Astronomy 101
The Solar System
Tuesday, Thursday
2:30-3:45 pm
Hasbrouck 20

Tom Burbine
tomburbine@astro.umass.edu



Course

e Course Website:

e Textbook:

— Pathways to Astronomy (2nd Edition) by Stephen Schneider
and Thomas Arny.

 You also will need a calculator.


http://blogs.umass.edu/astron101-tburbine/�

Office Hours

Mine
Tuesday, Thursday - 1:15-2:15pm
ederle Graduate Research Tower C 632

Neil
Tuesday, Thursday - 11 am-noon
| ederle Graduate Research Tower B 619-O



Homework

 \We will use Spark

 Homework will be due approximately twice a
week


https://spark.oit.umass.edu/webct/logonDisplay.dowebct�
https://spark.oit.umass.edu/webct/logonDisplay.dowebct�

Astronomy Information
Astronomy Help Desk

Mon-Thurs 7-9pm
Hasbrouck 205

The Observatory should be open on clear Thursdays

Students should check the observatory website at:
for updated
Information

There's a map to the observatory on the website.


https://umail.oit.umass.edu/horde/util/go.php?url=http%3A%2F%2Fwww.astro.umass.edu%2F%7Eorchardhill&Horde=5a040d54460ef034e421a7623d317d9e�

Final

 Monday -12/14
e 4:00 pm
e Hasbrouck 20



HW #11

e Due today



HW #12 and #13

e Due Thursday



If you come to class

* For people who took the both exams:
— People who came to class last Thursday
— Average for both exams was 82.5 (~B)

— People who didn’t come to class last Thursday
— Average for both exams was 79 (~C+)



Kepler Mission

 NASA has just announced that the orbital Earth-like
exoplanet hunter will not be able to detect a world
like our own until 2011 at the earliest.

o Amplifiers in the space telescope's electronics that
are used to boost the signal from the CCDs are noisy

* Too noisy now to detect the small dip in brightness
of a planet passing In front of a star



Magnetic Field

e Definition:

— a physical field that arises from an electric charge In
motion, producing a force on a moving electric charge




Rocks on the Surface

 |f you can see rocks on the surface that comes
from the interior, you can study them



Copyright £ 2004 Pearacn Educetion, publishing as Addison Wealay,




e Rocks can deform and flow

e Easier for rock to deform and flow when 1t is
warmer



Lithosphere

 Lithosphere iIs a planet’s outer layer of cool and
relatively rigid rock
« Asthenosphere Is the region in the upper mantle

characterized by low-density, semi-plastic (or
partially molten) rock material chemically similar

to the overlying lithosphere
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Heating of Planet

Accretion

- Gravitational potential
energy is converted to
kinetic energy.

Kinetic energy is converted
/ to thermal energy.

Differentiation

Light materials rise to the
surface,

Dense materials fall to the
core, converting gravitational
potential energy to thermal
energy.

Radioactive Decay

Mass-energy contained in
nuclei is converted to thermal
energy.




How does the planetary interior cool off?

e Heat Is transported outward



Interior cool off?

1. Convection

Hot rock rises and cooler
rock falls in a mantle

convection cell. 2. Conduction
f After convection brings
heat to the base of the
. lithosphere, conduction
/-l carries heat through the
4 rJ‘/fv rigid lithosphere to the
: \

surface.

3. Radiation

At the surface, energy
o8 is radiated into space.

© 2005 Pearson Education, Inc., publishing as Addison Wesley
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Plate Tectonics

Plate tectonics describes the large scale motions of
Earth's lithosphere.

Venus — does not appear to have plate tectonics
Mars — maybe

Satellites of Jupiter — maybe

Titan (Satellite of Saturn) - maybe



Pangea
e Pangea - One large supercontinent

North
America

http://geology.csupomona.edu/drjessey/class/Gsc101/pangea.qgif


http://upload.wikimedia.org/wikipedia/commons/8/8e/Pangea_animation_03.gif�

Cynognathus Glossopteris Lystrosaurus Mesosaurus

Africa

South
America

A

Australia

basalt
lava
flows

Distribution of fossils across the southern continents of Pangea.

sandstone
shale

Glossopteris
coal fossils

glacial
till

Similar layers of rock were formed in Antarctica, Australia,
South America, Africa, and India before Pangea broke apart.
Glossopteris fossils were found in the rocks on each
continent.




Grooves carved by glaciers (shown by arrows) provided
evidence for continental drift. This diagram assumes the
continents were in their present-day locations.
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Principles of Plate Tectonics

1. The surface of the Earth Is

__The Forces That Cause Plate Tectonics _ composed of lithospheric plates

Image source: http://pubs.usgs.goy/ publicatons,/tewxt /dynamec. htmil
g [% 5.4

Ridge that are In constant motion.

' | Lithosphere

2. The plates move in response to
plastic flow in the athenosphere.

3. Motion in the asthenosphere Is
| caused by convection driven by
i | the Earth’s internal heat.

Outer core

4. The internal heat comes from
radioactive decay and the latent
heat from the Earth’s formation.
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Three Types of Plate Tectonic Boundaries

e Divergent — plates move apart, space Is filled with
molten magma

e Convergent — plates collide
* Transform — plates slide horizontally past each other



Divergent plate boundary
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New rift opening up In Africa


http://www.treehugger.com/files/2009/11/rift-ethiopian-desert-confirmed-beginning-new-sea.php�
http://www.treehugger.com/files/2009/11/rift-ethiopian-desert-confirmed-beginning-new-sea.php�
http://www.treehugger.com/files/2009/11/rift-ethiopian-desert-confirmed-beginning-new-sea.php�

When lava cools

e Lava is a mixture of melted
minerals (some are magnetic).

« While lava is liquid, the
minerals will tend to line up
with a magnetic orientation
pointing at the North Pole.

* When the lava solidifies, the
magnetic orientation is frozen
Into the rock- essentially; it

Above 580°

South

Below 580° Below 580° will have a “north end” and a

no external magnetic external magnetic

field present field present 14 9
south end.

Copyright 19958 Jobn Wiley and Sons, Ima, Al ighis researved
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new crust with normal

positive magnetic anomaly negative magneatic ancmaly
- ‘-‘-‘-\-\-\-‘-‘-\-\-‘-n.
magnetic pattern Earth's magnetic field

_crast of mid-ocean ridge

oceanic

zone of
magma
generation

As magma solidifies along the edge of the oceanic plate
it preserves a magnetic record of the Earth's magnetic
field at that time. In this case, the north magnetic pole
is in the northern hemisphere.

new crust with reverse
magnetic pattern

oceanic

zone of
magma
generation

If the magnetic pole is in the southern hemisphere, the ridge axis

rocks record a reverse magnetic pattern. Pattern created by magnetic stripes along

the Mid-Atlantic Hidge south of Iceland.




Magnetic stripes on Mars
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Convergent Plate Boundary
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Magma is generated at subduction zones where dense
oceanic plates are pushed under lighter continental plates.




\Izu Bonin trench

Ryukyu trench
— Philippine

trench i
Q—.,‘ Marianas trench \
B 2 35 Middle America ;

Challenger Deep trench

e Equator
Bougainville trench 9

Java {Sunda)
trench
Tonga trench Peru-Chile trench

Kermadec trench

South Sandwich

trench
)




West Mariana /T, & ;I Mariana
Ridge - ( ']Farallt:un I|I _{jﬂﬁf
\, dePaaross_ .~y - Mariana
less than ﬂ"- Maug '.k- N Trench
00 feet deep ™ ASLNCIon \* "-.
E'l. \ r
#‘"-’ Agrihan \ tg_"
{ } F'a.gan,f; 'I'\
( -ﬂ-lama;ant
||' Guguan

'.I Sarigan / : | Philippine : Pacific Plate
'} Ju.r'lavrc:—.nharul-*"'r - X ; Flate

¢/ ¢/ Farallon |
(] ‘_ﬂ;'-._ldﬂ' Mn:;:llmllq']

Y&, Saipan/
/,.l" Tmlanf.

[/ F'.m:aJ %ﬁﬁ‘gﬁ{q 1;;3’11 Asthenosphere Asthenosphere
— Guamg’ '

—

‘“*/ _ Miles 200




* "Emperor

oY _~Seamounts |
"/ Million = Midway \
" Years. (25 Million Years) ™

Millio Hawaii
(active)

Tuamotu
2 *» Group

Austral ™ - ﬁitc,airn Island
Group | (active)
N Macdonald

S
A
-

& Seamount
' (active)

& Section

Kauai .
L= B o T Haweaii
- ]

ﬂ'dﬂr._____

{B] Plan




PHILIPFIME
PLATE

(B R T,

FaCIFIC

Y AUSTEALIAN FLATE
T PLATE




Transform Boundaries

Mendocino
Iraciure FZone

%, Spreading
"/ Ridge

San Francsos

=

RELATIVE HGTI-D“H

OF PACIFIC PLATE Anpeles

Map view

Transform plate boundary. T =towards and A = away.



Earth’s Atmosphere

 Layer of gases surrounding the planet Earth that Is
retained by Earth's gravity

e The atmosphere

— protects life on Earth by absorbing ultraviolet solar
radiation

— warming the surface through heat retention
(greenhouse effect)

— reduces temperature extremes between day and night.



AIr

(by volume)

/8% nitrogen

21% oxygen

1% argon

0.04% carbon dioxide
~1% water vapor



e http://en.wikipedia.org/wiki/File:Atmosphere lay
ers-en.svqg



http://en.wikipedia.org/wiki/File:Atmosphere_layers-en.svg�
http://en.wikipedia.org/wiki/File:Atmosphere_layers-en.svg�

e http://en.wikipedia.org/wiki/File:Atmospheric ele
ctromagnetic_opacity.svg



http://en.wikipedia.org/wiki/File:Atmospheric_electromagnetic_opacity.svg�
http://en.wikipedia.org/wiki/File:Atmospheric_electromagnetic_opacity.svg�

Greenhouse Effect

The greenhouse effect is the rise in temperature
that a planet experiences because certain gases in
the atmosphere (H,O, CO,, CH,, O,) trap energy
emitted from the surface.

Visble light hits the surface
Surface warms and emits infrared radiation

Atmospheric gases absorb some of the infrared
light

Surface and atmosphere heat up
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Stefan-Boltzman Law

15,000 K star

the Sun (5,800 K)
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wavelength (nm)
Emitted power (per square meter of surface) = oT#
AT = 2,900,00 nm
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Visible light passes through
atmosphere.

L . ] L] ™
Greenhouse gases absorb and
] A T *
re-emit infrared radiation, thereby
* , heating the lower atmosphere.

Surface absorbs visible light and
emits thermal radiation in infrared.

© 2005 Pearson Education, Inc., publishing as Addison Wesley



http://www.ucar.edu/learn/1 3 1.htm



http://www.ucar.edu/learn/1_3_1.htm�

The Greenhouse Effect

vy
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A & Some solar radiabon

Fy4 s reflected by the
earth and the

Most radiation s absorbed
by the earth's surface
and warms it

Some of the infrared radiation passes
through the atmosphens, and some is
absorbed and re-emitted in all
direcBons by greenhouse gas
mclecules. The effect of this is to warm
the earth’s surface and the lower
atmosphere.




6% scattered from

| : / atmosphere
20% scattered %
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4% reflected
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Contribution to Greenhouse Effect

water vapor (H,O) 36-72%
carbon dioxide (CO,) 9-26%
methane (CH,) 4-9%

ozone (O3) 3-7%



Derﬁé} S =S ﬁ/ ({ 15/ Root
Urganisﬁl Dead organisms respiration
and waste products =

Fossils and fossil fuels -




Local Temperature Change and CO),
Concentrations Over the Past 160.000 Years
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Global Temperature and Carbon Dioxide
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Global Fossil Carbon Emissions
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~Atmospheric Carbon Dioxide
Measured at Manua Loa, Hawaii
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Table 11.2. The Greenhouse Effect on the Terrestrial Worlds

Mercury

Venus
Earth

Moon

Mars

0.387

0.723
1.00
1.00

1.52

1%

72%
36%
7%

25%

164°C

—43°C
=17°C
0°C

—55°C

425°C (day),
—175°C (night)

470°C
15°C

125°C (day),
~175°C (night)

—50°C

513°C
32°C

5°C

“The “no greenhouse™ temperature is calculated by assuming no change to the atmosphere other than lack of greenhouse warming.

Thus, for example, Venus ends up with a lower “no greenhouse”™ temperature than Earth even though it is closer to the Sun, because the
high reflectivity of its bright clouds means that it absorbs less sunlight than Farth.

Copyright © 2004 Pearson Education, publishing as Addison Weslay,




Moon


http://www.youtube.com/watch?v=hTKedyQQkZQ�







The Moon's orbital period Is 27.322 days
Rotation period and orbital period are the same

This means we keep on seeing the same side of
the Moon


http://apod.nasa.gov/apod/ap010218.html�

Dark Side
Far Side

http://nome.xtra.co.nz/hosts/Wingmakers/Moon.html



Phass of Moon
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Moon
* The Moon is the only know natural satellite of Earth.

e Compared with the satellites of other planets of the solar
system, The Moon is a large moon with a diameter of
3476 km and a mass of 7.349 x 10% kg.

e The Moon Is an average distance of 384,400 km from
Earth and completes its revolution of Earth in 27.32 days.



The Moon's Interior
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The Earth's magnetic field strength is about 100
times higher than the highest value measured on
the Moon by the Apollo missions

The Moon does not have a magnetic field like the
Earth (North and South Poles) due most likely to
having a solid (or only partially molten) core

Earth’s core Is convecting

A flowing molten iron-nickel
material can produce electrical
current, which, in turn produces
a magnetic field that surrounds
the Earth

http://geomag.usgs.gov/images/fag/Q6.jpg



* The first manmade object to land on the Moon
was Luna 2 in 1959

* The first photographs of the far side of the Moon
were made by Luna 3 that same year



Who proposed an American mission to
the Moon in 19627






Houston, Texas
September 12, 1962

e \WWe choose to go to the Moon. We choose to go
to the moon in this decade and do the other
things, not only because they are easy, but
because they are hard, because that goal will
serve to organize and measure the best of our
energies and skills, because that challenge Is
one that we are willing to accept, one we are
unwilling to postpone, and one which we intend
to win, and the others, too.



* The first people to land on the Moon came aboard
Apollo 11 in 1969.



Regolith — Lunar soil
NO moisture or organic component compared to terrestrial soil



Who was the 1% person to walk on the
Moon



Who was the 1% person to walk on the
Moon

e Neil Armstrong
e Apollo 11



Who was the 2nd person to walk on the
Moon



Who was the 2nd person to walk on the
Moon

 Buzz Aldrin
e Apollo 11



Moon

« 30,000 craters having a diameter of at least 1
kilometers

 Large craters are named after famous deceased
scientists, scholars, artists



e The largest crater on the Moon, and indeed the
largest known crater within the solar system,
forms the South Pole-Aitken basin.

* Roughly 2,500 kilometers in diameter and 13
kilometers deep






South Pole-Aitken Basin

Orthographic Projections centered at -56, 180

Topography

Titanium




Central part of South Pole-Aitken Basin

http://www.nhk.or.jp/kaguya/archive/index_e.html



South Pole of Moon

e Some craters on Moon are permanently shaded
from the Sun

http://shaunmoss.id.au/articles/Billabong.php




e The dark and relatively featureless lunar plains are called
maria, Latin for seas, since they were believed by ancient
astronomers to be water-filled seas.

« They are actually vast ancient basaltic lava flows that
filled the basins of large impact craters.

o Maria are found almost exclusively on the Lunar
nearside, with the Lunar farside
having only a few scattered patches.




Far Side of Moon




Other features on Moon

 Rille - long, narrow depressions in the lunar
surface that resemble channels. |

e Floor of Gassendi crater
 Leading theories for rille

tubes and tectonic extension.
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http://upload.wikimedia.org/wikipedia/commons/2/21/AS16-120-19295.jpg�

Other features on I\/Ioon

e Scarp — steep slope or cllff

» The Altai Scarp, which is ':a(
the rim of the 860 km wide ¥ TN &
Nectaris impact basin, is faa
nearly 500 km long and

3 to 4 km high.

http://www.lpod.org/?m=20060517



Stratigraphy

o Stratigraphy — studies rock layers and layering

e On planetary bodies, we try to determine the
relative ages when things formed



Principle of Superposition

== Youngest layer

= ldest layer

http://earthsci.org/fossils/geotime/time/Super.gif
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Crater Rays

 Historically, they were once regarded as salt
deposits from evaporated water (early 1900s) and
volcanic ash or dust streaks (late 1940s).

 Now rays are recognized as fragmental material
ejected from primary and secondary craters
during impact events



Crater Rays

 In laboratory sand-layer vertical impacts, the ejecta does
come out evenly around the crater.

e But in a real impact, there are a number of complicating
factors.

e There can be variations In the strength (from pre-existing
fractures in the surface, or inhomogeneties in the target
rock) that lead to "jetting" of ejecta and presumably the
rays. R —
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http://en.wikipedia.org/wiki/Image:AS11-42-6285.]pg



http://apod.nasa.gov/apod/image/0503/moon8_mandel.jpg


http://apod.nasa.gov/apod/image/0503/moon8_mandel_big.jpg�




e Only 2.5% of the surface of the far side Is covered
by mare, compared to 31.2% on the near side.

e The likely explanation is that the far side crust IS
thicker, making it harder for molten material from
the interior to flow to the surface and form the
smooth maria.



Why do we always see the
same side of the Moon?

 Tidal locking of the Moon's rotation to its orbit
(the phenomenon whereby the Moon spins on its

axlis in the same timespan as It takes to orbit the
Earth).



e The lighter-colored areas are called the highlands



Any Questions?
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