










Motion, Celestial and Local 
 
 

Goal: a mathematical representation specifying the location of a 
body versus time along a trajectory, known or unknown 

 
 
Status as of 1638: 
 
 By adopting Kepler’s proposed horizontal parallax of 1c, 

Horrocks had reduced his eccentricity for the Earth-Sun orbit 
from 0.0180 to 0.0173, and that in turn had led to an increase 
in the eccentricity of Venus’s orbit from 0.00692 to 0.00750 
and in the length of its semi-major axis from 0.74413 to 0.7233 
a.u.; the revised value of the semi-major axis eliminated the 
prior 0.11% discrepancy between its cube and the square of 
its period, leading him then to take Kepler’s 3/2 power rule to 
be exact and inferring from its period a further revision of the 
length of the semi-major axis to 0.72333 a.u.; these revisions 
turned out to reduce discrepancies between observation and 
the Rudolphine Tables as large as 5c to less than 2c. 

 
 The sole “natural” local motion – that is, near the surface of 

the Earth – is vertical fall.  Galileo had originally concluded 
that bodies have a characteristic, natural constant speed of 
descent that depends on their density and the density of the 
medium.  He was now instead proposing that, in the absence 
of any resisting medium, all bodies are uniformly accelerated 
as they descend, the rate at which they gain speed is the same 
for all bodies regardless of their weight and shape, and any 
observed departure from this results from an effect induced 
by the motion, and hence a “second-order” consequence of it, 
namely a resistance to it impressed on the moving bodies by 
the medium through which they are descending.   















Galileo on Pendulum Isochronism 
 

 
… So I fell to thinking how one might many times repeat descents 
from small heights, and accumulate many of those minimal differ-
ences of time that might intervene between the arrival of the 
heavy body at the terminus and that of the light one, so that added 
together in this way they would make up a time not only observ-
able, but easily observable. 
 

… Ultimately I took two balls, one of lead and one of cork, the 
former being at least a hundred times as heavy as the latter, and I 
attached them to equal thin strings four or five braccia long, tied 
high above.  Removed from the vertical, these were set going at 
the same moment, and falling along the circumferences of the 
circles described by the equal strings that were the radii, they 
passed the vertical and returned by the same path.  Repeating 
their goings and comings a good hundred times by themselves, 
they sensibly showed that the heavy one kept time with the light 
one so well that not in a hundred oscillations, nor in a thousand, 
does it get ahead in time even by a moment, but the two travel 
with equal pace.  The operation of the medium is also perceived; 
offering some impediment to the motion, it diminishes the oscil-
lations of the cork much more than those of the lead.  But it does 
not make them more frequent, or less so; indeed, when the arcs 
passed by the cork were not much more than five or six degrees, 
and those of the lead were fifty or sixty, they were passed over in 
the same times.  

First Day, p. [128f]; see also Fourth Day, p. [277] 
  















“On Naturally Accelerated Motion” 
 
 

And first it is appropriate to seek out and clarify the definition 
that best agrees with that which nature employs.  Not that there is 
anything wrong with inventing at pleasure some kind of motion 
and theorizing about its consequent properties, in the way that 
some men have derived spiral and conchoidal lines from certain 
motions, though nature makes no use of these; and by pretending 
these, men have laudably demonstrated their essentials ex suppo-
sitione.  But since nature does employ a certain kind of accelera-
tion for descending heavy things, we decided to look into their 
properties so that we might be sure that the definition of acceler-
ated motion which we are about to adduce agrees with the essence 
of naturally accelerated motion.  And at length, after continual 
agitation of the mind, we are confident that this has been found, 
chiefly for the very powerful reason that the essentials success-
ively demonstrated by us correspond to, and are seen to be in 
agreement with, that which naturalia experimenta show forth to 
the senses.  Further, it is as though we have been led by the hand 
to the investigation of naturally accelerated motion by considera-
tion of the custom and procedure of nature herself in all her other 
works, in the performance of which she habitually employs the 
first, simplest, and easiest means.  And indeed, no one of judg-
ment believes that swimming or flying can be accomplished in a 
simpler or easier way than that which fish and birds employ by 
natural instinct. 
 

Thus when I consider that a stone, falling from rest at some 
height, successively acquires new increments of speed, why should 
I not believe that those additions are made by the simplest and 
most evident rule?  For if we look into this attentively, we can 
discover no simpler addition and increase than that which is 
added on always in the same way …. [– that is,] whenever, in 
equal times, equal additions of swiftness are added on. 

p. [197f]  



























Riccioli on Measuring Time 
 

First example:  A pendulum of 3 old Roman feet 4 
inches in length with a 1 pound bob 

     21706 arcs in 21660 sidereal seconds 

Second example: A pendulum of 3 old Roman feet 4 
inches, with an 8 ounce iron sphere 

 87758 arcs in 86400 sidereal seconds 

 “I set up nine companions (well instructed in this matter, who almost all 
publicly practiced Philosophy or Theology or Mathematics) so that they 
succeeded each other in the counting after about every half hour; and in 
the year 1642 from noon on April 2 to noon on April 3, we maintained a 
count of simple vibrations, whose number, from the pebbles thrown in 
the vase every 60 vibrations, was found to be 1466 sixties and in addition 
38 vibrations.  But a day of the primum mobile contains 1440 of its own 
minutes.  The solar day indeed is 1444 primum-mobile minutes.  There-
fore such a pendulum in one day of the primum mobile completes sixty 
times 1462 vibrations and in addition 38 vibrations, when it ought to 
complete only 1440 if a single simple vibration corresponded to one 
second; therefore I added one ring to the chain so that the number of 
vibrations might turn out less, and it might approach more nearly in each 
of its vibrations to a second of the primum mobile.” 

Almagestum Novum, 1651, p. 86  

 

Third example: A pendulum of 3 old Roman feet 4 
+20/100 inches with an 8 ounce iron sphere 

86998 arcs in 86400 sidereal seconds 

  





 

 

 

 

 



 

 

 





Constant of Proportionality: A Key Parameter 
-------------------------------------------------------------- 

 
   velocity �v  time     distance  v  time2  
 
     g : velocity acquired in    dg : distance of fall in 
   the first second    the first second 
 
 
 
Galileo (remark in a letter to Peiresc, 15 January 1635) 
 
 4 cubits in the first second   (197 cm) 
 
 
Mersenne (in Harmonie Universelle, 1636, confirmed in 1640s) 
 
 12 Paris feet in the first second   (394 cm) 
 
 
Riccioli (in Almagestum Novum, 1651) 
 
 15 Roman feet in the first second   (467 cm)1 
 
 
{Huygens (in 1659, then in Horologium Oscillatorium, 1673) 
 
 15 Rh feet 7½ in. in the first second   (490.4 cm)} 

                                                 
1 Using Riccioli’s 312 old Roman ft height for the Tower of Asinelli, which is now said 
to be 97.2 meters high; if instead one uses 29.57 cm for the old Roman ft (Koyré, Klein), 
the distance of fall in the first second 444 cm, a nearly 10 percent error that is difficult to 
explain insofar as the error appears to be uniform across all Riccioli’s announced values, 
and therefore cannot be attributed to either air resistance or to timing errors, but only to a 
uniform error across all his announced heights. 



Galilean Principles of “Local” Motion 
 
 

In the absence of air resistance, bodies descending from rest 
 

1. In vertical descent acquire equal increments of speed 
in equal increments of time. 

 
2. Acquire the same speed in descending from the same 

height regardless of their weight or shape. 
 
3. Acquire the same speed in falling from a given height 

whether falling vertically or along an inclined plane. 
 
4. Acquire a speed in descending from any given height 

which is just sufficient to raise them to that height. 
 
 

What experimental evidence did Galileo and those in the 
decade following him provide in support of each of these 
principles; and how telling was that evidence in showing 
whether each holds merely to high approximation or exactly? 


