PHYS 3320
Week 2


Tutorial  – Wave functions and probability
Goals this week:

1. Developing intuition about the time dependence, and complex nature of, the spatial wave function, including stationary states and superposition states (LG: Math/phys connection, checking)

2. Visualization of  |y2, including: it is real, normalized, carries information about location of particle (LG: Visualization)

3. Interpretation of matrix elements, and their time dependence (LG: Math/phys connection, checking solutions)

4.  Intuition about <x>, <x2>, and s for simple spatial distributions (including value, and time dependence, and fact that <x> is not necessarily "where the particle is likely to be")  (LG: Math/phys, checking) 

5. First pass at developing intuition about "probability current" (LG: Math/phys, building on earlier work)

Tutorial Summary: Students consider the time dependence of y, |y|2, <x>, and s for stationary states, superposition states, and simple "wave packet" 1-D situations. This is their first encounter with the idea that overall complex phase is not physical, but relative complex phase can result in "sloshing". We are developing an intuition of the physical meaning of <x>, and s This is also a first pass at developing an intuition about "probability current" by establishing an analogy with 1D electrical current. 



Reflection after administering the tutorial

We were impressed at how difficult such a simple Tutorial was. This is normally the case with Tutorials, and perhaps one of their greatest benefits for faculty.  Still, we did not anticipate how long this Tutorial would take the students. 

Specific comments and difficulties observed:

Page 1: Some groups saw the time dependence on the probability density and did not do the single step of math to see that it "goes away". Here and elsewhere it is critical to get them to not be afraid of doing a little math, Tutorial feels like it should be all about intuition and arguments, but we need to actively shift them from the freshman idea that that means NO math. There was not much discussion about interpreting <x>, until I started questioning them, then it got more interesting. Many groups were able to articulate some variation on the “preparing many identical states and measuring many times”, though I repeatedly got questions about HOW you would be able to prepare identical states! 

The <V(x)> question is a little strange (and should probably be reworded) Using the symbol V makes you think we mean expectation value of PE, although we intended for this to really mean ANY function. I found that taking them back to the definition we had given in class (<x> = S Pi xi, and then <f(x)> = S Pi f(xi) helped some of them) (Some students were replacing y with V in the formula for expectation value!) There was a lot of discussion about how you would measure V(x) (and I reminded them that this might be like measuring “squared height”, you measure height and the square it, or here, measure x and then COMPUTE V(x). Steve G came up with an interpretation where V(x) told you something about an experimental profile to help them see why you might care about this...Although it’s an odd question, I think fine for a tutorial – it just gets people thinking about what <> means, and opens up lots of questions. 

Page 2: The interpretation was more difficult, we heard discussions about what, exactly, was changing with time. There were several groups that struggled with whether |y2 is now positive – the formula (with the cross term) was not “obviously” positive definite. This was the first of many cases where they need to be reminded that Tutorial is not just about "pure intuition", it's about doing the math and then making sense! (Some groups knew |y2 should be real and positive, without even trying to check to see how/why it works out)   Similarly, some groups were sure that <x> should be time independent (always), and went so far as to "change their math" when it didn't get what they wanted! 
P3: Expect small errors on <x2> questions. (E.g. <x2>=<x>2) Most groups had algebra issues (or forgot the formula for s). Many did not have intuition about s  (e.g. some got s >  width of the square, and thought that was ok. ) Question 4, Prob(x +/- s): very common mistake (throughout the term, so it's good to attack it here!) - they integrated from x- s to x+ s (correctly), but what they integrated was x |y2!  My trick here was simple to sketch some “curvy |y2” and label points a and b and ask “what is the probability of finding the particle between a and b”. Suddenly they “remembered” how to find probability in this more familiar looking case… 

Page 4:  This builds on intuition about interpreting sI confess I wasn't sure until I worked it out)  Students are getting tired by this point, and don't want to do any math, so here they need encouragement to work it out, then make sense... I found that students were weak at even this simple kind of mathematics.   (We found little problem with the last question, that the particle is never found at its expectation value)

Page 5: Generated good discussions. Some groups were troubled by the idea of Qab increasing with time (fair enough, we’re so used to assuming I is constant in a wire, and it almost always is) but talking about transients (or imagining a small capacitor inside the a-b region) helped. One group liked my image of “filling a pool, with a pump of water flowing 1 gal/min in, and draining the other end at 2 gal/min”.   All groups seemed to be able to get the last bit once they saw the idea of the transience. 
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