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Scientific Method

X The scientific method is an orderly and
logical approach that relies on data to
inform our understanding of a problem or

process.
Hypotheses

*-assumes that nature is consistent and
predictable

Findings
(Conclusions)
(sjuawiiadx3)

S21npadoid

Xtentative explanations, called a

hypotheses, are produced to explain
observed data

(Results)

X Multiple hypotheses are tested to see if
what they predict actually occurs in nature



Stars and Galaxies

B Stars are immense balls of
incandescent gas.

¢ Light and heat derives from nuclear
fusion reactions where atoms
combine to make new elements

¢ Gravity binds stars together into
vast galaxies.

= The solar system is on an arm of the
Milky Way galaxy.

¢ Our sun is one of 300 billion stars in
the Milky Way.



The Beginning

For years scientist
observed an apparent
red—Shf't ||’] 'the |ght Absorption Lines from our Sun

from distant galaxies Il-.

EdWl N H U bble Absorption Lines from a supercluster of 'galaxies, BASI11
v=0.07¢, d=1 billion light years

suggested the

observed shift was ]I-
due to the

doppler effect




The Doppler Effect

Penetrates Earth's _
Atmosphere? LS N X N

Radiation Type Radlo Microwave Infrared Visible Ultraviolet X-ray Gamma ray
Wavelength (m) 107 107 0.5x10 107 10°10 1012

- H l 733 % L # @

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

m [

Temperature of
objects at which
this radiation is the
most intense
wavelength emitted

| I
1K 100 K 10,000 K 10,000,000 K

-272 °C -173 °C 9,727 °C ~10,000,000 °C




An expanding Universe?
When did it all begin?

® The Big Bang: All mass and energy in a single point.

¢ Began expanding 13.7 Ga




The Big Bang

2 With expansion and cooling, atoms began to
bond.

e Hydrogen formed H, molecules - The fuel of
stars.

= Gravity caused formation of gaseous nebulae.
®Resulted in increases in...
¢ Increased temperature.

¢ Density.

¢ Rate of rotation.




After the Big Bang

® Condensed nebula formed flattened accretion discs.

= Heat and mass from collapse “ignited™ nuclear fusion.

= These 18! generation stars consumed Hs fuel rapidly.
u As the stars became H, starved:

e Collapse and heating.

® Heavy element production.

e Catastrophic explosion

(supernova).



Nucleosynthesis

B Stars are truly “element factories.”

" Big

Bang Nucleosynthesis formed lighter elements.

e Atomic #s 1, 2, 3,4, and 5 (H, He, Li, Be, and B).

= Heavier elements are from Stellar Nucleosynthesis.
e Atomic #s 6 = 26 (C to Fe).

2 Elements with atomic #s > 26 form during supernovae.



Eart!\

¢ ® o ‘

Venus Mars

PN
@

’ Uranus

Mercury
’

Neptune

Jupiter Saturn

® Solar system: A sun, planets, moons and other objects.
® EFarth shares the solar system with 7 planets. A planet...
® |s a large body orbiting a star (the Sun).
® Has a nearly spherical shape.
® Has cleared it's neighborhood of other objects.
= Moon — A solid body locked in orbit around a planet.

® The solar system also includes asteroids and comets.



The Solar System

® The Terrestrial planets are the 4 most interior.

® The Jovian planets occupy the 4 outermost orbits.

® The asteroid belt lies between Mars and Jupiter.

Mars — — Jupiter
v:rt: = \_Sa{ v
us — ranus
Mercury — Neptune




Solar System Formation

® The Nebular Theory.

mA 314 4% or nth generation nebula forms ~4.56 Ga.

® Hydrogen and Helium left over from the big bang.

® Heavier elements produced by stellar nucleosynthesis.

® This material coalesces into an accretion disc with a
protostar at the center.



Solar System Formation

= The ball at the center grows dense and hot.

= Dust in the rings condenses into particles.




= Planetesimals accumulate into a larger mass.
= An irregularly-shaped proto-Earth develops.

* The interior heats up and becomes soft.

* Gravity shapes the Earth into a sphere.

* The interior differentiates into a-Fe core and stony mantle.



Earth’'s Interior Layers

Thinned Thickened Normal
continental continental continental
crust crust crust

® Crust

s |
- 2 e 2 H
. =2 ‘\}Q" . / } Lithosphere
> Contlnental e e \_/_">_ﬁ \\Oceanic
Moho

crust

. Lithospheric
e Oceanic W N
/ :;‘,‘f'

Sea level L& =T
[ Maﬂtle Asthenospheric mantle 100 km 'J

400 km
660 km — ==

® Upper
® | ower
u Core
® Outer - Liguid

® [nner — Solid

5155 km

6,371 km



Magnetic Field

Like a bar magnet, Earth has a dipolar magnetic field.
2 Magnetic field lines flow from N to S and...
® Extend into space and weaken with distance from Earth.

® Create a shield around Earth (the magnetosphere).

North Magnetic Pole North Geographic Pole
Magnetic 3
field lines

— - Aligned
/ iron filings

C« Mpass
needle

s’
South Geographic Pole  South Magnetic Pole



The Van Allen Belts

= The solar wind is deflected by the magnetosphere.

= Near Earth, the stronger magnetic field forms the
Van Allen belts, which arrest deadly cosmic
radiation.

Solar wind




Aurorae

B Some Ions escape Van Allen belts.

¢ Pulled to the magnetic poles, the ions generate light.
® Spectacular aurora follow solar flares.

® Aurora borealis — Northern lights.

® Aurora australis — Southern lights.



39 Record for balloon flight
& 34.7 km

The Atmosphere

® Farth atmosphere Is unigue among the
olanets

® Densest at sea-level, the atmosphere
thins upward.

® The atmosphere is mostly nitrogen (N5).

= Oxygen was apbsent from the atmosphere
before 2.5 Ga.

Nitrogen (N,)

| Space (vacuum) o
| . o

}, Earth’s surface
|

Other gases (0.97%)



The Atmosphere

® Troposphere (0-11 km).
Mixing layer.

Weather is limited to this layer.

® [ropopause (11=12 kmj. ;
® Stratosphere (12-47 km). : -mg
¢ Mesosphere (47— 81 km). o T % N
® [hermosphere (> 81 km). 'I o ~J )
® Boundaries between layers are TS opoyphee f
> —80° -60° —40° -20° -10° 20° 40°C
termed “pauses.” 0 g W N 5

Temperature



Surface Features

® Earth’s surface: continents are high; oceans are low.
Due to the differing buoyancy: of each type of crust.




Earth Materials

® Organic chemicals — Carbon
containing compounds.

e Biological remains (wood, peat,
ignite, coal, and: oll).

® Geologically rare (decompose: in
contact with: oxygen).

= Minerals — Inorganic crystalline solids.

® Comprise rocks and, hence, most of
the earth.

® \ost minerals on Earth are silicates
(based on Siand O).



