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(Editor's note: Read the closely related compilation entitled "Models-Outdated?04", of a listserv conversation that occurred at the same time, for a more complete understanding. Gregg Swackhamer's post in that compilation is about atomic models in middle school and high school. Brenda Royce's post is about atomic models in chemistry, and Don Yost's is about the Bohr model.  For a discussion on teaching atomic models in physics and chemistry courses, read the compilation "atomic models -- Bohr, probability -- 2005" in the section on  2nd semester physics content. More recent compilations are on the chemistry modeling listserv webpage.)

Date:    Tue, 20 Apr 2004 

From:    Angie and Sam 

Subject: Atomic Model

     I teach physical science, and there is always a unit on atoms that includes all the different models of the atom.  It includes how they have changed over time and who was responsible for them.  This takes up much time to teach and seems more like a history lesson.  I would like to know from someone who teaches physics how important is it to teach to the students who are going on to take physics.  I would like to move on and do other topics, but I don't want to hurt the students who might need this information later.

     ------------------------------

Date:    Wed, 21 Apr 2004 

From:    Rodger Baldwin 

   While I don't think omitting it would hurt students taking physics later, I think it is a great case study in the interplay between science, technology and the scientific method.  I love starting with an activity where we look at smaller and smaller pieces of iron down to filings and finally powder seen with a dissecting microscope, testing conductivity and magnetism all along the way and then discussing the ideas of what makes up matter and introducing Leucippus and Democritus. We discuss experiments (how the kids hypothesized the atom) and philosophy (how the Greeks hypothesized the atom). Next we separate water through electrolysis to understand that atoms can form compounds, which gets us to Dalton's "rediscovery" of the atomic theory.  Next we examine a Crookes tube and static electricity activities and discuss Thomson's "discovery of the electron" and we modify Dalton's model of the atom as a result. Then we do a "blackbox" activity, to simulate Rutherford's gold foil experiment, and again discuss modifications to our "plum pudding/chocolate chip cookie dough" model. Then we get out the spectroscopes and examine spectra of gases and metal ions.  We use our experiments to hypothesize new models.  I end with the Bohr model, because I haven't developed an activity for the quantum mechanical model. It does take some time, but I think it really gets at the differences between science and philosophy, experiment and authority, and the necessity to adapt models as more evidence is found.

     ------------------------------

From:    Aaron Titus 

     Thanks for your description of how you teach atomic models. It was very interesting, and I applaud what you'd done.  Teaching "historical" models like the Bohr model is insightful (for both physics as well as the scientific process of modeling), useful, and dangerous.

     It is insightful because we see how scientists generally develop new ideas (i.e. theories) based on previous models and experiences. For example, the Bohr model is a planetary model (i.e. based on how we know the planets orbit the Sun), though with some "non-classical" ideas. The truly innovative ideas (i.e. theories) are when a scientist can think outside the box and develop a new model that is completely "out of the blue" (Feynman was especially gifted at this). Some models are so out of the blue or give such radical predictions that even their originators didn't completely believe the model (Planck's explanation of blackbody radiation and Einstein's cosmological constant are examples).

     It is useful because we can explain many phenomena using simplistic models. The Bohr model, for example, explains hydrogen spectra quite well and there's no reason to throw it out if wanting to explain hydrogen spectra. Besides, when thinking of atomic absorption and emission of a photon, it's useful to imagine "orbitals."

     It is dangerous because we have limited time to teach. Often we spend so much time on a historical model that we never get to a more modern model. For example, we may spend so much time on the Bohr model that we never describe the "probability cloud" that is a more accurate model of atom. Also, students will need this model for later courses, and it's a shame that they cannot have more time building the model earlier in their education.

     I believe that the vast majority of physics teachers teach "historically" meaning that they begin with simple models that are not generally useful (like the Bohr model for hydrogen) and later get to presently used models. I also believe that we should teach modern and fundamental models, though they may be more difficult to understand and leave historical models for extracurricular reading and study; though I spend some time on the Bohr model, I also introduce and use the more modern model.

     I don't believe that other scientific disciplines such as biology teach outdated scientific models. Yet in physics I think that we teach them more than we should. But that's just my opinion.

     ------------------------------

Date:    Fri, 23 Apr 2004 

From:    bRant hinrichs 

Subject: Re: Atomic Models

     If you're ever looking for a text as a resource for your students as you go through this progression, Arnold Aron's "Development of Concepts of Physics" (sadly now long out of print) does EXACTLY what you have just described.  He emphasizes the DEVELOPMENT, discussing what scientists knew and when they knew it, and the models they built based on that knowledge, and how they confronted and resolved new knowledge that kept coming their way with time by either revising their models, or throwing them out completely and starting from "scratch".  It's a beautiful piece of work.

     I've seen it on-line for anywhere from $12.50 to (please don't scream...) $800.00 (really, no kidding, just last week I saw both prices).
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