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Energy and the Quantum Theory

The electrons in an atom are organized into energy levels. You can think of energy levels like a staircase
where the electrons can be on one step or another but cannot exist in-between steps. When an electron
changes levels, the atom absorbs or emits energy, often in the form of light. This Investigation will teach you
a challenging and fun game that simulates how atoms exchange energy through light. The process is
fundamentally how a laser works. 

A The neon atom
1. Build a neon atom with 10 each of 

protons (red marbles), neutrons (blue 
marbles) and electrons (yellow 
marbles).

2. Set the electrons in the lowest spaces 
possible.

3. Find the following cards in the Photons 
and Lasers can
     Pump 1 (red)
     Pump 2 (yellow)
     Laser 1 (red)

B How atoms exchange energy
  a. Explain the meaning of the term “ground state” when applied to an atom?

  b. Can the second energy level of neon hold any more electrons? How does this affect neon’s chemical 
properties and position on the periodic table?

  c. Take the red “pump 1” card from your hand and put it on the atom board. Move one electron from level 
2 to level 3. Explain what this sequence of actions represents in a real atom.

  d. Take the yellow “pump 2” card from your hand and put it on the atom board. Move any one electron up 
2 levels. Explain what this sequence of actions represents in a real atom.

  e. Take the red “laser 1” card from your hand and put it on the atom board. Move any one electron down 
one level. Explain what this sequence of actions represents in a real atom.

Question for this Investigation:
How do atoms absorb and emit light energy?

Materials
• Atom Game
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9BC The photons and lasers game

1. The first player to reach 10 points wins the game.
2. Each player starts with 5 cards and plays one per turn, drawing a new card to maintain a hand of 5.
3. Playing a pump card allows the player to advance one electron up by the number of levels shown on the 

card (1 - 4). No points are scored by playing pump cards.
4. Playing a laser card allows the player to drop electrons from one level to a lower level. The player scores 

one point per electron per level. For example, moving 2 electrons down 2 levels scores 4 points.
5. Rules for playing laser cards:

    Electrons can only be moved down if there are empty states for then to move to.
    Electrons can only be moved from one level in a turn.
    If the card says “laser 2” then each electron must move 2 levels.

D Thinking about what you learned
  a. What does the term “excited state” mean with respect to energy and atoms.

  b. What physical principle prevents two electrons from moving into the same state?

  c. In order of increasing energy, arrange the following colors of light: blue, red, green, yellow.

  d. Could an atom emit one photon of blue light after absorbing only one photon of red light? Explain why 
or why not.

  e. Suppose a real atom had energy levels just like the game. Could this atom make blue-green light with 
an energy in between blue and green? Explain what colors this atom could make. 

Take the spectrometer and look at the light from a fluorescent lamp. It looks white but you will see 
lines of certain colors. The lines are proof that electrons in atoms really do have energy levels.
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