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with limited mathematics skills

Dean Zollman

KSU Physics Education Research
Group

—8 graduate students
—5 undergraduates

* Looking for a post-doc who can start
as soon as possible.
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Collaborators

* Sytil Murphy
* Dyan McBride
* Ebone Pierce

* Kirsten Hogg
* Mike Thoresen

* Wally Axmann InG
e LeiBao n Germany .
* Chandima Cumaranatunge * Manfred Euler (Kiel)

* Abby Dimtrova * Hartmut Wiesner (Munich)
* Larry Escalada * Rainer Miller (Brunswich)
* Bob Grabhorn  Hannes Hoff (Munich)
: Ezsgr:ol-\:\?er?ed * Monica Ring (Munich)

* Christine Waltner (Munich)




Instructional materials for
different types of students

* Premedical & biology
students

university students
* Science &

Engineering students ° Web surfing public

— Modern Physics — unintentional

course

— Anyone else who is interested

* Help students understand why & how we learn about
nature

* Increase contemporary physics literacy at the
conceptual level
— Use appropriate math and physics prerequisites

* Show the relevance to contemporary life
— Particular medical diagnosis and imaging

K.
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Method

* with inexpensive devices or
* advanced pedagogical apparatus

—interactive computer visualizations &
analogs

—written documents
in an activity-based environment.

Hands-on + Visualization

* Provides experience with the way physicists
build knowledge

» Offers conceptual understanding
— With or without mathematics

K.
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Electron diffraction experiment

Remote controlled experiment

Electron Diffraction
Laboratory

Remaining time to perform experiment: 35 B

Switch electron tube on

Acceleration voltage:
Electron tube will be switched off automatically. (0- 4.3V, Format X.XX, ENTER) v
1 scale division = 2 mm.

Screenshot Actual acceleration voltage: 42

ern http://rcl.physik.uni-kl.de/
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Interactive Screen Experiment

durchfihren

Visualization
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What tr BLE_énguz (k)mow!?”

http://www.whatthebleep.com

......

Example Learning Cycle
(continued)

Source
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Learning — Modeling Cycle

* Applications follow new concepts
* Small group activities
— Simple equipment
* & sometimes not-so-simple
— Visualizations
* Build models based on observations
— How do we know about things we cannot see?

Example Learning Cycle

— Hands-on
— Remote control labs (http://rcl.physik.uni-kl.de/)

* Compare changes in patterns of electrons and
waves (visualizations)

* Develop a relationship between energy
wavelength of electrons

K.
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Example Learning Cycle
(continued)

— As a summary
— Find errors
— Collect questions to be answered later

Two examples

— Visualization imitates the apparatus
— Connects to learning of energy quantization

* Magnetic Resonance
— Analogy using classical apparatus
— Visualization
— No real experiment (yet)
— Connects to medical applications

K.
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Franck-Hertz Apparatus
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* Graphical results in sweep mode
* Tube labeled in German; Power source in English
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Franck-Hertz Visualization
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Franck-Hertz Visualization

| € Franck-Hertz Experiment

Franck-Hertz Experiment

KPER Programmer: Chandima Cumaranatunge
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Magnetic Resonance

* End goal: Teach physics of magnetic
resonance imaging

* Primary effort: Sytil Murphy
— Assisted by Josh Gross

Magnetic Resonance Analog

| * 21
b -,

Compass must
not be damped
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Magnetic Resonance

With Field Gradient

KPER Sytil Murphy: AAPT Apparatus Competition Prize, 2009
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Connections
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= o http://phet.colorado.edu/simulations/index.php/

K“ Simplified MRI
ER
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Other experiments

Rutherford Scattering Remote Atomos; PhET
Photoelectric Hands-on/remote/IBE PhET

Optical Tomography Analogy (in development)  CT SIM (LMU & KSU)
STM ?? KSU vaM (S)
Gas Spectra Hands-on KSU vaMm
Radioactivity Hands-on/analogy/remote  PhET, others
LED Band Gaps Hands-on KSU vaM (S)
MRI Hands-on analogy PhET
Wavefront Aberometry Hands-on Model KSU MMMM
Various semiconductor Hands-on KSU vam
Energy Diagrams Hands-on KSU vam

Summary

* The set-up is understandable and not tedious

» Data collection is straight forward

* Analogies and/or visualizations are available
to help the reasoning process.

K.
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Resources

http://rcl.physik.uni-kl.de

http://www.ztek.com

http://waowen.screaming.net/revision/nuclear/rsan

im.htm
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