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Sternberg Astronomical Institute, Universitetskij prosp., 13, Moscow, 119992, Russia
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Gravitational influence of planetary systems on ‘‘stellar activity’’ (the brightness variations process) is considered.
Expressions for the tidal forces affecting the stellar atmosphere are obtained taking into account the degree of
freedom of the gravitating bodies. We show that periodicities in solar cycles may be related to the tidal forces
from the big planes of the Solar System.
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INTRODUCTION

Explicit expressions for the components of the tidal forces affecting a random probing

particle (local area) were obtained by Gerasimov et al. (2000) in the frame of the 2D

version of three-body-problem (the Sun–Jupiter–Saturn) on the base of tidal force general

determination; variability of the components with time was investigated. It was established

that former problems of the gravitational-dynamic approach to the interpretation of the

mechanism of solar activity induction (sunspots generation) were due to incompleteness

of the tidal force description. Generally, the tidal force has, besides its non-perturbed

component that characterize coupled interactions and are described by the Laplass

formula, perturbation components related, in particular, with solar orbital moment

changing. The tidal forces computed according to the classical Laplass algorithm, are,

strictly speaking, adequate only in the case of unperturbed Keplerian motion of gravitating

bodies, because perturbations by ‘‘odd bodies’’ (other planets) that lead to shifting of the

mass center of the bodies interacting by pairs (Sun – planet) are not taken into account.

The perturbing components of the tidal force may be formally derived from the equation

for the orbital moment L of the central star (the Sun) variations because the variation dL
is what characterizes deviations of the real motion from the unperturbed Keplerian one

(Avsyuk, 1996).
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The present paper not restricting to the 2D case, discuss direct joint tidal effects (and

relevant variations of the central body luminosity) from N > 2 planets Pi of the mass

Miði ¼ 1;N Þ upon a random particle P with a mass dm in the convection zone of the atmos-

phere of the central star P0 with a mass M0 that is considerably greater than that of the

planets:

mi ¼
Mi

M0 þ
Pi

j¼1 Mj

� 1 ði ¼ 1;N Þ: ð1Þ

The general expression for the tidal force valid in any reference system and time unit being

selected so that the gravitational constant f be equal to 1, is (Avsyuk, 1997):

~FF ¼
XN
i¼1

Midm
r3
i

~rri � dm~aa; ð2Þ

where ~rri is the vector joining the particle P � P0 and the center of mass Pi, ~aa – acceleration

of the orbital motion of the star center of mass P0 in respect to the barycenter of the system

under consideration, which, the motion of the whole system in respect to the center of the

Galaxy disregarded, is adopted as the origin of the inertial reference system. In (2), the dis-

tances ri are assumed to be of a considerable length so the planet deviations Piði ¼ 1;N Þ

from spherically-symmetrical distribution may be neglected. We shall also assume that in

the initial moment t0 the particle under consideration P, together with P0, the differential

axial rotation being taken into account, participates in translation–rotatory motion; therefore,

denoting as ~ll the radius-vector of the particle P located somewhere inside the convective zone

of the star P0 atmosphere, we obtain ~ll ¼ ~llðtÞ.
Besides, conserving the general character of the analysis, let us arrange all the distances Ri

between Piði ¼ 1;N Þ so that at the initial moment R1 � R2 � � � � � RN (Fig. 1). The bodies

Piði ¼ 1;N Þ, represent, in general, the centers of mass of the planets, their satellites taken

into account.

FIGURE 1 Configuration of the system: P0 is the mass center of the central star; Piði ¼ 1;N Þ – tide generating
planets; P – the probe particle in the stellar atmosphere.
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THE 2D VERSION OF THE PROBLEM

Let us consider first the case of all the planets Piði ¼ 1;N Þ motion restriction to one and the

same plane understood as the equatorial plane of the star P0. The motion of the mass center

P0 in respect to the barycenter ON of the system under investigation formed by N þ 1 bodies

may be depicted, at a random moment, as P0 motion in respect to the subsystem P0 and P1

mass center O1, which, in its turn moves in respect to the mass center O2 of the subsystem

P0 þ P1 and P2 (see Fig. 1). Similarly, O2 moves in respect to the mass center O3 of the sub-

system P0 þ P1 þ P2 and P3 and so on; finally, ON�1 moves around the barycenter ON of the

whole system Pjð j ¼ 0;N Þ. Such breaking up of a complex motion is based on an obvious

vector equation:

~rrd ¼ ~rr1 þ ~rr2 þ � � � þ ~rrN ;

where ~rr1 ¼ P0O1

��!
; ~rrk ¼ Ok�1Ok

����!
ðk ¼ 2;N Þ; ~rrd ¼ P0ON

���!
or, taking into account the designa-

tions (1),

~rr1 ¼ m1R1

��!
; ~rrk ¼ mkR0k

���!
; ~RR1 ¼ P0P1

��!
; ~RR0k ¼ Ok�1Pk

����!
ðk ¼ 2;N Þ: ð3Þ

Let us consider the description of star P0 motion, which, according to (1) considerably

exceeds in mass the planets Piði ¼ 1;N Þ, that, as I. Newton (1936) has pointed out is the

optimal N þ 1 bodies problem breaking up into N two-bodies ‘‘quasi-problems’’, because

it meets the condition of quasi-ellipticity of the orbits. The acceleration ~aa of P0 orbital motion

in the expression (2) may be considered as a sum of the unperturbed component ~aa0, answer-

ing to Keplerian motion in the frame of paired interactions P0
0 � Pi (i ¼ 1;N;P0

0 ! Oi�1 if

i > 1), and the perturbation component ~aa0, that is, ~aa ¼ ~aa0 þ ~aa0.
In the frame of two-bodies problem, the Keplerian motion is characterized with accelera-

tion of only the radial component, while under gravitational perturbations from two planets or

more, the resulting acceleration vector consists of radial and tangential (and, in 3D case,

normal) components. The perturbation component ~aa0, reveals itself in variation of the sectoral

velocity and the orbital moment P0 in respect to the planetary system barycenter.

To tell apart the patent harmonics related to mutual perturbations and revelations of the

corresponding degrees of freedom, the dependence of the vectors ~RRkðk ¼ 2;N Þ that appears

in the expression describing the multi-vector acceleration of the particle P

~aa ¼
XN
i¼1

Mi

R3
i

~RRi; ð4Þ

from ~RR1; ~tt1 ? ~RR1 as well as from ~RR0k and ~ttk ? ~RR0k ðk ¼ 2;N Þ, where ~tti stay for the ort-

vectors ði ¼ 1;N Þ tangential to ~RR1 and, respectively, to ~RR0k .

Let us introduce the angles (see Fig. 2.)

Dl ¼ p� ðllþ1 � l1Þ; l ¼ 1;N � 1

with vertices at the mass centers Ol. Here ll and llþ1 are the longitudes of Pl and Plþ1s

viewed from Ol. From the expression (3) and Fig. 2, and denoting ~RR1 as ~RR01 we deduce, that

~RRk ¼ ~RR0k þ
Xk�1

l¼1

ml ~RR0l; k ¼ 2;N ; ð5Þ

IMPACT OF THE TIDAL FORCE FROM THE PLANETS 307
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and

R2
k ¼ jP0Sk j

2 þ jSkPk j
2;

or

R�3
k ¼ R�3

0k þ 3mk�1R
�4
0k R0;k�1 cosDk�1 þ K þ ð�1Þk3m1R01R

�4
0k cosðD1 þ K þ Dk�1Þ

�
3

2
m2
k�1R

2
0;k�1R

�5
0k ð1 � 5 cos2 Dk�1Þ � K �

3

2
m2

1R
2
01R

�5
0k ½1 � 5 cos2ðD1 þ K þ Dk�1Þ�

þ 3mk�1mk�2R
�5
0k R0;k�1R0;k�2½cosDk�2 � 5 cosðDk�2 þ Dk�1Þ cosDk�1� þ K

þ ð�1Þ jþm�13mjmmR
�5
0k R0jR0m cos

Xj�1

l¼m

Dl

 !
� 5 cos

Xk�1

i¼m

Di

 !
cos

Xk�1

p¼j

Dp

 !" #
þ K

þ 3m1m2R
�5
0k R01R02½cosD1 � 5 cosðD1 þ K þ Dk�1Þ cosðD2 þ K þ Dk�1Þ�

þ O½mqmsmn�; k ¼ 2;N ; q; s; n ¼ 1;N : ð6Þ

Representing the vector components (5) as

~RR0m

R0m

¼ � cosDm�1

~RR0;m�1

R0;m�1

þ ~ttm�1 sinDm�1; m ¼ 2; k;

~RR01

R01

¼ ð�1Þkþ1 cosðD1 þ D2 þ � � � þ Dk�1Þ
~RR0k

R0k

þ ~ttkð�1Þk sinðD1 þ D2 þ � � � þ Dk�1Þ;

ð7Þ

we get for the acceleration of inertia the expression

~aa ¼
XN
i¼1

Mi

R3
0i

~RR0i þ ~aa1m þ ~aa2m þ O½m3
i �; ð8Þ

FIGURE 2 Determination of non-radial components of acceleration ~aa of the mass center of the star P0. Here

P0O1

��!
¼ ~rr1, Ok�1Ok

����!
¼ ~rrk , Ok�1Pk

����!
¼ ~RRok ðk ¼ 2;N Þ.
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where ~aa1m and ~aa2m are, respectively, the linear and the square components over minor para-

meters miði ¼ 1;N Þ:

~aa1m ¼
XN
k¼2

Mk

R3
0k

�
m1

~RR01 þ � � � þ mk�2
~RR0;k�2 þ

~RR0;k�1

R0;k�1

½mk�1R0;k�1 � 3ðmk�1R0;k�1

� cosDk�1 � mk�2R0;k�2 cosðDk�2 þ Dk�1Þ þ � � � þ ð�1Þkm1R01

� cosðD1 þ D2 þ � � � þ Dk�1ÞÞ cosDk�1� þ 3~ttk�1½mk�1R0;k�1 cosDk�1

þ � � � þ ð�1Þkm1R01 cosðD1 þ D2 þ � � � þ Dk�1Þ� sinDk�1

�
;

~aa2m ¼ �3
XN
k¼2

Mk

R4
0k

~ttk
Xk�1

j¼1

m2
j R

2
0j cosðDj þ � � � þ Dk�1Þ sinðD1 þ � � � þ Dk�1Þ �

3

2

XN
k¼2

Mk

R5
0k

~RR0k

�
Xk�1

j¼1

m2
j R

2
0j½1 � 3 cos2ðDj þ � � � þ Dk�1Þ� þ 3

XN
i¼3

Mi

R4
0i

Xi�1

l¼1

ml ~RR0l

Xi�1

j¼1ð j 6¼i�lÞ

ð�1Þ jþ1

� mi�jR0;i�j cos
Xj
m¼1

Di�m þ 3
XN
i¼3

Mi

R5
0i

~RR0i

Xi�1

j¼2

Xj�1

m¼1

ð�1Þ jþmþ1mjmmR0jR0m

� ½cosðDm þ � � � þ Dj�1Þ � 5 cosðDj þ � � � þ Di�1Þ cosðDm þ � � � þ Di�1Þ�:

It follows from (8), that in correspondence to the subsystems degree of freedom in respect

their mass centers, the inertia acceleration of the stellar atmosphere particle P under investi-

gation possess, in respect to the gravitating bodies Piði ¼ 1;N Þ both the radial and the

tangential components.

THE GENERAL CASE

Now, let the orbits of the planets Piði ¼ 1;N Þ form a 3D pattern, so, that the planet radius-

vectors ~RR0i ¼ Oi�1Pi

���!
measured from the mass center of the subsystems, are characterized, in

the local coordinate system xjOjyjzjð j ¼ 0;N � 1Þ with the axis parallel to those of an

unknown Laplassian system ðx0O0y0z0Þ, by the angles li; yi (see Fig. 3). The prime

Laplassian plane x0O0y0 perpendicular to the kinetic vector of the orbital momentum of

the whole system under consideration will be understood as the Sun equator plane.

Taking into account that

R2
k ¼ jPkP

0
k j

2 þ jP0P
0
k j

2; k ¼ 2;N ;

introducing the angles between the vectors Ol�1Ol

����!
and OlOlþ1

����!
ðl ¼ 1;N � 1Þ, determined by

the expressions of the type of

coscl ¼ � cos yl cos ylþ1 þ sin yl sin ylþ1 cosDl;

coscl;lþ1 ¼ cos yl cos ylþ2 þ sin yl sin ylþ2 cosðDl þ Dlþ1Þ;

..

.

coscl;lþ1;...;lþm ¼ ð�1Þmþ1 cos yl cos ylþmþ1 þ sin yl sin ylþmþ1

� cosðDl þ Dlþ1 þ � � � þ DlþmÞ;

ð9Þ

IMPACT OF THE TIDAL FORCE FROM THE PLANETS 309
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and making use of the results obtained in the previous section, after some simple transforma-

tions of the magnitude R�3
k , from the expression for the inertia acceleration (4) we get the

expression (6), where the following substitutions are to be made: Di for ci;Di þ Dj þ � � �

þDm;Di þ Dj þ � � � þ Dm for ci; j;...;mði; j; . . . ;m ¼ 1;N � 1Þ.

Let us now express the vectors ~RR0k through ~RR0;k�1; ~ttk�1; ~nnk�1ðk ¼ 2;N Þ, and ~RR01 through
~RR0N ; ~ttN ; ~nnN , where ~tti; ~nni are the corresponding ort-vectors to ~RR0iði ¼ 1;N Þ. We obtain

(similar to Gerasimov, 2000):

~RR0k

R0k

¼
~RR0;k�1

R0;k�1

cosðp� ck�1Þ þ ~ttk�1 cos Lk �BBk�1 þ ~nnk�1 cos Lk �BB
0
k�1; ð10Þ

where, as it follows from Figure 4,

cos Lk �BB
0
k�1 ¼ sin Ik;k�1 sinLk ; cos2 Lk �BBk�1 ¼ sin2 ck�1 � sin2 Lk sin2 Ik;k�1

FIGURE 3 Determination of local coordinate systems in the 3D case. The points P00
i are the mass centers of the

planets projections Piði ¼ 1;N Þ on the Laplassian plane x0O0y0.

FIGURE 4 Location on the celestial sphere of the osculating orbit projections: a) for the planets Pk�1 and

Pk ðk ¼ 2;N Þ; b) for the planets P1 and PN ðO1XN

���!
kON�1PN

�����!
Þ.

310 I. A. GERASIMOV AND B. R. MUSHAILOV
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or

cos Lk �BBk�1 ¼ � sin�1 Lk�1ðcosLk þ cosck�1 cosLk�1Þ:

Here, in its turn, Lk �MMk and Lk�1
�MMk are, respectively, the longitudes Lk and Lk�1 of the

planets Pk and Pk�1 in respect to their shared orbital nod, and Ik;k�1 is the inclination

angle between the osculating orbits of Pk and Pk�1.

At the same time

~RR01

R01

¼
~RR0N

R0N

cos L1
�LLN þ ~ttN cos L1

�CCN þ ~nnN cos L1
�CC0
N ; ð11Þ

where R01 ¼ R1 and, out of Figure 4b,

cos L1
�LLN ¼ ð�1ÞNþ1 cosc1;2;...;N�1; cos2 L1

�CCN ¼ sin2 c1;2;...;N�1 � sin2 L1 sin2 I1;N ;

cos L1
�CC0
N ¼ sinL1 sin I1;N :

In general case, the vector ~RR0i=Roi expansion in terms of the basis vector ~ttj ? ~nnj
? ~RR0j=R0jði 6¼ j; i; j ¼ 1;N Þ has the form:

~RR0i

Roi

¼ ð�1Þiþj cosci;iþ1;...; j�1

~RR0j

R0j

þ ~tt cos Li �CCj þ ~nnj cos Li �CC
0
j : ð12Þ

cosci;...; j�1 is determined by (9) and

cos2 Li �CCj ¼ sin2 ci;...; j�1 � sin2 Li sin2 Ii; j; cos Li �CC
0
j ¼ sinLi sin Ii; j: ð13Þ

Taking (9)–(13) into account, with accuracy up to power index 3 in terms of minor para-

meters mi in the form (1) for the acceleration of the orbital motion of the star P0, conforming

the degree of freedom in respect to mass centers Oiði ¼ 1;N Þ we obtain the expression (8),

for the items ~aa1m and ~aa2m of which the following substitutions should be performed:

Dk�1 !ck�1; Dk�2 þ Dk�1 ! ck�2;k�1; . . . ;

Dj þ Djþ1 þ � � � þ Dk�1 ! cj; jþ1;...;k�1; . . . ;

D1 þ D2 þ � � � þ Dk�1 ! c1;2;...;k�1;

~ttk�1 sinDk�1 ! ~ttk�1 cos Lk �BBk�1 þ ~nnk�1 cos Lk �BB
0
k�1;

~ttk sinðD1 þ � � � þ Dk�1Þ ! ð�1Þkþj
ð~ttk cos Lj �CCk þ ~nnk cos Lj �CC

0
kÞ:

Then, the tidal force affecting a random particle P (with mass dm) of the atmosphere of the

star P0 will be determined, according to (2) by expressions of the type

~FF ¼
XN
j¼1

Mj

r3
j

~rrj �
Mj

R3
0j

~RR0j

" #
dmþ ~FF ð1Þ

2 þ ~FF ð1Þ
3 þ ~FF ð2Þ

m þ O½mqmsmp�; q; s; p ¼ 1;N ; ð14Þ

IMPACT OF THE TIDAL FORCE FROM THE PLANETS 311
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where the items linear in terms of minor parameters are:

~FF ð1Þ
2 ¼

M2dm
R3

02

m1
~RR01ð3 cos2 c1 � 1Þ þ

3M2dm
R3

02

m1R01 cosc1

� ½~tt1 sin�1 L1ðcosL2 þ cosc1 cosL1Þ � ~nn1 sinL2 sin I2;1�;

~FF ð1Þ
3 ¼ �

XN
i¼3

Midm
R3

0i

fm1
~RR01 þ m2

~RR02 þ � � � þ mi�2
~RR0;i�2 þ R�1

0;i�1
~RR0;i�1½mi�1R0;i�1

� 3ðmi�1R0;i�1 cosci�1 � mi�2R0;i�2 cosci�2;i�1 þ � � � þ ð�1Þim1R01 cosc1;2;...;i�1Þ

� cosci�1� þ 3½mi�1R0;i�1 cosci�1 � mi�2R0;i�2 cosci�2;i�1 þ � � � þ ð�1Þim1R01

� cosci;2;...;i�1�½~tti�1 sin�1 Li�1ðcosLi þ cosci�1 cosLi�1Þ � ~nni�1 sinLi sin Ii;i�1�g;

and the square item has the form

~FF ð2Þ
m ¼

3

2

XN
k¼2

Mkdm
R5

0k

~RR0k

Xk�1

j¼1

m2
j R

2
0jð1 � 3 cos2 cj; jþ1;...;k�1Þ þ 3

XN
k¼2

Mkdm
R4

04

Xk�1

j¼1

ð�1Þkþjm2
j R

2
oj

� coscj;...;k�1½~ttkðsin2 cj;...;k�1 � sin2 Lj sin2 Ij;kÞ
1=2

þ ~nnk sinLj sin Ij;k �

þ 3
XN
k¼3

Midm
R4

0i

Xi�1

l¼1

ml ~RR0l

Xi�1

j¼1

ð�1Þ jmi�jR0;i�j cosci�j;...;i�1 þ 3
XN
i¼3

Midm
R5

0i

~RR0i

�
Xi�1

j¼2

Xj�1

k¼1

ð�1Þ jþkmjmkR0jR0k ½cosck;...; j�1 � 5 coscj;...;i�1 cosck;...;i�1�:

Here ~RR0i, and ~RR0l are given in the form (12).

As mjð j ¼ 1;N Þ are minor parameter, according to the initial assumption, the mass centers

Oj do not deviate considerably from the mass center P0; accordingly, ðRj � R0jÞ=Rj � 1

and therefore, the expression (14) for the tidal force first items that correspond to paired

interactions

XN
j¼1

Mjdm
r3
j

~rrj �
Mjdm
R3

0j

~RR0j

 !
;

are of quasi-Laplassian nature. However, as it follows from (14), the tidal force is characterized,

apart from the items, by other additional components, including tangential and normal ones.

CALCULATION OF TIDAL FORCE COMPONENTS

Let us introduce the angles aðtÞ and dðtÞ corresponding to right accession and declination of

the particle under investigation P in the atmosphere of the star (see Fig. 5). As it follows from

Figures 1 and 5, denoting gj the angles between radius-vector ~llðtÞ and ~RRjð j ¼ 1;N Þ we obtain:

cos gj ¼ cos LLj

Consequently,

cos gj ¼ cos y�j sin dðtÞ þ sin y�j cos dðtÞ cos½aðtÞ � l�j �: ð15Þ

Unlike the case in the Figure 3, here the spherical angles l�j ¼ g �NNj; y
�
j ¼ P �LLjð j ¼ 1;N Þ are

determined in the coordinate system with the center at P0.
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As (see Fig. 1)

~rrj ¼ ~RRj � ~ll ð j ¼ 1;N Þ; ð16Þ

where, if k ¼ 2;N ,

~RRk ¼ ~RR0k þ mk�1
~RR0;k�1 þ � � � þ m1

~RR01;

we have

rj ¼ ðl2 � 2lRj cos gj þ R2
j Þ

1=2
ð j ¼ 1;N Þ: ð17Þ

Assuming (as we did in the case of the Solar System) that ðl=RjÞmax / m2=3, we obtain, out

of (17):

r3
j ¼ R�3

j þ 3
l

R4
j

cos gj �
3

2

l2

R5
j

ð1 � 5 cos2 gjÞ �
15

2
cos gj 1 �

7

3
cos2 gj

� �
l3

R6
j

þ O
l4

R7
j

" #
:

But, according to (6) and (9), we have, with the adopted accuracy of the order of square in

terms of minor parameters mjð j ¼ 1;N Þ:

r�3
j ¼ R3

0j þ
3

R4
0j

fl cos gj þ mj�1xjR0; j�1 coscj�1 � mj�2xjR0; j�2 coscj�2; j�1

þ � � � þ ð�1Þjm1xjR01 cosc1;2;...; j�1g þ
3

R5
0j

�
�

1

2
l2ð1 � 5 cos2 gjÞ

�
1

2
m2
j�1R

2
0; j�1ð1 � 5 cos2 cj�1Þ �

1

2
m2
j�2R

2
0; j�2ð1 � 5 cos2 cj�2; j�1Þ

� � � � �
1

2
m2

1R
2
01ð1 � 5 cos2 c1;2;...; j�1Þ þ mj�1mj�2R0; j�1R0; j�2

� ðcoscj�2 � 5 coscj�2; j�1 coscj�1Þ � mj�1mj�3R0; j�1R0; j�3

� ðcoscj�3; j�2 � 5 coscj�3; j�2; j�1 coscj�1Þ þ � � � þ ð�1Þmþk�1mmmkR0mR0k

� ðcosck;kþ1;...;m�1 � 5 cosck;kþ1;...; j�1 coscm;mþ1;...; j�1Þ þ m1m2R01R02

� ðcosc1 � 5 cosc1;2;...; j�1 cosc2;3;...; j�1Þ

�
�

15

2
cos gj 1 �

7

3
cos2 gj

� �
l3

R6
0j

:

Here xj ¼ 1 þ 4ð1=R0jÞ cos gj.

FIGURE 5 Projections of the particle P of the stellar atmosphere and of the mass center of the planet Pj on the
‘‘celestial sphere’’ the center of which coincides with the star.
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Therefore, taking (16) into account, we obtain, out of (14), for the tidal force:

~FF

dm
¼
XN
j¼1

Mj

R3
0j

�
3l

R0j

cos gj ~RR0;j � ~ll �
3l

R0j

cos gj~ll �
3

2
ð1 � 5 cos2 gjÞ

l2

R2
0j

~RR0j �
15

2
cos gj

� 1 �
7

3
cos2 gj

� �
l3

R3
0j

~RR0j þ
3

2
ð1 � 5 cos2 gjÞ

l2

R2
0j

~ll þ
15

2
cos gj 1 �

7

3
cos2 gj

� �
l3

R3
0j

~ll

�

þ
XN
i¼2

3Mi

R3
0i

�
cosci�1

R0;i�1

~RR0;i�1

Xi�1

k¼1

ð�1Þi�kþ1mkR0k cosck;kþ1;...;i�1 þ ½~nni�1 sin Ii;i�1 sinLi

� ~tti�1 sin�1 Li�1ðcosLi þ cosci�1 cosLi�1Þ�
Xi�1

k¼1

ð�1ÞiþkmkR0k cosck;kþ1;...;i�1

" #

þ
l cos gi
R0i

Xi�1

k¼1

mk ~RR0k þ
xi
R0i

~RR0i

Xi�1

k¼1

ð�1Þiþkþ1mkR0k cosck;kþ1;...;i�1 �
Xi�1

k¼1

ð�1Þi�km2
k

�
R0k

R0i

~RR0k cosck;...;i�1 þ 4
l cos gi
R2

0i

Xi�1

k¼1

mk ~RR0k

Xi�1

j¼1

ð�1Þiþjþ1mjR0j coscj; jþ1;...;i�1

þ
xi~ll
R0i

Xi�1

k¼1

ð�1ÞiþkmkR0k cosck;...;i�1 þ
Xi�1

k¼1

ð�1Þkþim2
k

R2
0k

R0i

cosck;...;i�1½~ttiðsin2 ck;...;i�1

� sin2 Lk sin2 Ik;iÞ
1=2

þ ~nni sinLk sin Ik;i� þ
~RR0i

R2
oi

Xi�1

k¼1

m2
kR

2
0k cos2 ck;...;i�1

þ
~ll

R2
0i

Xi�1

j¼2

Xj�1

k¼1

ð�1ÞjþkmjmkR0jR0k ½cosck;...; j�1 � 5 coscj; jþ1;...;i�1 cosck;...;i�1�

þ
~ll

2R2
0i

Xi�1

k¼1

m2
kR

2
0kð1 � 5 cos2 ck;kþ1;...;i�1Þ

�
þ O½mqmsm

1=3
p �; q;w; p ¼ 1;N : ð18Þ

In the case of the Solar System ðN ¼ 9Þ, under the assumption of the minuteness of the

angles between the planet orbits and the Sun equatorial planes (e.g., the 2D case) and taking

into account the predominance of the mass of Jupiter and Saturn over the mass of the other

giant planets, we can deduce directly out of (18) the conclusions described in (Gerasimov,

2000), namely: in the frame of 2D version of the problem of now 10 (the Sun þ 9 big

planets) bodies, the expression for the tidal force affecting a probe particle (local area)

in the Solar atmosphere contains the main perturbation harmonics with periodicities equal

to the syderic periods of Saturn and Jupiter as well as to the periods combinations, including

the resonance period of 	60 years. The quasi-laplassian component of the tidal force (paired

interactions) may determine the dynamical shape of the Solar photosphere formation, while

the perturbation component would respond for the loss of stability of quasistationary fluxes

of the Solar plasma, causing the corresponding rotations in the photosphere that are related

with the spots formation process. So then, the mechanism that induces the Solar cycles may

be related to the big planets dynamical impact on the Solar atmosphere.

However, in the general 3D case (with absence of degeneration in the system), the pertur-

bation harmonics amplitude, as it follows from (18), increases considerably by a magnitude

of an order of R0j=lð j ¼ 1;N Þ, which, in the case of the Solar system amounts to 	103. To

obtain, in 3D case, direct expressions for the tidal force components (18) as projected onto

the coordinate system ðx0; y0; z0Þ related to the equatorial plane of the star P0 (the Laplass
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plane x0O0y0 – see Fig. 3.), we should select the axis O0x0 that pass through the longitude of

the ascending nod of the equator P0 (see Fig. 5). Naturally, the true equator plane P0 perpen-

dicular to the rotation axis will not coincide with the invariable Laplassian plane.

Projecting the vectors ~ll, ~ttj, ~nnj and ~RR0jð j ¼ 1;N Þ from (18) over the axis x0; y0; z0 with the

center in the point O0 of P0 mass center and denoting as s0 the stellar time that is determined

through the star P0 proper rotation speed, so that aðtÞ ¼ a� s0 and by uj, Oj and ij, corres-

pondingly, the latitude argument, the ascending nod longitude and the angle between the pla-

net Pj ð j ¼ 1;N Þ osculating orbit and the plane ðx0O0y0Þ of the equator P0 we obtain (see

Abalakin, 1971):

lx ¼ l cos d cosða� s0Þ; ly ¼ l cos d sinða� s0Þ; lz ¼ l sin d;

ðR0jÞx ¼ R0j sin y�j cos l�j ; ðR0jÞy ¼ R0j sin y�j sin l�j ; ðR0jÞz ¼ R0j cos y�j ;

tjx ¼ cosOj sin uj � sinOj cos uj cos ij; tjy ¼ sin uj sinOj þ cos uj cosOj cos ij;

tjz ¼ sin ij cos uj; njx ¼ sinOj sin ij; njy ¼ � cosOj sin ij; njz ¼ cos ij ð j ¼ 1;N Þ: ð19Þ

Calculating all the distances

R01 ¼ R1; R02 ¼ R2 þ m1R01 cosc1 þ O½m2
1�; . . .

R0k ¼ Rk þ mk�1R0;k�1 cosck�1 � mk�2R0;k�2 cosck�2;k�1 þ � � � þ ð�1Þkm1R01

� cosc1;2;...;k�1 þ O½mqmp�; q; p ¼ 1; k � 1 ð20Þ

in the osculating elements Rj ¼ ajð1 � ej cosEjÞ, j ¼ 1;N , where aj, ej are the planet Pj

orbits large semi-axis and the eccentricity and Ej is the planets eccentric anomaly, and

using the expansions in terms of the orbit Pj main anomaly Mj multiples (Duboshin, 1964)

Rj ¼ aj 1 þ
e2
j

2
þ

3

8
e3
j � ej

� �
cosMj �

1

2
e2
j cos 2Mj �

3

8
e3
j cos 3Mj þ � � �

( )
; j ¼ 1;N ;

ð21Þ

we can easily obtain the target components of the tidal force affecting a random particle in the

star atmosphere directly from (18), taking into account (9), (15), and (19)–(21), which make

is possible for us to study the properties of the components time variations on the scale of the

star P0 several rotation periods as well as on the evolutionary scale.

The tidal force components we have obtained contain the harmonics related to the planet

Pjð j ¼ 1;N Þ orbital periods as well as to their combinations and resonance frequencies.

Dynamical impact of the planets must lead to induced oscillations of the star P0 convection

areas, which, appearing at the surface of the star, may form active zones that change the

integral flux of the star radiation.

Taking into account the fact that the ‘‘Sunspots formation’’ leads to Sun radiation varia-

tions amounting to several decimals of a percent (Vitinsky, 1986; Friins Christiansen,

1991), we may expect similar variations in brightness of stars of the same spectral class as

that of the Sun and possessing planet systems.

CONCLUSIONS

Dynamical influence impact on the process of sunspots formation have been repeatedly

turned to by a number of authors. Certain facts, such as absence of spots at high latitudes,
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equatorial symmetry of spot appearing in the Northern and Southern hemisphere of the

Sun, etc., support the assumption that the mechanism that determines the Solar cycles

characteristics may be regulated by the tidal impact from big planets. However, matching

the observational data against simulations of the tidal force components affecting the Sun

convective zone, performed according to the approximate algorithm of Laplassian ‘‘paired

interactions’’ did not support the assumption.

The present article shows that a reason for such inconsistency may be found in the incom-

pleteness of the classical description of the tidal force (the principal harmonics of the tidal

force are not taking completely into account). Full description of the tidal force (direct

tidal impact) contains both the unperturbed component (paired interactions) and the perturb-

ing one, related with variations in the orbital momentum of the object under investigation

(the central star).

Similar dynamical effects must be present as well in other planetary systems orbiting a

central star Po. Gravitational impact from the planets must affect the star activity and be

revealed in the form of the star Po integral brightness variations. The symmetrical, unper-

turbed component of the tidal force will be responsible for the dynamical shape of the star

atmosphere, but it will not affect the stability of quasistationary fluxes in the atmosphere

of the star. The perturbation component is related to formation of vertices in the convective

zone of the atmosphere of the star, and, consequently to the ‘‘spotsformation process’’.
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