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Interdisciplinary classes about the planets and smaller bodies in the Solar System, during which 

students learn about: 

 physical and chemical data of planets, dwarf planets, asteroids, comets, and 

interplanetary dust; 

 space probes sent to explore these worlds; 

 the search methods for extrasolar planets; 

 how to observe the Galilean moons of Jupiter; 

 how to determine the mass of Jupiter based on measurements of the motion of its 

satellites. 
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https://stellarium-web.org/
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Probably the simplest 

way to calculate the mass of Jupiter will be the method suggested on here  

In general, the relation between the period T and the distance a, known as the law of motion 

of planets is presented in the form: a3 / T2 = const. It is worth remembering two important 

comments on this formulated law. Firstly, with respect to planets, taking the Earth for 

reference and assuming its values T = 1 year, a = 1 a.u. (astronomical unit) - in a very simple 

way it is possible to determine the distance on the basis of the position, e.g., for a'= 4 a.u. we 

get T' = 8 years (since a'3 = 43 = 64, so in view of T'2 = 64 we determine T' = 8); similarly, 

from the known period of the planet's orbit we determine its distance, e.g., knowing that 

Jupiter orbits the Sun in 11.86 years we determine its distance as 5.2 a.u.  

Secondly, the mass of the central object, and in the case of planets - the Sun, is hidden in the 

constant.  

A simple comparison of gravitational force to centripetal force (and substituting for velocity 

the formula 2a/T) brings us M = 42a3/(GT2), where G is the gravity constant. Students should 

be asked to see what value did they get if they substitute the data for Earth in SI units.  

Similarly by observing the motion of any satellite and determining its distance, the mass of a 

planet, such as Earth, may be measured. 

What is more, since Kepler's third law is an universal relation, we can calculate the ratio a3 / 

T2 on the basis of observations of any object, determine how many times greater or smaller 

the mass of  the central object is, if we use the most convenient units in the considered 

reference system. We can formulate the orbital period of Jupiter's moons in years and their 

distance in a.u. to determine the mass of Jupiter relative to the mass of the Sun, but this is 

not very convenient. It would be much more suitable to determine the period of T's circulation 

in ‘lunar months’ (i.e., by dividing by 27.32 days) and the distance a - in ‘lunar distances’ (this 

http://earthsky.org/space/how-do-astronomers-know-the-mass-of-jupiter


 

 

6 | S t r o n a  
 

is, of course, the Earth's moon, so the determined distance of Jupiter's Moon is divided by 

384400 km) - the mass of  Jupiter relative to the mass of the Earth is calculated. For example, 

for Callisto T = 16.689 days and a = 1882700 km, so in ‘lunar units’ respectively T = 

16.689/27.32 = 0.611 and a = 1882700/384400 = 4.898. We calculate a3 / T2 in these units 

(the mass relative to the mass of the Earth is determined): 

a3 / T2 = (4,898)3 / (0,611)2 = 314,75 

If the calculations are correct, we can get an independent result from the observations of each 

of the four moons and then calculate the mean value of Jupiter. 

Please note (for verification purposes) that by using the same method, calculating the Earth's 

motion around the Sun: T=365,25/27,32 = 13,369 and a = 149600000/384400 = 389,2 we 

have a3 / T2 = (389,2)3 / (13,369)2 = 329853. This is the number determining the ratio of the 

Sun's mass to the Earth's mass - in fact, taking from the tables of Sun and Earth masses: 

1.98855 ×1030 / 5.97219×1024 = 332968, which of course, within rounding limits, is the 

same result! More importantly, however, historically speaking, the first method is closer to the 

original method - measurement by observation; as the first researchers could not read the 

mass of the Sun from tables because such tables have not existed yet! 
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 How to calculate the mass of Jupiter 
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