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Workshop: December 20, 2209, 4:00 – 5:20 Room 209
Matthias Kawski, Arizona State University, http://math.asu.edu/~kawski
Interactive visualization tools for div, curl, Stokes theorem & Diff. Eqns
Suggested explorations:
0.  Brief overview of functionality
1. Locate the Vector field Analyzer on the WWW http://math.asu.edu/~kawski/vfa2/.
2. Click in the drawing pane, move the lens.
3. Change the magnification and zoom (explanation will come later).
4. Plot a different field: (i) Enter a formula, or (ii) Select a predefined field.
5. Switch to the DEsFlows tab. 
6. Draw a set or region of initial values in the drawing pane and start the flow.
7. Switch to the LineInts tab.
8. Draw and modify a curve. Observe the numerical results
1. Zooming for derivatives of vector fields 
(integration really should be first, but let us follow the traditional order here)
1. What does naïve zooming yield? 
Think infinitesimally constant: continuity, Riemann integrals, Euler’s method
2. “Subtract the drift”, switch to the derivative lens
3. Zoom at equal rates now: This is the derivative (Jacobian of the vector field)
4. Check for understanding: derivative of a linear object, e.g. Harmonic oscillator [-y,x] ?
5. Derivatives of physical fields: Electro-magnetism, gravity, dipole, fluid flow.
6. How fast does the derivative of (1/r) drop off? Turn off global scaling!
7. Can you see divergence free and irrotational?
8. Bonus: Winding numbers around different singularities, compare dipole and magnetic

2. Flows: The dynamical systems picture (return to the predefined Start-up default)
1. Play with some integral curves: They will show neither curl nor divergence.
2. Initialize a region of initial conditions (“blob of ink”) and explore the full nonlinear flow.
3. Continuing with solid regions of initial conditions, explore the linearized flow:
Parallelograms are preserved = the solution of a linear DE is la linear function of the IC.
4. Specialize to the skew part of the linearization and to its trace.
5. Local versus global rotation in a linear field, Harmonic oscillator [-y,x] :Pink Floyd. 
6. What irrotational means: Explore the predefined magnetic field: local versus global/
7. Bonus: Is it locally a gradient field? Candidates for equipotential curves. 
Stack fields (covariant).
8. Bonus: Change the topology: Flows on cylinders and tori --- have fun!
3. Line integrals and Stokes theorem (Green’s theorem in the plane, both versions) 
1. Draw a constant field, e.g. [-2,3], and a line segment, change position and orientation (use change point). Consider both the flux and the work – formulate role of the angle.
2. Linear filed: [8*x-2*y,5*x+3*y]. Closed curve – why is this not a gradient field?
3. Translation invariance of integrals of linear field over closed curves.
4. Scaling of integral of linear field: It does NOT scale linearly w/ size of the curve!
5. Same field, different contours: Where do ratios 11 and 7 come from? Conjecture. Test.
6. “Subtract the drift”, switch to the derivative lens
7. Zoom at equal rates now: This is the derivative (Jacobian of the vector field)
8. Generic start up vector field: Ratios not constant with respect to the location and shape the curve. But using: Save location / move to, but in the limit different contours give…
9. The magnetic field again: Draw various triangles (use Change Point, Resize, Move).
· Self-explanatory, minimal start-up time
· Minimal instructions. Tangible objects (curl, divergence, flow, work, flux).
· Discovery - guided twd’s desired major findings, open to new ones. Ownership.
· Beauty and fun!
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