Welcome to the Universe



“Newton” Today

100 thousand lightyears
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This simulation shows the effects of gravity*, over time.
Calculations rely on taking tiny stegé in time, a key idea from calculus.
p
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galaxy stellar mass

*and several other physical processes, see descriptions of “Illustris TNG” simulations for more



Kepler’s planets had souls.

Newton saw gravity as the agency of god.
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TO EXPLAIN
THE WORLD

THE DISCOYERY OF MODEEN 3CIENCE

STEVEN WEINBERG

Claims Modern
Scienceis an Invention

“The Iron Rule”

Demands that all scientific argument be
settled by empirical testing alone, and that
the results of empirical testing are to be
recorded in formal scientific journals for
future reference and use.


https://www.amazon.com/Explain-World-Discovery-Modern-Science/dp/0062346652/ref=sr_1_1?crid=1FD30XMW7Y1W4&dchild=1&keywords=to+explain+the+world+by+steven+weinberg&qid=1613498018&sprefix=Steven+Weinberg+to+explain+the+,aps,157&sr=8-1
https://www.amazon.com/Knowledge-Machine-Irrationality-Created-Science/dp/1631491377/ref=sr_1_1?dchild=1&keywords=michael+stevens&qid=1613497961&sr=8-1
https://www.amazon.com/House-Wisdom-Science-Knowledge-Renaissance/dp/0143120565/ref=sr_1_6?crid=1MRYY8HKUZ250&dchild=1&keywords=jim+al-khalili&qid=1613498045&sprefix=Jim+al,aps,169&sr=8-6

Prediction: Week 4

Logistics: assignment notifications; section plans; PtN preparations; April fools+ +

Breakout discussions “intuition” (Google Doc )

Celestial Motions on the Path to Newton

Natural “Philosophy,” “Science,” and “History”: Theory, Empiricism, and Description

Notes on PtN Assignment “Parts” Plans for the PtN “Performance” and Fair






https://www.youtube.com/watch?v=DN4KNcFDZDg

tinyurl.com/GenEdProjectiles



“Terrestrial” Motion via Slingshots Breakout discussions “intuition” (Google Doc )

Student Ideas on Motion

In-class discussion, GenEd 1112 2/16/21

What is motion? What are we seeing happen? Why does it happen?




Tuesday/Thursday



Predictive Systems, The “Padua Rainbow,” and The Path to Newton
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Prediction: Week 4

Logistics: assignment notifications; section plans; PtN preparations; April fools+ +

“Terrestrial” Motion via Slingshots Breakout discussions “intuition” (Google Doc )

Celestial Motions on the Path to Newton

Natural “Philosophy,” “Science,” and “History”: Theory, Empiricism, and Description

Notes on PtN Assignment “Parts” Plans for the PtN “Performance” and Fair




Start the presentation to see live content. Still no live content? Install the app or get help at PollEv.com/app
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+Google Slides
+model of Universe at your person’s time
+AG inserts in slides
+use tags/symbols from this slide deck, also in Google Slides



https://docs.google.com/presentation/d/1VdOShQ553WleQuZlksZ4z5qOjo5IEEtWTh_G3LM6thw/edit#slide=id.g6f2fc86d56_1_0
https://docs.google.com/spreadsheets/d/1OBIN60rv7OiaGsNPNm9A0RQZADjvZZSH0-Bt4r-VxtI/edit#gid=0

Resources (including videos) videos for Path to Newta

Sunday, February 16, 2020 11:48 AM

Interview on Indian Astronomy & Mathematics

ith Caltech's Ashish (full video is 46
v Week 5++ (Path to Newton) .

PtN Character/ldea Presentation (Multi-Part Assignment)
Not available until Feb 18 at 12:00pm | Due Mar 2 at 1:30pm

Detailed discussion of Galileo with Paolo
Galluzzj, head of the Galileo Musuem in
Florence (full video 28 minutes)

4 CustomiZEd PtN ReadingS(+VidEOS) Link to the Galileo Museum interactive

website.

Part 1 of Path to Newton Assignment (First Draft, by classtime on February 23)
Due Feb 23 at 1:30pm | 80 pts A video interview where Sara Schechner

& Owen Gingerich talk about comets,
and more (full video 33 min)

= Part 2 of PtN assignment: In-class Presentation (due during class on February 23)
74
Due Feb 23 at 1:30pm | 50 pts

A quick interview with Owen Gingerich

= Part 3 of PtN assignment --Final writeup (due March 2) = O Dicho Brene s D,
= tremendous significance, including to
Due Mar 2 at 1:30pm | 120 pts Kepler (in Owen Gingerich's office).

Rough version with an on-screen person-
name typo, sorry, is at
https://youtu.be/BWycBGrprBU?t=143,
only watch 1:15-3:35.

Additional Helpful Videos relevant to the Path to Newton, and Lost without Longitude,
are on edX, at this link.

Extra content in “Customized PtN
Readings (+Videos) ” being updated
check back Friday. ..


https://canvas.harvard.edu/courses/84859/assignments

student ideas from Google Doc
“impetus”
mass
momentum
inertia
velocity, acceleration

Newton’s Laws, Calculus



“impetus”
Philoponus vs Aristotle

To Aristotle, motion is an effect
caused by an external agent — an
external force. In Philoponus’
theory, motion is an intrinsic
property of the moving object
itself. Impetus, the driving agent,
is first imparted to an object and
set the object in motion and later
abides within the moving object
on its journey.

This is for the first time in a
thousand years when the ideas of
Aristotle were seriously and

challenged and gain acceptance.




TO EXPLAIN
THE WORLD

THE DISCOYERY OF MODEEN 3CIENCE

STEVEN WEINBERG

Claims Modern
Scienceis an Invention

“The Iron Rule”

Demands that all scientific argument be
settled by empirical testing alone, and that
the results of empirical testing are to be
recorded in formal scientific journals for
future reference and use.


https://www.amazon.com/Explain-World-Discovery-Modern-Science/dp/0062346652/ref=sr_1_1?crid=1FD30XMW7Y1W4&dchild=1&keywords=to+explain+the+world+by+steven+weinberg&qid=1613498018&sprefix=Steven+Weinberg+to+explain+the+,aps,157&sr=8-1
https://www.amazon.com/Knowledge-Machine-Irrationality-Created-Science/dp/1631491377/ref=sr_1_1?dchild=1&keywords=michael+stevens&qid=1613497961&sr=8-1
https://www.amazon.com/House-Wisdom-Science-Knowledge-Renaissance/dp/0143120565/ref=sr_1_6?crid=1MRYY8HKUZ250&dchild=1&keywords=jim+al-khalili&qid=1613498045&sprefix=Jim+al,aps,169&sr=8-6

What did Aristotle do to deserve the scorn of modern physicists (and Galileo)?

TO EXPLAIN

THE WORLD
YHE DISCOVERY OF MODELAN SCIENCE One of Aristotle’s classifications was pervasive in his work, and became

an obstacle for the future of science. He insisted on the distinction be-
tween the natural and the artificial. He begins Book II of Physics* with
“Of things that exist, some exist by nature, some from other causes.” It
was only the natural that was worthy of his attention. Perhaps it was this
distinction between the natural and the artificial that kept Aristotle and his
followers from being interested in experimentation. What is the good of
creating an artificial situation when what are really interesting are natural
phenomena?

STEVEN WEINBERG



https://www.amazon.com/Explain-World-Discovery-Modern-Science/dp/0062346652/ref=sr_1_1?crid=1FD30XMW7Y1W4&dchild=1&keywords=to+explain+the+world+by+steven+weinberg&qid=1613498018&sprefix=Steven+Weinberg+to+explain+the+,aps,157&sr=8-1

Aristotle’s
Elements & Their

“Natural” Places

Primum Mobile is ‘an outer sphere supposed to move around the &arth in 24 hours, carrying the inner spheres with it”



Among much else, the “First Day” of [Galileo’s 1638] Two New Sciences contains
an argument that heavy and light bodies fall at the same rate, contradicting
Aristotle’s doctrine that heavy bodies fall faster than light ones. Of course,
because of air resistance, light bodies do fall a little more slowly than heavy ones.
In dealing with this, Galileo demonstrates his understanding of the need for
scientists to live with approximations, running counter to the Greek emphasis on
precise statements based on rigorous mathematics.
As Salviati explains to Simplicio: Aristotle says,
‘A bundred pound iron ball falling from the height of a hundred braccia hits
the ground before one of just one pound has descended a single braccio.”
I say that they arrive at the same time. You find, on making the experiment, that
the larger anticipates the smaller by two inches; that is, when the larger one
strikes the ground, the other is two inches behind it. And now you want to hide,
bebind those two inches, the ninety-nine braccia of Aristotle, and speaking only
of my tiny error, remain silent about his enormous one.

from: Weinberg, Steven. To Explain the World: The Discovery of Modern Science
(pp. 190-191). HarperCollins. Kindle Edition.



Terrestrial Motion on the Path to Newton
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Alyssa Goodman holds the (REAL) Principia, at the Royal Society, London, 2015



Newton’s 3 Laws

- ln‘ﬁ ”0"-;4"-}'7.

N

A body at rest will remain at rest, and a
body in motion will remain in motion unless
it is acted upon by an external force.

The force acting on an object is equal to

the mass of that object times its
acceleration, F = ma.

For every action, there is an equal and
opposite reaction.

https:/www.youtube.com/watch?v=aA mqSzbkM0
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+stars are VERY far away, but Universe is finite (in space & time)
+stars apparent motion on the Sky is due almost entirely to Earth’s Rotation on its axis

+planets of OUR Solar system are SUPER close compared to stars

For example, the Sun is 93 million miles from Earth, and the next nearest star
is 25 trillion miles, about 300,000 times, farther away.

+Earth DOES move (both in its orbit + spins on its axis)

+the force of gravity is proportional to the “inverse square” of the distance between any
two objects (=“Newton’s Law of Universal Gravitation™)

>which means that “orbits” are ellipses
+if one object has MUCH more mass then the other, it’s at a focus of an elliptical orbit

So, for example, the Sun is at the focus of Earth’s (or Mars, or Pluto’s)
elliptical orbit (=“Kepler’s First Law”)
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http://WorldWideTelescope.org

+stars are VERY far away, but Universe is finite (in space & time)
+stars apparent motion on the Sky is due almost entirely to Earth’s Rotation on its axis

+planets of OUR Solar system are SUPER close compared to stars

For example, the Sun is 93 million miles from Earth, and the next nearest star
is 25 trillion miles, about 300,000 times, farther away.

+Earth DOES move (both in its orbit + spins on its axis)

+the force of gravity is proportional to the “inverse square” of the distance between any
two objects (=“Newton’s Law of Universal Gravitation™)

>which means that “orbits” are ellipses
+if one object has MUCH more mass then the other, it’s at a focus of an elliptical orbit

So, for example, the Sun is at the focus of Earth’s (or Mars, or Pluto’s)
elliptical orbit (=“Kepler’s First Law”)
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Bonus: Why is Astronomy so important to (the history of) Prediction?



Natural Natural Natural
Philosophy History Science

~theoretical ~descriptive ~empirical

Physics

Theology

Natural “Philosophy,” “Science,” and “History”: Theory, Empiricism, and Description

vidLUEllidliLy JLiIblILE

Philosophy
\ICNEemy Astrulugy



Theology

Natural
Histary

Natural Natural ~descriptive
Science Philosophy J

~empirical ~theoretical

Astronomy Physics

Mathematics Philosophy

Astrology

Phenomenon [ Observation “ Theory Explanation  Prediction



EMPIRICAL ~ ANALYTICAL

Data

Phenomenon | Observation

Ptolemy’s Aristotle’s
Epicycles Natural
Philosophy




EMPIRICAL ~ ANALYTICAL

Kepler’s Newton's
Laws of Theory of

Planetary Gravity
Motion




Kepler

Newton




Kepler’s planets had souls.

Newton saw gravity as the agency of god.



