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ON THE DYNAMICE OF A SPACECRAFT IN THE
PHOTOGRAVITATIONAL FIELD OF THE SUN
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Abstracr. The idea that the lght pressure should mfuence the moton of
lhiminated particles has been known smee 1 Kepler (1571-16307, then,
this idea explamed the [act that the comets' tails were orented in an
opposite dircetion (o the direction of the Sun In the eardy Iwentics,
PN Lebedev (1866.1921), EF Nichols {1869-1974) and & W Hull (1880~
IH66:) Feumd that the pressure of the light on & reflecting surface, of | km?
was about 8 107" N/m®, [3] This pressure afficts the orbital behaviour of
artificial and natural celestinl bodics with a relatively large arca-to-pass
rario

The aim of this paper is to stdy such a perturbed motion fior 3
spacecraft moving under the pravitahional affrsction and light pressure of
the Sun A simulation of o heliceonine rpectory 15 made using (he
photogravitational model of © Popovict 5],

Iiris well-known that m the classicn! twi-body peoblem the
relative moton of one body takes place 1 planc and ns differeidil
SUALIOTS are
(1 :” L
where w = & { M tm) is'the graviiational parameter In this paper we
consider & perturbed hao-body problem . sovermed b the following equations:
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where /* is the perturbed force, the explicit form of  will be miven o the nex
Section, )

Accordmg to the planar character of the mation, different kinds of
covidmates can be used For example, if 15 8 radial faree ithus the maotion 1=
planar), we rewerite (2} in polar coordinates [r, ul:
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imode that in the case of @ cenmal force, &, = 0},

L. Among the problems that lead o differential equations o the tvpe shown
above, we have chosen 1o deal witl the motion of & spacecialt moving under the
gravilational sftraction and light pressure of the Sun. Cristanding resuls on this
problzin were obtamed by . Popovici (1878-1934), professor ar the Lassy
Ulniversity, Romania, [1], 4]

. Popovicd studies (3} by taking

. .'I
{1 - gr—
r

" I'-\.

where o - 0. His theory can be considered g pos-bewlonian theory becaise s
ihiat timie 1t was mesnt 1o he “Mewton’s law recrified by a repulsive forpe™ Faking
e pressure of the hght for the repulsive force, C Popenaci applisd his theorstical
studics 1o the moton of comets. But his results could becone (H present nlerest in
the: case of naagmtion witly “sofar sals™

In the paper [2], the equations of motion n the case of the cormectad
Mewtonan force gven by Popovici bave the following carcsian form-
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where d - A4 -8 7~ #oc o sand F -3 =37, A representing the Newtonian
attraction of the cenfral body (e Sun, for example) and B being the foree due o

the light pressure; both forces are cstimared &l unil distance.

Tz atlrscton of the iumimared haody is given then by
() o
whiere & — A - & This force will be o repulsies one for bodizs ke “solas sails” or
pEnticles ol @ comet"s tal; this happens hecanse the force due o the heght pressure
excends te grimataheni altmcion.

The madification eperated by O Popovier om {61 consists i adding the

ae : .
Lerm -"!__J,{c-":' orepresenfing the Loce due to the fnite light speed  Hee o

denafes the el spesd amd % rachal component of the speed of the anmdel

body. The force considered by O Popovisn will be thens

Al :
l?dlii‘lflillz etz F=A-R F=0 oiecan t.ﬂﬁlh.- Fienld the: axpuession (47 ol fhe
e,

A Momerical integration of the equations of mothoa

For the incegration of (3} there i an analyvieal seluton, presented | 2]

and [5] Snll, o order w obiam quicker other needed quantities {e.g vanation
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af ombital enerpy, components of the velocing, cle b and for fe pemerical
simishations we used in this paper a numencal algacithin

We rewrile (5) under the following standsd fom:
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Having the initial condibons (Cauchy problem)

i a :
%) A0 = Ch 1= ke - xy. 3,001,

W e oblain & mamernca solution of (5]

We b node thar the system (7) adimirs the sea’s firse imdepral
[]I-:II b Vyo= ) By = anmsd

The vanabon of the fotal orbital enerey obeys the Falloseny, gl law;

{11 = - g

where
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4. Bolar sails i the photogravitational field of ihe Sun,
In orden 0 mvestipate the movement of 8 “solar swl™ W the
photopravitationad field of the San, we need the following constants:
¢ =3 - 10" miy (bght specd) .
A= G{M+m)= G - LI2712438 107w 57 =
= 295915418 10 * {0 ) ey ™
Lo 185107 W,
Ire cabenlations we alzo need the following

i :
=2 L RN IAZL = B0 kg
ZRe

= 01353600 = | 0" dp et i |J |:.Ii:|:|..-I

Is : ;
- = SHSITHIAE X 10 kejma ),
=

Iz
SR

] 5o o0
wherz o — represcnils the mass=lo-arss o (usolly meeaseed o kpdn 1 and
= ;

Ut svimbal mdex ~ @™ i5 nsed foo Uie S
Application: We conseder the following, problan ender wihnl condibons a
spacecraft with solar sails can survey the Sun from a heliossyoeronus orkat? ¢ That

viegsns Lhat the distance to the Sun is Cy 007 oo and ols pened of rewolution iz 7

- 23 days. )
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Llsmg the theory exposed wndil nove, wie found the solation

b= B30 = 10" mis?
a - O kp o,

Remark; Other possible orbits of spacecrafts with solar sails will be green m
lielure papers
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