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Abstract. Influence of the solar radiation (electromagnetic and corpuscular - solar wind) on the motion 
of the interplanetary dust particle is investigated. The ratio 'time of inspiralling toward the Sun: time 
of inspiralling neglecting the change of mass of the particle' is presented as a function of initial 
eccentricities. 

1. Introduction 

The effect of the solar electromagnetic radiation on the motion of the interplanet- 
ary dust particles (IDPs) is well-known as the Poynting-Robertson effect. Similar 
effect of the solar wind is generally known as 'corpuscular drag'. Moreover, 
noncatastrophic destruction of the IDPs due to the action of the solar wind is 
known as 'corpuscular sputtering'. Poynting-Robertson drag and corpuscular drag 
cause the inspiralling of the IDP toward the Sun. This paper deals with compari- 
sons of times of inspiralling toward the Sun for the case of neglecting corpuscular 
sputtering and for the case of the complete effect of the solar wind. The special 
case of formally circular orbit was investigated by Kla6ka and Kapiginsk3) (1992). 

2. Mathematical Formulation of the Problem 

Effects of the solar radiation (electromagnetic and corpuscular) represent only 
perturbations to the Keplerian motion for the system Sun - IDP. The process of 
in-spiralling toward the Sun can be expressed by secular changes of the orbital 
elements and radius of the particle (see Equations (21)-(23) in Klaeka 1993). The 
most simple case yields the following equations: 

da 2 + 3e 2 
--dt= -1.25r/ a(1 --  e2) 3 / 2 '  ( 1 )  

de 5 e 
dt 1.25r/2 a 2 ~  ' (2) 

ds K 
dt a 2 ~  ' 

(3) 

(if e ~ 0 does not hold) where a is semi-major axis of the particle (in AU) e- 
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INITIAL ECCENTRICITY 

Fig. 1. Ratio ' t ime of in-spiralling toward the Sun: t ime of in-spiralling neglecting the change of mass  
of the particle' as a function of initial eccentricities. 

eccentricity and s-radius of the particle (in cm). Time t is measured in years. The 
quantity ~/is given by 

~ / :  3.61 x lO-S/(sp), (4) 

where p is mass density of the particle, measured in g cm -3 (see Equations (7a)- 
(7c) and (9) in Kla~ka 1991b). 

Equation (3) represents 'corpuscular sputtering'. The complete action of the 
solar radiation is given by Equations (1)-(3) (and also (4)). The system of these 
equations must be solved for the purpose of obtaining time of in-spiralling toward 
the Sun. The system of Equations (1) and (2) must be solved if we neglect (as it 
is generally done) disintegration of the particle. 

3. Results and Discussion 

The important results are shown in Figures 1 and 2. All calculations were done 
for p = 3g cm -3. Obtained results (ratio 'time of in-spiralling toward the Sun: time 
of in-spiralling neglecting the change of mass of the particle' as a function of initial 
eccentricities) are independent on initial radii of the particles (see, e.g., Kla6ka 
1991a, or, Kla6ka and Kapiginsk~ 1992) since the case 'radiation pressure force/ 
gravitational attractive force < 1' is supposed. Values A = 3 and A = 1 represent 
initial values of semi-major axes (measured in AU) used in the system of differ- 
ential equations (1)-(4). Times of in-spiralling T and TpRcD were obtained from 
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Fig. 2. 

E q u a t i o n s  ( 1 ) - ( 4 )  for  the  case  of  final s e m i - m a j o r  axis A = 0.3 A U ,  i . e . ,  p rocess  

of  insp i ra l l ing  t o w a r d  the  Sun is cha r ac t e r i z ed  by  cond i t ions  A = 3 AU---> A = 

0.3 A U  or  A = 1 A U  --~ A = 0.3 A U .  O n e  can eas i ly  ob t a in  e r ro r s  of s t a n d a r d  

ca lcula t ions  which  do  no t  t ake  into  accoun t  the  change  o f  mass  o f  the  par t ic le .  

Acknowledgements 

The  au tho r s  wan t  to t h a n k  Organ iz ing  C o m m i t t e e s  of  the  I n t e r n a t i o n a l  A s t r o -  

nomica l  S y m p o s i u m  ' I n t e r ac t i ons  B e t w e e n  Physics  and  D y n a m i c s  of  So la r  Sys tem 

B o d i e s '  for  the  poss ib i l i ty  of  p r e sen t i ng  this p a p e r  as a p o s t e r  at  the  sympos ium.  

References 

Kla6ka, J.: 1991a, Asteroid Families, Ph .D.  thesis, Comenius University, Bratislava. 
Kta6ka, J.: 1991b, 'On the Importance of Impact Erosion', Bull. Astron. Inst. Czechosl. 42, 379-381. 
Kla~ka, J.: 1993, 'Interplanetary Dust Particles: Disintegration and Orbital Motion', Earth, Moon and 

Planets 60, 17-21. 
Kla6ka, J. and Kapiginsk~, I.: 1992, 'On the Influence of the Corpuscular Sputtering on the Motion 

of Dust Particle', Contrib. Astron. Obs. Skalnatd Pleso 22, 205-208. 


