PhET Simulation     
Model of the Hydrogen Atom - Exploration
Problem 

One of the biggest tantalizing puzzles at the beginning of the 1900s for scientists was; what is the make-up of the atom?  The different models of the atom will be investigated in this activity.
Materials

Calculator

You may have to access the web , your physics text, or your neighbor for answers to some of the following questions. If any new terms are used, be sure you define them.
Procedure and questions

1. Access the PhET website.

2. Click on Simulations.

3. From the left hand menu pick Quantum Phenomena.

4. Choose Models of the Hydrogen Atom from the choices to the right.

5. Check the Show Spectrometer box.
6. Turn on the White light gun.

7. The white light is shining into a transparent box containing hydrogen gas molecules.

8. Why do the light photons passing up through the box have different colors?

9. Most of the light gun photons pass through the box of hydrogen unaffected.  Occasionally a photon is absorbed by something in the         box and a new photon of the same energy 

leaves the box. What do you think is going on inside the  box?         

10. Hopefully the simulation has been running a while. Check the Spectrometer. How many different color (energy) photons have left the box and been detected by the spectrometer? 

11. If white light is illuminating the box, why aren’t all ROYGBIV spectral color photons leaving the box and being detected by the spectrometer?
12. List the wavelengths of the different photons leaving the box and being detected by the spectrometer.

13. Calculate the energy (in electron volts) of the shortest wavelength photon shown by the spectrometer. Be sure to clearly show all work.
14. Hopefully the simulation is still running. If you are multitasking by switching between the simulation and word processing your answers, remember the simulation continues to run.
15. Is the wavelength axis of the spectrometer graph linear?

16. Using engineering graph paper or “Excel”, make a bar graph of intensity vs. wavelength for the photons leaving the box. Use linear scales on the two axes.
17. How can you explain the shape of your bar graph? If you can’t answer this, be patient.
18. Turn off the Show Spectrometer.

19. It was once thought that an atom was simply an exceedingly tiny ball. To see this simulated, switch from Experiment to Predict. Be sure the Billiard Ball model is hi-lighted.
20. Using the same engineering graph paper, make a bar graph of what you think would be the appearance of the intensity vs. wavelength graph for the photons leaving the Billiard Ball model of the atom.

21. Switch to the Plum Pudding model and turn on the Spectrometer.  Who first proposed this model?  
22. Are the spectrometer results of this model better, worse, or the same as the billiard ball spectrometer results?  Let the simulation run for awhile before you answer this question.
23. Switch to the Classical Solar System model. Wow! What is going on with this?
24. Switch to the Bohr model and turn on the Show electron energy level diagram in the upper right hand corner. 
25. Is the spectrometer readout for this model closer to the readout from the real experiment?

26. Investigate the electron energy level diagram of the Bohr model for a while. There are n=1 through n=6 energy levels.  To what do these n numbers refer?
27. What is the n value for the “ground state” of hydrogen?
28. Electrons can either be excited or decay during this part of the simulation. Across your engineering graph paper draw 6 different excitation /decay sequences that you observe.

29. There are more different excitation /decay sequences possible than energies of photons detected by the spectrometer. How can this be?
30. Was you answer to question # 17 correct?   

31. The electron decays are colored. What is the meaning of the colors?
32. The electrons can exist in meta-stable states. What does this mean?
33. Does the Bohr model explain why only certain electron energy levels exist?

34. Switch to the deBroglie model. This model finally explains why only certain electron energy levels exist. What is the explanation in your own words?

35. Switch to the Schrödinger model. In what ways is it similar to the deBroglie model?
36. What new feature is incorporated in the Schrödinger model?
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