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Abstract
The formulas for light scattering amplitude of a pyramid
with hexagonal basis in the Rayleigh-Gans-Debye approximation are
obtained. The numerical results for phase functions of light
scattering of hexagonal pyramid in the Rayleigh-Gans-Debye
approximation and in the method of Purcell-Pennypacker (or discrete
dipole method, or coupled dipole method) are compared. The good
agreement for particles with small phase shifts are obtained.
Keywords: optically “soft” particles, discrete dipole
method, phase function.
Introduction
Techniques of light scattering widely and successfully are
employed for such applications as optics of atmosphere and ocean,
physical chemistry of solutions and colloids, biophysics and laser
biomedicine
[1-5]. When we solve light scattering problem by
aerosols particles of atmosphere and so on these particles are
modeled by particles of different geometrical shape. So, for spherical
particles by separation of variables analytical decision (solution) or
theory Mie [1, 2] is obtained and well-known. However, ice crystals
of cirrus clouds have nonspherical shape and model by hexagonal
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prisms, plates and needle-shaped particles. In protein colloid and
crystal systems different needle-shaped particles are also detected [4,
6].
If particles of dispersed medium are optically ”soft”
(

m − 1 << 1 ,

where m is a relative refractive index of light

scattering particle) then we can use suitable approximations of the
Rayleigh-Gans-Debye (RGD) or the Anomalous Diffraction (AD) [1,
2]. Expressions for light scattering characteristics of prisms of
polygonal section in the AD approximation [7, 8] and for pyramid in
the approximation of Geometrical Optics (GO) [9] are obtained
earlier. Such expressions in the RGD approximation are obtained
earlier only for hexagonal prism, pyramid with rectangle basis [1013] and cylindrical capsule with arbitrary end caps [14-15].
The purpose of present work is a obtaining of analytical
expressions for light scattering amplitude and phase function of
pyramid with hexagonal basis in the RGD approximation.
Amplitude of light scattering
Use integral expression of light scattering amplitude for
homogeneous particle in scalar form in the RGD approximation
[11,12,16]:

f (θ , β ) =

k2
4π

∫ (m
V

2

− 1) exp(i k s ⋅ r )dV ,

(1)

where i , s are unit vectors along directions of incident
and scattering light respectively, r is the radius-vector of point
inside of particle,
and

λ

k s = k (i − s ), k = 2π/λ

is the wavelength of light,

angle between vectors
vector

i and s , β

is the wave number

θ 
k s = 2k sin   , θ
2

is the

is angle between z axis and

ks .

Note, the amplitude can be expressed another way in terms
of the angles in spherical coordinates pointed direction of the
incident θ i , φ i and scattering light θ s , φ s separately:

k1 = k (sin θ i cosφi − sin θ s cosφs ) ,
k 2 = k (sin θ i sin φi − sin θ s sin φs ) ,
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k3 = k (cosθ i − cosθ s ) , k 4 = k12 + k 22
2
1

2
2

ks = k + k + k

2
3 ,

,

k3 (θ , β ) = k S cos β ,

k 4 (θ , β ) = k S sin β .
The form factor in the RGD approximation [1, 2, 4] for a
homogeneous particle with the volume V may be written as

Φ(θ , β ) =

4π f (θ , β )
1
=
k 2 (m 2 − 1) V V

∫ exp(i k
V

s

⋅ r )dV .

(2)

Hexagonal pyramid
The amplitude of light scattering for segment wedge in the
pyramid with n-angle basis (see Fig. 1 a) [11, 12]:
k 2 (m 2 − 1)3VW
[U (k R,0) − U (k R,0) + U (k R, k H ) − U (k R, k H )] (3)
f =
W

4π k1k 3 RH sin (γ ′)

6

5

1
2
where VW = HR sin γ
6

γ=

5

3

6

3

is a volume of wedge,

2π
γ
,γ ′ =
, k = k 2 cos γ ′ + k1 sin γ ′ ,
2 5
n
k6 = k 2 cosγ ′ − k1 sin γ ′ ,
U ( x, y ) =

exp(ix) − exp(iy )
.
x− y
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Figure 1. Geometry of light scattering by segment wedge of
the polygonal pyramid (a), and whole hexagonal pyramid (b).
Rotating about axis OZ n-1 times light scattering amplitude
for wedge pyramid Eq. (3) on angle γ and summing all terms subject
to changes of k1, k2, k5, k6 [11, 12], we obtain the amplitude for whole
pyramid:
n −1

f PN = ∑ fW (sγ ).

(4)

s =0

Thus, the amplitude of light scattering by a pyramid with
hexagonal basis (n=6, γ=π/3, see Fig. 1 b) from Eq.(4) can be
expressed as:
 , (5)
k
k 2 (m 2 − 1) VPD  k 5
k
f PD =
p(k 5 R, k 3 H ) − 6 p(k 6 R, k3 H ) − 1 p(k1 R, k 3 H )

2π k3 RH  k 6 k1
k5 k1
k5 k6


30

3rd International Conference
«Research, Innovation and Education» 2016
of light scattering
for hexagonal pyramid in
the ADDA (1), and in the RGD approximation (2) with kR=3, kH=3
for incident light along axis of symmetry (a) and perpendicular (b).
where
Figure

2.

Phase

function

f11 (θ , β )/f11 (0,0) vs. scattering angle

p(x, y ) = h0 (x ) −

k5 =

θ

x  x+ y  x− y
xy
{j0 (x ) − j0 ( y )} ,
j0 
+i
 j0 
2  2   2  x2 − y2

k1 + 3k 2
− k1 + 3k 2
3HR 2
, k6 =
, V PD =
2
2
2

1 − cos(x )
sin (x )
, h0 (x ) =
are
j 0 (x ) =
x
x

and

spherical Bessel and

Hankel functions of zero order.
Phase function of light scattering
So, the phase function [or element of scattering matrix f11]
for natural incident light (unpolarized or arbitrary polarized light)
with β

= 0 is calculated by a formula [1, 5, 16]:
 1 + cos 2 θ  2
2
k f (θ , β ) ,
f11 (θ , β ) = 
2


(6)
where

f (θ , β )

2

is a square of modulus of light

scattering amplitude.
Further, the phase function of light scattering is normalized
on value in forward direction.
The phase functions of light scattering of hexagonal
pyramid calculated in the RGD approximation for particle with
relative refractive index m=1.1+i⋅0.01, kR=3, kH=3 and in the
ADDA [17] with 42791 dipoles (ADDA is a C implementation of
the discrete dipole approximation) are shown in Fig. 2.
Conclusions
Thus, using general properties of summation, translation,
rotation of form-factors in the RGD approximation [11, 12], the
formulas for light scattering amplitude of a hexagonal pyramid in the
RGD approximation are obtained. The numerical results for phase
functions of light scattering of hexagonal pyramid in the RGD
approximation and in the method of Purcell-Pennypacker (or discrete
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dipole method, or coupled dipole method) are compared. The good
agreement for particles with small phase shifts are obtained.
Further, author plans to obtain expressions for light
scattering amplitude of hexagonal needle-shaped column (columns
with two pyramidal tops) in the RGD approximation.
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