Module 3: Modern Atomic Theory, Electron Structure, and Periodicity
Module Authentic Assessment: Models of the Hydrogen Atom Scientific Investigation


Title
Models of the Hydrogen Atom
Hypothesis

Using the Procedure and Data Collection section below, read through the procedural information for this scientific investigation. Based on your understanding of the procedure, develop your own hypotheses which describe your expected results. Specifically, how do you think the spectrum produced by hydrogen will change based on the model? Record these hypotheses below.

Data

Part I: Experiment
1. Explain why the light photons passing up through the box have different colors, though the light being used is white.

2. Record how you can distinguish between the two types of electromagnetic radiation.

3. Describe what is going on in the question mark box based on what you learned in this module.
4. Describe what is happening in the snapshot. Specifically, describe the colors, estimated wavelengths, and relative numbers of stacked colored balls.

Part II: Prediction

John Dalton's Billiard Ball Model

1. Describe what is happening. Include a sketch what you think the spectrum will look like for Dalton’s model.

2. Compare what is happening in Snapshot 1: Experiment to Snapshot 2: Billiard Ball. Specifically, does the spectrum for the Billiard Ball model match that of the experimental (real) hydrogen spectrum? If not, how is it different?

J.J. Thomson's Plum Pudding Model

1. Describe what is happening. Include a sketch what you think the spectrum will look like for Thomson’s model.

2. Compare what is happening in Snapshot 1: Experiment to Snapshot 3: Plum Pudding. Specifically, does the spectrum for the Plum Pudding model match that of the experimental (real) hydrogen spectrum? If not, how is it different?

Ernest Rutherford's Classical Solar System Model

1. Describe what is happening. Include a sketch what you think the spectrum will look like for Rutherford’s model.
2. Compare what is happening in Snapshot 1: Experiment to Snapshot 4: Classical Solar System. Specifically, does the spectrum for the Classical Solar System model match that of the experimental (real) hydrogen spectrum? If not, how is it different?
Niels Bohr's Model

1. Describe what you see in the atom diagram.
2. Describe what you see in the energy level diagram.
3. Describe how the atom diagram and energy level diagrams are related.
4. Compare what is happening in Snapshot 1: Experiment to Snapshot 5: Bohr. Specifically, does the spectrum for the Bohr model match that of the experimental (real) hydrogen spectrum? If not, how is it different?
5. Describe the atom diagram and the energy level diagram. The electron decays are colored - what is the meaning of the colors?
6. Describe the atom diagram and the energy level diagram. How do the transitions differ from n=1 to n=2?
Louis de Broglie's Model

1. Describe the similarities and differences in appearance between the de Broglie and Bohr models of the hydrogen atom.
2. Compare what is happening in Snapshot 1: Experiment to Snapshot 6: de Broglie. Specifically, does the spectrum for the de Broglie model match that of the experimental (real) hydrogen spectrum? If not, how is it different?
3. In the top left corner of the atomic view, change the radial view to 3-D view. Describe what you see.
Erwin Schrödinger's Model

1. Describe the similarities and differences in appearance between the de Broglie and Bohr models of the hydrogen atom.
2. Compare what is happening in Snapshot 1: Experiment to Snapshot 7: Schrödinger. Specifically, does the spectrum for the Schrödinger model match that of the experimental (real) hydrogen spectrum? If not, how is it different? 

Spread the Experimental snapshot, as well as the Bohr, de Broglie, and Schrödinger model snapshots across simulation screen. Take a screenshot of these four snapshots. Paste the screenshot below:
Data Analysis

In the area below, provide responses to the following questions:
1. In four to five sentences, explain the evolution of the model of the atom, starting with John Dalton's Billiard Ball Model and ending with Schrödinger's model.
2. In which ways are the de Broglie and Schrödinger models similar? How are they different?
3. Why do you think this simulation uses a hydrogen atom instead of another type of atom? What would be different if you performed the same scientific investigation, but used a different atom?
Conclusion

Using the area below, compose three to four sentences describing an overall conclusion about the relationships between all of the models that you examined in this scientific investigation. Were your hypotheses true or false, and how do you know? Use the data and notes that you collected from your simulation experience to form your conclusion. Make sure that you include information that you gained from data analysis to support your conclusion.
Experimental Sources of Error

Provide responses to the following questions: Are there any sources of error? If so, what are they, and what could be done to minimize error?
Once you have completed your scientific investigation, please submit your work to the dropbox.
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