ComPADRE
Digital Library Resources
for Teaching Astronomy

Wolfgang Christian & Mario Belloni
Davidson College, USA

Partial funding for OSP was obtained from Davidson College and through NSF grants DUE-0442581
and DUE-0937836. Opinions expressed here are not those of Davidson College or the NSF.

it -

J ] y
N,
.g'

b
. -


http://www.compadre.org/osp/items/detail.cfm?ID=9379

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. It is based on:

Tracker 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. (See poster.)

Easy Java Simulations (EJS) creates interactive simulations in Java
without extensive prior programming knowledge.

OSP ComPADRE Digital Library archives and distributes curriculum
resources that engage students in physics, computation, and computer
modeling.
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The relations between content,
pedagogy and technology are complex
and nuanced. Technologies often come
with their own imperatives that
constrain the content that has to be
covered and the nature of possible
representations. So it may be
inappropriate to see knowledge of
technology as being isolated from
knowledge of pedagogy and content.

(Mishra and Koehler 2006)
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Grade School Teaching

North Carolina 4th Grade Standard Course of Study

Earth in the Universe

Essential Standard Clarifying Objectives
4.E.1 | Explain the causes of day and 4.E.1.1 | Explain the cause of day and night based on the rotation of
night and phases of the moon. Earth on its axis.

4.E.1.2 | Explain the monthly changes in the appearance of the moon,
based on the moon’s orbit around the Earth.

Astronomy appears in the curriculum sooner than we think -- but grade school science teachers are
not trained in physics or astronomy.
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‘ Grade School Teaching

North Carolina 5" Grade Standard Course of Study

COMPETENCY GOAL 5: The learner will build understanding of the Solar

System.

Objectives

501 Analyze the components and cycles of the solar system including:
e Sun
* Planets and moons.
» Asteroids and meteors.
* Comets.
* Phases.
* Seasons.
* Day/year.
* Eclipses.

502 Compare and contrast the Earth to other planets in terms of:

* Size.

* Composition.

* Relative distance from the sun.
» Ability to support life.
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Middle School Teaching

North Carolina 6t Grade Standard Course of Study

Earth in the Universe

Essential Standard Clarifying Objectives

6.E.1 Understand the earth/moon/sun | 6.E.1.1 | Explain how the relative motion and relative position of the
system, and the properties, sun, Earth and‘ moon affect the seasons, tides, phases of the
structures and predictable moon, and eclipses. :

motions of celestial bodies in the | 6-E-1:2 | Explain why Earth sustains life while other planets do not
based on their properties (including types of surface,
atmosphere and gravitational force) and location to the Sun.

Universe.
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High School Teaching

Common Core State and NC Essential Standards: Earth and Environmental

Earth in the Universe

Essential Standard Clarifying Objectives
EEn.1.1 | Explain the Earth’s role as a EEn.1.1.1 | Explain the Earth’s motion through space, including
body in space. precession, nutation, the barycenter, and its path about the
galaxy.

EEn.1.1.2 | Explain how the Earth’s rotation and revolution about the
Sun affect 1ts shape and 1s related to seasons and tides.
EEn.1.1.3 | Explain how the sun produces energy which 1s transferred
to the Earth by radiation.

EEn.1.14 | Explain how incoming solar energy makes life possible on
Earth.
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‘ Teaching Ettectiveness
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Teacher Modifiable Models

E Moon View Frame

Phases of Moon Model
o Teacher Model

o Lesson Plan
o Modified jar

[Solar Eclipse] [Kepler System] [Earth Orbit]

See Timberlake filing cabinet and Belloni filing cabinet.
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http://www.compadre.org/osp/items/detail.cfm?ID=9640
http://www.compadre.org/osp/items/detail.cfm?ID=9757
http://www.compadre.org/osp/items/detail.cfm?ID=9390
http://www.compadre.org/osp/items/detail.cfm?ID=9308
moon_phases_ms.pdf
ejs_astro_teacher_MoonPhases.jar
moon_phases_ms.pdf
moon_phases_ms.pdf
ejs_MoonPhasesStudent.jar
ejs_MoonPhasesStudent.jar
http://www.compadre.org/osp/filingcabinet/share.cfm?UID=12250&FID=17802
http://www.compadre.org/osp/filingcabinet/share.cfm?FID=17533
http://www.compadre.org/OSP/items/detail.cfm?ID=9308

College-Level Computational Physics

College-level curricula should reflect current research and professional
practice and astronomy/astrophysics provide many excellent topics. Every
undergraduate physics major should know about computational physics,
including essential algorithms, minimal level of programming experience, and

computational ways of thinking.

[Colliding Galaxy] [3D] [Solar Photon] [Hyperion]

Differential equations and ODE
numerical algorithms: Newtonian orbits
to orbits about black holes.

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

Chaos theory: Logistic map to nonlinear
problems.

Final project of the student’s choice.
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http://www.compadre.org/osp/items/detail.cfm?ID=8985
http://www.compadre.org/osp/items/detail.cfm?ID=11246
http://www.compadre.org/osp/items/detail.cfm?ID=11349
http://www.compadre.org/osp/items/detail.cfm?ID=8245

OSP Contributors

Newton Cannon
(Timberlake)

Supernovae
Data Fitting

(Moldenhauer et al.)

J

Keplerian Orbits
(Aguirregabiria)
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Diffraction
(Gallis)

OSP Resources for Teaching Astronomy

Radiation
(Hwang)

—

Rotation with
Dark Matter

(Pisani)

11


http://www.compadre.org/osp/items/detail.cfm?ID=9391
http://www.compadre.org/osp/items/detail.cfm?ID=11512
http://www.compadre.org/osp/items/detail.cfm?ID=11587
http://www.compadre.org/osp/items/detail.cfm?ID=7850
http://www.compadre.org/osp/items/detail.cfm?ID=8888
http://www.compadre.org/osp/items/detail.cfm?ID=9387

Modeling Cycle

The goal of modeling is to teach in a student-centered environment
where students do not solve problems in a formula-centered way.

Modeling Instruction attempts to enhance student achievement through
a process called the Modeling Cycle, (following Robert Karplus’
Learning Cycle).

Throughout the Modeling Cycle we rely on student engagement and
explanation as the dynamic of learning.

The start of the modeling cycle is the development phase:

a variety of different ways.

- Qua“_t(_:mv_e descnpt_lon Although the Modeling Cycle can be used without
o Identification of variables computers, it is well suited for computer modeling
o Planning an experiment if we replace the word “experiment” with

: , “simulation” in the development phase.
o Performing the experiment
o Analysis of experiment After the development phase, the model is
o Presentation of results deployed in a variety of new physical situations in
Q

Generalization

OSP Resources for Teaching Astronomy
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Need for Digital Libraries

A Google search for “orbit” returns 20,300,000 pages; while “Earth
orbit simulation” returns 23,700 pages (The search for Earth orbit
simulation without the quotes returns 1,080,000 pages).

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

There is often 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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ComPADRE

We are out of the business of web hosting and let
the experts do it.

Standard and Custom
Library and Web

Search the OSP Collection...

SIMULATIONS | mputational Resources for Teaching Upcoming OSP Events
Se rvi Ces EJS MODELING The OSP Collection provides curriculum resources that engage students in physics, Incorporating Computation
CURRICULUM computation, and computer modeling. Computational physics and computer modeling and Modeling into Physics
= provide students with new ways to understand, describe, explain, and predict physical Teaching
PROGRAMMING phencmena. Workshop for New Physics and
TOOLS L Astronomy Faculty

BROWSE MATERIALS

CO n n eCtIO nS to U Se rS RELATED SITES i OSP Simulations are compiled programs on Student modeling, the guided exploration Newnmber 10-15: 204

DISCUSSION specific topjcs_. The mod_els can I:_)e used for of physical systems and concepts, is_ a SC 09: Educational Program
concept building, exploring physical powerful approach to engaged learning. EJS, Pathways, and Digital
an d N S D L ABOUT OSP systems that are not accessible otherwise, Easy Java Simulaticns provides the Libraries Presentations
or as a basis for other student exercises. computational tools for students and faculty SC 09: International Conference
& to explore physics without the need for on High Performance Computing,
@: Browse simulations learning details of java programming. Networking, Storage, and Analysis
e Portland, OR
The Open Source Physics  Featured Simulation Learn more sbout EIS November 14-17, 2009
>500 O S P I te m S Project is supported by =
NSF DUE-0442581. ey " "S5|  Featured EJS Model Open Source Physics Content

PONr———
3 Delivery: Computation,

Curriculum, and Libraries

A presentation at the 2009 NSDL

annual meeting on use and

dissemination of OSP and EIS

resources

>10,000+ visitors/month

Building a National Digital
Library of Physics Simulations
Presentations by Wolfgang

Polarizer Program

1 m 1 The Polarizer program displays the effect - . . Christian and Fu-Kwun Hwang at
>5 [] OOO SI u I atl 0 n of a plane polarizer on an incident Orbiting Mass on a Cone 3D Model the CCP 2009 cenference in
electromagnetic wave. The default The EIS Orbiting Mass on a Cone 3D model Kaochsiung, Taiwan December
d Own | Oad S/m O nth electromagnetic wave is plane polarized displays the frictionless dynamics of a 2009
bui this polarization can be chanaed using ____mass consteained to orhit on the inside of 2
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‘ Librar

y Information

Phases of Moon Model
written by Todd Timberiake

The EJS Phases of Moon model displays the appearance of Moon and how it
changes depending on the position of Moon relative to Earth and Sun. The main
window shows Earth (at the center) and Moon, as well as a circle tracing out
Moon's orbit. Sun is far to the right in this picture and therefore the right side of
Earth and Moon are bright while the left sides are dark. By using the Options
Menu the Moon View window shows the appearance of Moon as seen from

Earth when Moon is in the position shown in the mam window. You can

madify this simulation if you have Ejs installed by right-clicking within the plot
and selecting "Open Ejs Model” from the pop-up menu item,

The EJS Phases of Moon model includes three supplemental documents (see below) that include a middle
school lesson plan, a college level worksheet, and the student version of the program.

EJS Phases of Moon model was created using the Easy Java Simulations (Ejs) modeling tool, Itis
distributed as a ready-to-run (compiled) Java archive. Double clicking the
e)s_astronomy_MoonPhases.jar file will run the program if Java is installed. Ejs is a part of the Open
Source Physics Project and is designed to make it easier to access, modify, and generate computer
models. Additional Ejs models for astronomy are available, They can be found by searching
ComPADRE for Open Source Physics, OSP, or Ejs.

Please note that this resource requires at |east version 1.5 of Java (IRE).

3

b .jar
Last Modified: Apnl 14, 2010
Rravious vers ]

@ View the supplemental documents attached to this resourt

B View the source code document attached to thes resource

Subjects Levels Resource Types
Astronomy - Lower Undergraduate - Instructional Matenal
- Astronomy Education - Middle School = Currniculum support

= Curricula - High School = Interactive Simulation
- Fundamentals - Audio/Visual
= Lunar Phases = Image/Image Set
- Solar System
= The Moon
Intended Users Formats Ratings

: Ef:‘irczf;sm - application/java ﬁﬁﬁﬁ*

. General Publics Rated 5.0 stars by 5 people
want ta rate this matenal?
Login here

\ Item Details N Related (2) Standards (7) Comments (3) Cite Shared Folders (13)

J Save to my foiders

vBedl 098

Supplements
Standards (7)
Comments (3)

Shareg Folders (13)

Contribute

Make a Comment

Related Materials
Is Bazed On

asy lava
Simulstions Modeling
and Authoring Tool

Is the Basis For

weww.phy.ntoy.edut.,

68 details...

Similar Materials
Phases of Venus
Model
Solacand Lunar
Eclipse Model

Supenor P

l-;;&ag’

tolemaic

Mors...

Featured By
Qpan Soyrce Phys
Nov 11 - Aug 31,
2011
Physics Front

May 3 - Jun 3, 2011

=
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‘ Personalization

(2] Mario Belloni's Shared Folders
L Astronomy 105

Astronomy 105 (2 resources, 14 subfolders)
- ‘ Materials in Support of a College-Level Introductory Astronomy Course at Davidson College.

A survey of the current scientific view of the Universe. Emphasis on the physical and mathematical principles
necessary to understand how astronomers observe and interpret phenomena. Topics include the historical

development of major astronomical theories, the interaction of light and matter, the life cycle of stars, and the
O n e n amm structure and evolution of the Universe. No laboratory.
[7] Astronomy 105 Course Home Page
L
o F I n This website is the course homepage for the Davidson College Astronomy (PHY 105) course from the Spring of
2011 taught by Mario Belloni. Many of the following materials were used in the teaching of this course during

the spring of 2011.

Collect e

[7] Davidson College Astrophotography Project

astrophotographs. Follow the link to see both our personal and student photos taken in Davidson, NC either

For the past year, as part of teaching the astronomy class (PHY 105), we have been taking
S O r t on campus or at the Pine Road Observatory.

website

R e I at e Copy selected into: | <] [Conv]

3 Astronomy 105 Subfolders
A n n O t at e L. ("] Naked Eve Astronomy (12)
L. ] Optical (Classical) Astronomy (0)

L. "] Solar System Models (10)

L. () Orbits (7)
Share < Sl G
L. ] Modern Astronomy (0)

L. (] Stars and Stellar Properties (6)

L. () Stellar Aberration and Parallax (5)

L. (] Exoplanets (2)

L. ) Galaxies (9)

L. (] General Relativity (5)
L. ] Classical Simulations (3)
L. ] Schwarzschild Metric Simulations (9)
L. (] Kerr Metric Simulations (4)

Stop following this folder
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http://www.compadre.org/osp/filingcabinet/share.cfm?FID=17533

\ OSP Collection Team

OSP Managing Editor:
o Wolfgang Christian - Davidson College
= OSP and EJS Curriculum Authors:
o Mario Belloni - Davidson College
o Anne Cox - Eckerd College
o Fu-Kwun Hwang — National Taiwan Normal University
o Harvey Gould - Clark University
o Jan Tobochnik - Kalamazoo College
Tracker and OSP Tools Developer:
o Doug Brown - Cabrillo College
= Easy Java Simulations Developer:
o Francisco Esquembre - Universidad de Murcia
= OSP Java Library Editor:
o Wolfgang Christian - Davidson College
= ComPADRE:
o Bruce Mason — University of Oklahoma
o Lyle Barbato- AAPT
o Matt Riggsbee- AAPT
o Caroline Hall- AAPT

.A,A'ET American Association of Physics Teachers AMEHICAN INSTITUTE E PHYSICS

_[_5 American Astronomical Society SQLL American PIIYSICR.I SOCIEty
physics
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Summary

The OSP-ComPADRE platform removes many of the complicated
tasks involved in integrating computation into the classroom allowing
teachers to focus on the science.
OSP provides the computational structure, including a
computational physics textbook, for our project.
OSP allows learners to engage in computational physics
modeling.
OSP encourages the sharing of curricular materials by allowing
Instructors to adapt existing EJS models to their particular needs.
ComPADRE supports distribution and collaboration by providing
an internet portal and a web service of models that are directly
downloadable into the EJS and Tracker modeling tools.

The OSP Collection in ComPADRE is a repository where programs,

models, and curricular materials can be organized and shared by
developers and instructors around the world.
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AMERICAN
JOURNAL
of PHYSICS

\/

Science

Education Prizes

Open Source Physics

In 2011, the OSP Collection had over 500,000 page views and 10,000 visitors who
visited the site six or more times. More importantly, usage has grown 42% in the past
year. There were 50,000 simulations downloaded using Web browsers and an
additional 5,000 downloads from within EJS into users’ workspaces. The OSP
Collection is also recognized by over 22% of United States physics faculty as a
research-based instructional strategy they are familiar with or have used.

www.compadre.orq/osp
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Learn more at: I racker Video Analysis Poster

1
jmass H selected (set mass on toolbar, shift-click to re-mark highlighted position) S ——
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