Johannes Kepler

and the Rules of the Solar System
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 Born December 27, 1571

(28 years after Copernicus’s
death)

* Galileo & Shakespeare were
both 7 yrs old -

. * First born to Heinrich &
Katherina Kepler (both 24),
married May 16 (?)

e Catholic vs. Lutheran
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Tycho Brahe

e “Gold nose”

* Greatest observer (without a
telescope)

 “Showed” Earth does not
move (“parallax”)

« Needed math dude to crunch
data

» "Partied too hard!”



No “parallax”
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Tychonic Universe

- , - o
e e———— L "’. ! Q AT ‘ o
. ‘\.,3‘ P .»I t‘ _ BRAHEVM

L IV \'-»' g .
‘-%‘l AN I.“\‘l v/ A Structura

. v .\.‘;3,“. s > /(‘
’ ,-‘*, 5 ; "i ™ EX HYPOTHES1 /
/ - ' ~. Y BRAMHEI IN

N, DELINEATA






Kepler Family tree

Barbara Johannes Susanna

Miller —  Kepler = Reuttinger

Apr 1597 Oct 1613

Heinrich Susanna Susanna Friedrich
b. 1598 b. 1599 b. 1602 b. 1604
d. 1598 d. 1599 d.1667/1670 d. 1611

M .
:’?g;fésta Katharina Sebald Cordula Friedmar Hildebert AnnaMaria
d 817 b. 1617 b.1619 b. 1621 b. 1623 b. 1625 b. 1630
- d. 1618 d. 1623 d. 1654 d. 1633 d. 1635 d. Not known
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A “shout out” to Giordano Bruno
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Tycho meets Kepler (1600)
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' ASTRONOMIA NOVA
AITIOAOTI'HTO =X,

PHYSICA COELESTIS, “Astronomia Nova” (1609)
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Ex obfervationibus G. V.
TTCHONIS BRAHE:

 “Force” from the Sun?

* Planets as free objects, not fixed to
spheres
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* Strong argument for heliocentric idea
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Johannes Kepler

« German math dude
« Universe is simple & mathematical.
« “What makes planets move?”

* Protestant — fled to join Tycho
« Studied Mars data for six years
« Three laws of motion . .




Kepler's Laws

1. Orbits are
ellipses
with Sun at
one focus

2. “Equal Areas
in equal times”
(speeds)

3. Rev. period
related to
distance



Planet orbits . . . .
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Kepler's 2" Law

J— )




=

l.-.-..-

% Mars
- Earth
2 Venus

o

iy
H
-
e
¥ &
P
o
C
=
I—I
=
5
A

oM ercury

Jupiter «

-

a=l

) IPlutr;_.n

Neptune,

= o
Uranus «
i

-_.-

Saturn.e”

o I
jl—l-s

| 10
Period {yr)

o

4r’ E
— d
GM,+M,)

T%=a3
T= Earth years
a= astronomical units (1a= one Earth year)

M= solar mass
G= universal gravitational constant




Solar System Distances (in AU)

* Mercury =0.39 * Neptune = 30.05
* Venus =0.72 * Pluto = 39.53

e Earth =1.00 * Arrokoth = 44.58
* Mars =1.52 * Eris =67.96

* Ceres=2.77

* Jupiter =5.20
e Saturn = 9.58
* Uranus =19.20




Kepler's 3 [aw

Martian moons . . . .Phobos
& Deimos.

Which one is closer to the
Martian surface?



But . ... Still did horoscopes

Hovofeopivm gefellet durch
Toannem Kaopplerum
1608.

XI. X. IX.

22°f B 20’"1
D73/ 1,167 \16%0;

1305

6‘27394 V]Tlo

V1.
14.Sepk4 undry’

IS e i VI.
. 8°n
208 \ U633/ 22°1

al. . V.,




Retrograde motion (heliocentric version)
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Kepler's improvement
A







An “active” career!

Inverse square law
for light

Explanation for
Earthshine

Birth of Jesus
Supernova of 1604

Halley’'s Comet
(1607)
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Death in 1630
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Transit of Venus

* Only way to accurately determine the “Astronomical Unit”

* Occur in pairs, separated by 8 years (2004 & 2012).
* Next one is December, 2117




More geometry . ..
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1761 & 1769

Gh Bicentenary of Capt. JCook's death
FR 1779 — 1979
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1761:- 1. Rodrigues 2. Paris 3. Tobolsk

1769:- 1. Tahiti

2. Batavia 3. Vardo

4. Paris




1874 & 1882



2012 at Parkland







Keplerian orbits

True anomaly v

Argument of p¢é




Arrokoth (forma\ly “Ultima Thule)
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Kepler-22 System

Habitable Zone

Solar System e

Kepler-22b

Planets and orbits to scale






“Earth 2.0??” (Kepler 452b)




delta L / L

Transits

—0.005F
0.000 §

0.005 F
0.010F
0.015F
0.020E

10

11

12 13 14 15
time (hrs + JD 2451751.0)

16

17
@ h e



What do you think?

1. Which star system has the largest planet?
2. Which planet moves the fastest?
3. Which planet is farthest from the star?



James Webb Space Telescope




