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A b s t r a c t - T h e  e f fec t ive  parameters  of  chiral compos i te  
are s tudied using a simple model,  that is, r andomly  
or ien ted  non- in te rac t ing  wire he l ices  embedded  in a 
nonchiral host medium. It is found that both the effective 
permi t t iv i ty  E and permeability kt are independent on the 
handedness  of  the chiral  objects  while  the e f fec t ive  
chiral i ty  admittance ~ is dependent. It is also found that 
when the ratio of the radius of  the chiral helix to its pitch 
is about 0.23, maximum chirality admittance is achieved. 
The e f fec t ive  parameters  of  equichiral  sample are also 
d i scussed .  
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1. I n t r o d u c t i o n  

In recent  years, chiral media have received considerable 
at tention due to the possibil i ty of  manufactur ing chiral 
mater ia l  act ive at the opt ical ,  mi l l imete r  wave and 
mic rowave  f r equency  [1]-[3].  The lack o f  geomet r i c  
symmet ry  between an object  and its mirror  image is 
referred to as chirality [4]. A chiral object is then defined 
as a three-dimensional body that can not be brought into 
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c o n g r u e n c e  with its mir ror  image  by t rans la t ion  and 
rota t ion [5]. A chiral  compos i t e  can be cons t ruc ted  by 
embedding such chiral object  as a wire helix, the MObius  
strip and an i r regular  te t rahedron  in a nonchi ra l  host  
medium whose permit t iv i ty  and permeabi l i ty  are el and ~t 
respect ively [1]. Wire helix, which can be easily made and 
has  a s i m p l e  g e o m e t r i c a l  c o n f i g u r a t i o n ,  is m o s t l y  
theoret ical ly and exper imenta l ly  used at present  [4,6]. 

For the t ime harmonic  and isotropic case, the const i tut ive 
relat ions of  the above-ment ioned  chiral compos i te  can be 
writ ten in terms of  the ef fec t ive  proper t iesa  as fol lows 
[7,8]: 

D=eE +i~B (Ia) 
H =i~E + B/I.t ( lb) 

w h e r e  e, # and ~ are the e f f e c t i v e  p e r m i t t i v i t y ,  
p e r m e a b i l i t y  and ch i ra l i ty  admi t t ance  of  the m e d i u m  
respect ive ly .  It is apparent  that e and ~t should be 
different f rom e t and #t due to the embedding of  chiral 
objects.  The chiral i ty admit tance ~ is introduced into the 
const i tut ive relat ions to take into account  the handedness  
p rope r t i e s  ( lef t -  or r igh t -handed)  o f  the mate r i a l  as 
indicated by its sign, and its absolute value is a measure of  
mate r ia l  ch i ra l i ty .  

At present, almost  all the researchers just  set the effect ive 
p a r a m e t e r s  e ,  # and ~ to be certain values [2,5,9-11], 
then examine  the proper t ies  and potent ial  appl icat ions  of  
the material. But from a practical point o f  view, especial ly  
for the m a n u f a c t u r e  of  chira l  mater ia l  with des i red  
propert ies ,  it is necessary to study the relat ions be tween 
the e f fec t ive  paramete rs  and the proper t ies  of  the host  
medium as well as the chiral objects, and such problems 
as the e f fec ts  of  the chiral  ob jec t s  on the e f f ec t ive  
chirali ty admit tance and how the handedness of  the chiral 
objects influence the values of  e ,  # and ~ and so on. 
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In this paper,  we use a s imple model first proposed by 
Jaggard [4] to at tack the above-ment ioned  prob lems  and 
some interest ing results are obtained. 

2. M o d e l  for  t h e  c h i r a l  c o m p o s i t e  

Consider a medium composed of N randomly oriented non- 
i n t e r a c t i n g  ch i r a l  o b j e c t s  per  uni t  v o l u m e .  For  
computa t ional  s implici ty,  the chiral objects are chosen to 
be electr ical ly small perfect  conductor having the form of 
short right- or left-handed helices. When a t ime harmonic  
plane wave  incidents on one of  the chiral helices,  the 
electric and magnetic dipole moments  of  the helix induced 
by the incident wave are given by [4]: 

p = e l [ z e ( e  a . E )  _-2- ix.~,~v(ea. B)]ea 

m = -O l - l [Zmv(ea  . B)+_ izm~(ea.  E)]e a 

(2a) 

(2b) 

Where ,  as in the remainder  of  the paper ,  the upper  
( lower )  s ign c o r r e s p o n d s  to the r i g h t - h a n d e d  ( le f t -  
handed) helix, E and B are the electric and magnetic field 
of  the incident  wave respect ively ,  e d is the unit vector  

along the helix axis, 0~=~-~/Ej  is the intrinsic impedance  

of the host medium, v is the veloci ty  of  e lec t romagnet ic  
waves propagat ing in the host medium, X, and X,~ are, 
r e s p e c t i v e l y ,  the  e l e c t r i c  and  m a g n e t i c  s e l f -  
susceptibil i t ies associated with the helix while Z,,~ and X,~, 
are the cross-suscept ib i l i ty  and Z, , ,=Z. ,~e  ( h e r e a f t e r  
denoted as Xc)- It is the cross-suscept ibi l i ty  2:,~ and Zm, 
that are a measure  of  the chiral i ty or handness  of  the 
h e l i x .  

Set the radius, .pitch and length of the helix to be a, p and 
l respect ive ly ,  the cross-suscept ib i l i t ie  Xc can be written 

as [4]: 

Zc = 21(rca2)rll coC = 2l(rca2)rh / (coL) (3) 
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Where C and L are the capaci tance and inductance of the 
helix respect ive ly ,  co is the angular frequency. 

Because  there are N r andom l y  or iented  non- in te rac t ing  
helices per unit volume,  averaging Eqs.(2a) and (2b) over  
the or ien ta t ion  angles  of  the hel ices,  one can get the 
fo l lowing  equat ions :  

P = N(~IZe E + i Zc B) (4a) 
4 401 

M = - N (  ~m B + i Xc E) (4b) 
4~1 401 

Where P and M are the polarizat ion and magnet izat ion of  
the med ium respect ive ly .  

From the definitions of  the electric displacement  vector  D 
and field intensi ty vector  H: D = t ~ E + P ,  H = B / # I - M  , 
using Eqs.4(a) and (4b), one gets: 

D = e I (1 + N---~X4~)E + Nizc B (5a) 
4r h 

H = 1 + NZ, . / 4  B + Nixc E (5b) 
lzl 4rll 

Compare  Eqs.(5a) and (5b) with ( la )  and ( lb) ,  using Eq.(3) 
one fins that  the e f f ec t i ve  p a r a m e t e r s  of  the 
composi tes  can be written a s :  

chira l  

e = e 1 (1 + NZe / 4) (6) 
# =/z 1 / (1 + NZ, . / 4) (7) 
~=+NXc/ (4r I1 )=+NVoJC/4=+NV/(4coL)  (8) 

Where V= r, a2p is the the volume included within the helix 
(not the volume occupied by the wire!). 

3. C o n c l u s i o n s  and  d i s cus s ion  
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One may draw several  conclusions f rom Eqs.(6),  (7) and 
(8).  

(1) Both e and /.t are independent  on the handedness  or 
chirali ty of  the chiral objects.  This means that for three 
s amples  with the same  chirat  ob jec t  dens i ty  N but  
d i f ferent  handedness  of  the chiral objects ,  for example ,  
one con t a in s  only  r i gh t -handed  he l i ces ,  the s e c o n d  
contains only left-handed helices, the third is a equichiral  
sample  containing an equal mix of  right- and lef t -handed 
objects ,  will show the same effect ive  e and #,  though  
their  e f f ec t ive  chi ra l i ty  are d i f fe ren t  f rom each other.  
This conclusion has been proved true by exper iments  (see 
figures 9, 10 in reference [6] ). 

(2) ~ is dependent  on the handedness of  the chiral objects. 
From Eq.(8), it can be seen that i f  the chiral objects are 
r i gh t -handed ,  ~ will be positive; I f  the chiral objects are 
le f t -handed,  then ~ will be negative.  For an equichiral  
sample ,  ~ will be zero. This conclus ion has also been 

proved true by experiments  [6]. 

(3) I f  the host medium is lossless, i.e., el and /.t~ are real 
numbers,  thus 01 is a real number, and then ~ is a real 
number  too. I f  the host medium is lossy, then ~ is a 
complex  number.  Hence, if  we set the compos i te  to be 
lossy, we should at the same time set ~ to be a complex 
number .  Unfo r tuna t e ly  it is not the case  in mos t  
researches [2,3,9-11]. It should be pointed out that for a 
lossy equichiral  sample,  both the real and imaginary parts 
of ~ are zero. 

(4) The geometry of the chiral object, i.e., the wire helix, 
can be described by its radius a and pitch p. For the sake of 
c o m p u t a t i o n a l  c o n v e n i e n c e ,  he re  we use  the he l ix  
containing only one turn. From Eq.(8), it is seen that ~ is 
proport ional  to V. I f  the length of the wire with which the 
helix is made is definite, that is: 
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27r~]a 2 +(-~)2=Constant (9) 

As mentioned above V is given by: 

V = / r a  2 p (:o) 

After some mathemat ica l  manipulat ions,  one finds that 
w h e n  

a/p = 1 / ( - ~ z )  = 0.23 (11) 

the m a x i m u m  V is achieved,  sugges t ing  that op t imal  
chirality can be produced by the chiral object.  It should 
be pointed out that this value is very close to that Varadan 
et al. had gotten which was 0.24 [12], but they used a 
different  method and their perpose  was to design chiral 
polymer.  Hence,  we bel ieve that a/p=0.23 is an universal  
number  for the design of  both chiral po lymer  and chiral 
c o m p o s i t e .  

(5) I f  the host medium is lossless, i.e., el and #1 are real 
numbers ,  then Z,, Z,~ and Z~ are all real numbers [4] as 
well as the effect ive parameters  e and At. From Eqs.(6) and 
(7), it is obvious that e should be larger than e: while At 
should be smaller  than Atl. But for a lossy chiral medium, 
el, Att, Z,, Zm and Xc are all complex numbers,  theorical ly 
e could be larger or smaller  than e 1 (both the real and 
imaginary  parts),  and At could smaller or larger than Atl, 
t o o .  
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