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A n u m e r i c ; [  r e s u ' ~ t ,  calculated f o r  the 

c a s e  o f  i s o m o t i v e  f L e t d  c h a m b e r  . , J e v c i d  
c , f  e d g e  e f i e c ~ s ,  i n d i c a t e d  ~ha~ 

c c i n t r i b u t i , : , n s  ,J, te t,-, m u [ ~  ~p, , : , ie  et f e i r ~ s  
_~re n e g l i g i b l e  o u v s i d e  : , f  ~ r e g t , : , n  
wiehin a few p~rticle r~dii ab<,it ~he 
o r i g i n .  

INTRODUCTION 

Dielectrophoresis involves She 

f o r c e  e x e r t e d  nn a p o l a r i z e d  b o o y  i n  
nonuniform field. The derivation c,f The 
isomotive e l e c t r o d e  g e o m e t r y  , P o h l  a n d  
P o l l o c k ,  f q T 7 ;  P o h l ,  e q 7 0 ,  ' k n  w h t  '-F' 
F o r c e  is i n d e p e n d e n t  o f  position akc,  ng  
o n e  a x i s  # a s s u m e s  t h a b  t h e  p a r r  t c l e  
u n d e r g o i n g  d i e l e c t r o p h c ,  r e ~ z ;  Ls s m ~ L i  
relative to l o c a l  field nonuniformi~ies. 

, . I o n e s  ~ 1 ~ 4 ~  has investigated 

higher-order effects through multipo[e 

corrections for the case of a 

,cylindrically symmetric~l, c,.t~ped 

electric field. This approach presents 

a series solutions F o r  the dielectro- 

p h o r e t l c  f o r c e  i n  t e r m s  o t  d i p o l e ,  
qua,Jrupole, octupole, and higher-order 

terms. T h o u g h  originally applied sT, 

cusped field, this result may be 

extended to more loosely symmetrical 
s y s t e m s .  

ISOMOTIVE F I E L D  GEOMETRY 

I n  many of the field geometries 
studied for use in dielectrophoretic 

particle separation ~ Pohl and Pollock, 
1977) the force on a body is strongly 

dependent upon its position. [s the 

,difference in p-_,larizabiiiTy be-ween 
p a r t i c l e s  is small *hen *h~ ~ c , r : e  
d i f f e r e n c e  d u e  re, W h e s e  v . ~ r i a f l , - , n T  m]'.,' 
b e  o v e r w h e l m e d  b y  m i n o r  F ' o s i r i , - n ~ ' .  
d i f f e r e n c e s .  Bv  m a k i n ~  t h e  f o r c e  
i n d e p e n d e n t  o f  p o s i t i o n  a l , - , n ~  a n  _~:,,i._-- 
p _ ~ r a l / e i  t,-, t h e  f o r , : e  ~ h e  t s , T . m o ~ t . , e  
fieid geometry allows i . i e ~  i F i c . ~ - l r ,  n 'T,f 
m u , : h  m o r e  s u b t l e  v a r i a t i o n s  b e t w e e n  
p a r t i c l e s .  

As p r e s e n t e d  e l s e w h e r e  ~ Pc, h i  a n d  
P o l l o c k ,  1 ' :~77i  F ' o h l ,  K ~ l e r ,  .~n.: F,:,] l , : , . : k ,  
197L3;  F ' o h l ,  1':~76~ t h e  e l e c t r o d e . _ - -  r e -  
q u i r e d  f ie produce a n  i s o m o t l v e  t i e l d  may 

b e  d e s c r i b e d ,  in c y l i n d r i c a l  c o o r , l i n -  
. ~ e s ,  b y  

- 2 / 3  
2 ~ = -~' szn(3C/2) (i) 

6O 
where r is the r.~dial d~stance 

measured f r o m  the origin, F~o 
is the value ,.-,f r at r : t.O ~  ~r,,fi 
0 is the angle measured from the 
positive horizontal a:<ie ~see Fi~. ~ J. 

The resulting electric field is 
described by 

E = i-3/2) V (~ sin (3;,/2) + 
o 3/2P�89 

2'60 

r cos (3,[/2) (2) 

I t  is important to note that these 
equations apply only to the region where 
- 2 r f , " 3  ~ r ,. 2~,3 a n d  w h e r e  r h .  I n  
t h e  r e g i o n  w h e r e  2z r , ' 9  , r .. 4 / r , ' 9  t h e  f i e l d  
is undefined. 

MULT [POLE EFFECTS 

By m a k i n g  t h e  a s s u m p t i o n  of a 
cusped field ,Jones ( 1954 ~ developed 

general expression for the force on a 

conductive dielectric sphere in a 

conductive dielectric medium. The 

approach used assumes a cylindrical lv 
symmetrical field and a spherical body. 

By replacing the original prr, b!em 
invr, lving a dielectric sphere with 

t ini*e cc, n d u c t i v i e y  with c, ne  i n v ~ . [ ' . , i n ~  
shell with free charge over i t s  surface, 

~ h ~  n e ~  F o r c e  o n  t h e  b o d y  m ~ y  b e  
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�9 2~  + i n - I  

4,no I (c2-Cl)C~ E o 

Pelf (n)" = n-I 
01_1)![~i~. 2 + 01+i)<i ] I~.~ 

( 3 )  

: r F 

F 

2n+l 
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E 
o o 
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: _ - p t e F l e a ; L  body, g, iS ~ i ' , ~  

Fe~n, it~ivi~v Cl { the medium, ~_z 

is the perm[tti,.,~."y ?~ -he 
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Figure 1: laomotive Field Electrodes 
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F T (r) = 

3 " 2 
9~a c I (c 2 -  c I) V 

3 
2 (c 2 + 2 C l ) r 6 0  

9~a I "(a 2 -tl]V2 

3 
8(2e 2 + 3el)r60 

a 5 _ 9~61(c2-s 

12 128 (3c2+4ei) I~603 

a 7 

which may be rearranged as the well 
known dipole Force equation plus 

higher-order error terms thus 

97rata  i (c? - c i ) V 2  

F T ( r )  = 2(a . :  + 2Cl)~b,  0 

(6) 

(c? +2El) 

1 - 8 (2c2+3s I) 

a : . l - ( s 2  +2,': 1 ) a "  . . .  

Note that as the ratio of r / a  becomes 

larEe the higher-order terms rapidly 

approach zero thoush the dipole term is 
independent of r. 

It is also important to recognize 

t h a t  t h e  F o r c e  e x p r e s s i o n  i s  m e a n i n g l e s s  
F o r  all values oF P,'a ~ I, as this would 

require part of the body to protrude 

into a region o~ u n d e f i n e d  dielectric 
F i e l d .  

(7) 

NUMERICAL RESULTS 

We consider the caee oF a 

dielectric sphere in water pass[n_~ 
t h r o u g h  an  i s o m o f i v e  F i e l d  . ~ham! . e , -  ~ . , [~ t  

, ~ - o  : I . I ]  mm 
.~ = ~-' . 5 dm 

E, : O0 (deioni-ed water , 
~ = 4 I] (I 

Though the valuer- -,F E, and ~= 
would [enerally bo~b be c'T, mp[e:T 

t h e  d e i o n i z e d  w a t e r  h a s  a v e r y  io ta  
conductivity a n d  so we may aFproxim=,re 

it to a real dielectric permittivi* y. 

For computational convenience we have 

chosen a real dielectric par~i,?!e r~,ou~h 

this does not after ~ the ~ener~l i~v ,:,t 
~ h e  a n a l y t i c a l  r e s u l t .  T h e  f i r s t  t,-,,~r 
t e r m s  06  E,q . 7 thLl.= b e c o m e  

FT(r) = Fdipole [i - .067-.0058-.0014]at r/a = 1 

FT(D ) = Fdipole [i - .030-.0011-.0001]at r/a = 1.5 

F i g u r e s  2 a n d  3 a r e  pl,_-.t,~ oF  ~ h e  err - , -_r  
i n t r o d u c e d  by qqadrupo!e a n d  , : . c t u p o l e  
terms ~$ a ftlncl-ioF~ of r-. The error 

i s  e x p r e s s e d  as  a p e r c e n t a g e  oF t h e  
d i p o l e  t e r m .  

DI SCUSSI 011 

B e c a u s e  o f  t h e  r ' - - -  d e F . ~ n d e n c e  
,_-,{ the elec~r i ," field term zn -':§ 

is-,motive chamlTi_~r aL, p~r~ ~:. 
derivatives e~ E in the r d i r e , - ~ i  -,r; 
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Figure 2 : Ouodrupole Error 
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e:,[st . However. t,e<aH~e ~he error 
becomes small ~n,l extremely deF endene ,-,n 
r { , - i r  f e r m s  a b , o v e  o r d e r  2 ' o c ~ u p o l e  ' ,  

t h e s e  m a y  b e  n e . ~ [ e , - ~ e d  F o r  
a l l  c a s e s  i n h e r e  r 1 . 5  a .  [ t ~ 10 a 

t h e n  a l l  t e r m s  a b o v e  d i p , v l e  m a y  b e  

i g n o r e d  ~ to*al e r r o r  0.2% For f h e  ,:mse 

cited herel. The isomotive field ca~e 

may thus be con(irmed to be valid within 

a v e r y  s m a l l  e r r o r  ' '  �9 ~r f o r  all 

regions outside an area within a {e~ 

particle diameters o{ the oriEin. 

These {inding~ con{irm that the 
i s o m o t i v e  c h a m b e r  r e p r e s e n t s  a p r a c t i r a l  

~ e o m e t r y  g o r  d t e l e c t r o p h o r e t i c  

s e p a r a f l o n  ~ n d  . - n a r a c t e r i z a t i o n  of 

particles and, pareicularly, bioloFicai 
cells. In this vein a -ontinuous, 

automated separation a n d  chararter- 

ization system is currently under 

development at this institution using 
the isomoeive ~ield ~eometry described. 
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