
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? 























On the Motion of Projectiles 
 

We have considered properties existing in equable motion, and 
those in naturally accelerated motion over inclined planes of 
whatever slope.  In the studies on which I now enter, I shall try to 
present certain leading essentials [symptomata] , and to establish 
them by firm demonstrations, bearing on a moveable [Mobili] 
when its motion is compounded from two movements; that is, 
when it is moved equably and is also naturally accelerated.  Of 
this kind appear to be those which we speak of as projections, the 
origin of which I lay down as follows. 
 

I mentally conceive of some moveable projected on a horizontal 
plane, all impediments being put aside.  Now it is evident from 
what has been said elsewhere at greater length that equable 
motion on this plane would be perpetual if the plane were of 
infinite extent; but if we assume it to be ended, and [situated] on 
high, the moveable (which I conceive of as being endowed with 
heaviness [gravitate]), driven to the end of this plane and going on 
further, adds on to its previous equable and indelible motion that 
downward tendency [propensionem] which it has from its own 
heaviness.  Thus there emerges a certain motion, compounded 
from equable horizontal and from naturally accelerated down-
ward  [motion],  which  I  call  “projection.”    We  shall  demonstrate  
some of its accidentia, of which the first is this: 
 

Proposition 1, Theorem 1.  When a projectile is carried in 
motion compounded from equable horizontal and from 
naturally accelerated downward [motions], it describes a 
semiparabolic line in its movement.   

  







Sagredo:  It cannot be denied that the reasoning is novel, 
ingenious and conclusive, being argued ex supposition; that 
is, by assuming that the transverse motion is kept always 
equable, and that the natural downward [motion] likewise 
maintains its tenor of always accelerating according to the 
squared ratio of the times; also that such motions, or their 
speeds, in mixing together do not alter, disturb, or impede 
one another.  In this way, the line of the projectile, continuing 
its motion, will not degenerate into some other kind [of 
curve].  But this seems to me impossible; for the axis of our 
parabola is vertical, just as we assume the natural motion of 
heavy bodies to be, and it goes to the end of the center of the 
earth.  Yet the parabolic line goes ever widening from its 
axis, so that no projectile would ever end at the center [of the 
earth], or if it did, as it seems it must, then the path of the 
projectile would become transformed into some other line, 
quite different from the parabolic. 

 
Simplicio:  To these difficulties I add some more.  One is that 
we assume the [initial] plane to be horizontal, which would 
be neither rising nor falling, and to be a straight line – as if 
every part of such a line could be at the same distance from 
the center, which is not true.  For as we move away from its 
midpoint towards its extremities, this [line] departs ever 
farther from the center [of the earth], and hence it is always 
rising.  One consequence of this is that it is impossible that 
the motion is perpetuated, or even remains equable through 
any distance; rather it would be always growing weaker.  
Besides, in my opinion, it is impossible to remove the impedi-
ment of the medium so that this will not destroy the equabi-
lity of the transverse motion and the rule of acceleration for 
falling heavy things.  All these difficulties make it highly 
improbable that anything demonstrated from such fickle 
assumptions can ever be verified in actual experiments.  



















Proposition 5, Problem 2.  In the axis of a given parabola 
extended [upward], to find a high point from which a falling 
body describes this same parabola [when deflected horizon-
tally at its vertex]. 
 

 
 
Let there be a parabola AB whose amplitude is HB and whose 
axis is HE.  We seek the sublimity from which a falling body, 
being turned horizontally with the impetus acquired at A, 
describes the said parabola.  Draw of horizontal AG parallel to 
BH, and putting AF equal to AH, draw the straight line FB 
tangent to the parabola at B, which intersects the horizontal line 
AG at G.  Take AE, the third proportional to FA and AG; I say 
that E is the high point sought, from which a body falling from 
rest at E, and turned into the horizontal with the impetus 
acquired at A, where there supervenes the impetus of fall to H [as 
if]  from  rest  at  A,  will  describe  the  parabola  AB…. 
 

Corollary.  From this it follows that one half the base, or 
amplitude, of a semiparabola (which is one-quarter the 
amplitude of the whole parabola) is a mean proportional 
between its altitude and the sublimity from which a falling 
[body] would describe it. 
 

 

That is, in modern form, the specific parabola is given by: 
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Proposition 7, Theorem 4.  In projectiles by which semipara-
bolas of the same amplitude are described, less impetus is 
required for the describing of one whose amplitude is double 
its altitude than any other. 

 
 

Let semiparabola BD be one whose amplitude CD is double its 
altitude CB; and in the axis extended upward, take BA equal to 
the altitude BC.  Draw AD, which will be tangent to the semi-
parabola at D and will intersect the horizontal BE at E, while BE 
will be equal to BC (or BA).  It follows that this [curve] will be 
described by a projectile whose equable horizontal impetus is that 
of fall to C from rest at B.  From this it is evident that the impetus 
compounded from these and impinging on point D is as the 
diagonal AE, equal in square to both [CD and DB]…. 
 

Corollary.  From this it is clear that in reverse [direction] 
through the semiparabola DB, the projectile from point D 
requires less impetus than through any other having greater 
or smaller elevation than semiparabola BD, which [elevation] 
is according to the tangent AD and contains one-half a right 
angle with the horizontal.  Hence it follows that if projections 
are made with the same impetus from point D, but according 
to different elevations, the maximum projection, or ampli-
tude of semiparabola (or whole parabola) will be that corres-
ponding to the elevation of half a right angle.  The others, 
made according to larger or small angles, will be shorter [in 
range]. 
 

That is, because: 
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Sagredo.  The force of necessary demonstrations is full of marvel 

and delight; and such are mathematical [demonstrations] alone.  I 
already knew, by trusting to the accounts of mny bombardiers, 
that the maximum of all ranges of shots, for artillery pieces or 
mortars – that is, that shot which takes the ball farthest – is the 
one  made  at  elevation  of  half  a  right  angle,  which  they  call  “at  the  
sixth point of the [Tartaglia’s  gunner’s]  square.”    But  to  
understand the reason for this phenomenon infinitely surpasses 
the simple idea obtained from the statements of others, or even 
from experience many times repeated. 

 
Saviati.  You say well.  The knowledge of one single effect acquired 

through its causes opens the mind to the understanding and cer-
tainty of other effects without need of recourse to experiments.  
That is exactly what happens in the present instance ; for having 
gained by demonstrative reasoning the certainty that the maxi-
mum of all ranges of shots is that of elevation at half a right angle, 
the Author demonstrates to us something that has perhaps not 
been observed through experiment; and this is that of the other 
shots, those are equal [in range] to one another whose elevations 
exceed or fall short of half a right angle by equal angles. 

 
That is, because:  
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