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Abstract The paper deals with the dynamics of a
small gyrostat satellite acted upon by the Newtonian
forces of two big bodies of equal masses which rotate
around their center of mass. The gyrostat’s equations
of motion are derived and classes of its stationary so-
lutions, as well as their stability are studied.
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Stationary solutions · Stability

1 Introduction

Problems with gyrostats have been studied in the past,
particularly during the last decades ([1–10, 12–14],
etc.). Recently, Vera and Vigueras [15, 16] and Vera
[17] have renewed the interest on this issue with im-
portant results. These problems are extremely interest-
ing, since most of the artificial satellites and space-
crafts have mobile parts such as rotating antennas,
photovoltaic panels, or mechanical articulated arms,
etc., and can therefore be presumed as gyrostatic bod-
ies. On the other hand, a special case of the old and
famous restricted three-body problem is the Copen-
hagen configuration where the two dominant masses
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are equal. This case has lately gained new scientific
interest after the discovery of many exo-solar plan-
etary systems, the majority of which consists of two
members. The recent estimations about the partners in
such a system show that, in many cases, their masses
can roughly be considered as equal. Here, we con-
sider a gyrostat S with infinitesimal mass moving in
the Newtonian field of two big spherical and homoge-
neous bodies P1 and P2 of equal masses m that rotate
about their center of mass with constant angular veloc-
ity ω. The much smaller body S of mass m0, does not
affect the motion of the primaries and has a gyrostatic
structure (Fig. 1). As we know, a gyrostat consists of
two parts: a rigid part called the platform or carrier and
n other parts, the rotors, which are connected to the
platform. Each rotor is spinning-independently about
an axis fixed on the platform and its motion does not
modify the mass distribution of the gyrostat. The plat-
form may rotate about an inertial reference frame, so
that a gyrostat is generally characterized by n + 1 an-
gular velocities, n of which, are the angular velocities
of the spinning rotors relative to the platform. Some-
times, in the relevant literature, a gyrostat is also re-
ferred to as a ‘dual-spin’ body. Hereunder, we shall
examine gyrostats with only one rotor. First, we ex-
tract the equations of motion of the gyrostat and then
we investigate the equilibrium states (translational and
rotational) and their linear stability assuming that the
small body is inertially axisymmetric. The obtained re-
sults are illustrated with some figures.
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Fig. 1 The configuration of the system. The framed picture
shows the gyrostatic structure of the infinitesimal body S and
the body-fixed axes. GN is the line of nodes and Oxyz is the
synodic coordinate system

2 Equations of motion

We use a synodic system Oxyz (unit vectors i, j , k)

rigidly attached to the system of the two primaries P1

and P2 and centered at their mass center O . Its x-
axis coincides with the line joining the two primaries,
while the y-axis is perpendicular to it on the orbital
plane of the massive bodies. We assume that the syn-
odic system rotates with a constant angular velocity ω.
We also use two auxiliary reference frames centered at
the mass center G of S; the body-fixed GXYZ (unit
vectors I , J ,K) the axes of which coincide with the
gyrostat’s principal central axes of inertia and Gx′y′z′,
the axes of which are parallel to those of the synodic
system (Fig. 1).

In our calculations, we consider the triad of Euler
angles (ψ, θ,φ) that is defined from the rotating se-
quence 3-1-3 (Fig. 1). Hence, the components of the
angular velocity Ω of the gyrostat with respect to an
inertial frame, can be expressed as follows:

Ω = {
(ψ̇ + ω) sinφ sin θ + θ̇ cosφ,

(ψ̇ + ω) cosφ sin θ − θ̇ sinφ,

(ψ̇ + ω) cos θ + φ̇
}

The kinetic energy of the translational-rotational mo-
tion of the gyrostat is given with the relation:

T = 1

2
m0

[
(ẋ − ωy)2 + (ẏ + ωx)2 + ż2]

+ 1

2
(I1 − I2) sin θ sin 2φθ̇(ψ̇ + ω)

+ 1

2

[(
I1 sin2 φ + I2 cos2 φ

)
sin2 θ

+ I3 cos2 θ
]
(ψ̇ + ω)2 + 1

2

(
I1 cos2 φ

+ I2 sin2 φ
)
θ̇2 + 1

2
I3φ̇

2 + I3 cos θφ̇(ψ̇ + ω)

+ (ha cosφ − hb sinφ)θ̇ + cφ̇

+ [
(ha sinφ + hb cosφ) sin θ

+ c cos θ
]
(ψ̇ + ω) + Tr

where m0 is the mass of the gyrostat, Ii , i = 1,2,3
are its principal central moments of inertia, ha,hb,hc

are the components of the rotor’s internal moment of
momentum and Tr is its kinetic energy relative to the
platform. If we assume that the rotor rotates with rela-
tion to the carrier with constant angular velocity, then
the quantity Tr is constant, and consequently it does
not appear in the final form of the equations of mo-
tion.

The potential energy after MacCullagh’s formu-
la [11] can be expressed in terms of Eulerian angles [9]

V = −Gmm0

[
1

r1
+ 1

r2

]

+ Gm

{
2∑

i=1

1

r5
i

[
(x − xi)

2f + y2g + z2u

+ (x − xi)yh + (x − xi)zw + yzv
]
}

where r1, r2, are the distances of the gyrostat S from
the primaries,

r2
1 = (x − x1)

2 + y2 + z2

r2
2 = (x − x2)

2 + y2 + z2

and

f = −3p

2
sin2 ψ sin2 θ + 3s

4
cos2 ψ cos 2φ

− 3s

4
sin2 ψ cos2 θ cos 2φ
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− 3s

4
sin 2ψ cos θ sin 2φ + p

2

g = −3p

2
cos2 ψ sin2 θ + 3s

4
sin2 ψ cos 2φ

− 3s

4
cos2 ψ cos2 θ cos 2φ

+ 3s

4
sin 2ψ cos θ sin 2φ + p

2

h = 3p

2
sin 2ψ sin2 θ + 3s

4
sin 2ψ cos 2φ

+ 3s

2
cos 2ψ cos θ sin 2φ

+ 3s

4
sin 2ψ cos2 θ cos 2φ

u = −3p

2
cos2 θ − 3s

4
sin2 θ cos 2φ + p

2

v = 3p

2
cosψ sin 2θ + 3s

2
sinψ sin θ sin 2φ

− 3s

4
cosψ sin 2θ cos 2φ

w = −3p

2
sinψ sin 2θ + 3s

2
cosψ sin θ sin 2φ

+ 3s

4
sinψ sin 2θ cos 2φ

with

p = I1 + I2 − 2I3

2
and s = I1 − I2

The equations of motion are of two kinds: those that
express the translational motion of the body and those
that describe its rotational motion. Both systems of
equations are coupled. More specifically:

I. Translational motion The translational motion is
described by means of the equations

ẍ − 2ωẏ

= ω2x − Gm

[
2∑

i=1

(x − xi)

r3
i

]

− G
m

m0

{
2∑

i=1

∂

∂x

[
1

r5
i

[
(x − xi)

2f + y2g + z2u

+ (x − xi)yh + (x − xi)zw + yzv
]]

}

(1)

ÿ + 2ωẋ

= ω2y − Gm

[
2∑

i=1

y

r3
i

]

− G
m

m0

{
2∑

i=1

∂

∂y

[
1

r5
i

[
(x − xi)

2f + y2g + z2u

+ (x − xi)yh + (x − xi)zw + yzv
]]

}

(2)

z̈ = −Gm

[
2∑

i=1

z

r3
i

]

− G
m

m0

{
2∑

i=1

∂

∂z

[
1

r5
i

[
(x − xi)

2f + y2g + z2u

+ (x − xi)yh + (x − xi)zw + yzv
]]

}

(3)

II. Rotational motion The rotational motion is de-
scribed by the equations

[(
I1 sin2 φ + I2 cos2 φ

)
sin2 θ + I3 cos2 θ

]
ψ̈

+ 1

2
(I1 − I2) sin 2φ sin θ θ̈ + I3 cos θφ̈

+ [
(I1 − I2) sin 2φ sin2 θφ̇ + (

I1 sin2 φ

+ I2 cos2 φ
)

sin 2θ θ̇ − I3 sin 2θ θ̇
]
(ψ̇ + ω)

+ (I1 − I2) cos 2φ sin θ θ̇ φ̇

+ 1

2
(I1 − I2) sin 2φ cos θ θ̇2 − I3 sin θ θ̇ φ̇

+ [
(ha sinφ + hb cosφ) cos θ − hc sin θ

]
θ̇

+ (ha cosφ − hb sinφ) sin θφ̇

= −Gm

{
2∑

i=1

1

r5
i

[
(x − xi)

2 ∂f

∂ψ
+ y2 ∂g

∂ψ
+ z2 ∂u

∂ψ

+ (x − xi)y
∂h

∂ψ
+ (x − xi)z

∂w

∂ψ
+ yz

∂v

∂ψ

]}

(4)

1

2
(I1 − I2) sin 2φ sin θψ̈ + (

I1 cos2 φ + I2 sin2 φ
)
θ̈

− (I1 − I2) sin 2φθ̇φ̇
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+ (I1 − I2) cos 2φ sin θφ̇(ψ̇ + ω)

− 1

2

[(
I1 sin2 φ + I2 cos2 φ

) − I3
]

× sin 2θ(ψ̇ + ω)2 + I3 sin θφ̇(ψ̇ + ω)

− (ha sinφ + hb cosφ)φ̇

− [
(ha sinφ + hb cosφ) cos θ − hc sin θ

]

× (ψ̇ + ω)

= −Gm

{
2∑

i=1

1

r5
i

[
(x − xi)

2 ∂f

∂θ
+ y2 ∂g

∂θ
+ z2 ∂u

∂θ

+ (x − xi)y
∂h

∂θ
+ (x − xi)z

∂w

∂θ
+ yz

∂v

∂θ

]}

(5)

I3 cos θψ̈ + I3φ̈ − I3 sin θ θ̇(ψ̇ + ω)

− 1

2
(I1 − I2) sin 2φ sin2 θ(ψ̇ + ω)2

+ 1

2
(I1 − I2) sin 2φθ̇2 − (I1 − I2) cos 2φ

× sin θ θ̇(ψ̇ + ω) − (ha cosφ − hb sinφ)

× sin θ(ψ̇ + ω) + (ha sinφ + hb cosφ)θ̇

= −Gm

{
2∑

i=1

1

r5
i

[
(x − xi)

2 ∂f

∂φ
+ y2 ∂g

∂φ

+ z2 ∂u

∂φ
+ (x − xi)y

∂h

∂φ
+ (x − xi)z

∂w

∂φ

+ yz
∂v

∂φ

]}

(6)

As we have mentioned before, (1) to (6) are coupled.

3 Stationary solutions and stability

Stationary solutions of the gyrostat exist under the
conditions ẋ = ẏ = ż = ẍ = ÿ = z̈ = θ̇ = θ̈ = φ̇ =
φ̈ = ψ̇ = ψ̈ = 0. For practical reasons we shall confine
our study to those orientations which are determined
by all possible combinations of the angles

ψ = λψ

π

2
with λψ = 0,1,2,3

θ = λθ

π

2
with λθ = 0,1,2 and

φ = λφ

π

2
with λφ = 0,1,2,3

For these values, it holds that

h = v = w = 0

Then (3) takes the form

−Gmm0z

[
1

r3
1

+ 1

r3
2

]
− Gm

{
2∑

i=1

[−5z(x − xi)
2f

r7
i

− 5zy2g

r7
i

− 5z3u

r7
i

+ 2z

r5
i

u

]}

= 0

or

−Gmm0z

[
1

r3
1

+ 1

r3
2

]
− Gm

{
2∑

i=1

z

r7
i

[−5(x − xi)
2f

− 5y2g − 5z2u + 2r2
i u

]
}

= 0

and finally

z

{

−m0

[
1

r3
1

+ 1

r3
2

]
−

{
2∑

i=1

1

r7
i

[−5(x − xi)
2f − 5y2g

− 5z2u + 2r2
i u

]
}}

= 0 (7)

This relation proves the existence of solutions on xy

plane (z = 0). Hereunder, we shall confine our study
to the planar equilibrium positions. Then

−Gm

{
2∑

i=1

1

r5
i

[
(x − xi)

2 ∂f

∂ψ
+ y2 ∂g

∂ψ

+ (x − xi)y
∂h

∂ψ

]}

= 0 (8)

−Gm

{
2∑

i=1

1

r5
i

[
(x − xi)

2 ∂f

∂θ
+ y2 ∂g

∂θ

+ (x − xi)y
∂h

∂θ

]}

+ [
(ha sinφ + hb cosφ) cos θ

− hc sin θ
]
ω = 0 (9)

−Gm

{
2∑

i=1

1

r5
i

[
(x − xi)

2 ∂f

∂φ
+ y2 ∂g

∂φ

+ (x − xi)y
∂h

∂φ

]}

+ [
(ha cosφ − hb sinφ) sin θ

]
ω = 0 (10)
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Table 1 Case 1 (I1 = I2)
I1 = I 2

Group ha = 0, hb �= 0, hc �= 0 Group ha �= 0, hb = 0, hc �= 0

ψ θ φ ψ θ φ

I 0 0 π
2 V 0 0 0

0 0 3π
2 0 0 π

π 0 π
2 π 0 0

π 0 3π
2 π 0 π

II π
2 0 π

2 VI π
2 0 0

π
2 0 3π

2
π
2 0 π

3π
2 0 π

2
3π
2 0 0

3π
2 0 3π

2
3π
2 0 π

III 0 π π
2 VII π

2 π 0

0 π 3π
2

π
2 π π

π π π
2

3π
2 π 0

π π 3π
2

3π
2 π π

IV π
2 π π

2 VIII 0 π 0
π
2 π 3π

2 0 π π

3π
2 π π

2 π π 0
3π
2 π 3π

2 π π π

It is easily proved that when the Euler angles are inte-
ger multiples of π/2, then

∂f

∂ψ
= ∂f

∂θ
= ∂f

∂φ
= ∂g

∂ψ
= ∂g

∂θ
= ∂g

∂φ
= ∂h

∂θ
= 0

and in this case,

−Gm

[
2∑

i=1

1

r5
i

(x − xi)y

]
∂h

∂ψ
= 0 (11)

[
(ha sinφ + hb cosφ) cos θ − hc sin θ

]
ω = 0 (12)

−Gm

[
2∑

i=1

1

r5
i

(x − xi)y

]
∂h

∂φ

+[
(ha cosφ − hb sinφ) sin θ

]
ω = 0 (13)

The above (11) to (13) are verified for any triad
(ψ,θ,φ) of Euler angles that are integer multiples of
π/2 provided that the conditions written at the top
of each table, are valid. We observe that each condi-
tion, I1 = I2, I1 = I3, or I2 = I3 implies f = g. More
specifically, we have the following cases:

Table 2 Case 2 (I1 = I3)
I1 = I 3

ha = 0, hb �= 0, hc = 0

ψ θ φ

0 π
2 0

0 π
2 π

π
2

π
2 0

π
2

π
2 π

π π
2 0

π π
2 π

3π
2

π
2 0

3π
2

π
2 π

Case 1. I1 = I2. Then f = g = 1
2 (I2 − I3). Equa-

tions (11) to (13) are verified for the combinations
of the Euler angles which appear in Table 1.

Case 2. I1 = I3. Then f = g = 1
2 (I1 − I2). Equations

(11) to (13) are verified for the combinations of the
Euler angles which appear in Table 2.

Case 3. I2 = I3. Then f = g = 1
2 (I3 − I1) and (11)–

(13) are verified for the combinations of the Euler
angles which appear in Table 3.
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Table 3 Case 3 (I2 = I3)
I2 = I 3

ha �= 0, hb = 0, hc = 0

ψ θ φ

0 π
2

π
2

0 π
2

3π
2

π
2

π
2

π
2

π
2

π
2

3π
2

π π
2

π
2

π π
2

3π
2

3π
2

π
2

π
2

3π
2

π
2

3π
2

In view of the above values of f and g, (1) and (2)
take the form

ω2x − Gm

[
2∑

i=1

(x − xi)

r3
i

]

− 3G
m

m0
f

[
2∑

i=1

(x − xi)

r5
i

]

= 0 (14)

ω2y − Gmy

[
2∑

i=1

1

r3
i

]

− 3G
m

m0
yf

[
2∑

i=1

y

r5
i

]

= 0

(15)

We shall transform the above equations to dimension-
less ones, in order to show their relation to those of
a point-like mass. Thus, we first replace the princi-
pal central moments of inertia Ii, i = 1,2,3 with their
corresponding radii of gyration ρ2

i = Ii

m0
, i = 1,2,3.

Then we have

f = 1

2
m0

(
ρ2

2 − ρ2
3

)
for case 1

f = 1

2
m0

(
ρ2

1 − ρ2
2

)
for case 2 and

f = 1

2
m0

(
ρ2

3 − ρ2
1

)
for case 3

Provided that

a = |P1P2|, ω2 = Gm

a3

and by introducing the transformations

x = ax∗, y = ay∗, ri = ar∗
i

r = ar∗ and f = a2m0(f
∗)

Fig. 2 The considered configuration with an inertially axisym-
metric gyrostat (I1 = I2) when hb = 0. The framed pictures
show three different orientations of attitude equilibrium ob-
tained from Table 1

into (14) and (15), we obtain the dimensionless rela-
tions

x −
{[

2∑

i=1

(x − xi)

r3
i

]

+ 3

2
f

[
2∑

i=1

(x − xi)

r5
i

]}

= 0

(16)

y −
{[

2∑

i=1

y

r3
i

]

+ 3

2
f

[
2∑

i=1

y

r5
i

]}

= 0 (17)

from which we have omitted the asterisks. The orbital
equilibria of m0 with the constant orientations of the
body-fixed axes are the solutions of the system of (16)
and (17). It is evident that when S has a spherical sym-
metry and the rotor is motionless in relation to the plat-
form, then it will be

I1 = I2 = I3, ha = hb = hc = 0

f = g = h = u = v = w = 0

and the problem reduces to the classic Copenhagen
case where S is a material point. Figure 2 shows some
stationary solutions of an inertially axisymmetric gy-
rostat S with I1 = I2. The gyrostat rests on an orbital
equilibrium position. The framed pictures show three
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different orientations of attitude equilibrium. The cor-
respondence of the displayed orientations with Euler
angles is obtained easily from Table 1.

Let us assume that Le(xe, ye,0,ψe, θe,φe) is an
equilibrium state of the gyrostat. If the conditions that
correspond to this position are slightly disturbed, the
variational equations of the planar translational motion
will take the form:

δẍ − 2ωδẏ =
∑

q=x,y,ψ,θ,φ

(
∂E1

∂q

)

Le

δq

δÿ + 2ωδẋ =
∑

q=x,y,ψ,θ,φ

(
∂E2

∂q

)

Le

δq

E1 and E2 are the right parts of (1) and (2) while their
time derivatives are calculated on the position Le .

Similarly, the equations of the rotational motion be-
come

[(
I1 sin2 φe + I2 cos2 φe

)
sin2 θe + I3 cos2 θe

]
δψ̈

+ 1

2
(I1 − I2) sin 2φe sin θeδθ̈ + I3 cos θeδφ̈

+ [[(
I1 sin2 φe + I2 cos2 φe

) − I3
]
ω sin 2θe

+ (ha sinφe + hb cosφe) cos θe − hc sin θe

]
δθ̇

+ [
(I1 − I2)ω sin2 θe sin 2φe + (ha cosφe

− hb sinφe) sin θe

]
δφ̇

=
∑

q=x,y,ψ,θ,φ

(
∂E3

∂q

)

Le

δq

1

2
(I1 − I2) sin 2φe sin θeδψ̈ + (

I1 cos2 ϕe

+ I2 sin2 ϕe

)
δθ̈ − [[(

I1 sin2 φe + I2 cos2 φe

)

− I3
]
ω sin 2θe + [

(ha sinφe + hb cosφe) cos θe

− hc sin θe

]]
δψ̇ + [

(I1 − I2)ω cos 2φe sin θe

+ I3ω sin θe − (ha sinφe + hb cosφe)
]
δφ̇

− [[(
I1 sin2 φe + I2 cos2 φe

) − I3
]
ω2 cos 2θe

− [
(ha sinφe + hb cosφe) sin θe + hc cos θe

]
ω

]

× δθ −
[

1

2
(I1 − I2)ω

2 sin 2θe sin 2φe

+ (ha cosφe − hb sinφe)ω cos θe

]
δφ

− 1

2

[(
I1 sin2 φe + I2 cos2 φe

) − I3
]
ω2 sin 2θe

− [
(ha sinφe + hb cosφe) cos θe − hc sin θe

]
ω

=
∑

q=x,y,ψ,θ,φ

(
∂E4

∂q

)

Le

δq

I3 cos θeδψ̈ + I3δφ̈ − [
(I1 − I2)ω sin 2φe sin2 θe

+ (ha cosφe − hb sinφe) sin θe

]
δψ̇

− [
(I1 − I2)ω cos 2ϕe sin θe + I3ω sin θe

− (ha sinφe + hb cosφe)
]
δθ̇

−
[

1

2
(I1 − I2)ω

2 sin 2θe sin 2φe

+ (ha cosφe − hb sinφe)ω cos θe

]
δθ

− [
(I1 − I2)ω

2 cos 2φe sin2 θe − (ha sinφe

+ hb cosφe)ω sin θe

]
δφ

−
[

1

2
(I1 − I2)ω

2 sin 2φe sin2 θe + (ha cosφe

− hb sinφe)ω sin θe

]

=
∑

q=x,y,ψ,θ,φ

(
∂E5

∂q

)

Le

δq

In the last three equations, we denote with Ei, i =
3,4,5 the right parts of (4), (5), and (6), while their
time derivatives are calculated on the equilibrium
point Le. By considering orientations ψe, θe,φe that
are integer multiples of π/2, it is easily proven that
(

∂Ei

∂q

)

Le

= 0, i = 1,2, q = ψ,θ,φ

and
(

∂Ej

∂Q

)

Le

= 0, i = 1,2,Q = x, y

Then the variational equations can be written as

δẍ − 2ωδẏ =
(

∂E1

∂x

)

Le

δx +
(

∂E1

∂y

)

Le

δy (18)

δÿ + 2ωδẋ =
(

∂E2

∂x

)

Le

δx +
(

∂E2

∂y

)

Le

δy (19)
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[(
I1 sin2 φe + I2 cos2 φe

)
sin2 θe + I3 cos2 θe

]
δψ̈

+ I3 cos θeδφ̈ + [
(ha sinφe + hb cosφe) cos θe

− hc sin θe

]
δθ̇ + (ha cosφe − hb sinφe) sin θeδφ̇

=
∑

q=ψ,θ,φ

(
∂E3

∂q

)

Le

δq (20)

(
I1 cos2 φe + I2 sin2 φe

)
δθ̈ + [

(ha sinφe

+ hb cosφe) cos θe − hc sin θe

]
δψ̇

+ [
(I1 − I2)ω cos 2φe sin θe + I3ω sin θe

− (ha sinφe + hb cosφe)
]
δφ̇

− {[(
I1 sin2 φe + I2 cos2 φe

) − I3
]
ω2 cos 2θe

− [
(ha sinφe + hb cosφe) sin θe

+ hc cos θe

]
ω

}
δθ − (ha cosφe

− hb sinφe)ω cos θeδφ − [
(ha sinφe

+ hb cosφe) cos θe − hc sin θe

]
ω

=
∑

q=ψ,θ,φ

(
∂E4

∂q

)

Le

δq (21)

I3 cos θeδψ̈ + I3δφ̈ − (ha cosφe − hb sinφe) sin θeδψ̇

− [
(I1 − I2)ω cos 2φe sin θe + I3ω sin θe

− (ha sinφe + hb cosφe)
]
δθ̇

− (ha cosφe − hb sinφe)ω cos θeδθ

− [
(I1 − I2)ω

2 cos 2φe sin2 θe

− (ha sinφe + hb cosφe)ω sin θe

]
δφ

− (ha cosφe − hb sinφe)ω sin θe

=
∑

q=ψ,θ,φ

(
∂E5

∂q

)

Le

δq (22)

We note that the variational equations that are re-
lated to the translation of the gyrostat, as well as
those related to its rotation are uncoupled between
them. Studying the stability of the gyrostat’s rotational
equilibria—for the various combinations of Euler an-
gles accompanied by the corresponding conditions be-
tween I1, I2, I3 and ha,hb,hc as classified on Tables
1, 2, and 3—it can be easily proven that for the cases
considered it will always be

δψ(t) = δψ̇et + δψe (23)

If, for example, we consider the triad ψ = 0, θ =
π/2, φ = π/2of Table 3, then (20) becomes

I1δψ̈ = 0

the solution of which has form (23). From all these, we
come to the conclusion that the deviation of the dis-
turbed solution is unbounded and consequently all the
above equilibrium states of the gyrostat are unsteady.

4 Conclusions

The principal conclusion derived from the above
analysis is that the stationary solutions of the small gy-
rostat which correspond to the integer multiple of π/2
of the Eulerian angles are all unstable. Closing this
article, we would like to emphasize anew the value
of this model, especially as regards its ability to ap-
proach physical systems as described in detail in the
introduction. In addition, stability appears as a nec-
essary part of the equilibrium solutions. Especially in
Gyro-dynamics the conclusions are quite important re-
gardless of the actual character of equilibria (stable or
unstable), because of their involvement to practical ap-
plications such as the transition of a satellite from an
equilibrium position to another, the re-orientation of a
vehicle, etc.
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