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Introduction:  in most of the occasions the study 
of the planets and satellites of our solar system is made 
in an isolated way. Rarely are they shown the 
planetary bodies as a system in continuous interaction. 
An exception to this affirmation is the relationship 
between the Earth and its satellite the Moon, whose 
system and interaction justifies the tides existence in 
the seas and oceans of the Earth. 

This system is not the only one whose 
consequences explain some of the most outstanding 
characteristics of some planetary bodies. In order to 
illustrate the importance of the relationships between 
several planetary bodies (planets and satellites), in this 
work is shown a didactic resource designed to show 
the orbital resonances between Jupiter and three of its 
satellites. 

Jupiter’s system: from all the satellites of the 
Jupiter planet, the situation of Io, Europa and 
Ganymede around to it gives cause for the existence of 
orbital resonances [1] [2] [3]. These orbital resonances 
are produced between the satellites mutually, and of 
these with the planet. The importance of these 
resonances, beyond the purely mechanical, is found in 
the consequences that produce in the satellites, mainly 
in Io and Europa. The intensive volcanism of Io, the 
numerous fractures in the ice of the Europa surface 
and the existence of a possible underground ocean 
under the surface of this satellite, and the surface 
characteristic of Ganymede seem to be the result of the 
important deformations suffered by the satellites 
caused by the orbital resonances produced in this 
system. 

Technical development:  the technical design 
accomplished for the construction of this mechanism 
(Fig. 1) can be described in the following way: 
The 1:2:4 resonance ratio of the three satellites 
(Ganymede, Europa and Io) are procured by the 
transmission ration indicated in table 1 that would 
correspond to 0'5:1:2. 
The movement of Jupiter and of the satellites is 
produced from driving axle and through the 
gearwheels that go located in the Jupiter’s axle (5 mm 
threaded rod) and in the concentric tubes to the same 
(aluminum of 8, 10 and 12 mm) on those which be 
prepared the arms that move and sustain to the 
satellites. 

The driving axle is moved through an electrical motor 
of 9 V with screw without end in its axle that transmits 
the movement to low speed to a gearwheel of 40 teeth 
located on the driving axle. 
The rotation movement of Jupiter is procured with a 
composed transmission in the one which participate 
two auxiliary axles whose transmission ratio and types 
of wheels are indicated in table 1. The adopted 
solution uses an only motor for all the transmissions. 
Nevertheless, it would result simpler to use 
independent motors for the rotation of Jupiter and its 
satellites movements. 
The electrical circuit, in addition to feeding to the 
electrical motor, it can be widened through switches 
serially to announce the orbital resonance presence 
through an acoustics signal (alarm bell) or luminous 
(light). The switches are triggered with cams located in 
the axle of each satellite. These mechanisms, 
accomplished in the model that we are describing, they 
are not indispensable and though they permit to attract 
the attention, they complicate the technical 
development. 
All the electrical and mechanical set is going located in 
the interior of a transparent mechanisms box that will 
serve, at the same time, as support and base to the 
mobile model. 
The sphere of Jupiter is composed by two expanded 
polystyrene empty hemispheres that there was painted 
in its outside. The spheres of the satellites are plastic 
balls (ping-pong and similar) of an approximated 
relative size. The great difference between the size of 
Jupiter with respect to the satellites is so difficult to 
reproduce to scale, but the distances between satellites 
and with respect to the center of Jupiter have been 
maintained proportional, as is indicated in table 1.  
 
Planetary 

body 
Types of 

movement 
Transmission 

ratio 
Gearwheels of the 

module 1 

Proportional 
distance to 

Jupiter (cm) 

Io Translation 1:2 20:40 16.5 

Europa Translation 1:1 30:30 26.3 

Ganymede Translation 2:1 40:20 42 

Jupiter Movement 1:8.615 40:26/42:10/40:30 0 

Table 1: Technical data for the design of the mechanism for the 
simulation of the orbital resonances between Jupiter and its 
satellites Io, Europa and Ganymede. 
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Didactic applications: the mechanism for the 
orbital resonances simulation here shown has been 
employed for the explanation of the orbital resonance 
processes and of the geological characteristics of some 
of the satellites of Jupiter to the students of the 
geology subject of secondary education (Fig. 2). Also 
it has been employed with publish of all the ages in the 
IV Fair of ‘Madrid por la Ciencia’ -Madrid by the 
Science- (Fig. 3). Our experience with this mechanism 
[4]shows the usefulness of this didactic resource for 
the comprehension of the astronomic processes of 
orbital resonance capable of generating the terrestrial 
tides or to condition the geological characteristics of 
some bodies of our solar system. The employment of 

this mechanism permits to go from the study of the 
particularities of the system of Jupiter to the generality 
of a process very little studied but that has great 
importance in the evolution of the Solar System. 
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 Fig. 1: technical plan of the design accomplished 

for the mechanism for the simulation of the 
orbital resonances between Jupiter and its 
satellites Io, Europa and Ganymede. 

Fig. 2: photograph of the geology students of 
secondary education employing the mechanism of 
orbital resonances simulation in the laboratory 
during one of the classes. 

Fig. 3: photograph of the orbital resonances 
mechanism in the orbital resonances activity 
accomplished for the public during the IV Fair of 
‘Madrid por la Ciencia’ -Madrid by the Science-. 
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