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The Hubble Space Telescoe

- -“"‘Launched In 1990 the FlSThas taken images of the early universe by
being able to receive dim light that has traveled through space for 13

billion years.
Its high orbit allows it to take images that are not distorted by Earth’s

atmosphere. On a May 2009 servicing mission by the space shuttle
astronauts made repairs and installed new instruments that will keep

the HST operational until 2014.
The IS planned to be launched in 2018.

It will only be a partial successor to the HST because it will only
observe in the infrared portion of the electromagnetic spectrum.

http://www.jwst.nasa.qov/videos general 3.html



http://www.jwst.nasa.gov/videos_general_3.html
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Mission Goals

Search for the first galaxies or luminous objects formed after the
Big Bang.

Determine how galaxies evolved from their formation until now

Observe the formation of stars from the first stages to the
formation of planetary systems

Measure the physical and chemical properties of planetary
systems and investigate the potential for life in those systems


http://www.jwst.nasa.gov/videos_science.html

Stars and Galaxies




o Astronomical Unit

(1) Distance measured to
the_Sun  ,the Yot
closest star to Earth

(2) Equal to the average
distance between the Sun

and Earth (150,000,000 u.
km or 93,000,000 mi.) S

(3) Used for distances Emmeds.iaeﬂemed
within our Solar System.

Copyright © 2005 Pearson Prentice Hall, Inc.



Not this guy (Buzz Lightyear of Toy Story)
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(1) The distance that a ray of light travels in one
year

(2) At the speed of light (300,000 km/sec or
186,000 km/sec) light travels about 9.4 trillion
kilometers (5.8 trillion miles) in one year

(3) Double stars of Alpha Centuri are about 4.3 LY
from Earth.

(4) The red giant star Betelgeuse is nearly 490 LY
from Earth.
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Distance from Earth to Proxima
Centauri, the next nearest star

+——
~40 000 000,000,000 km

g

~4 24 light-years




Using parallax

to determine « For aright triangle,
. | _
distance to a star! . where p is the

parallax, 1 AU
EAREY STAR (149,600,000 km) Is
approximately the
average distance
from the Sun to
Earth, and d is the
distance to the star.
é o Sinp=1AU

JULY SUN JANUARY d

PARALLAX ANGLE, p




Star in
Question

Background
Stars

« (alculated using parallax to a star that is one second (p = 1) of arc.
» Parsec 1s derived from the words “parallax” and “second”



Visual explanation of 1 parsec (pc)
(not to scale)

A parsec is the distance to a star, as seen from the Earth, when the star
has a half-parallax of 1 second of arc, when observed at two opposite
positions in the orbit of the Earth around the Sun, taken 6 months
apart.

« A parsec is equal to:

— approximately 206,265 Astronomical Units
— 3.26 light years.
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a. Sizes vary over a great range.

(1) Smallest stars may be smaller than

(2) Largest stars can be more than 2000
times the diameter of the




A comparison of star sizes

Red Dwarf Our Sun

Lower limit: 1 solar mass
0.08 solar
masses

Red Giant

Very old stars that
evolve from stars of
<5 solar masses

Blue-white
Supergiant
150 solar masses










d.

vaysieal Yrogerties of Srars
Density:
(1) . Betelgeuse (a red giant)
1s one ten millionth ( ) of the Sun’s
density.
(2) . Companion star to Sirius

IS so dense that one teaspoon would weigh
more than one ton on Earth.
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a. Mass
(1) Variation in mass is less than variation
In density.

(2) Most stars have masses

of the Sun’s to times that of the Sun.




vaysieal Progerties of Sters

a. Composition:

(1) One or two percent of a star’s mass may be
heavier elements such as oxygen ( O ), carbon

( C), calcium (Ca ), and sodium ( Na).

(2) Main elements in the Sun are
(a) __Hydrogen (H)
(b) _Helium (He)




Brightness of Stars



(1) D|
(a) How brightthestar  annears toan  observer on
Earth.

(b) Brightest stars are first magnitude.
(c) Faintest stars are sixth magnitude

(d) Each magnitude represents a change by a factor of 2.5
magnitudes.

1) A first magnitude star is 2.5 times brighter than a second
magnitude star.

1) A first magnitude star is 100 times brighter than a sixth
magnitude star.

(e) Objects brighter than first magnitude objects are




Why are there negative numbers?

« The Greek Astronomer Hipparchus (c. 190
BC - 120 BC catalogued about 800 stars.

« The brightest star he observed he assigned a
© magnitude of 1. The dimmest was 6.

. l4/ «  Brighter stars have now been observed.

— Using Hipparchus’ system they must be
smaller numbers than one.

S0 negative numbers are used for very bright
celestial objects.




Apparent Magnitudes of Familiar Objects

NI UDE

-I_

Naked Eye L1m1t +2.0

Binocular limit +9.0
Venus and the Moon

24/03/2004 +2() (]

I‘ Venus at Brlghtest




Apparent Magnitudes of Familiar Objects

e OBEC T L MAGNITLUDE

Polaris
Naked Eye Limit

Binoc¢




(a)

Distance

The farther a star is from the
observer, the dimmer it appears if
all other factors are equal




Factorsy Affeerine A ooz renr Mezeoniroele

brighter than smaller stars



(c)

Hotter stars will appear
brighter than cooler
stars if all other
factors are equal.

The hotter of two stars of the
same size at the same
distance appears brighter

L




(a)
(b)
(c)

(d)

(L

Aosolute Meieinirelel

Called
This is the brightness of a star.
Depends on two factors

) . Hotter stars
emit greater intensity light than cooler stars

1) . Larger stars are brighter than
smaller stars

Compares the brightness of stars on an

basis. Astronomers determine the lumiT@sity by
mentally moving all stars to a distance of 32.6 light
years (10 parsecs) and then determining their
magnitudes as seen from that distance.



Note: This must be added to your fill-in notes.

(4) Lurninesity

(a) This isthe of a star.
(b) It is usually measured in watts/second.
(c) Luminosity can also be expressed using

e This 1s a comparison to the Sun’s rate of energy output.
« The Sun is assigned 1 energy unit.
« A star that has a luminosity of 100 energy units . . .

- Emits energy at 100 times the Sun’s rate.

See your ESRT : “Luminosity and Temperature of Stars” Chart
(The H-R Diagram)



The n-K Diseirzn

— Ejner Hertzsprung of Denmark
— Henry N. Russell of the United States



3. The H-R Diagram

b. Stars of a known distance have been
plotted according to their spectral class (as
determined by the _ temperature and

luminosity ) and their absolute
magnitude.
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Characteristics of Stars

(Name in italics refers to star represented by a @.)
(Stages indicate the general sequence of star development.)
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Reading a Non-Linear (Logarithric) Scale
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4. Our Sun




Ovir Svin

Relative Sizes of The
Earth, Jupiter, and Sun

|.comn

arnSchon

_TheSun © .

Jupiter

- "
12,756 Km 142 800 Km iy
Juprter's diameter is -+ _ -

11.2 times the diameter
of the Earth. The Sun's diameter is 9.7 times

the diameter of Jupiter.

-
falln ]

a. Properties of the Sun
(1) Size: 109  times Earth’s diameter (1.38 x 10° km)

(2) Volume: Could hold more than 1,300,000 Earth’s.




(3) Temperature:

(a) temperature
IS about 5,550° Celsius (~10,000°
Fahrenhelt).

(b) temperature
may be as high as 15,000,000°
Celsius




R ifiesSonrce o tiesSun: S nerey

Deuterium Helium

Tritium Neutron

Proton +

(1) _Fusion _of light elements into heavier elements.
(2) Hydrogen convertsto Helium
(a) Four _ Hydrogen (H) nuclei (each with a mass of

about 4.030 mass units) join to form a Helium
(He) nucleus with a mass of only about 4.003 energy units.




(b) The mass that seems to have been lost is converted into
Enerqy , which is radiated into space.

(c) Estimates indicate that about 4 million metric tons of
matter are converted into energy every second but

because the Sun Is so massive, this process can continue
for another five billion years!




(1) Photosphere

Coronal e
Streamer g

(a) Bright yellow surface
(b) 400 km thick

(c) Made of millions of granules B Canhore
(individual cells). Granules are aianules)
wide (about 1500 km across),
have a bright center, dark edges, F
and are the tops of columns of Sunspot
gases that are rising in the center
and sinking at the edges.

Granules last 8 minutes. Chromosphere

(d) This is the lower denser part of
the Sun’s atmosphere. e Soronal He

Prominence R
l" Y '.‘ 4 g
P

Filament =
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Thie Quiter, Lesy Depse Amosouners
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(a) Only seen during solar eclipses

(b)
(I)  Lower part of the
atmosphere
(i1) Colored red by glowing
hydrogen

(i) Extends thousands of
Kilometers above the
photosphere




(1)

(iii)

T.m in‘Jﬂl

Has so little gas that on Earth
it would be considered a
vacuum.

Surrounds the Sun to a height
of more than one million
Kilometers.

During a solar eclipse it is
seen as a faint, pearly light.




(3) Prominences

Huge curtains of gas >100,000 km long - Relatively cool

(@) Huge, red, flame-like arches of
material that occur in the corona.

(b) Appear like flames but the light is
caused by changes in the cooler,
denser parts of the corona.

(c) Prominences may last for hours
and can extend millions of
kilometers about the photosphere

Core (15000 000 C)y Chromosphere
‘onvection Zone '

Prominence %

1 _ ) @ Solar Flare
3:“1::3':;-, - (4 000 000 C)
Corona Sunspots

(2 000 000°C) (Cooler)



(a)
(b)

(d)
(e)
(f)

(9)

(4) Sunsp

0

|
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Dark spots on the
Size may be greater than Earth’s diameter.

Lifetime varies from a few hours to a few
months.

Have a dark center.

Occur in pairs. One is a north magnetic pole
and the other is a south pole.

Because of the concentration of magnetic
forces, gases in a sunspot may be as much as
1,500° C cooler than the surrounding
photosphere.

Due to the Sun’s rotation (25 days at the
equator and 27 days near the poles) sunspots
move from left to right across it’s surface.
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(h) : The number of sunspots varies over an -year cycle




Solar Flares

« Occur near sunspots

 Particles ejected from
the sun |

© —— Approx. size of Earth



Solar Flare Effects
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5, Siellar Sogerrs

a. The Electromagnetic Spectrum
1) Radiation

(a) Travels out in all directions from its source.
(b) Does not need a medium through which to travel.

(2) Electromagnetic energy travels through space at

the _speed of light




Elgctric
field

Electric energy

Magnetic energy

It is a wave made of a mixture of electric and magnetic energy .

Small changes in an electric field create a magnetic field next to it.
This in turn creates a new electric field, which then creates a new
magnetic field and so on.

The wave carries itself along by constantly changing its electric energy
to magnetic energy and visa versa.



Wavelength

Trough
© 20003 Brooks/'Cole Publiahing
& dvision of Thomaon Learning, Inc,




VI/aVeIENgtn and Frequency.

!'J

Wave 1 |( wavelength (1) o

- =
one cycle

Wave 2 ( A )

A AN NN
\/\/\/\/

three cycles




Increasing energy

IAVAVAVAVAVAVA VAN

Increasing wavelength

0.0001 nm 0.01 nm 10nm 1000 nm 0.01 cm 1 ecm Im 100 m
| | I 1

Gamma rays Xrays Ullrlo- Infrared Radio waves
violet

Radar TV FM AM

Visible light

400 nm 500 nm 600 nm 700 nm

* You are probably familiar with this type of EM Spectrum chart. It’s
similar to what is in many high school textbooks.

» This is actually a simplified version.
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Wavelengths decrease

The Electromagnetic Spectrum

{Wavelengths in a vacuum) Wavelengths increase
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The electromagnetic spectrum is continuous.
— There are no gaps between different wavelengths.
— This means that there is no sharp boundary between where one type ends and another begins.

Iﬁifferent kinds of radiation gradually change from one to another as their properties
change.

— Thisresults in an overlap at the boundaries.

— The name used may depend on the source of the radiation. Likewise, microwaves overlap
infrared radiation and radio waves.
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The mziern Selenes Refarepes Taoley vergion is

sirneliflee ur pzs e overlzo ol wavelepertps

F ic
Pressure

Selected
Properties of
Earth’s
Atmosphere

Sea Level 0

Zones

Thermosphere
(extends to 600 km)

/—Tropopause
WPolar front jet stream
i -

Electromagnetic Spectrum
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Ultraviolet

Decreasing wavelength
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(Not drawn to scale)







Spectrograph

Absormption spectrum

(1) Separates light into different wavelengths

(2) SPectroscope : Replaces the
eyeplece of a telescope with a photographic plate




Spectroscopes

Light source

Slit to form narrow
beam of light

Spectroscope :
f i : i ! Spectroscope
Using a Grating . | ' Uzing a Prispm

| Grating spreads

§ light into spectrum. Prism spreads

light into spectrum.

Spectrum

Spectrum




(&) Tyoes of Ouservaole Soeetrs
(a) Spectrum
) Unbroken band of colors
1) Indicates that the source is emitting light of all

visible wavelengths.

Rainbow: The Visible Spectrum

Shorter
wave
lengths




1I1) Three types of materials emit visible spectra
a) Glowing solids




b) Glowing _liquids




c) Hotcompressed _gases (as Ina star




(b) Bright Line Spectrum

Hlue- Blue-
Wiolet wiolet  dreen

& .-II I'I.l_ I"-l
Zas discharge _

tube containing Bright Lines
hydrogen

1) Called an emission spectrum
1) Lightofonly certain  wavelengths is present.

1) Originates from chemical elements when in a glowing
gas or vapor state.



Emission Spectrum

S00 600

nanometers

Spectral Analysis

iv) Each _element has its own unique bright line
spectrum.




(C) A 0SUrorign Soeerrur

1) Calleda spectrum

1)  Continuous spectrum with dark lines created by
selective absorption of light.

Solar Spectrum 4300 - 4400 Angstroms

STTTRITEHIETIE “Iﬂmllwmﬁ
1

4340

4380 4399




Avsorotign Sosetevirn Copripveel , ,

their interiors.

*Most stars have
absorption spectra.
*The Sun’s absorption

\
spectrum has 67 v
elements. it

Continuum
Source




Continuous
Spectrum

Hypothetical

Dark Line
Spectrum

Hypothetical

Bright Line
Spectrum




Using a Stellar Spectrum to find
the Composition of a Star

emissionsoectrom [ 0 e R ]
l' Hydrogen l' "

Simplified
from a Star

f : IR,

Helium
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a) Planets shine due to
light.

b) Dark lines present in the spectrum of the
planet that are not present in the spectrum

of the Sun must have originated in the
planet’s atmosphere.






Dense molecular clouds Star formation

/ Star death \

Refueling the Solar 'S}-'fitem
interstellar medium. formation
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(1) About 99% of the cloud
IS gas, mostly hydrogen. [EESS=——.

(2) The remaining 1% is dust [,
(1/10,000 cm in | |
diameter) consisting of R
silicon, carbide, graphite, Sua—
diamond, and minor
amounts of nitrogen and
other elements.

(3) Average nebula is 25
light years in diameter.




Nebulas — Stel

(4) An outside force (e.g.,
shockwave from a
supernova) triggers the
force of gravity between
atoms of gas and dust and
they move towards each
other.

(5) Cloud becomes denser.
(6) Temperature increases

(7) Parts start to glow when the |
temperature Is high enough.
It IS now a




Protostar Formation

'eApprox. 250 light‘yeorsel

5.2

Interstellar cloud

(- Ie— Approx. % light-year ——9‘

i Leftover
gas and

‘ |<“ A few h ndred AU e| dust

 €«———Gas jet

b. Continued contraction increases the density of
the protostar.

c. Fusion begins and the star is born.







(not to scale)

Main
Cloud of Gas and Dust Protostar Sequence Red Giant White Dwarf




d. When the release of energy
counterbalances the force of gravity the
star stops contracting and is said to be in a




Blue Stars

(1) Massive blue stars may reach a stable state in
a few hundred thousand years.






Cé‘r

Y ellow Sirers

(2) Less massive yellow stars may take millions of
years to reach a stable state.



Luminosity

1,000,000

Characteristics of Stars

(Name in italics refers to star represented by a @®.)
(Stages indicate the general sequence of star development.)
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contracts again.

(2) The core heats up and
the star’s outer layers
expand causing the star
to radiate more light and
become brighter.



(3)
(4)

700 millior km

Hydogenbumng shel
rHewm-Dumi'g shell
~Caton-bumng shell
Cxygen-tumitg shel

~INeon-ourring shell

Slicor-bumin: she

Fusion starts again in the outer layers but the core is now composed
of only helium.

The result is the continued expansion of the star and the formation
of a red giant or a supergiant.



Supergiant Stars Continued . ..

The Sun

L
Size of Star
i The Earth
Size of Earth’s Orbit

| —
Size of Jupiter’s Orbit

Atmosphere of Betelgeuse ~ HST-FOC

PRC96-04 - ST Scl OPO - January 15, 1995 - A. Dupree (CfA), NASA Red Giant

Astronomers estimate that the Sun could be 160 times
Its present diameter. This will be beyond the position
of Earth’s orbit (about 1.5 astronomical units).




White Dwart

(1) Final Stage of a (not to scale)
star’s life

(2) Most fuel is
depleted

(3) Weight of outer
layers no longer
supported by temp.
and pressure of the
core

Red Giant White Dwarf

(4) Collapse of the giant
squeezes the nuclel of its atoms together and the star becomes a
white dwarf that is most likely no larger than Earth.









Comparing the Sizes of Stars







1970 Chevy Nova

Oops. . .
Wrong type of nova



(1) A white dwarf flares
Increasing in brightness a
hundred to a million times

« Collision with another star
may be a cause




1

S0 rnova

(1) Very massive stars

(2) When the star cools a
central iron core collapses.

(3) Increased temperature
and pressure fuses iron
with heavy elements.

— Results in a violent
explosion

— Half mass blown away as a
great cloud







 The mass that remains iIs called a neutron star

— Astronomers believe that all atom’s electrons are crushed in the
nucleus and combine with protons to form neutrons



Pulsairs

Rotation Axis

Magnetic
Axis

Magnetic
Field Line

Neutron star

Radiation
Beam

 Usually, the rotational axis of the neutron star does not align with the magnetic
axis.

« The radiation beams will sweep around and create the light house effect.

- What we observe on Earth will be pulses of radio wave with very stable
period.

« Thisis a pulsar --- one can be found at the center of the Crab Nebula



(b) If the star Is very massive the star
collapses into a very small volume.

et e R TN ST NS MNP ST
TR s S e

* These Invisible objects are called black holes.



Trajectories of Light

R AT
~ Black Hole

 Gravitational forces are so strong
that even light can not escape

 The collapsing object would
completely disappear from view.

* It Is believed that a black hole will eventually collapse
Into a single point in space.




Cuirvzture i Sezies

Mo light escapes from
within this radius

Baseball:
Marble rolls into depression

Bowling ball:
Marble rolls in faster

« Astronomers believe that the extreme
curvature of space caused by a black hole’s
huge mass keeps light from escaping.

« Anything that gets closer than a certain
distance from the black hole is lost from A
the universe. Bl ek

Marble disappears into hole

I
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Waterbed Analogy
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Supernova
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Characteristics of Stars

(Name in italics refers to star represented by a @®.)
(Stages indicate the general sequence of star development.)
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A galaxy Is a system containing
or of stars.

Space contains several
galaxies.

Galaxies glow from the combined light of
billions of stars.




a. Galaxies are classified by Shape:
There are three main types:
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Barred Spirals
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(1) Central lens-shape, bright nucleus surrounded by a flat
disk.

(2) Spiral arms (usually two) come out from opposite sides
and trail behind as the galaxy rotates.
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(1) Range from nearly spherical
to lens-shaped.
(2) No arms are present.

Elliptical Galaxy M87



g7
—_
l—‘
l_‘
1
o
=
—
(a3
-
o
(8
Lo
(a3
>
| E—
G L
(@2

(1) These are smaller, fainter, and less common than other
types of galaxies.

(2) Stars are spread unevenly.






RECLITAR (Gal2AIES

Galaxies that are abnormal in size, shape, or content.
May be a result of galactic interactions or merges



Merging

NGC 6050

RS

NASA, ESA, and The Hubble Heritage (AURA/STScl)-ESA/Hubble Collaboration « Hubble Space Telescope WFPC2
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The Milky Way

A spiral galaxy
Diameter: 140,000 light years

Greatest thickness: 20,000 light
years.

Sun: About 23,000 light years
from the galaxy’s center. (See
Rev. Book Figure 9-1, p. 425)

Approximately 100 billion
stars.

Belongs to a small cluster of 40
galaxies know as the
Local Group

Globular cluster”




Wiy is gur pore ozilaicy ealled

the Milkey Waiy?

It’s because when viewed from Earth the
collective light from all the stars has an
appearance like . . .



No, 1t’s not because 1t looks like the candy bar.






Loezal Grovw of Gallaiies

Small cluster
of 40 galaxies

« Milky Way Is
In the local
group
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C. rineine Disraness 1ot
Unlverse
1. Spectroscopic Distance

—  Compares apparent magnitude to magnitude

a. Knowing the spectral class allows its
magnitude to be determined

(L

b. Difference between magnitude and
magnitude is a result of the distance of the star from
Earth.

c. Distance is mathematically determined.



%, Sitallzie

Position 1

Position 2




Position 1

Apparent position 8 ﬁ*
Position 2 ¥
R b
h=1A.U. Tan p = —
=1
<P /2 <P - b
a = distance to star T Tanp
¢ =hypothenuse




3. Radar

Radio Detection and Ranging

Sendear/
Receiver

L 'I i !
II
ariginal wa'ra.

distance r

A radar pulse is reflected off a solid object such as the moon.
The time of the round-trip is measured with high accuracy.

Using rate (speed of light) and time the distance can be
mathematically determined



http://en.wikipedia.org/wiki/Image:Sonar_Principle_EN.svg

4., LASER

Light Amplification by Stimulated Emission of Radiation

Moon

Earth J_f—"
I/__,—ff Lasar
e 4 reflector

Telescope

Laser reflectors on the Moon
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1. Theories on the Origin of the
Universe and the Solar System






1. The entire universe was a very hot dot,
smaller than the diameter of an atom.

2. 15 billion years ago (More recent research
Indicates that the universe IS
years old with only a 1% margin error.)
a. Expanded faster than the speed of light

b. Mechanism that initiated the event is still
being researched.
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force

Weak force
Strong force
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10-35 o 10-32
seconds

10-¢ seconds
Annihilation
of malter and
anlimatter

1 3 minutes

5 Prolons and

= Meutrons form
alomic nuclai

Universe
becomes
transparant

300,000 years
Stable atoms
form; radiation
and malter
separate

o
Lol (1L

LISt v Current theories of gravity can’t

describe space and time.

Inflation period \

Rapid expansion by a factor of 1030

«—— Origin of helium



The

Cooling eventually
resulted in the
formation of
hydrogen, helium,
deuterium and lithium
atoms

Stars were born at
+200 million years

Peak of galaxy
formation at + 3
billion years

»)" D)
) |0 p)




Simplified Timeline of Events after the Big Bano

Time After the Big Bang

Events

The first 1.0 x 107 second

Huge random changes in energy occurred everywhere in space.
These were so huge that current theories on gravity can’t describe
space and time. The temperature was an incredible 1.0 x 10
Kelvin.

By 1.0 x 10™ second

Everything now seen in the universe was in a volume less than one
meter across. It was expanding at enormous speeds

Between 1.0 x 10~ and
1.0 x 10 second

The early universe rapidly expanded. This could have been by a
factor of 1.0 x 10°° of its previous size. (This is bigger by a factor
of a thousand x a billion x a billion x a billion!)

By 1.0 x 10®° second (one
millionth of a second)

Protons and neutrons began to form.

At one second

The temperature of the universe had cooled to 10 billion Kelvin. It
was still very dense. With further expansion the universe steadily
cooled. Protons were able to combine and form deuterium. This is
an isotope of hydrogen that is needed for the first step of star
formation.

Ten seconds

Deuterium was combining to form helium.

Up to 50,000 years

Radiation instead of matter made up most of the universe.

400,000 years

Stable atoms began to form

100 million years

The first stars and galaxies formed 100 million years after the Big
Bang. The temperature was 100 Kelvin.

The Solar System formed in a universe that had cooled to 3 Kelvin.

e ——
(4.6 billion years )
~

This is 4.6 billion years ago which is
9.1 billion years after the Big Bang




B. Evidence for the Expanding
Universe



What I1s meant by an expanding
universe?

» According to the Big Bang model, the point of
energy exploded in an incredibly giant and violent
event.

e It wasn’t like a bomb exploding.

— When a bomb explodes fragments are sent outward in
all directions.

« The Big Bang caused space itself to expand.

— As space expanded, particles formed and were carried
away from each other.



» Imagine the universe as being curved like a balloon.
— Galaxies are drawn on the balloon. These represent galaxies.

« As the balloon is inflated space between the dots increases.
» When seen from any galaxy, the other galaxies are moving away



aay from the observer
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The Doppler Effect for Light



The Dyeeler Hifeer Copriguel ,
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for sound for sound
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Copyright @ Addison Wesley

(1) Approaching: Frequency increases __and wavelength decreases

(2) Receding:  Frequency decreases _and wavelength increases
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(1) Black lines are shifted to the of the spectrum
(2) Indicates that distance between the star and Earth is

(3) The greater the shift, the greater the velocity of the source.



Summary of Red Shift Evidence

The spectral lines from almost all galaxies show a

Edwin Hubble observed that the most distant
galaxies had the greatest redshift.

— Recall that the greater the redshift the faster the light
source IS moving.

— Hubble concluded that distant galaxies are moving
faster than nearby galaxies.

— In honor of Hubble, the relationship between distance
and speeds of galaxies is called Hubble’s law.

The observation that galaxies are moving away

from each other supports the concept of an

expanding universe caused by the Big Bang.




inflation

tiny fraction
of a second

bnlllon
years

a. Energy output from expansion as a result of the Big Bang should appear
cooled and should exhibit itself as background radiation equivalent to

a cold blackbody



all incident radiation

is absorbed Black-body Radiation
. A black body is can
absorb and emit all | Maximum

frequencies uniformly.

» The higher the
temperature, the
greater the contribu-
tion from short
wavelengths.

Energy distribution, p

m Wien’s displacement ,
E 4 INCreasing
law: Vs 4/ temperature
‘ Thpax = 0.29cm K
emits all

possible radiation

Wawvelength, >




Cosmic Backgro mJ Explorer (COBE)

« The FIRAS instrument
( "Far-Infrared Absolute
Spectrometer.*)

— This device measured the
Intensity of radiation as a
function of wavelength, very | E—
precisely. - Hellm Dowar ——

« Scientists had guessed that = .
the spectrum of the e N
microwave background
ought to have a particular
shape: : it o

— that of a blackbody b A i 5 e

WFF Dmm Antanna WanEr .

"eljebqua'lﬁlg_'Suﬁ, Eartn,  DIRBE S gRra
| ey e G ' DWMR Anterinas |



Data from COBE
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3. Large amounts of light elements
are found In the universe

« Helium is made by fusion in the cores of stars.
— Most stars are still fusing hydrogen.
— They have yet not released helium.

« The abundance of helium found in the universe is believed
to have been made by the Big Bang prior to the formation
of stars.

« Another light element found is deuterium. It is not made
by stars.
— However, it is found in interstellar clouds that have no stars.

— Its origin is also believed to be from the creation of the universe by
the Big Bang.



Why Is the discovery of CMB evidence
of the Big Bang?

« CMB Is coming from everywhere in space, not

from a single source
— Like the universe which is expanding in all directions.

— This 1s why 1t’s called background radiation

* [t is theorized that the young universe was very
hot.

« CMB gives us evidence for these extremely hot

temperatures even though it’s very cold.

— The wavelengths emitted were originally very short.
As space has expanded, the wavelengths have been

redshifted.
— They appear cooler.




s Viass — 1t doesn’t add up

l_s.

The Un

(1:

ver

The calculated mass Is much greater than the mass
of the stars and interstellar matter that has been
observed by all types of telescopes.

— The calculations indicate that the observed mass IS one-
tenth of the calculated mass.

— The missing matter can’t be seen.

* |ts presence is deduced because it exerts a gravitational force
on the matter that can be seen.

« Astronomers have labeled this unseen matter as dark matter.

— It gives off no light.

— Even though it has gravity it can’t form into stars. Dark matter is
likely made of particles that are all around us but can’t be seen.

— Much research is being conducted by scientists to discover
exactly what dark matter is and how much is actually present.



What 1s the fate of the
universe?

There are three theories.



The Big Crunch

Expansion
Expansion

>

Total energy negative;

Expansion stops universe stops expanding

and collapses.

Predicts expansion will be slowed
by gravity.
— It will eventually stop.

This will cause all objects to be
compressed to higher densities.

The result will be that the universe
will collapse back on itself.

Recent data seems to discount this
theory.

$ing ula rit!,i




Expansion continues

Expansion

Expansion

Total energy positive
Or Zero; universe
expands forever.

« Predicts that the universe will expand forever.

« Stars will use up their hydrogen and die. In billions and billions of
years a cold, black, and empty space will be all that remains.

» Data collected at the end of the 20th Century led to this prediction
being most likely.

* However, recent measurements using data from supernovas lead to a
third possibility.



* Predicts that the universe
will end in a huge explosion.

« Recent measurements show
that the universe is
expanding at a faster speed.

* Astronomers now think that there’s a constant level of energy
everywhere.

« It’s causing all objects in the universe to be repulsed from each other.
This unseen energy is working against gravity to speed up expansion.
— This unseen energy is called dark energy.
 If the universe expands faster and faster it will overcome gravity.
— Galaxies will be torn apart.
— Even atoms could be ripped apart.
— All parts of the universe would be pulled away from all other parts.



Which theory Is correct?

Nobody really knows.
Most scientists have ruled out the Big Crunch.

There Is no consensus among scientists about the
other two theories.

Scientists are just beginning to study and
understand dark energy.

— As they continue to analyze data they will refine and
debate their theories.

— Undiscovered phenomenon could even result in the
development of new theories.

The science of cosmology Is just beginning to
understand the nature of the universe.
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Chaisson!
kMchillan

Planets formed at the
same time as the Sun

and from the same

nebular material.

The Solar System is
believed to be
4.6 billion _years old.




The Solzr Neou

Solar system born 4.6 billion
years ago
A few light-years in diameter
Composed mostly of gaseous
— Hydrogen (71%)
— Helium (27%)
— Traces of other gases
Microscopic dust

— Mixture of silicates, iron compounds,
carbon compounds and water ice

Collapse may have been triggered by a nearby exploding
star or a collision with another cloud




Examples

Typical Condensation
Temperature

Relative Abundance
(by mass)

>

iron, nickel,
aluminum

1,000-1,600 K

0.2%

various

minerals

500-1,300 K

0.4%

water (H,0)
methane (CH,)
ammonia (NH,)

<150K

[.4%

\
hydrogen, helium

do not condense
in nebula

98%

« The four types of materials present in the solar nebula are shown.
« Squares represent the relative proportions of each type by mass.




« Good Morning! ©

« Lab 8-5 any Questions? Due next Wed.
(note change In date)
* Finish Notes today
 Review Class today 10" bring review ditto



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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Axis of rotation

Rotation retards
collapse in this
direction

-
— The bulge In

I
the center Gravity makes cloud :
shrink. As it shrinks, it spins
became the faster and flattens into ap | '
; . r=— Approx. —=i
Sun. disk with a central bulge. |~ | AU !



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.

L4 -
» = »
- » . -
- o . .‘..,.7:*7..! At ST i .

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.



Planetisrmals Forrmed

Disk of gas and dust
spinning around the young Sun

If collisions between

particles were not too violent S K(’i?)\/
they stuck together. A e
Smaller particles gradually =
grew until they were several 5’% " ~;
kilometers wide. -y
These small, planet-like e

bodies are called
planetesimals.

Dust grains clump
into planetesimals




—  Their orbits became
nearly circular.

. Mass increased due
to accretion.

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 giants because of huge gaseous atmospheres.
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Due to gravitational attraction a condensation formed
at one point becoming the

The cloud rotated faster as it contracted

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

Condensation occurred within the disk forming
g which continued to move in the
same direction as the disk.

Space between the new Sun and the protoplanets
cleared;

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.



Terrestrial

Closer to the Sun and
most lighter elements
driven off.

Small, rocky, and
dense

Mercury, Venus,
Earth, Mars

No atmosphere.
(Originally)
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- 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



O)rlefinl of thig Arosvneres & Ojegzins

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

f. _ \olcanic Outgasging_: Atmosphere evolved from

the release of water from volcanoes.




o, Meteorites

Barringer Crater, 08/96 e NS

« 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)

@ tLecrRON

@ cecrron
Hydrogen ‘ ‘ ‘ Deuterium
ROTON TON ON

Earth’s oceans contain HDO

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



M OREImioisiantnESOCEans:

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




I. Planets beyond M ade of lighter elements
and are the Qas Q
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Oort Cloud and Kuiper Belt
Source of Comets

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

~ Oort cloud—A swarm of trillions

of comet nuclei in a huge shell

[ KUiper belt 8 e Y ARSIV iurrounding the Sun and planets
— aregion extending ATERAEEROST “
from just past AEE N oAy
Neptune to a little S+ B P
past Pluto

e QOort cloud

— Huge spherical
region thousands of
times farther from
the Sun than Pluto
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Uranus?: _
Jupiter Saturn Neptune

Asteroid
belt

(b) © 2001 Brooks/Cole Publishing/ITP



Asteroid
belt

(b) © 2001 Brooks/Cole Publishing/ITP

Pluto Is no longer considered a planet!



Pluto’s Been Demoted!

a planet as:
— “a celestial body that is in orbit around the sun

— has sufficient mass for its self-gravity to overcome
rigid body forces so that it assumes a nearly round
shape,

— and has cleared the neighborhood around its orbit.”



Pluto 1s now considered a “Dwart Planet

-

CD

 Pluto lost its status as a planet because 1t’s
highly eccentric orbit crosses over the orbit
of Neptune.

« A dwarf planet like Pluto Is
— Any other round object that

* Has not “cleared the neighborhood around its orbit
* Is not a satellite
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100,000 km Dwarf Planet
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Jupiter
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