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The influence of the optical activity particle material on their light scattering 
characteristics is investigated. Results of a numerical analysis of the resonance structure 
of the functional dependence of the scattering and absorption coefficients on the 
diffraction size of the particles are presented. A number of peculiarities are noted for 
particles composed of optically active materials, along with the tendencies inherent in the 
behavior of these quantities for optically inactive particles. 

 
 

The continued improvement of the optical 
methods used for investigating the properties of 
aerosol necessitates the analysis of finer scattering and 
absorption effects, in particular, resonance effects. 

In this paper we present the results of 
computations of the extinction efficiency factor 
KE(m, p) and the absorption efficiency factor 
KA(m, p) having resonance structures due to 
resonance conditions of the electric and magnetic 
partial waves inside dielectric, weakly absorbing 
spheres as functions of their optical activity. 

The extinction efficiency factor KE(m, p) and the 
scattering efficiency factor KS(m, p) turn out to be 
different in the case of optically active particles and 
different directions of circular polarization of the 
incident light1,2: 
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where KSL(m, p) and KSR(m, p) are the scattering 
efficiency factors for clockwise and counterclockwise 
circular polarizations of the incident radiation, 
respectively, and KER(m, p) and KEL(m, p) are the 
extinction efficiency factors for the same polarizations, 
respectively. 

The calculational program for the evaluation of 
the light scattering parameters of optically active 
spherical particles with complex index of refraction 
m = n – i = 1.333 – i5105 (where n is the index 
of refraction,  is the index of absorption) was realized 
following a scheme analogous to that in the case of 
optically inactive particles3. A numerical analysis of 
the interference and fine resonance structure was 
carried out for KA(m, p) and KE(m, p), for diffraction 
parameter  = 2R/ (where R is the particle radius 
and  is the wavelength of the incident radiation, equal 
to 0.53 m) in the range 20 to 30. The results of the 
first estimates showed that with increase of the optical 
activity of the particulate material (m/m, 
birefringence effects n/n, and .the effects of 
dichroism l/) some specific peculiarities are 
observed, namely transformations of resonance 
structure of the extinction and absorption efficiency 
factors, shifts of the resonance peaks toward smaller 
values of , and others, along with tendencies already 
known for inactive materials4–6. 

The analysis of the problem of the influence of the 
optical activity of the particle material on the 
resonance structure of the field inside a particle and on 
the light scattering coefficients can be conditionally 
divided into three stages: 

1. The change of the optical activity due to the 
change of the particles’ total complex index of 
refraction m. 

2. The influence of the birefringence (changes of 
the real part of the refractive index for one of the 
directions of circular polarization or for both 
directions but with different signs). 

3. The influence of the phenomenon of dichroism 
(deviation of the imaginary part of the refraction index 
R or L from its mean value m equal to  of an 
inactive particle). 

The ratio of the difference mL(R) – mR(L) = m 
to the value of m for an inactive particle m/m was 
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chosen as the parameter characterizing the degree of 
the particle’s optical activity. By analogy, the values 
n/n and / were chosen to characterize the effects 
of birefringence and dichroism, respectively. Let us 
consider in detail each of the above cases. 

The range of variation of m/m in the first series 
of computations was 0.03; 0.06; 0.12. Figure 1a 
illustrates the results of a comparison of the scattering 
coefficients for optically active particles with the 
corresponding values for optically inactive particles, 
provided that mL = mR = m. Marked changes of not 
only the interference structure of the extinction 
coefficient KE(m, p), but also the resonant structure 
are observed with increase of the optical activity. 
Against a background of a decrease of the interference 
component of KE(m, p) there is observed a tendency 
toward a degeneration of the number of elements in the 
peak structure, simultaneous with their shift to the 
region of smaller values of the diffraction parameter. 
For all this, an ambiguity of the contribution from the 
interference component of the waves with clockwise 
and counterclockwise circular polarizations was noted. 
 

 
 
FIG. 1. Functional dependence of the efficiency: 
(a) represents weakening KE(m, p); (b) represents 
absorption KA(m, p). Curve 1 is for inactive 
spherical particles with m = 1.333 – i510–5; 
curve 2 is for optically active particles with 
m/m = 0.03; curve 3 is for m/m = 0.12. 

 

A characteristic feature of the behavior of the 
absorption coefficient of the optically active particles 
KA(m, p), shown in Fig. 1b, for the same rates of 
increase of the optical activity, is the gradual decrease 
of the number of maxima (from 13 for the inactive 
particles to 7–8 at 0.03 and 0.06 and 6 at 0.12), owing 
to the suppression of the resonance effects of the 
electric partial wave with simultaneous growth by a 
factor of 3 to 5 of the absorption coefficients due to the 
magnetic component for m/m relative to that for 
inactive particles. Quasiperiodic behavior of KA in the 
considered range of the diffraction parameter  for 
active particles is preserved and is characterized by the 
amplitude   0.55. It should be noted that in this 

case mR < mL. The calculations showed that for 
mR > mL the wave with counterclockwise circular 
polarization exhibits a stronger resonance behavior. As 
to the increase of the amplitudes of the resonance 
peaks KA(m, p) of the electric and magnetic partial 
waves with increase of the order of the wave for the 
inactive particles, for m/m = 0.030.12 it is preserved 
for peaks of the type (1)

n ,b  as was shown by calculations 

with greater resolution ( 0.001) of the diffraction 
parameter . In Fig. 1b the dips in the envelope of the 
maxima of KA(m, p) for m/m = 0.12 are caused by 
insufficient resolution in  (0.01). 
 

 
 

FIG. 2. Dynamics of the growth of the peak values 
of KAL(m, p) and KAR(m, p) with increase of the 
degree of the birefringence phenomenon: 
(1) n/n = 0.05; (2) n/n = 0.005; 
(3) nL = nR = n – are optically inactive 
particles. 

 
The importance of the birefringence phenomenon 

considered as a factor weakening the optical activity of 
the medium can be judged on the basis of the results of 
calculations of the absorption coefficients KA(m, p) 
and KE(m, p) presented in Figs. 2 and 3 for n/n = 
0.0005–0.05 and in Table 1 for n/n = 0.55–0.105. 
The calculations carried out for the extinction 
coefficients KER(m, p) and KEL(m, p) demonstrated 
their marginal variation (by about ±5%) for 
n/n < 0.05. For n/n  0.05 some correlation in 
the behavior of the extinction and absorption 
coefficients is observed. 

The main features of the birefringence phenomenon 
are most explicitly seen in an analysis of the behavior of 
the absorption coefficient. Figure 2 enables one to trace 
out the dynamics of the growth of the peak values of 
KAL(m, p) and KAR(m, p) with the increase of the order 
of the partial wave, where KAL(m, p) is larger than 
KAR(m, p) for the given range of , being five to six 
times greater than the amplitude of the corresponding 
partial wave for particles of optically inactive material, 
while n increases by only 5%. Simultaneously there is 
observed a shift of the maxima towards smaller values of 
the parameter . 

In addition to the peculiarities noted in Fig. 2, 
Fig. 3 allows one to see the conservation of 
quasiperiodicity of the maxima of the absorption 
coefficients. Thus, for (1)

nb   = 0.75–0.76, while 

for (1)
na   varies from 0.802 to 0.806 with nearly 

linear growth of the peaks of the magnetic and 
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electric partial waves KA(m, p) for  varying from 
25.8 to 28.2. 
 

 
 
FIG. 3. Dependence of the absorption coefficients 
on the diffraction parameter for optically active 
particles (dashed curves correspond to KAR(m, ); 
solid curves represent KAL(m, ) and KA(m, ) for 
inactive particles):  
a) nL = n  (1 – 0.05), nR = n  (1 + 0.05); 
b) nL = n  (1 – 0.025), nR = n  (1 + 0.025); 
c) nL = n, nR = n  (1 + 0.05); d) nL = n, 
nR = n  (1 + 0.005); e) nL = nR = n – are 
inactive particles. 

 
It is important to note that for weak optical activity 

(n/n  0.005) resonance peaks are observed for 
radiation both with the clockwise and counter clockwise 
circular polarization with amplitudes only marginally 
different from those for the case of the inactive particles. 
When Ën/n increases up to a value of 0.05, there takes 
place a substantial (five- to sixfold) growth of the 
resonance peaks, caused by the magnetic component of 
the partial wave, changes of the peaks of the electric 
component of the partial wave being insignificant. 

Interesting peculiarities in the behavior of the 
absorption coefficient of the optically active particles 
can be observed upon simultaneous variation of the 
index of refraction for radiation with either sense of 
circular polarization while keeping its mean value 
constant (Fig. 3a and 3b). Whereas a resonance 
structure can be seen in Fig. 3b for nR = n(1+0.025) 
and nL = n(1–0.025) similar to that shown in Fig. 3c, 
only with wider-based peaks, for nR = n(1+0.05) and 
nL = n(1–0.05) (Fig. 3a) the resonances of 
KAR(m, ) (or of KAL(m, ) with nL and nR reserved) 
caused by the electric partial wave degenerate. 
Calculations carried out for nR = n and 
nL = n(1–0.05) also showed that the peaks caused by 
resonances of the magnetic partial waves conserve 
their amplitudes, equal to the amplitudes of the 
resonances in the case of the optically inactive 
particles, but in this case the electric peaks degenerate. 

As the birefrigence effect becomes more 
pronounced, as can be seen from Table 1 (here i are 
the positions of the centers resonance values of KAR 
and KAL; n/n = 0.055, 0.06; 0.075; 0.105), the main 
features noted for n  0.05 are preserved, and only 
for n/n = 0.105 and  > 24.937 do the amplitudes 
of the resonance peaks of the magnetic component of 
the partial wave begin to decrease, at the same time 
that (1)

na  (KAR for nR > nL) continues to grow. Thus, 
there takes place a shift of the interference structure of 
KA(m, ) into the region of smaller . Here it is 
possible to see an analogy with the results noted in 
Ref. 6, where the influence of the size of the water 
droplets on the structure of the internal particle field 
under resonance conditions was studied, in the fact 
that there exist regions of the diffraction parameter 
where the peak values an continue to grow while the 
peaks due to the magnetic component bn begin to 
decrease since the envelopes of the electric and 
magnetic partial waves are shifted by one order of 
magnitude in . 

The importance of circular dichroism in the 
formation of the resonance structure of the internal 
field of optically active spherical particles and of the 
light scattering parameters of the medium can be 
judged from the results presented in Table 2. The 
increments of the absorption coefficients KAR, KAL, 
expressed as percents of the corresponding values of 
the coefficient KA of the inactive particles at. the 
centers of the resonance peaks A(R,L) = KA(R,L)/KA 
can be used as parameters: characterizing the effect of 
dichroism. In contrast with the cases of variation of 
m/m and n/n, over the entire range of variation off 
/ (0.5 to 100%) the positions of the resonance; 
peaks and their number in the examined interval 
 = 23.5—28.5 remain unchanged. With increase of 
the degree of dichroism only for one sense off circular 

polarization, e.g., R(L) 1 ,
      

 L(R) = , a 

growth of the absorption coefficients, of both 
KAR(m, ) and KAL(m, ) by an amount (using' their 
sum as a basis of comparison) comparable with the 
change in the degree of dichroism,, i.e.,. 
(AR + AL)  /, is observed. The main 
contribution to KA(m, )  ¾ comes from the 
radiation with unchanged , and  the extinction 
coefficients and KER and KEL decrease: insignificantly. 

In the case of an increase: of the degree îf 
dichroism of both senses of polarization 

R(L) 1 ,
      

 and L(R) 1
      

the 

absorption coefficient grows by an amount 
 1/4/ for the radiation with the decreased 
values of  and decreases by the same amount for the 
radiation with the increased values of . For the 
dichroism increasing in this way, the trends of the 
variation of the light scattering coefficients are 
weaker and the sum of absolute values 
(AR + AL)  (1/2)/ and KA = (KAL + KAR)/2 
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remains, practically unchanged due to the compensation 
of KAR and KAL. The extinction coefficient vary  

insignificantly (by  0.005 to 2%) over the entire range 
of the degree of dichroism from 5% to 100%. 
 

Table 1. Influence of birefringence on the absorption coefficient 
 

 
 

*)  Here 
 

 
Table 2. Influence of dichroism on the absorption coefficient 

 

 
 

In conclusion let us briefly enumerate the main 
results of the above analysis. 

1. Against a background of transformation  
of the interference component of the dependence 
KE(m, ) with growth of / one can  

clearly make out a tendency toward degeneration  
of a number of elements of the peak  
(resonance) structure with simultaneous shift  
into the region of smaller values of the diffraction 
parameter. 
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2. With growth of the degree of birefringence 
there does not occur a mutual compensation of the 
diffracting partial waves of the two senses of circular 
polarization, as a result of which the resonance effect 
is increased. 

3. The characteristic feature of the 
transformation of the resonance structure of the  
light scattering coefficients with growth of  
the 'optical activity of the material of spherical 
particles is a degeneration of resonances which  
are caused by the electric components of the partial 
waves and an increase of the intensity of  
he resonances in comparison with optically  
inactive particles for the partial waves of the 
magnetic mode. 
 

REFERENCES 
 
1. C. Boren and D. Haphman, Absorption and 
Scattering of Light by Small Particles (Mir, Moscow, 
1986). 
2. C.F. Boren, J. Chem. Phys., 62, No. 4, 1566 (1975). 
3. G.M. Krekov and R.F. Rakhimov, 
Optical-Location Model of the Continental Aerosol 
(Nauka, Novosibirsk, 1982). 
4. P. Chylek, J.T. Kiehl, and M.K.W. Kî, Appl. 
Opt., 17, No. 19, 3019 (1978). 
5. G.J. Rosasco and H.S. Bennett, J. Opt. Soc. Amer., 
68, No. 9, 1242 (1978). 
6. A.P. Prishivalko, L.G. Astaf’eva, M.S. Veremchuk, 
et al., Zh. Prikl. Spectr., 41, No. 5, 846 (1984). 
 


