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Soft matter & Active matter

— The Physies Hidden in Bveryday Life —

ubiquitously observed in our everyday life

form, motion & mechanism ?

Understanding through Experiment & simple physical model



Soft matter & Active matter

— The Physics Hidden in Bveryday Life —

Novel Prize (Physics) in 1991

Claude Monet,

"Impression, Sunrise”

Dr. Pierre-Gilles (1872)

de Gennes
(1932-2007)

Complex phenomena can sometimes be understood
through surprisingly simple physical principles.



Soft matter & Active matter

— The Physies Hidden in Bveryday Life —

HIDDEN
WONDERS

https://www.ae-info.org/ae/Member/Guyon_Etienne

Dr. Etienne Guyon
(1935-2023)

Dr. Pierre-Gilles

de Gennes

(1932-2007) E. Guyon, J. Bico,
E. Reyssat and B. Roman

Giving presentations with some live experiments



Some of My Works

How does elastic rope coil around a rotating cylinder?

M. Tani and H. Wada, ey Focus
Phys. Rev. Lett. 132, 058204 (2024).

How can we realize a desired 3D shape by kirigami ?

&.¢)) | M. Tani, J.-W. Hong, T. Tomizawa, E. Lepoivre, J. Bico and B. Roman,
J Extr. Mech. Lett. (2024). .

[ [— | l
~

o

wam HOW does liquid pinch off from a foamy droplet?

~ M. Tani and R. Kurita,
 Soft Matter 18, 2137 (2022).




Coiling, wrapping, twining, ---

.-+ observed with various materials/ on various scales

Questions: Physical factors:

- coiling or not? - - elasiticity

. - body force (gravity etc.)
i, ?
coiling patterns: ? _ geometry

- friction
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Tight coiling  Helical twining No wrapping




Various Morphologies

Ex.) Tight coiling  Helical twining NoO wrapping
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Morphology Phase Diagram

Ex.)

a = 2.0 mm,
Ry = 4.8 mm,
Ly, = 28.2 mm,

L = 781.0 mm
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Basic physics of coiling (2D)

An elastic rod
bending modulus: B

arm length R Meat. ~ TR

B
MBNE

Coiling if:
Mext. > MB

B

Benson, Transactions of the ASME (1998)



Basic physics of coiling (2D)

by gravity
An elastic rod
bending modulus: B
~ GAR
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Morphology Phase Diagram
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AR

Short Conclusion

QUESTIONS: coiling or not? coiling patterns?
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Some of My Works
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Origami & Kirigami
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Kirigami — 3D structure

making a 3D shape (experiment)

a desired 3D shape

programming a cutting pattern

P ——

/g\\\ W)

N R

\\\

=

e
&

==
===

=\
N

U

"

_

=

AN

=
=—_

==
==
==

==

==

=7

out

==

210 mm

V)~
b

{
({

/

/

=
.

&

o

==
==
==
==
S——
=_—
==

\\\\Q{\;

|

(theory)

tan o

“cone” shape '\\\\\&\\\&\\\\\ \\N\\\\\&\§ i

bd4o0<C0O

-Dczlfimm

(h [pml, 1\')
100, 8)
125,8)
190, 8)

(190, 4)

(190,1

2) '
" o7

, F/2N
;oo
s PANARN , 0-5 g
T| NN _ _ F |N]
0 0.5 1 1.5 2
dz ¢ 1 F D3 1 F D3
tanao = — = — = — —— —
. - 5 =
dr ~ W  24NBW 24 NB W?2
.. D(R)®
cone shape if: WRE const. MT et al., Extr. Mech. Lett. (2024)



Kirigami — 3D structure

D(R)3

a desired 3D shape By varying the function of 77z,

cone” shape (a) bowl shape

programming a cutting pattern
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Kirigami — 3D structure

D(R)?

a desired 3D shape By varying the function of 7 gz,

“cone” shape

programming a cutting pattern
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Liquid Foam

e B .

foods/drinks shaving foam cleaning/washing foam

foam

When does a foamy droplet
fall down?

When does liquid pinch off
from a foamy droplet?

animals




Liquid Pinch-off from a Foam
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Soft matter & Active matter

— The Physies Hidden in Bveryday Life —

ubiquitously observed in our everyday life

form, motion & mechanism ?

Understanding through Experiment & simple physical model



Swarm in nature

Cells

universal phenomenon observed across a wide range of scales

Some advantages?

Parallelism Flexibility Robustness



Are Swarms More Efficient ?

Can larger swarms generate larger forces?

i~ 7

To generate larger forces,
we coordinate our actions

(ex. when & how to pull in tug-of-war)

“ . % 0.9 - O human (tug of war
GrOU pS fa|| tO reaCh L;g g-g T O human Esh%uting) :
| their full potential" 5 06 - A human (clapping)
0.5 -

P

Reasons: LL?D g‘;’ I e ant in group
- loss of motivation G SoeeCe WemF
- coordination problems ! 10 100
P Group N
M. Ringelmann, Annales de I'Institut National Agronomique (1913) S. Phone&#£ Softmatter (2016)

Does Ringelmann effect happen even in a swarm of materials ?



Swarm force

Questions:
1) How does force scale with the number of agent ?

2) Ringelmann effect also apply to molecular swarm ?

Magnetic Magnetic force 4001 zha
bead F, 1
| +ATP oL __ > Electro magnetic o5 ’ 5 £ '
W . Magnetic field " Vee2e" 3 &
Swarm of % Swarm force Fasw _g) ) z I P |
Microtubule T 4 200 #
(MT) - -3 8gh Gondl pobomBay -~ - - - - > -
= w ' T FSW/FS - ’}’Nkin
7= - kinesin- - W-EEEG- <€~ WF- - - - - > . e ~ =0.07 4+ 0.01
glass substrate 0 . : : .
0 1500 3000 4500 6000
number of kinesin  Nkin

1) The swarm force increases linearly with the number of kinesin.
2) Yes and No. The productivity per individuals lower but constant.

M. R. Rashid, ‘--, M. Tani.*, A. Kakugo*, ACS Nano (2026)
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