Models of Light – Modeling Workshop

syllabus, daily calendar, course expectations

Summer 2007 at ASU

I.  Workshop objectives.
The main objective of the mechanics modeling workshop was to acquaint teachers with all aspects of the modeling method and develop some skill in implementing it.  To that end, you were provided with a fairly complete set of written curriculum materials to support instruction organized into coherent modeling cycles (as described in Wells et. al. (1995)).  The physical materials and experiments in the curriculum are simple and quite standard, already available in any reasonably equipped physics classroom. 


In the modeling workshop on light, teachers will use the same process but will develop skills in materials usually covered after mechanics.  You will use materials developed by modeling teachers from around the nation.  Their work has been arranged into units with a coherent story line and field-tested at ASU in previous summers since 2001.

II. Preparation and plans for the summer course.

On the first day of the workshop, we will discuss the experiences of those participants who have taught mechanics by the modeling method.  This "post-use analysis" will have the purpose of allowing novice modeling teachers a chance to discuss any concerns that have arisen as they taught.


We believe that to develop the familiarity with the materials necessary to fully implement them in your classroom, you must work through the activities, discussions and worksheets, alternating between student and teacher modes, much as you did in the 1st Modeling Workshop in Mechanics.

Please review the 2nd semester materials before you start the course, so that you will be informed about the content. To do so, go to the Modeling Instruction in High School Physics page, click on the [Curriculum materials] link, then on [Participant resources]. ... Scroll down to 2nd semester materials, then [Read Me First] link to get an overview of how the materials are organized, then on any of the links to 2nd semester topics.  There you will find stuffed (Mac) or zipped (PC) archives of the materials to expedite download.  If you are unable to obtain the materials this way, please e-mail Jane.Jackson@asu.edu and give her your full mailing address so that she can mail you a CD-ROM.  

Special attention has been paid to the development of coherent teacher’s notes.  Review of these should give you the best idea of what the development team has decided was a logical development of the key features of the underlying models.

III. Description of modeling workshop in light.


Unit 1 starts by modeling light as stream of tiny particles (rays), treating a variety of light behaviors including aspects of geometric optics. The second unit is introduced with experiments that reveal the inadequacy of light as a particle and explains light behavior as a wave.  Finally the wave model of light is discounted and a model of light as a photon is developed.  The Light units end with a brief introduction of how light can be used to explain the structure of the atom.


Unit 1: Particle Model of Light. In this unit we develop the model of light as stream of particles to explain a variety of light behaviors including shadows, intensity, reflection and refraction.  A variety of experiences in light are pursued including simple low cost activities, high-tech activities and computer simulations.


Unit 2: Wave Model of Light.   This unit starts with activities involving diffraction and interference. The unit activities and labs effectively transition the student from a model of light as a particle to a model of light as a wave.  A section on mechanical waves (one and two dimensional waves) is provided to support student practical comprehension of waves.


Unit 3: Photon Model of Light.  This unit uses the photoelectric effect to support both the model of light as a wave and light as a particle.  The interaction of light with matter is emphasized.   The photoelectric effect is examined to establish the model of light as a photon.  The photon model is then used to explain spectra of light emitted by gasses.  Teachers use both interactive computer simulations and specialized equipment in this unit.



Each participant will receive a CD-R containing the resources for the 1st semester (mechanics) and the 2nd semester instructional materials. 
Daily calendar


	Day 1
	· Introduce leaders and participants.  

· Take Waves survey  (available from Michael Crofton) and fill in “comfort” sheet

· Take ECI or MBT and Experiences (implementation) Survey

· Formulate a list of questions on Modeling teaching you want answered during course

· Pace, whiteboarding, what  worked, what didn’t, anything else

· Lay out plan for the course 

· Discuss expectations (students’ and teacher’s)

· Discuss lab reports

· Discuss relationships 

· Properties of Light

· WS 1a

· WS 1b

HW – Relationship Worksheet. 

Reading: Hestenes: “Who Needs Physics Education Research?!” (on modeling website)

	Day 2
	· Whiteboard relationship worksheet

· Discuss worksheet 1

· Shadow Formation

· WS 1b

· Image due to Pinhole Camera

· Worksheet 2

· Intensity Lab (High and Low Tech)

HW – Reading: Particle Model of Light Reading 1: The Nature of Light and Seeing

	Day 3
	· Discuss NLS reading

· Finish up Intensity Lab

· Evaluate data and whiteboard

· Worksheet 3: Light Intensity

· Plane Mirror Reflection

· Freeform activity (Image location, orientation, incident and reflected angles

· Whiteboard activity

· Worksheet 4: Plane Mirror Reflection

HW – Reading, “Student Difficulties in Understanding Image Formation by a Plane Mirror” by Fred Goldman and Lillian McDermott

	Day 4
	· Discuss SDUIFPM reading

· Whiteboard Worksheet 4

· Curved Mirrors

· Demonstration/discussion

· Worksheet 5: Qualitative Curved Mirrors

· Refraction

· Prelab

· Perform semi-cord Lab

HW – Reading, “An investigation of student understanding of the real image formed by a converging lens or a concave mirror” by Fred Goldman and Lillian McDermott

Get notebook ready to turn in on Monday after class


	Day 5
	· Discuss converging lens, concave mirror reading

· Whiteboard semi-cord lab

· Lab: Ray tracing using pins to determine the index of refraction

· Discussion/demonstrations of refraction

· Discussion/demonstrations of total internal reflection and the critical angle

· Worksheet 7: Refraction

· Whiteboard worksheet

· Practicum

Turn in notebook

HW –  Reading 2: Speed of Light

	Day 6
	· Convex lens lab (This is a formal lab write-up with a comprehensive conclusion.  See the 2nd Law sample lab for a model.)

· Prelab discussion

· Perform lab

· Whiteboard lab

· Mini-lab: Determine focal length of concave lens

HW – Work on Lab Write-ups

	Day 7
	· Worksheet 8: Qualitative Lens Worksheet

· Worksheet 9: Quantitative Lens Worksheet

· Lens Practicum

HW – Read Teacher notes on Unit 1 

	Day 8
	· Wrap up unit 1

· Particle video

· Unit 1 Test: Particle Model

· Play with lasers in fog from fog machine

· Absorb light rays (or waves) outside for over an hour

· Limitations of the Particle Model (discussion)

· Introduce waves by discussing mass/spring oscillations and factors affecting the period

HW – Write reflection on Unit 1

	Day 9
	· Pulse race

· Boundary behavior

· Worksheet 2 (Mechanical waves)

· Superposition

· Worksheet 3 (Mechanical waves)

HW –  Get notebook ready to turn in on Monday after class


	Day 10
	· Finish Worksheet 3

· Worksheet 1 (Light)

· Discuss standing waves

· Lab: Determine the relationship of the wavelength and the frequency of a wave (Formal lab write-up)  (For fun, also determine the relationship of the frequency and the number of antinodes. Doesn’t need to be referred to in lab write-up.)

· Prelab discussion

· Perform lab

· Whiteboard lab

HW –  Work on wavelength/frequency write-up

	Day 11
	· Worksheet 1b

· Standing wave demos (two strings, spring, chladni plate, aluminum rod)

· Flipbook

· Reflection in wave tank

· Diagramatic representations for wave fronts

· Refraction in wave tank

· Worksheet 2

HW – Reading, “Addressing student difficulties in applying wave model to the interference and diffraction of light” by Wasilat, Herron, Shaffer and McDermott (Discuss on Thurs)

	Day 12
	· Geometric Derivation of Snell’s Law

· Worksheet 2b

· Discussion: Does wave model explain characteristics of light we observed with particle model?

· Mini-Lab: Diffraction in the wave tank

· Worksheet 3: Diffraction

· Mini-Lab: Interference in the wave tank

· Worksheet 4a: Interference (Qualitative)

· Derive Young’s equation

HW- Read first half of overview of wave model, begin reflections

	Day 13
	· Mini-lab: Calibrate a diffraction grating with He-Ne laser, check green laser

· Overhead diffraction demo

· Worksheet 5: Diffraction and Interference of Light
HW- Read last half of overview of waves, finish reflections (Help with worksheets)

	Day 14
	· Worksheet 4b: Interference (Quantitative)

· Discussion/Demonstration: Color Theory

· Worksheet 6: Color

· Quiz 4: Color

· Make twirlers

HW –  Get notebook ready to turn in on Monday after class


	Day 15
	· Go over color worksheet and quiz

· Thin film Interference

· Worksheet 7: Thin film interference

· Discussion: Does wave model explain characteristics of light we observed with particle model?

· Films: Wave model and electromagnetic wave model

Hand in course notebook

HW – Begin reading teacher notes (Pages 1-9)

	

	Day 16
	· Discuss EM Wave model

· Accelerating particle simulation

· VPython simulation

· Practicum

· Construct photoelectric apparatus

HW – Reading 1: The photoelectric effect

	Day 17
	· Demo/Activity 1: Photoelectric effect (zinc metal on electroscope)

· Introduce photoelectric device and how it works

· Use photoelectric device to investigate how intensity affects stopping potential

· Worksheet 1: Qualitative photoelectric effect

· Perform photoelectric lab (Formal lab writeup)

· Your graph will be energy (actually maximum kinetic energy) vs. frequency

HW – Reading 2: Energy Diagram of an atom

	Day 18
	· Whiteboard Lab

· Worksheet 1b: Quantitative photoelectric effect

· Quiz 1
· Field trip to Material Sciences Department
HW – Work on formal lab write-up

	Day 19
	· Emission Spectra Lab

· Determine the wavelength of spectral lines of mercury and helium

· Look at mercury and helium through Project Star spectroscope

· Discuss energy level diagrams

· Worksheet 2: Atomic electron energy transitions and spectra
· Begin worksheet 3: The Bohr model of the atom
HW – Finish reading unit notes and write reflections on unit

Get notebook ready to hand in on Monday


	Day 20
	· Finish worksheet 3: The Bohr model of the atom
· Hydrogen Spectra Lab
· Worksheet 4: Wave-Particle behavior of light
· Compton effect
· Test on Unit 3
· Look at Applets

Hand in course notebook

HW – Reading 3:  The Modern View of Light

	Day 21
	· Discuss reading

· Quantum video

· Velocity of waves on a string, tension, linear density lab

· Whiteboard lab

· Lab Practicum

· Waves posttest

· Evaluation

HW – Have a safe trip home


Expectations & Grading

Attendance:


You are expected to attend all 21 four-hour sessions of this course.  If you miss more than 2 classes, your maximum grade will be a B; if more than 3, you may earn no higher than a C.  Please be on time and ready to go!

Materials:
•
If you are an Arizona teacher, you will be provided a set of the instructional materials (teacher notes, labs and worksheets) along with a 3-ring binder.  If you are not from Arizona you will need to pick them up on your own.

•
You will also need a 9” x 12” quad-ruled lab notebook (provided for AZ teachers).  This size will allow you to easily tape or paste in data you collect and graphs you produce from the labs you perform during the workshop, as well as your reflections on the activities and readings assigned during the workshop.  

Course Grade:


To earn an “S” or a letter grade of “B”, you will be expected to do the following:

· keep a course notebook in which all labs, designated activities and reflections  are placed.  The organization of the notebook will be left to you.  Teachers have found this notebook to be a valuable resource as they use the curricular materials in their own classes.

· You will perform labs in “student mode”.  All labs should include the prelab, the purpose, your data, all graphs, equations of linearized graphs, manipulations of units, statement of the relationship and the general equation for the lab.  For each lab add the necessary comments that will help you guide your students through successful lab experiences.

· Labs designated as “Formal” labs are to be written according to the handouts from day 1.

· Any activities such as practicums that we do should have the question to be solved along with the data and calculations needed to solve it.

· participate actively and thoughtfully in whiteboarding sessions, the discussion of readings, activities, and the worksheets.

· From time to time, you will be given a reading on a current topic or articles from physics education research.  For each of these you will be expected to write a one half to one-page reaction (not a synopsis) in which you offer your views about the ideas discussed in the reading assignment.

· For each unit you are expected to record at least a one-page reflection on the unit.  Comment on the activities and storyline for the unit.  Comments regarding needed improvements are appreciated.

In order to earn an “A”, you will be required to complete two additional assignments.  One of the choices will be a set of assorted problems with more rigor than the typical modeling type problems.  Another will be an article review where you search for educational research on any appropriate topic.  Provide a copy of the research and include a one-page synopsis of the article along with a discussion of the article’s usefulness to the course.  The third choice is to locate a web based resource applicable to the course along with a discussion on how and where it would be incorporated into the unit.

Grading scale:
97-100  A+      93-96.9  A      90-92.9 A-


87-89.9 B+      83-86.9  B      80-82.9 B-


77-79.9 C+      73-76.9 C      70-72.9 C-

Arizona Board of Regents and ASU policies:

Each student is expected to spend a minimum of 45 hours per semester credit hour. 

Letter grade vs. satisfactory-fail: satisfactory grades may not transfer or be used for degree.

A-B-C grades: B means average; a 3.0 GPA is minimum requirement for MNS and other graduate degrees. 

Incomplete: only for special circumstances.
Supplemental reading (recommended by the Ohio State University modeling instruction leaders)
Watts, D. M., "Student Conceptions of Light: A Case Study," Phys. Ed. 20, 183-187 (1985).

“This is a neat little easy-to-read article that shows even the most experienced teachers some new ways their students may be thinking about optics. “ 

Goldberg, F., Bendall, S., & Galili, I., “Lenses, Pinholes, Screens and the Eye,” TPT 29, 221-


224 (1991).
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