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‘ Teaching with Technology

Current technologies allow physics educators the ability to integrate
instruction with computer-based modeling. This talk describes technologies
that encourage interactive-engagement and limit the amount of
programming when designing, implementing, distributing, and using
computer models. Itis based on:

: video analysis and modeling tool analyzes video clips.
Students can both analyze the motion of objects and overlay simple
dynamical models on the video and see how well the model matches the
real-world.

n (EjsS) creates interactive
simulations in Java or JavaScript simulations without the necessity of
prior programming knowledge.

- archives and distributes curriculum
resources, such as and EjsS simulations, that engage students
in physics, computation, and computer modeling.
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 Need for Digital Libraries

A Google search for “pendulum” returns 27,100,000 pages; while
“pendulum simulation” returns 11,900 pages (The search for
pendulum simulation without the quotes returns 449,000 pages).

= Most of the simulations (or animations that “fake” the physics) are
inappropriate for teaching.

= There is usually no instructional material, no support materials for
teachers, and no information about how these materials are
correlated to state or national science standards.

= Most of these simulations also support a passive (viewing)
pedagogy versus an active (interacting) pedagogy.

In order to be effective for instruction, simulations need to be easy to
find, simple, adoptable, adaptable, and coupled with support content for
students and teachers.
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‘ ComPAD

Standard and Custom

Library and Web
Services

0:S:P

Connections to Users
and NSDL

600+ Java Sims
150+ JavaScript Sims
1200+ Physlet Pages

The Open Source Physics
Project is supported by
NSF DUE-0442581.

10,000+ visitors/month

5,000+ simulation
downloads/month

open source physics

ces for Teaching

Logged in as Bruce, ComPADRE Dir (bmaszani@ou.edu) - mv grofils - logaut
filing cabinet - suggest 5 resgurce - administrate

Search the OSP Collection... [ Search || Advanced |

The 0SP Collection provides curriculum resources that engage students in phy ”
computation, and computer modeling. Computational physics and computer modeling

provide stude
phencmena.

fsmisiors [ osvodeing |

OSP Simulations are compiled programs on
specific topics. The models can be used for
concept building, exploring physical
systems that are not accessible otherwise,
or as a basis for other student exercises.

Featured Simulation

Polarizer Program

The Polarizer program displays the effect
of a plane polarizer on an incident
electromagnetic wave, The default
electromagnetic wave is plane polarized

with new ways to understand, describe, explain, and predict physical

Student modeling, the guided exploration
of physical systems and concepts, is a
powerful approach to engaged learning.
Easy Java Simulations provides the
computational tools for students and faculty
to explore p ics without the need for
learning details of java programming.

Featured EJS Model

One-amensionst prodien

on a Cone 3D model
dynamics of a

Upcoming OSP Events

Incorporating Computation
odeling into Physi

Teaching

Workshop for New Physics and

Astronomy Faculty

ACP, College Park, MD

November 13-15, 2009

SC 09: Educational Program
EJS, Pathways, and Digital
Libraries Presentations

SC 09: International Conference
on High Performance Computing,
Networking, Storage, and Analysis
Portland, OR

November 14-17, 2009

Open Source Physics Content
Delivery: Computation,

riculum, an
A presentation at the

08 NSDL
annual meeting on use and
dissemination of OSP and EIS

resources

Building a National Digital
Library of Physics Simulations
Presentations by Wolfgang
Christian and Fu-Kwun Hwang at
the CCP 2009 cenference in
Kaohsiung, Taiwan December
2009
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‘ Personalization

Superposition Package

written by Mario Belloni and £
written by Mario Belloni and 'gang ERanalore
The Superposition package is a self-contained file for the teaching of the time Falstad

evolution and visualization of energy eigenstates and their Joffre

- i Spi
quantum mechanics. The file containssaad 2 = 3 : L
O n e n of curricular material
| BN I visualizations, such as the positio Open Source Physics Results Partner Results

the Wigner quasi-probability distr] Search Terms: Quantum Spin

- ) Results #1-#3 of 3
() I n The S perposition package isan{ ( .y .
quantum mechanics. It is distrib

osp_superposition.jar file will run| @ 1. Spins Package [ Computer Program ] [A]

- - - - o f] de Raedt
are also available. They can be f] ST ] - i i Eopliren
() Quantum Mechanics. i Entanglement
The Spins package is a self-contained file for the teaching of measurement and time Falstad
“ mechanics. The file contains ready-to-run OSP programs and a set of curricular ... Joffre

Spin
Vis Quantum Mechanics
Hydrogen Spec

. o rt PSRC Relations
1}
The QM Spins program simulates th
I t shows the result of measuring the |
u
n n otate M. Belloni, W. Christian, and D. Brg

The Open Source Physics Curricula
Open Source Physics project for thi Bookmarks Sharing Folder Managemen

S h a re S/ WWW.C dre.o P &3 Quantum Relations
Superposition Package: Eigenstates and Sums

Quantum 1: 1D Quantum States

This package of exercises and tutorial materials introduces students to 1D quantum eigenstates and sums of eigenstates.
Relations to potential functions and time dependence are

- downl
Spins Package: 2-state Physics

This simulation of Stern-Gerlach experiments provides a powerful tool to teach quantum physics as linear algebra.
Examples of measurements and time dependence are given.

Options
@) Copy or () Move bookmarks selected above to the I:]z‘ folder

Visit the F ab to create sub-folders, rename, move, or delete this folder. You may also provide an
for this folder. the Sharing tab for information on sharing this folder.

National University of Singapore, Singapore
2015 >



PP2E and PQP2E on ComPADRE

Materials are currently available (Physlet Physics 2E and Physlet
Quantum Physics 2E) on ComPADRE. 1edin 2003

o Java Code: New signed jar. Updated
. Physlet® Physics
and tested 1,300 pages.
Physlet® Physics 2E

N New Narrative: Follows original format
Interactive Illustrations, Explorations, HYSLET PHYSICS 2E - "
and Problems for Introductory Physics N e Mustraion, o, an b ut m a ny exe rc I Ses a n d Sectl o n s

Wolfgang Christian
Electromagnetism Mario Belloni

R rewritten (especially PQP 2E). 1edin 2013

Anne Cox, Melissa H. Dancy, and
Aaron Titus

Exploration Worksheets by:
Thomas M. Colbert o -
= Physlet® Quantum Physics
s placed in the public O er e SR RS
the text
and associated script for the Illustrations,
tions, and Problems in Physlet® 0 L - UL 1V =
2E are copyrighted by Wolfgang
Christian and Mario Belloni for the English
language and all other languages. Public
domain Physlet-based exercises are marked
near the bottom of the individual html pages
on which they appear.

Physlet® Quantum
Physics 2E

An Interactive Introduction

Mario Belloni
Wolfgang Chi
Anne J. Cox

The OSP Network: ()

;_g— Physlet Physics 2nd edition - Pre-release ©2013 W. Christian and M. Belloni. Released under a
Hosted by comPADRE Creative Commons Attribution-NonCommercial-NoDerivs License

Except for the exercises placed in the public

Quantum Physics 2E, i.e.,

the text and associated script for the
Tllustrations, Explorations, and Problems in
let® Quantum Physics 2E are
copyrighted by Wolfgang Christian and Mario
Belloni for the English language and all other
Publ slet-based

r the bottom of the

individual html pages on which they appear.

Physlet Quantum Physics 2nd edition - Pre-release ©2013 M. Belloni, W. Christian, and A. J. Cox. Released under a
Hosted by comPADRE Creative Commons Attribution-NonCommercial-NoDerivs License




‘ Role of Simulations in Teaching

After 2 weeks ; Nature of
we tend to remember... Involvement

| 10% of what we read

Verbal Receiving

|20% of what we hear

| 30% of what we see

Passive

50% of what we Demonstrations Visual Receiving
hear and see Show & tell presentations \

' Multimedia simulations
70% of what Discussing Xecalvingy
we say Explaining art'c'pa.tmg
— , Active
90% of Enacting the experience
what we : 5 .

Simulating the experience
Doing the real thing

Adapted from Edgar Dale, Audio-Visual Methods in Teaching (3rd Edn.), Holt, Rinehart, and Winston (1969).
image from Bob Beichner
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‘ Easy Java/JavaScript Simulations

~

=]

1 Casy Java Simulalions

>im

= Description - Model < View

—

Workpanel
salector ==
Taskbalj
\‘:“‘\ AT

| Workpanel

=
Click to create a new page

Message
area

et
You will recelve autput messages here Caar oupt

Load, modify, and save a model. | ]
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‘ Computer Models

= Models allows students to think about things in terms of
simpler artificial things.

= Curriculum

- Exploratory models engage the student in ideas
presented by an expert (teacher). Students are led to
confront another's view of a problem.

- Model-based and programming activities are expressive
exercises that require students to externalize their own
Ideas and assumptions and to create concrete
representations that they can reflect on.
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‘ Undergraduate Computational Physics

Teaching should reflect current research and professional practice. Every
undergraduate physics major should know about computational physics,
including essential algorithms, minimal level of programming experience, and

computational ways of thinking.

Differential equations and ODE
numerical algorithms: oscillators,
Newtonian orbits, and few-body
problems.

PDEs and boundary value problems:
Laplace and Poisson equations.
Stochastic models and Monte Carlo
algorithms: Random walks

and the Ising model.

Chaos theory: Logistic map and driven
pendulum.
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‘ AAPT/ComPDRE Filing Cabinets
Authoring by Building Mash-ups in the Digital Library

Colliding Galaxies

written by Wolfgang Christian and Kyung Taek Lim

The Colliding Galaxies Model is an implel tation of Alar and Juri Toom!

1972 super computer model showing the formation of galactic bridges and tails
under the assumption that galactic cores are point masses and that one galactic
core is surrounded by 2D concentric rings of orbiting stars. The model assumes
is that the stars (test particles) orbiting the galactic cores are non-

interacting. When the two galaxies pass one another, tidal forces deform the
star dis al features. Our EJS model reproduces this
result showing that there is a long curving tail and that only the outermost ring
of stars is affected by its companion galaxy. A thin bridge is also formed and
some of the stars are captured by the companion galactic core

The Colliding Galaxies Model Model was developed as a final project in a sophomore-level Computational Related Materials
Physics course (Phy 200) using the Easy Java Simulations (EJS) modeling tool. It is distributed as a ready- Is Based On
to-run (compiled) Java archive. Double clicking the ejs_mech_orbits_CollidingGalaxies.jar file will run the

program if Java s installed.

Please note that this resource requires at least version 1.5 of Java Covers the Same
T

a| ac ja
| Published: May 16, 2009

Subjects Levels Resource Types

Astronomy - Upper Undergraduate - Instructional Material
- Galaxies - Lower Undergraduate = Interactive Simulation
= Galactic Structure
Classical Mechanics
- Gravity
= Orbits
- Motion in Dimensions
= Center of Mas
= Central Forces
General Physics
- Computational Physics

Intended Users Formats Ratings

- Learners - application/java
pearners WRWWW
Rated 5.0 stars by 2 people
W o rate this material?
‘ er

Item Details | Related (2) | Cite  Shared Folders (7)

Access Rights Free access

License: This material is released under a GNU G
license. Additional info! b

Rights Holder: Wolfgang Christian

Davidson Student Projects folder

My F

L 3 pavidson Student Projects

Bookmarks Sharing Folder Management Citation Guide

Davidson Student Projects (16 resources,
Computational Physics (Phy 200) end of term projects.

Colliding Galaxies

The Colliding Galaxies Model is an implementation of Alar and Juri Toomres' 1972 super computer

model showing the formation of galactic bridges and tails under the assumption that galactic cores are

point masses and that one galactic core is surrounded by 2D concentric rings of orbiting stars.

model assumes is that the stars (test particles) orbiting the galactic cores are non-interacting. When

the two galaxies pass one another, tidal forces deform the star distribution into classic tidal

features. Our EJS model reproduces this result showing that there is a long curving tail and that only

the outermost ring of stars is affected by its companion galaxy. A thin bridge is also formed and some of the stars are captured
by the companion galactic core.

Dielectric Breakdown Lightning Model

The Dielectric Breakdown Lightning Model implements a common method for modeling lightning using

a grid with regions of varying electric potential to simulate the electrical charge buildup during a

lightning storm. To simulate the source of the lightning in the cloud, we set the potential to zero and

place a small region of negative charge near the top of the grid. Along the bottom of the grid, we set

the boundary potential to one to simulate the positive charge on the ground. All other grid points are

given an initial electric potential equal to 0.5. After solving Laplace's equation, we examine all the grid

points that are adjacent to a negative charge. We choose one adjacent point as the new growth site for the lightning,
representing a point where the air is ionized and lightning will develop.

Baton Orbit Model

Baton Orbit Model shows the trajectory of a baton-like object orbiting under the influence of a 1/r~2

force. This model was motivated by the tumbling motion of one of Saturn's moons,

Hyperion. Hyperion is the only celestial body in our solar system which exhibits chaotic tumbling. The .

chaotic motion is attributed to the uneven mass distribution and highly elliptical orbit of the moon. In

order to model the behavior of Hyperion, we approximate its shape using a baton-like object composed of two point masses
connected by a mass-less rod. This uneven mass distribution causes a net force and a net torque on its center of mass.

Double Pendulum With Poincare Map Model

The Double Pendulum model displays the motion of a two-part pendulum and its Poincare map. A
double pendulum is a simple pendulum with another pendulum attached to its end and the state of this
dynamical system is specified by two angles and two angular velocities. Because there is no friction,
the double pendulum is an example of a Hamiltonian system and energy is conserved. This EJS model
simplifies the system by using equal length arms and masses. Clicking in the Poincare section sets the
initial conditions of the rotor. The user can examine and modify this simulation if EJS is installed by
right-clicking within the plot and selecting "Open EJS Model" from the pop-up menu item.
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AAPT/ ComPADRE Books
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B Waves: An Interactive Tutorial folder
)
L L3 Waves: An Interactive Tutorial

Sharey Fedder Management Ciation G

n'lnu-r.).(.N'Vrll‘.u.!or ‘wam-' ﬂn 1"16'!1(1108 'rﬂlﬂf‘at ‘7 Kyk Forinask h{h,% Chaisbian

1.Banc Propertes 2.Comburing Waves Stxternal Interactions 4 Apoicatam

=6

3 Waves: An Interactive Tutorlal Sut
L0

-

& () External 1

) Ans

Introduction to Wawves Tutorial

National University of Singapore, Singapore
2015

12



‘ Available on ComPADRE Now!

Hosted by ——

Modeling Wealth Tn . - =
‘Waves: 7in Interactive Tutorial , ; , ;...........01p50m st L -

1.Basic Properties 2.Combining Waves 3.External Interactions 4.Applications

Waves: An Interactive Tutorial

This online book uses a series of tutorials based
on interactive simulations and animations to
explore the physics of waves. Students develop
their understanding of waves through guided
questions and exercises based on these
simulations.

e 4.Applications
DO T ok This is a_set of int_eractive tutorials dgsigned to teach the fundal?nen_tals of wave dynamics. It
e starts with very simple wave properties and ends with an examination of nonlinear wave
behavior. The emphasis here is on the properties of waves which are difficult to illustrate in a
static textbook figure. The tutorial may be used in conjunction with a text or as a stand alone
introduction to waves. Exposure to calculus and basic physics is assumed in the latter
sections.

NOTE: The simulations are now all in JavaScript and have been tested to run in Chrome and
Firefox browsers with JavaScript enabled. They should also run in those browsers on tablets

and smart phones.

Introduction to Waves Tutorial
More about the design and goal of this tutorial, with a simple example.

d run - de

©2015 Kyle Forinash and Wolfgang Christian.
Released under a Creative Commons Attribution-Noncommercial-Share Alike 3.0 license.

Hosted by AAPT ComPADRE as a member service
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Authoring Epub 3 with EjsS

00 iBooks
| iBooks Store ‘ All Books Collections Authors Categories

Sort By v

PHYSLET PHYSICS PHYSLET'PHYSICS
Modeling Wealth Inequality 2E 2E

VOLUME | VOLUME Il

.1 .

JAVA EDIVTION

for

QUANTUM ! Astronomy Python for [nformatics

PH YS'CS 3 An Interactive Introduction Exploring Information
2E Te \ | 1

JAVA EDITION

Charles Severance

MARIO BELLONI

National University of Singapore, Singapore
2015



Distributing Content with the

EsS Reader

e —TTY]

QM Barrier Scattering P Bound Eigenstate Superpos... Eigenstate Superpos... Free Particle Eigenstate Sup...
iy Wolfgang Christian Wolfgang Christian * Wolfgang Christian

Senarg Anenna

TR . Wackeving Awenna
Simulation: Ten agent econ... Simulation: Pareto's Principle .] Antenna
Sl W. Christian 3 W. Christian Author name
. & ]

Available Android, iOS, and with Google Chrome,

National University of Singapore, Singapore
2015 15



What we have learned about:

Getting Simulations Right

Work on curriculum development from the start as

you work on programming. It will carry the message In
the end.

Focus on an important concept or application. Too
many options distract.

The devil is in the detail. A small practical problem
can ruin a grand plan.

It is HARD to do new things in front of students. (e.g.
JiTT, Peer Instruction, ILD, Flipped Classroom, Etc.)

Real curriculum change, which means changing
people, takeS t|me My first book, CUPS: Waves and Optics, was published in 1994.
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The OSP-EjsS-ComPADRE platform removes
many of the complicated tasks involved in
integrating simulation and modeling into the

classroom allowing teachers and students to focus
on the science.

"Okay your father
managed to get a mouse
Now how do we use it?"
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Open Source and CC — Facilitating Collaboration

Open Source Physics @Singapore A Singapore physics teacher's blog that us

Flipcard v | Pages v

vvvvv

o
Creating Electronic Interacll
Books for Computers
maalll Tablets/Cell Phones Using
Svll)ava/ Javascript Simulations,

Qe -HH:'-~ . I e | oo |
i

ive Commons Attribution-Share Alike 3.0 Singapore License.. Dynamic \iews template. Powered by Blogger

Physlets and the OSP Collection are recognized by over 50% and 22%,
respectively, of United States physics faculty as a research-based instructional
strategy they are familiar with or have used (Henderson & Dancy).
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‘ OSP Collection Team & Collaborators

OSP Managing Editor:

o Wolfgang Christian - Davidson College
= OSP and EJS Curriculum Authors:

o Mario Belloni - Davidson College
Anne Cox - Eckerd College
Todd Timberlake — Berry College
Harvey Gould - Clark University
Jan Tobochnik - Kalamazoo College
Loo Kang Wee — MOE Singapore
= Tracker and OSP Tools Developer:

o Doug Brown - Cabrillo College
= [Easy Java Simulations Developers:

o Francisco Esquembre - Universidad de Murcia

o Felix Garcia Clemente - Universidad de Murcia

o Luis de la Torre - Universidad Nacional de Educacion a Distancia
= ComPADRE:

o Bruce Mason — University of Oklahoma

o Lyle Barbato- AAPT

o Matt Riggsbee- AAPT

o Caroline Hall-AAPT AAPT

O 0O 000

Resources and Services for Physics Education
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