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Welcome to this topical conference on instructional 
labs “beyond the first year.” The conference theme, 
“Constructing Great Instructional Lab Experiences,” 
is inspired by the recent AAPT Recommendations for 
the Undergraduate Physics Laboratory Curriculum. 
As with the 2009 and 2012 conferences, this 
conference has come into existence through 
the efforts of an entire community, including 
members of the organizing committee, conference 
participants, and the vendors who share our vision. 
This conference is an opportunity for those who 
share a vision for effective laboratory instruction 
to come together to share ideas and knowledge, 
learn new techniques, ask questions, and plan for 
the future, so that we can continue to transform 
the instructional laboratory experience in positive 
ways for our students and for ourselves. Enjoy each 
other’s company and the experiences that are here 
for you, and plan to sustain the conversations and 
the relationships after the conference has ended.

—Elizabeth
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Wednesday, July 22
Registration	 7:30–8:30 a.m. 
	 John S. Toll Physics Building Lobby

Opening Remarks 	 8–8:15 a.m.
Elizabeth George (Wittenberg University), presiding	 Room 1410, Toll Physics Building	

SESSION I
“Implementing the AAPT Recommendations for the 	        8:15–9:15 a.m.
Undergraduate Physics Lab”	 Room 1410, Toll Physics Building

Ernie Behringer (Eastern Michigan), presiding

Invited Speakers: Ben Zwickl (Rochester Institute of Technology) & Joe Kozminski (Lewis 
University)

Panelists: Melissa Eblen-Zayas (Carleton), Heather Lewandowski (University of Colorado, 
Boulder), & Randy Tagg (University of Colorado, Denver)

Coffee break	  	 9:15–9:30 a.m.
Sponsored by Star Cryoelectronics	  	 Room 1410, Toll Physics Building

SESSION II
“Teaching Written and Visual Communication in Lab Courses”	 9:30–10:30 a.m.

	 Room 1410, Toll Physics Building 
Melissa Eblen-Zayas (Carelton College), presiding

Invited Talk: “The Laboratory Report as a Rhetorical Act” 
Cary Moskovitz (Duke University)

Invited Talk: “Visually Communicating Scientific Concepts, Data, and Results”  
Kelly Martin (Rochester Institute of Technology)

SESSION III
Contributed Poster Session I	 10:45 a.m.–11:45 a.m. 
	 Lobby, Physical Science Complex

Box lunches		  Noon–12:45 p.m.
Sponsored by Quantum Design, Inc.	  Lobby, Physical Science Complex

SESSION IV
“Short Workshops”	 1–1:40 p.m.	 Toll Physics Building 
	 1:55–2:35 p.m. 
	 2:50–3:30 p.m.

Coffee break		  3:30–4 p.m.
Sponsored by Active Spectrum Inc.	 Lobby, Toll Physics Building

SESSION V
“Short Workshops”	 4–4:40 p.m.	 Toll Physics Building 
	 4:55–5:35 p.m. 
	 5:50–6:30 p.m.

Dinner at Looney’s Pub, 8150 Baltimore Ave. 	 7–9 p.m.
Co-Sponsored in part by Edmund Optics and Spectrum Techniques, LLC
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Thursday, July 23
SESSION VI

“Crafting Better Student Experiences in Lab Courses”	 8–9 a.m.
Room 1410, Toll Physics Building

Shannon O’Leary (Lewis & Clark College), presiding

Invited Talk: “Flipping the Prelab to Optimize Student Preparedness and Lab Time”  
Suzanne Amador Kane (Haverford College) 
 
Invited Talk: “A Sabbatical “Immersion” to Rebuild Advanced Labs” 
Anne Cox (Eckerd College)

Coffee break	 9–9:15 a.m.
Sponsored by ColdQuanta, Inc.	  	 Room 1410, Toll Physics Building

SESSION VII
“Short Workshops”	 9:15–9:55 a.m.	 Toll Physics Building 

10:10–10:50 a.m. 
	11:05–11:45 a.m.

Box lunches		  Noon–12:45 p.m.
Sponsored by TeachSpin, Inc.	  Lobby, Physical Science Complex

SESSION VIII
“Short Workshops”	 1–1:40 p.m.	 Toll Physics Building 
	 1:55–2:35 p.m. 
	 2:50–3:30 p.m.

Coffee break		  3:30–4 p.m.
Sponsored by Keithley Instruments, a Tektronic Co.	 	 Lobby, Toll Physics Building

SESSION IX
“Breakout Discussions I”	 4:15–5:15 p.m.
	 	 Physical Science Complex (PSC); Computer and Space Sciences (CSS)

•	 BFY labs on Electronics—Matt Vonk (Wisconsin River Falls) and MacKenzie Stetzer (Maine) presiding, 
PSC 2136

•	 BFY labs on Optics/lasers—Lowell McCann (Wisconsin River Falls) and Ernie Behringer (Eastern 
Michigan) presiding, PSC 3150 

•	 BFY labs on statistical physics/thermodynamics/soft matter labs—Jeremiah Williams (Wittenberg) and 
Nalini Easwar (Smith College) presiding, PSC 1136

•	 Developing student experimental skills—Yongkang Le (Fudan U.) and Randy Tagg (Colorado–Denver) 
presiding, CSS 2115

•	 Instruction in writing and revision in the advanced lab—Mark Masters (IPFW) and Adrienne Wooters 
(Mass. College of Liberal Arts) presiding, CSS 2416

•	 Labs on a limited budget—Joss Ives (British Columbia) and Tim Grove (IPFW) presiding, CSS 2324

•	 Resources/ideas for new advanced laboratory instructors—Melissa Eblen-Zayas (Carleton College), Anne 
Cox (Eckerd) and Sean Robinson (MIT) presiding, CSS 2324

•	 Teaching modern physics / sophomore-physics lab—Erin Flater (Luther College) and Shannon O’Leary,  
(Lewis and Clark) presiding, CSS 0201

•	 Teaching uncertainty and statistical analysis—Natasha Holmes (Stanford) and Joe Kozminski (Lewis U.) 
presiding, CSS 2428
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SESSION X
“Innovation, Mentoring and Career Paths”	 5:30–6:45 p.m.

Room 1410, Toll Physics Building
Joss Ives (British Columbia), presiding

Invited Talk: “Open Labs for Innovation and Entrepreneurship in Physics” 
Duncan L Carlsmith (University of Wisconsin) 
 
Invited Talk: “Thinking of Laboratory Experiences as Mentoring Opportunities” 
Chandra Turpen (University of Maryland, College Park) 
 
Invited Talk: “Breaking the Myth of the ‘Non-Traditional’ Physicist: Preparing Physics Graduates  
for the Real World of Employment” 
Crystal Bailey (American Physical Society)

SESSION XI
Contributed Poster Session II	 7 p.m.–8:45 p.m. 
	 Lobby, Physical Science Complex
Includes heavy hors d’oeuvres mixer

Sponsored by PASCO Scientific, Inc.



6	 BFY II 2015  •  www.advlabs.aapt.org

Friday, July 24

SESSION XII
“Funding and Community Support for Upper Level Lab Endeavors”	 8–9:30 a.m.

Room 1410, Toll Physics Building
Elizabeth George (Wittenberg), presiding

Invited Talk: “External Support for Advanced Labs” 
   Dick Peterson (Bethel) & Gabe Spalding (Illinois Wesleyan University) 
 
Panel: “Update on ALPhA-related Initiatives and Programs” 
   Lowell McCann: The ALPhA Immersion Program
   David Van Baak:  ALPhA Miner Program
   Jeremiah Williams: AAPT-ALPhA Award
   Melissa Eblen-Zayas: APS-Reichert Award
 
Open Forum Discussion: “Strengthening our BFY Community” 
   Moderator: Ben Zwickl (Rochester Institute of Technology)

Coffee break		  9:30–9:45 a.m.
Sponosred by Keysight Technologies	 	 Room 1410, Toll Physics Building

SESSION XIII
“Breakout Discussions II”	 9:45–10:45 a.m.
	 	 Physical Science Complex (PSC); Computer and Space Sciences (CSS)

•	 BFY labs on condensed matter/materials/nano—John Essik (Reed College) and Khalid Eid (Miami of 
Ohio) presiding, PSC 2136

•	 BFY labs on quantum optics/photon-based quantum mechanics labs—Mark Beck (Whitman College) and 
Burcin Bayram (Miami of Ohio) presiding, PSC 3150

•	 Bio-related BFY labs in physics—Suzanne Amador Kane (Haverford College), Ashley Carter (Amherst) and 
Mary Lowe (Loyola U Baltimore) presiding, PSC 1136

•	 Communicating Experimental Results—Erin Flater (Luther College) and Jeremiah Williams (Wittenberg) 
presiding, CSS 2428

•	 Developing student experimental skills—Natasha Holmes (Stanford) and  David Bailey (Toronto) 
presiding, CSS 2115

•	 Labs on a limited budget—Lowell McCann (Wisconsin River Falls) and Nathan Frank (Augustana) 
presiding, CSS 2416

•	 Laboratory assessment beyond the first year—Ben Zwickl (Rochester) and Heather Lewandowski 
(Colorado) presiding, CSS 2324

•	 Mentoring projects—Yongkang Le (Fudan) and Melissa Eblen-Zayas (Carleton) presiding, CSS 2324
•	 Teaching uncertainty and statistical analysis—Joss Ives (British Columbia) and Bob DeSerio (Florida) 

presiding, CSS 0201

SESSION XIV
“PIRA’s Advanced Demo Show”	 11 a.m.–Noon

Room 1410, Toll Physics Building

Closing remarks	 Noon–12:10 p.m.
	 Room 1410, Toll Physics Building

Box lunches, informal conversations	 12:15–1 p.m.
Sponsored by Klinger Educational Products Corp.	 Atrium, Chemistry Building

Free time with vendors	 1–4 p.m. 
	 Toll Physics Building
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EXPANDED SCHEDULE

Wednesday, July 22

SESSION I: PLENARY SESSION
“Implementing the AAPT Recommendations 
for the Undergraduate Physics Lab”
8:15–9:15 a.m. • Room 1410, Toll Physics Building
Ernie Behringer, presiding

Invited: Ben Zwickl (Rochester Institute of Technology) & Joe 
Kozminski (Lewis University)

Panelists: Melissa Eblen-Zayas (Carleton), Heather 
Lewandowski (University of Colorado, Boulder), & 
Randy Tagg (University of Colorado, Denver)

The American Association of Physics Teachers approved the AAPT 
Recommendations for the Undergraduate Physics Lab document last year. 
This document discusses curricular laboratory goals and student learning 
outcomes for introductory and advanced (i.e. beyond first year) laboratories. 
In this plenary session, an overview of the document will be given, highlighting 
the recommendations for the lab curriculum beyond the first year. Ideas for 
implementing the recommendations and for assessing student learning in 
the labs will also be discussed. This plenary session will conclude with a 
panel of contributors to the document who will share what has worked well at 
their institutions, what has been slow to change, and how institutional factors 
impact implementation. 

SESSION II: PLENARY SESSION
“Teaching Written and Visual 
Communication in Lab Courses”
9:30–10:30 a.m. • Room 1410, Toll Physics Building 
Melissa Eblen-Zayas, presiding

The Laboratory Report as a Rhetorical Act
Invited: Cary Moskovitz (Duke)
The field of science education has paid considerable importance in recent 
years to what students might write in their lab reports. From the Workshop 
Physics project at Dickinson College to NCSU’s LabWrite, students have been 
offered many approaches to learning about and writing about science in 
the undergrad laboratory context. However, comparatively little attention has 
been given to thinking about lab report writing as a rhetorical activity—one 
intended to communicate particular ideas to a particular audience for a 
specific purpose. This is unfortunate, since labs remain students’ primary 
experience with scientific writing in the undergraduate science curriculum—
especially in mathematically-heavy fields such as physics. The rhetorical 
experience of the typical lab report reinforce student misunderstandings 
of scientific writing they often bring from high school, rather than helping 
them develop a more sophisticated and effective understanding of effective 
scientific communication. This talk invites us to reconsider the experience of 
the undergraduate physics lab report—for students as writers and instructors 
as readers.

Visually Communicating Scientific Concepts, Data, and 
Results
Invited: Kelly Martin (Rochester Institute of Technology)
“When I make scientific figures I don’t actively think about the rules. I just start 
creating and then re-arrange based on trial and error of what looks good/
clear.” This sentiment reflects a common practice among scientists when 
it comes to communicating an intended message through visuals. Visuals 

are often seen as an add-on or supplement to a research report. Therefore, 
visuals may be created quickly and with little thought given to graphic design 
principles. However, as presentations are common and data in all fields 
becomes larger and more complex, the necessity to communicate findings 
as clearly as possible should not be an afterthought. Just as students are 
taught to be mindful when collecting data and reporting findings, they should 
also be held to that same level of precision and critique when constructing 
visual messages. Well-constructed visuals help viewers and they can also 
help researchers gain new insights in their work by having to clarify their 
own assumptions and goals. This talk will cover best visual communication 
strategies and principles (e.g. color theory, alignment, contrast, proximity, 
repetition and resolution) when presenting information to a small or large 
group. It will also present specific visual communication challenges for 
scientists and then provide different design solutions and suggestions for 
evaluating students.

SESSION III: POSTER SESSION I
10:45 a.m.–11:45 a.m. • Lobby, Physical Science 

Complex

P01 An Experiment Revealing some Characteristics of 
Diatomic Molecules by Spectral Analysis of Laser Induced 
Fluorescence of Iodine

Burcin Bayram, Miami University; Mario Freamat, Morrisville 
State College 

P02 Vibrational and Rotational Spectra of Diatomic 
Molecules: Two Experiments in an Advanced Laboratory 
Course of Atomic and Molecular Spectroscopy

Mario Freamat, Morrisville State College; Dr. Burcin Bayram, 
Miami University 

P03 Using a Tube of Water to Screen Electric Fields: 
An Experimental Investigation of the Transition from 
Conductive to Dielectric Screening

Jake Bobowski, Jaklyn De Vos, University of British 
Columbia, Okanagan Campus 

P04 The Role of Metacognition in Troubleshooting: An 
Example From Electronics

Kevin L. Van De Bogart, University of Maine; Dimitri R. 
Dounas-Frazer, Heather J. Lewandowski,University of 
Colorado Boulder; MacKenzie R. Stetzer, University of Maine

P05 Maximum Likelihood is Least Squares (and not just 
for Gaussian random variables)

Robert DeSerio, University of Florida 

P06 Comparing electronic and traditional lab notebooks 
in the advanced lab

Melissa Eblen-Zayas, Carleton College 

P07 Calibrating an Electromagnetic Calorimeter for High 
Energy Physics Experiments

Brett Fadem, Muhlenberg College 
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P08 (Practice makes perfect) Speed of Light 
measurement using the Foucault Method

Dr. Elena Gregg, with undergraduate engineering physics 
students: Wesley Odom, Leif Peterson, Joshua Williams, Oral 
Roberts University 

P09 A powerful spectrograph based upon a low cost 
spectrograph

Timothy Grove, IPFW 

P10 A Differential Thermal Analysis Apparatus for 
Exploring the Glass Transition

William R. Heffner, Lehigh University 

P11 Assessing modeling behaviors in the lab
Natasha Holmes, Carl Wieman, Stanford University 

P12 Nonlinear Dynamics on the Cheap in the Junior 
Laboratory

Richard J Krantz, Metropolitan State University of Denver; 
Randall Tagg, John Carlson, University of Colorado - Denver 

P13 Stellar Photometry in the physics lab room
Shawn Langan, Zachary Smith, University of Nebraska-
Lincoln 

P14 Engaging Students in Scientific Practices in an 
Electronics Course

Heather Lewandowski, Noah Finkelstein, University of 
Colorado 

P15 Teaching about the Gamma Camera and Ultrasound 
Imaging

Mary Lowe, Alex Spiro, Ronald F. Vogel, Loyola University 
Maryland 

P16 The Path to Fourier Analysis through Intuition 
Building

Jenny Magnes, Vassar College 

P17 Low-cost coincidence counting apparatus for single 
photon investigations

Mark Masters, Kakathi Tummala, Tanner Heral, IPFW 

P18 Study of Acoustics in Classrooms
Dr Ramalingam P., Hazhy Rozh, UG student ( Engineering 
Major), American University of Iraq, Sulaimani 

P19 Exploring the Rotating Reference Frame in NMR—An 
Easy Extension of an Experiment You May Already Have

David B Pengra, University of Washington 

P20 Using Tethered Particle Motion Experiments in 
Statistical Mechanics or Biophysics Labs

Adam D. Smith, Obinna A. Ukogu, Ashley R. Carter, Amherst 
College 

P21 Investigating student understanding of operational-
amplifier circuits*

MacKenzie R. Stetzer, University of Maine; Christos P. 
Papanikolaou, George S. Tombras, University of Athens; 
Kevin L. Van De Bogart, University of Maine 
*This work has been supported in part by the National Science 
Foundation under grants DUE-0618185, DUE-0962805, DUE-1022449, 
and DUE-1323426. 

P22 Technical Competencies—A Versatile Framework for 
Learning Practical Knowledge

Randall Tagg, University of Colorado Denver 

P23 Stabilization of an NMR elctromagnet at low cost
Jose Vithayathil, University of Pennsylvania 

P24 An open-ended advanced lab on transverse normal 
modes of vertically hanging chains

Paul Voytas, Daniel Fleisch, Wittenberg University 

P25 An Arduino-based alternative to the traditional 
electronics laboratory

Rodney Yoder, Goucher College 

P33 Electron’s Charge-to-Mass Ratio Experiment: 
Students Laser-Focused on Perfection.

Dr. Elena Gregg, undergraduate Engineering Physics 
students: Wesley Odom, Leif Peterson, Joshua Williams, Oral 
Roberts University 

SESSION IV
“Short Workshops”
1–3:30 p.m. • Toll Physics Building

SESSION V
“Short Workshops”
4–6:30 p.m. • Toll Physics Building

Thursday, July 23

SESSION VI: PLENARY SESSION
“Crafting Better Student Experiences in Lab 

Courses” 
8–9 a.m. • Room 1410, Toll Physics Building
Shannon O’Leary, presiding

Flipping the Prelab to Optimize Student Preparedness and 
Lab Time
Invited: Suzanne Amador Kane (Haverford College)
We have converted all of our introductory and intermediate prelab 
preparation into interactive flipped experiences in which students watch 
videos, animations and tutorials online in addition to reading an improved 
lab manual and performing online automated prelab exercises. This means 
no prelab lectures that eat up precious lab time. Students are enthusiastic 
about this new lab course design and give it high marks for improving their 
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understanding and preparation, but also giving them a better sense of 
desired goals and learning outcomes. Instructors report that students appear 
better prepared and complete lab exercises in a more timely way, greatly 
reducing time overruns. I will explain details of how we implemented this 
idea, problems we encountered along the way and how we addressed them, 
and the world’s easiest way to prepare flipped presentations.

A Sabbatical “Immersion” to Rebuild Advanced Labs
Invited: Anne Cox (Eckerd College)
Several years ago, enrollment pressures resulted in a decrease in Advanced 
Lab offerings. However, with renovated facilities and additional space plus a 
sabbatical, we are re-imagining the experimental component of our physics 
major. This talk will discuss rebuilding an Advanced Lab within the constraints 
of a small department with limited funding, a small staff and low enrollments. 
Included will be a discussion of the many sources of inspiration (especially 
self-designed “sabbatical immersions”), the progress thus far, and the 
direction we are headed. The lesson we are learning is that even with limited 
resources, there are ways to advance labs for physics majors.

SESSION VII
“Short Workshops”
9:15–11:45 a.m. • Toll Physics Building

SESSION VIII
“Short Workshops”
1–3:30 p.m. • Toll Physics Building

SESSION IX: BREAKOUT SESSIONS I
4:15–5:15 p.m. • Physical Science Complex (PSC); 

Computer and Space Sciences (CSS)

BFY labs on Electronics 
Matt Vonk (Wisconsin River Falls) and MacKenzie Stetzer 
(Maine) presiding, PSC 2136

BFY labs on Optics/lasers
Lowell McCann (Wisconsin River Falls) and Ernie Behringer 
(Eastern Michigan) presiding, PSC 3150 

BFY labs on statistical physics/thermodynamics/soft 
matter labs

Jeremiah Williams (Wittenberg) and Nalini Easwar (Smith 
College) presiding, PSC 1136

Developing student experimental skills
Yongkang Le (Fudan U.) and Randy Tagg (Colorado-Denver) 
presiding, CSS 2115

Instruction in writing and revision in the advanced lab
Mark Masters (IPFW) and Adrienne Wooters (Mass. College 
of Liberal Arts) presiding, CSS 2416

Labs on a limited budget
Joss Ives (British Columbia) and Tim Grove (IPFW) 
presiding, CSS 2324

Resources/ideas for new advanced laboratory instructors
Melissa Eblen-Zayas (Carleton College), Sean Robinson 
(MIT), and Anne Cox (Eckerd) presiding, CSS 2324

Teaching modern physics / sophomore-physics lab
Erin Flater (Luther College) and Shannon O’Leary (Lewis 
and Clark) presiding, CSS 0201

Teaching uncertainty and statistical analysis
Natasha Holmes (Stanford) and Joe Kozminski (Lewis U.) 
presiding, CSS 2428

SESSION X: PLENARY SESSION
“Innovation, Mentoring and Career Paths” 
5:30–6:45 p.m. • Room 1410, Toll Physics Building
Joss Ives, presiding

Open Labs for Innovation and Entrepreneurship in Physics
Invited: Duncan L Carlsmith (University of Wisconsin)
Innovation labs can foster research and interdisciplinary entrepreneurship 
through project-oriented learning. I will motivate and describe experience 
with Garage Physics, an innovation laboratory at UW-Madison.

Thinking of laboratory experiences as mentoring 
opportunities
Invited: Chandra Turpen (University of Maryland, College Park)
In physics laboratory instruction, I argue it can be productive for us to 
think of ourselves as mentors. Approaching our students through the lens 
of mentoring can draw our attention to where students are coming from, 
what students value, and what they aspire to accomplish in the future. A 
mentor framing prompts us to examine how laboratory experiences fit into 
students’ holistic development along a diversity pathways. Drawing on the 
research literature as well as insights from undergraduate peer educators, 
I will suggest ways in which laboratory experiences could be made more 
personally meaningful and socially consequential for students.

Breaking the Myth of the “Non-Traditional” Physicist: 
Preparing Physics Graduates for the Real World of 
Employment
Invited: Crystal Bailey (American Physical Society)
Physics degree holders are among the most employable in the world, often 
doing everything from managing a research lab at a multi-million dollar 
corporation, to developing solutions to global problems in their own small 
startups. Employers know that with a physics training, a potential hire has 
acquired a broad problem-solving skill set that translates to almost any 
environment, as well as an ability to be self-guided and -motivated so that 
they can learn whatever skills are needed to successfully achieve their 
goals. Therefore it’s no surprise that the majority of physics graduates find 
employment in private sector, industrial settings. Yet at the same time, only 
about 25% of graduating PhDs will take a permanent faculty position--yet 
academic careers are usually the only track to which students are exposed 
while earning their degrees.

In this talk, I will explore less-familiar (but more common!) career paths 
for physics graduates, and provide resources to help faculty mentors give 
their students better information and training for a broader scope of career 
possibilities.
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SESSION XI: POSTER SESSION II
7–8:30 p.m. • Lobby, Physical Science Complex

P26 Integrating Commercial Solar Panels in the Physics 
Curriculum

Nicole Ackerman, Amy Lovell, Meghan Franklin, Rebecca 
Cupp, Yijun (Emma) Wan, Connor Day, Victoria Wood, Eli 
Whisnant, Agnes Scott College 

P27 The Thermographic Phospor Labkit
Steve Allison, Mark M. McKeever, M. R. Cates, D. L. 
Beshears, M. B. Scudiere, M. A. Akerman, Emerging 
Measurements Co. (EMCO), Knoxville, TN; J. E. Parks, 
University of Tennessee, Knoxville 

P28 Flipping (and Scrambling) the Introductory 
Electronics Course

Eric Ayars, California State University, Chico 

P29 Witnessing Entanglement
Mark Beck, Whitman College; Marisol N. Beck, Harvey Mudd 
College 

P30 Building a Pedagogically Sound Second-Year Physics 
Course in a Newly Revived STEM Program

Matthew Civiletti, Mario Freamat, Morrisville State College 

P31 Troubleshooting in an Electronics Course and the 
Experimental Modeling Framework

Dimitri R. Dounas-Frazer, University of Colorado Boulder; 
Kevin L. Van De Bogart, MacKenzie R. Stetzer, University 
of Maine; Heather J. Lewandowski, University of Colorado 
Boulder 

P32 Incorporating Research Ethics into Advanced Labs 
Curriculum

Kirstin Purdy Drew, Pennsylvania State University 

P34 Measuring Nano-particle Fluorescence in 
Caramelized Sugar Glass

William R. Heffner, Lehigh University; Donald Wright III, 
Oakwood University 

P35 Results for a Cheap Off-the-shelf Duffing’s Oscillator: 
Or how to make a meaningful laboratory from nothing

Richard J Krantz, Nicholas Hoen (student), Julie Zimmerman 
(student), Metropolitan State University of Denver 

P36 Laboratory on Medical Physics
Yongkang Le, Weifeng Su, Min Ji, Fudan University 

P37 Developing a new laboratory course to prepare 
students for graduate research in astrophysics

Christine Lindstrøm, Oslo and Akershus University College; 
Saalih Allie, University of Cape Town, South Africa; Heather 
Lewandowski, University of Colorado, Boulder, CO 

P38 A Peer Review of Writing Workshop in the Advanced 
Lab

Dr. Melanie Lott, Denison University 

P39 Investigation of the Bragg-Snell Law in Photonic 
Crystals

Shabbir M Mian, Gina Mayonado, McDaniel College; 
Valentina Robbiano and Franco Cacialli, University College 
London 

P40 LCphysX: Teaching undergraduate physics majors 
in upper-level laboratory courses multi-media science 
communication skills for public outreach

Shannon O’Leary, Parvaneh Abbaspour, Lewis & Clark 
College 

P41 Electron Spin Resonance: An experiment for 
perceiving Quantum Physics Intuition

Ratnakar Palai, University of Puerto Rico, San Juan 

P42 An Optics Laboratory Module on Image Formation, 
Aberrations and Lens Design

Robert D. Polak, Nicholas M. Pflederer, Loyola University 
Chicago 

P43 Sequential Introduction of Data Analysis Methods in 
the Modern Lab

Timothy Roach, College of the Holy Cross 

P44 Effectiveness of flipped classroom techniques in an 
advanced laboratory physics course

Sean P. Robinson, Gunther Roland, Sean P. Robinson, 
Charles Bosse, Margaret Pavlovich, Evan Zayas, 
Massachusetts Institute of Technology 

P45 Demonstrating Interference with Single Photons
R. Seth Smith, Scott Baldwin, Preston Alexander, Blane 
McCracken, Francis Marion University 

P46 Students’ Ownership of Projects in the Upper-Division 
Instructional Physics Laboratory Setting

Jacob Stanley, University of Colorado Boulder; Dimitri R. 
Dounas-Frazer, Univ. of Colorado Boulder; Laura Kiepura, 
Georgia State Univ.; Heather J. Lewandowski, Univ. of 
Colorado Boulder 

P47 Undergraduate Advanced Laboratory Studies on 
Supersonic Nozzle Flow

Keith Stein, Connor Fredrick, Richard Peterson, Bethel 
University 

P48 A Grading Rubric for Intermediate Laboratory Courses 
in Physics

Jeffrey J. Sudol, West Chester University 
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P49 Tethered Particle Motion Experiments as a Gateway 
to Biophysics Research

Obinna A. Ukogu, Adam D. Smith, Ashley R. Carter, Amherst 
College 

P50 Correlating students’ beliefs about experimental 
physics with laboratory course success

Bethany Wilcox, Dimitri Dounas-Frazer, Heather 
Lewandowski, University of Colorado Boulder 

P51 Experimental Plasma Station for the Undergraduate 
Curriculum

Jeremiah Williams, Wittenberg University; Arturo Dominguez, 
Andrew Zwicker, Princeton Plasma Physics Laboratory 

P52 Putting some Nuclear Physics into a Rutherford 
Backscattering Experiment

Randolph S. Peterson, Prashanta Kharel, Derrith A. 
Roberson, University of the South
Jerome L. Duggan, deceased, University of North Texas

Friday, July 24

SESSION XII: PLENARY SESSION
“Funding and Community Support for Upper 
Level Lab Endeavors”
8–9:30 a.m. • Room 1410, Toll Physics Building
Elizabeth George, presiding

External Support for Advanced Labs
Invited: Dick Peterson (Bethel) & Gabe Spalding (Illinois 

Wesleyan University)
There is a crucial need for regaining support for instructional labs at the 
national level. We begin with a sobering history, briefly summarizing NSF 
Division of Undergraduate Education (DUE) programs of recent decades 
providing some support—including ILI, CCLI, TUES, and—nominally—IUSE. 
Duncan McBride, formerly an NSF Program Officer during the ILI period 
recalls, 

“CSIP-ILI through 1999 was a highly leveraged infrastructure program 
that did emphasize curriculum and laboratory improvement . . . Many 
projects did more than they promised in a proposal, some much more. 
Since the program received 2000–2400 proposals and made 500-
600 awards each year across all the sciences, it affected a very large 
number of faculty members, departments, and institutions.”

The 1999 termination of ILI initiated a steady decline in external funding 
for advanced lab equipment along with much of the corresponding highly 
leveraged stimulation of institutional support and faculty/staff efforts. The 
current lack of funding programs that target laboratories often requires 
institutions to build on complementary support structures, e.g., from within 
the “broader impact” components of disciplinary research awards by NSF. The 
Jonathan F. Reichert Foundation is building an endowment supporting ALPhA 
Immersion participants (competitive) with matching funds for institutional 
purchase of the advanced lab equipment they have utilized [http://
jfreichertfoundation.org/alpha-immersions/]. ALPhA must play a positive 
role in such national efforts to regain support for instructional equipment. 
This year, ALPhA was called upon by the National Photonics Initiative (SPIE/
OSA) to help provide national background data in support of their efforts to 
push for renewed federal support. Only together, as a community, can we 
best make the case for the funding of laboratories that profoundly impact 
the lives of our students.

SESSION XIII: BREAKOUT SESSIONS II
9:45–10:45 a.m. • Physical Science Complex 

(PSC); Computer and Space Sciences (CSS)

BFY labs on condensed matter/materials/nano
John Essik (Reed College) and Khalid Eid (Miami of Ohio) 
presiding, PSC 2136

BFY labs on quantum optics/photon-based quantum 
mechanics labs

Mark Beck (Whitman College) and Burcin Bayram (Miami of 
Ohio) presiding, PSC 3150

Bio-related BFY labs in physics
Suzanne Amador Kane (Haverford College) and Mary Lowe 
(Loyola U Baltimore) and Ashley Carter (Amherst) presiding, 
PSC 1136

Communicating Experimental Results
Erin Flater (Luther College) and Jeremiah Williams 
(Wittenberg) presiding, CSS 2428

Developing student experimental skills
Natasha Holmes (Stanford) and David Bailey (Toronto) 
presiding, CSS 2115

Labs on a limited budget
Lowell McCann (Wisconsin River Falls) and Nathan Frank 
(Augustana) presiding, CSS 2416

Laboratory assessment beyond the first year
Ben Zwickl (Rochester) and  Heather Lewandowski 
(Colorado) presiding, CSS 2324

Mentoring projects
Yongkang Le (Fudan) and Melissa Eblen-Zayas (Carleton) 
presiding, CSS 2324

Teaching uncertainty and statistical analysis
Joss Ives (British Columbia) and Bob DeSerio (Florida) 
presiding, CSS 0201

SESSION XIV: PLENARY SESSION
“PIRA’s Advanced Demo Show”
11 a.m.–Noon • Room 1410, Toll Physics Building
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Wednesday, July 22

SESSION I: PLENARY SESSION 

Implementing the AAPT Recommendations for the 
Undergraduate Physics Lab
Invited Speakers:

Ben Zwickl (Rochester Institute of Technology) & Joe 
Kozminski (Lewis University)

Panelists:
Melissa Eblen-Zayas (Carleton College), Heather 
Lewandowski (University of Colorado, Boulder), & Randy 
Tagg (University of Colorado, Denver)

The American Association of Physics Teachers approved the AAPT 
Recommendations for the Undergraduate Physics Lab document last year. 
This document discusses curricular laboratory goals and student learning 
outcomes for introductory and advanced (i.e. beyond first year) laboratories. 
In this plenary session, an overview of the document will be given, highlighting 
the recommendations for the lab curriculum beyond the first year. Ideas for 
implementing the recommendations and for assessing student learning in 
the labs will also be discussed. This plenary session will conclude with a 
panel of contributors to the document who will share what has worked well at 
their institutions, what has been slow to change, and how institutional factors 
impact implementation. 

SESSION II: PLENARY SESSION 
Teaching Written and Visual Communication 
in Lab Courses

Invited Talk: “The Laboratory Report as a Rhetorical Act” 
Cary Moskovitz (Duke University)

The field of science education has paid considerable importance in recent 
years to what students might write in their lab reports. From the Workshop 
Physics project at Dickinson College to NCSU’s LabWrite, students have been 
offered many approaches to learning about and writing about science in 
the undergrad laboratory context. However, comparatively little attention has 
been given to thinking about lab report writing as a rhetorical activity—one 
intended to communicate particular ideas to a particular audience for a 
specific purpose. This is unfortunate, since labs remain students’ primary 
experience with scientific writing in the undergraduate science curriculum—
especially in mathematically-heavy fields such as physics. The rhetorical 
experience of the typical lab report reinforce student misunderstandings 
of scientific writing they often bring from high school, rather than helping 
them develop a more sophisticated and effective understanding of effective 
scientific communication. This talk invites us to reconsider the experience of 
the undergraduate physics lab report—for students as writers and instructors 
as readers.

Invited Talk: “Visually Communicating Scientific Concepts, 
Data, and Results” 

Kelly Martin (Rochester Institute of Technology)
“When I make scientific figures I don’t actively think about the rules. I just start 
creating and then re-arrange based on trial and error of what looks good/
clear.” This sentiment reflects a common practice among scientists when 
it comes to communicating an intended message through visuals. Visuals 
are often seen as an add-on or supplement to a research report. Therefore, 
visuals may be created quickly and with little thought given to graphic design 
principles. However, as presentations are common and data in all fields 
becomes larger and more complex, the necessity to communicate findings 

as clearly as possible should not be an afterthought. Just as students are 
taught to be mindful when collecting data and reporting findings, they should 
also be held to that same level of precision and critique when constructing 
visual messages. Well-constructed visuals help viewers and they can also 
help researchers gain new insights in their work by having to clarify their 
own assumptions and goals. This talk will cover best visual communication 
strategies and principles (e.g. color theory, alignment, contrast, proximity, 
repetition and resolution) when presenting information to a small or large 
group. It will also present specific visual communication challenges for 
scientists and then provide different design solutions and suggestions for 
evaluating students.

SESSION III: POSTER SESSION 1

P01 An Experiment Revealing some Characteristics of 
Diatomic Molecules by Spectral Analysis of Laser Induced 
Fluorescence of Iodine

Burcin Bayram, Miami University; Mario Freamat, Morrisville 
State College 

The emission spectrum from the laser-induced fluorescence (LIF) of iodine 
can be used to demonstrate the vibrational energy structure of homonuclear 
diatomic molecules at room temperature. Iodine is an especially suited 
molecule for LIF measurements because it absorbs about 20,000 lines in 
the 490- to 650-nm visible region of the spectrum and displays discrete 
vibrational bands at moderate resolution. Although the experimental setup 
is remarkably simple, the spectral analysis provides an excellent exercise of 
applied quantum mechanics. The apparatus consists of a 532-nm diode 
laser, an iodine cell, and a handheld spectrometer which delivers the LIF 
spectrum associated with the vibrational states of the diatomic molecules. 
The students are expected to assign spectral lines based on the transition 
probability between vibrational levels, build a vibrational energy level diagram 
and tabulate a Deslandres table. Subsequently, they process these data by 
a procedure called Birge-Sponer treatment to estimate the harmonic and 
anharmonic characteristics of the two vibronic states involved in the radiative 
transitions and model the energy profile of the vibrator. Based on these and 
on a Morse-potential model, they can calculate a set of molecular constants, 
such as the dissociation energies of the molecular potential, the inter-atomic 
separation and force constant of the molecular vibrator, as well as the width-
parameter of the Morse potential. All these ingredients allow the students to 
plot the potential of the excited state and discuss the merits of the model for 
the quantum mechanical oscillator. 

P02 Vibrational and Rotational Spectra of Diatomic 
Molecules: Two Experiments in an Advanced Laboratory 
Course of Atomic and Molecular Spectroscopy

Mario Freamat, Morrisville State College; Dr. Burcin Bayram, 
Miami University 

Atomic and molecular physics provides an excellent instructional background 
for STEM students interested in applied quantum mechanics. In this spirit, we 
present two rather straightforward and inexpensive experiments—Vibrational 
and Rotational Spectra of Diatomic Molecules—parts of a sequence that forms 
the backbone of a course of advanced atomic and molecular spectroscopy 
(PHY442/542) offered at Miami University, Oxford, Ohio. The idea behind 
these interlinked experiments is to investigate the energy profile of molecular 
systems using the emission spectrum of diatomic molecules of nitrogen in a 
discharge tube. The students collect the emission spectra at two resolutions 
revealing the vibrational and the rotational energy structures. Subsequently, 
the spectral data are analyzed using quantum mechanical models to 
extract various characteristics of the molecule. For instance, the vibrational 
spectrum yields the fundamental frequencies and anharmonicities of the 
electronic states involved and thence the force constant of the molecular 
vibrator, while the rotational spectrum yields the rotational constants of the 
respective states and thence the moments of inertia of the molecular rotor. 

ABSTRACTS
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P03 Using a Tube of Water to Screen Electric Fields: 
An Experimental Investigation of the Transition from 
Conductive to Dielectric Screening

Jake Bobowski, Jaklyn De Vos, University of British 
Columbia, Okanagan Campus 

A common and convenient way to exclude electric fields from a region of 
space is to use a conducting enclosure or Faraday cage. However, it is also 
possible to attenuate external electric fields using dielectric enclosures. In 
the case of a dielectric tube that also has a non-negligible conductivity, the 
frequency response of the tube’s shielding effectiveness is that of a high-
pass filter with the screening being dominated by the conductivity at low 
frequencies and by the dielectric properties at high frequencies. An experiment 
that investigates the transition from conductive to dielectric screening 
of electric fields by a tube of water has been designed for senior physics 
undergraduates. A parallel-plate capacitor is used to generate a uniform 
electric field. Two concentric acrylic tubes pass perpendicularly through the 
electric field generated between the capacitor plates. The region between 
the concentric tubes can be filled with air or another fluid (water in this 
experiment). An electrode, suspended within the inner acrylic tube, is used 
to sense the electric potential at its location. The sensor is designed so that 
it can be rotated to measure the potential at a second symmetric position. 
From the difference in the two potentials, the frequency dependence of the 
magnitude and phase of the electric field can be determined. With deionized 
water between the tubes, the frequency dependence of the magnitude and 
phase of the interior electric field was measured from 100 Hz to 300 kHz. The 
expected high-pass filter frequency response was observed and fits to the 
data yielded an experimental value for the ratio of the water’s conductivity to 
its dielectric constant. 

P04 The Role of Metacognition in Troubleshooting: An 
Example From Electronics

Kevin L. Van De Bogart, University of Maine; Dimitri R. 
Dounas-Frazer, Heather J. Lewandowski,University of 
Colorado Boulder; MacKenzie R. Stetzer, University of Maine

Students in physics laboratory courses, particularly at the upper division, are 
often expected to engage in troubleshooting. Although there are numerous 
ways in which students may proceed when diagnosing a problem, not all 
approaches are equivalent in terms of providing meaningful insight. It is 
reasonable to believe that metacognition, by assisting students in making 
informed decisions, is an integral component of effective troubleshooting. 
We report on an investigation of authentic student troubleshooting in the 
context of junior-level electronics at two institutions. Think-aloud interviews 
were conducted with pairs of students as they attempted to repair a 
malfunctioning operational-amplifier circuit. Video data from the interviews 
have been analyzed to examine the relationship between each group’s 
troubleshooting activities and instances of socially mediated metacognition.  
We present an analysis of a short episode from one interview. 

P05 Maximum Likelihood is Least Squares (and not just 
for Gaussian random variables)

Robert DeSerio, University of Florida 
One often hears that a weighted, least squares fit produces maximum 
likelihood parameters only if the measured y-values are governed by 
Gaussian distributions. Here we show that iteratively reweighted least 
squares (IRLS) also produces maximum likelihood parameters for y-values 
governed by Poisson, binomial and exponential distributions, whose 
standard deviation (or variance) depends on the distribution mean.[1] The 
mathematics for this assertion are demonstrated and show a surprising 
appearance of the variance of the distribution involved. The IRLS algorithm 
starts with initial estimates for the fitting parameters from which an initial 
set of fitted y-values is calculated. The variances are then determined based 
on the assumed distribution type and using the fitted (not measured) 
y-values for the distribution mean. Minimizing the chi-square keeping the 
variances fixed generates an improved fit and new variances. IRLS uses 
each prior fit to calculate variances for the next and iterations continue 
until self-consistent. Keeping the standard deviations fixed during each 
least squares fit, ultimately using their values as calculated at the best fit, 
guarantees the final fit parameters will be maximum likelihood estimates. 

[1] A. Charnes, E.L. Frome and P.L. Yu, “Equivalence of Generalized Least 
Squares and theMaximum Likelihood Estimates in the Exponential Family,” J. 
of the Amer. Stat. Assoc., 71 (1976) 169-171 

P06 Comparing electronic and traditional lab notebooks 
in the advanced lab

Melissa Eblen-Zayas, Carleton College 
For the past two years, the advanced lab course at Carleton College has 
required students to use electronic lab notebooks (ELNs) instead of 
traditional lab notebooks. The course involves both instructor-designed labs 
and a significant student-designed project component. I will present results 
of a survey of student impressions about how their use of ELNs compared 
to traditional lab notebooks, and summarize what students identify as the 
strengths and weaknesses of each notebook format. In addition, I will share 
the instructor perspective of the benefits and drawbacks of using ELNs in an 
advanced lab course. 

P07 Calibrating an Electromagnetic Calorimeter for High 
Energy Physics Experiments

Brett Fadem, Muhlenberg College 
By getting involved with large research collaborations at national laboratories, 
undergraduates and faculty at small liberal arts colleges can work with cutting 
edge detecting technologies that would ordinarily be far beyond the budgets 
of their institutions. One example of this is the membership of Muhlenberg 
College in the PHENIX collaboration, a collection of over 500 scientists from 
15 countries. Muhlenberg’s activities include calibrating the PHENIX “Muon 
Piston Calorimeter”, a homogeneous electromagnetic calorimeter, for the 
measurement of electromagnetically interacting particles (such as photons 
and electrons) produced in the collision of gold nuclei traveling very close 
to the speed of light. One method to calibrate electromagnetic calorimeters 
involves the use of photons from the decay of neutral pions. Continuing work 
on producing these calibrations has been the subject of many undergraduate 
summer research projects and independent research projects during the 
academic year. These activities will be described, as will the plausibility of 
abstracting elements of the calibration process for use in a modern physics, 
nuclear and particle physics, or advanced laboratory classes using simulated 
data and simplified detector simulations on standalone computers. This work 
is made possible with the generous support of the NSF Foundation, award 
NSF-RUI 1209240. 

P08 (Practice makes perfect) Speed of Light 
measurement using the Foucault Method.

Dr. Elena Gregg, with undergraduate engineering physics 
students: Wesley Odom, Leif Peterson, Joshua Williams, Oral 
Roberts University 

The speed of light was measured using a method developed by Leon 
Foucault in 1862. A laser is focused through a beam splitter onto a rotating 
mirror that directs the beam onto a fixed mirror which reflects it back toward 
the rotating mirror and through the beam splitter. By rotating the mirror 
at a known angular velocity in both the counter-clockwise and clockwise 
directions and measuring the displacement of the image produced by 
the reflected beam the speed of light is measured at 3.02 x 108 m/s—a 
value only 0.7% larger than the accepted value of 2.998 x 108 m/s. 
Modifications of experimental setting show significant progress in the 
accuracy of the measurements. Initial attempt resulted in an error of ~32%, 
second iteration narrowed the error to ~5%, and the final iteration yielded 
results with an error of approximately 0.7%. Factors contributing to the 
accuracy improvements are discussed. 

P09 A powerful spectrograph based upon a low cost 
spectrograph

Timothy Grove, IPFW 
We have been using low cost spectrographs (made of cardboard and DVD 
fragments) for a few years. In the process of our study, we decided to make 
a spectrograph using the same optical design but with quality optical parts.  
This new spectrograph was found to be easily aligned, very accurate (~ 0.2 
Angstrom accuracy), and enables intermediate and advanced students to 
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study molecular spectral lines. We will present theory of operation as well as 
accurate photographs of molecular spectra. 

P10 A Differential Thermal Analysis Apparatus for 
Exploring the Glass Transition

William R. Heffner, Lehigh University 
Glass is among the most common materials in our everyday lives. And 
yet the science behind this interesting, complex and ubiquitous material 
is seldom considered in the undergraduate science curriculum. The glass 
transition (Tg) is both a fundamental and defining concept in understanding 
the glassy state. To facilitate the experimental exploration of this important 
topic we have developed a simple home-built apparatus for measuring 
the glass transition (Tg) and the associated relaxation phenomena. While 
DSC (differential scanning calorimetry) is the most common technique for 
measuring Tg, such instruments are expensive and generally unavailable 
outside of the specialized materials research laboratory. However, differential 
thermal analysis (DTA) is somewhat simpler to implement and provides 
essentially the same information. We describe a simple DTA apparatus 
requiring only basic mechanical and electronic construction skills. Our DTA 
consists of measuring the temperature difference between test tubes with 
sample and reference materials, while heated in an aluminum enclosure. 
Our simple DTA provides excellent resolution of the Tg for low temperature 
glasses, such as sugar glasses. We also demonstrate the strong effect of 
thermal history, including the effect of quenching and aging. This apparatus 
provides an interesting and intuitive path to the student’s exploration and 
understanding of the glassy state and can also provide a resource for deeper 
open-ended and independent study of relaxation phenomena. 

P11 Assessing modeling behaviors in the lab
Natasha Holmes, Carl Wieman, Stanford University 

The AAPT recently approved a new set of recommended goals for physics 
labs. This list presents the need for related assessment instruments. We are 
currently developing an instrument to evaluate goals related to modeling, 
designing experiments, and analyzing and visualizing data. We will present 
the assessment itself as well as some preliminary data from interviews with 
students and responses from a free-response version given to students at the 
beginning and end of an introductory physics lab course. Through this poster, 
we hope to get feedback from the BFY community on the content and goals 
of this assessment. 

P12 Nonlinear Dynamics on the Cheap in the Junior 
Laboratory

Richard J Krantz, Metropolitan State University of Denver; 
Randall Tagg, John Carlson, University of Colorado - Denver 

This past spring (2015) three of us helped team-teach a Junior level 
laboratory in which physics majors are required, over two semesters, to 
complete experiments in 8 out of 10 main topic areas of physics. As of 
the beginning of the spring 2015 semester, a satisfactory Mechanics/
Nonlinear Dynamics experiment replete with instructions had not been 
identified. Towards the end of the semester two students, Nicholas 
Hoen* and Julie Zimmerman*, expressed an interest in investigating 
the nonlinear dynamics of Duffing’s oscillator. In this presentation we 
will describe the structure of the Junior laboratory sequence in the joint 
physics program at Metropolitan State University Denver/University 
Colorado-Denver and discuss how the format allowed these two students 
to make remarkable progress, in a limited amount of time and with 
limited resources, to meet the goals of our Junior laboratory and provide 
us with a new Junior laboratory complete with student instruction manual. 
* Metropolitan State University of Denver Students 

P13 Stellar Photometry in the physics lab room
Shawn Langan, Zachary Smith, University of Nebraska-
Lincoln 

The focus of our workshop will be in reusing standard modern physics 
equipment with the intent of showing its application to astrophysics. Most 
every physics department offers a modern physics lab, which includes 
experiments in such topics as quantum mechanics, and atomic and nuclear 

physics. The equipment for such classical experiments is quite standard. 
What is not standard across many physics departments, is the use of such 
equipment to conduct meaningful experiments in an astrophysics lab course. 
Such labs attract a large portion of STEM and non-STEM majors alike. Given 
this popularity, and the likelihood for such courses to be taught as an elective 
in a physics department or high school, it becomes essential to recycle 
equipment from mandatory courses, such as a modern physics course.                                                  

The workshop will include photometric reductions of celestial objects.  The 
presented photometric experiments will begin with traditional radiometry, 
including its fundamental applications with a Geiger counter and Gamma 
button source, or light source and a Photodiode detector. Special attention 
will be paid to astronomical procedures and data processing (e.g., dark 
current and bias subtraction, etc.) as they apply to the equipment at hand. 
After finishing the traditional experiment, we will proceed with applications of 
photon statistics with regards to image processing and CCDs. We will make 
heavy use of Aperture Photometry Tool software, supported by NASA and JPL. 

P14 Engaging Students in Scientific Practices in an 
Electronics Course

Heather Lewandowski, Noah Finkelstein, University of 
Colorado 

There are a tremendous number of goals for the undergraduate curriculum 
related to experimental physics. Meeting these goals is typically the 
responsibility of an Advanced Lab course. Often, this Advanced Lab course 
lasts only one semester and requires considerable resources. To complement 
learning that is traditionally associated with the Advanced Lab, we have 
transformed our junior-level electronics course to engage students in authentic 
scientific practices and meet many of the undergraduate experimental 
physics goals—an approach which uses significantly fewer resources than 
our Advanced Lab. We describe our framework for incorporating authentic 
scientific practices in an electronics course and present initial outcomes 
from the project. 

P15 Teaching about the Gamma Camera and Ultrasound 
Imaging

Mary Lowe, Alex Spiro, Ronald F. Vogel, Loyola University 
Maryland 

Instructional modules on applications of physics in medicine are being 
developed. The target audience consists of students who have had an 
introductory undergraduate physics course. This poster will describe active 
learning approaches to teaching the principles of the gamma camera and 
ultrasound imaging.

The gamma camera (or scintillation camera) is one of the most important 
nuclear imaging devices used in a hospital. A radiopharmaceutical is 
introduced into a patient, which becomes concentrated in an organ or tumor. 
The gamma camera is placed over the patient. Gamma rays emitted from the 
radionuclide pass through an array of lead tubes and hit a scintillator crystal 
to produce flashes of light at different positions. The flashes are detected 
by an array of PMTs and an image based on the positions of the flashes is 
constructed using fast electronics. The distribution of gamma emitters in the 
body is useful for diagnosing disease.

Since a real gamma camera is not feasible in the undergraduate 
classroom, we have developed two types of optical apparatus that teach the 
main principles. To understand the collimator, LEDS mimic gamma emitters 
in the body, and the photons pass through an array of tubes. To determine 
the positions of the gamma emitters, a second apparatus uses fluorescent 
plastic in lieu of the scintillation crystal, acrylic rods that mimic the PMTs, 
and a photodetector to measure the intensity. The position of the laser is 
calculated with a centroid algorithm.

To teach the principles of ultrasound imaging, we use a sound head, pulse 
generator, variable gain amplifier, digital oscilloscope, and Matlab software. 
Students gain proficiency with the oscilloscope while learning to read the 
echoes produced by the front and back surfaces of an object. To understand 
how a B-scan is constructed from a series of A-scans, an object is placed 
on a linear translation stage, and the signals are reconstructed in Matlab. 
Students can vary the algorithm to understand the effects upon the image. 
By using an array of sewing pins as the object, students can understand 
the effects of varying speeds of sound in an object (ex. to mimic a cyst 
embedded in an organ) and axial and lateral resolution. 
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P16 The Path to Fourier Analysis through Intuition 
Building

Jenny Magnes, Vassar College 
Fourier analysis is generally considered one of the most challenging 
mathematical concepts. Fourier series are typically introduced analytically 
in electricity and magnetism using “Fourier’s trick.” Later Fourier transforms 
are introduced in other areas such as quantum mechanics. Fourier analysis 
and related concepts such as reciprocal space are often hard to digest for 
students and faculty. Using computational tools Fourier transforms can be 
calculated without much mathematical background and the results can be 
verified experimentally using diffraction experiments. With this pathway, the 
students can build an intuition for this mathematically complex systems. The 
implementation in a four year curriculum is presented here. 

P17 Low-cost coincidence counting apparatus for single 
photon investigations

Mark Masters, Kakathi Tummala, Tanner Heral, IPFW 
We have recently started investigating single photon experiments for 
our advanced laboratory and quantum mechanics classes. For a small 
department, the expenses of much of the apparatus is daunting. As such, we 
look for places where we can reduce the costs while still providing benefits 
for our students. One of the places where there can be some cost savings are 
in the coincidence counter. The coincidence counter is a critical piece of the 
investigation, and while not the most expensive component, cost savings are 
still available. We have developed a low-cost coincidence counter (less than 
$50) based on a Cypress Programmable System on a Chip (PSoC). The PSoC 
is quite flexible. It has a microcontroller as well as FPGA like capabilities 
which enable us to build the coincidence detection and the counter. The 
design process and several investigations will be presented. 

P18 Study of Acoustics in Classrooms
Dr Ramalingam P., Hazhy Rozh , UG student ( Engineering 
Major), American University of Iraq, Sulaimani 

Acoustic evaluation studies of our University classrooms are currently 
being carried out. Classroom teaching has been one of the ancient 
form of education i.e., through oral communications. The quality of this 
communication and ultimately the classroom itself depends on the 
acoustic quality of the classroom. The acoustic quality can be characterized 
based on reverberation time (RT), sound insulation and noise levels.  
Reverberation time is the time taken for a steady state sound to reach 
one millionth or -60 dB of its original intensity. Low frequency noise along 
with background or noises from HVAC systems tends to have a detrimental 
effect of masking the lecture. An acoustically comfortable environment 
should be the one that provides everyone, individually and collectively, with 
the proper conditions to develop their learning skills.   The acoustics of a 
classroom can affect speaker’s intelligibility, mood, student concentration 
and in general the overall effectiveness in teaching and learning.  
Reverberations in classrooms will continue till the sound energy is totally 
absorbed. RT in a class room depends on the quality and effectiveness of 
the sound absorbing enclosed surfaces. The fibrous ceiling tiles of a room 
provide enough friction for sound waves thereby absorbing more sound 
energy. RT for a typical class room ideally should be < 0.6s. At this University, 
almost all of our students have to undergo a year of English preparation and 
their vocabulary is highly limited. The sound quality of classroom instructions 
is of paramount importance.   International standards recommend that 
the sound field amplification using electronics may greatly improve word 
recognition or requires that the instructor is within 6–8 feet of the students.  
In this experiment, wherein one generates (ping source) a fixed sound and 
measures its loudness or sound pressure level (SPL) with a microphone as 
it being moved away from the source. The sound intensity (I) is different 
to the sound intensity level (L), which is the perceived sound intensity 
taking the response of human ear into account. The response of the ear 
to different intensities at fixed sound frequency is close to logarithmic. 
SPL measurements using Pasco sound sensors and Data Studio software 
was performed in classrooms which seem to have high degree of echo. A 
typical class room is box shaped with plaster walls, plaster board ceiling 
and linoleum finished floors. It has large glass windows with no curtains 
and one room has about 70 % of the wall surface is made of glass. Early 
studies indicate that low frequency sound of 500Hz is above 60dB. SPL 

measurements in dB for 1/3 octave frequencies will be done using a free 
dB meter based on ipad apps. From the collected data reverberation time 
for RT (30dB) will be determined for each of our classrooms and suitable 
wall coverings will be tried to bring them to the internationally recommended 
levels, which will be presented at the conference. 

P19 Exploring the Rotating Reference Frame in NMR—An 
Easy Extension of an Experiment You May Already Have

David B Pengra, University of Washington 
Pulsed NMR, with its pi-pulses, spin echos, and T1 and T2 relaxation times 
presents many students with a challenging set of concepts to digest. Central 
to understanding the physics of this important collection of phenomena is 
the geometry of the rotating reference frame — the frame that rides with 
the protons as they precess about the large static B-field. Students typically 
learn that to get the largest free-induction-decay (FID) signal, they must 
tune the RF field to match the resonance frequency, and then set the pulse 
width to the optimum pi/2 value. But what happens if the tuning is off? This 
poster explores this question. I show that when the RF field is detuned from 
resonance, the pulse width needed to maximize the FID signal increases, up 
to a maximum value of a bit less than twice the width of the on-resonance 
pulse. This maximum occurs when the amount of detuning is equal to the 
Larmor frequency of the RF field’s amplitude. In addition the magnitude of 
the FID signal remains unchanged up until this limit. With further detuning, 
the optimum pulse width decreases and the magnitude of the FID signal 
also drops. I will present a simple geometrical analysis that predicts these 
features, and which shows how to use these easily obtained data to make an 
independent measurement of the RF (“B1”) field amplitude. The experiment 
can be performed on the popular TeachSpin apparatus with no extra 
equipment. 

P20 Using Tethered Particle Motion Experiments in 
Statistical Mechanics or Biophysics Labs

Adam D. Smith, Obinna A. Ukogu, Ashley R. Carter,  
Amherst College 

We propose the adoption of two biophysics labs for undergraduate education 
in either the modern or advanced laboratory. Biophysics is a field that is rapidly 
growing at many institutions, and biophysics labs like the ones described 
here will develop a student’s ancillary skills in biochemistry, microscopy, and 
computational analysis, in addition to providing an opportunity to sample 
physics research. The two biophysics labs are based on tethered particle 
motion (TPM). Tethered particle motion involves using video microscopy to 
track the 2-D position of a polystyrene bead tethered to the surface by a DNA 
molecule. The bead will be undergoing Brownian motion, and the standard 
deviation of that Brownian motion over time is correlated to the length of the 
tether. For the first lab, students will prepare the single molecule assay using 
molecular biology techniques, important in interdisciplinary research. Then 
in the second lab, they will use video microscopy to record the position of 
the bead over time, write a program to analyze the data, and experimentally 
determine the length of their DNA tether. Tethered particle motion has a wide 
variety of research applications ranging from rheology to the mechanics of 
DNA compaction, and is relatively simple for undergraduate students to set 
up and execute. 

P21 Investigating student understanding of operational-
amplifier circuits*

MacKenzie R. Stetzer, University of Maine; Christos P. 
Papanikolaou, George S. Tombras, University of Athens; 
Kevin L. Van De Bogart, University of Maine 

We describe a systematic, multi-year investigation of student understanding 
of the behavior of basic operational-amplifier (op-amp) circuits. The partici-
pants in this study were undergraduates enrolled in upper-division physics 
courses on analog electronics at three different institutions, as well as under-
graduates in introductory and upper-division electrical engineering courses 
at one of the institutions. Our findings indicate that many students complete 
these courses without developing a functional understanding of the behavior 
of op-amp circuits. We describe the most prevalent conceptual and reasoning 
difficulties identified (typically after lecture and hands-on laboratory experi-
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ence) and discuss the implications of our findings for electronics instruction.

*This work has been supported in part by the National Science Foundation 
under grants DUE-0618185, DUE-0962805, DUE-1022449, and DUE-
1323426. 

P22 Technical Competencies—A Versatile Framework for 
Learning Practical Knowledge

Randall Tagg, University of Colorado Denver 
Students need a wide array of practical skills and knowledge in order to 
pursue advanced laboratory work, research, innovation, and technical 
jobs in industry. This knowledge begins with basic tool and shop use and 
extends to a capacity for basic electronics design, construction, and testing. 
Beyond these common skills, students need to come up to speed quickly on 
specialized techniques specific to a particular problem: examples include 
vacuum technique, plumbing for handling fluids, use and calibration of 
sensors, motor control, installation of pneumatic actuators, etc. We provide 
a physical inventory, a web site, and a learning model that provides access 
to an expanding array of practical knowledge topics. The goal of this ongoing 
project is to develop a versatile framework for students to obtain and certify 
their achievement of a personal repertoire of technical competencies. 

P23 Stabilization of an NMR electromagnet at low cost
Jose Vithayathil, University of Pennsylvania 

The current supplied by our unstabilized power supply varies approximately 
4 parts in 10^-4 limiting its use for NMR experiments. We present details 
and results of a method to relatively easily externally stabilize a 12in, 1T 
electromagnet powered with a unstabilized power supply. The magnet current 
is measured with a high power precision resistor to feedback stabilze the 
current with an external opamp circuit. The power supply is not modified. 

P24 An open-ended advanced lab on transverse normal 
modes of vertically hanging chains

Paul Voytas, Daniel Fleisch, Wittenberg University 
The system of a discrete chain suspended from one end in a uniform 
gravitational field is rich from the standpoint of exploring a system beyond 
the usual “standing waves on a horizontal stretched string” case. We report 
on recent experience with an open-ended advanced lab probing the 
transverse normal modes of such hanging chains. Students were charged 
with investigating the behavior of a driven hanging vertical chain and given 
a variety of equipment (chains of different densities and lengths, a driver, 
clamps and stands). With this equipment (or any other they could specify), 
they were to set up the system, characterize it, and investigate any standing 
wave patterns they could generate. To the extent possible, we avoided 
giving step-by-step instructions. Students were also guided in numerically 
modeling the system. Using Octave, modeling the system is accomplished 
in approximately 20 lines of code. Results and experience implementing the 
lab will be reported on. 

P25 An Arduino-based alternative to the traditional 
electronics laboratory

Rodney Yoder, Goucher College 
At Goucher College, we have developed a project-based alternative approach 
to the traditional electronics laboratory course, using the Arduino platform to 
enable a hands-on sequence of guided activities and projects. The course is 
designed for junior physics majors without significant experience in circuit 
design and construction. Students are given an orientation to the Arduino 
in the second week, and almost immediately begin constructing usable 
devices. As the projects grow more complex during the course, students 
are gradually introduced to the usual range of electronic components. The 
Arduino is particularly suited to measurement and control processes that 
are common in research environments, and the project themes emphasize 
signal production, detection, and analysis, including logging, filtering, and 
amplifying. By using the Arduino to control special-purpose ICs, students 
learn to read and interpret a datasheet. The course has now run once, with 
good learning outcomes and very positive student evaluations. 

P33 Electron’s Charge-to-Mass Ratio Experiment: 
Students Laser-Focused on Perfection.

Dr. Elena Gregg, undergraduate Engineering Physics 
students: Wesley Odom, Leif Peterson, Joshua Williams, Oral 
Roberts University 

The charge-to-mass ratio of an electron was measured using J.J. Thomson’s 
method (1987). An electron gun generated and accelerated a beam of 
electrons inside a helium filled vacuum tube. The tube was surrounded by a 
Helmholtz coil that produced a magnetic field curving the electron beam into 
a circular path. By measuring the current through the Helmholtz coil, voltage 
across the electron gun and diameter of electron path, the charge-to-mas 
ratio of the electron was calculated. By using various methods to measure 
the diameter of the path (visual versus laser), values were found between 7% 
and 0.8% of the accepted value. 

Influence of several additional factors on final result was determined: 
values of accelerating voltage, values of coil’s current, and precision limits 
in visual measurement.

Necessity of additional mounting system for the lasers which would 
expedite the alignment process is discussed. Additionally, it is concluded that 
more measurements under varying conditions are necessary to determine 
the most accurate settings for voltage and current 

Thursday, July 23

SESSION VI: PLENARY SESSION 
Crafting Better Student Experiences in Lab 
Courses

Invited Talk: “Flipping the Prelab to Optimize Student 
Preparedness and Lab Time” 

Suzanne Amador Kane (Haverford College)
We have converted all of our introductory and intermediate prelab 
preparation into interactive flipped experiences in which students watch 
videos, animations and tutorials online in addition to reading an improved 
lab manual and performing online automated prelab exercises. This means 
no prelab lectures that eat up precious lab time. Students are enthusiastic 
about this new lab course design and give it high marks for improving their 
understanding and preparation, but also giving them a better sense of 
desired goals and learning outcomes. Instructors report that students appear 
better prepared and complete lab exercises in a more timely way, greatly 
reducing time overruns. I will explain details of how we implemented this 
idea, problems we encountered along the way and how we addressed them, 
and the world’s easiest way to prepare flipped presentations.

Invited Talk: “A Sabbatical “Immersion” to Rebuild 
Advanced Labs”

Anne Cox (Eckerd College)
Several years ago, enrollment pressures resulted in a decrease in Advanced 
Lab offerings. However, with renovated facilities and additional space plus a 
sabbatical, we are re-imagining the experimental component of our physics 
major. This talk will discuss rebuilding an Advanced Lab within the constraints 
of a small department with limited funding, a small staff and low enrollments. 
Included will be a discussion of the many sources of inspiration (especially 
self-designed “sabbatical immersions”), the progress thus far, and the 
direction we are headed. The lesson we are learning is that even with limited 
resources, there are ways to advance labs for physics majors.
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SESSION IX: BREAKOUT 
DISCUSSIONS

•	 BFY labs on Electronics 
•	 BFY labs on Optics/lasers 
•	 BFY labs on statistical physics/thermodynamics/soft matter labs 
•	 Developing student experimental skills 
•	 Instruction in writing and revision in the advanced lab 
•	 Labs on a limited budget 
•	 Resources/ideas for new advanced laboratory instructors 
•	 Teaching modern physics / sophomore-physics lab 
•	 Teaching uncertainty and statistical analysis 

SESSION X: PLENARY SESSION 
Innovation, Mentoring and Career Paths 

Invited Talk: “Open Labs for Innovation and 
Entrepreneurship in Physics”

Duncan L Carlsmith (University of Wisconsin—Madison)
Innovation labs can foster research and interdisciplinary entrepreneurship 
through project-oriented learning. I will motivate and describe experience 
with Garage Physics, an innovation laboratory at UW-Madison.

Invited Talk: “Thinking of laboratory experiences as 
mentoring opportunities”

Chandra Turpen (University of Maryland, College Park)
In physics laboratory instruction, I argue it can be productive for us to 
think of ourselves as mentors. Approaching our students through the lens 
of mentoring can draw our attention to where students are coming from, 
what students value, and what they aspire to accomplish in the future. A 
mentor framing prompts us to examine how laboratory experiences fit into 
students’ holistic development along a diversity pathways. Drawing on the 
research literature as well as insights from undergraduate peer educators, 
I will suggest ways in which laboratory experiences could be made more 
personally meaningful and socially consequential for students.

Invited Talk: “Breaking the Myth of the “Non-Traditional” 
Physicist: Preparing Physics Graduates for the Real World 
of Employment”

Crystal Bailey (American Physical Society)
Physics degree holders are among the most employable in the world, often 
doing everything from managing a research lab at a multi-million dollar 
corporation, to developing solutions to global problems in their own small 
startups. Employers know that with a physics training, a potential hire has 
acquired a broad problem-solving skill set that translates to almost any 
environment, as well as an ability to be self-guided and -motivated so that 
they can learn whatever skills are needed to successfully achieve their 
goals. Therefore it’s no surprise that the majority of physics graduates find 
employment in private sector, industrial settings. Yet at the same time, only 
about 25% of graduating PhDs will take a permanent faculty position—yet 
academic careers are usually the only track to which students are exposed 
while earning their degrees.

In this talk, I will explore less-familiar (but more common!) career paths 
for physics graduates, and provide resources to help faculty mentors give 
their students better information and training for a broader scope of career 
possibilities.

SESSION XI: POSTER SESSION 2

P26 Integrating Commercial Solar Panels in the Physics 
Curriculum

Nicole Ackerman, Amy Lovell, Meghan Franklin, Rebecca 
Cupp, Yijun (Emma) Wan, Connor Day, Victoria Wood, Eli 
Whisnant, Agnes Scott College 

Agnes Scott College has a significant number of sustainability initiatives, 
including a hydro-geothermal HVAC system and 5 solar photovoltaic arrays. 
The Physics and Astronomy department is in the process of integrating 
alternative energy into our curriculum and public outreach activities. During 
Laboratory Physics (PHY311), two student teams pursued self-designed 
projects to model the efficiency of the 6kW solar array installed at a fixed tilt 
on the flat roof of the college observatory. During the summer of 2015, two 
student research scholars constructed a movable mount and data acquisition 
system for a stand-alone panel identical to those on the roof, to allow control 
for individual variables such as sun angle, temperature, and other weather 
conditions (as measured by the on-site weather station). In future years, 
students will learn about the solar panels in Analog Electronics (PHY242) 
and present solar power to K-12 school groups touring our Observatory. 

P27 The Thermographic Phospor Labkit
Steve Allison, Mark M. McKeever, M. R. Cates, D. L. 
Beshears, M. B. Scudiere, M. A. Akerman, Emerging 
Measurements Co. (EMCO), Knoxville, TN; J. E. Parks, 
University of Tennessee, Knoxville 

The thermographic phosphor (TGP) lab kit is a flexible instrument for students 
beyond the first year and is also a useful laboratory tool for physics research 
and development. As to be described, it aids in teaching and demonstrating 
a number useful concepts and skills. Students will learn important aspects of 
optical physics and spectroscopy. By producing fluorescence and measuring 
its characteristics versus temperature, students will become familiar with 
atomic energy levels, lifetimes, radiative and non-radiative transitions, 
spectral bands and linewidth, spectral distribution, and absorption. In 
addition, measurements involve optics, electro-optics, and electronic 
instrumentation.   Practice and familiarity with common laboratory and 
industry tools such as thermocouples, Peltier devices, and photomultiplier 
detectors also contribute to the educational objectives. Finally, in the course 
of exercising the instrument, the student will learn the practical skill of 
temperature measurement and control.   The labkit contains an ultraviolet 
light emitting diode of 365 nm that illuminates a thin phosphor layer. The 
phosphor adheres to a copper plate in intimate contact with a Peltier heater/
cooler that covers 0 to 100 °C. A thermocouple attaches to the copper plate 
to monitor temperature. The lab kit allows for controlling the pulse duration 
of the LED and the rate of repetition. 

P28 Flipping (and Scrambling) the Introductory 
Electronics Course

Eric Ayars, California State University, Chico 
The “flipped” classroom approach, in which content presentation occurs 
outside of class time and class itself is used for problem-solving, has 
generated considerable interest in the education community. In Physics 
teaching this approach has most often been applied to the introductory 
course, but it also promises potential benefit in upper-division courses such 
as “Electronics for Scientists” at CSU Chico. In the course of re-thinking 
and reorganizing material for such a flipped electronics course, it became 
apparent that the usual linear approach to topics in electronics could be 
replaced by a series of topic modules arranged in a “Tech Tree” offering 
multiple pathways through the material. I will be presenting preliminary work 
on this flipping/scrambling course redesign, in hopes that other instructors 
can offer helpful suggestions before I hit students with it and discover glaring 
problems with the approach. 
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P29 Witnessing Entanglement
Mark Beck, Whitman College; Marisol N. Beck, Harvey Mudd 
College 

An entangled state of a two-particle system is a quantum state that cannot 
be separated—it cannot be written as the product of states of the individual 
particles. One way to tell if a system is entangled is to use it to violate a 
Bell inequality (such as the Clauser-Horne-Shimony-Holt, CHSH, inequality), 
because entanglement is necessary to violate these inequalities. However, 
there are other, easier to perform measurements that determine whether 
or not a system is entangled; an operator that corresponds to such a 
measurement is referred to as an entanglement witness. We present the 
theory of witness operators, and an undergraduate experiment that measures 
an entanglement witness for the joint polarization state of two photons. We 
are able to produce states for which the expectation value of the witness 
operator is entangled by more than 200 standard deviations. 

P30 Building a Pedagogically Sound Second-Year Physics 
Course in a Newly Revived STEM Program

Matthew Civiletti, Mario Freamat, Morrisville State College 
Large universities and colleges invest significant resources into their STEM-
related departments, and thus smaller colleges can only compete by 
developing sound curricular and instructional programs well adapted to 
the academic profile of their student population. One good example is the 
recently revived two-year program of Engineering Science at Morrisville State 
College, part of the SUNY system. We present an experiment for PHYS 267, a 
second-year physics course on thermodynamics and fluids. We are designing 
this course based loosely on the SCALE-UP instructional model, and 
therefore this experiment is intended for a lecture-lab setting. The experiment 
is designed to illustrate for the Engineering Science students the difference 
between Newtonian and non-Newtonian fluids using a simple home-built 
rotational viscometer, based on simple principles of rotational mechanics. 
Using the torsional dynamics of the system, the students build flow curves 
(shear stress vs. shear rate) for a few sample fluids and determine their 
rheologic character. Students are then asked to determine the extent to 
which the given fluids deviate from the Newtonian approximation. 

P31 Troubleshooting in an Electronics Course and the 
Experimental Modeling Framework

Dimitri R. Dounas-Frazer, University of Colorado Boulder; 
Kevin L. Van De Bogart, MacKenzie R. Stetzer, University 
of Maine; Heather J. Lewandowski, University of Colorado 
Boulder 

Troubleshooting systems is integral to experimental physics in both 
research and instructional laboratory settings. The recently adopted AAPT 
Lab Guidelines identify student ability to troubleshoot as an important 
learning outcome of the undergraduate physics laboratory curriculum. 
The Experimental Modeling Framework—which describes physicists’ use of 
mathematical and conceptual models when reasoning about experimental 
systems—is a useful lens through which to characterize the troubleshooting 
process and, ultimately, to inform educational activities that develop 
troubleshooting skills in physics. Upper-division electronics labs are an ideal 
context for studying students’ troubleshooting abilities, due in part to the 
simplicity of the physical systems and models with which students interact 
and the ease with which components can be replaced. Using data collected 
in think-aloud interviews, in which pairs of students attempt to diagnose 
and repair a malfunctioning circuit, we describe the application of the 
Experimental Modeling Framework to the troubleshooting context. 

P32 Incorporating Research Ethics into Advanced Labs 
Curriculum

Kirstin Purdy Drew, Pennsylvania State University 
In recent years, the College of Science at Penn State has been encouraging 
and emphasizing the importance of exposing our undergraduates to scientific 
ethics and has instituted an annual ethics boot camp for faculty, providing 
them with tools to incorporate ethics into a wide range of undergraduate 
courses. In this poster I will present some examples of how I have incorporated 

different aspects of Responsible Conduct of Research (RCR) deliberately 
into our senior level Advanced Physics Lab course. I use scientific ethics 
as a motivation for course structure and requirements (beyond the science 
experiments). We discuss and motivate proper notebooking, to ethical 
presentation of data, proper citation, peer review and even authorship issues. 
Students feedback has suggested that, even though ethics is something 
“we should already know”—it is a useful tool in which to frame the greater 
scientific endeavor. 

P34 Measuring Nano-particle Fluorescence in 
Caramelized Sugar Glass

William R. Heffner, Lehigh University; Donald Wright III, 
Oakwood University 

Nano-particle optics and fluorescence are both stimulating topics for 
introducing students to contemporary experimental physics. We present 
here a simple experimental system that combines both—measuring the 
fluorescence observed in glasses made from sugars (hard candy), that 
require only kitchen stove processing. The fluorescence is easy to see 
with UV or green laser pointer illumination. We further characterized the 
observed fluorescence using a home-built system consisting of high 
intensity LEDs for the excitation and the student grade Ocean Optics Red 
Tide Spectrometer to resolve the emission. The fluorescence was found to 
span between about 470 nm and 650 nm and the emission demonstrates 
a marked drop in intensity for LED excitation below green. The fluorescence 
and absorption also increase as the glass caramelizes (browns) with further 
heat treatment (cooking). Recent literature has shown similar fluorescence 
in caramelized carbohydrates and sugars to be due to the production of 
carbon nanoparticles. We propose the experiment as a cross-disciplinary 
and open-ended investigation for an undergraduate lab in physics, chemistry 
or material science. 

P35 Results for a Cheap Off-the-shelf Duffing’s Oscillator: 
Or how to make a meaningful laboratory from nothing

Richard J Krantz, Nicholas Hoen (student), Julie Zimmerman 
(student), Metropolitan State University of Denver 

In the context of the Junior laboratory at Metropolitan State University Denver/
University of Colorado-Denver a nonlinear dynamics experiment (Duffing’s 
oscillator) was carried out with off-the-shelf components. The analysis was 
performed with free open source software (SciLab). In this presentation the 
details of the experiment and the results will be described. Consequently, this 
experiment will become one of ten experiment options for the joint upper-
division physics laboratory program at MSUDenver/UCD. 

P36 Laboratory on Medical Physics
Yongkang Le, Weifeng Su, Min Ji, Fudan University 

With more and more research achievements in physics being successfully 
applied in medical diagnostic-treatment practice and life science research, 
the demand on a more solid physics laboratory training for the students 
in medical college is raising. Laboratory on medical physics was offer to 
our student after the fundamental physics laboratory since 2008. The 
one-semester optional course covers four modules: measurement of 
the biophysical parameters, medical imaging: theory and experiment, 
investigation on biological materials, and projects on interesting topics. This 
course is highly evaluated by our students and the teaching lab community 
in China.

We will report here in detail the contents and teaching practice of this 
course. 

P37 Developing a new laboratory course to prepare 
students for graduate research in astrophysics

Christine Lindstrøm, Oslo and Akershus University College; 
Saalih Allie, University of Cape Town, South Africa; Heather 
Lewandowski, University of Colorado, Boulder, CO 

Preparing undergraduate students for research is often one of the main 
goals of upper-division physics lab courses. We are developing a new upper-
division lab course at the University of Cape Town in South Africa for students 
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aiming to pursue graduate study in astrophysics. The course will build on the 
Advanced Lab transformation work done at the University of Colorado. We 
will study how to transfer the educational reform (e.g., philosophy, structure, 
materials, etc.) to a new environment. The first stage of the project focuses 
on identifying what knowledge and skills PhD advisers would like students 
to have when they begin their graduate research project, and to evaluate 
what knowledge and skills a representative student cohort has prior to taking 
such a laboratory course. We will report on the study methodology and initial 
results of faculty and student interviews. 

P38 A Peer Review of Writing Workshop in the Advanced 
Lab

Dr. Melanie Lott, Denison University 
At Denison University students in the advanced lab write substantial 
manuscript-style laboratory reports on three major experiments carried out 
during the semester. We have found that peer review can be an effective 
way to enhance student learning of and confidence in their scientific writing 
skills if conducted thoughtfully. The development of purposeful assignments 
and subsequent class discussions of scientific writing and the peer review 
process, the execution of a peer review workshop, and samples of student 
work are presented in this poster. 

P39 Investigation of the Bragg-Snell Law in Photonic 
Crystals

Shabbir M Mian, Gina Mayonado, McDaniel College; 
Valentina Robbiano and Franco Cacialli, University College 
London 

We present an optical experiment on photonic crystals suitable for an 
advanced physics laboratory course or a senior capstone project. Photonic 
crystals are periodically ordered composite systems made of materials 
that have different dielectric constants, and can be arranged in one, two, 
or three dimensions. They are characterized by a bandgap that depends 
on the size and dielectric constant of the microstructures making up the 
crystal. In addition, the bandgap spectrally shifts with the angle of the 
incident light. These observations are captured by the Bragg-Snell law. We 
describe a vertical deposition method for growing photonic crystals from a 
water suspension of polystyrene microspheres as well as a simple optical 
experiment students can perform using a USB-spectrometer to study the 
Bragg-Snell law. 

P40 LCphysX: Teaching undergraduate physics majors 
in upper-level laboratory courses multi-media science 
communication skills for public outreach

Shannon O’Leary, Parvaneh Abbaspour, Lewis & Clark 
College 

LCphysX is a web-based platform designed with the primary purpose of 
teaching undergraduate physics majors multi-media science communication 
skills for engaging in public outreach. Compelling arguments have recently 
been made by life scientists, which can be generalized to physics, for the 
need of training future scientists to engage with a popular audience [1] using 
digital media [2]. Developed in partnership with Lewis & Clark College’s (LC) 
Library Digital Initiatives team, LCphysX features short student-produced 
videos that present projects and experiments from upper-level lab courses 
to a popular audience. LC’s unique Advanced Laboratory course provides 
students with the opportunity to design, build and test their own physics 
projects, and for many students, their project is the cumulative achievement 
of their physics education. Indexed, searchable videos on the LCphysX 
website permanently archive LC physics projects and serve as pedagogical 
reference points and inspiration for physics faculty and students at LC and 
beyond. In addition, as the Advanced Laboratory course is a requirement 
for the LC physics major, all physics graduates will leave LC with an active 
“link” for their resumé that showcases their technical achievements, as well 
as their ability to communicate scientific ideas. Assessment of LCphysX’s 
effectiveness in engaging the public will include feedback solicited from high 
school students across the United States.

[1] Brownell, Sara E., Jordan V. Price, and Lawrence Steinman. “Science 
communication to the general public: why we need to teach undergraduate 

and graduate students this skill as part of their formal scientific training.” 
Journal of Undergraduate Neuroscience Education 12, no. 1 (2013): E6.

[2] Wilcox, Christie. “Guest editorial: It’s time to e-volve: Taking responsibility 
for science communication in a digital age.” The Biological Bulletin 222, no. 
2 (2012): 85-87. 

P41 Electron Spin Resonance: An experiment for 
perceiving Quantum Physics Intuition

Ratnakar Palai, University of Puerto Rico, San Juan 
Quantum physics applies to enormous number of physical phenomena 
starting fromelementary-particles through the events in atomic scale to all 
the way to the origin of the early universe. Many modern technologies would 
be impossible to understand without invoking quantum physics. Almost all the 
electronic, magnetic, and optoelectronic devices (transistor, laser, LED, MRI, 
NMR, sensors, etc.) are based on a quantum understanding of the atomic 
phenomena in solids. However, there is a major problem in the realization 
of quantum physics as it implies counterintuitive concepts and thoughts. 
This has led, for example, Niels Bohr (1952) to comment “For those who are 
not shocked when they first come across quantum theory cannot possibly 
have understood it” and Richard Feynman (1965) to remark “I think I can 
safely say that nobody understands quantum mechanics” or Roger Penrose 
to comment that “theory makes no sense”. Electron spin resonance (ESR) is 
a purely quantum mechanical effect. It relates the interaction of an applied 
magnetic field to an electron’s magnetic moment, which is the manifestation 
of intrinsic spin. Since the spin of an electron may either be up or down, so 
may its magnetic moment. The ESR experiment uses a diphenylpicrylhydrazyl 
(DPPH) sample which has an unpaired electron and its orbital contribution 
to the magnetic moment is negligible because the molecule moves on a 
highly delocalized orbit. Since the electron is free, only its spin contributing 
to the magnetic moment. Thus the Landé g-factor for DPPH is very close to 
that for a free electron. In this experiment the magnetic field is produced by 
a pair of Helmholtz coils is series connection with as and dc power supply 
and photon frequency of 10-50 MHz was used to produce the resonance. 
This advanced lab experiment allows students to realize the quantum physics 
concept learned in theory. 

P42 An Optics Laboratory Module on Image Formation, 
Aberrations and Lens Design

Robert D. Polak, Nicholas M. Pflederer, Loyola University 
Chicago 

To foster a deeper understanding of advanced laboratory concepts, weekly 
laboratories in an upper-division optics course have been replaced by 
modules, where students study a single topic over the course of several 
weeks, cumulating in a laboratory report written according to the American 
Institute of Physics style manual. One module covers the image formation, 
aberrations and lens design. The students will begin by measuring the 
mechanical properties of a lens and the optical properties of the glass and 
proceed to study image formation and aberrations in both the laboratory and 
within a virtual environment using the ray-tracing software Zemax. 

P43 Sequential Introduction of Data Analysis Methods in 
the Modern Lab

Timothy Roach, College of the Holy Cross 
A major goal of many intermediate physics labs is learning methods of data 
analysis. In our Modern Lab course we introduce these methods in a planned 
sequence, with labs explicitly designed to match the sequence, so that 
students learn increasingly more sophisticated methods as the semester 
progresses.   The first lab has them investigate repeated measurements of 
a single quantity (the speed of light) and introduces the concept of error 
propagation. In the second lab they use a functional relation (lambda vs. 
sin(theta)), for calibration of a diffraction grating, using residuals to optimize 
the fit. Later labs introduce Gaussian and Poisson probability distributions, 
and Least-Squares fitting of functions (including non-linear minimization). 
We give a few designs for one lab experiment that explore different levels of 
data analysis. 
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P44 Effectiveness of flipped classroom techniques in an 
advanced laboratory physics course

Sean P. Robinson, Gunther Roland, Sean P. Robinson, 
Charles Bosse, Margaret Pavlovich, Evan Zayas, 
Massachusetts Institute of Technology 

We study the effectiveness of flipped classroom techniques facilitated by 
the Open edX platform for the direct instructional aspects of an advanced 
laboratory physics course by comparing metrics from semesters before 
and after curricular changes. The metrics used are the ECLASS survey 
and internal end-of-semester course evaluations (including self-reported 
hours per week, student reflections on personal experiences and learning 
experiences, and overall student satisfaction). We find that the reformed 
curriculum has positive effects on several metrics of particular interest to the 
course’s strategic goals. 

P45 Demonstrating Interference with Single Photons
R. Seth Smith, Scott Baldwin, Preston Alexander, Blane 
McCracken, Francis Marion University 

During the past two years, a Quantum Optics Laboratory was con-
structed and tested at Francis Marion University. A spontane-
ous parametric downconversion source was used to create pairs 
of correlated photons for use in single photon tests of quantum mechanics. 
In this experiment, single photon interference was demonstrated by using a 
spontaneous parametric downconversion source. The two beams emanat-
ing from the downconversion crystal are referred to as the signal and idler 
beams. Detector A was placed in front the idler beam. The signal beam was 
sent to a polarization interferometer that was followed by a 50/50 beam 
splitter. The reflected and transmitted beams were incident on Detectors B 
and B’. By observing the presence or absence of coincidences, it was pos-
sible to demonstrate both particle and wave behaviors for light. In particular, 
if individual photons are passed through a polarization interferometer, it was 
shown that they will interfere with themselves. The details of the experimental 
setup and the results will be presented. 

P46 Students’ Ownership of Projects in the Upper-Division 
Instructional Physics Laboratory Setting

Jacob Stanley, University of Colorado Boulder; Dimitri R. 
Dounas-Frazer, Univ. of Colorado Boulder; Laura Kiepura, 
Georgia State Univ.; Heather J. Lewandowski, Univ. of 
Colorado Boulder 

The development of a student’s sense of ownership in project based 
laboratory courses has been increasingly recognized as an important factor 
in student success as well as an important part of becoming a scientist in an 
authentic research setting. For this reason some laboratory instructors have 
defined Project Ownership as a central learning goal for their courses. Our 
aim was to investigate the concept of student ownership in the context of 
an upper-division optical physics laboratory course in which students spend 
the final seven weeks of the semester working in groups on final projects of 
their choosing. We’ve drawn on two data sources: (1) results of the Survey 
on Project Ownership (SPO), administered at the end of the course and (2) 
weekly student reflections about their goals, challenges, and successes. Our 
analysis probes connections between student ownership and other relevant 
aspects of the final project experience, including student affect, agency, 
and self-efficacy as well as their interactions with peers and instructors. 
Comparison of reflections made during the first and second halves of the 
project provided the opportunity to investigate the evolution of student 
ownership during the course and has revealed several promising avenues for 
future study of the dynamic process through which students develop a sense 
of ownership over their projects in such a setting. 

P47 Undergraduate Advanced Laboratory Studies on 
Supersonic Nozzle Flow

Keith Stein, Connor Fredrick, Richard Peterson, Bethel 
University 

Undergraduate studies are carried out in the advanced laboratory to examine 
the supersonic flow from an axisymmetric converging-diverging nozzle. Flow is 
initiated by the rupture of a diaphragm and exits from a small nozzle (with a 
3/8” exit diameter) into standard atmospheric conditions from a one gallon 
tank. COMSOL simulations are carried out for the nozzle and comparisons 
are made to experiments based on high-speed video shadowgraph imaging 
and dual-beam interferometry. 

P48 A Grading Rubric for Intermediate Laboratory Courses 
in Physics

Jeffrey J. Sudol, West Chester University 
Physics majors at West Chester University take a two semester sequence 
of laboratory courses designated Intermediate Lab I and II. Each semester, 
students are required to write three “research papers”, consistent with the 
conventions of scientific journal papers. We have prepared a grading rubric 
that articulates the qualities of a good scientific paper. The rubric has four 
main categories: accuracy, precision, completeness, and convention. These 
are complemented with categories addressing the structure of the paper and 
the quality of writing. 

P49 Tethered Particle Motion Experiments as a Gateway 
to Biophysics Research

Obinna A. Ukogu, Adam D. Smith, Ashley R. Carter,  
Amherst College 

Tethered particle motion (TPM) is a technique used to study the mechanical 
properties of biological molecules like DNA. Setting up a TPM assay involves 
attaching one end of the DNA to a surface and the other end to a small 
bead (1 µm in diameter). Changes in the bead’s position with time (due to 
displacement by Brownian motion) are then tracked using video microscopy 
and used to infer the length of the DNA. If a condensing agent is added, one 
can measure the rate of DNA condensation as the length decreases. In this 
lab, our goal is to use TPM to experimentally determine how long it takes to 
completely condense a strand of DNA in the presence of a condensing agent 
at a chosen concentration. Possible condensing agents include protamine, 
hexamminecobalt(III), spermidine, and spermine. Here, we will measure 
the condensation rate for protamine. Decreasing the concentration of the 
condensing agent will allow for open-ended research on the formation of 
the condensed structure. Combining this laboratory with the laboratories 
described in our other abstract, “Using Tethered Particle Motion Experiments 
in Statistical Mechanics or Biophysics Labs,” will offer a gateway to biophysics 
research in the undergraduate laboratory. 

P50 Correlating students’ beliefs about experimental 
physics with laboratory course success

Bethany Wilcox, Dimitri Dounas-Frazer, Heather 
Lewandowski, University of Colorado Boulder 

Student learning in instructional physics labs is a growing area of research 
that includes studies exploring students’ beliefs and expectations about 
experimental physics. To directly probe students’ epistemologies about 
experimental physics and support broader lab transformation efforts both 
at the University of Colorado Boulder (CU) and nationally, we developed 
the Colorado Learning Attitudes about Science Survey for Experimental 
Physics (E-CLASS). Previous work focused on establishing the accuracy 
and clarity of the instrument through student interviews and preliminary 
testing. Ongoing validation efforts include establishing the extent to which 
student epistemologies as measured by E-CLASS align with other measures 
of student learning outcomes (e.g., course grades). Here, we report on the 
correlations between final course grades and E-CLASS scores from two 
semesters of introductory and upper-division lab courses at CU and discuss 
implications of our findings for the validity of the E-CLASS instrument. 
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P51 Experimental Plasma Station for the Undergraduate 
Curriculum

Jeremiah Williams, Wittenberg University; Arturo Dominguez, 
Andrew Zwicker, Princeton Plasma Physics Laboratory 

Plasmas are a type of an ionized gas that constitutes the fourth and most 
common naturally occurring state of matter in the visible universe. Despite 
providing a wealth of applications from all areas of classical physics, playing 
an important role in many industrial applications and the likelihood that 
plasmas will play a key role in the world’s future energy portfolio, plasma 
physics does not often appear in the undergraduate curriculum. This is 
particularly true in the laboratory setting, where most experiments involving 
plasmas require the use of fairly complicated and complex experimental 
setups. In this poster, we present the design of a relatively simple and 
inexpensive experimental setup that supports a number of experiments that 
use plasmas as an experimental medium to explore many areas of classical 
physics and can be used throughout the undergraduate physics curriculum. 
The apparatus is designed to be easy to implement and can be replicated at 
many institutions, regardless of the presence of local expertise. We will also 
present three experiments that can be performed in both the intermediate 
and advanced laboratory, including plasma spectroscopy, electrical 
breakdown of a gas into a plasma (Paschen’s Law), and measurement of 
electron temperature and density using a simple probe. 

P52 Putting some Nuclear Physics into a Rutherford 
Backscattering Experiment

Randolph S. Peterson, Prashanta Kharel, Derrith A. 
Roberson, University of the South
Jerome L. Duggan, deceased, University of North Texas

In an introductory experiment on Rutherford scattering, thin gold and carbon 
targets are often used to demonstrate the Rutherford scattering effects with 
gold and the deviation from the Rutherford equations for carbon. But using 
LiF thin films on a carbon substrate provides a wealth of non-Rutherford that 
can be completed in about 16 hours of accelerator time. The theory for both 
elastic and inelastic scattering is straightforward and non-relativistic. Student 
results are presented.

Friday, July 24

SESSION XII: PLENARY SESSION 
Funding and Community Support for Upper 
Level Lab Endeavors 

Invited Talk: “External Support for Advanced Labs”
Dick Peterson (Bethel) & Gabe Spalding (Illinois Wesleyan 
University)

There is a crucial need for regaining support for instructional labs at the 
national level. We begin with a sobering history, briefly summarizing NSF Divi-
sion of Undergraduate Education (DUE) programs of recent decades pro-
viding some support—including ILI, CCLI, TUES, and—nominally—IUSE. Dun-
can McBride, formerly an NSF Program Officer during the ILI period recalls,  
“CSIP-ILI through 1999 was a highly leveraged infrastructure program that 
did emphasize curriculum and laboratory improvement... Many projects did 
more than they promised in a proposal, some much more. Since the pro-
gram received 2000-2400 proposals and made 500-600 awards each year 
across all the sciences, it affected a very large number of faculty members, 
departments, and institutions.”

The 1999 termination of ILI initiated a steady decline in external funding 
for advanced lab equipment along with much of the corresponding highly 
leveraged stimulation of institutional support and faculty/staff efforts. The 
current lack of funding programs that target laboratories often requires 
institutions to build on complementary support structures, e.g., from within 
the “broader impact” components of disciplinary research awards by NSF. The 
Jonathan F. Reichert Foundation is building an endowment supporting ALPhA 

Immersion participants (competitive) with matching funds for institutional 
purchase of the advanced lab equipment they have utilized [http://
jfreichertfoundation.org/alpha-immersions/]. ALPhA must play a positive 
role in such national efforts to regain support for instructional equipment. 
This year, ALPhA was called upon by the National Photonics Initiative (SPIE/
OSA) to help provide national background data in support of their efforts to 
push for renewed federal support. Only together, as a community, can we 
best make the case for the funding of laboratories that profoundly impact 
the lives of our students.

Panel: “Update on ALPhA-related Initiatives and Programs”
Lowell McCann: The ALPhA Immersion Program
David Van Baak: ALPhA Miner Program
Jeremiah Williams: AAPT-ALPhA Award
Melissa Eblen-Zayas: APS-Reichert Award

Open Forum Discussion: “Strengthening our BFY 
Community”
Moderator: Ben Zwickl (Rochester Institute of Technology)

SESSION XIII: BREAKOUT 
DISCUSSIONS

•	 BFY labs on condensed matter/materials/nano 
•	 BFY labs on quantum optics/photon-based quantum mechanics 

labs 
•	 Bio-related BFY labs in physics 
•	 Communicating Experimental Results 
•	 Developing student experimental skills 
•	 Labs on a limited budget 
•	 Laboratory assessment beyond the first year 
•	 Mentoring projects 
•	 Teaching uncertainty and statistical analysis 

SESSION XIV: PIRA ADVANCED DEMO 
SHOW
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W01 Real-time 2D heat flow data as an introduction to 
what Arduinos can do in your lab

Eric Ayars, CSU Chico 
One of the more useful applications of Arduino microcontrollers in the 
Advanced Laboratory is as interfaces to modern sensors. The Arduino can 
communicate natively with sensors using SPI, I2C, One-Wire, and most other 
chip-to-chip communications protocols. It can then relay data from those 
sensors to a computer via USB.

As an example of this capability, we’ve built a 100-point temperature 
measurement grid onto an aluminum plate. An Arduino tracks all 100 sensors 
and relays that temperature data to the computer, providing high-precision 
heat flow data in real time. In addition to providing cool gee-whiz thermal 
maps of the plate, the data can be used in conjunction with computational 
modeling of two-dimensional heat flow to provide an interesting Advanced 
Lab exercise.

The techniques used for this apparatus can be extended to many other 
applications also. A wealth of sensors exists for measuring just about 
any physical parameter you might desire. Although these sensors cannot 
generally communicate directly with computers, they can communicate with 
inexpensive Arduino microcontrollers which can then serve as data relays. 
This short workshop will serve as a functional introduction to the techniques 
necessary for using Arduinos in this way. 

W02 Nanoparticle Scattering of Polarized Light
Ernie Behringer, Natthi Sharma, Eastern Michigan University 

This experiment allows students to explore electric dipole radiation in the 
opticalfrequency domain. Here, electric dipoles are induced in nanoparticles 
suspended in water by the electric field of a linearly polarized HeNe laser 
beam and the resulting angular distribution of optical radiation in the 
plane normal to the incident beam is compared to the expected sin2(phi) 
distribution.

This experiment is highly flexible, with implementations that span a 
range of simplicity and cost. Details of the construction of the experiment 
and analysis of the data will be provided. The polarization, particle size 
and concentration dependence of the angular distribution, and the radial 
dependence of the irradiance will be discussed. The apparatus will be 
available for use and typical results will be presented. Finally, the ways in 
which this experiment can be used to meet many of the learning outcomes 
described in the AAPT Recommendations for the Undergraduate Physics 
Laboratory Curriculum will be discussed.

For graduate students, the experiment can be extended to the study 
of magnetic dipole (and/or electric quadrupole) radiation by mounting 
a polarizer in front of the detector. The experiment can help elucidate the 
polarization and angular distribution of low order multipole radiation when 
teaching multipole fields. Many details are contained in Am. J. Phys. [71, 
1294 (2003)] and Phys. Rev. Lett. [98, 217402 (2007)].

After doing the experiment, students understand how electric dipole 
radiation explains polarization by reflection (Brewster’s angle), polarization 
by scattering, and the polarization of radiation emitted by circulating charges 
(as in pulsars). 

W03 Using split-ring resonators to measure the 
electromagnetic properties of materials: An experiment for 
senior physics undergraduates

Jake Bobowski, University of British Columbia, Okanagan 
Campus 

In this experiment a split-ring resonator (SRR) is used to measure the 
dielectric constant of water and the conductivity of various concentrations 
of NaCl dissolved in water.

The SRR is made by cutting a narrow slit along the length of a conducting 
tube and can be modelled as a series-LRC circuit. The tube acts as a single-
turn inductor and the slit as a parallel-plate capacitor. The inductance 
and capacitance, and hence resonance frequency, are determined by the 
dimensions of the SRR. The resistance of the SRR, which determines the 

quality factor (Q) of the resonance, is set by the skin depth of the conductor. 
An aluminum SRR has been constructed that, when immersed in air, has a 
resonance frequency and quality factor of 350 MHz and 2000 respectively.

Students first characterize the in-air properties of the SRR and compare 
the measurements to predictions. Two coupling loops are formed by shorting 
the inner conductor of a coaxial cable to the outer conductor. One loop is 
connected to a signal generator and suspended near one end of the SRR. 
This drive loop creates a changing magnetic flux in the SRR. Currents induced 
in the SRR in turn create a magnetic flux that can be detected by a second 
coupling loop placed at the opposite end of the SRR. The measured Q is 
much lower than predicted and this is due to radiative losses. These losses 
can be suppressed by suspending the SRR inside a conducting tube.

Next, students fill the outer tube with distilled water. The water fills the 
slit of the SRR and changes the effective capacitance by a factor equal to 
the dielectric constant of water. As a result of the large dielectric constant of 
water, there is a corresponding large change in the resonance frequency. The 
ratio of the measured in-air and in-water resonance frequencies is equal to 
the square root of the dielectric constant of water.

Finally, students can dissolve a known amount of NaCl in the water. The 
result is an additional ionic conduction across the gap of the capacitor. A 
relatively simple complex algebra analysis reveals that the ionic conductivity 
leaves the resonance frequency unchanged but enhances the effective 
resistance of the LRC circuit by an amount that is proportional to the 
conductivity of the saltwater solution. Thus, the decrease in the Q of the 
resonance is a measure of the conductivity of the water. 

W04 An Introduction to Atomic Force Microscopy
Nancy Burnham, Worcester Polytechnic Institute 

Atomic force microscopes (AFMs) are instruments that allow three-
dimensional imaging of surfaces with nanometer resolution. Also used to 
determine chemical and mechanical properties of surfaces, they and their 
cousins, collectively called scanning probe microscopes, are the principal 
enabling technologies in the fields of nanoscience and engineering. 
Nanoscience and engineering encompass many different disciplines, e.g. 
physics, chemistry, materials science, electrical engineering, and biology. 
Their common thread is the mutual focus on understanding, designing, and 
controlling processes and devices at the nanoscale.

AFMs are currently being sold over a wide price range, the lower end 
of which is now compatible with intermediate physics laboratory courses 
(? $30k). In this workshop, one of these inexpensive instruments and the 
associated instructional materials will be demonstrated and the workshop 
leader will describe her experience in teaching undergraduate and graduate 
students AFM (since 2001). While the complete set of teaching materials is 
ideal for semester-long courses, portions of them could be used as modules 
in other classes. The instrument is easily transportable, which leads naturally 
to summer outreach programs. 

W05 Make your own DNA or microtubule AFM samples
Ashley Carter, Amherst 

Atomic force microscopes (AFMs) are commonplace in research laboratories 
and have recently been priced for educational use. We have designed several 
biophysical experiments for these educational AFMs that could be completed 
in a 3-hour undergraduate laboratory. Many of these experiments require 
students to image either microtubules or DNA and determine their polymer 
properties or the stretching force on the molecules. In this workshop, we will 
show you how to make DNA and microtubule samples and how to perform 
the biophysical experiments. Specifically, we will have several students on 
hand to help you in preparing DNA samples and in viewing those samples 
with the AFM. 

W06 Multidirectional Invisibility with Rays of Light—a 
“Rochester Cloak”

Joseph Choi, University of Rochester 
In this workshop, students will be able to use and explore a few versions 
of the “Rochester Cloak,” which uses off-the-shelf optical lenses only. They 

WORKSHOPS
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W10 Parametric Down Conversion Demo for Public and 
Undergraduate Use

Emily Edwards, Joint Quantum Institute 

W11 Electrostatic Dust Trap
Emily Edwards, Joint Quantum Institute 

W12 Quantized Conductance: A Contemporary Physics 
Experiment on the Wave-Particle Duality of Electrons

Khalid Eid, Miami University
This workshop will show a simple and inexpensive experiment demonstrating 
the emergence of quantum mechanical behavior with atomic-scale 
confinement. It links the quantum conductance (QC) to the wave-particle 
duality and demonstrates that confinement/boundary conditions give rise 
to quantization. The quantized conductance in stretched gold wires offers a 
unique approach to demonstrate quantum mechanical behavior: It is based 
on transport (i.e. current-voltage) measurements. Furthermore, the users see 
all components of the setup with their un-assisted eyes and the setup is 
manually controlled to break the gold wire and reconnect it. As the wire gets 
so thin that its diameter is comparable to the de Broglie wavelength of the 
current-carrying electrons, the conductance becomes clearly quantized.

The experimental setup includes a ‘macroscopic’ gold wire connected in 
series to a 1.5V-battery and a resistor, making a simple voltage divider. A 
weak point is made on the wire using a blade, then the gold wire is gradually 
stretched utilizing a simple micrometer and a bending mechanism that 
offers a huge motion reduction down to the sub-atomic scale. As the wire is 
stretched, the weak point gets narrower, making a constriction. The electrical 
conductance across the constriction rises smoothly but eventually becomes 
quantized when its width gets to the atomic limit (becoming comparable to 
the de Broglie wavelength of the electrons). The simple voltage divider circuit 
reads the voltage across the ‘break junction’ via LabView. Just before the wire 
breaks, the lateral confinement of the conduction electrons causes the step-
wise change in resistance, or conductance.

The workshop will start by inspecting the setup, the electric circuit and 
the bending beam that carries the gold wire. After discussing the different 
components briefly, we will discuss the simple LabVIEW program used to 
collect and graph the data. Each user will then run the experiment, where they 
will manually move the micrometer to observe the breaking and reconnection 
of the wire (where the voltage across the wire will jump between 0V and 
1.5V). The user will then ‘zoom-in” into the parts of the data showing the 
quantized steps and will briefly analyze to see that the conductance is an 
integer number times two fundamental constants of nature: electron charge 
and Plank constant. Sample (i.e. gold wire on bending beam) preparation 
will also be demonstrated. 

W13 Low-Cost Capacitance Profiling of a Semiconductor
John Essick, Reed College

A low-cost capacitance-based experiment to accurately measure the doping 
density of a silicon sample will be presented. The sample is a commercially 
produced Schottky diode and the phase-sensitive detection required to 
measure the sample’s capacitance is carried out using an inexpensive data 
acquisition (DAQ) device and a LabVIEW software program that implements 
the lock-in detection algorithm. An experimental set-up using the National 
Instruments (NI) myDAQ device, which has no hardware triggering, will be 
demonstrated during the workshop. Another possible setup using the NI 
USB-6009 device with restricted analog input and inadequate waveform 
generation capabilities and comparison to results with obtained using 
research-grade instrumentation will be discussed. Details of this experiment 
can be found in Am. J. Phys. 82, 196 (2014). 

W14 Shoebox Spectrographs (Low-Cost Light and 
Spectroscopy Experiments)

Timothy Grove, IPFW
Spectrographs (a device used to take pictures of spectra) are typically 
expensive and fragile. Because of the cost and fragility of these devices, most 
student investigations that use spectrographs have restrictive instructions 

will be able to make part of their hand or other small objects become 
invisible and explore the cloaking regions of the devices. Additional hands-
on experience will be provided, where students can test the sensitivity of 
the lens alignments, by changing one of the lenses to view magnification, 
chromatic, and positional mismatches from the background.

In addition, participants will learn how to define an invisibility cloaking 
device with simple matrices, using geometrical optics. A brief description of 
“ABCD matrices” for lenses and propagation will be taught. Thus, participants 
will learn an introductory set of tools to design their own cloaking devices, 
limited to the ‘paraxial’ (small range of angles) regime. 

W08 Chaotic pendulum: the complete attractor
Bob DeSerio, University of Florida

With this apparatus your students can study one of the simplest systems 
capable of displaying chaotic behavior. It is constructed from a physical 
pendulum mounted on a Pasco rotary encoder and coupled to a stepper 
motor drive via strings, a pair of springs and a pulley. Raw data consists 
of pendulum angles measured synchronously with the uniform pulse 
train that drives the stepper motor. The motion is governed by a nonlinear 
differential equation readily modeled according to Newton’s second law with 
basic forces due to gravity, springs and friction. Many behaviors of nonlinear 
systems such as multiple steady state solutions, limit cycles and chaos are 
observable. Chaos is a condition where the dynamical variables describing 
the evolution of the system are predictable over short time intervals, but 
unpredictable over longer intervals. In the steady state, the dynamical 
variables for chaotic motion do not repeat and evolve on a fractal subset 
of phase space called a strange attractor. Data sets collected over 75,000 
drive cycles (24 hours) produce beautiful cross sections of the attractor 
called Poincare sections that can be further analyzed to determine the 
system parameters, the Lyapunov exponents characterizing the rate at which 
predictability is lost, and the fractal dimension of the attractor characterizing 
the self-similar structures common to chaotic systems. The same analyses 
can also be performed on data from numerical simulations of the differential 
equations. The workshop will cover the construction details of the apparatus 
including the data acquisition hardware and software and the design of an 
inexpensive stepper motor drive. The algorithms and LabVIEW programs for 
data acquisition, for calculating Lyapunov exponents and fractal dimensions, 
for fitting the data to the differential equations, and for numerical simulations 
will be described and the programs will be available for participants to use 
in their implementations. 

W09 Paschen’s Law Experiment
Arturo Dominguez, Princeton Plasma Physics Laboratory

For this experiment, participants will first study the DC glow discharge setup: 
a simple plasma source that is understandable to undergraduate students 
yet flexible enough to be used in a variety of experiments [1]. This type of 
source is relevant to fluorescent lighting, plasma televisions, and surface 
treatment of materials. The DC glow discharge is composed of two conductors 
separated by some distance and electrical potential inside an evacuated 
vessel at moderately low pressures (between a few and a hundred Pascals). 
The electrical potential needs to be high enough (hundreds to thousands of 
Volts) to break down the gas into a plasma. The characteristics of the plasma 
are controlled by four variables: potential difference and distance between 
the electrodes as well as the type of gas used and its pressure. In our device, 
we evacuate glass vessels that house stainless steel electrodes. Each has a 
two-stage direct-drive vacuum pump, an inlet valve system, and a pressure 
sensor. While the vessels can be filled with any gas through one fine and one 
coarse valve, for this workshop we will study atmospheric air (mostly nitrogen 
and oxygen). These valves also enable fine control of the gas pressure from 
3 to 300 Pa. We use power supplies that provide a potential difference of up 
to 2000 V and 20 mA.

Participants will investigate the transition from a gas to a plasma and 
correlate the breakdown voltage to the length of the tube and the gas 
pressure (Paschen’s Law). We compare our experimental measurements to 
the ideal curve and use that to discuss sources of error in this multivariable 
system.

[1] S. A. Wissel, A. Zwicker, J. Ross, S. Gershman, “The Use of DC Glow 
Discharges as Undergraduate Educational Tools” AJP 81 , 663 (2013) 
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that can limit student discovery and experimentation. The shoebox 
spectrograph is quite different. It is made of scrap corrugated cardboard, a 
DVD disc fragment, lots of duct tape, school glue, and a cheap camera (we 
usually use a $30 webcam but a camera on a phone will also work). Despite 
using low quality components, the shoebox spectrograph can be remarkably 
accurate. A well-constructed shoebox spectrograph can resolve spectral lines 
that are ~2 nanometers apart and can identify unknown spectral lines to 
within a nanometer. We have found that shoebox spectrographs are easily 
constructed (our students build their own), versatile and durable enough 
to allow students to independently explore light phenomena for a variety of 
experiments.

One of the most obvious investigations is to have students examine 
atomic light sources (power supply ~ $160 and gas tubes ~$50 each). 
These experiments are also the easiest way to calibrate and determine the 
relative accuracy of an individual spectrograph. However, one can do a lot 
of experiments without atomic light sources. For example, one can record 
sunlight spectra which will include the Fraunhofer absorption lines (which 
can also be used for calibration). If one procures an ordinary gooseneck 
desk lamp (~$30), students can perform low cost transmission and 
reflection experiments (including dandelion flower reflection spectroscopy). 
One of our favorite alternate experiments is an examination of laser induced 
fluorescence of Play Doh. This requires red, green, and blue “laser pointers” 
(~$7 per color laser) and a variety pack of Play Doh (20 color pack is ~ $12).

In fairness, there is an assumed equipment list. One will need access to 
a computer with a spreadsheet program and ImageJ (a free downloadable 
program). It is also assumed that one has a few basic tools (box cutter, 
shears, ruler, and meter stick). Heat guns are most convenient for producing 
DVD fragments, but tongs and a boiling pot of water can be used if a heat 
gun isn’t available.

Attendees of this workshop will construct their own spectrographs out of 
pre-cut cardboard and learn how to calibrate and use them. Then a single 
experiment will be done such as laser induced fluorescence of Play Doh. 

W15 An erbium-doped femtosecond fiber laser for the 
undergraduate laboratory

Chad Hoyt, Bethel University
The fields of ultrafast optics, mode-locked fiber lasers, and frequency 
combs are mature yet continue to find new and interdisciplinary applica-
tions. Although such apparatus are perhaps somewhat uncommon in the 
undergraduate optics lab, the concepts and required skills are used in state-
of-the-art physics, engineering and industrial settings. This workshop will de-
scribe an ultrafast optics laboratory comprising a mode-locked erbium fiber 
laser centered at approximately 1550 nm, auto-correlation measurements, 
and a free-space parallel grating dispersion compensation apparatus. The 
stretched pulse laser uses nonlinear polarization rotation mode-locking to 
produce pulses as narrow as 108 fs, full-width at half-maximum, at a repeti-
tion rate of 55 MHz and average power of 5.5 mW from the laser oscillator. 
A pre-amplifier following the oscillator increases average power to 21~mW. 
Interferometric and intensity auto-correlation measurements are made using 
a Michelson interferometer that takes advantage of the two-photon nonlinear 
response of a common silicon photodiode for the second order correlation 
between pulses. A parallel grating dispersion compensation apparatus de-
creases chirp and increases peak intensity, narrowing the pulse width by a 
factor of 13.

The laboratory was developed in the context of two upper-level 
undergraduate physics courses: Optics and Lasers. Participants will 
view a video and computer presentation describing the relevant physics, 
construction and operation of the laser and apparatus. They will receive a 
detailed parts list that includes previously owned and common parts used 
by the telecommunications industry, which may decrease the cost of the lab 
to within reach of many undergraduate departments. The mode-locked laser 
system can be built for less than 7000 USD, which is dominated by the fiber 
fusion splicer. The auto-correlation apparatus can be built for approximately 
2200 USD, which includes precision gold corner cube retroreflectors. The 
parallel grating pulse compression apparatus can be built for less than 1200 
USD, which includes high efficiency transmission gratings.

This workshop will present two promising methods to further reduce 
the cost of the lab. Lasers course project groups are currently developing 
a connectorized version of the mode-locked laser oscillator, and an IR 
scanning monochromator based on a small stepper motor controlled by 
an Arduino microcontroller. The former would circumvent the need for a 

fiber fusion splicer (~2500 USD, used). The monochromator could be 
used to characterize the pulse spectrum. Along with the descriptive video, 
presentation, documentation of results and parts list, participants will have 
the opportunity to inspect various laser components. 

W16 Developing Scientific Writing Skills through 
Participation in JAUPLI

Joe Kozminski, Lewis University; Mark Masters, IPFW 
In this workshop, attendees will learn the ins and outs of using the Journal 
of the Advanced Undergraduate Physics Laboratory Investigation (JAUPLI) as 
a tool to help the students develop better writing skills, learn about being a 
reviewer, and to better synthesize their investigation through writing to learn. 

The attendees will learn how to use the editorial tools assigning their 
reviews to students at different universities and then how to examine the 
reviews their students have produced. 

W17 Medical Imaging: Teaching about the Gamma 
Camera and Ultrasound Imaging

Mary Lowe, Loyola University Maryland
Instructional modules on applications of physics in medicine are being 
developed. The target audience consists of students who have had an 
introductory undergraduate physics course. This workshop will concentrate 
on an active learning approach to teach the principles of the gamma camera. 
An instructional ultrasound imaging apparatus that is being developed will 
also be shown.

The gamma camera (or scintillation camera) is one of the most important 
nuclear imaging devices used in a hospital. A radiopharmaceutical is 
introduced into a patient, which becomes concentrated in an organ or tumor. 
The gamma camera is placed over the patient. Gamma rays emitted from 
the radionuclide pass through an array of holes in a lead plate (called a 
collimator) and hit a scintillation crystal to produce flashes of light at different 
positions. The flashes are detected by an array of PMTs and an image based 
on the positions of the flashes is constructed using fast electronics. The 
spatial distribution of gamma emitters in the body is useful for diagnosing 
disease.

Since a real gamma camera is not feasible in the undergraduate physics 
classroom, we have developed two types of optical apparatus that teach the 
main principles of the device. To understand the purpose of the collimator, 
a set of LEDs is arranged in a pattern to mimic the distribution of gamma 
emitters in the body, and the light from the LEDs is passed through an array 
of tubes onto a screen. The distance, spacing, diameter, and length of the 
tubes are varied to understand the factors that affect the resolution of the 
image. To learn how to determine the positions of the gamma emitters, the 
second apparatus uses a movable green laser to represent gamma ray 
photons that have passed through the collimator, and orange fluorescent 
plastic to represent the scintillation crystal. Acrylic rods, mimicking the PMTs, 
collect the light, and a silicon photodetector integrates the intensity across 
the end face of the rod. A centroid (Anger) algorithm is used to calculate 
the position of the light source. Written teaching materials supplement the 
apparatus so that students can relate the laboratory apparatus to the real 
gamma camera and basic nuclear physics concepts.

For ultrasound imaging, we are working with Iowa Doppler Products. To 
understand how to construct a B-scan image, the students first learn how to 
read and interpret the echoes on a digital oscilloscope. 

W18 Using PSoCs in the Advanced Laboratory
Mark Masters, IPFW

The PSoC (Programmable System on a Chip) is a mixed signal microcontroller 
with both digital and analog capabilities built into a single integrated circuit. It 
is highly flexible and reconfigurable making it very capable in the laboratory.  
In this workshop you will see the rudiments of how to use a PSoC 4 or 5 devel-
opment kit to build two different laboratory instruments. The first is a simple 
counter/coincidence system that can be used to introduce students to the 
ideas of counting photons and looking for coincidences. The “single photon” 
detectors used in this case are IR LED’s operated in a reverse bias situation.  
The second instrument will make use of the Analog to digital converter and 
the built in amplifier to make a thermocouple based temperature monitor/
controller. 
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W19 Using an LED as a Low-Efficiency Single Photon 
Avalanche Diode

Lowell McCann, University of Wisconsin – River Falls 
In this experiment, a very inexpensive GaP light-emitting diode (LED) is 
reverse-biased and used to detect individual photons. In this mode, the 
LED behaves as a Geiger-mode avalanche photodiode, albeit one with an 
extremely low quantum efficiency. Students construct a simple op-amp 
circuit that lets them control the time constant of the circuit, the height of 
the output pulse, and a user-controlled discriminator. The experiment is 
simple and inexpensive, but very rich in interesting physics for students to 
explore, and can be appropriate for electronics, optics, semiconductor, and 
advanced lab courses. Students can investigate the statistics of random (or 
nearly random) events, diode and avalanche diode behavior, as well as the 
temperature and spectral sensitivity of the device. The experiment could be 
used as a ‘safe’ introduction to single-photon detection, before students use 
expensive, and much more sensitive commercial sensors.

The LED, comparator, resistors and potentiometer used in this experiment 
all total to less than $2 per setup. However the standard lab equipment 
required includes: a basic breadboard, three DC regulated power supplies 
(5V, 15V, 0-30V), a 2 channel oscilloscope, and a way to count pulses and 
the time between pulses. The latter device could be a Vernier LabQuest 
interface, National Instruments LabView and DAQ, a pulse counter/interval 
timer similar to the one sold by TeachSpin ($650), or any similar device. 

W20 Rethinking Lab Writing Assignments
Cary Moskovitz, Duke University 

Laboratory writing assignments often fail to adequately consider the 
intended audience and rhetorical goals for that writing. Assignments without 
a clear and coherent sense of audience and purpose can make it difficult 
for students to approach these tasks as thoughtful writers. Think about your 
own experience with lab writing assignments as a student: Who were you 
writing for? What did you see as the goal of the reports—other than getting a 
good grade? What guided your decision as a writer as to what to include or 
omit, what needed explaining, what was a sufficient explanation and so on? 
Consider as well your experience in assigning and commenting on student 
lab reports: Do you explicitly position yourself as the target audience for their 
writing? Or do you ask them to address some other real or imaginary readers? 
Are students expected to parrot back information they have been provided, 
or to make decisions as to what makes most sense in communicating their 
lab work? What are the implications of these decisions for how students 
approach the writing task? Beyond the matter of audience In this workshop, 
participants will be guided through a series of reflective questions about their 
assignments and offered ideas for revising those assignments in ways that 
can make them more meaningful experiences for helping students develop 
their scientific writing an reasoning skills. Participants are asked to bring 
three copies of one lab writing assignment from a course at their institution 
(ideally a course they teach) and, if possible, bring a typical quality example 
of student writing produced in response to that assignment. 

W21 Brownian Motion: Measuring Avogadro’s Constant 
for $70

Beth Parks, Colgate University 
Brownian motion played a pivotal role in the development of modern 
physics. One of the four papers in Einstein’s 1905 annus mirabilis explained 
Brownian motion using atomic theory. Up until this publication, there were 
still prominent physicists who believed that atoms were a convenient fiction, 
but not real objects; Einstein’s paper provided the convincing evidence for 
their existence.

Through measurements of Brownian motion, students can measure a 
fundamental constant, Avogadro’s number, from which they can determine 
the size of atoms.1 Additionally, they are introduced to a currently active 
research area—in the past 12 months, there have been 90 manuscripts 
submitted to cond-mat on Brownian motion.

These inexpensive measurements are made possible by using microscopes 
from the consumer market, solutions of polystyrene spheres of uniform size, 
and the image processing software ImageJ available free from the NIH. 
During this session, participants will learn how to set up the experiments and 
analyze the data to yield accurate measurements (within a few percent) of 
Avogadro’s number and Boltzmann’s constant.

Participants should bring their own laptops and will receive instructions in 
advance for downloading the ImageJ software.

1. “Einstein, Perrin, and the reality of atoms: 1905 revisited,” Ronald 
Newburgh, Joseph Peidle, Wolfgang Rueckner, American Journal of Physics 
74 6, June 2006. 

W22 Compton Scattering of Cs-137 Gamma Rays
Jim Parks, University of Tennessee

The Compton Scattering Experiment involves the fundamental understanding 
of the interaction of radiation with matter. It involves an understanding of the 
photoelectric effect, the Compton Effect, pair production, x-rays, and radiation 
decay schemes. A comprehension of how matter interacts with radiation is 
also necessary to understand how radiation interacts with detectors and is 
measured. The processes studied are the same as those taking place in the 
detector. Very important aspects of the Compton Scattering Experiment are 
that it involves the relativistic treatment of the scattering process and that the 
theory and analysis yield the rest energy of the electron.

During the workshop, scattering spectra and background spectra will be 
measured at various scattering angles to verify the Compton Scattering theory. 
This experiment is important as an entry point for studying the interaction of 
radiation with matter and learning about radiation detectors, energy analysis, 
and relativistic measurements. It is important for the understanding of basic 
radiation measurements and sources of background radiation in nuclear 
physics experiments. Skills acquired in performing experiments are: (1) 
calibration and use of a multichannel analyzer, (2) use of an apparatus to 
measure the Compton Scattering of gamma rays from a cesium -137 source, 
and (3) analysis of results to determine the rest mass of the electron. 

W23 Python Instrument Control System: Pythics
Everett Ramer, Brian D’Urso, University of Pittsburgh 

Without a doubt the computer is one of the most important instruments in 
a physics laboratory. The critical element in its usefulness is the software 
application that interfaces it with the other laboratory instruments. Python 
Instrument Control System, or Pythics, is a tool for creating a graphical 
user interface (GUI) that can interactively run Python code for interfacing 
to laboratory instruments, or for numerical simulations. This GUI is an XML 
document that can include buttons, sliders, knobs, plots, drop-down menus, 
file selection, text boxes, etc. The beauty of Pythics is the extreme ease of 
using XML to design the GUI, coupled with the power of Python to create 
code that is readable, efficient, and easily integrated with many instrument 
libraries. Both Python and Pythics are free and open source software.

This workshop will introduce you to Pythics. As a participant you will receive 
a Pythics application that demonstrates all the features of the GUI, and from 
which you can build your own applications by copy-and-paste. You will also 
receive Pythics applications that interface to a digital storage oscilloscope, 
a DMM, and a function generator using the USB port. These will be used 
in the workshop to measure the output of an RLC filter and FFT analysis of 
noise. Finally you will receive a collection of simulations written in Pythics 
that would be useful in a course on computational physics. 

W25 Fundamentals of low-noise electrical measurements: 
Ground loops, interference, shielding, etc.

Walter Smith, Haverford College 
In this workshop, participants will run through the highlights of a series of 
labs that teach students about amplifier noise, Johnson/Nyquist noise, 
capacitively- and inductively-coupled interference, and ground loops. 
Students learn both about the origins of these usually undesired signals, 
and how to minimize them. The labs require a low-noise amplifier such as 
a Stanford Research Systems SR560. Optionally, the students can instead 
design and build their own amplifiers, if time permits, based either on op 
amps or on instrumentation amplifier integrated circuits. In a culminating 
exercise, students measure the Johnson/Nyquist noise of a resistor at liquid 
nitrogen temperature. Workshop participants will be furnished with complete 
lab write-ups including conceptual questions for the students, complete 
lecture notes, supporting problem sets and solutions, and sample exam 
questions and solutions. 
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W26 Stellar Photometry and Spectroscopy in the physics 
lab room

Shawn Langan, Zach Smith, University of Nebraska-Lincoln
The focus of our workshop will be in reusing standard modern physics 
equipment with the intent of showing its application to astrophysics. Most 
every physics department offers a modern physics lab, which includes 
experiments in such topics as quantum mechanics, and atomic and nuclear 
physics. The equipment for such classical experiments is quite standard. 
What is not standard across many physics departments, is the use of such 
equipment to conduct meaningful experiments in an astrophysics lab course. 
Such labs attract a large portion of STEM and non-STEM majors alike. Given 
this popularity, and the likelihood for such courses to be taught as an elective 
in a physics department or high school, it becomes essential to recycle 
equipment from mandatory courses such as a modern physics course.

Experiments that will be included in the workshop will be photometric 
measurements of celestial objects and, time permitting, stellar spectroscopy. 
Photometric experiments would begin with radiometry, including fundamental 
applications of radiometry with a Geiger counter and Gamma button source 
or light source and Photodiode. Special attention will be paid to astronomical 
procedures in data processing, as it applies to the equipment at hand, i.e. 
dark current, quantum efficiency, etc. This portion will finish with applications 
of photon statistics with regards to image processing and CCDs. We will make 
heavy use of Aperture Photometry Tool software, supported by NASA, JPL, etc.

Time permitting, we may begin discussing ideas in stellar spectrometry in 
the classroom setting, including some demonstrations. Depending on what 
equipment is accessible to attendees at their home institute, this discussion/
demonstration will involve equipment and/or standard plotting software.

Lastly, sample lab manuals and lab reports will be used to illustrate the 
experiments in a classroom lab environment. Every effort will be made to 
incorporate standard physics lab equipment into preparing the experiments. 
Attendees may ask for guidance on how to best use their current equipment 
for such experiments. 

W27 Engaging in the Advanced Lab with Interactive Videos
Keith Stein, Peter Heppner, Bethel University

Web-based interactive videos are being developed through an NSF supported 
initiative that seeks to further ALPhA’s goal of national dissemination of 
quality undergraduate experiments. These videos are designed to enhance 
student learning, enable free web-based student participation, and to inspire 
effective participation in cutting-edge research areas of the advanced lab. We 
concentrate on three primary advanced lab areas at Bethel University: Atomic 
Molecular and Optical (AMO) physics; compressible flows and shock waves; 
and plasmonics and nanotechnology. Video activities are designed to provide 
an interactive lab-like environment that focuses on the essence of the lab 
topic, but is stripped of many of the complexities of the true lab experience. 
We anticipate that they will enrich learning and student enthusiasm in the 
advanced lab topics, provide a solid introductory framework to the physics, 
and lead to more meaningful experiences inside the laboratory.

The video activities will introduce the user to advanced lab topic areas and 
allow them to carry out video measurements and analyses of experiments 
based on selected test parameters. For example, one activity introduces 
the user to experiments in a lithium magneto-optical trap and guides them 
through a video-based temperature measurement. The user measures the 
frame-by-frame expansion of the cloud after the trap is shut off. Another 
activity provides an introduction to surface plasmons and guides the user 
through video-based measurements on plasmon wavelength, frequency, and 
experimental techniques. Another activity acquaints the user with the ping 
pong vacuum cannon and allows the user to take measurement on ping ball 
dynamics for various test conditions through frame-by-frame analysis of high 
speed video.

This workshop will consist of three parts. First, the participant will be given 
a brief introduction on the motivation and objectives for NSF TUES project 
#1245573, “Inspiring undergraduate engagement in advanced laboratories 
through web-based interactive video.” Second, a demonstration will be 
provided on video activities being developed in the three primary advanced 
lab areas at Bethel University. Third, there will be time to interact with and 
explore the various features of the video activities using a mobile device 
or laptop computer at the workshop station. Participants will be invited to 
complete a feedback survey at the end of the workshop which will be used 
in a formal project assessment. 

W28 On-demand modular learning of practical knowledge
Randy Tagg, UC Denver 

Students doing class projects, research, technical innovation, and thesis work 
often must incorporate a wide variety of practical techniques into their work 
that span topics that are not covered in ordinary lab courses. This workshop 
will demonstrate methods of preparing instructional materials for students 
to achieve “technical competencies” that can be learned on-demand. A 
technical competency is a skill set and knowledge framework for employing 
a particular type of technology. The scope of the competency is achievable 
in a time-frame of about 10 hours of focused study and lab work pursuing 
a small set of engagements. Workshop attendees will work through some 
sample engagements, listed here in relation to the supporting technology 
(in parentheses):

(1) (Energy Systems) Battery characterization and comparison under load 
using an Arduino data logger

(2) (Electrical Measurements) Conductivity measurement of electrolytes
(3) (Sensors) Comparing thermocouple and thermistor sensors
(4) (Actuators) Pulse-width modulation control of DC motor speed
(5) (Fluids) Building a basic pumped flow system
(6) (Sound) Building a small power amplifier for driving speakers
(Other engagements may also be available.)
The engagements are structured as kits that can be replicated and pulled 

off the shelf to support student learning when needed on demand. Attendees 
will learn how to navigate and use a supporting website designed to help 
students acquire a repertoire of technical competencies across 52 different 
technologies. The website is scheduled for open release at the time of the 
conference: https://sites.google.com/site/inventorsyeara/home 

W29 Introduction to FPGAs
Matt Vonk, University of Wisconsin – River Falls 

Field Programmable Gate Arrays (FPGA’s) are user configurable integrated 
circuits that can be designed to perform specific tasks with true parallelism, 
unlike microprocessors that operate sequentially. Their flexibility, ease of use, 
and relatively low cost has made them increasingly popular in a wide variety 
of applications. This workshop would show attendees how to use the Xilinx ISE 
development software (a combined smart-editor, simulator, and synthesizer 
which is available for free on the Xilinx website) to interface with Digilent 
FPGA-boards. The boards are extremely user friendly, with lots of built-in 
inputs and outputs, and are also very reasonably priced. The workshop will 
show users the basics of writing, compiling, and instantiating code and will 
step attendees through several practical applications. 

W30 FPGA in the Advanced Lab
Kurt Wick, University of Minnesota 

This workshop presents how FPGA (Field Programmable Gate-Arrays) 
concepts are used in an advanced undergraduate lab course. Unlike the 
older, traditional application specific standard products (ASSPs), such as the 
4000 or 7400 series chips, FPGAs contain 100k or more logic gates which 
can be operated reliably in the MHz to GHz range. These properties make 
FPGAs ideally suited for an advanced lab course teaching students basic 
digital circuits as will be shown in the following examples.

In the first week, students implement a simple full adder that is then 
expanded to a full 4 bit adder with a hexadecimal display by programing an 
FPGA on a Digilent BASYS board. In the second week, students build a simple 
music player. First, they use the FPGA as a digital-to-analog converter (DAC) 
using a simple Pulse Width Modulation (PWM) technique. This reconfigurable 
DAC is implemented with a just a few lines of Verilog code and is then used 
to explore DAC concepts such as resolution and conversion time. Second, 
an improved PWM technique using a Sigma-Delta algorithm is explored and 
its application as a voltage-to-frequency converter is discussed. Finally, 8-bit 
and 16-bit musical data is read from a flash memory and played through a 
speaker using the Sigma-Delta PWM technique. The workshop will cover the 
hardware and software used and PWM concepts. 
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W31 Diffusion in Microfluidic Structures
Steve Wonnell, Johns Hopkins University 

This is a hands-on workshop in which the workshop leader and participants 
run through the steps involved in the microfluidics diffusion experiment, one 
of eight short experiments developed to accompany a junior level biophysics 
course at the Johns Hopkins University. This particular experiment has 
participants using a “lab on a chip” to measure molecular diffusion in water, 
from which a value for Boltzmann’s constant can be found. The concepts of 
Reynolds number and laminar flow, diffusion, viscous drag, and Einstein’s 
relation underlie this experiment. Video capture with a microscope, analysis 
of the image data, least-squares fitting, and using microfludic structures 
to manipulate molecules are some of the techniques utilized. The entire 
experiment can be assembled from commercially available apparatus and 
parts. 

W32 Torsional Oscillator, Noise, and a Spectrum 
Analyzer—What can Fourier Analysis reveal when you drive 
the system with noise?

Barbara Wolff-Reichert, Jonathan Reichert, George Herold, 
David Van Baak, TeachSpin 

The simple harmonic oscillator is perhaps the most generally useful model 
system in all of physics, and TeachSpin’s Torsional Oscillator is a great way 
to learn and teach all of its properties. An exciting and impressive extension 
uses noise to drive the oscillator and an SRS Spectrum Analyzer to explore 
the power of Fourier thinking to analyze the result.

Participants will:
•	 See the parts, and chart the outputs, of the Oscillator
•	 Hand-excite the Oscillator, to see the damped waveform
•	 Drive the system with noise and interpret the output in both 

time and frequency space (via an oscilloscope and the SRS 
Spectrum Analyzer) 

W33 Fourier Methods
Barbara Wolff-Reichert, Jonathan Reichert, George Herold, 
David Van Baak, TeachSpin 

Although oscilloscopes are most often used to observe electrical signals 
as a function of time, seeing the same signals as a function of the 
frequencies of which they are composed, the frequency domain, provides 
powerful, and often unexpected, insights. TeachSpin’s Fourier Methods 
is a complete experimental ‘arena’, built around the SRS-770 Waveform 
Analyzer, specifically designed to teach physics students how much can be 
learned about physical systems by understanding the frequency content of 
the signals emerging from them. No matter what your acquaintance with 
the Fourier spectrum, you’ll find something new to do with our electrical/
mechanical/acoustical package of experiments.

Participants will:
•	 See how the Analyzer responds to simple waveforms
•	 See the operation of summing, and of multiplying, in time and 

frequency domains
•	 Choose parameters of AM or FM waveforms, and see their 

frequency spectra
•	 See the spectra of chaotic waveforms
•	 Tune a mechanical 2-mode resonator, seeing its spectrum reveal 

its normal modes 

W34 Noise Fundamentals, JN– Using Johnson-noise to 
measure the Boltzmann Constant

Barbara Wolff-Reichert, Jonathan Reichert, George Herold, 
David Van Baak, TeachSpin 

Many instructors, and some students, have heard of Johnson-noise and shot 
noise in electric circuits, TeachSpin’s apparatus provides a way to study both 
in detail in a trouble-free experimental arena. Students can see electrical 
noise, and measure spectral noise density, right from its definition. They 
can investigate, quantitatively, the dependence of Johnson noise on source 
resistance and bandwidth, as well as on temperature in the 77 – 350 K 

range using the Dewar flask and proprietary probe provided. A measurement 
of Boltzmann’s constant, to a precision of a few percent, is a by-product. 
Furthermore, quantitative measurements of the shot noise present in a 
photocurrent allow the measurement of the fundamental charge ‘e’ to similar 
precision.

Participants will:
•	 Follow a noise signal from birth to quantitative measurement
•	 Learn how noise density is defined and measured
•	 See the dependence of Johnson noise on source resistance
•	 Deduce a value for Boltzmann’s constant from Johnson-noise 

data 

W35 Noise Fundamentals, SN – Using Shot Noise to find 
“e” the Charge on the Electron

Barbara Wolff-Reichert, Jonathan Reichert, George Herold, 
David Van Baak, TeachSpin 

Many instructors, and some students, have heard of Johnson-noise and shot 
noise in electric circuits, TeachSpin’s apparatus provides a way to study both 
in detail in a trouble-free experimental arena. Students can see electrical 
noise, and measure spectral noise density, right from its definition. In this 
workshop, participants will make the kind of quantitative measurements of 
the shot noise present in a photocurrent that can be yield the fundamental 
charge ‘e’ to a precision of a few percent.

Participants will:
•	 Follow a noise signal from birth to quantitative measurement
•	 Learn how noise density is defined and measured
•	 •earn how shot noise is generated and measured
•	 Deduce a value of the fundamental charge ‘e’ 

W36 Pulsed/CW NMR – Using Spin Echoes to find Spin-
Spin Relaxation Times

Barbara Wolff-Reichert, Jonathan Reichert, George Herold, 
David Van Baak 

The technique of nuclear magnetic resonance has revolutionized physics, 
chemistry, and even medicine since its discovery over 60 years ago. Now 
students can learn all the features of NMR in an instrument optimized for 
teaching. TeachSpin’s PS2 is a tabletop system allowing pulsed or continuous-
wave investigations of proton (or 19F) NMR within a temperature-stabilized 
permanent magnet. Students have full control of all the pulse-sequence 
parameters, and the electrical shimming and scanning of the magnetic field.

Participants will:
•	 Learn how pulsed NMR of protons is conducted, and learn pulse 

nomenclature
•	 Optimize a 90-degree pulse, and see free induction decay
•	 Optimize field homogeneity by gradient adjustments
•	 Learn the pulse sequence needed for nuclear spin echoes
•	 Measure T2 relaxation time in their sample 

W37 Pulsed/CW NMR—One-Dimensional Imaging, a 
glimpse of MRI physics

Barbara Wolff-Reichert, Jonathan Reichert, George Herold, 
David Van Baak, TeachSpin 

The technique of nuclear magnetic resonance has revolutionized physics, 
chemistry, and even medicine since its discovery over 60 years ago. Now 
students can learn all the features of NMR in an instrument optimized 
for teaching and begin an exploration of one-dimensional imaging. Using 
TeachSpin’s PS2 and a variety of layered samples, participants will investigate 
the way this powerful technique uses a magnetic field gradient and Fourier 
analysis to map spatial locations of the individual materials.

Participants will:
•	 Review how pulsed NMR of protons is conducted and observe an 

on-resonance 90-degree pulse
•	 Optimize field homogeneity using a 90-degree pulse
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•	 Note the 0 beat signal coming from the mixer and observe its FFT
•	 Move the pulse signal off resonance and observe the effect on 

both the mixer signal and the FFT
•	 Create and vary the y gradient and observe its effect on both the 

beat signal and its FFT
•	 Use layered samples with varied spacing to see how frequency 

space relates to linear position
•	 Use multilayer samples and vary NMR parameters to explore 

differences between layered materials 

W38 Diode-Laser Spectroscopy
Barbara Wolff-Reichert, Jonathan Reichert, George Herold, 
David Van Baak, TeachSpin 

The tunable diode laser has revolutionized optics and atomic physics, by 
providing a reliable source of narrowband light which is easily tunable across 
an adequate range of the spectrum. TeachSpin’s Diode Laser Spectroscopy 
system shows off the capabilities of such a system on a tabletop, using 
everyone’s favorite atomic resonance, the 780-nm D2 transition in rubidium 
vapor. Because of the intensity available f a laser source, it is simple to 
display non-linear phenomena such as (Doppler-free) saturated absorption 
spectroscopy, coherent population trapping, and nonlinear Faraday rotation, 
in set-ups easily replicated by students.

Participants will:
•	 Observe and tweak the alignment of invisible beams of 780-nm 

monochromatic radiation
•	 See the fluorescence from Rb vapor when the laser is properly 

tuned
•	 Relate the structure of resonances observed to the isotope and 

hyperfine structure of the atomic transition
•	 Follow the beams which permit pump-probe Doppler-free 

spectroscopy
•	 See the sub-Doppler upper-state hyperfine splittings of a 

transition 

W39 Quantum Analogs
Barbara Wolff-Reichert, Jonathan Reichert, George Herold, 
David Van Baak, TeachSpin 

Students have trouble forming intuition about quantum mechanics, 
especially if partial differential equations are not their natural language. 
To help in conceptualization, TeachSpin offers a collection of apparatus 
and experiences in classical acoustics of air in confined volumes to teach 
analogies to quantum phenomena. By using acoustic experiments to display 
the solutions of a differential equation analogous to the Schrödinger Equation, 
students can see classical normal modes as the analogs of quantum 
eigenstates. Using a spherical resonator, they can see directly the spherical 
harmonics that are common to classical and quantum-mechanical problems 
in spherical systems. A one-dimensional array of acoustic modules provides 
hands-on analogs from particle-in-a-box to the behavior of semiconductors

Participants will:
•	 See the ‘mode spectrum’ of acoustic resonances in a spherical 

resonator by scanning over frequency
•	 Choose one mode, and explore its spherical-harmonic character
•	 Perturb that mode out of a sphere, and see frequency splittings
•	 Graduate to a periodic 1-d acoustic structure, and see acoustic 

bands and gaps
•	 Learn how 3 independent variables control 3 dependent 

variables in the band-gap pattern
•	 Manage to leave the room after using this highly addictive 

apparatus for only 40 minutes. 

W40 Optical Pumping
Barbara Wolff-Reichert, Jonathan Reichert, George Herold, 
David Van Baak, TeachSpin 

Optical Pumping is a classic advanced lab experiment that cleverly illustrates 
quantum mechanical angular momentum and selection rules. It uses 
circularly polarized light to create a ground state population distribution that 
is not in thermal equilibrium. Radio frequency (RF) stimulation can then drive 
the Zeeman sub levels back to equilibrium, and this is detected by a change 
in the optical transmission. This provides an amazing leverage in which one 
RF “photon” (f = 10 kHz to 5 MHz) can control the transmission of one light 
photon (f = 3.8 x 10 14 Hz)

Participants will:
•	 Identify the components and align the full optical path from 

source to detector.
•	 Use the Helmholtz coils to create a zero field situation, and 

observe the exquisite magnetic field sensitivity.
•	 Observe the Zeeman resonances and follow them up in field.
•	 Come back Friday to look at Rabi oscillations and multiple 

photon transitions. 

W41 Magnetic Torque
Barbara Wolff-Reichert, Jonathan Reichert, George Herold, 
David Van Baak, TeachSpin 

In Magnetic Torque, a snooker ball with an imbedded magnetic dipole 
floats on an air bearing in the uniform field of Helmholtz like coils. The 
magnetic moment of the dipole can be found five independent ways 
using a wide variety of E&M and mechanics concepts. The choices made 
and limitations imposed in each of the measurements can motivate 
interesting discussions about accuracy and precision. As importantly, 
these experiments lead to a sense of the magnetic moment as a quantity 
in itself and not just an effect emanating from a current carrying loop. 
In addition, we will verify that the slope of the line relating precession 
frequency to magnetic field is indeed the gyromagnetic ratio and go on to 
demonstrate a classical analog of magnetic resonance including a hand-
powered pulsed NMR spin-flip. (This capability is not only particularly 
satisfying for pre-meds, biophysicists, and physical chemists, but also very 
comforting for anyone who has had or will have an MRI!) 

Participants will:
•	 Demonstrate the difference between magnetic torque and 

magnetic force
•	 Make several basic measurements to get a ‘ball-park’ sense of 

the possibilities of each measurement technique
•	 Create a classical NMR spin-flip with their own two hands 

W42 Foundational Magnetic Susceptibility
Barbara Wolff-Reichert, Jonathan Reichert, George Herold, 
David Van Baak, TeachSpin 

Magnetic susceptibility is a property of condensed matter that is easily 
measured non-invasively and non-destructively. The motivation for measuring 
magnetic susceptibility is that it gives direct evidence of the spin structure 
of the ground state of atoms, ions, and molecules. This workshop introduces 
TeachSpin’s new apparatus for measuring magnetic susceptibility absolutely, 
using the Gouy method, at room temperature. It also introduces both how 
this apparatus can be calibrated from first principles, and how the three 
forms of susceptibility (volume, mass, and molar) are defined and related.

Participants will:
•	 See the phenomenon of susceptibility, including diamagnetic 

susceptibility
•	 Learn the physics of the Gouy method, relating observables to 

susceptibility
•	 Do the calibration of the magnetic field, by Lorentz-force methods
•	 Learn the theory of Curie paramagnetic susceptibility, and what 

it reveals
•	 Free themselves from ill-defined cgs nomenclature, and see 

magnetic measurements in SI 
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W43 Direct and Lock-In Measurements of Faraday 
Rotation

Barbara Wolff-Reichert, Jonathan Reichert, George Herold, 
David Van Baak, TeachSpin 

Faraday rotation is a justifiably famous phenomenon, since it provided 
the first-ever evidence of the relationship of magnetism to light. The 
measurement of typically small Faraday-rotation angles by ‘protractor and 
Polaroid’ methods is good enough for demonstration purposes, but much 
better means of electronic detection are available. This workshop leads 
participants into such methods tutorially by starting with Polaroids and 
extinction, then moving from dc electronic detection to ac detection and, 
finally, to the use of a lock-in amplifier to give vastly greater sensitivity than 
the usual demonstration methods provide.

Participants will:
•	 See a tabletop apparatus for demonstrating Faraday rotation by 

Polaroid-extinction methods
•	 Learn how a photodetector, plus a Polaroid not at extinction, 

allow electronic detection
•	 Change to ac magnetic fields, and see an ac signal of Faraday 

rotation
•	 Measure such ac signals with superb selectivity by lock-in 

methods
•	 Take away a tutorial on the lock-in detection of Faraday rotation, 

as an introduction to the use of lock-in amplifiers in general 

W44 Micro-ESR as a Laboratory Teaching Tool
Christine Hofstetter, Active Spectrum 

Active Spectrum’s Micro-ESR is a portable (10 kg), X-band (9.7 GHz) 
benchtop electron spin resonance spectrometer. It is an ideal tool for teaching 
undergraduate physics and chemistry labs. I will bring the spectrometer, and 
conduct a laboratory in which we look at several different stable radicals, 
and discuss what we can learn from the ESR spectra of these compounds. 
Information about bonding, electron density, and nuclear coupling are a few 
areas.

I would also like to take some time to demonstrate the features of the 
spectrometer which students can control, and how those parameters affect 
the observed spectra. 

W45 Laser Cooling and Trapping for Advanced Teaching 
Laboratories

Thaddeus Baringer, ColdQuanta 
A considerable number of modern atomic physics experiments rely on laser 
cooling and trapping of neutral atomic samples. Cutting edge work with 
Bose-Einstein Condensates, degenerate Fermi gases, dipolar gases, optical 
lattices, atomic clocks and quantum computation all start with the production 
of a magneto-optical trap, (or MOT). In an educational environment the MOT 
offers a fertile landscape for teaching a host of theoretical concepts, such 
as atomic structure including fine and hyperfine structure, the Zeeman effect, 
scattering, laser cooling, and polarization states of light; as well as relevant 
experimental techniques, such as spectroscopy, optics, feedback control 
systems and measurement techniques. Commercially available equipment 
has recently become available to bring this exciting and important class of 
techniques into the teaching laboratory environment, making laser cooling 
experiments possible even at institutions without substantial atomic physics 
infrastructure or expertise.

In this workshop we will present a system that enables the production of 
cold atoms in a MOT in an advanced undergraduate teaching environment.

Participants in the workshop will:
•	 Receive a brief introduction into laser cooling and trapping of 

atoms
•	 Tune and lock diode lasers to the correct frequencies for laser 

cooling
•	 Produce a MOT
•	 Measure atom number in the cloud
•	 Discuss additional experiments for laser cooling labs 

W46 Optics and Photonics Lab Equipment
Stephan Briggs, Edmund Optics

Optical Filters Active Display
Test your spectral knowledge in this real time, hands on, demonstration by 
selecting various filter combinations to correctly match difficult to achieve 
spectral profiles. This set up features the TECHSPEC® Cage System, 
spectrometers, new Miniature Motorized Filter Wheel, and wide selection of 
optical filters.

Imaging Lab in a Box
Explore real world imaging applications based on popular system 
developments. Discover how and why different lenses are suited toward 
different tasks based on their optical properties. Maximize performance 
of your optics by selecting the sensor with the appropriate lens for your 
application. 

W47 Electrometer measurements of material properties
Alan Wadsworth, Keysight Technologies 

Keysight Technologies (formerly Agilent Technologies electronic test & 
measurement group) has developed a new electrometer with many best-in-
class capabilities, including 10 atto-Amp measurement resolution and the 
ability to measure resistances up to 10 Peta-Ohms. It also has other unique 
features such as a time-domain view and the ability to measure and record 
temperature and humidity during measurement. In the workshop we will give 
an overview of the issues involved in making ultra-low current measurements, 
and show some examples of experiments using the electrometer to 
characterize the physical properties of materials.

advlabs.aapt.org/conferences/2015/docs/Keysight-Phase-Transitions.pdf 

advlabs.aapt.org/conferences/2015/docs/Keysight-Franck-Hertz.pdf 

W48 X-ray Physics – Three discrete experiments with the 
X-ray machine

Dr. Werner Bietsch, Klinger Educational/Leybold 
1. Compton Effect; measurement of the energy of the scattered photons 

as a function of the scattering angle.
2. Investigation of the characteristic spectra as a function of the element’s 

atomic number: K-lines
3. Debye-Scherrer Scan: determining the lattice spacings of polycrystalline 

powder samples.
AND OR
4. Tomography of geometric and biological samples. 

W49 Diode pumped Nd:YAG Laser with Frequency Doubling
Dr. Werner Bietsch, Klinger Educational/Leybold 
•	 Characterization of diode pumped Nd:YAG laser
•	 Optical pumping and spectroscopy
•	 Second harmonic generation
•	 Demonstration of transverse modes 

W50 How to Make Thermodynamics Relevant
Ann Hanks, PASCO scientific 

Make the First and Second Laws of Thermodynamics come alive by applying 
them to real heat engines. In this experiment, two different heat engine P-V 
cycles will be graphed in real time to determine the efficiency and the change 
in entropy. A webcam is used to relate the actual physical heat engine to the 
P-V graph. Then we will use the same heat engine apparatus to find the ratio 
of specific heats using Ruchhardt’s Method, assuming an adiabatic process. 
Finally, we will quantify another adiabatic process, the quick compression of 
a fire syringe, resulting in burning paper.

This lab encompasses constant volume, constant pressure, constant 
temperature, and adiabatic processes. The trick is to get students to recognize 
which type of process is occurring and which equations apply. When is heat 
entering the gas and when is work being performed? Of course we will be 
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using an ideal gas in a thermally isolated chamber with a frictionless piston. 
Challenges to methods and assumptions used are welcome and encouraged. 

W51 VersaLab: a measurement cryostat and teaching 
curriculum for advanced labs

Neil Dilley, Quantum Design, Inc. 
The VersaLab Physical Properties Measurement System from Quantum 
Design provides a controlled temperature/field platform (50 K - 400 K / 3 
tesla) which can host a variety of integrated measurements. These include 
DC and AC magnetometry, heat capacity, thermal transport and electronic 
transport, in addition to custom experiment possibilities. We have developed 
six experiment modules to enable instructors and students to quickly get 
underway with exciting modern physics experiments such as resistivity in 
YBCO and specific heat of the metal insulator phase transition in vanadium 
oxide. Several of these experiments will be on-hand to demonstrate live to 
workshop attendees on an operational VersaLab system. 

These modules build proficiency in synthesizing/mounting samples, using 
the VersaLab, and in scrutinizing the data produced. An important element of 
this curriculum is teaching about the inner workings of the VersaLab cryostat 
and measurements so that students understand instrument limitations. 
Being a well-established, state-of-the-art research platform, the VersaLab 
provides opportunities for students and teaching faculty to publish in leading 
research journals. Quantum Design has also launched a website dedicated 
to laboratory instruction where new experiments can be contributed, and 
where the physics instruction community can further collaborate on these 
experiments.

Please visit our education site at: education.qdusa.com
More information can be found at: www.qdusa.com/sitedocs/

productBrochures/1300-003.pdf 

W52 van der Pauw resistivity measurements on 
wafers, characterizing low resistance materials, and 
semiconductor characterization

James Niemann, Mark Zimmerman, Keithley Instruments, a 
Tektronix Company 

This workshop will take students through the measurement technology to 
enable them to characterize materials using resistance measurements for 
electrical characterization. The students will learn several techniques to 
measure resistivity, particularly low resistivity, for studies on materials. One 
technique is the van der Pauw measurement technique for measurements on 
thin samples such as semiconducting wafers. Van der Pauw measurements, 
in addition to quantifying material resistivity , are also the basis for Hall effect 
measurements which are used to determine carrier mobility in materials. 

Specifically, research on semiconducting materials leads to new 
semiconductors and new semiconductor construction technologies. The 
technologist needs to understand how to characterize the performance of a 
device created using new and modified semiconductor materials.

The students will learn methodology for electrically characterizing the 
performance of a semiconductor device using curve tracing techniques with 
measurements and data presentation controlled by an Android tablet.

Students will be introduced to current sources, nanovoltmeters, and 
source-measurement instruments for making high sensitivity measurements. 

W53 Measurement and Experimentation with MATLAB
Todd Atkins, MathWorks 

In this hands-on session, we will introduce users to the data acquisition 
and measurement workflows from MATLAB to allow you to automate and 
reproduce measurements and experiments. Users will be able to:

•	 connect an acquisition device to MATLAB
•	 configure and initiate measurements
•	 load the data for further analysis and characterization
•	 create repeatable experiments

Additionally, we will introduce you to tools which allow you to interact 
with bench-top instruments and smartphones for additional measurement 
options.

Attendees should bring a laptop. MATLAB will be provided. 

W54 SQUID measurements of the AC Josephson Effect, 
Microwave-Induced (Shapiro) Steps at 77K, and h/e

Robin Cantor, Star Cryoelectronics
We will be demonstrating Mr. SQUID, the educational demonstration 
system for superconductivity and Superconducting Quantum Interference 
Devices based on high-temperature superconductor (HTS) technology. Mr. 
SQUID is a complete system, all that is required is liquid nitrogen. We will 
demonstrate the basic system, and complete an advanced lab experiment—
The AC Josephson Effect: Microwave-Induced (Shapiro) Steps at 77K and 
Determining h/e.

W55 Basic Gamma Spectroscopy with a NaI(Tl) Detector
Roger Stevens, Spectrum Techniques

Simple gamma spectroscopy is easily demonstrated for science students 
and they find such demonstrations intriguing. When given the opportunity 
to perform some spectroscopy on their own, we find there are many issues 
with instrumentation and data interpretation that have escaped them in their 
previous laboratory work. The meaning of calibration, the effects of small 
nonlinearities, the operation of high-voltage electronics, pulse amplification, 
and analog to digital conversion are all important issues to be explored. 
Even reading and commenting on a gamma energy spectrum fools some 
good students. We will work through a half-life measurement and counting 
statistics measurements, after calibration the instrument.
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