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Emission Spectra:  Cosmic Bar Codes
Pennsylvania Academic Standards

Science and Technology: 

3.1.10A:  Explain the parts of a system and their relationship to each other.

3.2.10B:  Apply process knowledge to make and interpret observations.

3.4.10A:  Know that atoms are composed of subatomic particles.

3.4.10B:  Know that the sun emits visible light, infrared, and ultraviolet radiation.

3.4.10D:  Describe essential ideas about the composition and structure of the universe.

Reading and Writing:

1.1.8.F:  Understand the meaning of key vocabulary words, and apply them.

1.5.8F:  Edit writing using the conventions of language.

1.6.8AD:  Listen and contribute to discussions.

Mathematics:

2.4.8A:  Make conjectures based on logical reasoning.

2.7.8B:  Present the results of an experiment using visual representations.

Introduction

An atom is the simplest unit of an element that retains all the properties of that element.  An atom is composed of protons, neutrons, and electrons.  The electrons within an atom are located at different energy levels.  When energy is supplied to an atom, its electrons can jump to a higher energy level which makes them unstable.  When the electron returns to a lower, more-stable energy level, a photon of light is emitted.  The excited atoms of each element emit light at specific, characteristic wavelengths.  These wavelengths of light appear as bar codes that help to identify elements when seen through a diffraction grating.  Astronomers learn about the universe and its composition by observing light from distant objects using a spectroscope.  The spectral lines viewed through this scope help identify the elemental composition of distant objects in our universe.

Guiding Questions

1. Why must we use indirect means to study objects in the universe?

2. Why is the emission spectrum of an element referred to as a cosmic bar code or fingerprint?

Vocabulary

Atom, element, electromagnetic spectrum, visible light, wavelength, frequency, molecule, emission spectrum, spectroscope

Materials

Power source, various gas-filled tubes (nitrogen, oxygen, hydrogen, neon, air, water vapor), diffraction grating, plastic holder for grating, optical bench, white screen, 

colored pencils

Safety

· Don’t stare into the light source for an extended time. 

· Don’t touch the tubes when the power supply unit is on; the tubes get very hot.

· Switch off the power supply to the spectrum tube when changing tubes, and use a piece of cloth when removing a hot tube.

Procedure

Make sure the power source is initially off.  Attach the diffraction grating with a rubber band to a sliding plastic holder on an optical bench.  Vertically stand the power source with the inserted gas tube at one end of the optical bench.  Place the white screen directly behind the light source.  Turn off the lights.  Turn on the power source for the first gas tube.  Record the color of the light source (without looking through the diffraction grating).  Slightly tilt the optical bench toward the light source, and look through the diffraction grating on the plastic holder.  The holder can be slid on the bench to obtain a clear image.  Record the specific colors of the lines of the emission spectrum on the activity sheet using colored pencils.

After recording and studying the emission spectra of the six gases or molecules, identify the two unknowns.

Data

Name of gas:
Observed Color:
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	Cyan
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Name of gas:
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Unknown #1:
Observed Color:

	Violet
	Blue
	Cyan
	Green
	Yellow
	Orange
	Red
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600 nm
740 nm

Wavelength in nanometers

Unknown #2:
Observed Color:

	Violet
	Blue
	Cyan
	Green
	Yellow
	Orange
	Red


380 nm
500 nm
600 nm
740 nm

Wavelength in nanometers

Questions

1. When looking through the diffraction grating at the fluorescent lights in the room or the light source from the overhead projector, what colors of light do you see?
2. Why are so many colors visible when looking at white light through the grating?

3. What element is found most commonly in the stars?  Why?

4. Why does the emission spectrum for air have so many spectral lines?

5. Referring to the charted emission spectra for the known elements, identify the Unknown #1 and Unknown #2.  Explain your reasoning.
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