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Figure 2.1: Starling flock [2].
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Figure 2.4: Behavior of a single bolt-like particle driven by vertical vibration. (a)
Photos of the bolt-like particle used in the present study; bar is 5 mm. (b) Examples
of characteristic time traces of a single bolt-like particle at different I' values. The
vibration frequency of the plate was fixed at 100 Hz. The horizontal particle stands up
spontaneously during tumbling motion at I' = 3.16, whereas at I' = 3.57 the horizontal
state with tumbling motion continues during vertical agitation. Itis noted that “Standing”
and “Horizontal” correspond to the actual observation shown in the left and right of (b),
respectively. The bottom picture are the overlaps of snapshots in the actual observations.
(c) The state of the motion of a single bolt-like particle as a function of I at a fixed
frequency, f= 100 Hz. (d) The Phase diagram with I" vs. frequency for the state of

motion of a single bolt-like particle.
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Figure 2.5: Schematic representation of the bolt-like particles (n = 521) arranged in
a circular vessel with a diameter of 197 mm, which is placed on an aluminum plate.

Sinusoidal vibration was applied in the up-down direction.
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Figure 2.6: Time-successive snapshots of the behavior of 521 particles, indicating a
reentrant transition. In the initial condition, t = 0  #, a single particle was placed
horizontaly. The frequency was fixed at 100Hz(a) I' = 3.16(Amplitude, 0.078 mm), (b)
I' = 3.57(Amplitude, 0.091 mm). In both experiments, the particles initially tend to
fall over into the horizontal state sate and undergo tumbling motion. Next, horizontal
particles gradually change to the standing state through collisions with neighboring

ticles.
particles 20
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Figure 2.7: Change in the symmetry parameter before and after the reentrant transition.
(a) Spatial distribution of the symmetry parameter gk for standing particles in the initial

state
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Figure 2.8: Experiments (a, b) and numerical simulations (c, d) on the time-development
of the states of the particles. (a, b) The solid line represents the probability of tumbling
particles. The broken blue and red lines are guides for the eye to show the changes
in the number of standing particles below and above a value of 0.6 for the symmetry
parameter gk, which correspond to disordered and ordered states, respectively. (c, d)
Numerical results for the time evolution of the three different states: standing with

low symmetry, horizontal with tumbling motion, and standing stationary with six-fold

rotational symmetry. )3
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Figure 2.9: Appearance of a traveling wave in a quasi-one-dimensional system. The
upper pictures are the actual arrangements of the particles that change with time under
external vibration, and the bottom picture is a spatiotemporal diagram. The vibration

frequency is 100Hz and I" = 2.75.
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Figure 3.1: Behavior of a stainless disk rotated by the vertical vibration. (a)Photo of the
experimental setup in side view. (b)Schematic representation of the stainless disk and

vibrating plate where [ is radius and # is height.
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Figure 3.2: A series of snapshots of the CR mode with a time interval of 2.4 ms. The

frequency f. and the A are 19 Hz and 0.375 mm, respectively.
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Figure 3.3: Definition of some kinematical quantities associated with a disk.
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Figure 3.4: The angle S in the simulation for the rolling without slipping.
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Figure 3.5: The angle $ in the simulation with slipping. The value of coeflicient of slip

friction is u; = 0.07 .
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Figure 3.6: The freaquency f, versus coefficient of slip friction u;. The points are
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same as in Figure.3.5

50



34 &

ill]

T4 AV REOIRE) & A 7GR, YR ERNIZ L d 5 HAH S e Ao
Tzo BMEY Iab—Yavizdd e, RO LTT 4 22725 S5 0WERMATIE
FEEDFFGE LR W Z E A S e R o7z, ZOBRIIETOREERHNLE I D
EEIZHLLTWS, T4 AZPRIR E2E5 221280, RKED»SOMHELT
FIVF DR EINTNWEZDTH 5,

51



SCHK

[1] T. Miiller, D. de las Heras, 1. Rehberg, and K. Huang, Physical Review E 91,

062207 (2015).

[2] E. Falcon, R. Wunenburger, P. Evesque, S. Fauve, C. Chabot, Y. Garrabos, and

D. Beysens, Physical review letters 83, 440 (1999).
[3] J. Olafsen and J. Urbach, Physical review letters 95, 098002 (2005).
[4] G. Briand and O. Dauchot, Physical review letters 117, 098004 (2016).
[5] D. Yamada, T. Hondou, and M. Sano, Physical Review E 67, 040301 (2003).
[6] J. Deseigne, O. Dauchot, and H. Chaté, Physical review letters 105, 098001 (2010).
[7]1 H. Wright, M. R. Swift, and P. King, Physical Review E 74, 061309 (2006).

[8] Y. Kubo, S. Inagaki, M. Ichikawa, and K. Yoshikawa, Physical Review E 91,

052905 (2015).
[9] H. Moftatt, Nature 404, 833 (2000).
[10] P. Kessler and O. O’Reilly, Regular and Chaotic dynamics 7, 49 (2002).

[11] D. Ma, C. Liu, Z. Zhao, and H. Zhang, Proceedings of the Royal Society A 470,

20140191 (2014).
[12] L. Bildsten, Physical Review E 66, 056309 (2002).

[13] R. Leine, Archive of applied mechanics 79, 1063 (2009).

52



BAE EMR  ZHEERFGITEE
LT

41 #S

A, DEYEORRITAN, MZRERL TV AR FI2B 28R
TREERIZBR L TETWS, LALAATS, BICEMBE BT 57210 Tk, il
DRGERTZEMT D Z 3L <. BENIHMBLT S AT L% 3 Ofliao

MEEREDAREIZHES Z & id, SRIERSI N RELFE L > TV D [1-3], M
IR CIE, BIZZ RV F—DHEEMTONTE D, 26 ST L 0 B EREH T
NI I VEEZT-> TS, TDOXIREENT, 7o & EE»E
Ehbd, HThH, EERES T TH S DNA L, KEHEH TR 72 coil PRE&IZ
B0, RMESME T TP 0 B E N TRRIZHENR U 72 globule REE & 725, FFIZ
FAIFDNARK R —FVROBFHEEEZ L5 Z eAFMoNTWDS [4], BAEDAE
IR FBIETIE . R0 BEAEE X0 3 T B D K D AR R IZ A U 72 HEED
HAWoNTED, ERDOES RBETTOERD S FDH 2B TOBEIINET
b5, FEEEYPERAEYOMBAIE, 1 mLH12 0.3 -0.5 g4 DEEKRD 713
TS HREMUZER LR TW0DS, AR TIE. TO XD REMREZ KT 5

FEMDOERBRRZZHES L, MR TIZH 1) % DNA OZEENZDOWT, kD fik
A& IR D FIETHR U7z, EEOMBEATEZ > TWAEKRT2EHId 5121
NRIA—=ZDOHIEPHEL <, YHNEREITAD LS RERNRT — R %352
LT E RV, AR TIEem AT — )L TO MR ERRA L U THEAEMTH S
SEHEDOR—NVER—INE2Fz—VRIZBIF R NVFz—V2FHTS, Th

53



SIZINA 28D 5 E1Z i3

EfkEZH WD Z &I U, AR TIE, ShiEikE) 2
AWTHAD S E2BEHBL LT T, @0 FE2RB LRV TF 2 — Y ORA

EDEILHEEEZDLDDOMNIIOVWTHAEL, REMOERET V2o, MO

=]

EREREOARED i 2 Il Z & 2 HME L7z [5-7].

54



42 REGE

42.1 HERIRBEBOEEICDOWT
Hip 5 XD

R0 BRI ORI I, 1 mL H1Z 0.3-0.5 g MY DR S T D3FIET 5
BMULRELR->TWS, £/, MildNOED 3. 2 F PR ICELMIC
HEEDLIBDS S ITLEEEZT. AHUNICEF T2 7577 VEFBEZE %5
TW5, SMEAAIIREIT 2D B2, #HEOKRE2EL T I 2FE X5, R
0. BRIZOTHLRAKELAEED ML S &, BRFELIEEZE U, EEEHN I 221k
ORI N, BRIZT VX LICEEREE, 2O XS ITHRERIIC L DD S 2K
WTHILT, T I VB E{ToTWAERET LI LN TE S5,

HRRME DR

—H 5 A DNA X, 100 HEHEIFEE D DNA 2 3B WL LTS5 £\, 100
F RS LA ED R\ DNA 73 71323 2 ket & UTHEE 2 RS, 2OMWEIC
HHU. AW TIE. HOWHATIEEL, BV e RIIZHZ 26015 5 R —
Frz—Y%HAWT, DNA O &S Bk O &S 7268 2, ERD T CTRMEL -
MREEREE 2 B9 5 72012, REMEO/NREC (EMEE) 26T 52 2T, K-
VT = — VRIS D IR MR AR M & MGE U 72,

55



43 ERty N NFTY T

BRNIZAR—IVF =2 & R—ID2FHZ AN, F—NLFz—rBLOR—I
DEAZEIZ24mm & Uk, £/, BAOEAIZ80OmMm ULz, £LT, F—JL
Fx—2%DNA D& S BRDOE ST & AT, R—IVZflaND & > 787
CORMZBLZO0TEADFLERITE, RIZ, A=V Fz—VERIVIEDS
TEHGZ57-2DIZF MRS DOTRIVF =N L5, ZOI 3I)LF — IR
#% (Figure 4.1(a)) o it U, #kE# % f, IRigZ AL L7z, 22T, ZET BN
FA—RER/NMIT B, f=60Hz, A=250 um &[EEL, DK
t%. RIKEN KEISOKUKI @ JIS A #§#it& 0.02mm/m DFFEKAEZR LRI 2 W72, i
HjlX MULTIFUNCTION GENERATOR TCJ## %% &, POWER AMPLIFIER T
25 % MIEXH T, &S VIBRATION GENERATOR (513-B ) 12535 Z &
THEIE/, 72, MHE PICK UP 2 AT D (1) 2 Z & T, AERDMIHE
FERFHIL 7z, 72720, NIE#HEPICKUP DEIIZL D2 BRBOELDOTNEEET
B7-8%, HMEEZFHAIL 72402, MEE PICK UP ZHU D 4h U 7=,

56



X
7. 4

.

£\

N

li ﬁli 0%  20% 80% 40mm

Vertically
vibration

{ O - Pl S
N7

¥ cut
‘ (P 80mm Balls )

Figure 4.1: Experimental setup.

57



4.3.1 EERFIE

FEM 7R EERFNE 2 DL IR,

1. BEIZR—ILF =V R, R—IL ANhb,

2. Mfkdr 2 AN O FNEIZ X 0 IREI 2 A 5,
(a) FEEKHELR R 2 -V THRZ KT S 5,
(b) AW ZHRET 5,
(c) A= ITHEHEE PICK UP Z2HUD (1), #k#E12RESIED,
(d) BEOIEEZFHHILU RS, #Hid 5,
(e) NIHENEERTHWBMEIZHEEI Uik o726, MIEE PICK UP % H{ D

CAR

R =L DMABUZ & 0 BEHNOREMEZE 0%, 20%. 80%& 3> hu—)L L, FHI,
FIE2 28 DKLU 7z,

AR TIET 7 A I FDNA Z2SFB TG AEEZFPRICULZHBE L, 275
7z OIS 2R U 58 2 R U Tz,

58



44 R

2FEHOMIRMEICEWTREMRNZZ A, IREIZ 5 ZBOR—VFz—2D
RFE1Z b % Figure 4.2 127”9, Figure 4.2(a) I$FJHASRMETHR—IVF = — V Z IR
U724, Figure 4.2(b) 3#IHiGMHTCR— LV F -V 2HEL LGE&E2RT, &
o N7 EEAER % circle e M, B XORERICOWTHT 217572, AT
AR D circle £ - {1 - REIROERZ A FITRT,

. circle B.AR—NVF =V 2HBIZUEZBOZREH, AAIIZEESATFNTVWS
Fr—rDiEhrob rHE—fHAnE L& T5,

2. iR AR TORIZ., R—NLFz— PR EE VO, HOEER %
HAHWTEH U=, HE=I/R FR—NFz—UPHEZETHEL Lo=5E813,
R—wd L, #i%IZ 0& L7,

3. EHiE R =) F =z —2rDimh oo E TO — sl %2 EAREREECEHHl U TEd ok
L7z,

59



(a) 0%

20%

80%

0Os 60s 120s  180s 2408 30mm

0s 60s 120s  180s 240s 2omm
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Figure 5.1: Experimental setup: Candle in a cup.
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Figure 5.2: Region of Interest of candle fire oscillation.
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Figure 5.4: Time-space plot and frequency spectrum.
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Figure 5.5: Space-time plot of small containers (a) Shape of flame when amplitude is

minimum (b) Shape of flame when amplitude is maximum.
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Figure 5.6: Luminance value data and frequency spectrum of small container.
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Figure 5.11: Shadow graph shooting result of one candle and PIV result.
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Figure 5.12: Shadow graph shooting result of candle in glass and PIV result.

INKERN DB YY) 7 D REFADK[GIE, KB FZ EAKTIZT S W N ESR
MBRSND, THITELIPIMALULZBIZKREPRELSRDE I LRI o7, £
e RRDPRE L Loy, BZETRW EFRKQIRA 725 & KKIFT IThE <72
LHE Mo T,

79



55 S

AAFGEL D, BERVZVEEIZEVWT—AROO Y Y 7O KEITITIRBIBISRHFH
BET, BEPHIGEBVT—AKOT T Y 7 OKKIIRFRAFRET S Z
Eohot, OV IOMBEDA =X L% -85, KEDFEFIZIX, WO
PUAGHE, BEOE, KEFAFOKRMEBLTNDE Z LARBI NS, WD
ERMHEE, BEEOZMIZ OV TIIRBEOBIZHMIBIC k> TRibE iz
DIPRFER LG TRA T WS, ER L 72KP ZBIbBRDEZET 5 Z
EINTENIXMMFERKISDF S SHERN AR BEITENT 22 LW RETHhH b L H
Z %, WOMBITO Y Y 7 OEHE L > TR 20, HHEROENPZIT S0
BBEEORIZL->TEAL TR EEZOND, FEHlBRIREIDY) XLDA =X
LF. WO BRPHFLHE, BRADOE, KEKFAFOKIRIZ DO WTENE NDRHZ
fLIZPE S BRI RFHII A TS 2 2 IZ KXo TS 2D TR VW e FREI NS,
ZonuvwY 7iRETOREIX, BEITFEL TWAYTE R X IIRZICHMETE
TWRWIZ L ZRIEGOMEITH 2D, Z OFEDMIHIZEMRDIERX, i
TOBHDOP VELY, HREEP LMD Y XL Wo2Bl% %, fEkLD
R TH O RN S, KEE2RWZEIBRETMIZORNREED LIS,

80



SCHK

[1] H. Kitahata, J. Taguchi, M. Nagayama, T. Sakurai, Y. Ikura, A. Osa, Y. Sumino,
M. Tanaka, E. Yokoyama, and H. Miike, The Journal of Physical Chemistry A 113,

8164 (2009).

[2] R. Kapral and K. Showalter, Chemical waves and patterns, volume 10, Springer

Science & Business Media, 2012.
[3] A. Winfree, The geometry of biological time, 1980.
[4] T.Ishida and S. Harada, Kagaku to Kyoiku 47,716 (1999).
[5] M. Yoshimoto, K. Yoshikawa, and Y. Mori, Physical Review E 47, 864 (1993).

(6] H. K1l and 5. &, BN o HEZ/NMIEESEEE 2007, 8 (2008).

81



F6=Z —49FDNADENLEEMEBEGRDL
53K & 5 DNA O YR

6.1 ##=

IEAE, DNA O EiRIEE DFB I L ENEP T H I Wa®, DNA O—47
TBIEMTOND LD -oTEZ, ZD XD H—4 1 DNA DYz DWTIE,
JE Uy b &AW THEMN LT DNA %251 55k 5 8RR, MWFEEEIZ DNA % i
U, WEZRIS &5 BIZek EBNfThbnTna [2,1-5], L2LAARS, ZhHd
HIE HEE, BRI ZEIIU 726552 & U C DNA Of&E N 5 AIHEMED B 5 550,
WEAF- D 151413 DNA % [E5E U 72 0 FRNZERICH LIAA 720 9 205, BRI D DNA
TEHIZENT DEREE NITFES 8Ty AKD DNA OYMEZ I TE 7213w
WEEWN, U723 T, R TRBICKIE NS 2 i 5 12H 72> T, DNA DYtk
ZHEBRNIZEDEVERETHMT 2 Z 22RO SNT WD, A TIE. DNA %
i, FETEHI LK, DNADT I U VEBICHERIND DS E2FHT 5 Z
212 & > T DNA OYIMETH 2 N30 X 28— Ky % & mIIZ GG S 5 k% Bl
L. AT %47 - 72,

82



Figure 6.1: Time lapse picture of DNA (t = 0.3 seconds, scale bar is 0.5um)
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Figure 6.2: Time development of major axis length of DNA
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