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Abstract: Using the Discrete Dipole Approximation (DDA) method, β (a ratio of the solar radiation

pressure force to the solar gravity on a particle) is estimated for a finite disk type dust particle of three

effmaterials with an aspect ratio a/b = 0.249 with changing an equivalent radius a  from 0.01 mm to 1.0

mm, where a and b, respectively, denote a length of curving side of the disk and a radius of its circular

effend, and a  = (3ab /4) . In the case of finite disk type dust particle, β is larger at Θ  = 0° than that at2 1/3

Θ  = 90°, where the incident angle Θ  is defined as an angle between the direction of the incident light

effand the symmetry axis of the disk type particle. In the case of Θ  = 0°, β exceeds unity from a  =0.01

eff eff effmm a  =0.74 µm for magnetite, and a  =0.05 µm to a  =0.52 mm for silicate. On the other hand, β

never exceeds unity at Θ  = 90°, for all magnetite, silicate and water ice disk particles. For disk type

silicate particle β exceeds unity with aspect ratio<0.92 for Θ  = 0°, whereas, β never exceeds unity for

silicate particle at Θ  = 90° within from aspect ratio $ 0.249 to aspect ratio # 1. Also, β > 1 from aspect

ratio # 0.249 to aspect ratio # 1.at both Θ  = 0° and Θ  = 90°, for magnetite particle. β never exceeds

unity for water ice particle for all aspect ratio of interest from 0.249 to 1.
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INTRODUCTION

Bodies in the interplanetary space experience both

radiation pressure force and gravitational force due to

the presence of the Sun. Those two forces are opposite

in direction. Radiation pressure force is directly away

from the Sun and gravitational force is toward the Sun.

Radiation pressure force is to be considerably

significant for very small particle (Sub-micron sized).

Hence, it plays an important role in dynamical

evolution on sub-micron size particle. This paper

explains solar radiation force incident on small (0.01

µm to 0.1 µm) disk-shaped dust particle. The pioneer

and Helios spacecraft, as well as several earlier in situ

observatories, have directly measured dust with impact

counters of various types . It is aseptically evident[6 ,5 ,10]

that dust present in the solar system and also its

existence in clouds throughout interstellar space is

strongly implied by the extinction, reddening and

polarization of starlight . Dust can be produced[2 ,17 ,9 ,11 ,3 ,8]

in circumstellar space and can blow out into interstellar

space . As per Low et al, a discovery of the asteroid[4]

dust bands by the infrared Astronomical Satellite

associated with the Koronis and Themis families has

proved that the collisional debris from the asteroids

becomes  scattered through the interplanetary space.

The laboratory experiments for collisions of solid

bodies, e.g. Fujiwara and Tsukamoto suggested that the

collisional debris has an irregularly shape and is in the

rotational state. Burns et al  reviewed in details the[12]

dependences of radiation pressure forces on the

particles nature where they showed that except for

small graphite and conducting particles, the repulsive

solar radiation pressure force never exceeds the

attraction of the solar gravity. This is an contradiction

to the popular view, in which all particles smaller that

a certain size are “blown out” from the solar system.

Many efforts have been done to find out the effect of

radiation pressure on the orbital evolution of small

particles .[16 ,20 ,15 ,7 ,14]

Our ability to theoretically compute the radiation

prpressure coefficient (Q ) for solid particle is extremely

limited. If the particle is in spherical, homogeneous and

isotropic shape, the “Mie Scattering Theory” is used to

compute any of the desired optical properties of the

grain. Interstellar grains enter into the solar system

have been detected by Ulysses and Galileo

spacecrafts  and on analysis of Ulysses data .[13] [13 ,1]
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Fig. 1: β as a function of aeff for disk (a/b = 0.249) magnetite particles, incident angle Θ  = 0o

Fig. 2: β as a function of aeff for disk (a/b = 0.249) magnetite particles, incident angle Θ  = 90o

Fig. 3: β as a function of aeff for disk (a/b = 0.249) silicate particles, incident angle Θ  = 0o

The “Discrete Dipole Approximation” developed by

Purcell and Pennypacker  is popularly known as[17]

“DDA”, which is a very flexible and general technique

for calculating the optical properties of particles of

arbitrary shapes. The DDA replaces the solid particles

by an array of N dipoles, where the spacing between
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the dipoles should be smaller compared to the

wavelength of interest. The radiation pressure force on

disk type dust particle as non-spherical for different

materials (e.g.: Silicate, Magnetite and Water Ice) has

been estimated for extinction, scattering and absorption

of electromagnetic waves by targets with arbitrary

geometries and complex refractive index and verified

a ratio of radiation pressure force to gravitational

attraction force of the sun on a particles of different

aspect ratios and different incident angles of incident

radiation. We have examined the variation of radiation

pressure force for disk-type particle both for 0°

incidence and 90° incidence.

MATERIALS AND METHODS

Electromagnetic Radiation Pressure (EMRP) is

defined as the force per unit area exerted by

electromagnetic radiation. When a photon approaches

a surface, it may be either absorbed (absorption

coefficient=1) or reflected (reflection coefficient=1) or

just passes straight through (transmission coefficient=1).

In the first two cases, momentum 'p' is transferred from

the photon to the object whose surface is struck. In this

way, a force (dp/dt) is exerted on the struck object,

giving rise to EMRP. If the photon is completely

absorbed, the struck object acquires the momentum of

the photon. If the photon is totally reflected, so that the

photon rebounds with the same magnitude of

momentum, but oppositely directed, conservation of

momentum demands that the momentum transferred to

the struck object is twice. The radiation pressure cross-

prsection C  depends on the shape and structure as well

as the size and material composition of the particle,

prestimates of C  need light-scattering theory appropriate

to the particle morphology.

Mathematical Derivation of the Ratio of the

Radiation Pressure Force to the Gravitational

Attraction, β: The radiation pressure force due to solar

radiation on a target particle is expressed as 

Where:

0R is distance of the particle from the Sun, R  is the

*radius  of  the  Sun,  B  is the solar irradiance, A is

the geometrical cross-section of the particle, c is the

speed of light λ is the incidence swave length of

prradiation  and  Q   is  the efficiency factor of

radiation pressure, 

prQ þ Efficiency factor for radiation pressure,

extQ þ Efficiency factor for extinction,

scaQ þ Efficiency factor for scattering,

<cosq> þ Mean scattered radiation in the direction

of propagation. Mathematically, 

ext scaWhere Q , Q   and <cosq> are calculated using

DDA.

ext abs scaDDA produces Q , Q , Q  and <cos θ> as

function of wave length of incident radiation as well as

equivalent radius of the target. In this calculation

complex refractive indices for wavelengths from

0.14µm to 5.0µm are used.

The gravitational attraction force on that particle of

mass m is defined by

Where, G is the gravitational constant, M is the

solar mass. A well-known dimensionless parameter b

is the ratio of the radiation pressure force to the

gravitational attraction is 

0Where C is constant (= cR /GM) = 10.94 x10  in2 5

cgs units.

RESULTS AND DISCUSSION

Dependence of β Values for Non-spherical (Disk-

type) Small Particles on the Angle of Incident

Radiation: β varies with A/m and integration

prconcerning the wavelength. Both A/m and Q  vary

with the incident angle. For example, 0° and 90°

effincidence on a disk particle of equivalent radius a

with a<b (a is the length and b is the radius of disk

particle). The cross-section A is larger for 0° incidence

than that of 90° incidence, whereas, due to prominent

p rback  scattering,  Q  is larger for 90° incidence.

Hence,  the  radiation  pressure forces relative to the
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Fig. 4: β as a function of aeff for disk (a/b = 0.249) silicate particles, incident angle Θ  = 90o

Fig. 5: β as a function of aeff for disk (a/b = 0.249) water ice particles, incident angle Θ  = 0o

Fig. 6: β as a function of aeff for disk (a/b = 0.249) silicate particles, incident angle Θ  = 90o
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effFig. 7: β values as a function of a  for different materials at Θ  = 0o

 

effFig. 8: β values as a function of a  for different materials at Θ  = 90o

effFig. 9: β as a function of aspect ratio a/b of the circular disk grain with a  =0.15 µm for magnetite, silicate and

water ice at both Θ  = 0 and Θ  = 90 .o
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Fig. 10: β values for cylindrical particles with a/b = 4.0 and disk type particles with a/b = 0.25 for Θ  = 0 . o

Fig. 11: β Values for cylindrical particles with a/b =4.0 and disk type particles with a/b =0.25 for Θ  = 90 .o

gravitational attraction on disk particles should be

increased for 0° incidence and decreased for 90°

incidence.

Fig.  1 shows the variation of b as a function of

effa   for disk  type  magnetite  particle  at  0°

incidence  (used solar wavelength was from 0.14 µm

prto  300 µm to compute Q  and no. of dipoles,

N=12640 for sphere and N=11664 for disk was

considered).  In  disk  shape, a<b where a is length

and b is the radius of disk. As magnetite is an

absorbing  material,  β  is  larger  than  1 for sphere

of radii from 0.05 µm to 0.2 µm, whereas, for disk

type particle, β exceeds unity from same mass

equivalent radii of 0.01 µm to 0.74 µm at Θ  = 0°

incidence of radiation, projected area for disk shape

body is much larger that that of sphere. It is also found

dmfrom this figure, the β  (β for disk of magnetite

smmaterial) is much larger than that of β  (β for sphere

of magnetite material). it reveals that if a disk type

particle comes in Θ  = 0° incidence of radiation, it

blown away from the solar system of effective radius

0.01 µm to 074 µm.

In  Fig.  2,  at Θ  = 90°, i.e. the curving side of

the  disk  shape  facing  with the sun, projected area

is less than spherical shape particle. b never exceeds

unity  for  disk  shape  particle for all effective radii

of interest.For spherical particle β definitely exceeds

unity for certain values of radii. Particle with

equivalent  of  mass  of  sphere but non-spherical

shape  rotating  around  the sun with curving side

facing  toward  the  sun may exists in the solar

system.

prIn Fig. 3, since Q  for silicate is smaller than that

for  absorbing  magnetite, radiation pressure force

never exceeds gravitational attraction force of the sun

for spherical  silicate  particles.  For  disk shape, β

eff exceeds unity for the size ranges from a = 0.05 µm

to 0.52 µm. It implies that these flatten silicate

particles may loss from the solar system when radiation

fall on its flat edge.

In Θ  = 90° incidence, one to low projected area,

b is smaller than that for sphere. So, silicate which is

orbiting around the sun with curving side toward the

sun may exist in the solar system. 
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Fig 5 shows, in case of water ice at Θ  = 0°

incidence, β is much smaller than 1 for all values of

effective radii for both disk and sphere shaped particles

sice water ice has greater dielectricity than silicate

material. Consequently, water ice disk particle

revolving around the Sun is facing flat side toward the

Sun may exist still now in the solar system.

As the projected area in curving side of disk type

particle is smaller than in flatten side, β for Θ  = 90°

incidence is smaller than that for Θ  = 0° incidence and

would remain below unity. Therefore, to sum up, it

needs external force as radiation energy with much

smaller solar wavelength in order to blow out the disk

or sphere shape dust particle from the solar system.

Additionally, from Fig. 7, it is seen that β, for

magnetite, is larger than that of silicate and water ice.

It is also found that β, for silicate, is greater than that

of water ice. β For water ice, b never exceeds unity for

certain values of radii, i.e. radiation pressure forces on

magnetite and silicate particles are larger that

gravitational attraction forces of the sun. It implies that

when these particles come to Θ  = 0° incidence in its

rotational state, either it was blown away from the

solar system or it is orbiting on a zigzag path

depended on its spin .[19]

In case of Θ  = 90° incidence (Fig. 8), b is less

than 1 for all three materials. It means that

gravitational attraction force of the Sun is dominant. In

this  regards,  therefore, particles which orbiting with

Θ  = 90°, are in bound orbit to the Sun.

Dependence of β Values for Non-spherical (Disk-

type) Particle on its Aspect Ratios: Fig 9 shows b

values as a function of aspect ratios for disk type

eff magnetite, silicate and water ice particles with a =

0.15 µm at both Θ  = 0° and Θ  = 90°.

eff Magnetite particle with a = 0.15 µm and incident

radiation is parallel to the symmetry axis of disk, b

decreases with increasing aspect ratio. And, when

incident radiation is perpendicular to the symmetry axis

of  disk,  β increases with increasing aspect ratio.

Also, spherical silicate and magnetite particle with

eff radius a = 0.15 µm, β<1 and β>1, for certain values

of radii, respectively . But if we consider disk type[12]

eff silicate particle with a = 0.15 µm, β>1 at Θ  = 0° for

aspect  ratio<  0.92  and  β does not exceed unity at

Θ  = 90° from aspect ratio $  0.249 to aspect ratio # 1.

Whereas, for a disk magnetite particle, β>1 from aspect

ratio $   0.249 to aspect ratio # 1 at both Θ  = 0° and

Θ  = 90°. Considering disk water ice particle, β<1

within from aspect ratio $  0.249 to aspect ratio # 1 at

both incidences, Θ  = 0° and Θ  = 90°.

In the following two figures (Fig.10 and Fig.11),

we have found the different curves for different β

values of different shapes. 

Conclusions: For disk type particle with a/b = 0.25

 effand  a  = 0.15  µm, β  is  larger  at Θ  = 0° than at

Θ  = 90° (i.e. radiation pressure force depends on an

A/m ratio for a non-spherical particle with a cross

section A and a mass m). Although b value for a

spherical silicate particle never exceeds unity, it

exceeds  unity  for  the  disk  silicate  particle  with

 effa   = 0.15 µm, i.e. at Θ  = 0° when the aspect ratio

a/b # 0.85, and β does not exceed unity at Θ  = 90°.

For a disk magnetite particle, β becomes greater than

unity at both Θ  = 0° and Θ  = 90°. Considering disk

water ice particle b < 1 when aspect ratio> 0 to aspect

ratio#1 at both Θ  = 0° and Θ  = 90°. Hence, an

equivolume particle with spherical and disk type shape,

the dynamical behavior completely different and it

depends on the angle of incident radiation on the

particle. We have verified a ratio of radiation pressure

force to gravitational attraction force of the Sun on a

particle  of  different  aspect ratio and different

incident angle of incident radiation of different

materials. To sum up

C For finite disk type particle, β is larger at Θ  = 0°

than that of at Θ  = 90°, where at Θ  = 0°

effincidence, β  exceeds  unity from a  =0.01 µm to

eff effa  = 0.74 µm for magnetite, and a  =0.05 µm to

effa  =0.52 µm for silicate particles. Also, β never

exceeds unity at Θ  = 90° for all magnetite, silicate

and water ice disk particles; whereas, β is larger at

Θ  = 90° incidence than that of Θ  = 0° incidence

for cylindrical particles.

C β never exceeds unity for spherical silicate and

water ice particles.

C For  disk silicate disk particle b exceeds unity at

Θ  = 0° when aspect ratio#0.92 and does not

exceed unity at Θ  = 90° from aspect ratio > 0.249

to aspect ratio#1 

C On the other hand, for disk magnetite particle b >

1 from aspect ratio> 0.249 to aspect ratio#1 at

both Θ  = 0° and Θ  = 90°. 

C For disk water ice particle, β < 1 from aspect

ratio> 0.249 to aspect ratio#1 at both Θ  = 0° and

Θ  = 90°.

C For one of absorbing material (here, magnetite

whose density is 5.2gcm ) the curve for β as a-3

efffunction of effective radius a  is sharper rather

than that of β values of other two less absorbing

materials (silicate and water ice) for considering

both disk and spherical shapes.

Similarly, the fitting curve after plotting data of β

values for the silicate (dielectric material, density

2.5 gcm ) is sharper than that of β values for-3

water ice (more dielectric than silicate; almost

transparent material where most of the incident

radiations  can  be  transmitted through the dust;



J. Appl. Sci. Res., 4(11): 1344-1351, 2008

1351

density considered for this is 1.04gcm ) and-3

smaller than that of b values for magnetite (most

absorbing material).

C Furthermore, the apex of these curves gradually

tend to the right i.e., from smaller effective radius

effto the greater a  for those three materials

respectively.

C The average β values i.e., the overall curves for

both incidence 0° and 90° incidence go down

concerning the values for magnetite to water ice

through that for silicate material. 
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