ADVANCED PLACEMENT PHYSICS C bElectricity and Magnetism  2007-2008

OVERVIEW

C Electicity and Magnetism is the second semeger of ayea-long calculus-basedphysicscourse. All
studertsin this class areseniors who have had a previous physicscourse and are errolledin calculus.
The introductory course emphadzesclassical mecharics, and one or more additional topicsbasedon
instructor preferernce.  This class mees every day on an altermating schedule, 85 minutesone day, 40
minutesthe next. Labs are reservedfor long periods and may carry over into the next period. Other than
labs, classtimeistypically spent in interactive lecture-discussions, homework presntations, teds, and
quizzes All students arerequiredto take both AP PhysicsC exams

The method of instruction is guidedinquiry, influenced by the Modeling Method of High School Physics
Instruction (Arizona State University, http://modeling.asu.edu). Studerts areledto seeconcepts as
models with multiple representations: graphical, mathematcal, and verhal.

Homework problemsare assigned from the text, the Universty of Texasonline Homework Senice, and
pag AP papers Thecourse is dedgnedto encourage studertsto apply conceptsto the problems rather
thanalgorithms. Daily homework directy addressesconceps discussedin class. Example problemsare
not workedin class in advance of the homework assignmert. All students are expectedto attemp all
problemsand a few students arechosento pre<ert their solutions to the class on whiteboards. The clas
discusseswhether the approach is rea®nahlle, whether the correctmodel hasbeenapplied, and if the
calculations arecorrect The goal isto make all studerts think aralytically about the nature of the
problem,including the content and the solution process. The due dateson the online Universty of Texas
Homework are set for the day after the class discussion of the homework. This allows students the
chanceto berefit from the class discussion ard rework problemsthey hadtrouble with initially.

There arefrequert quizzes mary desgnedto assess whether studerts underg¢and the conceftsin the
homework from the night before. This providesarea®n to not procradinate in completing the online
homework, and encouragesstudents to be concerned with underdanding the problems rather than just
completing the assignmert.

There aresevenunits based on the AP Physics C Electricity and Magnetism course decription. Units
average 10 class days, or approximatly 10.4 hrs of classtimeto complete. A ted constructed from pag
AP papersconcludesevery unit. Students work the multiple-choicesection without calculator or equation
sheet In duetime, studerts are provided solutions to all quiz, te€, and homework problems.

Text: Physics: Principles with Applications (5th Revised Edition) by Douglas C. Giancoli,
1997

Thistext isanalgetraard trigonomety-basdtextbook. Eventhough it incorporatescalcul us conceps
without calculus notation in many sections, it is not adequate on its own asareferercefor acalculus-
basedphysicscourse. Studentsrefer to class notes to the HyperPhysics website (http://hyperphysicsphy-
adr.gsu.edu/) ard instructor-created supplemertary materials for calculus-based derivations. The
Universty of TexasHomework Senice, pag AP Papers, and other texts are a source of calculus-based
physics problemsfor homework. Students areexpected to apply the calculus where appropriatein all labs
and assignmerts.



COURSE OUTLINE with corresponding text reference

Second Semester
Unit 8, Charge and Electric Field B Chapter 16, Electric Charge and Electric Field
Electrostatic behavior of macroscopic objects, electrostatic devices, conductors, point charges, Coulomb’s law,
sketching electric field of arrangements of point charges
Unit 9, Gauss(® Law DAppendix D, Gauss’s Law
Distributed charge (linear, areal, volume charge densities), electric flux, finding electric field of symmetrical charge
distributions using Gauss’s Law
Unit 10, Electric Potential D Chapter 17, Electric Potential and Electric Energy; Capacitance
Electrostatic energy, work, potential and potential difference, equipotential maps
Unit 11, Capacitors D Chapter 17, Capacitance
Conductors and dielectrics, capacitors (parallel plate, spherical, cylindrical), networks of capacitors
Unit 12, DC Circuits DChapter 18, Electric Currents; Chapter 19, DC Circuits
Current, resistance, power, Ohm’s law, circuits, networks of resistors, Kirchhoff’s rules, RC circuits including
transients, terminal voltage
Unit 13, Magnetostatics D Chapter 20, Magnetism
Magnetic fields, forces on charges and wires in magnetic fields, Ampere’s Law, Biot-Savart Law
Unit 14, Induction B Chapter 21, Induction and Faraday’s Law; Chapter 22, Electromagnetic Waves
Magnetic flux, induction, Faraday’s and Lenz’s laws, inductance, LR and LRC circuits, Maxwell’s equations

LABS

All labs aredesgnedto be guidedinquiry. Many units begn with alaboratory invedigation precedng
any otherinstruction. The subjectof the labis dedgned to introduce one or more concepts importart in
the unit. Theselabs begn with ademonstration for the studentsto discuss. In the discussion they are
promptedto brainstorm variablesthat might be rea®nably presumedto governthe behavior of the
demmstration apparatus. They thendesgn and conduct aninvegigation to find relationships betweenthe
variades A class discussion followsin which the class describesmodels for the behavior observed
Afterwards the model becomesexplaratory, and canbe invokedin explaining phenomena and solving
problems

Other labs are preented asopen-endedlab problems For examgde, in the Capacitors unit, students will
attemp to desgn and build a capacitor with the higheg storage cagecity in the class. Thislabnecessarily
precedsthe presentation of mathematcal equations for evaluating capactitors, although they will be used
to evaluate the reaults of theinvedigation. In most labs, qualitative conceptual quedions areaskedfor in
addition to the mathemaical aralysis.

All labs require writtenwork. Students are requiredto keepa binder or notebook with all of their
completed, gradedlabsin it. Somelabs consist of a challenging lab problemand donOtend themselvesto
atradtional labreport. For thes, students submit a narrative (with sketchesand calculations, where
aporopriate) of their attempgs to solve the problem, and ananalysis of their success.

Classtimefor labsisallottedonly for pre-lab discussion, data collection, and class discussion of reaults.
Students who fail to complete data callecion during class must make arrangemerts to completeit during
lunch, afree block, or break Studernts must complete data amalysis, answersto quegions, and report
writing outside of class. Labs accaunt for 25% of the grade in the class. Some labs arefollowedup with
Ovrtual labOhomework assignmerts using openrended simulations by the Universty of ColoradoOs
Physics Educaion Tecmology (PhET) project (http://phet.colorado.edu).

All students are requiredto have alaptop computer. The school hasalarge number of Verrier LabPro
computer interfacesand a good selecfion of probes



ELECTRICITY AND MAGNETISM LABS

LAB TITLE TIME DESCRIPTION

1. Electrostatic | 1.5 hrs | Students are challenged to explain how electrostatic devices such as the electroscope,

Devices Leyden jar, Van de Graaff generator, and electrophorus work.

2. Coulomb'’s 1.5 hrs | Using charged balloons and a pith ball, students confirm the inverse-square

Law dependence of Coulomb’s Law. A challenge to estimate the number of excess
electrons on a piece of tape repelled by an electric charge follows.

3. Surfing an 1.5 hrs | Students measure and plot the voltage field around charged objects in a pan of water.

E-field They relate the potential to E-field and energy. Virtual labs on E-field and
Equipotentials to follow as homework, using the PhET “Charges and Fields”
simulation.

4. Capacitor 1.0 hrs | Students are challenged to design and build a capacitor that will store the greatest

Challenge amount of charge using household materials.

5. RC circuits 1.0 hrs | Students collect charging and discharging curves for an RC circuit and build 2 model
for the behavior of capacitors under transient conditions.

6. DC Circuits 1.5 hrs | Given batteries, bulbs, resistors, capacitors, and connectors, students are challenged
to produce circuits with the given characteristics. Develops concepts of series,
parallel, combination, and RC circuits in terms of voltage, current, and energy
dissipation. Virtual lab on DC Circuits follows as a homework assignment, using
PhET “Circuit Construction Kit”.

7. Magnetic 1.5 hrs | Students perform measurements of the magnetic field of a slinky solenoid and

field of a slinky deduce a map of the field and models for the strength of the field.

8. Levitation 1.0 hrs | Thin rods are suspended within a strong magnetic field. When cutrent flows through

Field them, they are deflected and reach equilibrium. Students build a model for the
Lorentz force.

9. Motor, 1.5 hrs | Students are challenged to build 2 motor, a generator, and a speaker out of household

generator, materials.

speaker

10. Faraday’s 1.5 hrs | A model for induction is derived from observations of the voltage induced when a

Law magnet is dropped through a coil. Virtual lab for homework using PhET “Faraday’s
Lab” simulation.

11. Inductance | 1.0 hrs | Students design a circuit to measure the time constant of an inductor.

12. The 1.0 hrs | An ¢/ m apparatus is used to find the charge-to-mass ratio of the electron.

electron

TOTAL TIME 15.5 There are approximately 76 hrs of class time in the first semester before the AP exam

hrs




