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Beyond Our Solar System

Journey to a Star

- The Space Shuttle orbits the Earth at 17,800 miles/hr 

 (7.9 km/sec)
- The fastest passenger jet airplane flies at 0.25 km/sec.
- Proxima Centauri distance is 4.3 Light Years (4 x 1013 km)

  (i.e. 40,000,000,000,000 km)

- At the speed of the Space Shuttle the trip to Proxima Centauri would take 164,000 years
- A jet airplane would take 5 million years.
-Pioneer 10 was the longest lived deep space probe - launched 1972.  

It is now twice the distance of Pluto traveling at 

12 km/sec. (Almost twice the speed of the Space Shuttle). Last conact was in 2003

Will reach the red star Aldebaran in 2 million years.

Aldebaran is 68 light years away from Earth. 

- The sun is an average star and is the only star we can easily

see during the day with our naked eye.
The Universe is unbelievably large

If the solar system was the size of an Oreo Cookie, the the closest star (Proxima Centauri) would be 2 football fields away.

And the center of our Milky Way Galaxy would be at Little Rock, Arkansas (440 miles or 708 km away).

The distance to the next Galaxy (Andromeda) would be 4,000,000 times further than Little Rock, Arkansas. 2,000 times the distance to Pluto.
Big Bang started - hydrogen (one proton) formed

Some Helium (2 protons) and Lithium (3 protons) formed in the first 200 seconds

First stars formed at 400 million years and burn Hydrogen into Helium

As stars age more Helium atoms are produced, they collide and form Beryllium

Stars star to run out of hydrogen, core collapses, Beryllium and helium collide to form Carbon

Supernovas first occured and created heavier elements at 1 billion years from the big bang.
First Galaxies formed a few billion years later.
Distance to a star

- Parallax is used to find the distance to the closest stars


- Take photos 6 months apart and determine the shift of 


  location in seconds of arc.


Parallax = 1/2 of this angle

Distance (parsecs) = 1/parallax (seconds of arc)

Previously Parallax was only good out to a distance of 100 parsecs.


Beyond that, the angle was too small to measure.

Hipparcos Satellite (ESA, 1993) measures to 0.001arc-sec (1,000 Parsecs)

1 parsec = 3.26 light years, 

1 Light year = 9.5 x 1012 km (5.8 x 1012 miles)

-A light year is the distance light travels in one year at the speed of light (3 x 108 m/sec, 186,000 mi/sec)

 Brightness of Stars

- Apparent Magnitude (AM)



A stars brightness as seen from Earth


AM (brightest stars) = -1.4  (the star Sirius)


AM (faintest stars, unaided eye) = 6


AM (Sun) = -26.7

- Brightness difference = 2.5(Magnitude Difference)
e.g.  If two stars are 2 magnitudes different


(2.5)2 = 6.25

i.e. like logarithms to the base 2.5

Brightness of Stars

Absolute Magnitude = true brightness at a standard distance of 10 parsecs  (3.1 x 1014 km)

For Example

Sun's apparent magnitude = -26.7

Sun's absolute magnitude = 5

Very hot Stars - Blue   (30,000 deg K)

Sun            - Yellow (6,000 deg K)

Cool Stars     - Red    (3,000 deg K)
Binary Stars

- 50% of all stars

(Astronomers thought they were bad for life forms, but Kepler-47 a binary star is a habitable planet 3x Earth radius)

Enables measuring the combined mass of both stars (M1 and M2)
M1 + M2 = D(A.U.)3/(P2)  where P = period of orbit

A. U. = Astronomical Unit = 1/2 the size of Earth's orbit

Get P (the period of rotation) from the light curve

Get D (Distance apart) from measurements if the stars are close enough

to see the separation.

Variable Stars

- Pulsating - Cepheid variables  (discovered by Henrietta Leavitt)

- Period is proportional to Absolute Magnitude



- helps find absolute magnitude of stars > 100 parsecs

- Eruptive (NOVA)


- Binary made up of red giant and white dwarf


- Outburst of ejected material from Giant to Dwarf.


- A few days later the giant returns to normal.
Interstellar Matter

-Emission Nebula


-Fluoresce by Ultraviolet light from nearby stars



The Trifid nebula in Sagittarius (M-20) is an emission Nebula.

-Reflection nebula


-Reflects light from nearby stars



Pleiades is a reflection Nebula

-Dark Nebula


-Dust clouds not close enough to stars to be illuminated



Horsehead Nebula in Orion is a dark nebula

Stars

Form from gravitational collapse of clouds of gas and dust

As they increase in size they spin faster

After accretion stops, they start to slow down

Due to stellar wind and magnetic field braking

Smaller stars have less magnetic field and therefore slow down slower

Eagle Nebula M-16, This eerie, dark structure is a column of cool molecular hydrogen gas and dust that is an incubator for new stars.  Each fingertip is somewhat larger than our own solar system.  It is 7,000 light years away.
Star Evolution

Birth - Cloud of gas and dust contracts due to gravity



   (adiabatic heating)



92% hydrogen, 7% helium 1% other elements

One proposal is that a nearby supernova shock wave could start the contraction.

Protostar


-Core reaches 10 million deg K


-Hydrogen burning


-Radiation pressure balances gravity

Hertzsprung-Russell Diagram

Most stars spend most of their active years as main sequence stars.

Hottest Main sequence stars are brightest (B)

Temperature ( Brightness(B) ( Mass ( size

B1/B2 = (4π r12)/(4π r22),  where r = radius of the star
Main Sequence

-Hot massive stars deplete hydrogen in a few million years

-Yellow stars like the Sun remains a main sequence stars for 

 close to 10 billion years.

-Most stars spend most of their active years as main sequence stars.

-Red Giant


-Hydrogen burning moves outward above the Helium core


- At 100 million deg K the Helium starts fusing to carbon.


- Carbon + Helium = Oxygen  (produces only 10% energy of the Hydrogen fusion)


- Oxygen + Helium = Neon


- Carbon + Carbon = Silicon


- Silicon + Silicon = Nickel, Cobalt and Iron

Star Death

-Low Mass (1/2 mass of Sun)


- After 100 BY they become hot dense white dwarfs

-Medium Mass (Sun's mass to 3 times the Sun mass)


-1st becomes a Red Giant


-then becomes a Planetary Nebula  (e.g. Ring Nebula in Lyra)


-and finally becomes White Dwarf
Star Death

Massive Stars (>3 times the mass of the Sun)

1st becomes a Red Super Giant

Consumes nuclear fuel

Implosion & development of shock wave

Turns into a neutron star & creates heavy elements

Goes supernova and creates heavy elements

Creates Cobalt 56  ‡ Nickel + Gamma ray

Eventually becomes a neutron star or black hole
First supernova was seen on July 4, 1054 A.D.

Second was seen Nov. 11, 1572 by Tycho Brahe in Cassiopeia.
 The unchanging perfect celestial sky was no more

Crab Nebula in Taurus was the result of a Supernova in 1054

Eta Carinae is a Supernova which occured about 150 years ago.
Stellar Remnants

-White Dwarfs


-Degenerate matter (very dense)


-electrical forces support against gravity


-Very hot T > 25,000 deg K

-Neutron Stars

- electrons are pushed into protons giving neutrons


- Tiny (some as small as 20 km diameter)


- very rapidly rotating (some rotate 43,000 times a second)


- Pulsars produces short pulses of radio energy


 e.g. Crab Nebula


- The Fermi Telescope is now detecting gamma ray pulsar

  (otherwise dark i.e. no radio energy or visible light)

Supernova

Complete disruption of stars at the end of their lives.

Among the most violent events in the universe.  

Supernovas occur at the rate of about 1 per second in the visible universe.  

There are many kinds of Supernovas
One type supernova is especially helpful
Type Ia have doubly ionized Silicon spectral lines. 

These are used as a standard distance estimator.  But type Ia in old eliptical galaxies appear dimmer than those in younger galaxies.  This creates a problem for estimates of distance thereby causing problems with red shift calculations.
Interstellar Matter

Black Holes

-
Stars > 6 to 20 Solar masses collapse into objects 

  even more dense than neutron stars (e.g. Cygnus x-1)


- Strong x-rays are given off as material is engulfed

- The Black Hole at the center of Messier 87 was imaged in 2017 

  using the ALMA microwave telescopes
Star Clusters


-Each star is thought to have a similar origin.


-Some clusters are missing hot massive O and B class stars
Gravitational Waves

 Three Gravitational Wave detectors have now found 5 events in last 2 years

 The first 4 were due to 2 Black Holes merging, no other evidence found.

 These disturbances only lasted a few seconds

On Aug 11, 2017 a gravitational wave was detected by the 3 LIGO detectors in Washington, Louisiana, and Italy.

The 2017 event was due to two Neutron Stars (130 million light years away) merging and this produced:


Gamma Rays 2 seconds later


Optical and Infrared light 11 hours later


X-rays and radio waves 2 weeks later.

This confirmed the theories that neutron star mergers produce electromagnetic

Waves, but that black hole mergers do not.

This confirmed that gravitational waves travel at the speed of light.
In the early 1970's Vera Rubin of the Carnegie Institute studied the motions of stars and found that stars revolving around the centers of galaxies do not slow down like planets and satellites as they get further away from the parent body.  This showed that there must be more mass in the outer regions of each galaxy.  This was termed Dark Matter.

By 2003 scientists agreed


The visible universe contains only 4% of ordinary matter (stars, trees, humans, etc)  


The other 96% is Dark Matter


73% is dark energy which we don't understand yet.  


23% is dark mass which may be an undiscovered particle.  Collision of two dark matter particles may have something to do with Cosmic Rays which are currently not understood.


The Fermi telescope


launched June 2008 to study gamma rays and Cosmic rays may be able detect this d
ark matter.  So far nothing definitive.
Milky Way
Is a spiral galaxy similar to the Spiral Andromeda Galaxy (M31)
-Large Band of light North to South seen in dark skies

-100 billion Stars

- 100,000 light years across

- 10,000 light years thick

-3 spiral arms

-10 Billion Years old
-Sun is about 30,000 light years from the center

-Sun orbits center each 200 million years

-Milky way contains both young and old stars with the 


youngest located in the arms.

Andromeda Galaxy is 1,000,000 light years away. Andromeda and the Milky Way
Galaxies will collide in about 4 Billion years.
Galaxies

There are Hundreds of Billions of Galaxies in the universe.

-3 types


-Irregular (mostly young stars)


-Spiral (20%)   -Barred Spiral (10%)


Are usually among the larger galaxies.


-Elliptical (60%)  -  (usually small, but some are the largest of all)

All Galaxies investigated had a super-massive Black Hole at the center. 50 have now been found.

-Galaxies also form clusters


- Our "Local Group" contains 28 galaxies

Four galaxies in our local group can be seen with the naked eye: Milky way, Andromeda, and the two magellanic clouds

Red Shifts

- Doppler effect causes receding galaxies spectra to shift to longer wavelengths (redder)


( obs= (C-v) ( /C, where C = speed of light, ( = wavelength




v = velocity

- Edwin Hubble used Cepheid variable stars to find the distance of stars


- He found the red shift was proportional to distance (i.e. the farther a star is from us the faster it is receding from us.


-Hubbles Law states that galaxies recede at a rate proportional to their distance



-This is why they say the universe is expanding

Extrasolar Planets

Extrasolar Planets
As of 2017 about 3,400 extrasolar planets have been detected since 1995.
Kepler Orbital Telescope - launched 2009 searched for Earth sized planets using the transit method.  Ran out of gas to point properly in 2018

.

Detected over 4,000 planetary candidates
Transiting Exoplanet Survey Satellite (TESS) was launched in April 2018

Already has found 2 Exo-planets

April 15, 2019 - NASA’s TESS has discovered its first Earth-size world. The planet, HD 21749c, is about 89% Earth’s diameter.
The techniques used to find Extra Solar Planets are:


- Short duration brightness changes in a gravitational lens.



- Radial velocity changes of parent star.



- Changes in stellar brightness as the dark planet passes in front of the parent star.



- Extreme adaptive optics to image the planet directly (two 8 m telescopes in Chile)
· Planets the size of Earth have been found (even some with water)
· Kepler-62 is a 5 planet system with 2 Earth Sized planets
· Most stars have planets
Most M-Dwarf stars (10-50% size of our Sun) have planets and these stars comprise 70% of the stars in our Galaxy
Our Sun is a G-Dwarf Star and these stars comprise 5% of our Galaxy

Life in the Milky Way?

Of the 100 billion stars in the Milky Way, it is estimated that about 7% of the stars might be in a hospitable location in which life could form (7 billion stars).
Criteria for life


- Far enough away from dangerous supernovas


- Enough heavy elements to form planets


- Stable climate over 1 billion years so complex life can form


- Far enough from its star that temperatures are zero to 100 Celsius


- Must have plate tectonics in order to generate a magnetic field that will


  protect the planet from the loss of water and atmosphere.
These criteria give a annular distance between 7 and 9 kiloparsecs from the center of the Milky Way Galaxy.

Earth is at about 9 kiloparsecs.

Possibilities of Life
Science March 20, 2015 Origin of Life Puzzle Cracked

Hydrogen Cyanide + Hydrogen Sulfide + UV light = RNA

& Nucleic acids, Amino acids and Lipids

These are found is most meteorites and comets, so life may be everywhere.
Universe

Age = 13.7 Billion years
Voyager 1

· Launched Sept. 5, 1977 it is still operating. 

It is now at 123 AU and in 2013 left the solar system and is now in Galactic space ( beyond the Heliopause).  It is now the first true interstellar spacecraft.  Traveling at 17 km/second.  The Oart cloud is 1,000 to 100,000 AU.
Hubble Space Telescope


- Launched April 25, 1990


- images are available from: 

     http://hubble.stsci.edu/news_.and._views/listcat.cgi


- Has collected images for 19 years.


- Final repair completed May 21, 2009 on STS-125

To keep up to date on activities in space go to:

http://www.jpl.nasa.gov/calendar/

http://nssdc.gsfc.nasa.gov/planetary/projects.html
Dawn Asteroid Orbiter - launch Sept. 2007. Took photo of Vesta in July 18, 2011 and has gone into orbit around Ceres in April 2015
James Webb Space Telescope - launch 2018

New Horizons Spacecraft - launched to Pluto Jan. 19, 2006.  
Arrived July 14, 2015.
Herschel and Planck infrared and mm wavelength Telescope - launched May 14, 2009 by ESA & is stationed in the 2nd Lagrange point and will study the formation of galaxies and the chemistry of stars, planets and comets.

NASA's Juno Spacecraft

Formation, evolution and structure of Jupiter

Launch Aug 5, 2011, arrived July 5, 2016
Will study Jupiter until July 2021.

Found more lightning near the poles than the equator.
JAXA Hayabusa-2 Spacecraft 2014 launch to the 162173 asteroid

and return a sample to Earth in December 2020.
· OSIRIS-Rex NASA launched Sept. 8, 2016 to a near Earth Asteroid Bennu
· Will arrive Dec. 3, 2018 and return a sample to Earth in 2023.
ExoMars (http://en.wikipedia.org/wiki/ExoMars)

A Mars rover with a drill

Launched on March 14, 2016   Entered mars orbit Oct. 19, 2016.  Lander crashed.
Mars Sample Return Mission - 2020
“InSight” Mars Lander launched May 5, 2018.  Will land on Elysium Planitia  in 6 months and will measure internal structure of the planet by drilling 10-15 ft into the surface.
Europe’s BepiColombo Spacecraft launched Oct. 18, 2018, arriving at Mercury in late 2025.
The 1st interstellar object is now coming through our solar system (I1/2017 U1)

It appears to be a minor planet kicked out of another solar system

It will soon leave our solar system.

