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| am delighted to have this opportunity to talk with you about integrating computation
in the classroom. The Gordon Research Conference brought together researchers
(practitioners) in computational physics and physics education with the goal of
getting more computation into the classroom. I will briefly discuss why this is
important, examine some of the barriers to this, and demonstrate some of the ways
the Open Source Physics project has tried to address these barriers.



Why Computation in Classroom?

 Analytical skills

*Model building develops analytical skills and helps students understand concepts
more deeply. Often when my students say the “program isn’t working” or “I don’t
know if my program is working right or not” it is because they don’t understand the
physics. They haven’'t thought about what they expect (if they program a —k*x"3
force for example— what do they expect? Why?); At the intro level, if they leave the
initial velocity zero and initial position zero, then the spring won't oscillate.

*More realistic problems— a less spherical cow? Computer allows you to solve
problems that you don’t have the mathematical tools (or sophistication) to solve—
this is why we use it in the first place— students need to see that

*Preparation: Computational physics is an area of research all its own: Theoretical,
Experimental, Computational. This is what professional physicists do. We need our
undergraduates to be equipped for graduate work.

*Fun- okay, not in the video game sense of fun, but maybe “fun” in that it is
“satisfying” when you understand and even more so when you can make the
simulation work.
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Barriers

Finding materials
Pedagogy
Source availability
High overhead

Lots of material out there

*Animations and simulations without associated teaching materials
*Simulation without code: it is a simulation or an animation?
*Spend time teaching computational physics in class.



Finding materials

Lennard-Jones Potential Simulation

» Google, wiki

* Digital library: NSDL and ComPADRE
Google =4 comPADRE ==Y

Digital Resources for Pl stronomy Education

Web Scholar Books Collec

ns | Partners | About comPADRE

Scholarly articles for Lennard-Jones pote|ge---& —-—— - 1oo- - S oo oo wion ceoiou
47 GROMACS 3.0 3 package for mole Compadre Portal Results | Partner Results |
Ernpirical potential Monte Carlo sir Search string: lennard-jones potential simulation

B . s s0r . . ;
Diffusian in Lennard-Jones fluids usi *~ Federation Services: ComPADRE MERLOT ADS Education Physlet/0SP PADS WSDL

[Jreturned Records: 11 il 4 o 1 &4

Lennarcd—Jones potential - \Wikipe
[edit] Molecular dynamics simulation: Trur

Lennard-Jones (LI} potential is often trun

en.wikipedia.orgfwiki’'Lennard-Jones_pote 1. Lennard-Jones Potential Model [Computer I — =2
= Program]

Lennard-Jones simulation inform: Detailz) Past a comment Control Menu

the exact wall potential is similar to a Len — The E5 Lennard-lones Potential model shows the dynamics

Ladanyi, Molecular dynamics simulation o of & particle of mass m within this patential. You can drag

wewir weizmann. ac.ilfichemphysffaederimice  particle to change its position and you can drag the et o >

Cached - Similar pages - energy-line to change its total energy, The Lennard-Jones
potential function is a reasonably accurate model ...

Results #1-#10 of 100 Mext Page

Iolecular Dynamics Simulator http:/fwww .compadre org/portal/documnent/ServeFile ofm?ID=8306&Doc..,

Google 145,000 hits (on 3/4/09 at 3 EST): in first 10 you get the wiki entry,
several pdfs (to articles in journals you need to subscribe to), a book and two
webpages with links to sims

ComPADRE: 9 hits— all programs
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e Curriculum
e PER

directed interaction students don’t just “play” with sims on their own (if given “play”
time, will Txt, etc)

eInspired by best practices and informed by PER

*STP Project chapter 1 starts explicit connection between Simulation Curriculum
AND algorithm.
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*How good are the sims? What are the assumptions? Is it an animation (like in PPT)
or a simulation?

*Eclipse workspace available for OSP materials.
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* Animation? Simulation?
* Open Source Physics (OSP)

t=10.640

*How good are the sims? What are the assumptions? Is it an animation (like in PPT)
or a simulation?

*Eclipse workspace available for OSP materials.
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* Animation? Simulation?
* Open Source Physics (OSP)

t=10.320

*How good are the sims? What are the assumptions? Is it an animation (like in PPT)
or a simulation?

*Eclipse workspace available for OSP materials.
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Easy Java Simulations (Ejs)

Ewvol Page

By Francisco Esquembre
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ComPADRE detalls

* OSP Collection
» Topical
— STP

— Quantum
Exchange

— Others coming
soon

* uComp- coming
soon

27



o Curriculum ™ gy,
« Computation
» Collection

28



O:5+2

) source physics

SIMULATIONS

EJS
MODELING

CURRICULUM
PROGRAMMING
TOOLS

BROWSE
MATERIALS

RELATED
SITES

DISCUSSION
ABOUT OSP

» home » 9
Detail P

GR Prop

written by
equcations
The GR Pr
the Schwal
light-travel
clicking th

GR Proper |
General Re
searching

login - create an account

Search the OSP Collectiol] Search || Advanced

Lab
Grad Sim J

samiazsanla map

Cox e

between paints using

h between two points and the
wpompiled) Java archive. Double
m if Java is installed.

sics programs that model aspects of
vigualizations., They can be found by
General Relativity.

n 1.5 of Java.
n?I0=7009800cIl=340

resource (2

Subjects -

Astronomy

Co il mimm b =

Levels

- Upper Undergraduate

1 mnsmm 1 bl mgmimimm el me m

Resource Types

- Simulation

[l e P

29



* home » Detail Page

mputer Program Detail Page

STP MD Approach To Equilibrium Three Partitions ShmsAEMNBSSAER | Contribute
Program Make a Comment

writen by Harvey Gowld, Jan Tobochndk, Wolfgang Christizn, and dnne

Cox

The MDapproachToEquilibriurmThreePartitions program simulates a 'j
systemn of particles in two dimensions interacting via the
Lennard-Jones potential, The program shows the particles in the box

as a function of time

sections are removed,

model aspects of Sta

to-run {compiled) Java archive, Double-clicking the stp
MDApproachToEquilibriumThreeP artitions.jar file will run the program if Java is

installed. Additional
available and can be
and Thermal Physics

Please note that this

http:/fwww compadre..org/STP/docurment/ServeFile . ofm?ID=8159&0DocID=5...

Statistical s

Thermal Pllysic s

Create a Relation

References
STP Texthook

once the partitions dividing the box into three

Classical to
Statistical Mechanics

Is Part OF
Statistical and

Thermal Physics
[5TP) Application

tistical and Thermal Physics (STP). The program is distributed as a ready

Open Source Physics programs for Statistical and Thermal Physics are
found by searching ComPADRE for Open Source Physics, STP or Statisticl See detals..,

3 3 Similar Materials
resource requires at least version 1.5 of Java.

STF MD Approach To
Equilibriumn Two

Partitions Program
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Statistical wa

login -

1 lle]_'I]'lEll Pll}'EiCS [search |

# home » Search Results » Detail Page

mputer Program Detail Pag

Molecular Dynamics Demonstration Model
written by Wolfgang Christian

The EJS Molecular Dynamics Demonstration model is constructed
using the Lennard-Jones potential truncated at a distance of 3
rmolecular diameters, The motion of the molecules is governed by
Mewton's laws, approximated using the Verlet algorithm with the
indicated Time step. For sufficiently small time steps dt, the system’'s
total energy should be approximately conserved. Users can select
warious initial configurations using the drop down menu,

Contribute
Make a Comment
Create a Relation
Contact us
Similar Materials

Eis STP LIFluid2D
Model

Eis Hard Disk Gas

Ejs Molecular Dynamics Demonstration model was created using the Easy Java Simulations (Ejs)
rmodeling tool, It is distributed as a ready-to-run {compiled) Java archive. Double clicking

the js_stp_rmd_MolecularDynamicsDemo.jar file will run the program if Java is installed. Ejsis 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 statistical mechanics are available, They
can be found by searching ComPADRE for Open Source Physics, OSP, or Ejs.

Flease note that this resource requires at least version 1.5 of Java,

Model

Eis Hard Sphere Gas
Model

More...

#» Molecular Dynamics Demonstration Model source code
The source code zip archive contains an ¥ML representation of the Maolecular
Dvnarnics Dermo Model, Unzio this archive in vour Eis workspace to cormpile and run

31



Ejs Digital Library
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Ejs Digital Library

Eje| EJS

@ Nacrrin n__ O Madal
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EJS models in library

B4

Connectto the EJS digital library: |OSP collection in the comPADRE digital library |v| Get catalog

List models only under their main category
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T
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o [ Electricity & Magnetism i

‘|Molecular Dynamics Demonstration Model

<« I |

-
art
~
1 -
.
o)
.
: < =
. .
..
.
- L
.. AT
.

Thermodynamics & Statistical Mechanics: Models: Lennard-Jones —
Potential:

Author: Wwolfgang Christian

The EIS Molecular Dynamics Demonstration model is constructed using
the Lennard-Jones potential truncated at a distance of 2 molecular

diameters, The motion of the molecules is governed by Newton's laws, —
el o I -l ) it b il AT .

Download | Disconnect H Close |
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Filing Cabinets
# COMPADRE e

: Digital Resources for Physics & Astronomy Education

Search the Site... I Go! I

advanced search

what can comPADRE do for you?

An [
Welcome to comPADRE! m@@‘ Pathway elcome e comBaDREL

The comPADRE Pathway, a part of the Matonal Science Digital Library, is a
growing network of educational resource collections supporting teachers and
students in Physics and Astronomy. As a user you may explore collections
designed to meet your specific needs and help build the network by
recormnmending resources, commenting on resources, and starting or joining
discussions. To recommend a web resource, visit the Suggest a Resource page
on the Physical Sciences Resource Center,

ew My Filing Cabinet
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Shared Resources
#comPADRE FECEE

Digital Resources for Physics & Astronomy Education

| Partners | About comPADRE Search the Site. . |

Colle:

advanced search

Logout Filing Cabinet «

My Profile |Il| Filing Cabinet |
My Filing Cabinet

vyour filing cabinet allows you to store and organize resources into folders for later use.
For details, please wisit the Filing Cabinet help,

cCommunity News

Additionally, yo olders with other comPADRE members, or browse

workshops & Conferences
Calendar
Hosted Events
Staff
Technology
Become a Collaborator
Contact Us

Manage My Folders

Qpen u the |

An Create 3 new root folder
INSIDL_pewe
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Shared Resources

# COmMPADRE

Digital Resources for Physics & Astronomy Education

Logout
My Profile
My Filing Cabinet

Community News
Workshops & Conferences
Calendar
Hosted Events
Staff
Technology
Become a Collaborator
Contact Us

An m@ E][! Pathway

REERR

Search the Site... I Go! I

advanced search

Shared Folders « Marmber Directory «

Members with Shared Folders

F Modeling with Ejs (9)

- (21 statistical and Thermal Physics (3)

D L D Chapter 1: From Microscopic to Macroscopic Behavior (11)
[ L D Chapter 2: Thermodynamic Concepts and Processes (1)
D L D Chapter 3: Concepts of Probability (14)

L Cl Chapter 4: The Methodology of Statistical Mechanics (&)
D L D Chapter 5. Magnetic Systems (10)

L Cl Chapter &: Moninteracting Particle Systems (6)
D L D Chapter 7' Chemical Potential and Phase Equilibria (3)

L D Chapter 8: Classical Gases and Liguids (6]
o[ |l ;

Computation in the Classroom: APS March Mtg 08: A8.00004 (7)

1 cari Hall
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