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Modeling friction in granular Materials

Hans-Georg Matuttis University of Electro-Communications, Department of
Mechanical and Control Engineering. Chofu Chofugaoka 1-5-1, Tokyo
182-8585

Alexander Schinner GeNUA mbh, Raterstralle 26, 85551 Kirchheim, Germany

We are dealing with friction from the viewpoint of granular material research, where Fig. 1

heaps can maintain their shape only in the presence of Coulomb friction.

One of the elementary problems in computational mechanics is the determination of Q
static/Coulomb friction between contacts of a non-holonomic particle system.

Typical examples for such systems are aggregates of
granular materials like sand heaps or silo fillings. Fig. 1
shows a simple non-holonomic system with Coulomb friction

as a prototype of a granular configuration.
The "stick-slip” oscillator in Ref.[! (Fig.2)

i + 2Dy + psigny + y = A cos(wt)

Fig. 2

is solved as a differential algebraic systems and a Runge
Kutta type time integrator. One of the results was that
stick-slip could occur for the parameters D=0.1, u =4, A=2,
w=7x and the initial conditions v (0)=4, x(0)=3 if the
coefficient of static Coulomb friction usta 1s chosen the
same as the d This occurs for many substances, especially
ceramics (tables which only give a single coefficient of
friction can be found in Ref.123]). As the mass and
Young-modulus of granular materials leads to a
certain step size anyway, in this case the use of
integrators with constant time steps is preferable.
We have therefore recomputed the problem in Ref. [l with constant time step and found that the error was
negligible, and that the stick-slip for wsta=pdyn was still preserved. Reference runs where we set psta
=1.1 * uayn showed no significant deviation from the original results.

In the next step, we applied the method to a coupled chain of stick-slip oscillators with 20 elements (Fig.
4), and for the parameters m=1, spring-constant k=50, D=0.00001, n=0.3, A=.1k, w = \/(k/m) And lattice-
constant a=1, we found that the last five particles do not move any more for the implementation after Ref.l1,
see Fig.5. In contrast, for the naive implementation, the last five particles still move. Reference runs with
the static friction model from Ref.[! gave good agreement for reasonable choice of the model parameters.
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(ZFED R&E22Sy BBl STV DM, F72, Fox BWET2Sy OREHIKIFIEL FI U & 5 iR R, ©=r 7 RT
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7T ZF TR L 72 Sy OMBERAIEIRIL, BH 7 7 2D plastic flow Tdh 5 LR L CE 7z, & ZANFELL
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DRZ X LB ABLUIFONTEWE ERE WV, CDIIR L Strip BTEIR CH LN RE) % i35 & |
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Fex OWR 7 7 ZAZRTHE L L 912, RERMCIEREAITANEAD & 5 12EEE (elastic flow: Sv /) L. &
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I IRBISITBR I, 2 CREL N RERITERRL S X R | Bk SRR Y T AIREE L plastic
flowIRHE D [ elastic flowREEFAET 5 Z & ZRIE LT 56,
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Figure 1: z-A§ curve. Figure 2: Topography.
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LN SER TS VI EHRLOTH D, FxiXZ DL ) R EMREE 2% GEE LTV 5 CDW I,
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CDW 2 HAT L Z LM biLt T 5.

A TV ARRBIRELL BT, RBH A AL 2 BIIEFVINEEIZ B L, 4 — 2OERINRRNLT 5. 2t
L CHERRBIRELL N CIE, LEWEWLL LT CDW BNiEE & 45D 572, BIRSEMN LIEA — LMRE L 70 5.
ZOREBIZHR 488 nm OFWL—Y—HEMFNT L5 &, LEWESTFEOBRMEI N 5 2 & 3@l s
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fExE-7-%, @EHMTErIZ#nET 5 W 2ok 57 CDW OSN3 2 M 2h RITRIR T LT
LT LMD, TN—T7 B XTSI TODIERINR B L1385, UTIORT IO RA D= AL
KFoHrbDEBEZLND.

LEWELLITTIE CDW [IE UV IEDRT Vo v WIS TV DS, JEIREHC X - Thibid S v ekr
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L CCDW ERAEEINT 5. 2D & ST S5 i1 OFIGIE, TOMERLFHUTH L TR L E 2~T% &
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D YIRS & BRI OFAEAER & W BLE D b EIBRREVES A It b0 e E 2 b b,
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21CP66.
[2] N. Ogawa, A. Shiraga, R. Kondo, S. Kagoshima, and K. Miyano, Phys. Rev. Let. 87 (2001) 256401.
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pmfEETHD Z AR ST,

2 BB 1D 7T 7T, HE Ceo -7 77 7
A MH, 2/ Coo -2 7774 NEl. 7T 774 M-I T 7
7 A MEOEERE 2R, 28 Ceo TR 10~15nm @
N A LT

% J8 Ceo HERILMTEE ORI & BB LN+ 5, Zh
EA Y AN 36T D EEARRE O L D5 b D EE RS
nd,

HE Coo KO E . ME 10mN £ TOEEEE L 2mN &
—E &b, ffE 10mN LLECEEA ML, 20mN 2L -
T 77 74 MAlL L RIfk e BB 2R Lo, ZhILH
J& Ceo HEIREDMEEE, FIBENE L2/ TH D,

DF Y Ceo MO BEEEFEICITBEURTFER H V. HET
DEFENNIZED 55D 1 LIFFITNS VML 20Tz, 2D
ZEMBF ) Az THOLNAERTH T T —
L > Ceo 2y DMK E L CORBMEINR S LIz,

36

EE

=RETAITEEE (SFA: Surface Force Apparatus)

ERAER
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WH T L= DRFAT— )V TDRT 4y 7 A v Pl & M2 TRSILTV DN S WEERE L AEBLShT,
HIE L, 7 V=27 EERDBLT IV 7T 7 7 4 PORBEREIZY L= Bl S, A7 4 v 273252 EREA
T, BEE, 7= NOZFEDOY A METHERDGZIT D MR | BEEAOBITHHE LAV, 71 —7 DKL
HEBNDNEL 25 2 LIZkoTna,

E HITH 2 TEVEE ) OBREN T 7 DN EBD MU TFAT IR &L 7 =7 YA RITRT D IR & A
WD =DDME EFF7=.

o/ SR TEBUKAFHE
— W E A [ E Lo a . BB ER O AW T2,
— NKEHDEE SNEOEM/NSWIGE, BEER )6 BICRIIRE L, AROEBEHEE AT, ), A
FEBNRE WS, BIEEIIEEOB I, BB L #0113,
o7 L — WA RURAFHE -
— 7 L= YA ARREWGE, BB I E~SUBIEKE L, AROBEHREL AT, i, 71— A
RPNS WA BEBI IR E ORI, BB LD H< 012 <,
INOOMHEIT, BIEENE 7 V—r OEHORGR, mFEEAEMN LB S ROMIOFESICLI VISR ENhD
T LU= BHOAT 4 v 7 R v FEE) & WEAWEB OB OO " ONGFETE 5,

1.57—e—Fy x
—A— Fg x

Loading force l B Fpy
constant ey
velocity |
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F[nN]
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Substrate
X1 A ORI, X2 : BRI O ERTE, Fro Fs, L
TN ENENEER T & B KERE
BHEME, x &y XEETIH
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LA 2 It Frenkel-Kontorova &7 /UIT & 5 BE OIS

Bokpest IR Bezm, Il %

B BEOMTIZBWN T, WHMRET LD 1 2L LTHITF LD HDIZ 1 RITD Frenkel-Kontorova €7
N (BLFFKET) bbb, Ziud, BV H 95 2 00KEHIIBWT, —HFOHEZRTE 5 LBAAR TR
U7z atomic—chain &% %, £ ® chain 3% 9 —HFOMEMPES sinusoidal 72K 7T > ¥ ¥ LD L& T L -
TEEEFhENAD Z ETHNTNS EWVWIET AL TH D, ZOEFTNTIE, —HFOEREILD 2 T OREIZHAT
TN EEZ DI, AT MEDOLDIIREEZ D Z LT, —J7, RJIE, JIa- sz k-
THEE I two-chain E7 /UL, 1 &kt FK EF/VOIEETH D . WG DK E % atomic-chain & L TH-
7=b D Th HhlE,

FEROETVTNTRS 1RIGRTH Y VB FHLSO B HEIXERY Ao Tihvieny, £ 2 CHEIF~
%, tow-chain E7 /LD HKRARILEEL LT XY FEAND 2 DOEBEEZTD ANTZET /L Th HIEIE 2 kot
FKETNEEZ, v a1l —Vvar&irol,

B 4% 5 EE G RSUTLL T O X 9 IcE T 5,

mii; j + my (u” — (t:5); ,]) = K (i1 + i1 + Ui + i — 4uij)

N
+ZF] (u,-,j —’Uil,jl)'l'Fex

! 2l
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mTER, yERORE SE2EDEHT A—2 K ITBIEEFOSRER, wi; & vy 1 3F0Eh (4,7) FH
ORF-, RO TO (8, ) F B OR T OMEBEETH D, <>ij TR TH Y, FriZ o v
YOk 706 T HDHAENEH., Fa i3S TH S,

FROET ML DHEKY I 2 L—r 2 VofER, FEEET), BIEENZNEICE VT, ROkl &
LEEBTI OB OEVWP LN, 2RICROEBEET X, WELZ/NT A —F —FTlL, 2 TOREZ
BOWTIRIEROENLY b/NEfEL 72 oTe, £, VA P—HOMAERZRELSTHIEICL-T, £
WO ORI R EN NS Ipole, —HRKREFIEEBENIX, VA P—MHEEEAZRELTDHZ LT,
1D>2D 75 1D<2D &, K/BIRN WS 5 Z L RbioTz,

PLED X ST, ZROWRTHEIZ X DR OFEN X, VA Y —ROHAEHORE S L@ BEfRLTWS, &)
FEE N OWCUIEEN RIS X BT 72 Tk & OV CLUIRRERIEEEE IOV T L A Y —N TORi D
PR NE S HITHELSHARD Z LIk - T, Tz 5 OREH%OBETH 5,

K10 Mzsdmum Sizic Fricionsl Foros, Ks=2.0
oid 2 T T T T
LRE Er
1.6 F
g o 1.4k
s 5l 12 F
: 1"
E 003 L 0a F
T oo 0G -
nm 0d r
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o ] ] ] ] ] ) a N 1_.--I"I ) . . .
a ot 0oz 03 04 05 Q3 07 0z 04 06 0@ 1 12 14 186 18 2
Valocity Kl

1 BN O R AFME & Rt K BiE, AT RFFIEEE O K (LA Y —RMHAEER)
AFME & eI L D E N

B IR
[1] H. Matsukawa and H. Fukuyama: Phys. Rev. B. 49, 17286 (1994).
[2] T. Kawaguchi and H. Matsukawa: Phys. Rev. B. 56, 13932 (1997).
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(CRTDEHERZOMAIL, TN OMRA RICHZFERT 5 ETBREARARRER TH D, LIPLARRL, Zh
O EZEREE N2 2 BEBOMEIEZ IIThLTE b 3, BIGOARE OBFE-CH BB OFEEHIE RIS
HAILTULRLY,

WEFFERTCIE, IRAIRED R D EAEMERER 19, =X~ L —H—CLDRELH 9, 7 b OITHEaLE
1 KRR OHIHE S AV E M ERERL, D 3 DD FEZ BRI L CTHEIO R rHIE R = 0L X — ZHlE L
BZEEREE P ISR DEEERARE L OB ZRRD Z LIC L0, MR RESD Z L 2RlAT, S5, Mk
H. AL PRI Z R U CH S DR 230B 2 /ER L, ML S OBEEBIGIC B 2 D8 2T~ Tz,

WFZERR D —B1 % BUT RS, BALAR U R EBOEEMBI ANy Z a—F 4 o 71T L0 REPIZAE T 5 NEG T
Zh)H—& L, BZEH(104Pa) TIKIE T =— /L & i

b AT k0 BRI LI LR RO T ) R 3
AL, in situ TLEM AMVTvA 278 b T4K sl ]
0 U—lEEIToTRERTH D, 673K LV @i aL E sl )
FURIE T, 2 SDRE DEREHAE AT HHANE & 5

no. ChiE RE~0ELRYRS S BKoR S § '
RicoT, ik vk L MORABEORES 2 § M *
SOMENER SN =D EEZ NS, 673K TT = osp ° l . § 7
== )V IO R O—HIL, BEEAE (v) 04 yr e = e i

MK 0.02 &0 | BIREBEIASPEIH L TWEZ L
Nbohotz, DFV ., WNEISHERWTZELF Y E

Heat Treatment Temperature (K)

EHADIRAIREEZHIE LT/ AR AR 4R, ZALAR YR —FRAHERO T =— VIRJEE OE
KBRS A2 RS GED 2 ENARETH B = L BR WT & B BB OZE 673K L BT, Zo0
hi-, FEIRIZ Ay DL D)

ARFZ1E, NEDO |2 & %Rk 14 4215 S Al
JEBREEIC LV ERSNE L,
(1) M.Goto et al., Thin Solid Films, 405 (2002) 300-303
(2) M.Goto et al., Applied Surface Science, 185 (2002) 172-176
(3) M.Goto et al., J.Vac.Sci.technol.A,20 (2002) 1458-1461
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InggE FHE. HTH

TEmon FHB L OB DR DR TH 5, 7R, TV e ZATA Lo Te&MmE LT, ¥
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D X 972 soft material & L COMRRITIMATERZEDTEY, I 7ufl by s akL-ULE Tx
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INLH~ 7Pl UTRIET N0 BEICER L, 2OMEEZED TV D, Fx NWEBRIZERT NV — T T A
FEIZIIT 2K COFFIEEEE) A RIE LIofE R, 1) BB TR M O < &S TMT 5 i) g
DR A 28 2 CHAREFFHICE T e i) W & T _REFERIIRE <25 (Fig.) 2 &nanoi,

ARHETIL, KPR DEOERIFFESEIRIC IS T 5. ERT VO § R ) ORI R TTE 2 31~
ZORERE Fig.2 (TR T, o HHEMR te & BRI # 1L EERE) OBERFERTEIEN K & < Bb D, ZHuXEmk
RED DEEBURIE~DIERBIC L B LB DD, 7o te IIMEICKFE L. BT OBEMEREICKTE L2 &
Boymol, ZOZ ik, ZOWBBRFEHMOELR D307 KD squeezing BlZ L L CIEfiATE 222 &
R L TWA,
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K | BEOEE 2 17 LS E 5 72012 o —2KO M2 TP, o —I138EM & D5 ) THEMRIZE]
TAENTLEV, BB E ONFET 20 HT 2 LT TER0, ABFFETIE, SRR S Ok E
K & FIFREE & CREOME A2 TIPS e i o h— (X 1) )
BBIR LW, BERSORE LTI, Si00D)EE LIcWs L= A | REFLECTCR
Ceo 0 & HLY EiF7=, Ceold Si(001) D 2x1 FA§ A1 D 7 '
PEICIG U C, ZORBENGTIICE Y KRELS B D 2 L NHRE
STV, WETHEESEZEEREE CEaEST 5 AFM 2£EICZ 0
o2 EEE L, FEHOO b FVER TR E OB O
BERAE 24T N2 N B 2 OIFRHIIE ORFE IR T4 Ic 7
< BREHEER L, HIENCERE L & W RS DS E 4y 1Bl
THRREERT 5 2 LIC ko TiTbh, {2125 728 1 B v —
MURNBER LD b X VER & [FRGHI S 374
HIO~ B 7 EmpRT, o3P 2 @IRT ¥ A ~—FigE DR TRE 24 v B ZHICEINTEY |
ZOEE L LT 2(0)D & 512 2-3nN FREED A1 7 REEG M3 st Sz, Ceo OFMEIL. J1OHIN
FHIANZH K523, 40-100N/m & ENTWVLHDT, D FICERDNTCHET RV X—IZ L0 5+ BE+ 2 &
FTAUE, 2O L ZWVMEIF 0.1-0.7eV EE L W5 Z 212725, Ceo D Si(001) ~DWFEIZ DWW TIILFERAS T D
ETDMPAENTHD, SHITRETA M4 :
DDHA v —THENTZHFREDF NI A b
THDHESNTVDHDOT, FEARY Mgk L
BERLHRETHY  FMH1AKED D720 X
b F— TR A T R L F—IT L B
TR VRN LI D, 2k, Rifi ETO
T DREBDANY T — SR D ZF T R T
RV ZRIE LTV D ATREMEA & 5 (2,
AT, PEEHARR AT O/INAREAN, K2 (a) bRV EGEE OB 5.8 nm x 5.8nm
TEAPERS & LA T, Hr— 1L ¥ — « FEERINR A B EMINEDO) L W 3BT ES =D ThH D,
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— 10pm

[1] M. Kageshima, H. Ogiso, S. Nakano, M.A. Lantz and H. Tokumoto, Jpn. J. Appl. Phys. 38 (1999) 3958.
[2] M. Kageshima, H. Ogiso and H. Tokumoto, Surf. Sci. Lett. 157 (2002) 557.
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SERIMEE R T Z EDNHIF SN DML T D, FRICHRE I
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7777 A NERED ‘He WAERORERREZK 1ITRT,
Kb~ A 7 10 /NT o AT, WAEMREDEEEE 13800 U R R E)
WCIBTEL < 72 5 ERIRIRB B L H L2 5, HEE T3S
atoms/nm? TOILIRIRENE O LH1E He WA EIENIZ
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HIRIEEN O LA 134He WAERO RmEEEORIZEI Y XD T e,
TN 572 B2 DH T ENTE D, ‘He WAEFEDEEE S T HeREROTHEE R
R CHAT 5 = T RETH~Y b T4 i el Lo T atoms/nt T2
SNTWD, F 2T OGN 72 LIS BB 1 2 1E 5
HERERTHD Z L ERET 5,

2ICHBEE LK1 DAY v FBMGIRE Ts & BHEhEE
Te OBRZ R LT, P OEFIT ‘He WA R A& D 5EHKE
THEEEZRT, £z, RLIUED 2 X 2 EENEE O )
TRLTZ D KN LRE A v TBMGIREIL 2 E%E = 1}
i D THI 5 B CANE R | S 23 b . TE ORI TiT 2 )8,
3RFED ‘He WAERSE 1 BIINEGEMTHL, Lo
T, WA D FUmi B & > TR HE T 2 W AE It E D A3 H ol .
FEROTIE R MERSEROMIE L bEEICHART L% 10 30 40
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Pk, 757 7 A NEBEDNY 7 SRS G RE 2 R i M2 WEELAY v TORIGREE,
ER A R 2 E BB ST o T,
1) C.Mak and J.Krim:PRB 58(1998)5157.
2) M.Hieda et al.:PRL 85(2000)5142.
3) P.A.Crowell and J.D.Reppy:PRB 53 (1995)2701.
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B L CEERRIFR D BIGRIZ & 5, S ) OFHIING & o T B TR BN 28 B3 2, 2 0 K 9 Ze B i o sh X,
PR DI 72 & F | WEHNEER, MFBEEED FAL VERTHL RGNS, BEREICBT 545 0EME R
FOBES A & RN O RTERME L BRI L > T, A JDH & T RAL UEFUTEMERER 2”4, —,
PURBES DY 1 KRR & TRy, BEREIC 0T DRG0 F ORI L Ff G2 5, 2O X2 R mIZHIT 5
- DOEENEE 2 D & WS OEE L, BEAR O MENE - MEEED 3R BEEGEE) & IR IHERL R
MichHdENZD,

WEREES T ORI E (BB 1%, EBBAART ORI TR KfFT D, MmN DOGHT Z & ISR %
ERDHIEICED | ZOFFERICE T 22D BERE TIER<HEROFRTREZ TV Z e /A LT,
HUTE ORI S 7235 5008, FREERERI O BN R > GEEEIRA T2 28, KR TR S5 & FRERER o1
MNP THIZE S TOMEE X DT IHEMT 5 2 L& R LT,

B ORERE S &I, EHENEE ORI EZ T 2 E T L & LT, MmN OELIUC X > TEEI N
FATDEVWIETNERET 2, ZOFTNVOELGEZLUTIZHEET 2, 1) B mEOM LK LEENZ L - T,
AEEPICELNME LD, 2) FE LIZELivE, FRRERFRIICB W TR LEIET 5, 3) L2 ididZniz
EREEITHNT 5,

ZOFTIVE o T RHEREHE O R LR TOBENEIZS X DR OENE EHMICHITH 2 LR TEX 5,
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Monte Carlo analysis of domain-wall motion in random media

| WN iy & RAK SR
Hokkaido Univ. Ai Nakano Koji Nemoto

Model : 7 > &% AEE T 2 FEEINC OV T LA FOET A ERAWTEY TR Y 2 b—1 g VBT T2,

1
H=—3 sisj—) (moi+H)s; , Pl)=_ew(-n/a)  n20.
() i
s; : Ising spin (KA E') 0; : Ising spin (A ')
7; : random local field H : —#Ri&5

ZDETMIo ik T X LCEET S E . Random Field Ising Model (2—%d4 %, ZZTiE., o lX[EE
L72WT, sik 0 BRE X i CHEEBHMEMICHE L TV D b 0EB 2T, B TIXL KT, EBoimEz
FHNZ & v, xHm &y FraI3EMERE M ZRT, £, FO&K EEIE si=1, & FElE si=+1UCEEL
THmEE->L %,

Simulation:

1. si, 0 T XRT-1OREPORY; +H 2007 T, RAVCZHEH L THREZ RO LEICmT C#hnrd, —E
MRBEICHAL S EHT 5, CLTFORRITEREEL L T\ D)

2. EHICELZL—H OGENT, TORBIZHLUET, ZoOk, ZHBEKD,

3. ZHDFES TWAHIRRE TG A T 72T LIE S < FRO(EERER) . +H OB 2 00T, BE, Eficm
T CERNT,

4. PR A2 EZ 2N D3 MR KT,

Results and Summary-:

TIME va VELOCITY (H=3.2 - 3.7 (0.1) T=0.12 2z=0.1) o0 m-“m-l’w‘_‘) T=0.12 22=0.1) m; i m'm-i”wmf*l'ﬂ" Te0.12 Jr=0.1)
HWHﬁﬁﬁgg%, R ’th::: |
2258505 l';:i’:*. s .
§ g, g ™
ll"li g w0
‘iii;. " "ﬂd e
= . - T
B 19 B D FFBEIRF M A7 [X12: Z I DE5 O FFRE I MK A7 [ 358 EE D = T DEUKAENE
1. HEORHFERFMEAMERK T L0
vty , v=~0.01~0.05

EWVDFERDPE LI, EMERNTITERE I 8T %, Lol Bbhic v OEIEFBRIZIE N TU10fE

EhEL ] ERMEICITELEREN KR Tz, Fio, HENITHOBIIIR SN TS ZE bbhoT,
2. THOEOFHEREIKANE: ZHHE X680 5 £ T H IR,

Tmin ~ T0xP(AH/T) , A:E¥K
Thod I eprmsi, M2 OoflNsRmEEEZbND, 2Nk, ZHOEn®IT,
ntyxt™ , v=TlaA

EREDLENDONY | THOEEEEDOEREG DY TERD L WA LHRRFH# O 7 7 12irivth 23 % 5
W DIX, D ZHDOFHEERFRKAAEZ KB L TV D Z BTz,
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VEIRE & 72 &N 5. ROV O%, ToEBENEED
B, TREH ETTHLEHE L TOEREPLOFHIE"TH -
T, a2 zii~o &, AP (T AT (F2) ok

WCETETMNL< oo Tp <. Z 2T, Bl radial F1m)
p,ﬁ%izﬁmf%é.:@%éﬁﬂ\“E%ﬁjX@%1”
T E 278, B bAEERNIZ BB N E Uz b ) &
ThHhsH. ZITOREE, FxBWETEEZ LML 00
EWVWHZLEThHD.

BE R

[1] K.Doi and Y.Natsume, J.Phys.Soc.Jpn. 70, 167 (2001).

[2] K.Doi and Y.Natsume, to be submitted to J.Phys.
Soc.Jpn.

[3] D.S. Hall, M.R. Matthews, J.R. Ensher, C.E. Wieman
and E.A. Cornell, Phys. Rev. Lett. 81, 1539 (1998).

[4] K.Doi and Y.Natsume, Proc. LT23 (to be published in Physica B).

46

ThE fh, EH M

Center of mass
1




TR FFEAS DO BEZ F31T %
ZPNIN 7= B

B SRR OPRARIT 351 D R R 7R BE BL G AT BRI DN R S\ Tilam L7,

S-S S SO IS B W THUR DR Cp oM H & 13RS FBL T\ D, FRlC, EfMED
WA RICZ V RITEDERE CIIAEETHADRNEE L Y | BELTFICKE RBEARSEL D
LD, FOTOFREEEZEIMEICA DY THEEN M L, FERHICER R SICEEL T 2R
BERER OB ST T 5, sHelI bEENBEO/NS WA TH R ZNTHED 1 mm OF S DR TR
SWUDEERLMNTED, I T, FHAT—Va VBT AM/NENREOFERZRHEE L THER L
L. ERSRIREEA O mi OBk B G O LR A2 HED T 5,

TAR DN BT Z B9 D RRFF R I I BME BRI D=x/ 0 Cp (BMREE 1 B p) MOHEEIND LIERE
R HIVCR, BARICHEET 5 L SRPR BT 2 72 OBMEBUREIIEA T2 2 L1122 b, Lo TE
FRAREREIEIN U, BEARREOE & XD, Lov L, Zhue &< o BBt LR AN N D BREE T O FEBR
IZBRWTHR SN, ZOBBOMMANPED LTS, BEERRef ) KAUTEMREOFHAIEE RKIZ LD . InEL
ST BETE OBILBUE D O B I A TG SN OB IREBE SN TWD, TOFRITE R bk & TN
Do FEEITHSLRICHAL L6, FHRIC AU, BRABGRIC KV 1008 & PRSI DFERREED 2 OFtE
IZEY 0.1 E TRIBICER SN D, L LEE L~V OFUNEGRE O FZEREOREITHRINICR#ETH Y | Z
VE TIHER ) S EEB L ORI S kR LG ST ino Tz,

HIEDORES, BERFURIED sHe ICBWTEMREDmEM S Z R Lz, Lo, BRI TREIY bEZN
INEWZ ENyInoTn, BEA R U TCIR, Bl xOL X — NN E TH I = 2 L X — (B B SR
TEHEHTBEIL, BLOXME CTECHIARIND Z L1 D, Lo TUUBREDBRF T/ 7 KR = 7k,
PERIZ LD TEE HARLEZOND, 50 L2 A, BREOBRP CTHEVER AR L TV D D0, 8l TE
TR F—=REEE I B S LD R PMEN D FTEARHTH D,

Fio, BIEISHS LB COp (BT 2 Ml ERIE S FHiFIR RN, =Tl BIbpEer, =
b, LRETHETP TH D, ZHICE Y B F o & s E S EREIC L VR L, BRI
LMD TETH D,

Ref; A.Onuki and R.A.Ferrell, Physica A 164, 245 (1990).

47



Kl L BEICET R~ A 0T/ Fax—FOFERE

FORRTFAEERANOISET - 5 ¥

80 AL ICHBI LT~ A Z e~y =0 T Hib b,
ZIEFITI o T, ARHER BRI A > TE .
IITEINA s u~wv b, PEEKTa e A
MzIEA LT, 2T a v EES L v o
VINDEWE LT E D Z L Th D, F OIS
LT 1V A= RMLVUTORUNGI 7 —%FIIE
JEOFRESIJITEEEN L THT 7 A NOH AL v TF
TEATIN~A 7 a~ v U HHERA~DIGASC, EEt
27 a U OWERT Y RN T T A BTN LT,
HERIKENC & 2 DNA #2171 > 720, MSHiiE 4 {8 <
N R TR, A~ a~vw v ~DIsH
DEEANRFT ST D

FERNE, SR arofli~vA /e~ =0 FHEITREEL -~ 7 n Ly X2X% ¥ T Thh. BER
260 X7 B DL ARXY AT —VO LIRS TEY, ToREHEICkEIhic~vA7a 7 7 Fa
T Lo THMHE FEBENT S, 2oL XEFiE L TCEIREIT L o AOBE RG] L7- AT A
Xy END. FHOWRETIE, ZOAN=ALZIEP LI T 7 A NAA v F~ b 7 2Bt T Th 5

ZOWED X D1, A~ A 7 mECE TR b E LD &, BTIOENET) & o Te IR O IRFEIZ i
THNEY G, REEDPEE & D> TeIEORBFIILE T 2 OG0B EN 2 H L T< 5. =
7, v A7 av U ORERHIBWTE, =y FUZICHWAERE Y v b (EIK) 2D RT4 (RIK)
IZEZ D Z LT, RO RK ARSI X 25 OBHE 2 RS 528513 e STnWa. FRZ, etk
A DIRAEBAZNE, BEAEIS 2 BN T 272018, B LI 2B 2 8RNI = v F o 7 L TRET 5 L
BRHL BB Y —R) B, vA4 7~y OBEEVITFEAEZDRT v I TEAISNTWD. £,
v%ymvyy@ﬁﬁﬁmﬁwf%,ﬁ%%ﬁﬁﬁ#®%ﬁtwotmﬁmfé&ﬂ%h&<&ot@,%%

oy DSEEERIZ L 0 A L— R7pBREN S T & 72 < 72 B ORI NN B R T 5 EABAE L L T 7. é%’w,ﬁ
W??ZW BWTH, F v 3V REOBREMEFORKEH BT R F—DES, TORFEICEY, Wi
MO N R TRRNEEC R A HEOMELAE LTS, £, SEEET 27 7 Fax—HiZk > T
ZERONEETT BRI 2 A AT DR &2 0. 20X HIE, BESCKRERNEZKRE T2 81, v~/ r~
U TN ADKKINER LD T= D DEBTRE L 72> T D,

AFRETIE, ~A 7 m~v P ORERT a2 &M L, BUERBEE 7> T D EREiEIC W TR %17

o7z

TAOAT U EBEREDIES

Elii&iﬁ?’ﬂtlﬂb F?*fihLJ--E”ﬁEEU&"
(2) ERETORE - BE (BI{FE)
(B FMEHICLSEE (B

(4) EROBEOHR (EHERF)

48



E-RAE BT DR DOBEERR - KE-EETF~I/n s T RAE—
Novel Liquid Structuring at the Solid-Liquid Interface -Hydrogen-Bonded Molecular Macrocluster-

WACKF-Z e E R e T Kb HESE B kL
Tohoku University,Masashi Mizukami and Kazue Kurihara
1LIZC®HIZ
B - T o) ) A — 2 A — NV OZEMIZH T 2D LN TZEIRIE V7 L3R D8 2R LD
RS 2T 5 2 E RO TWS, FTET A A EI ORI L3 e ¢, B o) 7 22
M OWEROYMEDPITE T ETEHE L 2> TL D, Fox I LE-AE 2 W7ET o8B T ER & LT, £l
THGE, A S ARANRIN S HE(ATR-FTIR) WA SRR EZ VWD Z &2k v v U ARmEIZT v a—L (U
VAR UE) PKFRESITE VIO, LRI DY T AZ —ZBMT 5 Z L2 RNE L TE R (T ldkim~
snuy AL —ELEALTND) o ARKRTEI~vI/mn s I 25—
DT L_XVDOXxy T 7 X YE—1 a2 LR EERR
EASOIEHIZ DWW TR T 2,
22703 —) oY S RE—1Y
vraaFh - i )= 2 BSREF IR X ) —v
EE0.1 mol%IZIV T35 nm LA EDOREEEN G517, FTEEEE
DFRFINHEB L7, ATR-FTIR A7 hHIEL Y, U D
RETOKRBREGEN Licmy ) —V T T AX =DM
REN, BRI NI oEOBNTLIVEBEINS (K2) ,

Fomre/Radius (mNim)

a 10 20 30 40 50

FRE ERICES B IO, SNV BB S N Distance (nm)
TAB— L DO TR LD EZEZTND, M1 v ru~kHhr—xz& ) —L2 SN
3. ALERUEETIOY S RA—D AT AFE R o Fem 7 el

U aFY L — B VR 2 AR IZ BT
HFEERIC, KHDGAKBREIZ LD EHERICSRD -
720 FAZ =N RN SN, £lT7/ra—1o

B RV ERE (20mol%ld ) F CTREERES 1038
BlEz, ZHUIIERT O VR CEEBRR Rk & o
FITAD DI D LFIREN, v/ m s T AL —
DENHIEIE DR EEAREIETT VO M %2 XFFT 5,
4 E/R—IHOOVSRZ—DEDIFZERO

7 ng T AL —DOMERREI~DIGHE LT r e
FUoBEBHOWEEZ L OT 7 VNVEBE Y ) ARETEDGEAIELHEEZZER LT, ZHIZXY H%E
20-30 nm THF LUV T, HHEMEEZ b OEAEEZ5 5 Z LIk Lz, LB IERPA Y a— MEIC
AT, ZOHETE, IR ATV AR R MR EORIRE RS | k% 2R G~ OIS 75@@@?5%6
5. 3@k
1) M. Mizukami, M. Moteki, and K. Kurihara, J. Am. Chem. Soc., 2002, 124, 12889-12897. 2) M.
Mizukami, K. Kurihara, Chem. Lett. 1999, 1005-1006. 3) M. Mizukami, K. Kurihara, Chem. Lett. 2000,
256-257. 4) M. Mizukami, K. Kurihara, Prog. Colloid and Polymer Sci. 2001, 117, 13-17. 5) K.
Kurihara, M. Mizukami, Proc. Japan Acad. 2001,77B, 115-120. 6) K. Kurihara, M. Mizukami, S.
Nakasone, T. Miyahara, Trans. MRS-J 2001, 26, 913-916.

uﬂ s

13-18 nm

K2 =% /)—)<wrnursTAr—HK

49



HREMESHREZHWCEREOER

B - B AT HHE

RIS OIEBN R IL, X A DIFAEILE D T 7 F U RED & OREIET I X D RBERE E A VWD 2 L

EVFERTHZENARETH DLV, FTxld, AL LTEESELIAN, KEAHRZ XL —4EE2H 572
77T A KM _E A KA A BRI E S 2 B R 2 O CEBIR O G E T 52 L EDILTND

HEV, BAEHNZ(SOREYD) f LT 52O 5 —ikRiX

V = 2tk sinh (fd/ksT) ----(1)
THZ2HN2Q, ZZT, L IIREEEAEERE. ko 13RENNREr DL 20 1 HEORKE M OMBEEREEH. d
X FEDHEWTEERE (CDIZIFH5y) . ke RV~ U EH, T #HRETH D, Zhid, BENNE LOKE %
10 oo, BiEEENZ T 5L W T AT TIZESNTEIPNTWD, b L, [ & 248K DME Y B4 5] X
oI hET 5 ()R, BEO—EANZRD D,

W ORAETNT, BT A~A 7 m=— FVEHOESENFETE Lz, fREZK LIRS, — IR
EY 7 ORUITL > TEHEZ B D K D IR DRI & 1% 57 T OHEAl A O 72D HEDN W O BB DA T O
BTHHZLERLTWD, Eio, WA IEENZITH & &0 &HE & ofRIL, BERH TR, QD)
CHFICESCHEA LTV, #RER2ITRT, ZORRIT, m%kw7x%Wk@ﬁﬁf®WE¢%ﬁﬁw
TR R R T T VISR G L, BRI TR Lum O RA A AEEDOESERN L2 50T A5 L E
R—E A EIER & R _RETH D EE2BRL TN D, TOME A D R AL 2 ORI RRA e & & il
Wr DR VIR L OFER & L CHRIEEEOE Y EEBZ G EE I L TWDE VI DREbH D £ 5B TH 5,

10.0
12 v X
X
% |
= 08 >
= E
P O -
g o 8
B 0.0 - O
0.4
4L | 1 1 1
1.0 1.5 20 25 3.0 3.5 0.0 OTZ OI.4 OI.G 0‘.8 1.0
Position, Dc (mm) Driving force, F (dyn)
1 FEAENOEENEX 2 FEEN LEE L DR
Oix, 7 2¢tnJ;, Xix, Y7 ox» FEix, X (1) CTHEIERENR L7,

LHELEETH D, REIOSTHE DS
NN E-oTND,

[ =zk]
(1) H. Suda, Langmuir, Vol.17, No.20 (2001) 6045-6047
(2) BEH &, Fo9A4 AR A, 46%45 (2001) 324-330.

50



|

W 1 0 P e

HIE 1 200345 H12H (A) 118305y ~2I§3057
50 - ERERII 6 B A6155 %
3 R 4

(BMEEDF e IR P BB 72 )
RHH : ORI AE U FR SrCu,(BO,), Dl bk
EE:

TIRITEAE R SrCu,(BOy), id, AV L1204 A ~—KITH N TEA L7z Shastry-Sutherland R3] L T
DMETH Y . T OBALHBICIE, SRR L0 U8, 1/4, UBIZEHMLT 7 b= ST\ b, ZhbD7 7 M—MTIE,
A COMEIZF Y v TREEL, —F. T T P—HTIE, BRBEIZX v v TR R R0 LR EERIIC THIS N S.

X, SrCu,(BO,, ® 1/8 77 M—H K OZ OWFOMKIHMEE 2 52N T 572, 33T F TOsRBSH CHE
ExEIToTo. ARBALOBN A 21T 205 1/8 77 h—FE TORGTIX, ZNLLF ORI L FERIC Y v » T 2RO Z L8
ARENTZ, TIVTHMZAR BRI T & I E T 528, NMR KOVESR Of R EABL T\ 5. 1/8 77 M—HTIL, £AY
VED 18 D37 b ZIRTTAR—AREBE I, EHIZ, 1/8 7T M—LLEDORIETIE, ZOAL U RUKDRIEN R
Nob, KR CHARFZEITZERbooiz.

HE T, INHORROMWME & & bIT, ERIE 21T o T KE E LIRS FET O Hask DR BTV V.

[1] H. Tsujii, C. R. Rotundu, B. Andraka, Y. Takano, H. Kageyama, and Y. Ueda, cond-mat/0301509.
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%0 : Dr. Marzena H. Szymanska
(Theory of Condensed Matter Group, Cavendish Laboratory, University of Cambridge)
#H : Polariton condensation and lasing - decoherence driven crossover
e

There are two distinct systems where the quantum coherence has been observed on the macroscopic scale: the laser
and Bose Einstein Condensation (BEC). Although the physics underlying both processes is fundamentally different
they both potentially could be observed in optical microcavities and could be a source of a coherent light.

In the first part of my talk I will review recent experiments concerned with exciton and polariton BEC which
reported some interesting novel effects, theoretically still not understood. Polariton condensate can not be directly
probed, leaving luminescence as the only source of information about the state, and thus it can be easily
misinterpreted with traditional laser, where coherence exists in the photon field alone.

An important question: "how to distinguish polariton condensate from a laser" is closely connected with

decoherence phenomena. In the second part of my talk I will discuss our theory of polariton condensation in the
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presence of decoherence which allows to establish a crossover to "laser" in the same framework.

We study a model of a photon mode dipole-coupled to a medium of two-level oscillators (excitons) in a microcavity in
the presence of dephasing processes introduced by coupling to external baths. Decoherence processes can be classified
as pair-breaking or non-pair-breaking in analogy with magnetic or non-magnetic impurities in superconductors. In
the absence of dephasing, the ground state of the model is a polariton condensate with a gap in the excitation
spectrum. Increase of the pair-breaking decoherence reduces the gap and the conventional laser regime is obtained in
a way that demonstrates its close analogy to a gapless superconductor. In contrast, weak non-pair-breaking processes
have no qualitative effect on the condensate or the existence of a gap, although they lead to inhomogeneous

broadening of the excitations.

HEf : 20034E5 H26 H (H) FR4FE~5 K

S - MTERER 6 B A615 S

##li : Stanley Tozer
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% H : Realization of the FFLO State in CeColn, at Ambient Pressure: Simple Lesson about Extreme Conditions’
Research

e

A brief introduction to recent high pressure transport and magnetization experiments in pulsed and dc magnetic
fields and some promising initial results will be followed by a presentation of our ambient pressure studies of the
FFLO state recently found in CeColn,. This phase was first predicted in 1964 by Fulde & Ferrell and, independently,
Larkin & Ovchinnikov. They showed that, in the paramagnetic limit, an applied magnetic field H coupling to the
individual electron spins of superconducting Cooper pairs could induce a phase transition from a uniform to a novel
spatially varying superconducting phase. Buzdin and Brison predicted in 1996 that, within this FFLO phase,
solutions corresponding to higher Landau level states of the order parameter should occur. I will present heat
capacity measurements on the layered structure heavy fermion superconductor CeColn, revealing a phase transition
within the standard BCS superconducting state at high field and low temperature for fields parallel to the layers.
Within this wedge of phase space, our magnetization measurements display a cascade of first order phase transitions.

The observation of steps in the magnetization is a result of orbital quantization of the order parameter and, with
the heat capacity measurements, provides the first direct evidence of theexistence of the FFLO phase.

The work presented is the result of an extensive collaboration funded by an NHMFL In-house research proposal,
the State of Florida, the Department of Energy, and the National Science Foundation.I would like to acknowledge my
colleagues H.A. Radovan, T.P. Murphy, S.T. Hannahs, E.C. Palm, N.A. Fortune, C. Agosta, I. Mihut, C. Catalin, D.
Hall, J. Singleton, and A. Bangura.
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#H : Recent Developments in Small-Angle Scattering: Application to Surfactant Systems
UNMEBELIE D RGE D FEE © FmiE AR OIS

e

In the case of very dilute solutions there exists a direct relation between the particle and its scattering data by
means of a Fourier transformation. Increasing the concentration leads to interaction effects that cannot be neglected
and make the evaluation of small-angle scattering data much more complicated. Scattering curves I(q) from
semidilute systems show typically a decreased forward scattering followed by an interaction peak. The corresponding
Fourier transform, the p(r) function, is dominated by strong oscillations making a shape determination impossible; its
second maximum is often misinterpreted as the next neighbours position.

We have developed a new method to determine size and shape of particulate systems over a wide concentration
regime. In addition to intraparticle scattering interparticle scattering is taken into consideration. The former can be
expressed by the so-called form factor P(q). The latter corresponds to the structure factor S(g) that is necessary for the
description of interacting systems and depends on the relative locations of the individual particles. Our generalized
indirect Fourier transformation (GIFT) method enables us to determine the form factor and the structure factor
simultaneously from experimental data with a minimum of a priori information. The form factor is absolutely model
free but the structure factor must be described by models taking into account excluded volume effects, different
interaction potentials and polydispersity.

Latest developments concern a similar description for ordered lamellar stack. For such systems we can not only
determine the repeat distance as usual, but also find the flexibility, thickness and internal structure of the bilayers.
Different practical applications to SANS and SAXS data will demonstrate the new possibilities of data evaluation and

its limitations.
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(Center for Nanotechnology, NASA Ames Research Center, USA)

i H : Many-Body Effects and Lineshape of Intersubband Transitions in Semiconductor Quantum Wells

Intersubband transitions in semiconductor quantum wells are physical basis for some of the most important
optoelectronic devices developed in the last decade such as quantum cascade lasers and quantum infrared
photodetectors. At the same time, many-body Coulomb interaction between electrons in the subbands also leads to
fascinating collective excitations such as the Fermi-edge singularity and intersubband plasmon. In this talk, I will

show how the interplay of such collective excitations changes the intersubband absorption spectrum dramatically.

I will begin with the density-matrix theory for intersubband transitions includeing the first- and second-order
Coulomb interaction. While the first-order interaction contains the intersubband “exciton”, exchange self-energy, and
the intersubband plasmon, the second order contains both in- and out-scatterings in the off-diagonal matrix element
equation which lead to optical dephasing. The intersubband absorption spectral features are determined
self-consistently by the collective excitations, the second-order scatterings, and the non-parabolicity.

Finally I will show that recently experimental measurements of the infrared absorption spectra are well explained

by the theory described above after taking into account interface-roughness and LO-phonon scatterings.
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