80, 046208 (2009)
T. Ohta and T. Ohkuma , Deformable self-propelled particles, PRE (2009)
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paramecia
Thanks to Dr. Saigusa
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Thanks to Dr. K.Nagai

Head-Tail Asymmetry
D1-symmetry-breaking

Ken Nagai, Yutaka Sumino, Hiroyuki Kitahata, and Kenichi Yoshikawa, Mode selection
in the spontaneous motion of an alcohol droplet, Phys. Rev. E, 71, 065301 (2005)
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Oblique collision

2
U, =D,AU——Y 4 f (1-u) \

1+ f,w ] ]
, Transient dynamics

uv
—(f. + f)v
1+ f,w (fo+1,)

vV, = D,Av +

W, = D, AW+ f,(v—w)
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What type of symmetry

breaking??

T.Teramoto, K.Suzuki, and Y.N., Rotational motion of traveling spots in dissipative systems, PRE 80, 046208 (2009)
T. Ohta and T. Ohkuma , Deformable self-propelled particles, PRE (2009)
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Show the existence of rotational spots near the
codim 2 point of drift and pitchfork bifurcation
points?



(1-2)-mode interaction

Drift deformation: 1-mode ‘ =) )
Peanut deformation: 2-mode ‘ — X

Proctor, M. R. E., Jones, C. A.: The interaction of two spatially
resonant patterns in thermal convection. Part 1.Exact 1:2

resonance, J. Fluid Mech. 188 (1988) 301-335.

Armbruster, D., Guckenheimer, J., Holmes, P.: Heteroclinic
cycles and modulated travelling waves in systems with O(2)
symmetry, Physica D 29 (1988) 257-282.



Codim 2 = Drift + Peanut

RE—EB (LX) ftb
Lp; =0, LI, =—dy; LE. =0

7

o

U=58r—p)+ Z‘I: pir—p) ‘I'Z s;€;(r —p)

Standing spot ‘= drift deformatlpn = Peanut deformation

+41~ L,rl -'—1';1 2+ gigoly + 83 |.1| +::|n.,=t—- s180lp

+q151C7 + 925208 + 15280 + gasi1lwn + miC + nadia,

ODEs for homogeneous case
[ By =gy — ' (q151 + qasa), T.Teramoto, K.Suzuki, YN, 2009
gy =qa — 3’ (q152 — qasy),
g1 =M@ + g2 ) + Ma(s1® + 827 ) + Maqi + Blqis1 + qus2),
ga =M h,rﬁ 4 g5? Yas + Mals® 4+ 57 Jge +— Mags + Blgy 84 — gasi ).

N

.'i{-l :_'nl.r][,hi-l - "-.1- F-. - i|l|II {".1’1 !f"j}":l % o -'nf'i-":l'| it r]-l:.rjI[ = I._jrj}'.

| s2 =N (517 + s27)s2 + Nalqn™ + q2” )s2 + Nas2 + 2aqiq0.

(1,2)-mode interaction



Complex form

20 =21 — (3’2122,
71 =Mi|z1|%21 + Ma|2zo|?*21 + M3zy + 37120,

Z'g :N1|22|2252 + N2|Zl|222 -+ NSZQ + (12112.

20 = p1 +1p2,21 = q1 + 192, 22 = S1 + 1S2.

This is exactly the same ODEs as derived before
just by using symmetry arguments.

Codim 2 singularity # Rotational motion
generic



Dynamics and bifurcation properties of the
reduced ODE system

Using polar coordinate 21 = Qe'?, 2o = Se'¥,
Q =(M1Q* + M2S? + M3)Q + B3QS cos 0,
S =(N182 + NoQ? + N3)S + aQ? cos 0,

2
b= — (268 + O‘Q) sin 6,
S Angle between drifting and
where we set 9 = P — 2. axis of peanut

. trivial fixed points - Q=S5 =0
Standing disk (SD) spot solution:

— Q=0, S*=-N3/N;

' fixed points with |coséf| =1
Standing peanut (SP) spot solution:




Traveling spot (TS) solution bifurcates from SD spot at
Ms =0 and from SP spot at Mz — MyN3/Ny + B(—N3 /N1 )% =0.

M;Q? + MyS? + M3 £+ 58S =0,
(N1S? + Na@Q?% + N3)S £ aQ? =0,

Traveling spot TSy with cosf = +1
Tcorresponds to a propagation direction parallel
to the long axis of the deformed shape.

Traveling spot TSz with cosf = —1
' corresponds to a propagation direction
perpendicular to the long axis of the deformed
—p Shape.

\ J

Stable RS branch connects smoothly between the two
types of straight motions of TSg and TS .




Clockwise and counter-clockwise rotating spot solutions
with |cosf| # 1 emanate via pitchfork bifurcation as,

.

¢ Q2 _ (_%) 82 _ (_2,8) N3 + 2M5

Q 0% K
COS2 0 — (NB(MQ — 2,6M1/(}.’) — Mg(Nl — 2,3N2/CE))2
\ ,62(N3 + QMB)K ’

where K =406M;/a — 2My — N1 + 28Nz /.
The location of spot (the slave part) becomes

20 = (Q/QB)UQ(,B!SBWD . 1)61',/385111%/81119_

The radius Is given by

20| = 2((8'S)? — 1)/ (B sin” 6)
and the phase speed v = 2¢ = 23S sin 4.
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(a, 8,8, M1, M3, N1, N3) ~ (—31.8,1.0, —326.7, —61.3, —3.9, —240.0, —35.6).
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Teramoto, Suzuki, and YN, PRE 80 (2009) 046208







Y=RARXT 41
FRT2 ﬁ'llli
B IFfhE “Physarum” BF¥ Z—XRIZEELI=EE
DEE)
( ._.\:L.\/;&J_LEj AtX ?)
& Drift + Splitting: Ev F 7 4=—2 S FIL/ —F

®S.Takagi, YN, T.Nakagaki, T.Ueda, K.-l.Ueda, 2007
®K.-.Ueda, S.Takagi, T.Nakagaki, YN:
Mathematical model for contemplative amoeboid locomotion, submitted.
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R.Kobayashi, A.Tero, T.Nakagaki, J. Math. Biol.53 (2006)
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T.Ueda et al. Exp. Cell Res. (1986) K. Natsume et al. Cell Structure and Function (1993)
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0 mM
G 4 mM
o 6 mM
= 5¢ 8 mM

(Takagi et al. Proc TACSN )
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Outline of model

propagating direction
-

ectoplasm
(gel layer)

|
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--ﬂ—'—-S |
endoplasm preg&;ure ! ! S =y
(sol layer) gradient =£(sSW.V) 1 orus®
! P f( O ) ! ﬁ'nedia:
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Wt = DWWXX +S—W de;ay, leali /\
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(gel layer) diffusion AU X
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Kobayashi et al. J.Math.Biol 53(2) (2006)
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propagating direction
el

Chemical reactions in gel layer

decay, leak
u : regulation of solation factor
v :solation factor

diffusion !

-t
ectoplasm . !
(gel layer) diffusion |

M)
endoplasm pregsgure ! )
(sol layer) gradient | —f(sS.W.V orus™
P sEwy) L porush

agar gel

TU = Duuxx o F(U!V)_l_au(uo _u)_riﬁu

tv, =DV, +F(u,v)+o,(v,-V)-rV

V XX
diffusion reaction supply decay

2
F(u,v)=—"

k, +Kk,v°

Hill's law



Low concentration of quinine

TU, = (Du (W)ux)x - H (W)F(U,V)
+ 5, () (U — )~ KU

£V, = (D, (W)v,), + H(W)F (u,V)
< Quinine effect

+0,(S)(v, —V)—rV

in
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u(x,t), v(x,t)

filament
network
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G = q(u1+«9r)+ef(p)/ q: &
=1, +1°—0,9° + &, (p). [ SHOFS
g — A EZD o
HEXAT T 5L
w, fix, €=0

Y. Nishiura, T. Teramoto, X. Yuan and K. Ueda
"Dynamics of traveling pulses in heterogeneous media“, Chaos, 17(3) : (2007)
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