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Background Information

Contrary to popular belief, outer space is not empty. It is filled with
electromagnetic radiation that crisscrosses the universe. This radiation
comprises the spectrum of energy ranging from radio waves on one end to
gamma rays on the other. It is called the electromagnetic spectrum because this
radiation is associated with electric and magnetic fields that transfer energy as
they travel through space. Because humans can see it, the most familiar part of
the electromagnetic spectrum is visible light--red, orange, yellow, green, blue,
and violet. Like expanding ripples in a pond after a pebble has been tossed in,
electromagnetic radiation travels across space in the form of waves. These
waves travel at the speed of light--300,000 kilometers per second. Their
wavelengths, the distance from wave crest to wave crest, vary from thousands
of kilometers across, in the case of the longest radio waves, to smaller than the
diameter of an atom, in the cases of the smallest x-rays and gamma rays.

Electromagnetic radiation has properties of both waves and particles. What we
detect depends on the method we use to study it. The beautiful colors that
appear in a soap film or in the dispersion of light from a diamond are best
described as waves. The light that strikes a solar cell to produce an electric
current is best described as a particle. When described as particles, individual
packets of electromagnetic energy are called photons. The amount of energy a
photon of light contains depends upon its wavelength. Electromagnetic
radiation with long wavelengths contains little energy. Electromagnetic
radiation with short wavelengths contains a great amount of energy.

Scientists name the different regions of the electromagnetic spectrum
according to their wavelengths. (See figure 1.) Radio waves have the longest
wavelengths, ranging from a few centimeters from crest to crest to thousands
of kilometers. Microwaves range from a few centimeters to about 0.1 cm.
Infrared radiation falls between 700 nanometers and 0.1 cm. (Nano means one
billionth. Thus 700 nanometers is a distance equal to 700 billionths or 7 x 10 -
7 meter.) Visible light is a very narrow band of radiation ranging from 400 to
700 nanometers. For comparison, the thickness of a sheet of household plastic
wrap could contain about 50 visible light waves arranged end to end. Below
visible light is the slightly broader band of ultraviolet light that lies between 10
and 300 nanometers. X-rays follow ultraviolet light and diminish into the
hundred-billionth of a meter range. Gamma rays fall in the trillionth of a meter
range.
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Figure 1. Electromagnetic Spectrum
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Wavelengths in Meters

The wavelengths of x-rays and gamma rays are so tiny that scientists use
another unit, the electron volt, to describe them. This is the energy that an
electron gains when it falls through a potential difference, or voltage, of one
volt. It works out that one electron volt has a wavelength of about 0.0001
centimeters. X-rays range from 100 electron volts (100 eV) to thousands of
electron volts. Gamma rays range from thousands of electron volts to billions of
electron volts.

Using The Electromagnetic Spectrum

All objects in space are very distant and difficult for humans to visit. Only the
Moon has been visited so far. Instead of visiting stars and planets, astronomers
collect electromagnetic radiation from them using a variety of tools. Radio
dishes capture radio signals from space. Big telescopes on Earth gather visible
and infrared light. Interplanetary spacecraft have traveled to all the planets in
our solar system except Pluto and have landed on two. No spacecraft has ever
brought back planetary material for study. They send back all their information
by radio waves.

Virtually everything astronomers have learned about the universe beyond Earth
depends on the information contained in the electromagnetic radiation that has
traveled to Earth. For example, when a star explodes as in a supernova, it emits
energy in all wavelengths of the electromagnetic spectrum. The most famous
supernova is the stellar explosion that became visible in 1054 and produced
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the Crab Nebula. Electromagnetic radiation from radio to gamma rays has been
detected from this object, and each section of the spectrum tells a different
piece of the story.

For most of history, humans used only visible light to explore the skies. With
basic tools and the human eye, we developed sophisticated methods of time
keeping and calendars. Telescopes were invented in the 17th century.
Astronomers then mapped the sky in greater detail--still with visible light. They
learned about the temperature, constituents, distribution, and the motions of
stars.

In the 20th century, scientists began to explore the other regions of the
spectrum. Each region provided new evidence about the universe. Radio waves
tell scientists about many things: the distribution of gases in our Milky Way
Galaxy, the power in the great jets of material spewing from the centers of
some other galaxies, and details about magnetic fields in space. The first radio
astronomers unexpectedly found cool hydrogen gas distributed throughout the
Milky Way. Hydrogen atoms are the building blocks for all matter. The remnant
radiation from the Big Bang, the beginning of the universe, shows up in the
microwave spectrum.

Infrared studies (also radio studies) tell us about molecules in space. For
example, an infrared search reveals huge clouds of formaldehyde in space, each
more than a million times more massive than the Sun. Some ultraviolet light
comes from powerful galaxies very far away. Astronomers have yet to
understand the highly energetic engines in the centers of these strange objects.

Ultraviolet light studies have mapped the hot gas near our Sun (within about 50
light years). The high energy end of the spectrum--x-rays and gamma rays--
provide scientists with information about processes they cannot reproduce here
on Earth because they lack the required power. So nuclear physicists use
strange stars and galaxies as a laboratory. These objects are pulsars, neutron
stars, black holes, and active galaxies. Their study helps scientists better
understand the behavior of matter at extremely high densities and
temperatures in the presence of intense electric and magnetic fields.

Each region of the electromagnetic spectrum provides a piece of the puzzle.
Using more than one region of the electromagnetic spectrum at a time gives
scientists a more complete picture. For example, relatively cool objects, such as
star-forming clouds of gas and dust, show up best in the radio and infrared
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spectral region. Hotter objects, such as stars, emit most of their energy at
visible and ultraviolet wavelengths. The most energetic objects, such as
supernova explosions, radiate intensely in the x-ray and gamma ray regions.

There are two main techniques for analyzing starlight. One is called
spectroscopy and the other photometry. Spectroscopy spreads out the light into
a spectrum for study. Photometry measures the quantity of light in specific
wavelengths or by combining all wavelengths. Astronomers use many filters in
their work. Filters help astronomers analyze particular components of the
spectrum. For example, a red filter blocks out all visible light wavelengths
except those that fall around 600 nanometers (it lets through red light).
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Objectives
Upon completion of this activity, students will be able to:
* investigate the visible light spectrum and the near infrared and ultraviolet
spectral regions.
* Construct a simple spectroscope with a diffraction grating and use it to
analyze the colors emitted by various light sources.



TEACHER PAGE

ELECTROMAGNETIC SPECTRUM: SIMPLE SPECTROSCOPE

THIS ACTIVITY IS ADAPTED FROM NASA’S SPACE-BASED ASTRONOMY ACTIVITY GUIDE

Instruction Time
45 minutes

Materials

Diffraction grating 2 cm square

Paper tube (tube from toilet paper roll)
Poster board square (5x10cm)
Masking tape

Scissors

Exacto Knofe

Spectrum tubes and power supply
Pencil

Procedures

1. Using the pencil, trace around the end of the paper tube on the poster
board. Make two circles and cut them out. The circles should be just
larger than the tube's opening.

2. Cut a 2 centimeter square hole in the center of one circle. Tape the
diffraction grating square over the hole. If students are making their own
spectroscopes, it may be better if an adult cuts the squares and the slot
in step 4 below.
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Tape the circle with the grating inward to one end of the tube.

Make a slot cutter tool by taping two single edge razor blades together
with a piece of poster board between. Use the tool to make parallel cuts
about 2 centimeters long across the middle of the second circle. Use the
razor blade knife to cut across the ends of the cuts to form a narrow slot
across the middle of the circle.

. Place the circle with the slot against the other end of the tube. While

holding it in place, observe a light source such as a fluorescent tube. Be
sure to look through the grating end of the spectroscope. The spectrum
will appear off to the side from the slot. Rotate the circle with the slot
until the spectrum is as wide as possible. Tape the circle to the end of the
tube in this position. The spectroscope is complete.

Examine various light sources with the spectroscope. If possible,
examine nighttime street lighting. Use particular caution when
examining sunlight; do not look directly into the Sun.

Extensions

Using colored pencils or crayons, make sketches of the spectrum emitted
by different light sources. Try incandescent and fluorescent lamps, bug
lights, street lights (mercury, low-pressure sodium, and high-pressure
sodium), neon signs, and candle flames. How do these spectra differ?
How do astronomers measure the spectra of objects in space? What do
those spectra tell us about these objects?



