PHYS 3320
Week 6


Tutorial – Energy and the art of sketching wave functions
Goals this week:

1. Developing intuition about the curvature and general behaviours of wave functions for bound states.  (LG: Math/phys connection, sketching, checking)

2. Classical limit of wave functions (large n) allows physical interpretation of wavelength and amplitude.  (LG: Math/phys connection, sketching, checking)

3. Use of symmetry, and node counting, to assist in sketches in double well situations (LG: symmetry)

Tutorial Summary: Students sketch bound states in progressively more interesting and unfamiliar situations. We develop the idea that increasing energy increases # of nodes, that KE corresponds to "curvature" (and what curvature looks like on sketches), we emphasize boundary conditions and continuity. We examine the impact of boundary conditions on energy eigenvalues. We use the double well to build on these ideas, adding the element of symmetry and antisymmetry, and paving the way for understanding issues of energy degeneracy. 


Reflection after administering the tutorial

Specific comments and difficulties observed:

Page 1: Some students wanted to work out the formulas from scratch (since in class our well ran from 0 to L), but considering the time for this Tutorial, I pushed them, in this case, to use what they know and NOT rederive everything from scratch. (Not sure if this was optimal, but I knew this would become a tremendous time sink, and for this Tutorial, a little counter to the "qualitative sketching" theme) 

Question B is good - pay attention to it!  Groups generated the correct ranking on their own, but few paid much attention to “what features are important. Later I realized that they had NOT gotten the big idea that they could extract (kinetic) energy from curvature directly. Later in the Tutorial it is useful to look at the sketch in a “sub-region” where V=0, compare curvatures, realize one wave function is clearly more curvy then another, and thus argue “E is E everywhere, so if y is more curvy in the region where V=0, it represents a higher energy state”. This is key in future parts, and I found almost no students were generating this idea on their own here. (We might consider adding a new question here, to make this ieda more explicit) 

P2: I pushed with a with questions like whether the 2nd excited state died off more, or less, rapidly in the “forbidden region) than the ground state, and why. Here, the energy question is a good one (it’s what I referred to in the discussion of part B, above). The groups DID seem to have a qualitative sense in almost all cases that the energy was less, but almost none were able to clearly articulate a good argument.  Some were stuck thinking that the wave number should still be the same as if it were an infinite square well (Language to watch for: some students interpret the exponential wave function as "tunneling")

P.3. The "tuned" well has zero curvature in the right half. Many groups took awhile here, it pushed them to remember the game (solving the TISE in each region!). This was challenging but not a total stumper, seemed just about right.  

DOUBLE WELL: 

We anticipated that the n=2 state would be troubling, and this worked out well in practice.  Almost all groups fell into the trap of drawing a u2 which is really more like u3, and then the followup node question worked its magic perfectly. Many groups took a lot of time coming up with the correct u2 sketch, but all that I saw generated it on their own, this seemed very productive. Give them time!

The “curvature in the bump region” question was breezed over. If you take various limits (e.g. bump size tall vs bump size small, compared to your ground state energy), groups were not able to “see” that the wave function might not always flip from concave down to concave up in that region (if bump size is small, the curvature decreases but doesn’t become forbidden)  This was a good instructor followup question here. 

P. 4.  Few problems here, good confidence boosters without chewing up much time. 

P. 5 & 6 Some groups did not grasp the idea that we were holding L fixed and varying B, and in particular the graph in part 3 did not go very well for the couple of groups that got here. They needed a lot of hand holding. There was still a lot of confusion here about finding energy, with arguments that “two separated wells means twice the energy”, for instance.  


I only discussed the challenge question with one group, which moved pretty fast. This group was the one that also wanted to know about the physics of the degenerate energy, we had a discussion of ammonia molecule which seemed at least to amuse them a lot. 
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