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The effects of hydrodynamics

3.1 Colloidal dispersions
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3.2 Summary for hydrodynamic interactions (HI) between

particles
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The effects of hydrodynamics

1. No HI:

2. Oseen tensor:

3. Rotne-Prager-Yamakawa (RPY) tensor:
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3. Summary for hydrodynamic interactions (HI) between particles
Ryoichi Yamamoto

1. Mobility tensor
VTTL

O

F?N

Suppose that a collection of N spherical particles, all having the same radius g, are

suspended in an incompressible fluid with the viscosity . Let R ,R,,--:,R,, be the
positions of the particles and F,,F,,--, F, be the force acting on them. We assume that there

are no external torques acting on the particles and inertia effects are all neglected due to very
small Re. Then the velocities of the particles are written as

N
dR,,
Vn = T = Z Hnm ) Fm

m=1
by using the mobility tensor H_ . Three representations of H,  with different levels of
approximations are summarized below.

) No HI:

I

1
nn 6”77‘1
H, =0 (n#m)

11) Oseen tensor:

nn = 1 I
6zna
: [1 ' "',J (n % m)
&rnr r
I11) Rotne-Prager-Yamakawa (RPY) tensor:
|
nn = I
67na

H,, =—l—{l+ "‘:+E(ﬁj (I—3l:l'ﬂ (n#m)
&rnr e 3\r re

Here,



UCGP2008

International Conference

Unifying Concepts in

Glass Physics IV
November 25-28, 2008 Kyoto, Japan /Er H El
(eeem Tovidmes
My LA s oA
|7 (}W
i '“ =~
5 \ H-_‘(V\(W\ = Qo ag L I i W \ N %m
o r
RPY temsor~
T
.
]/( H/\/\M - /\TFW)CA\
10 [ R . )
( iy 2 [ &K _ 3
MMAM - LT LTLJF e A ”3_;(‘ L SQ Y‘1>
k §
@\f\?} ( - =
15—\, Squ=eeze (i,}v | v LD ¢: x
L )? 2
= . ~ : -
( \y[ b }Hn ‘F\ T HD.' ﬁ:L | F=(F.o 0)
L V, = \'sz °ﬁ_\2 s H_\z‘ ﬁ:l \Vt(fv\ 0. 0)
f =1 (0‘0)
Os‘.at ¥ \ \\
_ [ \ l A\ =
L ¢ 4T —J
Voo \ o
= 6T & 4T




'UCGP2008

Unifying Concepts in
Glass Physics IV

November 25-28, 2008 Kyoto, Japan

#F B H
RPY
V _ \ \ % \ [ O \*
F bt @ Ateoy r bt \ v
5
‘_EF.:(O‘—F\Q)
-V = (0.-V,0)
A~
X \
\l> '_\-QM(QJWT\C&\,. @ NN E—to.F.o)
=(y. 0 o)*'D Vv = (o.v.0)
\/= L ITan F v RIag L‘—(—O:](—F)
O X o (.'A
i
\ \
=( fRMa — giepis ] =
Y \ \
15
= bTCY & BT
RPY \ L
V B A _ \ v ( (0N )I
= AT RN Lyt =\
[ e A
20 \(/’
v o
cqueee )V“MF\QMT‘/ o
\ Ry Oseem 67 & - 0O seLmn TN a
o ./N N e s
\ / Az %
AR A S q&KOLO\ IS
/ /
»

pA-N ~




1 What ¢ colloid ?

‘\) o +y1>'rcal S'YSTQ(\M

~Co0H — - coo 4+ H

( COV‘«}?(:XY l gkoup)

i\l) (2N S‘\MP\yfi-ecl \’V\oc\el,

e /@n SAN
+) >0 Yalt .
g Jk Debre lengh
@ @\ﬂ‘) o @//e - Aﬂ;ckéix-eis (‘rL '{“\IQ ‘Ql*fC'h‘IL

) 7 c\eult)({ \L\y-{v- !




2. A S;mg\-e e Mafidad Paﬁkle v e\-ecwolyte solution

- ///f)(ﬁ) //; ¥
Wy——— 2 Pw
&._?0,0 iy s
N é " s
Z ;
(?: c\ﬂm(bg c[eh,sity A=0 -~ |
4)‘: -dec'th(, rPcteh‘”rid.
'\ ) POIfJ’om Ef.- .
Cil(‘l) _ P(;L) En! diQ[Qc“rh'c. Coms’fﬂa;’f
dx2 € o of vaccume

= 738,5 Cwete,)

’Bouhéo\vy Coméi‘\‘;oms r;;r qJ(l) .
B - e Surdace (:\wargg

den sy
J’\-. ‘I—_- “+6 E"‘ E.o /




) Be lH2momm Ea . @ catiom @ Dusoan

CPex)y = T emilx) — Z2em_(x)

S e

\r’\\,\ml}ev don s *}/ ot -

_ Ze: [Q’Q? (__ i”ir(f«'(x)) o P( zedﬁwﬁ

'(\\Anv\‘)—ev- éuenshy [ % D e WY/

W,WMJ\J

Bo\"t?mc.mm &UTM \ou *Qc‘m

l:\‘l\) POiSJ@m — Beltzmemm E@_.

¢ _ zem 'Q%P(z-e_q)(x)) P<”" ze(bu) 1

dx2 EwEq

C\C‘-S{’CL Ef,_ g.ew q"(l) —>2 caw be SO\'VQA .‘

OL,) (,\Q)Pox\mate SD\U\TEOm ,

Cor zo |Vl < |

BT
4 ZE¢U&) + quj(l)
P ( ) BT
P_B Ef,. . E‘QCOM'\-QJ
¢ = _ Dmze?
e _,ki¢ ) _K:N o kT




b) Y‘igo\"ou.&  galgttas, A

S

ey = 2BT I Y eep(tRO )
| S Ap(j( )____-_.__ ze TQ“L [ = Y e (-Kx) )

by

:_DPJT-‘. 6 nE

e ' Bm erfo £ T |




% B F 7
Ak i S v e
> 5 ) BLDOHND | ) L

C) Yor Q SF\neHccx\ Pav*\‘\\ole. .

o

Polssom — BQH‘Z?M\mm Eg

"¢ 2 d¥Y _ zem [QK (.ze‘P)_ . (__ Eew):l
drz rode €nEo P ReT P ReT
NAANAAAAAANS
xe|P| BC.
if < | A
Fo T \:“ ket £+ To
c[z\() 2 49 3
dpr* * T 4 * CP
O
—er) =4, P (- k(r-0) ]
*F?‘Orw- B_C . (p . G . Ka
Y €1 Eo K Ka +
. 1 ATTOCS
ol L - o Ka —
U ) Amert. Koel T xP( )QXF( k)
| ze Vi
— | X K& L -
AT ErEo s Kot | _P_( _)QT F( r)
H Pc\wf
; \ H/—)

(, it A %‘ 'Z’Q b egecﬂve_ dwmﬂaa héQéGd
7‘@') .?/ef_ = — o reFr‘ccl,bl(Q CO\:\Y‘QC{‘
dectvic _2(6_7’56 ' e distributioms fon 3
double | >0 Conteria, of tolloid

lay e ol o _e<p (ko) 5
| + Ko
SO K S T BE %8 B AL 2 T3 g



Johe  4Fn i -
AR () #onwo () K

l

—_—

4"_{. £ s

S Uog () = ——
PG\T“ ) 4'“—_.?.!"90

gc. reemed Cou —

l

= Y= —— we — Q»cf»(-— kh)

('z'e)2 -::— @xp (_- ki )

inteigction

d
Ftﬁh CV‘) = -_r\_UPairO'")

S N I N B D (A

- ar, of
L FH Y



B E[ec-’wo@\n oresi s .

S5 B

Bare pari de; H

{}ZJVIS(GSE'T)/
>
collovd .—%V
4+ deuble o
\CL)fQ\“

i\ ) SWO\MCL\OWSl(;
for

y
‘)C\\r"(\\ Je
= 0
T\ T
.—-v - —_— — —
N
V()

\L olectwnic | SO
Vi5Cons fovcee

QE = b oV
= E ()TL%C\,
— I —
W= = = 0

PV ALE

"1[

du \
AL lhsx

£,

”ljg AL



act 5”({047/ state
ﬂz% PO E— O

Bouhdaty Comditicms.
O (o) = ©

P — =V fer 1""00)

R SR

o) — o (bor = —0)
’Clﬁj '_%‘ O (c /i )

@
)
® b = ¢
®
®
— 9 L +v 1= g6, $E=o

€r €0

-V_':'T ({Jo

=
X N BT L/J
G

-_3 % (ZQ’{'C\ Pei@n’ﬁqj)

om comden satiom




1) Hicke | Ea .
*gow o0 K \/[4 ( Ka < | )
n |

LY
i

Y Q'Briem — white Bz
«gow om>/ kOL

=
Fil = QE

Fo= —fWaV

Fs =

Fa =

'F()\"CQ o\c*ﬂma om clou})\‘Q

layer
(o\me due to A-e‘(ovmcx"ﬁﬂm

0({; doL\‘)“Q [C\Y‘et’*




Smdchovski  Ko=00

\'\U\c\(e\_ ko.=0

Kov= 100
L O,% Kiaa . — \NL\HQ

e‘SZ/EL—T




