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The focus of the AAPT's Physics Teacher Resource Agent program (PTRA) is to select, train and 

support experienced physics teachers who serve as mentors to less-experienced physics teachers from 

their communities. It has become a highly recognized piece of infrastructure in the physics teaching 

community, offering a single program point of contact for high school physics teachers across the 

country.    The Campaign has provided funds to the PTRA program to support initiation of workshops 

in select urban areas. These workshops allow teachers to examine issues related to teaching and 

learning physics such as leadership, classroom organization, physics content, teaching techniques, 

trends in science education and equity issues. Examples of specific topics addressed are The Role of 

the Graphing Calculator, Demonstrations in Introductory Physics, Lightwave Communication, 

Electrostatics, and Active Physics in the classroom. Participating school districts have played a key 

role in encouraging their physics teachers to participate in these workshops. A sizeable portion of 

teachers attending the workshops are minority and/or teach minority students. 

Additional information can be found at AAPT's website:     http://www.aapt.org/PTRA/ 

Department of Physics and Electrical Engineering 

Programs: Physics, Biophysics, Electrical 

Engineering, Computer Engineering, Engineering 

Management, and Pre-Engineering 

American Association of Physics Teachers 

   Physics Teaching Resource Agents 

http://www.aapt.org/PTRA/


 

Keynote Presentation – Friday April 21st – 7:30pm – LSC 133 
 

Seeing Anew: How Advances in Microscopy Are Changing the Life Sciences 

Dr. Matthew Farrar 

Department of Mathematics, Physics, and Statistics, Messiah College 

Biological organisms are complex systems in which dynamic processes take place at cellular 

(micrometer) and sub-cellular (nanometer) length scales. An understanding of these processes and 

interactions in both physiological and pathological states necessarily requires instruments capable of 

providing time-resolved measurements in a living organism (in vivo). Owing to its resolution and non-

destructive nature, light microscopy has been a staple of biologists for over 300 years. However, the 

last twenty years have seen a veritable explosion in forms of advanced microscopy, offering 

unprecedented levels of resolution in biological systems. This talk will 

survey the physics of these advances and their significance for discovery 

in the biological sciences. 

Matthew Farrar received his Bachelor of Science degree in 

Physics from McMaster University in Ontario, Canada in 2007. He 

pursued graduate studies in physics at Cornell University under the 

supervision of Chris Schaffer, focusing on the use of multi-photon 

microscopy for studies of the mouse spinal cord. He received his PhD 

in 2012 and pursued postdoctoral studies at Cornell under Joseph 

Fetcho in the Department of Neurobiology and Behavior. He joined 

the faculty at Messiah College in 2015 as an Assistant Professor of 

Physics. 

 

 

 

AAPT-CPS exists for 

 the advancement of the teaching of physics in the colleges and universities of 
Central Pennsylvania and environs, 

 the promotion of a professional spirit and acquaintanceship among the members 
of the Section, and 

 the encouragement of instruction in physics in the secondary schools of the 
region served by the Section 

The section meets for an annual spring conference as well as regional mini-meetings. 

Additional information can be found at:    http://www.aaptcps.org/ 

American Association of Physics Teachers 

Central Pennsylvania Section 

http://www.aaptcps.org/


2017 AAPT-CPS Invited Presentations 

 

Why Physicists Care About Nothing 
Saturday April 22nd, 2017 – 8:30am 
 

Dr. John D. Reid  
Professor, Geology/Physics Department 
Lock Haven University 
 
We are surrounded by many interesting and amazing things.  Some are obvious, 
some are less so.   We can observe much around us using our senses, but there are 
numerous facets of the universe that have been understood using the scientific 
method of theory and experiment.  This talk considers a region of space that appears 
empty and, using our current view of fundamental physics, summarizes many of the 
phenomena occurring there. 

 
John D. Reid has been a Professor of Physics at Lock Haven University since 1997. From 
1981-1985 he worked for 4 years at Lockheed Missiles and Space Co., in Sunnyvale, CA, as 
a Satellite Operations Engineer. He received his Ph.D. in Experimental High Energy Physics 
from Penn State in 1993. Before teaching at Lock Haven, he did his graduate work on 
Charmonium Spectroscopy at Fermilab, and postdoctoral work with Penn State and 
Vanderbilt University on Strange Quark Matter at Brookhaven Lab. 
 

 

Structural Colors, Nacreous Paints, Fabrics, 
and Cosmetics 

Saturday April 22nd, 2017 – 2:00pm 
 

Dr. Natalia Dushkina 
Professor, Physics Department 
Millersville University 
 
Structural colors are bright iridescent colors with metallic sheen exhibited by some 
species from the bio world (butterflies, beetles, fish, and birds), as well as some 
minerals (pearls, precious opals, labradorite, shells). In contrary to chemical colors 
which are produced by pigments absorbing light, structural colors are produced by 
optical phenomena, such as scattering of light from ordered microstructures, thin 
films, and even irregular arrays of scatterers, the key being the morphology of the 
substance. The physical mechanisms of producing structural colors, as well as 
some applications in the automotive paint industry, cosmetics and textile industry 
will be discussed. The secrets behind the beautiful iridescence of Morpho species 
and peacock feathers, and how they lead to the idea for nacreous pigments and the 
Shiseido’s Infinite Color® will be revealed.  

 
Dr. Natalia Dushkina received a M.S. in Quantum Electronics and Lasers from the University 
of Sofia, Bulgaria, and a Ph.D. in Physics from the Central Laboratory of Optical Storage 
and Processing of Information, Bulgarian Academy of Sciences. She was a post-doctoral 
fellow at the Department of Physics, University of Tokyo, Japan, and at the Mechanical 
Engineering Laboratory (MEL), Tsukuba, Ministry of International Trade and Industry 
(MITI) of Japan. Presently, she is a Professor of Physics at Millersville University. Her current 
research interests include surface plasmon resonance, self-assembled nanostructures, color 
formation and structural colors, and optical properties of nanomaterials. 

 



PROGRAM SCHEDULE 

Friday, April 21st, 2017 

 

PTRA WORKSHOP  
 

PTRA WORKSHOP – Elementary Physics Laboratory  
              Loyola Science Center 123 

                                 Leaders: Patrick Callahan, David McCachren 

8:00 - 8:30   PTRA Registration and Muffins/Danish/Coffee 
8:30 - 12:00   Morning Workshop Session 
12:00 - 1:00   Lunch – Loyola Science Center 127 
1:00 - 3:00   Afternoon Workshop Session  
 

 

AAPT-CPS Conference 
 

Location: Loyola Science Center ATRIUM 

4:00 - 6:00  AAPT-CPS Conference Registration 
        Poster Session – available during entire conference 
5:00 - 6:30  Happy Hour and a Half  – Open Wine, Beer, and Soda Bar 

 

6:00 -7:20    Conference Banquet Dinner  
       Remarks delivered by:  
                 Prof.  John R. Kalafut, AAPT-CPS Past President 1973 

 

 

7:30 - 8:30   Keynote Presentation – PNC Auditorium,  
                          Loyola Science Center 133 

Seeing Anew: How Advances in Microscopy are 

Changing the Life Sciences 

Dr. Matthew Farrar 
Department of  Mathematics, Physics, and Statistics 

Messiah College 



PROGRAM SCHEDULE 

Saturday, April 22nd, 2017 

 

AAPT-CPS Conference 
 

7:45 - 8:15  Continental Breakfast – Loyola Science Center Atrium 

7:45 - 12:00 Registration continued – Loyola Science Center Atrium 

 

8:20 – 8:25  Opening Remarks – Loyola Science Center 133 

    Dr. Brian P. Conniff, Dean of the College of Arts and Sciences 

8:30 – 10:10  Presentations – Loyola Science Center 133 

10:15 – 10:35    Break/Equipment Demos – Loyola Science Atrium 

10:40 – 12:00    Presentations – Loyola Science Center 133 

 

12:00 – 1:15 Lunch (See page in program for food options) and 

Executive Board Meeting (Loyola Science Center 127) 

1:15 – 1:55        General Business Meeting 

                        Elections of New Officers  

                           Loyola Science Center 133 

 

2:00 – 3:10  Presentations – Loyola Science Center 133 

3:15 – 3:35 Break/Equipment Demos – Loyola Science Atrium 

    Afternoon Snack 

3:40 – 4:55    Presentations – Loyola Science Center 133                  

4:55 – 5:10  Student Awards and Closing Remarks 



List of Presentations 
Morning Presentations Afternoon Presentations 

8:30-8:55 

Invited 

Why Physicists Care About Nothing 
John Reid 
Lock Haven University 

2:00-2:25 

Invited 

Structural Colors, Nacreous Paints, 
Fabrics, and Cosmetics 
Natalia Dushkina 
Millersville University 

8:55-9:10 Exchange-coupled Fe3O4/CoFe2O4 
nanoparticles for advanced magnetic 
hyperthermia 
Megan Glassell  
University of Scranton and University 
of South Florida 

2:25-2:40 An Atomic Force Microscope 
Investigation into the Effect of 
Antibiotics on the Strength of Ant 
Cuticles 
Josh Toth, Robert A. Spalletta, 
University of Scranton 

9:10-9:25 Cosmic Ray Studies Using Multiple 
Scintillation Detectors 
Roman Marijczuk and Brett Powell  
Lock Haven University  

2:40-2:55 Physics teaching ideas regarding 
gravity 
Anne Tabor-Morris 
Georgian Court University 

9:25-9:40 Modeling Photovoltaic Cells Using 
MATLAB/SIMULINK 
Jacob Celli and Mehmet Goksu 
Millersville University 

2:55-3:10 Designing and Building a Watt 
Balance to find an Adjustment for 
Plank’s Constant 
Matthew Anzelmi and Juan D. Serna, 
University of Scranton  

9:40-9:55 Design and Assembly of a Water 
Cerenkov Detector to Search for 
Cosmic Rays 
Aaron Ghaner, Kyle Klein,  
Mark Mekosh, and Matilda Mwaniki  
Lock Haven University  

3:40-3:55 The interdisciplinary Biophysics 
research laboratory and the 
involvement of Undergraduate 
Students 
Mitra Shojania Feizabadi 
Seton Hall University 

9:55-10:10 Fibonacci Foolishness 
Donald Simanek 
Lock Haven University 

3:55-4:10 Using Board Games to Understand 
Physical Concepts 
Matthew Olmstead, King’s College 

10:40-10:55 Generation of Multi-Scroll Attractors 
Using Fractal Network Processes  
Joseph Delmar and Juan D. Serna  
University of Scranton 

4:10-4:25 Inexpensive Drones and Mechanics 
Video Analysis 
Michael Gallis, Baylee Colburn, and 
Kelsey Shaffer 
Penn State Schuylkill 

10:55-11:10 Advanced lab at the University of 
Scranton 
Declan Mulhall, University of Scranton 

4:25-4:40 Forensic physics 
Donald Simanek 
Lock Haven University 

11:10-11:25 Tunneling and thermionic currents in 
Graphene /semiconductor Schottky 
diodes 
George Ebeid and AC Varonides  
University of Scranton 

4:40-4:55 Using Inexpensive GPIO Cards to 
Interface and Control Simple IO 
Digital Devices 
Juan D. Serna  
University of Scranton 

11:25-11:40 A Study of Silicon Photomultipliers 
Casey Morean and Meghan Tanner  
Lock Haven University  

11:40-11:55 SHOULD I OR SHOULDN'T I? 
Edward Roeder 
Moravian College 

The AAPT-CPS gratefully acknowledges financial 

support for the 65th Conference provided by: 

The University of Scranton 

College of Arts and Sciences 

Dean, Dr. Brian P. Conniff 



Presentation Abstracts 
Exchange-coupled Fe3O4/CoFe2O4 nanoparticles for advanced magnetic hyperthermia       8:55-9:10 
Megan Glassell, University of Scranton and University of South Florida 
 
Iron oxide nanoparticles especially Fe3O4, γ-Fe2O3 have been extensively studied for magnetic hyperthermia because of their 
tunable magnetic properties and stable suspension in superparamagnetic regime. However, their relatively low heating capacity 
hindered practical application. Recently, a large improvement in heating efficiency has been reported in exchange-coupled 
nanoparticles with exchange coupling between soft and hard magnetic phases. Here, we systematically studied the effect of 
core and shell size on the heating efficiency of the Fe3O4/CoFe2O4 core/shell nanoparticles. The nanoparticles were 
synthesized using thermal decomposition of organometallic precursors. Transmission electron microscopy (TEM) showed 
formation of spherical shaped Fe3O4 and Fe3O-/CoFe2O4 nanoparticles. Magnetic measurements showed high magnetization 

(≅70 emu/g) and superparamagnetic behavior for the nanoparticles at room temperature. Magnetic hyperthermia results 
showed a large increase in specific absorption rate (SAR) for 8nm Fe3O4/ CoFe2O4 compared to Fe3O4 nanoparticles of the 
same size. The heating efficiency of the Fe3O4/CoFe2O4 with 1 nm CoFe2O4 (shell) increased from 207 to 220 W/g (for 800 
Oe) with increase in core size from 6 to 8 nm. The heating efficiency of the Fe3O4/ CoFe2O4 with 2 nm CoFe2O4 (shell) and 
core size of 8 nm increased from 220 to 460 W/g (for 800 Oe). These exchange-coupled Fe3O4/CoFe2O4 core/shell 
nanoparticles can be a good candidate for advanced hyperthermia application. 
 

Cosmic Ray Studies Using Multiple Scintillation Detectors                                                     9:10-9:25   
Roman Marijczuk and Brett Powell, Lock Haven University 
 
Cosmic rays originate in outer space and interact with Earth’s atmosphere. Products of those interactions can be detected at 
Earth’s surface. We detected muons using scintillator and photomultiplier tubes. We repaired/built two detectors (paddle 
counters) to have four in working condition. We calibrated all four paddle counters by plateauing and equalizing them. After 
calibrating the counters, we detected muons in multiple orientations, collecting data regarding rates and acceptance angles. 
We were able to find a method to determine the energy of the incoming muons for lower energy muons. We also found a 
method to detect horizontal cosmic ray showers, which could indicate a neutrino shower. 
 

Modeling Photovoltaic Cells Using MATLAB/SIMULINK                                                    9:25-9:40 
Jacob Celli and Mehmet Goksu, Millersville University 
 
We will present the modeling and simulation of photovoltaic cells using the MATLAB/SIMULINK environment. The main 
goal of this research is to determine the electrical characterization of cells using one diode equivalent circuit of the photovoltaic 
cells on MATLAB.  Measuring the electrical characterization of a photovoltaic cell is critical for determining the cell’s output 
performance and efficiency.  Using our model, we have successfully obtained the nonlinear current-versus-voltage (I-V) and 
power-versus-voltage (P-V) characteristics curves for a photovoltaic cell and compared the results with the manufacturer’s 
data sheet. 
 

Design and Assembly of a Water Cerenkov Detector to Search for Cosmic Rays                   9:40-9:55 
Aaron Ghaner, Kyle Klein, Mark Mekosh, and Matilda Mwaniki, Lock Haven University 
 
Over the past few decades Cerenkov Radiation detectors have become an invaluable tool for astrophysicists as well as particle 
physicists. In detecting and analyzing the radiation produced in these detectors, the sources of radiation can be studied. These 
detectors can be used to study the direction and energy of the high-energy emissions of astronomical objects, as well as to 
search for elusive particles such as neutrinos. With the goal of detecting cosmic rays, we discuss the origins of the design of a 
simple threshold detector, as well as the process of building the detector. We discuss theoretical predictions as well as our 
further investigation into the verification of the results. These results suggest a relatively inexpensive and simple way to study 
cosmic ray showers. 
 

Fibonacci Foolishness                                                                                                                  9:55-10:10                                           
Donald Simanek, Lock Haven University  
 
Fibonacci numbers, the golden mean and the golden spiral have all been hyped as the fundamental design patterns for nature. 
They are the subjects of popular books and even invited lectures given at physics meetings such as this. Nearly all of these 
claims are no more than mystical nonsense, as this talk will demonstrate. 
 
 



Generation of Multi-Scroll Attractors Using Fractal Network Processes**            10:40-10:55  
Joseph Delmar and Juan D. Serna, University of Scranton 
 
Over the past years, chaos control has become a very active area of research in nonlinear dynamics as it has shown its potential 
in applied areas of science such as biomedical engineering, digital data encryption, image processing, and power systems 
protection. Different control methods have been used to generate and study the dynamics of hyperchaotic structures 
characterized by the evolution of chaotic attractors and resulting in intricate patterns. In this project, we study a novel 
technique used to generate multi-scroll and multi-wing chaotic attractors based on fractal network processes. In particular, we 
examine the evolution of a multi-scroll Chua's attractor produced by multiple iterations of a Julia fractal algorithm. 

 

Advanced lab at the University of Scranton                                                                                10:55-11:10                                                                    
Declan Mulhall, University of Scranton 
 
We are currently implementing improvements to physics program in the form of a series of laboratory courses. The 
experiments offered in advanced lab will be described. They cover topics such as nuclear spectroscopy, nuclear magnetic 
resonance, atomic spectroscopy, signal processing and more. 

 

Tunneling and thermionic currents in Graphene /semiconductor Schottky diodes              11:10-11:25 
George Ebeid and AC Varonides, University of Scranton 
 
The extra ordinary properties of Graphene (e.g. high electron mobility current density on SiO2/Si junctions, high mechanical 
strength, and high melting point) make it an excellent material for Graphene-based Schottky-Barrier diodes (G/SB). In such 
junctions, graphene mono-layers replace the metal forming G/semiconductor interfaces with several carrier transport 
mechanisms. In this talk we will be reviewing Schottky junctions and will be describing two carrier-transport mechanisms: 
tunneling and thermionic emission through potential barriers formed at the junction between graphene and n-type 
semiconductors. In the case of a typical G/SB diode, a thin layer of SiO(2) is grown between the graphene and the 
semiconductor. This layer allows carriers to reach either side of the junction via tunneling and thermionic emission. We model 
(a) the oxide layer as a tunneling barrier with a finite tunneling probability and (b) the Schottky barrier as a triangular potential 
barrier. We then calculate total current through the double barrier at the G/SB junction and express it as a strong function of 
temperature and the geometry of the device. The calculated current is the superposition of Tunneling and Thermionic 

components:  𝐽(𝑇𝑢) ~ 𝐴∗𝑇2𝑒−
𝑞𝑉𝑏
𝑘𝑇 (𝑒

𝑞𝑉

𝑘𝑇 − 1)   and  𝐽(𝑇ℎ) ~ 𝐴∗∗𝑇2.5𝑒−
𝑞𝑉𝑏
𝑘𝑇 (𝑒

𝑞𝑉

𝑘𝑇 − 1)  respectively, where 𝑞𝑉𝑏 is the 

Schottky junction barrier, V is the applied voltage, T is the temperature, and A*, A** are appropriate Richardson’s constants. 

 

A Study of Silicon Photomultipliers                                                                                           11:25-11:40                                                                 
Casey Morean and Meghan Tanner, Lock Haven University 
 
The face of many new detectors in high energy, medical, and nuclear physics are silicon photomultipliers (SiPMs). These tiny 
light detectors are capable of nanosecond time resolution and detection of single photons. In order to study them, an enclosure 
was constructed to block light and protect the device while allowing the coupling of an optical fiber to the SiPM. The fiber 
was then coupled to an organic scintillator, which was wrapped to be light-tight, to determine the feasibility of the SiPM to 
function as a cosmic ray detector. Characteristic parameters, such as light response, breakdown voltage, and current 
measurements of SiPMs were studied using the SensL MicroFC-SMA-10010 SiPM board. In addition to the SiPMs, their 
supporting circuitry is also relatively inexpensive. To allow the circuitry to be changed while keeping the SiPMs, it is 
advantageous to construct front-end electronic circuitry to control the SiPM. For an initial study into front-end electronics, a 
temperature controlled voltage bias and a fast-trans-impedance amplifier circuit are incorporated for low light fast signal 
detection using a Hamamatsu Multi-Pixel photon counter. 

 

SHOULD I OR SHOULDN'T I?                                                                                             11:40-11:55 
Edward Roeder, Moravian College 
 
I will be sharing with you one of my favorite problems from the physics problem-solving book I am currently writing. It poses 
a question almost all of us have encountered. Its solution tells us how we might respond should the need arise. Equally 
important is the fact that this problem tests the ability of students to successfully apply the kinematic equations to a real-life 
situation. See what you think! 

 



An Atomic Force Microscope Investigation into the Effect of Antibiotics on the Strength of Ant Cuticles                                                                                                                                      
Joshua Toth and Robert A. Spalletta, University of Scranton                                                        2:25-2:40 
 

The strength of ant cuticles is altered by exposure to antibiotics.  The definition of hardness in biological systems, where 
structural changes can range from the macroscopic to the molecular, is not clearly defined.  This investigation uses an AFM 
to study the topology of a portion of the cuticle from an ant thorax. This is the first report of topology that includes features 
in the range from 10 angstroms to 25 microns.  Preliminary studies show that the cuticle is made up of thin plates 
(approximately 100nm thick) with a surface area of order 10 square microns.  These studies do not show a statistical difference 
between the plate topology of treated and untreated ants.  These studies do show a statistical difference between the roughness 
of the plates between the two groups, as detected by lateral force measurements with the AFM.   
 

Physics teaching ideas regarding gravity                                                                                   2:40-2:55 
Anne Tabor-Morris, Georgian Court University 
 

Differentiating the concepts of acceleration and velocity is often a source of confusion for introductory students as when 
trying to explain the motion of a ball thrown upward and in free-fall. When the velocity is zero, that is, at the topmost height, 
students often mistakenly state that the acceleration of the object is also zero at that maximum height. To help students 
distinguish between the two types of vectors involved it is suggested here to use different styles of arrows for velocity (thin 
single-shafted arrow) and acceleration (thin double-shafted arrow). A thick-shafted arrow is suggested to designate force. It 
can also be helpful to remind students that the acceleration of gravity is assumed constant for most projectile motion problems 
and have students do a thought-check that gravity does not turn off. 

 

Designing and Building a Watt Balance to find an Adjustment for Plank’s Constant**      2:55-3:10     
Matthew Anzelmi and Juan D. Serna, University of Scranton 
 

The watt balance is a relatively new instrument, which is currently being developed to redefine Planck's constant, and, in turn, 
redefine the kilogram in terms of the new fixed value of the constant. The scientists at the National Institute of Standards and 
Technology (NIST) have been designing and testing one of these balances for this purpose, and have measured Plank’s 
constant to 6 significant digits. The goal of this project was to design and build one of these balances based on various 
methods and designs previously implemented. Specifically chosen magnets and coil designs were used to optimize voltage 
and current output readings to reduce overall error normally present during the operation of these instruments. The final 
product is meant to be designed in such a way that it is suitable for use in a modern physics laboratory setting, while also 
being cost-efficient enough to be built by any university student. Accompanying the balance, I wrote programs that assist the 
user with data acquisition and calibration control through the use of an Arduino microcontroller. 

 

The interdisciplinary Biophysics research laboratory and the involvement of Undergraduate Students  
Mitra Shojania Feizabadi, Seton Hall University                                                                          3:40-3:55                                                     
 

Biophysics is one of the interdisciplinary science fields that attracts those researchers and students who are interested in 
studying biological systems by implementing rules and techniques that other disciplines, such as physics, can provide. The 
Biophysics laboratory in the Physics department of Seton Hall University is equipped with a dual trap optical tweezer system. 
The system is integrated to a Differential interference contrast (DIC) Nikon research microscope. In addition, the lab is 
equipped with a Nikon dark field microscope. This talk will focus on the physics behind our available techniques, and the way 
in which we are using these techniques to study the dynamic and mechanical specifications of one of the intracellular 
biofilaments, microtubules, as well as molecular motors. During this talk, we will discuss the undergraduate students’ 
contribution in conducting several research projects, and explain the outcomes of these projects.  The talk will potentially 
provide some insights for other colleagues who also want to develop similar interdisciplinary research laboratories in 
undergraduate programs. 
 

Using Board Games to Understand Physical Concepts                                                           3:55-4:10 
Matthew Olmstead, King’s College 
 

In our physics senior seminar class, I wanted to remind them of all they have learned and used a board game to get them to 
look at physics from a different perspective.  For this game, the students had to both draw a physics idea (selected from a list) 
while at the same time guessing what the other students have drawn.  I will describe how this game works, give some ideas of 
some of the topics they had to draw, show some samples, and discuss some of what the students (and I) learned from this.   

 



Inexpensive Drones and Mechanics Video Analysis                                                                4:10-4:25 
Michael Gallis, Baylee Colburn, and Kelsey Shaffer, Penn State Schuylkill 
 

Video analysis has been a staple of the physics curriculum for decades.   Drone based videography has become a fairly 
common, accessible technology which offers unique camera angles for exploring physical phenomena. In this talk we will 
present our experience with drone videography in introductory physics lab. We will discuss the impacts of technical challenges, 
institutional policy issues, and operator skill shortcomings.  We will also present video analysis two test systems: beach ball 
physics (including drag and the Magnus effect) and 2-D collisions. 
 

Forensic physics                                                                                                                          4:25-4:40                                                                                                                              
Donald Simanek, Lock Haven University 
 

In a world where fraud, fakery and deception are abundant in the media, physics can sometimes help us sort out what's real 
and what isn't. Examples include: "The moon within a rainbow" and "Ghostly orbs." 
 

Using Inexpensive GPIO Cards to Interface and Control Simple IO Digital Devices         4:40-4:55                                                                                                                              
Juan D. Serna, University of Scranton   
 

Interfacing basic physic experiments to computers to either collect data or control additional devices may sometimes result 
in a challenging and expensive endeavor. Reliable and accurate data acquisition cards usually require the use of proprietary 
software or libraries to allow been controlled. Fortunately, there is an up rise of new, inexpensive, still reliable cards now 
competing with more traditional brands. These cards are easy to program, do not require the use of third-party software, and 
can be easily adapted to replace their more expensive counterparts. 
 

** Also a poster 

PTRA Workshop 

Hands on Electricity Lessons for High School Physics 
 

The workshop will explore the later units of the CASTLE curriculum designed to help students understand how 
electric fields are related to the function of electric circuits. Units planned will also explore how semiconductors 
work and the nature of AC. A brief description/review of earlier units will be included for those unfamiliar with 
the CASTLE curriculum. Participants will be provided with editable files for use with their students as well as 
detailed teacher guides for all units.  
 

We were fortunate enough to be the recipient of an AAPT Bauder Fund Grant: 
The Frederick and Florence Bauder Endowment for the Support of Physics Teaching (Bauder Fund) was 
established to support special activities in the area of physics teaching including: 

 To fund local workshops for teachers who spread the use of demonstration and laboratory equipment. 

 The Bauder fund will support purchase of supplies for workshops, liability insurance for workshops and 
demonstration programs. 
 

Each participant will be provided with equipment to bring back to their schools at the conclusion of the 
workshop.  Supplies purchased for the workshop through the grant funds will be equitably distributed.  In addition 
to the laboratory equipment participants will be provided with electronic copies of the entire CASTLE curriculum, 
both student and teacher files. 

 
Patrick Callahan                                                           David McCachren 
PTRA Workshop Leader                                                PTRA Workshop Leader 
AAPT/PTRA Oversight Committee Chair                     Central PA Section AAPT High School Representative 
 
 

 



Poster Abstracts 
Posters will be located near Registration Area and LSC 133 

Automation of Surface Plasmon Resonance Measurements 
Kyle Miller, Millersville University 
 
Automatizing surface plasmon resonance measurements has been done in several different ways, but this will lead to a much 
easier way to take measurements. The known configurations hold the sample at the bottom or horizontally in the apparatus. 
This experiment aims to build an apparatus that places the sample at the top of the apparatus allowing for more applications 
in the bio-sensor field. Silver thin films will be used for this experiment because this metal has been widely tested in the realm 
of surface plasmon resonance. The Ag film will be deposited on a microscope slide by vacuum evaporation; after that it will 
be placed in optical contact with a cylindrical prism for total internal reflection. The results of the apparatus trials will be 
compared to well-known theoretical models.  
 

Using Spectroscopy and Microscopy to Analyze the Nanostructure of a Peacock Feather 
Dylan Huska, Millersville University 
 
Humans have been interested in colors since the dawn of time, and that is no different now. Our understanding of color has 
increased from learning how to harvest colors, to understanding how pigments work, and how to create them. The next step 
is to move into structural colors, colors produced by light interacting with bio nanostructures.  The blue and green iridescent 
colors with metallic sheen that are found in nature, are all products of structural coloration. One of the most beautiful displays 
of color is found in the eye of the feather of the Pavo cristatus, more commonly known as the Peacock.  This project will 
analyze the eye of the peacock feather using techniques in spectroscopy and microscopy. The spectrum reflected by the eye 
will be tested through multiple angles and multiple lighting scenarios. The eye of the feather will also be observed under a 
polarizing microscope to investigate the polarizing effects. In addition, the eye will be observed under a scanning electron 
microscope (SEM) to determine the shape and nature of the nanostructures that generate the magnificent color of the feather.  
 

Putting the Stars Within Reach: Evaluation of Student Learning in a Parallax Lab Activity 
Katelyn Kempf and Emily Vislosky, Bucknell University 
 

Parallax, the apparent change in the direction to an object when viewed from two different vantage points, is a fundamental 
concept in introductory astronomy that can be difficult for students to understand. While parallax is a concept that students 
unknowingly employ on a daily basis, they are often unable to generalize this geometric concept to the scale of space, due to 
preconceived notions about the size and scale of the solar system as well as the distance and orientation of the stars to each 
other. New technologies have the potential to help students better understand and apply the parallax concept in the 
astronomical environment. In the current study, a new lab on Parallax Measurements using the WorldWide Telescope (WWT) 
was incorporated in an astronomy lab with undergraduate non-majors at a private university to see whether their 
understanding of parallax would improve. To determine the impact of the new Parallax Measurements Lab, six questions 
from the S3 Concept Inventory, targeting relevant concepts, were treated as a sub-test and used as both a Parallax pre- and 
post-test. Descriptive statistics revealed that some aspects of parallax seemed easier for students to understand than others. 
Qualitative responses from open-ended questions were also collected and provided some insight into responses on the 
concept inventory questions as well as helped us to identify some aspects that students have difficulty with that may not have 
been revealed through S3CI. Pedagogical issues will be identified and recommendations made for future teaching of parallax. 

 

Emission and Absorption Spectrum Analysis of Rocket Fuel 
Natalie Krupka and Nicholas P. Truncale, University of Scranton 
 

To observe the emission and absorption spectrum of solid rocket motor fuel, we will be using a PASCO spectrometer in two 
ways: known light absorption spectrum comparison with a liquid sample in a cuvette and direct light collection through a fiber 
optic cable. The spectrometer has an input which allows one to place a liquid sample in a cuvette and measure the absorbed 
light of that substance. Light from a tungsten source passes through the samples in the cuvette and a high diffraction grating 
to detect the light that makes it through.  Whatever light does not make it through, must be absorbed by that substance in the 
cuvette.  This allows the production of the absorption spectra of the substance. The fiber optic cable captures light through 
a narrow slit and passed that light directly through a high diffraction grating allowing the spectrometer to show the emission 
spectrum of the source. Using these two methods, we hope to be able to determine the elements in rocket fuel. 
 



Complexity from Simplicity: Observations of the Nonlinear Dynamics of Driven, Vertically Hanging Chains 

Cameron Ruhl, Dickinson College 
 
While the usual study of oscillating strings involves that of a transversely oscillating, horizontal string fixed at both ends, the 
situation explored in this project is of a string fixed at a single point of suspension hanging freely under gravity when it is 
driven horizontally or vertically. These relatively simple mechanical scenarios, result in behaviors of varied complexities, from 
rod-like/planar pendulum-like motions to types of rotational and chaotic motions, with several regions of stability/instability 
and many different transition boundaries. The motions of these chains are experimentally determined at several positions 
along their length, using high speed photography and video analysis, and then compared to numerically calculated results from 
different theoretical models in various regimes of the parameters: chain length, driver amplitude, and driver Frequency. 
Extending these characterizations, regions previously found to have complex behavioral states were sampled again for the 
vertically driven case. This sampling identified evidence of both self-knotting and stellate behavior. Moreover, a 
characterization of the parameter space for the vertically driven scenario with an additional fixed boundary condition imposed 
on the chain was performed. This characterization revealed even more complex and interesting behavioral dynamics than the 
simpler “free” scenario.  Another aspect of the project was to gather, design, or make the apparatuses, information, and tools 
needed to describe and characterize the various behaviors of driven freely hanging vertical chains. The goal being to create a 
new senior research capstone project for future students that focuses on the resonance and chaotic behavior of driven 
mechanical systems, with different imposed constraints. 

 
Rocket Launch and Orbit Simulation using Python 

Matthew Owens and Nicholas P. Truncale, University of Scranton 
 
The purpose of this project is a to create a two-dimensional simulation of rocket launches and orbits that makes it possible 
to both replicate real-life launches and see the results of changes in various parameters of the launch vehicle and flight path.  
We started by creating a simulation of Newton’s Cannonball thought experiment and proceeded by adding other forces acting 
on the spacecraft individually (air resistance, thrust, etc.).  The simulation calculates the rocket’s two-dimensional position 
over a set number of discrete time steps and plots the orbital path of travel in the (x,y) plane. 
 

A First-Year Analysis of Hypervelocity Stars 

Anthony Soto and Anthony DeFrenza, University of Scranton 
 
In the beginning of the year our PHYS/ENGR 150 class was told about a final project that we would be working on for a 
few months. The physics majors in the class are able to research a topic of their choice. While trying to decide what to do our 
research on we came across an article outlining and describing hypervelocity Stars. We began this research by trying to 
understand just how orbits work, since Hypervelocity stars originate from a binary system of stars. With the help of Dr. 
Argyrios Varonides we learned about Kepler's Laws and orbits in general. Then with Prof. Nicholas Truncale's assistance we 
were able to apply the Python programming knowledge we gained in the course to plot the orbits of the planets within our 
solar system. 
Hypervelocity stars are single stars that were once a part of a binary system. This binary system ends up coming in contact 
with a supermassive black hole; the star closer to the black hole is absorbed into a very small orbit around the black hole until 
it is eventually destroyed. The other star is launched off on a tangent with velocities above the escape velocity of our galaxy. 
They can be observed by either taking the age of a star far from the center of the universe, as older stars tend to be the furthest 
from the center of the galaxy, meaning young stars do not belong there. One can also simply calculate the speed at which a 
star is moving, any absurdly high velocities would show the star in question to be a hypervelocity star.  
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Equipment Demonstrations During Breaks 
Equipment/Demo Name: 250 kV Tesla Coil with Signal Hound Spectrum Analyzer 

By: Declan Mulhall and Majid Mokhtari 
Description: A Tesla Coil with 8-inch toroid capable of producing 12-15 inch sparks will be demonstrated.  A 
signal hound spectrum analyzer will look at the radiofrequency noise that comes from the spark. 
 

Equipment/Demo Name: TEL-Atomic Electronic Cavendish Balance 

By: Juan D. Serna 

Description: The Cavendish Unit is essentially a torsion pendulum in which two 15g lead balls on the end of a 
lightweight aluminum "boom" suspended by a 25-micron diameter adjustable length tungsten wire allows a pair 
of 1 Kg lead balls (the attracting masses) to be swiveled. The device outputs angular movements of the boom at 
the resolution of 25 microradians.  
 

Equipment/Demo Name: Magnetostriction with a Michelson Interferometer  

By: Griffin Mulvihill 
Description: This neat experiment shows how all the atoms in a rod "tighten up" when they line up in a magnetic 
field, making the rod a tiny bit shorter. The rod shrinks by the length of a wavelength of light, but we can see it 
in this neat apparatus called an Interferometer. 
 

Equipment/Demo Name: Gamma Ray Spectroscopy 

By: Matthew Reynolds 

Description: Radioactive nuclei glow, giving off gamma ray, which are high energy light photons. We can see the 
energies of these photons, which is a fingerprint of the element that is radioactive. We can also see the half-life 
of the radioactive sample. 
 

Equipment/Demo Name: Teachspin Pulsed Nuclear Magnetic Resonance (NMR) 

By: Dawn Dorris and Christian Anderson  
Description: In this experiment, pulsed nuclear magnetic resonance (NMR) is used to measure the spin-spin and 
spin-lattice relaxation times using 180-degree to 90-degree and 90-degree to 180-degree pulse techniques, 
respectively for light mineral oil, delrin, glycerin and citrated bovine blood. 
 

Equipment/Demo Name: OceanOptics Visible Spectroscopy 

By: Natalie Krupka 

Description: The colors in different light sources are displayed live on the computer! Point the optic fiber at a 
light source and reveal a wealth of information about the physical processes inside. 
 

Equipment/Demo Name: Keithley Semiconductor Parameter Analyzer, Lakeshore Temperature 
Controller, Janis LHe Cryostat/Low Temperature Studies of a Graphene based Schottky-
SiO2-Si Junction. 

By: George Ebeid 

Description: This demo shows the method we are using at The University of Scranton to verify the theoretical 
studies we have conducted on the temperature dependence of a Graphene-Silicon Schottky junction. 
 

Equipment/Demo Name: Park XE-70 AFM and Ocean Optics HR Visible Spectrometer/A 
Sophomore Level Lab using an Atomic Force Microscope 
By: Joshua Toth 

Description: This demo contrasts two methods to measure the geometry of a front surface diffraction 
grating.  The first method uses a measurement of the diffraction pattern and the second a direct measurement 
of the topology using an Atomic Force Microscope. 
 

Equipment/Demo Name: Radio Telescope:  Cold Hydrogen receiver,100KHz-4.2GHz spectrum 
analyzer, Bright Sky Spectrometer: Ocean Optics Spectrometer,  CPV and traditional Photovoltaics 
By: Robert A. Spalletta 
Description: The University of Scranton Radio Telescope has just been installed and we have implemented 
the Cold Hydrogen receiver, and the spectrum analyzer.  The Bright Sky Spectrometer is designed to measure 
the relative efficiencies of different photovoltaic technologies for non-ideal weather conditions. 
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