


Motion unit

Are the motions of objects subject to universal laws?
Does science drive technology, or the other way around?

I. Anistotle and Natural Motions
II. Galileo’s Mechanics

ITI. Newton and the Principia

Anistotle, Physics, 342-345;
Newton, Principia, 221-246;
Dear, Intelligibility of Nature, 15-38.
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“For the Most Part”

Aristotle did not believe in universal /aws, of the kind
we might seek today. He built his project around
regularities and tendencies: what happens 1n nature
“always or for the most part.”



Arnstotle’s Elements
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LIBRI COSMO. Fo.V.
Schema huius pramifiz divifionis
Sphararum,

Peter Apian, Cosmographia, 1524
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Natural Motions

To Arnistotle, each element
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Dynamics
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Trajectories

The javelin thrower’s
hand sets some of the
surrounding air in
motion. That air, in turn,
acts on the neighboring
air, keeping the javelin

moving forward.

Photo courtesy of on Flickr.

The pushes from the air diminish over time. Eventually the
javeln falls to the ground: its natural motion (straight down)
overcomes the impressed motion.
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T'hresholds

Even though 50
men can haul a ship
over land at a given
speed, 1t 1s not the
case that 1 man can

haul the ship at 1/50t
the speed.

Sir Ernest Shackleton’s 1914 Antarctic expedition




Hellenistic IEngineering

When designing military weapons, it
was “necessary to determine [parameters
of the weapons| not accidentally or
haphazardly but by some definite A AN . D
method. [...] This could not be done Bl e S .
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diameter Of the bore and tCStng the Crossbow attributed to Philo of Byzantium
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results.”

in digirs® complete solution of the problems

10 involved merely by reason and by the

15 1 .
20 methods of mechanics. Many

. “For 1t 1s not possible to arrive at a
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|

%0 discoveries can, in fact, be made only
60 (= 1 talent) o o
150 (= 214 talents) as a result of trial.

(=3 trlencs Philo of Byzantium, Belopoeica

Philo of Byzantium, Belopoeica, ca. 250 BCE



Ballistics and Artillery

Gunpowder (invented by
Chinese) entered Europe 1n
the early 14" century.
Renewed importance of the
study of motion: where will
cannon balls land?

Photo courtesy of
B®  on Flickr.
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“Mons Meg” cannon, Edinburgh, 1457
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Mathematics, 1551

By the early 17% century,
firearms and artillery had
become the dominant
weapons 1n European
warlare, surpassing swords
and pikes.


http://www.flickr.com/photos/buhny/3536080943/

Galileo’s Mechanics

Galileo Galile1 (1564 - 1642) was
born mto court culture: his father
was a court musiclan at the Tuscan
court 1n Florence.

¥

Ottavio Leoni, Galileo, 1624

Galileo taught mathematics at the
R Unversity of Pisa and the University of
weospigieicos Padua during the 1580s and 1590s. He
also served as a consultant to the Venetian
Senate.

Galileo’s telescope, 1609



What Goes Up...

Galileo became court

philosopher under Cosimo 11
de Medici in Florence, 1610...
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Cristiano Banti, Galileo Facing the Roman
Inquisition, 1857

Must Come Down

de Medici, ca. 1610

... and faced the

Roman Inquisiion

in 1632.

Image of "Galileo, Courtier: The Practice of Sciencein the
Culture of Absolutism," Mario Biagioli, removed due to
copyright restrictions.




“T'wo New Sciences”

E
DIMOSTRAZIONI
While living under house S T
° teencnti alla
arrest, Galileo completed a Mecasica & 1 Movimexzt Locaty
maj()r W()I‘k Oo6n m()ti()n: GALILEO c:‘liglnfnx LINCEO,
N i i e

D 1 SCO Uf S 6 S &H d M a tb 6 m a t 1 'C‘a ] Con yna Appendicedelcentrodigrauitad aleuni Soluds.
Demonstrations Concerning
Two New Sciences.

IN LEIDA,
Apprello gli Elfevirii. M. D. €. XXXVIIL

A follower smuggled the manuscript out of Italy
to Leiden, in Protestant Netherlands, where the
book would not be subject to the Catholic
Inquisition. Elsevier published 1t in 1638.



Practical Matters

F

INTERLOCUTORS: SALVIATI, SA-
GREDO AND SIMPLICIO

Zri|ALV. The constant activity which you Vene-

=4 tians display in your famous arsenal suggests
t to the studious mind a large field for investi-
gation, especially that part of the work
which involves mechanics; for in this depart-
ment all types of instruments and machines
are constantly being constru¢ted by many
: artisans, among whom there must be some
who, partly by inherited experience and partly by their own ob-
servations, have become highly expert and clever in explanation.




Mean Speeds

Galileo explained that
unlformly accelerated Graph of the_ Mean Speed Theorem removed
due to copyright restrictions.
motion could be reduced to
an equivalent uniform-
speed motion — even
simpler. Work 1n terms of

medil or averdye Sp€€d5.

Area of the triangle: (1/2) (vy- v) T
Area of the rectangle: v, 7T

avg

Typical of Galileo’s arguments: relied upon
simple geometrical relationships and ratios,
rather than algebra (no calculus yet!).



Times Square Law
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We'd say: L= kt?

Bernard Poyet, Chinese water clock, ca. 1800



Compound Motion

Projectiles often combined
uniform-speed motion
(horizontal) with uniform-
acceleration motion
(vertical).

Galileo’s notebook

Once again Galileo used geometrical arguments and ratios.
We would say:

;:]ZQ} t“=x%/vi=y/k

v~ x?, parabola



Which Falls Faster?

Legend has it that Galileo
challenged the Aristotelians by
dropping balls of different weights
off the Leaning Tower of Pisa, to
demonstrate that they would fall

at the same rate, contra Aristotle’s
teachings.

Leaning Tower of Pisa

Photo courtesy of on Flickr.

First told by Galileo’s friend and biographer after
Galileo’s death. Most likely the story was apocryphal,
though Galileo may well have performed less
dramatic tests while living 1n Pisa.


http://www.flickr.com/photos/mount_otz/228389317/

“Natural Motions” Rewvisited

Galileo broke with Aristotle 1n C ——

specifics, but not really in
framework: he concluded that
Nature prefered uniform
circular motion for a// natural

motions.

If the object kept moving horizontally, 1t would
go uphill; but then 1ts “innate heaviness” would
change 1ts path. Only a circular path would allow
the ball to remain in uniform-speed motion.

His reason was also quasi-Aristotehian: only
uniform circular motion was perfect enough to
exist eternally; 1t’s indefinitely sustainable.



Newton’s Early Life

Isaac Newton (1642 - 1727): his
father died before he was born; his
mother sent him off to be raised by
his grandmother. He mherited a
small tarm, but failed at the task. So
instead 1t was off to Cambridge

University in 1661.

Godfrey Kneller, portrait of
Isaac Newton, 1689

A lackluster student, his breakthrough came when
Cambridge closed because of the plague (1665-1666).
Back in Woolsthorpe, on his own, Newton mvented the
calculus and most of the laws of motion...



“Mathematical Principles of Natural Philosophy”

e [ .ucasian Chair of Mathematics,

1669 (at age 27); | PHILOSOPHIAE !
* Elected to the Royal Society, NATUR ALILS
1672. PRINCGCIPIA
MATHEMA TICA
Meanwhile, Newton kept nearly ‘ ) RSN gl uaRem
all of his results to himself. He | Pmm# [ & e ore
wrote a brief unpublished . 11:1"1 %Ié\ls‘:\ nases
pamphlet, De Motu (On motion), AT
to answer Edmund Halley’s B JPOYP,,,;&’“
questions. L e e e i

Finally, due mostly to Halley’s urging,
Newton published his Principiain 1687.



Form of the Argument suggested by

recoil in gunnery

Images of excerpts from "Principia Mathematica," 1. Newton, removed due to
copyright restrictions. See:

Looks like Euclid. Why

no use of calculus?


http://www.math.utk.edu/~freire/m400su06/Principia.pdf

Organization of the Principia

“which | conceive
may be of use in the
building of ships”

Book 2: “Motion of Bodies” [in resistant medial

of more practical concern, and more directly tied
to experiments.

Halley: “This rule may be
of good use to all

Bombadiers and Gunners, BOOk 3: “System Of th€ WOI'ld”

so that they may shoot . . .
i e GarE celestial applications



Beyond Newton

Hooke’s law:
celmosssttuu (1676)
ut tensio sic vis (1678)
|“as extension, so 1s force”]

F=- kx

Frontispiece of Thomas Sprat, History of the
Royal Society, 1667

Hooke arrived at this result from his experiments
at the Royal Society on the strengths of twisted vs.
untwisted cords: “research for hire” for the Navy.
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Pendulum’s Period 1s Independent of 1ts Mass

To boldly go where no man has gone before...
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