Planets in the sky

Week 4



The SO\aI’ SyStem http://www.theplanetstoday.com/the planets.html

* Planets orbit the
Sun according to
Kepler’s Laws
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 All planets orbit in:
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http://www.theplanetstoday.com/the_planets.html

The Solar System: Observing the Sky

* Open-source program: Stellarium

* Ecliptic " o coph
a great circle on the celestial sphere representing the “ W T
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Celestial sphere

)
an imaginary sphere of which the observer is the center o~ &
and on which all celestial objects are considered to lie N S oF

* Meridian \\'fif/\e%;ﬁ%@

Arc connecting north and south pole

http://astro.unl.edu/classaction/animations/coordsmotion/sunpaths.htmi




Observing the Sky: Planet
Motions

* Over the course of a day, we observe the sun, moon, '

Hemisphere

Summer in N.

planets and stars moving east-to-west across the sky due to Hemipnore
Earth’s rotation

Earth's rotation
on its axis.

* From night-to-night (or month-to-month, or year-to-year) Notto sl
we observe the Sun, Moon and planets moving (changing
position?}relative to the background stars because the Earth Ratfosiade Motion 56,5681 [ 1h6.Sk
and all those bodies revolve around the Sun in their own J 4
orbits

* Planets move W - E relative to the stars over time (“prograde
motion”)

 Sometimes they planets appear to reverse direction (moving E >
W relative to the stars) which is called “retrograde motion”

e Remember: Planets and Moon all move relative to the stars over
time near to the ecliptic




Formation of the
Solar System

Week 4



Relative sizes
of Solar System ’
objects

Satum

Scattered Disc Plutoids

Distant Plutoids




Where is matter in the solar system?

* Jupiter is ~3.5 times more massive than Saturn
* Jupiter’s mass is about 0.09% the mass of the Sun
* The Sun comprises about 99.9% of the mass of the solar system

* If we know what the Sun is made of, we can say what the solar system
is made of

* How do we know what the Sun is made of? (We'll revisit this question in
Weeks 5 and 6)



Abundance relative to Si = 10°

Solar nebula composition
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Solar Nebula Theory

| * Describes how the Sun
rotatingcloud — 3nd solar system formed

of gas contracts
"o Everything forms from the
same starting stuff (the
nebula was originally
homogeneous)

* 99.9% of material goes to
form the Sun

to become a thin
disk of gas and
dust around the
forming Sun at
the center.

Planets grow
from gas and
dust in the disk
and are left
behind when the
disk clears.




Steps of planet formation

1. Condensation of gas
* Gaseous materials condense to form solids (“dust”)



The “frost line”: Outer planets form where lower
temps allowed volatile materials to condense
(water, methane, etc.)

Protostar

Cential Resi Outside the Soot Line -

entral Region - PAHs exist, allowing forming planets to
Only metals and minerals include condensed carbon compounds
condense into planets

Outside the Frost Line -

Low temperatures allow condensing planets
to include volatile molecules such as Hg0,
NHgz and CH4

~98% of the nebula is hydrogen and helium
which do not condense




Jncompressed
Density

TABLE 19-2 The Condensation Sequence * Densest materials
g condensed from the solar

Object; Estimated nebula near the newly
Temperature Temperature of formed Sun

(K) Condensate Formation (K)
1500 Metal oxides Mercury; 1400 * Temperature COntrOIIEd
1300 Metallic iron and nickel Where d|ffe rent mate ria|S
1200 Sl could condense
1000 Feldspars Venus; 900 ] ] ]
680 Troilite (FeS) Farth; 600 * Light, volatile materials

| A condensed in the outer
o e ovian 172 solar system, beyond the
150 Ammonia-water ice p ) , !
120 Methane-water ice frOSt ||ne
65 Argon-neon ice Pluto; 65
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Steps of planet formation

1. Condensation of gas
* Gaseous materials condense to form solids (“dust”)

2. Accretion of particles

e Dust particles are attracted by gravity and clump together to form larger
particles (going from invisibly small particles to meter-size particles)



Accretion

e Dust particles grow large enough to attract each
other

* Growing particles “sweep up” smaller dust particles
that are near their orbit

to become a thin
disk of gas and
dust around the
forming Sun at
the center.

* All particles from
a particular orbit
have the same
composition



Accretionary Disk (protoplanetary disk)

Planets grow
from gas and
dust in the disk
and are left
behind when the
disk clears.

A rotating cloud
of gas contracts
and flattens...

Planets occur along
the ecliptic...
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...because they orbit in
nearly the same plane
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Steps of planet formation

1. Condensation of gas
* Gaseous materials condense to form solids (“dust”)

2. Accretion of particles

e Dust particles are attracted by gravity and clump
together to form larger particles (going from invisibly
small particles to meter-size particles)

3. Planetesimals form, continued accretion leads to
protoplanets

* Protoplanets are big enough to differentiate



Protoplanets differentiate

A Rocky Body Forms and Differentiates

(From Smithsenian National Museum of Natural History - http:/fwaww.mnh_si.edu/earth/text/5_1_4_0.html)

* Heated planet from

e Gravitational energy from forming planet (heat of
formation)

* Nuclear fission (decay of unstable atomic isotopes)
* Dense materials sink to center (metallic cores)
* Light materials form a crust on rocky planets



Steps of planet formation

1. Condensation of gas
* Gaseous materials condense to form solids (“dust”)

2. Accretion of particles

e Dust particles are attracted by gravity and clump
together to form larger particles (going from invisibly
small particles to meter-size particles)

3. Planetesimals form, continued accretion leads to
protoplanets

* Protoplanets are big enough to differentiate

4. Gravitational collapse

e Large planets had enough gravity to attract hydrogen
and helium gas, forming gas giant (Jovian) planets



The last stages

* “Excess gases” and tiny dust particles are
blown away by solar wind

* Small planetesimals and larger dust particles
are mostly swept up by planets soon after the
planets form

e “Late heavy bombardment”

* Heavily craters planet surfaces around 4 billion
years ago

* There are still rogue materials orbiting the Sun
* Asteroids, comets, particles in the Oort cloud

Y

T-tauri stage of star formation \

(artist’s conception)
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conceptual drawing by Edward Scott, Univ. of Hawaii.)



Learning AsGronomy by Doing

COLLABORATIVE LECTURE ACTIVITIES
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a. The orbits of planets around the Sun and the orbits of
moons around planets are ellipses.

b. Planets orbit the Sun differently that moons orbit
planets.

c. The farther a planet is from the Sun and the farther
moons are from their planets, the slower they orbit.

d. There is a limit to how small a moon can be to follow
Kepler’s laws

©2014 W. W. Norton & Company, Inc.
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a. A: The force of gravity Is
directed toward the center
of the orbit.

b. B: The force of gravity acts
tangential to the orbital
path.

c. C: The force of gravity
goes between the center of
the planet and the object.

S LULT VY. VY. VUL LU n & Company, Inc. 23
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a. A cannonball fired at progressively
higher velocities will eventually go
Into orbit.

b. The orbit of the cannonball will
become more elliptical as the firing
velocities increase.

c. Given enough velocity, the
cannonball could escape Earth’s
gravity.

d. All of these answers are correct

©2014 W. W. Norton & Company, Inc.
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a. true
b. false

©2014 W. W. Norton & Company, Inc.
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a. true
b. false

©2014 W. W. Norton & Company, Inc.
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Activity 14

Name Date Section

() ACTIVITY 14

The Clearing and Herding
of Saturn’'s Ring Particles

Learning Goals

In this activity you will use Kepler's and Newton’s laws to analyze the behavior of ring patterns in
the rings of Saturn. After completing this activity you will be able to:

1. Apply Kepler’s third law to sections of the ring system of Saturn.
2. Summarize the process by which a single moon will clear a gap in a ring system like Saturn’s.

3. Summarize how the two shepherd moons manage to keep the particles that orbit between their
orbits tightly confined within a narrow ring.

Step 1—Applying Kepler’s Laws to Rings and Satellites

Figure 14.1 shows an image of part
of Saturn’s rings taken by the Cassini

mmnnanvafs Tha ciane aea mmada 11n AF

Work together in your groups

» Work with at least one other person

Complete:

» Step 1, #1-4 (skip 5-8)
» Step 2
» Step 3

Complete in your individual workbook

» | will post answers later for you to check against

Complete photocopy: ONE per lettered group

» 5-6 students per copy

» Make sure your name is on the copy
» Discuss answers as a full group

» Hand in the copy for credit



o 0 T ®

toward the planet.
out to space.

toward the moon.
away from the moon.

©2014 W. W. Norton & Company, Inc.
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o 0 T ®

toward the planet.
out to space.

toward the moon.
away from the moon.
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o O T

the moon pulls it back in.

other moons push it back in.
the planet’s gravity acts on it.
It bumps Into other particles.

©2014 W. W. Norton & Company, Inc.

33



o O T

the moon pulls it back in.

other moons push it back in.
the planet’s gravity acts on it.
It bumps Into other particles.
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Post-14.3: The inner shepherd moon of the F Ring of
Saturn, Prometheus, Is about 16 percent more massive
than the outer moon, Pandora. What would most likely
happen to the F Ring if Prometheus were many times as
massive as Pandora?

a. Nothing because the orbits of the shepherd
moons would be the same.

b. The particles would gradually be absorbed by
Pandora.

C. Prometheus would gravitationally “steal” all of
the F Ring particles.

d. The particles would all spiral into Saturn

©2014 W. W. Norton & Company, Inc.
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Post-14.4: What would you predict will happen to
Saturn’s rings over time?

a. The rings will go away as ring particles are
swept up into larger moons.

b. The rings will stabilize into an equilibrium
configuration.

c. Therings probably stabilized a long time ago
and will not change In the future.



Post-14.4: What would you predict will happen to
Saturn’s rings over time?

a. The rings will go away as ring particles are
swept up into larger moons.

b. The rings will stabilize into an equilibrium
configuration.

c. Therings probably stabilized a long time ago
and will not change In the future.

d. There is not a correct answer to this question.
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Age of Saturn s Rings Revealed Saturn's Moons and Rings May Be Younger
Than the Dinosaurs
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Learning Astronomy by Doing

COLLABORATIVE LECTURE ACTIVITIES

©2014 W. W. Norton & Company, Inc.

40



Are there similarities between Saturn’s moons and
rings and planetary accretionary disk?

* How are they similar? * How are they different?




A common process

We observe accretionary disks in
other parts of our galaxy

* ‘New’ planetary systems

* Analogous to our own solar
system formation

DG Tau B

Haro 6-5B




