Origin of Our Solar System

Solar nebula theory

» cloud of gases and dust

 formed a rotating
disk
e condensed and

collapsed due to
gravity

« forming solar nebula
— with an embryonic Sun
— surrounded by a rotating cloud
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Solar Nebula Theory
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Solar Nebula Theory

Axis of rotation

Rotation retards
collapse in this
direction

makes cloud
shrink. As it shrinks, it spins
faster and flattens into a '

disk with a central bulge. |~ f‘gg r:\:; )




Accretion

Particles in the disk began to stick together, possible

assisted by static electric forces.

— The particles grew in size as the combined (a process
called “accretion.”)

— Composition of particles depended on where they were in
the disk.




Inner Part Near the Sun

Within frost line, rocks and metals Beyond frost line, hydrogen compounds,
condense, hydrogen compounds rocks, and metals condense.
stay gaseous.

Within the solar nebula,
98% of the material is hydrogen
and helium gas that doesn't condense anywhere.

Too warm for water-ice to condense
Solid particles were silicate and iron-rich matter.




Outer Part of Disk
(at about the distance of Jupiter from the Sun)

Within frost line, rocks and metals Beyond frost line, hydrogen compounds,
condense, hydrogen compounds rocks, and metals condense.
stay gaseous.

Within the solar nebula,
98% of the material is hydrogen
and helium gas that doesn't condense anywhere.

Cold enough for water-ice to form
Particles silicate and iron-rich material and frozen water.

These particles grew much larger than the particles in the inner part of the
cloud.




Planetismals Formed

Disk of gas and dust
spinning around the young Sun

If collisions between
particles were not too
violent they stuck together.

Smaller particles gradually

¥ >
grew until they were several - g y‘
kilometers wide. -y W i
These small, planet-like R

bodies are called .
Dust grains clump

planetesimals.




Formation of Planets

Planetesimals collide
and collect into planets



Outer (Jovian) Planets

Grew larger
Water-ice could form

Water-ice was about 10 times more abundant than silicon and iron-
rich compounds.

With larger mass, these planets could attract more material.

Gas could be attracted and retained due to the large gravity.

Extremely large hydrogen-rich atmospheres surround Earth-sized
rocky bodies (original materials of the planets)

Called gas giantsecause of huge gaseous atmospheres.



SUIrnzry

3. Huge gas and dust cloud became unstable.

a. Due to gravitational attraction, condensation formed
at one point becoming the _ sun

The cloud rotated faster as it contracted.

c. Some gas and dust was left in a flattened disk
surrounding the protosun.

d. Condensation occurred within the disk forming
orotoplanets — which continued to move in the
same direction as the disk.

4. As material in the disk became more
concentrated in the protoplanets:

a. Space between the new Sun and the protoplanets
cleared;

b. Light and heat was able to reach them driving off
lighter elements and even most of its atmosphere
leaving a more dense core of heavier elements.




a. Closer to the Sun and
most lighter
elements driven off.

b. Small, rocky, and
dense

c. Mercury, Venus,
Earth, Mars

d. No atmosphere.
(Originally)




Hot, Barren, Waterless Early Earth

2C0‘l Brooks/Cole Publtshmg/!TP

e Shortly after accretlon Earth was
— a rapidly rotating, hot, barren, waterless planet
— bombarded by comets and meteorites
— with no continents, intense cosmic radiation
— and widespread volcanism



Origin or tne Atrnosonere & Ocearns
-

e. Numerous impacts from objects from space (meteors,
comets)

\olcanic Outgasging : Atmosphere evolved from

—h

the release of water from volcanoes.




¥, Meteorites

Barringer Crater, 08/96 . TS

 Some meteorites contain water which likely was released
into the impact when the vaporized upon impact with
Earth’s surface.



A new class of comets, “main belt comets”

may have formed within the orbit of Jupiter

— Contain “Heavy” water (HDO) which has equal parts Hydrogen, Oxygen,
and Deuterium (an isotope of H with extra neutron)

k ELECTRON @ cecrron

Hydrogen ‘ . E" ‘ D Deuterium

Earth’s oceans contain HDO

Comet impacts might have contributed significant water to the
formation of Earth’s atmosphere and the oceans.



1, Orlgln of Earin’s Ocaznss

Release of water from precipitation over millions of
years early in Earth history.




i. Planets beyond Mars are made of lighter
elements and are the _ Gas Giants




Oort Cloud and Kuiper Belt
Source of Comets
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~ Oort cloud—A swarm of trillions

of comet nuclei in a huge shell

L KU|per bEIt — -l dap S '.'f'.'"'.-‘l-..’,- <. ‘-.surrounding the Sun and planets
— a region extending TN N
from just past EREEE N\ ooy
Neptune to a little Saa v W T
past Pluto

e Qort cloud

— Huge spherical
region thousands of
times farther from
the Sun than Pluto




Solar System Configuration

Asteroid
belt

(b) © 2001 Brooks/Cole Publishing/ITP



(b)

Solar System Configuration

Asteroid
belt
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Pluto Is no longer considered a planet!
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Pluto is now considered a “Dwarf Planet”

* Pluto lost its status as a planet because it’s
highly eccentric orbit crosses over the orbit of
Neptune.

— As such it hasn’t “cleared the neighborhood
around its orbit.

* A dwarf planet like Pluto is

— Any other round object that
* Has not “cleared the neighborhood around its orbit
* |s not a satellite
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A. Two Views of Planetary
Motion in the Solar Sysiem

1 Geocentric Model



Claudius Ptolemaeus
(Ptolemy)

The Geocentric I\/Iodel

 Ptolemy was ' g
— An Astronomer
— A mathematician
— A geographer
Second Century
AD

View accepted
until 1543




The Geocentric Model
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Provides an Explaination for the
Retrograde Motion of Planets

 iachos : Position of Mars against the
| - . star background in 1971

N

Stationary,———————___ ™\ | ” !
P b N/ Aug gep

. \ — 2

Path of Mars

e ). -
" Opposition - Stationary point

During a retrograde phase a planet reverses
ite normal east to west motion for a time
then resumes normal motion.

« Observed from one night to the next, however, a planet appears to move
from West to East against the background stars most of the time.

« Occasionally, however, the planet's motion will appear to reverse
direction, and the planet will, for a short time (several months) move
from East to West against the background constellations



Geocentric Model Summary

1. Based on celestial observations from Earth, it was thought by
early civilizations (and up through the Renaissance) that

a. Earth was located at the of the solar system and
is motionless

b. Stars were located on a transparent sphere that rotated
each day from

c. The Sun, moon, and each planet were carried by separate

spheres.
d. Each planetis located on an that rotates at a
fixed rate. This was to explain the phenomenon of

motion.

e. This is the model advanced by the Greek astronomer
Ptoiemmy (Claddius Ptolemaeus) in the second century.




2. Difriculties with the Geocentric
Model

a. Through the centuries, as more and
more data accumulated, the astronomers

kept adjusting the model to make it work
better.

b. By 1500 the model had become very
complicated and it still didn’t work well.






Heliocentric Model:

An astronomer and
mathematician

Niclas Kopernik (his
Polish name)

Copernicus Is his
latinized name

1473-1543



Heliocentric Model Surnmary

The planets revolve around the

Polish astronomer Nicolas Copernicus proposed this
model in 1543.

It would be many years until the modern model of the
solar system was refined. Copernicus had the Sun in
the exact center of the solar system and the planets
revolving in perfect circles. This was later shown to be
Incorrect by Kepler.

Accounts for motion of planets.




Heliocentric Model Explanation
of Retrograde Motion




Galileo Galilei (1564 -1642)

* Galileo pioneered
"experimental
scientific method" and
was the first to use a
refracting telescope to
a series of profound
discoveries.




Galileo Discovered Four Moons
Revolving Around Jupiter

P

1ymede 7 Callisto I

 |n 1606 Galileo learned of the invention of the
telescope in Holland.

* He refined it and discovered the four moons of
Jupiter, now referred to as the “Galilean Moons.”



« Has massive volcanic eruptions
« Sulfur plumes that are 500 km high have been observed



« Has a smooth surface of ice.

» Beneath the surface ice scientists speculate that there might be
a water ocean as much as 50 km deep.



Ganymede

The largest of Jupiter’'s moons
with a diameter of 5,262 km
(3,280 miles).

Earth’s moon has a diameter of
3,475 km

Has complex geologic history




Callisto

Low density
40% ice
60% rock/iron

Highly cratered
surface

— The most of any
body in the Solar
System




Phases of Venus
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Telescope: Celestron SC G-8 (D=203mm, F=2032mm), Philips ToUcam, K3CCD Tools
Author: Zlatko F. Kovacevic, Virovitica, Croatia

Copernican System

* Galileo observed the phases of the planet Venus, similar
to Earth’s moon’s phases.

* This provides evidence for a Sun-Centered Solar System.



Galileo became an Outspoken
SupPorter of the Copernican Theory
e

» Galileo's observations with his new telescope
convinced him of the truth of Copernicus's sun-
centered or heliocentric theory.

— The Galilean moon system was the first discovery of a
center of motion not apparently centered on the
Earth.

— It was a major point in favor of Copernicus's
heliocentric theory of the motions of the planets.



 Galileo formulated the
basic law of falling
bodies

— Postulated speed
doesn’t depend on
weight since every time
acceleration is the
same.

* Performed
experiments at Pisa’s
Leaning tower.




The Inquisition

C The Inquisition refers to a permanent institution of the
Catholic Church that was charged with the eradication of
heresies.

A “Heretics” could be tortured, imprisoned, and/or executed.

C Galileo's outspoken support of the Copernican theory got
him in trouble with the Inquisition.

C In 1633 the Inquisition convicted him of heresy and
A Forced him to recant (publicly withdraw) his support of Copernicus.

A They sentenced him to life imprisonment, but because of his
advanced age allowed him serve his term under house arrest at
his villa outside of Florence, Italy.

C Galileo died in 1642, the year of Sir Isaac Newton's birth.



Giordano Bruno
(1548 - 1600)

 Was burned at the stake
for his ideas




B. Kepler’'sd_aws of Plaretary Motion F

Johannes Kepler Kepl er s View of
1571 - 1630 Solar System

» Used the accumulated data of Danish nobleman
Tycho Brahe to develop three laws of planetary motion



# o AR
A

I\'

Tyc Brahe (1546 ~ 1601)

- &

——

7] 30 mi
Skageng
.
_ _ - ~ Gothenburg
Frederikshavn @ — =
5 SWEDEN
@ Aalborg

Varberg e

* Credited with the most accurate astronomical
observations of his time (before the invention
of the telescope)

* Established the Research Institute of Uraniborg
on the Island of Hven between Denmark and

Sweden.

bl Kattegal
Hobro e
e o Randers °
1bro ® Gren
Jutland
Herning @ Amuse. @ Ebeltoft Isingborg
L re®
DENMARK

Samse
1 To Bornholm
——

Legoland®  eVejle' Kaiundborge Copenhiagendy
® Esbjerg Zealand
Qdensee
Ribe @
Funen
Egeskove Naestved @ Mans
-f_.a,s.'.:ﬁ ) Lange- Klint
# Tander J M:
kt A n
Flensburg ® Acra Lolland b
a

GERMANY Redbyhavn @

{&) Lonely Planet Puttgarden o'

* Kepler was Tycho’s assistant




1. Kepler’sFirst lsaw 6f Plarretary Motion

F
Perihellion
{:} Minor Axls
Aphellon
¥
i Malor Axis -

a. The orbit of each planet around the Sun is an _ellipse

b. The Sunislocatedata focus within the elliptical orbit and
IS not at the exact center of the orbit




2. Kepler’scsSecorsd Lawecof Rianetary Motion

Planet

The Sun

[ HKU Dept. of Physics

a. [Each planet moves around the Sun so that an imaginary line

(_radius vector )joining the planet and the Sun will sweep over
equal areas in equal times |




b. This means that because the orbits are elliptical, the
planatls &ravel at different/'spededs atidiffdrent f e r e n

positions in the orbit.
Increasing orbital

speed
4"“‘\

Potential energy \
changing to kinetic energy

Pershellon SU“ \ Aphelion
High kine ergy O Low kinetic energy

Low potential energy \ / High potential energy

Kinetic energy changing

\ to potential energy

\L- ...._.p/
Decreasing orbital
speed

(1) _Perihelion
(a) The planet’s position in it's orbit where itis Closesl to
the Sun.

(b) The speedis fastest _at perihelion




b. This means that because the orbits are elliptical, the
planatls &ravel at different/'spededs atidiffdrent f e r e n

positions in the orbit.
Increasing orbital

speed
4"“‘\

Potentiai energy \
changing to kinetic energy

Perihelion Sun \ Aphelion
High kinetic energy O O Low Kkineétic energy

Low potential energy \ / High potential energy

Kinetic energy changing

\ to potential energy

N 4
Decreasing orbital
speed
(2) _Aphelion
(a) The planet’s position in it's orbit where itis farthest from
the Sun.

(b) The speedis Slowest ataphelion




Earth’s Orbits Or b |

average orbital speed
= 108,000 km/hr

perihelion: aphelion:
nearest 447 4 million km farthest
point <« > B < > point
to the 152.1 million km from the
Sun in orbit Sun in orbit




3. Kepler’'sThird £aw bf Planetary Mation
(Called the Harrmonic Law)

100 -

a. The time it takes the planet to
revolve around the sun (it’s
period of revolution )is
equal to the cube it its
distance from the Sun. The
period (P) must be in Earth
years and the distance (D)
must be in astronomical units.

10 |

SEMI-MAJOR AXIS, a (AU)

The equation can be stated:
P2 = D3,

0.1 1 L ] I
04 10 10 100 1000

SIDEREAL PERIOD, P (YEARS)

b. This further states that farther a planet is from the Sun, the longer
It takes to make one complete revolution




Solar system explorer



http://hypnagogic.net/sim/#top

C. Celestial Mechanics Affectin
Planetary Motions

1. The Three Laws of Sir Isaac Newton (1642-1727)




a.. Newtonis FirsblLaw s

" Always buckle
| your seat belts

(1) Every body continues in it's state of rest, or of uniform motion
unless ' ' '

(2) An object _remains atrestor _continues to move in
direction and velocity.

(3) Law of _|nertia




F=ma

0.. Newtonis \Becond GLaw:

« The most powerful of Newton’s three laws
— Allows quantitative calculations of dynamics
« How do velocities change when forces are
applied?
« Explains how an object will change velocity if it is pushed
or pulled upon.

— States that if you do place a force on an object, it will
accelerate, i.e., change its velocity, and it will change
its velocity in the direction of the force



Planetary Motions

O

Sun
\
! Gravitational
g pull of Sun
Planet

Planet’s

velocity Resultant
path

—
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c.. Newtdhis Third baw s

action: reaction:
air % Dballoon
rushes goes up
down W

+ Every Action has an _0pposite and equal reaction




Newton’s ThivdsLaw h |




Maneuvering in Space

/ B engine




2. Newton’s UniversallLaw ofdGravitation |

a. Referred to as the |nhyerse Square | aw

b. The force of attraction between two bodies is
directly proportional to the product of their masses
andinversely proportional to the square of the
distance between their centers.

c. Expressed mathematically as:
Flee & mMym,

d2
F = force between the objects
m, and m, = mass of object 1 and object 2
D = distance between the objects’ centers of mass

G = gravitational constant (6.67 X 10 X N - meter?/kg?)

A Newton (N) is the force necessary to accelerate a 1 kilogram mass one meter/sec?



Orbital Motions Explained

Effe::tﬂfMassnanmv EffectﬂfDistancenn%mv
attractwith a force of attractwith a force of
®re @@
attractwith a force of attractwith a force of
Planet Z @ 2F @ @ %F @
e d ; I¢ 2d J
I attractwith a force of attractwith a force of
@ * @ @@
—1d -
attractwith a force of attractwith a force of

2d

@ @ F @
!: d ¥ " g




Gravity Assists Travel to Distant
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Gravity

mass star =
L]
General Relativity: Einstein described gravity .
; " ; yl high mass
as a warping of space-time around a m assive
object. The stronger the gravity, the more neutron star

space-time is warped.

apparent direction
General Relativity: Light travels " = T 20ES
along the curved space taking the ,.:.'.«?'.% A 50,25 o
shortest path between points. ;’ii&\ Ve Vi :. —a
Therefore, light is deflected toward a .’3’:”3“:*’:’.0‘ AL LTS .:.'
Massive object. The stronger the ii&‘:s“\‘wbﬁ' 2, Z
local gravity is, the greater the ‘M ,’.-i 7
light path is bent. Z .g?i?%ga



