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STBKE’S LAW REVALIDATES ARISTOTLE’S

ASSERTION
AJAY SHARMA
RECEIVED :

Galileo (1564 — 1642) is alleged to have contradicted about 2000 years old assertion of
Aristotle (384-322 BC) by demonstrating that all bodies fall equal distances in equal times in
air (one fluid) i.e. with the same acceleration (which is precisely true in vacuum only). This
demonstration used Aristotle’s assertion in proportionality form. But in view of current math-
ematical background and experimental data Aristotle’ s assertion is as useful in explaining the
falling bodies as Stoke's law (enunciated in 1845 and largely confirmed in 1910). The reason
being that mathmematical form of Aristotle’s assertion simply reduces to Stoke's law under
some conditions. In this regard Aristotle’ s assertion can be further useful if some experiments
as suggested are successful.

1. INTRODUCTORY MATHEMATICAL BACKGROUND.

ARISTOTLE’S ASSERTION.

About the falling bodies! the assertion of Aristotle (384 — 322 B.C.) is, the falling tendency
of body o mass of the body (m). According to it heavier bodies have higher tendency to fall
than lighter one’s. The assertion got the immediate support from the fact that a sheet of paper
fall slowly than a metallic ball. In Aristotle’s days the falling tendency of body can be
understood to have been expressed in terms of ‘average velocity’; as in this regard concept of
acceleration was introduced by Galileo (1564-1642) and strengthened by Newton (1642-1727).
So the above proportionality becomes

vav gl
GALILEQ’S DEMONSTRATION

Contrary to Aristotle’s assertion, Galileo is alleged to have demonstrated that both one
pond shot and ten pond shot (i.e. all bodies) travel equal displacements in equal times or in
precisc scientific language fall with the same acceleration. So Aristotle’s assertion has been
contradicted about after 2000 years of continuous use. To explain the critical observation of
different motion of shect of paper and a metallic ball (which supports Aristotle’s assertion)
Galileo held air resistance or upthrust responsible; but did not calculate the same due to lack
of mathematical background existing at that time. But it became possible to calculate upthrust
in 1685 when Newton published the Principia andl defined acceleration due te gravity g and
weighlz. :
Thus acceptance to Galileo’s idea came from the single demonstration which is not
sufficient in modern scientific era. Thus Galileo should have conducted at that time experiments
with various bodies and in fluids of high viscosity or density of different magnitudes to draw
conclusions over a wide range. So such purposeful tests are absolutely important now.
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MATHEMATICAL EQUATIONS :
According to Archimedes’ principle, in fluid of density d, the resultant weight w of body
of density D of volume V is,
w=D-d)Vg s k1)
The resultant weight tends to accelerate the body downwards®; but with reduced mag-

nitude as in fluids bodies have maximum (and constant) acceleration® equal to g.

In science all the scientific conclusions are drawn on the basis of exact mathematical
equations; not on the basis of proportionalities as in case of Aristotle’s assertion. So equation
for the same can bé written as,

V,, =zm s t2)
where z is constant of proportionality like Hubble’s constant or ccefficient, like coefficient of
thermal conductivity or viscosity. The value of z depends upon experimental conditions and has
been calculated in Eq. (5); and it can be measured in the similar apparatus as described in ref.
(6).

1.1. THE RE-VALIDATION OF ARISTOTLE’S ASSERTION.

Stoke’s in 1845, theoretically put forth that small spheres of radius 7 under five postulates5
move in fluid of coefficient of viscosity 7 due to viscous force move with constant velocity v
which is given by

v=(D-d) Vg/6nnr=(1-d /D) mg/6mnr s k3

Let motion of spheres of different masses but of the same density is considered in a

medium, then D, d and n become constant so Eq. (3) becomes,
v=zm ...@)

So, z=(1-d/D)g/6nnr )

If body falls with constant velocity, then both constant velocity and average velocity
become equal. So Eq. (5) becomes,

V=V, =zm cie 10)
or v, < m

Thus Eq. (6) based upon Stoke’s law is nothing but Eq. (2) which is equation for
Aristotle’s assertion. So Aristotle’s assertion which has been abundoned after 2000 years of
continuous use; in fact even now is as useful as Stoke’s law in explaining the falling bodies.
Aristotle’s assertion in this regard can be more useful than Stoke’s law if some sensitive
experiments can be conducted.

Arnold confirmed Stoke’s law for small spheres of rose metal of radii 0.002 cm with an
accuracy of a few tenths of 1%. It implies that bodies of radii more than 0.002 cm don’t move

with constant velocity i.e. fall with variable velocitys. If this variable velocity is more for
heavier body (even under some conditions); then under those conditions Aristotle’s assertion
is valid. However under these conditions Stoke’s law is not valid.

Such experiments can be conducted in more viscous fluids like glycerine (n for glycerine
is 1.069 deca poise and n for water is 0.00101 deca poise i.e. 1058. 4 times more) thus bodies
of radii more than 0.002 cm may fall with constant velocity as viscous force F = 6mar v is more
in case of glycerine. Thus Aristotle’s assertion in case of falling bodies is at least as useful as
Stoke’s law; and if some experiments as suggested above are successful then it would be more
useful than Stoke’s law.

Thus it is evident that had Arnold’s data (1910) been available in Galileo’s time (1564—
1642) then even now Aristotle’s assertion would have been correct in this region.
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2.0 CONCLUSIONS: .

Thus it is evident that Galileo (1564—1642) is alleged to have contradicted Aristotle’s
assertion (in proportionality form) that too in an macroscopic experiment in air (one fluid).
Even at that time Galileo has not been able to explain phenomena quantitatively; which has
formed basis for the assertion and; in fluids no data was available (as now there is experimental
data of confirmation of Stoke’s law by Amold). Thus Aristotle’s assertion has been abundoned
due to lack of mathematical background and experimental data. But now a days concrete
conclusions are drawn on the basis of exact mathematical equations and experimental obser-
vations over a wide range. The mathematical equations of the assertion reduces to that of
Stokes’ law i.e. Eq. (2) and Eq. (6). Thus in view of current scientific status Aristotle’s assertion
is as useful as Stoke’s law. If some experiments as suggestéd are successful then it will be more
useful than Stoke’s law in such phenomena.
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