New York State Teacher Certification Exams

Physics Content Specialty Test


Internet Resources for
Physics Content Review

	SUBAREA I:  Foundations of Scientific Inquiry

	0001 Understand the relationships and common themes that connect mathematics, science and technology. 
For example:

	· applying the laws of physics to geological, chemical, biological and astronomical systems

	· analyzing the use of physics, mathematics, and other sciences in the design of a technological solution to a given problem

	· analyzing the role of technology in the advancement of scientific knowledge

	· using a variety of software (e.g., spreadsheets, graphing utilities, statistical packages, simulations) and information technologies to model and solve problems in mathematics, science, and technology

	TOPIC
	URL
	ANNOTATION

	Technology

Software
	www.crystalinks.com/galileo.html
www.digitalcentury.com/encyclo/update/comp_hd.html 

www.physlink.com/Education/Software.cfm - links

	Biography of Galileo that describes how his use and refinement of the telescope revolutionized astronomy.

Excellent brief history of the computer, with emphasis on the technological innovations that have contributed to its evolution.

Lots of links to science-related software sites.




	0002 Understand the historical and contemporary contexts of the study of physics and the applications of physics to everyday life. 
For example:

	· analyzing the significance of key events, theories, and individuals in the history of physics

	· analyzing current theories of the origin of the universe and the solar system

	· assessing the societal implications of developments in physics (e.g., nuclear technology, solid state technology)

	TOPIC
	URL
	ANNOTATION

	History of Physics

Big Bang Theory

Solar System Formation

Physics and Society
	www.weburbia.com/pg/historia.htm
http://www.aip.org/history/
www.pbs.org/deepspace/timeline/
www.rog.nmm.ac.uk/leaflets/solar_system/section3.3.html
www.sciencemag.org/cgi/content/full/279/5357/1640
http://library.thinkquest.org/3471/
	Time line of major events in physics from 585 to 2000.

Site with links to several articles on various historical developments in physics.

Timeline of events in the universe beginning with the Big Bang and extending far into the future.  

Describes several historical models of solar system formation, as well as the currently accepted view.

An excellent essay titled “What We Don’t Know Does Hurt Us; How Scientific Illiteracy Hobbles Society.”

Several pages on the pros and cons of nuclear technology.


	0003 Understand the process of scientific inquiry and the role of observation and experimentation in explaining natural phenomena. 
For example:

	· Analyzing processes by which new scientific knowledge and hypotheses are generated

	· Analyzing ethical issues related to the process of doing science (e.g., accurately reporting experimental results)

	· Evaluating the appropriateness of a specified experimental design to test a given physics hypothesis

	· Recognizing the role of communication among scientists and between scientists and the public in promoting scientific progress

	TOPIC
	URL
	ANNOTATION

	Scientific Method

Ethics

Experiment Design

Communica-tion


	www.isd77.k12.mn.us/resources/cf/SciProjInter.html
www.ldolphin.org/SciMeth2.html
www.onlineethics.org/codes/APScode.html
www.gac.edu/~eb/labethics.html
www.phys.ksu.edu/gene/e5.html 

www.olentangy.k12.oh.us/teacherweb/shirley/physicalscience/psexperdesign.htm
www.asap.unimelb.edu.au/asc/commun/why.html
www.nasw.org/csn/

	Describes and illustrates the steps of the scientific method.

Flow chart illustrating the sequence of events in the scientific method.

The American Physical Society Guidelines for Professional Conduct.

An excellent discussion of good laboratory practice.

Some general advice on the design of scientific experiments. The summary section is most useful.

Step-by-step process for designing a successful experiments, illustrated using a simple but effective example.


Tips for scientists regarding communication with the media.


A writer’s guide to communicating science news. The last section is particularly interesting.


	0004 Understand the processes of gathering, organizing, reporting, and interpreting scientific data; and apply this understanding in the context of physics investigations.
For example:

	· evaluating the appropriateness of a given method or procedure for collecting data for a specified purpose

	· selecting an appropriate and effective graphic representation (e.g., graph, table, diagram) for organizing, reporting, and analyzing given experimental data

	· applying procedures and criteria for formally reporting experimental procedures and data to the scientific community

	· analyzing relationships between factors (e.g., linear, direct, inverse, direct squared, inverse squared) as indicated by experimental data

	TOPIC
	URL
	ANNOTATION

	Experiment Design

Graphs

Writing

Data Relationships

Laboratory Report Format
	www.phys.ksu.edu/gene/e5.html
www.olentangy.k12.oh.us/teacherweb/shirley/physicalscience/psexperdesign.htm
www.twingroves.district96.k12.il.us/ScienceInternet/ChartsGraphs.html
www.ais.msstate.edu/AEE/Tutorial/graphictypes.html
www.aip.org/pubservs/style/4thed/toc.html
www.isat.jmu.edu/common/projects/StyleManual/ISATStyleManual.htm
www.deakin.edu.au/~agoodman/sci101/chap5.html
http://dept.physics.upenn.edu/courses/gladney/mathphys/java/frames/frame.html
http://www.futuresouth.com/~mhenders/physics/Physics_Procedure_for_Writing_a_Physics_Lab_Report.htm
	Some general advice on the design of scientific experiments. The summary section is most useful.

Step-by-step process for designing a successful experiment, illustrated using a simple but effective example.

Tips for choosing the right kind of graph to display your data.

Describes common types of charts and graphs and the types of data each is best used to display.

The style manual of the American Institute of Physics.

A Style Manual for Technical Communications.

Explains some of the more common scientific data relationships.

Virtual textbook describing a linear fit of experimental data with a simple example.

Outline of a standard Laboratory Report Format.


	0005 Understand principles and procedures of measurement used in physics.
For example:

	· evaluating the appropriateness of SI units of measurement, measuring devices, or methods of measurement for given situations

	· analyzing likely sources of error in given measurements in physics experiments

	· distinguishing between accuracy and precision in scientific measurements

	TOPIC
	URL
	ANNOTATION

	Measurement

Experimental Error

Accuracy and Precision
	www.physics.nist.gov/cuu/Units
www.measurementdevices.com/mdtypes.html
http://teacher.nsrl.rochester.edu/phy_labs/AppendixB/AppendixB.html
149.170.199.144/resdesgn/expterr.htm
www.contingencyanalysis.com/acc2.htm
www.wl.k12.in.us/es/concepts/shosys25.htm
	Defines the fundamental units of the SI system; also discusses history, unit conversions and style conventions.

Links to information on devices used to measure various physical properties.

The first third of this page describes some common sources of experimental error.

Discusses ways to reduce experimental error and factors in the design and executions of experiments that can contribute to the effort. 

Illustrates the distinction between accuracy and precision using several examples.

More examples to help distinguish between these two concepts.


	0006 Understand the use of mathematics (e.g., dimensional analysis, vector analysis, calculus) and mathematical modeling in physics.
For example:

	· using mathematics to derive equations

	· applying dimensional analysis to solve problems

	· applying trigonometric functions and graphing to solve problems (including vector problems)

	· using calculus to solve problems

	TOPIC
	URL
	ANNOTATION

	Deriving Equations

Dimensional Analysis

Trigonometry

Trigonometry

Calculus


	www.hypertextbook.com/physics/mechanics/motion-equations/index.shtml
www.astronomy.ohio-state.edu/~peterson/Ast161/Lectures/Outlines/out06.htm
www.harcourtcollege.com/student/dimensional.html
www.community.pima.edu/classes/chm080/dimprob.htm
www.ac.wwu.edu/~vawter/PhysicsNet/Topics/Vectors/VectorAdditionSteps.html
http://library.thinkquest.org/16284/index_s.htm?tqskip=1
www.ugrad.math.ubc.ca/coursedoc/math101/notes/applications/velocity.html

	Demonstrates the mathematical manipulations involved in deriving the kinematic equations of motion for constant linear acceleration.

The last section of this page shows how to derive Kepler’s third law starting with Newton’s second.

Explanation of the method of dimensional analysis to convert units with an example.

Several worked problems involving dimensional analysis.

Trigonometric analysis of vectors and vector addition.

Review of basic trigonometry with a section devoted to vectors.

Derivative and integral relationships between position, speed, and acceleration.


	0007 Understand equipment, materials, and chemicals used in physics investigations; and apply procedures for their proper and safe use.
For example:

	· Analyzing the principles upon which given laboratory instruments are based (e.g., oscilloscopes, Geiger counters)

	· Analyzing hazards associated with given laboratory materials (e.g., projectiles, lasers, radioactive materials, heat sources)

	· Applying safety rules regarding electricity and electrical equipment

	· Applying proper procedures for dealing with accidents and injuries in the physics laboratory

	TOPIC
	URL
	ANNOTATION

	Oscilloscope

Radiation Safety

Laser Safety

Electrical Safety

Lab Safety
	www.cs.tcd.ie/courses/baict/bac/jf/labs/scope/
www.nih.gov/od/ors/ds/rsb/rsguide/
www.ehs.uiuc.edu/~rad/laser/tutorial.html
www.jlab.org/ehs/manual/EHSbook-366.html#pgfId-7556
www.nesf.org/work/workplacetips.html

	Tutorial on use of the oscilloscope.

The radiation safety guide of the National Institutes of Health.

Laser safety tutorial offered by the University of Illinois.

General electrical safety at the Thomas Jefferson National Accelerator Facility. 

Tips for electrical safety in the workplace from the National Electrical Safety Foundation.




	SUBAREA II:  Mechanics and Heat

A. Mechanics

	0008 Understand concepts related to motion in one and two dimensions, and apply this knowledge to solve problems that require the use of algebra, calculus, and graphing.
For example:

	· applying the terminology, units, and equations used to describe and analyze one- and two-dimensional motion

	· analyzing the movement of freely falling objects near the surface of the earth

	· solving problems involving distance, displacement, speed, velocity, and constant acceleration

	· interpreting information presented in one or more graphic representations related to distance, displacement, speed, velocity, and constant acceleration

	TOPIC
	URL
	ANNOTATION

	One-Dimensional Motion

Two-Dimensional Motion

Free Fall

Constant Acceleration Kinematics

Constant Acceleration Kinematics

Motion Graphs


	Www.pcs.cnu.edu/~rcaton/201/movies1d.html
Www.oldsci.eiu.edu/physics/DDavis/1150/03Vct2D/disp.html
Www.glenbrook.k12.il.us/gbssci/phys/Class/1DKin/U1L5c.html
http://webphysics.ph.msstate.edu/javamirror/explrsci/dswmedia/freefall.htm 

www.ac.wwu.edu/~vawter/PhysicsNet/Topics/Kinematics/SolvingSuggestions/SolvingSuggestion.html
http://inferno.physics.uiowa.edu/~rlm/physics1/labs/Labs/lab2.html
www.kvtc.net/earlc/phy111/content/kinematics/motiongraphs.htm
www.hypertextbook.com/physics/mechanics/motion-graphs/index.shtml

	Animations showing how position, speed and acceleration vary for various 1D motion scenarios.

Derives expressions for velocity and acceleration in 2D motion by analyzing displacement graphs.

Explains the graphs of position and speed vs. time for free fall.

Interactive program showing freefall position, velocity and acceleration including air resistance.

Tips for solving constant acceleration motion problems.

Introduces theory and equations for both constant velocity and constant acceleration motion.

Lots of graphs of position, speed, and acceleration for various situations. General information on how to read these graphs is summarized at the bottom of the page.

Shows many position, speed, and acceleration graphs, describes their characteristics, and explains how they are related and logically consistent.


	0009 Understand characteristics of forces and methods used to measure force, and solve algebraic problems involving forces.
For example:

	· Identifying forces acting in a given situation

	· Analyzing experimental designs for measuring forces

	· solving problems involving gravitational and frictional forces

	TOPIC
	URL
	ANNOTATION

	Free-Body Diagrams

Force Experiments

Gravitational Force

Frictional Force
	www.glenbrook.k12.il.us/gbssci/phys/Class/newtlaws/u2l2c.html
http://eta.physics.uoguelph.ca/tutorials/fbd/intro.html
http://theory.uwinnipeg.ca/physics/force/node9.html#SECTION00470000000000000000
www.treasure-troves.com/physics/GravitationalForce.html
http://146.87.28.49/book/Chapter1/mechanics/frict.html
	Many examples on how to identify the forces acting on an object in various physical situations.

Step-by-step illustrated identification of the forces acting on an object being pulled across a surface.

Several force problems with detailed explanations – gets increasingly more complicated.

Shows the fundamental equation for gravitational force and discusses the special case of a test mass inside another extended mass.

Good discussion of the physical nature of friction and the equations used to describe it.


	00010 Apply knowledge of vectors and trigonometric functions to solve problems involving concurrent, parallel, resultant, equilibrant, and component forces and torques.
For example:

	· applying graphic solutions to solve problems involving concurrent and equilibrant forces

	· solving problems involving torques

	TOPIC
	URL
	ANNOTATION

	Forces

Torques
	www.slvhs.slv.k12.ca.us/~pboomer/physicstextbook/ch4.html
www.physics.uoguelph.ca/tutorials/torque/Q.torque.intro.html
www.sciencejoywagon.com/physicszone/lesson/04torque/torq/torque.htm
	Numerous examples of how to resolve various types of problems involving forces acting on a mass.

Explains the basic concept of torque.

Gives several ways to describe torque mathematically and shows how torque is the rotational analog of force.


	00011 Understand and apply the laws of motion (including relativity) and conservation of momentum.
For example:

	· Analyzing the characteristics of each of Newton’s laws of motion and examples of each

	· applying Newton’s laws of motion and the conservation of momentum in solving problems

	· understanding the implications of special relativity for the laws of motion

	TOPIC
	URL
	ANNOTATION

	Newton’s Laws of Motion

Conservation of Momentum

Special Relativity
	http://library.thinkquest.org/10796/ch4/ch4.htm 

http://www.glenbrook.k12.il.us/gbssci/phys/Class/newtlaws/newtltoc.html 

http://trackstar.hprtec.org/main/track_frames.php3?track_id=83711&nocache=45170555
www.phy.ntnu.edu.tw/~hwang/collision1D/collision1D.html
http://www.howstuffworks.com/relativity2.htm

	Overview of Newton’s three laws with basic sample problems.

Several conceptual examples to illustrate each law of motion with some animation.

Overview of the principle of momentum conservation with real-life example problems.

Applet simulating a one-dimensional collision that allows you to vary the masses and speeds of the colliding bodies. There is a link at the bottom of the page to a similar two-dimensional demonstration.

Describes the postulates of special relativity and the effects of Lorentz transformations. 


	00012 Understand the characteristics of circular motion and simple harmonic motion, and solve problems involving these types of motion.
For example:

	· applying vector analysis to describe uniform circular motion in radians

	· determining the magnitude and direction of the force acting on a particle in uniform circular motion

	· understanding the relationships among displacement, velocity, and acceleration in simple harmonic motion (e.g., simple pendulum)

	· applying appropriate principles to solve problems involving springs and force constants

	TOPIC
	URL
	ANNOTATION

	Uniform Circular Motion

Simple Harmonic Motion

Hooke’s Law
	www.glenbrook.k12.il.us/gbssci/phys/mmedia/circmot/ucm.html
http://dept.physics.upenn.edu/courses/gladney/mathphys/subsection4_1_3.html
www.phy.ntnu.edu.tw/java/shm/shm.html
http://www.gmi.edu/~drussell/Demos/SHO/mass.html
www.ac.wwu.edu/~vawter/PhysicsNet/Topics/SHM/HookesLaw.html
http://webphysics.ph.msstate.edu/jc/library/14-1/

	Animated picture illustrating the velocity and acceleration vectors for an object in uniform circular motion.

Derivation of the velocity and acceleration equations; several worked example problems.

Animated picture relating simple harmonic and uniform circular motions; lots of information in this one picture.

Detailed description and derivation of a Simple Harmonic Oscillator including an animated example.

Illustrates Hooke’s Law for various states of a mass on a spring.

Applet showing Hooke’s Law in action.


	00013 Understand Kepler’s laws and the law of universal gravitation, and apply them to satellite motion.
For example:

	· analyzing the geometric characteristics of planetary orbits

	· applying Kepler’s law of equal areas to problems involving satellite motion

	· applying Kepler’s laws to relate the radius of a planet’s orbit to its period of revolution

	· using the law of universal gravitation to interpret the relationship among force, mass, and the distance between masses

	TOPIC
	URL
	ANNOTATION

	Planet Orbits

Kepler’s Laws

Law of Universal Gravitation
	www.nasm.edu/ceps/etp/ss/ss_planetdata.html
www.humnet.ucla.edu/humnet/french/faculty/gans/java/SolarApplet.html
www.hcc.hawaii.edu/hccinfo/instruct/div5/sci/sci122/BraheKep/KepLaw.html
www.mathacademy.com/platonic_realms/encyclop/articles/kepler.html
www.physics.sfsu.edu/Physics_public_html/lea/public_html/courses/nexa/cww4hnd.htm
www.marsacademy.com/orbmect/orbles1.htm

	Gives various physical and orbital data for the planets in our solar system.

Applet that animates planet orbits about the sun.

Outline of the major points of Kepler’s laws.

Lists and explains the three laws, with a good diagram for the second.

Read through this short page to get to the bottom, which shows the connection between Newton’s law of gravitation and Kepler’s third law.

Presents the law of gravitation and the gravitational constant.

Well-illustrated explanation of the consequences of the gravitational law.


	00014 Understand and apply the principle of conservation of energy and the concepts of energy, work, and power.
For example:

	· analyzing mechanical systems in terms of work, power, and conservation of energy

	· using the concept of conservation of energy to solve problems

	· determining power, mechanical advantage, and efficiency as they relate to work and energy in operations such as simple machines

	TOPIC
	URL
	ANNOTATION

	Work and Power

Conservation of Energy

Mechanical Advantage and Efficiency
	www.st-agnes.org/~lstinson/webpages/fwp.htm
www.sd79.bc.ca/eduserv/tlite/ricci/campbell/Frames/Work_Pow_Energy/ex.html
www.slcc.edu/schools/hum_sci/physics/tutor/2210/potential_energy/
www.fizziks.com/Module%202%20Pot%20Energy%20and%20Conservation.htm
www.kent.wednet.edu/staff/trobinso/physicspages/Physics%20Of/Wade/physics.htm
www.filebox.vt.edu/users/djoscely/SmplMach/SmplMach.htm

	A very straightforward presentation of force, work, and power.

Well-illustrated and clearly worked sample problems involving work and power.

FAQ about various forms of energy, an animated illustration, table of equations.

Large number of practice problems with excellent illustrations and explanations.

Definitions of work, mechanical advantage, and efficiency; lists the six general categories of simple machines.

Mechanical advantage in general, and specifically for four different simple machines.


	00015 Understand the dynamics of rotational motion, including torque, angular momentum, motion with constant angular acceleration, rotational kinetic energy, center of mass, and moment of inertia.
For example:

	· Applying the principles of motion with constant angular acceleration

	· Applying the law of conservation of angular momentum

	· Applying the concepts of center of mass, moment of inertia, and rotational kinetic energy

	TOPIC
	URL
	ANNOTATION

	Rotational Kinematics

Angular Momentum

Center of Mass

Moment of Inertia and Kinetic Energy
	www.scholar.hw.ac.uk/site/physics/topic5.asp
http://www.phys.ttu.edu/~rirlc/Chapter7_D.html 

www.sparknotes.com/physics/rotationalmotion/angularmomentum/summary.html
www.ottisoft.com/samplact/Center%20of%20mass.htm
http://www.uoregon.edu/~struct/courseware/461/461_lectures/461_lecture28/461_lecture28.html 

http://www.usafa.af.mil/dfp/cockpit-phys/hp3sup2.htm
	Derives the kinematic equations for constant angular acceleration, compares them to their linear equivalents and presents a sample problem.

Derives position, speed, and acceleration for rotational motion, compares to linear analogs.

Several pages dealing with angular momentum of rigid bodies and systems of particles.

Defines the center of mass and how to calculate it.

Good description of moment of inertia and its mathematical derivation.

Quick definition of rotational kinetic energy.


	00016 Understand the statics and dynamics of fluids.
For example:

	· Applying the concepts of force, pressure, and density

	· using Bernoulli’s principle to analyze fluid dynamics

	· applying Archimedes’ principle to problems involving buoyancy and flotation

	TOPIC
	URL
	ANNOTATION

	Fluid Mechanics

Bernoulli’s Principle

Archimedes’ Principle
	http://buphy.bu.edu/py105/notes/Bernoulli.html
www.hyperphysics.phy-astr.gsu.edu/hbase/press.html 

www.ac.wwu.edu/~vawter/PhysicsNet/Topics/Pressure/BernoulliEquation.html
http://www.princeton.edu/~asmits/Bicycle_web/Bernoulli.html
http://www.pha.jhu.edu/~broholm/l31/node9.html 
	Defines fluid pressure and force and gives several worked examples.

Illustrates Bernoulli’s principle for airplane flight and the curveball.

Gives the equation for Bernoulli’s law for an ideal fluid, defines the terms, and states the assumptions made when using this model.

Discusses Archimedes’ Principle and defines the buoyant force, with links to useful examples.




	B. Heat

	00017 Understand the principles and laws of thermodynamics, the relationship between temperature and heat, and the principles of thermal expansion, thermal contraction, and heat transfer.
For example:

	· solving calorimetry problems involving heat capacity, specific heat, heat of fusion, and heat of vaporization

	· analyzing methods of heat transfer (i.e., conduction, convection, and radiation) in practical situations

	· solving problems involving thermal expansion and thermal contraction of solids

	· using the principle of entropy to analyze the operation of heat engines (e.g., Carnot cycle)

	TOPIC
	URL
	ANNOTATION

	Calorimetry

Heat Transfer

Thermal Expansion and Contraction

Heat Engines


	www.tacoma.ctc.edu/home/kking/115/115SSSpecHtCapLatentHt.htm
www.avstop.com/AC/apgeneral/HEAT.html
http://buphy.bu.edu/py105/notes/Temperature.html
www.rfcafe.com/references/mechanical/carnot_cycle.htm

	Presents the basic concepts and equations regarding specific and latent heat.

Discusses heat transfer, the conversion of other forms of energy to heat, and thermal expansion.

Considers temperature and thermal expansion; includes sample problems.

Illustrates the four steps of the Carnot cycle.




	00018 Understand the kinetic-molecular theory and its relationship to thermodynamics; analyze the characteristics of solids, liquids, and gases; and solve problems involving the gas laws.
For example:

	· Analyzing the behavior of a gas in terms of the kinetic-molecular theory (i.e., ideal gas law)

	· Analyzing the properties of materials in terms of molecular arrangement and forces

	· Analyzing phase changes in terms of kinetic-molecular theory and molecular structure

	TOPIC
	URL
	ANNOTATION

	Ideal Gas Law

Molecular Arrangement

Phase Changes
	http://library.thinkquest.org/12596/ideal.html
 www.d230.org/jod/gas/ideal_law.htm
www.enmu.edu/~constanj/polymorphs.htm
www.chem.uidaho.edu/~honors/phases.html
www.bcpl.net/~kdrews/kmt/kmt.html
	Discussion and explanation of the ideal gas law.

Several pages on the laws of Boyle, Charles and Avogadro.

Explains the properties of diamond and graphite in terms of the arrangements of their respective carbon atoms.

Describes the various phases of matter and discusses the phase diagrams of water and carbon dioxide.

Several pages on the kinetic theory of ideal gases.


	SUBAREA III:  Electricity and Magnetism

	00019 Understand characteristics and units of electric charge, electric fields, electric potential, and capacitance; and apply principles of static electricity to problems involving Coulomb’s law and electric field intensity.
For example:

	· Analyzing the behavior of an electroscope in given situations

	· Applying Coulomb’s law to determine the forces between charges

	· Applying principles of electrostatics to determine electric field intensity

	· Understanding the relationship among capacitance, charge, and potential difference

	TOPIC
	URL
	ANNOTATION

	Electroscope

Coulomb’s Law

Electric Field

Capacitance
	www.sciencejoywagon.com/physicszone/lesson/07elecst/eleclab/nerscope.htm
www.glenbrook.k12.il.us/gbssci/phys/mmedia/estatics/gen.html
www.pa.msu.edu/courses/1997spring/PHY232/lectures/coulombslaw/
www.bcpl.net/~kdrews/coulombslaw/coulomb.html
http://library.thinkquest.org/10796/ch12/ch12.htm
www.cco.caltech.edu/~phys1/java/phys1/EField/EField.html
www.pa.msu.edu/courses/1997spring/PHY232/lectures/capacitors/twoplates.html
http://maxwell.byu.edu/~spencerr/websumm122/node38.html - SECTION00051000000000000000

	Animated illustrations explain what happens when a charge is brought near an electroscope.

Demonstrates the effect of grounding a negatively charged electroscope.

Several pages on Coulomb’s law, charge, potential and example problems.

Two sample problems involving the relative increase or decrease of force between charged particles.

Derivation of electric field in analogy with gravitational field.

Excellent applet that allows you to arrange a number of charges and see the resulting electric field lines and motion.

Discusses capacitance based on the parallel plate model.

Explains the capacitor with links to more details on dielectrics and combination of capacitors in circuits.


	00020 Understand characteristics of electric current and components of electric circuits, and analyze DC circuits.
For example:

	· Analyzing a DC circuit in terms of conservation of energy and conservation of charge (i.e., Kirchhoff’s laws, Ohm’s law)

	· Analyzing factors that affect resistance

	· Interpreting schematic diagrams of electric circuits

	· Applying principles of DC circuits to reduce a complex circuit to a simpler equivalent circuit

	TOPIC
	URL
	ANNOTATION

	Kirchoff’s Laws

Ohm’s Law

Resistance

Circuit Diagrams

Equivalent Circuits


	www.sciencejoywagon.com/physicszone/lesson/07electr/kirchoff
http://www.purchon.co.uk/radio/ohmslaw.html
www.1.slb.com/seed/ask/q_and_a/resist.htm
www.reawire.com/ind_res_corr.asp
http://library.thinkquest.org/10796/ch14/ch14.htm
www.ece.uncc.edu/courses/ecgr2111/chapter_4/norton.html
	Several pages with explanations, animated illustrations, and interactive demonstrations.

Discussion of voltage, current, resistance, and their relationship through Ohm’s law.

Describes several factors that contribute to determining the resistance of a conductor.

Shows how the resistance of copper and aluminum wire varies with temperature.

Describes basic series and parallel direct circuits with resistors.

Presents Norton’s Theorem with several example circuits.

	00021 Understand magnets, electromagnets, and magnetic fields; the effects of magnetic fields on moving electric charges; and the applications of electromagnetism.
For example:

	· analyzing factors that affect the strength of an electromagnet

	· determining the orientation and magnitude of a magnetic field

	· determining the magnitude and direction of the force on a charge or charges moving in a magnetic field

	· analyzing the use of electromagnetism in technology (e.g., motors, generators, meters)

	TOPIC
	URL
	ANNOTATION

	Electromagnets

Magnetic Field Lines

Magnetic Force

Applications
	www.school-for-champions.com/science/actransformers.htm
www.execpc.com/~rhoadley/magelect.htm
http://www.wondermagnet.com/dev/magfaq.html
http://dept.physics.upenn.edu/courses/gladney/mathphys/subsubsection4_1_5_2.html
www.gwsc.vic.edu.au/curriculum/klas/science/magnetism/lorentz.htm
http://www.chemguide.co.uk/analysis/masspec/howitworks.html
www.school.discovery.com/homeworkhelp/worldbook/atozscience/s/543120.html
	See the section entitled “Creating an Electromagnet.” 

Several pages on AC and DC electromagnets.

A general overview of magnetism and magnetic field lines.

Presents the Lorentz force expression with an explanation of calculating the magnetic force for a current-carrying wire.

Applet that shows the force between a magnet and a current-carrying wire.

Explains the operation of the mass spectrometer without mathematical details.

Discusses the history and operation of the synchrotron.


	00022 Understand and apply the principles of electromagnetic induction and AC circuits.
For example:

	· analyzing factors that affect the magnitude of an induced electromotive force (EMF)

	· analyzing an AC circuit, including relationships involving impedance and reactance

	· applying the appropriate hand rule to determine the direction of an induced current

	· analyzing the functions of transformers and generators

	TOPIC
	URL
	ANNOTATION

	EMF

AC Circuits

Lenz’s Law

Transformers

Generators
	http://www.cco.caltech.edu/~phys1/java/phys1/Inductance/Inductance.html
www.lmh.vic.edu.au/~bahrm/physics/mag_electro/electromagnetic_induction/faradays_law.html
http://home.a-city.de/walter.fendt/phe/accircuit.htm
www.sea.siemens.com/training/step2000/courses/electricity/intro.htm
www.ac.wwu.edu/~vawter/PhysicsNet/Topics/MagneticField/LenzLaw.html
www.sciencejoywagon.com/physicszone/lesson/08magnet/lenslaw/lenz.htm
www.tpub.com/neets/book2/5.htm
www.sciencejoywagon.com/physicszone/lesson/otherpub/wfendt/generatorengl.htm
	Applet demonstrating the induced emf in a loop with a changing magnetic flux.

Basics of Faraday’s Law.

Applet showing a simple RC circuit with an alternating current source.

Outstanding course on electric circuits. Click on the chapters on the left and the chapter sections on the right. The next-to-last chapter is an excellent review of RLC circuits.

Illustrates Lenz’s Law for determining the direction of the induced current.

Animated pictures show an experiment that demonstrates Lenz’s Law.

Several consecutive pages describing the basic theory and operation of transformers.

Applet that demonstrates the function of AC and DC generators.


	00023 Understand and apply the principles of conductors, semiconductors, and superconductors.
For example:

	· analyzing current-voltage characteristics of typical solid state diodes and zener diodes

	· comparing NPN and PNP transistors and identifying correct terminal connections in a given circuit

	· analyzing the function of a solid state device (e.g., diode, transistor) in a given electrical circuit

	· analyzing the properties of superconductors (e.g., critical temperature, Meissner effect)

	TOPIC
	URL
	ANNOTATION

	Diodes

Transistors

Transistors

Superconductors
	www.st-and.ac.uk/~www_pa/Scots_Guide/info/comp/passive/diode/chars/chars.htm
http://www.phys.ualberta.ca/~gingrich/phys395/notes/node60.html - SECTION00523000000000000000
www.americanmicrosemi.com/tutorials/diode.htm
www.netcentral.co.uk/satcure/design/tranwork.htm
www.lucent.com/minds/transistor/
www.pbs.org/transistor/teach/teacherguide_html/lesson4.html
www.owlnet.rice.edu/~hkic/superconductors/
www.ornl.gov/reports/m/ornlm3063r1/contents.html
	Well-illustrated explanation of the behavior of diodes under forward and reverse biasing.

Explains the breakdown effect in Zener diodes.

Tutorial on some practical aspects of using diodes in circuits.

Good attempt at making clear exactly how a transistor works.

Several pages describing the history and function of the transistor.

The “Background” section provides a brief history and description of function.

History, characteristics and applications of superconductors.

Pages of information and experiments designed to be used by high school teachers.


	SUBAREA IV:  Waves, Sound, and Light

	00024 Understand waves and wave motion, and analyze problems involving wave motion.
For example:

	· Comparing types (e.g., longitudinal, transverse) and characteristics (e.g., frequency, period, amplitude, wavelength) of waves

	· Applying the wave equation to determine a wave’s velocity, wavelength, or frequency

	TOPIC
	URL
	ANNOTATION

	Wave Characteristics

Wave Equation
	www.itsscience.com/waves/parts.htm
www.tpub.com/neets/book10/39c.htm
www.peel.edu.on.ca/~erindale/wave.htm
www.marlborough.la.ca.us/depts/science/WaveLesson/WaveCaln.htm
	Explains the definitions of the various parts of transverse and longitudinal waves.

Discusses transverse and longitudinal waves with diagrams, equations for wavelength, frequency and period.

Presents the wave equation and three sample problems.

Explains the wave equation and the common symbols with several worked problems.


	00025 Understand and apply the principles of wave reflection, refraction, diffraction, interference, polarization, dispersion, and the Doppler effect.
For example:

	· Analyzing practical applications of wave reflection, refraction, diffraction, interference, polarization, dispersion, and the Doppler effect (e.g., radar, sonar, polarizers)

	· Applying Snell’s law to determine index of refraction, angle of incidence, angle of refraction, or critical angle

	· Analyzing problems involving diffraction and interference in single and multiple slits

	· Applying the superposition principle to determine characteristics of a resultant wave

	TOPIC
	URL
	ANNOTATION

	Applications

Snell’s Law

Diffraction and Interference

Diffraction and Interference

Superposition Principle
	www.water.net/radar/radarfaq.htm 

www.vexilar.com/tips/tip11.html
http://acept.asu.edu/PiN/rdg/polarize/polarize.shtml 

www.glenbrook.k12.il.us/gbssci/phys/Class/refrn/u14l2b.html
http://buphy.bu.edu/py106/notes/Refraction.html
www.sciencejoywagon.com/physicszone/lesson/09waves/snglslit/
www.physics.yorku.ca/undergrad_programme/highsch/Twoslit.html
http://kestrel.nmt.edu/raymond/ph13xbook/node10.html 

www.physics.okstate.edu/hauenst/class/ph2014/suppl/waves/suppos.html
	Basic explanation of how Doppler weather radar works.

Principles and uses of sonar.

Explanation of how polarizers work including Brewster’s angle. 

Explanation of Snell’s Law with data to back it up.

Explains Snell’s law and total internal reflection.

An applet that demonstrates the result of single slit diffraction with adjustable wavelength and slit width.

Diagram an dshowing the result of double slit diffraction

Many diagrams showing results of superposition of various waves.

Two animated images demonstrating constructive and destructive interference.


	00026 Understand and apply knowledge of the characteristics of sound waves and the means by which sound waves are produced and transmitted.
For example:

	· analyzing the physical nature of sound waves (including intensity and intensity level)

	· analyzing factors that affect the speed of sound in different media

	· solving problems involving resonance, harmonics, and overtones

	TOPIC
	URL
	ANNOTATION

	Sound waves

Speed of sound

Resonance, harmonics, overtones
	http://library.thinkquest.org/10796/ch9/ch9.htmhttp://library.thinkquest.org/10796/ch9/ch9.htm
http://www.anu.edu.au/ITA/ACAT/drw/PPofM/INDEX.html
www.cnde.iastate.edu/ncce/K12/UT_K12/dismaterspeed.html
www.glenbrook.k12.il.us/gbssci/phys/Class/sound/u11l5a.html
www.geocities.com/Vienna/3941/index.html
	Explains the physical nature of sound waves and their major characteristics.

The physics of sound and their application to music and hearing (very in depth).

Explains why sound travels at different speeds in different substances.

General explanation; click on the links for “open-end air column instruments” and “closed-end air column instruments” for more detail.

Check out Essays #1 (Physics of Open Ended Tubes), #2 (Physics of Closed End Tubes), and #3.


	00027 Understand the production and characteristics of electromagnetic waves.
For example:

	· Analyzing the properties (e.g., energy, frequency, wavelength) of components (e.g., visible light, ultraviolet radiation) of the electromagnetic spectrum

	· Analyzing variations in energy, frequency, and amplitude in terms of the vibrations of the sources that produce them (e.g., molecules, electrons, nuclear particles)

	· Analyzing practical applications of the components of the electromagnetic spectrum (e.g., infrared detectors, solar heating, x-ray machines)

	TOPIC
	URL
	ANNOTATION

	Electromagnetic Spectrum

Radiation by Vibrating Sources

Applications
	http://imagine.gsfc.nasa.gov/docs/science/know_l1/emspectrum.html
www.lbl.gov/MicroWorlds/ALSTool/EMSpec/EMSpec2.html
www.yale.edu/ynhti/curriculum/units/1999/5/99.05.07.x.html#b
www.indigosystems.com/gallery_for.html
www.solarexpert.com/dhwpic.html
www.etsu.edu/writing/3120f99/zctb3/nuclear2.htm
	Lists and describes the wavelengths and frequencies associated with the major portions of the spectrum.

Shows wavelengths and frequencies as well as sample sources and objects for wavelength size comparison.

Click on “Vibrations and Waves” for a description of how vibrating charges generate electromagnetic waves.

Gallery demonstrating how infrared imaging can “see through” various substances.

Diagram and description of a common method of solar water heating.

Long, but entertaining, story of the discovery of x-rays and the early days of x-ray technology.


	00028 Understand and apply the principles of lenses and mirrors.
For example:

	· comparing types and characteristics of lenses and mirrors

	· using a ray diagram to locate the focal point or point of image formation of a lens or mirror

	· applying the lens and mirror equations to analyze problems involving lenses and mirrors

	· analyzing given applications of lenses and mirrors (e.g., telescopes, compound microscopes, eyeglasses)

	TOPIC
	URL
	ANNOTATION

	Basic Theory, Thin Lens Equation

Ray Tracing

Applications
	www.glenbrook.k12.il.us/gbssci/phys/Class/refrn/u14l5a.html
www.sciencejoywagon.com/physicszone/lesson/09waves/optics/raytrace/default.htm
www.oldsci.eiu.edu/physics/DDavis/1160/Ch24ML/ImgLen.html
http://wigner.byu.edu/ThinLens/Original/lensDemo.html 

www.celestron.com/tb-2ref.htm
www.isd196.k12.mn.us/Schools/avhs/AV%20connect/science/Optics-notes.html
	Use the links along the left side to navigate through Lesson 5 for a review of lens types and image formation properties.

Animated images show the tracing of the three principal rays.

Shows the principal rays for converging and diverging lenses, as well as several worked examples.

Applet demonstrating the effects of changing object distance and size on image location, orientation and size.

Descriptions and diagrams of the major types of telescopes.

Near the bottom of the page, ray diagrams are shown for nearsighted and farsighted eyes.


	SUBAREA V:  Quantum Theory and the Atom

	00029 Understand and apply the principles and concepts of the photoelectric effect, quantum theory, and the dual nature of light and matter.
For example:

	· applying the laws of photoelectric emission to explain photoelectric phenomena

	· analyzing bright-line spectra in terms of electron transitions

	· understanding the principles of stimulated emission of radiation as applied to lasers and masers

	· analyzing evidence supporting the dual nature of light and matter

	TOPIC
	URL
	ANNOTATION

	Photoelectric Effect

Bright Line Spectra

Stimulated Emission

Wave-Particle Duality

Duality
	http://theory.uwinnipeg.ca/physics/quant/node3.html
http://lectureonline.cl.msu.edu/~mmp/kap28/PhotoEffect/photo.htm 

http://www.colorado.edu/physics/2000/quantumzone/
http://quark.angelo.edu/~msonntag/physics1301/spectra.htm 

www.phy.davidson.edu/sethvc/laser-final/general.htm
www.physics.ubc.ca/~outreach/p420_96/mark/htheory.html
www.prometheus.demon.co.uk/02/02kumar.htm
www.boogieonline.com/seeking/destruction/wave.html
	Excellent brief explanation of the basic theoretical principles.

Applet illustrates the photoelectric effect for various metals.

Casual explanation of why atomic emission spectra are not continuous, with some example spectra.

Displays the Balmer series of the hydrogen spectrum and shows which line results from which transition.

Brief explanation of stimulated emission, population inversion, and amplification.

Diagrams illustrating absorption, emission, and stimulated emission events.

History of the development of quantum mechanics with emphasis on explaining wave-particle duality.

Nicely structured discussion of duality and the influence that the design of an experiment has on the nature that is revealed.


	00030 Understand physical models of atomic structure and the nature of elementary particles.
For example:

	· analyzing historic and contemporary models of atomic structure (e.g., Rutherford, Bohr, Schrödinger, Heisenberg, Pauli)

	· interpreting notation used to represent elements, molecules, ions, and isotopes

	· recognizing the relationship between the design of particle accelerators and elementary particle characteristics

	TOPIC
	URL
	ANNOTATION

	Atomic Structure

Notation

Accelerators

Accelerators
	www.forestry.auburn.edu/elder/sm101/ch3/sm101ch3.html
www.inetarena.com/~pdx4d/snelson/Portrait2.html
(case sensitive)

www.tvdsb.on.ca/westmin/science/sch3a1/isotopenote.htm
www.school-for-champions.com/science/chemformulas.htm
www.encyclopedia.com/printablenew/09876.html
www.howstuffworks.com/atom-smasher.htm
	Comprehensive, well-illustrated history of atomic structure theory from Democritus to the Standard Model.

Timeline tracing the evolution of the understanding of atomic structure, as well as a summary of the currently accepted description.

Describes the notation used to describe atomic number, mass number, and charge of elements and ions.

Outlines the procedure for writing and interpreting chemical formulas of molecules.

Describes the design and evolution of linear and circular particle accelerators.

Several pages on accelerator designs, as well as information on the various components that comprise an accelerator and how they function.


	00031 Understand the principles of radioactivity and types and characteristics of radiation, and analyze the process of radioactive decay and detection.
For example:

	· applying principles of the conservation of mass number and charge to balance equations for nuclear reactions

	· analyzing radioactive decay in terms of the half-life concept

	· analyzing the nuclear disintegration series for a given isotope

	· understanding the basic operation of types of radiation detectors

	TOPIC
	URL
	ANNOTATION

	Nuclear Reaction Equations

Radioactive Decay

Disintegration Series

Radiation Detectors
	www.fordhamprep.pvt.k12.ny.us/gcurran/nuceqex.htm
http://library.thinkquest.org/19957/nuclear/nuclearequationsbody.html
home.a-city.de/walter.fendt/phe/lawdecay.htm
www.atral.com/u238.html
www.sciencenet.org.uk/database/Physics/Atomic/p00422c.html
http://library.thinkquest.org/3471/radiation_detection_body.html
	Describes a procedure to balance nuclear equations, with several examples.

Defines the basic notation and shows two examples of decay equations.

Explains the equation describing radioactive decay; also has an applet that illustrates the process over time.

Shows the decay path from uranium 238 to lead with the half-life for each step.

Explains the function of a Geiger counter.

Describes two major categories of radiation detectors.


	00032 Understand types and characteristics of nuclear reactions, methods of initiating and controlling them, and applications of nuclear reactions to the generation of electricity.
For example:

	· Analyzing characteristics of fission and fusion reactions

	· Understanding the operation of components of a nuclear reactor (e.g., moderator, fuel rods, control rods)

	· Applying the principle of conservation of mass-energy to calculate nuclear mass defect and binding energy

	· Analyzing the reasons for using the isotopes commonly used to fuel nuclear reactors and the problems associated with the waste products generated by nuclear reactions

	TOPIC
	URL
	ANNOTATION

	Fission and Fusion

Nuclear Reactors

Nuclear Reactors

Mass Defect and Binding Energy

Fissionable Isotopes

Nuclear Waste
	http://reactor.engr.wisc.edu/fission.htm
www.usafa.af.mil/dfp/cockpit-phys/ne3th1.htm
www.matter.org.uk/schools/content/nuclearreactor/nuke.html
www.mech.uwa.edu.au/courses/es407/nuclear/1999/reactor%20design.html
www.chem.uidaho.edu/~honors/nucbind.html
http://library.thinkquest.org/17940/texts/binding_energy/binding_energy.html 

http://hyperphysics.phy-astr.gsu.edu/hbase/nucene/fission.html
www.etsu.edu/writing/3120f99/zctb3/nuclear2.htm
	Animated images illustrating the two processes and links to glossary entries for technical terms.

Basic description and diagram for each process; the illustration of fission is amusing.

Lets you control a simulated nuclear reactor by manipulating the cooling pump, fuel rods, and control rods..

Describes the various components of a nuclear reactor; an excellent cutaway view shows how it all goes together.

Describes how to calculate missing mass and energy released in a fission reaction, and plots binding energy against mass number.

Presents a general equation to calculate the binding energy of any nucleus.

Discusses properties that make an isotope suitable for use in fission reactions and lists the known fissionable isotopes.

Describes the problem of nuclear waste disposal as well as current and future disposal methods.
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