GEOL 3305
Chapter 23

Light, Astronomical Observations & the Sun

Nature of Light

White light - consists of many colors

e.g. White on your television screen is equal amounts of red, green, and blue light
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Blue light as shorter wavelength (()

and higher frequency (()



(( = c = speed of light = 3.0 x 108 m/sec



Energy (E)is proportional to frequency()



E = h (, where h = Planck's constant

Light



- Acts like a wave



- Acts like a particle (photon)

Radiation pressure from light



- pushes a comets tail away from the sun



- pushes on a spacecraft (solar sailing)

Spectroscopy


-Continuous - light bulb


-dark line - absorption by a cool gas


-emission (bright) lines - hot gases
- Elements in gaseous form leave a "fingerprint" on light given off by the gas and on light    
passing thru the gas.


- dark spectral lines


- bright spectral lines

Stars


- Dark line spectral



-Over 60 elements found on Earth have been seen in dark
line spectra of stars


- Fraunhofer Lines (absorption lines) were first seen in the spectral of our Sun.

Doppler Effect on Spectra


Stars moving away from the Earth appear more red (i.e. spectral lines are shifted to longer wavelengths)

Color Temperature           Planck Equation = f(Temperature,wavelength)
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Energy =  ∫Intensity d,        Energy =  T4 

- As temperature increases, more radiation is emitted at shorter wavelength (bluer)

Optical Telescopes


Refractors ≤ 40 inches


Reflectors 40 to 400 inches (Newton built the 1st)



- uses surface of glass



- supported on all sides and back



- cheaper

Telescopes
-Ultraviolet and infrared telescopes use mirrors 
(gamma ray and x-ray telescopes also use mirrors, but at grazing angles)
- CCD (Charged Coupled Device) sensors, like those used in digital cameras,

 are used in telescopes instead of photographic film because they are more 


 sensitive to low levels of light and work over a much wider spectral range.
- The Earth's Atmosphere blurs optical images (convection & turbulence)


-The Space Telescope (Hubble) orbits the Earth (Mirror diameter = 94 inches)


-Therefore Hubble is superior to Earth based telescopes, because Hubble doesn't look 

 through the Earth's atmosphere.

- The Earth's Atmosphere is:



opaque to most ultraviolet, infrared, gamma rays and x-rays



transparent to infrared in some regions (called windows)



transparent to microwave in some regions (called windows)

- Radio waves: 



easily go thru the atmosphere 



easily go thru interstellar dust clouds

Optical telescopes


-light gathering area is very important


-resolving power (R) is also very important



R = 1.22 /D, where  = wavelength, D = diameter of lens


- magnifying power (MP),  High MP is not so important



MP= P/E



   - primary lens focal length (P)



   - eyepiece focal length (E)

Radio Telescopes

Since radio waves are 10,000 times longer than visible radiation, the resolution is 10,000 times worse.

- Solution - make the diameter of the radio telescope 10,000 times larger



Resolution = 1.22  /D,



where  = wavelength, D = diameter of lens or antenna

Multiple Mirror Telescopes
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Large Radio telescopes are in West Virginia, Puerto Rico and a large Multiple Disk Array is in Chile.

Until 1976 the largest (diameter) telescope in the world was the Hale telescope at Mt. Palomar, California (Diameter=200 inches or 5 meters).

Twin 8.1 meter diameter telescopes, one in Mauna Kea, Hawaii and one in Chile were built in 1993
8.3 meter diameter Subaru telescope also on Mauna Kea 

10 meter Keck telescope made from 36 hexagonal mirrors on Mauna Kea

The European Southern Observatory at Cerro Paranal Chile has four 8.2 meter telescopes.  Seven 8.4 meter telescopes will be completed by 2016.  Together they will have the light gathering power of a 22 m telescope.

Large Binocular Telescope (LBT) has two 8.4 meter telescopes (2005) (Arizona)
A 30 meter $1.4B diameter telescope is being built on Mauna Kea - 2022
Large Synoptic Survey Telescope (LSST) 8.4 meter 

Construction 2014, complete 2021 - performs complete sky surveys 3 times a month  

The 39.2 meter diameter European Extremely Large Telescope (ELT) will start construction in 2012 and start observations in 2022 in Chile.

Giant Magellan Telescope – 25 m is under construction in Chile has 7 large segments each 8 m across. Now working with the 30 meter group.
Chinese are building an international Observatory at Ngari Tibet which willhave their own 
version of the ELT (highest observatory at 16,700 feet)

Allen Telescope Array (ATA) - Initial funding by Paul Allen.


350 dishes 6 meters in diameter will be used to search the universe for SETI 
(Search for Extraterrestrial Intelligence).  0.5 to 11.2 Ghz


 Some scientists predict success by 2025.
Forms of energy on Earth from the Sun


Fossil fuels


Solar Energy


Wind


Crops and vegetation


Ocean currents


Hydroelectric power

(tides are not due to electromagnetic energy from sun,

only gravitational energy from Moon and Sun).

Nuclear Fusion

4 hydrogen atoms form Helium + energy (0.029 AM)

The Sun burns 600 million tons of hydrogen/sec.

For stars 1.5 larger than the Sun the Carbon fusion cycle creates energy

The Sun is an average star

Sunspots are cooler blemishes


Numbers of sunspots increase when the sun is brighter.



http://www.swpc.noaa.gov/SolarCycle/

Mauder minimum in 16 & 17th centuries had


few sunspots and created a mini ice age


with a global decrease of 1.5 deg C.
Composition of Sun is 90% hydrogen, 10% helium

Structure of Sun


Solar interior


visible surface - photosphere


atmosphere



chromosphere



corona
Current Solar Cycle - 2013


Fewer Sun spots than last 400 years.  

North magnetic pole switched in 2013.  

Should switch again in 2024.
Recent Solar Cycle - 2003


On Halloween a huge storm of particles hit the Earth from the Sun


Blackout in Sweden


Power Disruptions in South Africa


Bad GPS readings around the world
Photosphere is about 6,000 deg Kelvin


bright disk we see


200 miles thick


grainy appearance - granules 1000 km in diameter are



due to convection


absorption lines



Fraunhoffer lines

Chromosphere


seen as thin red ring during solareclipse


several thousand km thick


spicules turbulent extension of granules

Corona


extends 1 million  kilometers


made of streams of protons and electrons


solar wind 250 to 800 km/sec

Best seen during solar eclipses
Sun's equator


rotates in 25 days

Polar regions rotate slower
The Sun has a temperature of about 6,000 deg Kelvin
Sunspots


about 4,500 deg Kelvin (cooler than the rest of the Sun)

about 1,600 km in diameter


Sunspots have a black center called the umbra



lighter edge is called the penumbra

Sunspots have some similarities to Earth's hurricanes in


that they rarely occur greater than 40 deg from equator.

Prominences


Large cloud like structures which form above sunspots.


Plages - bright cloud like regions near sunspots.
Solar flares


outburst lasting about 1 hour


giving Ultraviolet, x-rays, particles


takes about 24 hours to reach Earth


causes Aurora on Earth.

Aug 28, 1859 a huge storm of protons hit the Earth & caused  Aurora over Cuba.


electrical transmission systems (power grid) & satellites can be damaged.

The Sun goes through an 11 year cycle


sunspots


solar flares


magnetic field switches (north magnetic pole becomes south & vice versa)
Theories of the Sun

Formation 4.5 Billion Years Ago (BYA)
Luminosity and diameter slowly increasing ever since

Next 1.1 BYA

Luminosity increases by 10%


Causes runaway greenhouse effect on Earth


Continues for next 3.8 Billion Years (BY)


reaches 1.4 current size & twice as bright

5.5 BY to 6.7 BY in future


Sun engulfs Venus


Earth's atmosphere and oceans burn off


Sun Collapses to form white dwarf.

