The Electromagnetic Spectrum

A spectrum is an array of things.  Electromagnetic radiation comes in a variety of wavelengths and frequencies, and the whole array of different types of radiations is called the electromagnetic spectrum.  Astronomers divide the spectrum into several categories based on certain characteristics such as frequency, energy content, and ability to penetrate the atmosphere.  The following categories are listed in order of increasing wavelength.

Gamma radiation

This radiation has the shortest wavelength and the highest frequency, as well as the highest energy content.  This is the only EMR that is produced in the nucleus of atoms.  Gamma radiation is produced on Earth in radioactive minerals and in stars.  Gamma radiation is damaging to cells, but it does not penetrate our atmosphere.  Stars can be observed in gamma radiation, but gamma ray telescopes must be positioned in orbit, above the atmosphere.

X-rays

X-rays were first discovered on Earth by experimentation with high-energy electric discharges.  They have been discovered coming from outer space in the vicinity of black holes.  X-rays have somewhat longer wavelengths and lower frequencies than gamma radiation.  They are able to penetrate flesh, but are not able to penetrate several hundred miles of air, so instruments used to detect x-rays must be above the atmosphere.

Ultraviolet radiation

This radiation is sometimes called “black light”.  It does not stimulate the human retina; so human eyes can’t see it.  It is absorbed, as photons, by certain chemicals, which re-emit the energy in the form of visible light photons.  The Sun emits a lot of UV.  The ozone layer absorbs most of it, but the thinning of the ozone layer has allowed more UV to penetrate the atmosphere, leading to increased skin cancer.

Visible light

The only EMR that stimulates the human retina is that with wavelengths between 780 nm and 390 nm.  This corresponds to frequencies between 

3.84 x 1014 Hz and 7.69 x 1014Hz.  (In music a doubling of frequency is called an octave.  Light represents 1 octave out of about 60 octaves of EMR.)

The longest wavelength of visible light creates the sensation of red in our brains.  This light also has the lowest frequency and lowest energy.  The shortest wavelength of visible light creates the sensation of violet.  Although there are millions of different wavelengths of light the visible spectrum is divided into seven major groups of colors, symbolized by the name:

ROY  G  BIV.

The Earth’s atmosphere is transparent to visible light.

Infrared

This class of radiation begins where visible light ends.  It was discovered when William Herschel (the discoverer of Uranus) was trying to determine which color had the highest temperature.  He placed a thermometer in each color of the visible spectrum, but found that the thermometer still detected heating beyond the red end of the spectrum.  This region of invisible radiation in fact carries a lot of heat.  Most of the Sun’s heat energy reaches the Earth in the form of infrared.  All objects above absolute zero emit infrared radiation.  Pit viper snakes can detect warm-blooded animals by means of the infrared radiation they emit.  

Water vapor absorbs IR, so it can only be detected from space in very dry places or at high altitudes (but not necessarily above the atmosphere).

Radio waves

Any EMR with a wavelength longer than 1 x 106 nm may be considered to be radio waves.  There are subcategories, such as microwaves, FM, AM, and radar, but all these waves have long wavelengths, low frequencies and low energy.  

The atmosphere is transparent to many types of radio waves, so astronomers are able to observe stars on Earth by detecting the radio waves they emit.

Blackbody Radiation

Starlight closely resembles the radiation emitted from an object that is a “perfect” emitter of electromagnetic radiation.  Such a theoretical object is called a blackbody.  Astronomers have learned important information about stars by comparing starlight with the theoretical blackbody model.

Blackbodies (and stars) have the following characteristics:

1. Blackbodies produce all wavelengths of EMR.  This total output is called a continuous spectrum.  Unequal amounts of energy, however, are produced at different wavelengths.  

2. Energy output peaks at a certain wavelength, depending on temperature.

3. Higher temperature blackbodies produce more total energy, which shows up as a graph with a larger area under the graph.

4. At higher temperatures the maximum energy output peaks at shorter wavelengths.

The relationship between wavelength and temperature is expressed in Wien’s Law:




λ max output = 3 x 106   






   TK

Wavelength will be expressed in nanometers (nm) if the temperature (TK) is expressed in Kelvins.

Example:  At what wavelength will a star have its peak energy output if its temperature is 5000 K?

λ =  3 x 106

λ = 600 nm

              5000 K

Another radiation law is called the Stefan-Boltzmann Law.  This law says that the total energy of a blackbody (star) is directly related to the fourth power of its temperature:  E = σT4

If a star at a certain Kelvin temperature emits a certain amount of energy, then another star at twice the Kelvin temperature will emit 24, or 16 times as much energy.

Spectral Classes

By analyzing the spectra of stars, astronomers have found that most stars seem to fit into 7 categories called spectral classes.  These are designated by letters and correspond basically to different surface temperatures of the stars.  The letters and temperatures are as follows:

Class

     Temperature (K)

Color

Life Expectancy

O


40,000


blue

short (1 x 106 yrs)

B


20,000






A


10,000

F


  7,500

G


  5,500

K


  4,500

M


  3,000


red

long (50 x 109 yrs)

The classes can be remembered by using one of the following phrases:

“Oh, be a fine girl (guy) kiss me!” or Oh, boy, a failing grade kills me!”

The human eye cannot detect color unless the intensity is above a certain threshold.  Thus, dim stars all seem to be about the same color.  With a telescope, however, stars can be seen in color.  Some bright stars show noticeable color.  Use TheSky to find the constellation Orion.  The bright stars on either side of the “belt” offer a sharp contrast in color.  Try to locate Betelgeuse, class M and Rigel, class B.

