Physics 3310 Week-by-week outline

As taught in Spring 2008 by Steven Pollock

At CU-Boulder

Course Outline

· Mon, Tues – HW help session. (1 hr Mon, 1.5 hr Tues)

· Friday – tutorial/group activities

· HW due on Wednesdays in class.

· First Exam –  February 19th

· Second Exam –  March 18th

· Final Exam – Tues May 6th, 4:30 pm. 

Week 1 
Homework:  Pre-test

Tutorial 1: Circle of Charge

Lecture 1

Intro, syllabus, E&M's place in physics, Maxwell, Possibly Coulomb's law and curly R.

Griffiths Chapter 1.1 - 1.3

Concept map of physics on white board.

Lecture 2

Field review, (both mathematics and E = F/q), finding E for continuous charge distributions (more on curly R)

Griffiths 1.1.4 (position vector), 1.3 (Calculus III), 2.1  

Some “deep” questions

Lecture 3

Rho, sigma, and lambda - setting up integrals, doing an example problem, including limits

Griffiths 1.2.4, 2.2.1

Kinesthetic activity: "Make a linear charge density for me, a lambda".

Whiteboard: Work out the integral for E from a finite line of charge
Week  2
Homework:  HW #2 on E field and Coulomb
Tutorial 2:  Tutorial on SLAC and Gauss’ Law
No lecture on 09/01/2008 (MLK Holiday)
Lecture 4

Start on Gauss’ Law, Divergence Theorem, introduce delta function
Griffiths Reading: 1.5 and 2.2.2.

Discussion: "which is more fundamental, Gauss or Coulomb" (and, why)

Lecture 5
More on delta function and Divergence theorem. Applying Gauss' law.

Reading: Griffiths 2.2.3

Whiteboard: “Charge distribution from E=c r(vector) and Q of the resulting rho” computation
Kinesthetic Activity: Given an origin, define x/y/z axes. Then close eyes and point directions of yhat, rhat…..
Week 3

Homework: HW#3 on Gauss

Tutorial 3: Tutorial on div and curl and voltage.  Demo Jacob’s ladder.

Lecture 6

Wrap up Gauss, start Curl of E and stokes, (introduction to Voltage.) 

Reading: Griffiths 2.2.4, 2.3.1 

Lecture 7

More on stokes, Voltage (Laplace/Poisson intro) calculating V 

Reading: Griffiths 2.3.1-3, 

Fri Feb 1 L8

Calculating V, the "triangle" (connecting V, E, and rho), intro to "boundary conditions" ideas. 

Reading: Griffiths 2.3.4, 2.3.5, 

Whiteboard: The "Griffiths' triangle", with E, rho, and V on vertices. 

Week 4 

Homework: HW#4 on Voltage

Tutorial 4: Tutorial on Gauss (with demos)

Lecture 9
Connecting V and energy, talking about energy of systems. Discuss E^2 as energy density. 

Reading: Griffiths 2.4 

Activities: Imagine self as positively charged and picture E field as entering classroom. Find external work needed to get to the seat.

Lecture 10

Conductors, E field in conductor, E field outside conductor. 

Reading: Griffiths 2.5 

Board: On the board, E upper left, F lower left, V upper right (and a blank which became PE lower right later on.) Talk about how "E is to F as V is to PE" and "E is to V as F is to PE", and so on. 

Whiteboard: E field in a cubical conductor with a cubical cavity, with a +Q on the outside.

Lecture 11

Continuing Gauss' law in the presence of conductors, and Capacitors. 

Reading: Griffiths Chapter 2.   

Activities: Show http://www.falstad.com/emstatic/ 

Week 5 

Homework: HW#5 

Tutorial: None 

Lecture 12
Wrap up Chapter 2, discuss Laplace

Reading: Griffiths 3.1 

Lecture 13

Earnshaw's theorem, but largely Method of images today 

Reading: Griffiths 3.2 

Activity 1: Imagine the walls of the room as conductors at fixed potential and visualize the E field.

Activity 2: show http://www.falstad.com/emstatic/ setup as conducting box

Whiteboards: Set up the "method of images" problem. 

Lecture 14

Wrap up images, then Separation of variables. 

Reading: Griffiths 3.3.1

Activities: Preclass, students answer on paper various questions on method of images (the idea, accomplishment, and uniqueness of the theorem.) 

Whiteboard: Given the example problem, Sketch the E field lines. Later, come up with an f(x) and a g(y) such that f(x)+g(y)=0. 

Week 6
Homework: None (exam)

Tutorial 5: Tutorial on Sep of variables.

Lecture 15

Brief exam review. Continue Sep of variables.

Reading: Griffiths 3.3.1  

Activities:  None, really. 

Lecture 16

Wrapping up Fourier's trick (Cartesian). Start separation in spherical. Introduce Legendre Polynomials and radial solutions. 

Reading: Griffiths 3.3.2 

Whiteboards - draw sinh and cosh, is it even/odd, what's the curvature, behaviour as x=0, infinity, what's cosh(pi), etc...

Show my mathematica solution in powerpoint  

Lecture 17
Separation in spherical coordinates. Practice with the Legendre polynomials, and orthogonality, and "Legendre Fourier". 

Reading: Griffiths 3.3.2 

Activities: Show the PhET Fourier sim and the mathematic notebook with Legendre Polynomials.

Week 7 

Homework: HW#6 

Tutorial 6: Tutorial on multipoles and spherical legendre expansions.

Lecuture 18

On Legendre expansions - including the classic example of the conductor in a uniform field 

Reading: Griffiths 3.3.2 

Activities: none

Lecture 19
Finish up Legendre. Discussion of boundary conditions

Reading: Griffiths 3.4.1, 3.4.4 

Activities: none

Lecture 20

Dipoles

Reading: Griffiths Rest of 3.4, 4.1

Whiteboard: sketch the E field from an ideal dipole, given the formula (and from a real dipole) 

Week 8 

Homework: HW#7

Tutorial 7: Tutorial on Polarization and D

Lecture 21

Review/summarize multipoles. 

Reading: Griffiths 4.1 (finish) 

Lecture 22

Griffiths 4.2.1 and 4.2.2, bound charges and polarization. Derived but also physically motivated sigma bound and rho bound. 

Reading: Griffiths 4.2 

Whiteboard: imagine positive and negative fluids and have students perform related questions.
Lecture 23
Polarization and bound charges, the "dielectric slab in a uniform field", 

Reading: Griffiths 4.2.3, 4.3.1, 

Activities: Use rods, an empty coke, a small smooth plastic wine cork, a small low friction pivot, and an electroscope to show sign of charges.

Week 9 

Homework: HW#8 

Tutorial: none

Lecture 24
The D field

Reading: Griffiths 4.4.1 

Lecture 25
Linear dielectrics - the capacitor 

Reading: Griffiths 4.4.2-4 

Lecture 26

Boundary conditions on E and D. 

Reading: Griffiths 4.4.2 again

Whiteboards: Do “Snell’s law for dielectrics” with incident E fields and boundary conditions. 

Week 10 

Homework: none (spring break)

Tutorial: none

Lecture 27
Wrapping up Chapter 4: Linear dielectrics and boundary conditions, 

Reading: Griffiths 4.4, and 5.1.1 

Activities: Use "Maxwell's equations" to show the B formulas and see the parallels and differences. Use strong magnets and Magz toys. 

Lecture 28

Magnet force, helical paths + cyclotron/synchrotron, crossed E&B fields (velocity selector, cycloidal motion derivation) 

Reading: Griffiths 5.1.2 

Activities: Cycloid animation 

Lecture 29

Brief exam discussion. Review the "no work" idea for B fields and Current.

Reading: Griffiths 5.1.3 

Activities: characterizing flow as total current. Define current density as current/area. 

Spring break 

Week 11 

Homework: HW#9 

Tutorial 8: Tutorial on Ampere's law 

Lecture 30

Quick review of I, J, and K (current/current density, and current conservation). Biot Savart. Talk about symmetry. Discuss RHR, and Biot-Savart vs the old Phys 1120 "circles around the wire" result. Discuss units (and definition of mu0). Derive the force between parallel wires.

Reading: Griffiths 5.2

Activities:  Had them "think like an 18th century physicist" to *come up* with Biot-Savart.   

Lecture 31

From Biot-Savart to Ampere's law. 

Reading: Griffiths 5.3.1-2 

Activities:  Brought a dip-compass needle to see the dramatic dip angle in the room (and brief discussion of geo-magnetic field) and a small "loop with arrow.” 

Lecture 32

Proof that Biot Savart for infinite line leads to Ampere's law even for complicated loop. Discussion of sign conventions on current, and whether "I through" has a cosine built in? 

Reading: Griffiths 5.3.3 


Activities: concept test idea about "direction/sign of current through a loop" and a "Tutorial" (2 pages from Darren's Ampere's law Tutorial) 

Week 12 

Homework: HW#10

Tutorial 9: Tutorial on Vector Potential 

Lecture 33

Finishing Ampere's law today with examples. 

Reading: Griffiths 5.3.3 still 

Lecture 34

Toroid example/review of Ampere. Intro to Vector potential. Review of Maxwell's equations and "why V". Then move to A

Reading: Griffiths 5.4.1, 

Lecture 35

More on the vector potential today

Reading: Griffiths: 5.4.1 

Week 13 

Homework: HW#11

Tutorial 10: diamagnetism 

Lecture 36
Continuity of A, the "magnetostatics triangle", magnetic dipole moment

Reading: Griffiths 5.4.2 and 5.4.3 

Whiteboard: write out the Griffiths triangle. 

Lecture 37

Magetic dipoles, the field (and vector potential) of the dipole. Torque and force on magnetic dipole moments. Para and diamagnetism 

Reading: Griffiths: 6.1 

Activities: writing exercise, "what is the A field, how is it used" 

Sketch ideal magnetic dipole field and compare to actual field.

Lecture 38 

magnetization, parallels with polarization. 

Reading: Griffiths 6.2 

Activities: write down everything they could remember about P (electric polarization) and group up and write on board the results. Activities and discussions go from there.

Week 14 

Homework: HW#12

Tutorial: special "GRE/review" session 

Lecture 39

Formulas for V from bound charges, and A from bound current, as well as the formulas to find bound (whatever) from polarization/magnetization. Following with discussions.

Reading: Griffiths 6.2 (finished), start 6.3 

Lecture 40

Review. Discuss linear magnetic materials. Talk about susceptibility and permeability, para and dia-magnets again (signs)

Reading: Griffiths: 6.3 

FCQ in last 10 minutes

Lecture 41

Discuss magnet "floating" above another magnet. Review of Boundary conditions on B and H. Talk about "carving flat hole" problem. Discuss mu-metal. Do the "falling ring problem", discuss Lenz but also "qv cross B" ways to think about it. Show the MIT videos. Ended with introduction to ferromagnetism. 

Reading: Griffiths 6.4 

Activities: Show B field for falling superconducting ring onto a magnet. http://web.mit.edu/8.02t/www/802TEAL3D/visualizations/faraday/index.htm

Demos:  

Also had two demos - the "magnet floating above another magnet" and use a solenoidal electromagnet and nails, to introduce ferromagnetism.

Week 15 

Homework: HW#13 

Tutorial: None

Lecture 42

Ferromagnets. 

Reading: Griffiths 6.4.2, and 7.2.1 

Activities: none

Lecture 43

Posttest only.

Reading: none

Activities: Post test, all period

Lecture 44 

Final exam brief review

Reading: Griffiths 7.2.2, 7.3.1-3 

Activities: Writing exercise for Chandra

