3 Types of Visible Spectra

1. Continuous Spectrum – a display of all colors.  It comes from the “dispersion” (refraction) of white light passing through a prism.  White light comes from the Sun (or other star) or from an artificial source that produces many colors mixed together to give the sensation of “white”.

2. Absorption Line Spectrum – certain colors are missing from a display of colors produced by white light passing through a gas and then through a prism.  A few types of photons are absorbed by the gas and thus are missing from the spectrum.  These missing lines enable scientists to identify the gas that the light passed through.  

Example: In 1860 sodium was identified in the atmosphere of the Sun.


      In 1868 a new element was discovered in the atmosphere of 


      the Sun: missing lines in the absorption spectrum were 


      unlike any seen before.  The element was called “Helium”


      named after the Sun.  Helium was later found on Earth, as 


      well.

3. Emission Line Spectrum – when a gas is “energized” 

by electricity or heat, the gas emits light of a specific color (not white light).  It “glows”.  When this light is passed through a prism it is refracted into a pattern of a few bright lines of color.  These colors are produced by streams of a few, specific photons emitted by the energized gas.  Each substance has a unique, bright line “signature”.  This pattern of colored lines represents the same pattern of dark lines of missing color in the dark line spectrum.  

Production of Photons

Where do photons come from?  Gamma photons come from the nucleus.  All other photons of EMR come from the electron cloud of an atom.  

Electrons occupy certain levels within the electron cloud, based on energy.

Electrons can be found in these levels, but never in between levels.  If an electron gains energy, it will make a transition to a higher energy level.  An electron absorbs energy by absorbing a photon of energy from some source such as electricity or heat.  

Electrons remain in an abnormally high energy level for only a fraction of a second before making a transition down to a lower level.  The electron can only move down by emitting a photon to lose energy.  Different transitions produce different photons.  In hydrogen the single electron can move up to many different levels, depending on how much energy it absorbs, and it will make many transitions back to its ground state.  Each step downward will produce a photon.  4 of the steps downward produce photons with the amount of energy that stimulate the human retina, so 4 of the photons produce visible light.  The bright line spectrum of hydrogen, therefore, has 4 lines of color in it.  The dark line spectrum hydrogen (produced when white light is passed through hydrogen gas) has a normal continuous spectrum with 4 colors missing: the same 4 that are produced in the bright line spectrum.

The Doppler Effect

The 4 missing lines in the dark line spectrum of hydrogen are found in analyzing the light of every star.  Thus, we know that hydrogen is the main ingredient in every star.  However, the 4 lines from starlight sometimes show up in different parts of the continuous spectrum than where they show up in the continuous spectrum of light produced in a laboratory here on Earth.  This tells astronomers that the wavelength of the light waves has somehow been changed in the light coming from stars.  20th century astronomers discovered that the wavelengths were being changed by the Doppler Effect: the apparent change in wavelength of a wave due to the relative motion of a source of a wave and an observer.

In the 19th century a scientist named Christian Doppler analyzed sound waves from moving sources, such as train whistles.  He could hear a change in pitch as the train moved toward him or away from him.  Pitch is a measure of wavelength.  Short wavelength is heard as high pitch; long wavelength is heard as low pitch.  When a train moves toward the observer, the pitch goes higher, meaning that the wavelength is being compressed as the source of the sound moves.  When a train moves away from the observer, the pitch goes lower, meaning that the wavelength is being stretched out as the source of the sound moves.  

In the case of light waves, as a source of light, such as a galaxy, moves away from us the light waves are stretched.  The 4 lines of missing color produced as white light passes through hydrogen are still missing, but the wavelengths of the missing colors are lengthened and the missing colors will all be shifted toward the red end of the spectrum.  A red shift is characteristic of galaxies moving away from us.  The faster the galaxy is moving the more the lines will be shifted toward the red end of the spectrum.  Over 90% of galaxies show a red shift.  On the other hand, galaxies that move toward us show shorter wavelengths than expected.  The 4 lines in the hydrogen spectrum are shifted toward the blue end of the spectrum.  Only a few galaxies show a blue shift.  Most galaxies are moving with the expansion of the Universe that began at the Big Bang.

