INGENUITY
BUILDS
L E A D E R S H I P.

Dear ASF Family & Friends,
Welcome to the Virtual Innovators Week! The Astronaut Scholarship Foundation is hosting
an incredible week for our 56 Astronaut Scholars, selected for the 2020-2021 academic year.
Presented by the Michael Collins Family Professional Development Program, Astronaut Scholars
will attend virtual seminars facilitated by esteemed presenters, learn about career opportunities,
gain knowledge about working in a national lab, and dive into the world of mentorship with our
friends at SAIC.

Innovation stems from everyone. We are developing the next generation of leaders
who are ready to meet and exceed our customer’s needs in the areas of digital
engineering, information technology, intelligence, cyber, and more.
We are Redefining Ingenuity at saic.com/careers.

The highlight of the week is the virtual Scholar Technical Conference, which will take place Thursday and
Friday. Here, our brilliant scholars will present their groundbreaking research, and this year, the Scholar
Technical Conference will be live streamed and open to the public, presenting an incredible opportunity
for viewers to learn first-hand the impact these students will continue to have on the future of our nation,
and even our world.
As we continue to navigate these uncharted waters, we remain steadfast in our mission to identify
the best and brightest in STEM. These Astronaut Scholars are the future; fueling them, guiding, and
recognizing their achievements and aspirations, we propel them to create a better tomorrow for us all.
This week, let us celebrate this class of Astronaut Scholars, applaud the 600+ Astronaut Scholars who
have come before them, and honor our pioneering astronauts who paved the way for us to launch
innovation.
Join me in thanking our generous sponsors: SAIC, Jim Hays, Northrop Grumman and Page, Wolfberg
& Wirth. Your support made it possible for this virtual experience to happen. To all our supporters and
attendees – thank you for coming together for this important moment.
Sincerely,

20-0996

Curt Brown
ASF Chairman,
Shuttle Astronaut - STS-47, STS-66, STS-77, STS-85, STS-95, STS-103
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FEATURED SPEAKERS

FEATURED SPEAKERS
SAIC

BERNARD HARRIS

As Chief Executive Officer at National Math and Science Initiative (NMSI), Dr. Harris leads the organization’s efforts to improve
teacher effectiveness and student achievement in STEM education across the country. He has been involved in math and
science education for more than 25 years through the Harris Institute & Foundation and as a founding board member for
NMSI.

SAIC is a premier Fortune 500® technology integrator solving our nation’s most complex
modernization and readiness challenges across the defense, space, civilian, and intelligence
markets. Our robust portfolio of offerings includes high-end solutions in systems engineering and
integration; enterprise IT, including cloud services, cyber, and software; advanced analytics and
simulation; and training. With an intimate understanding of our customers’ challenges and deep
expertise in existing and emerging technologies, we integrate the best components from our own
portfolio and our partner ecosystem to rapidly deliver innovative, effective, and efficient solutions.

“As a dreamer, I often encourage young people that ‘nothing is impossible, if you believe in your dreams.’ For that to happen,
we as educators and education advocates must provide students with the tools to empower their dreams. Ultimately, we all
benefit through those accomplishments.”

NORTHROP GRUMMAN

SPEAKER AT THE SCHOLAR PROFESSIONAL DEVELOPMENT SERIES

A veteran astronaut, Dr. Harris has logged more than 438 hours and traveled over 7.2 million miles in space. He was the
first African-American to complete a space walk. While at NASA, he conducted research in musculoskeletal physiology and
clinical investigations of space adaptation and developed in-flight medical devices to extend Astronaut stays in space.
Prior to NMSI, Dr. Harris was CEO and Managing Partner of Vesalius Ventures, Inc., a venture capital firm that invests in earlyto mid-stage healthcare technologies and companies. He is a member of the Board of Directors for U.S. Physical Therapy
(Nasdaq: USPH), JSA Health and Monebo Technologies. He serves as a Trustee for Salient Fund, Salient MF Trust and Barings
Fund & Trust. In addition, he is on the Board of the National Academy of Medicine, the Texas Medical Center, HealthConnect,
NMSI and the Harris Institute & Foundation.
He earned a Bachelor of Science in Biology from the University of Houston, a Master of Medical Science from the University
of Texas Medical Branch at Galveston, a Master of Business Administration from the University of Houston and a Doctorate of
Medicine from Texas Tech University School of Medicine. He completed a Residency in Internal Medicine at the Mayo Clinic, a
National Research Council Fellowship in Endocrinology at the NASA Ames Research Center and trained as a Flight Surgeon at
the Aerospace School of Medicine, Brooks Air Force Base. He is also a licensed private pilot and certified scuba diver.
Dr. Harris is the recipient of numerous awards, including honorary doctorates from Stony Brook University, Morehouse
School of Medicine, New Jersey Institute of Technology, Washington & Jefferson College, Worcester Polytechnic Institute,
University of Hartford and Indiana Institute of Technology. He’s also been awarded the NASA Space Flight Medal, NASA
Award of Merit and the 2000 Horatio Alger Award.
He is the author of “Dream Walker: A Journey of Achievement and Inspiration.”

CAROL FITZGERALD TYLER

SPEAKER AT THE SCHOLAR PROFESSIONAL DEVELOPMENT SERIES
Passionate about organizational and digital transformation, Carol is the Global Lead for Appirio’s Organizational Change
Management practice including strategic planning and communications, organizational and digital transformations, and
end user adoption.
She brings a deep background in change, communications, industry solutions, and strategic expertise in both change
management and ERP strategy and implementations. Carol has been accountable for numerous strategic programs, digital
transformation strategy, field enablement, training, early adopter clients, and many special projects. She has thirty years of
experience in the fields of sales, program and project management, strategy, OCM, and training. She is passionate about
delivering an outstanding customer experience and aligning people with technology changes.
Carol is a globally recognized and published author and expert in organizational transformation, change management, and
communications strategy. She is a Board of Trustee member and mentor for the Astronaut Scholarship Foundation providing
STEM scholarships to university students, as well as an author, motivational speaker, and four-time marathoner.

Northrop Grumman solves the toughest problems in space, aeronautics, defense, and
cyberspace to meet the ever-evolving needs of customers worldwide. Our 90,000 employees
define possible every day using science, technology, and engineering to create and deliver
advanced systems, products, and services.

CITADEL

Citadel is a leading investor in the world’s financial markets. For over a quarter of a century,
we have sought to deliver industry-leading investment returns to clients including corporate
pensions, endowments, foundations, public institutions, and sovereign wealth funds. Our
global team works to help our clients’ capital fulfill its greatest potential across a diverse range
of markets and investment strategies, including fixed income & macro, equities, quantitative,
commodities and credit. For more information, visit Citadel.com

CITADEL
SECURITIES
Citadel Securities is a leading global market maker, delivering a broad array of fixed income

and equity products to banks, broker-dealers, government agencies, corporations, insurers,
and sovereign wealth funds. Through innovation and efficiency, the firm provides liquidity
with the goal of driving price discovery in more than 35 countries and making markets more
competitive, open, and transparent. Since its founding more than 15 years ago, Citadel
Securities has cultivated a culture of excellence, assembling the brightest minds in trading,
technology, and the sciences to make better markets for a better world. For more information,
visit CitadelSecurities.com.

NSF

The National Science Foundation (NSF) is an independent federal agency created by Congress in
1950 “to promote the progress of science; to advance the national health, prosperity, and welfare;
to secure the national defense…” NSF is vital because they support basic research and people to
create knowledge that transforms the future. This type of support is a primary driver of the U.S.
economy, enhances the nation’s security and advances knowledge to sustain global leadership.

SANDIA NATIONAL LABRATORIES

Sandia develops advanced technologies to ensure global peace. As a multidisciplinary
national laboratory and federally funded research and development center (FFRDC), Sandia
accomplishes tasks that are integral to the mission and operation of our sponsoring agencies
by anticipating and resolving emerging national security challenges, innovating and
discovering new technologies to strengthen the nation’s technological superiority, creating
value through products and services that solve important national security challenges, and
informing the national debate where technology policy is critical to preserving security and
freedom throughout our world.
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Thank You University Partners
We are proud to partner with 41 universities across the United States.

BECOME A MENTOR

The Astronaut Scholarship Foundation leverages the knowledge, experience and network of the astronauts, successful
business and industry leaders, as well as scholar alumni who have successfully navigated their careers and are willing
to mentor others. The insight passed from mentor to mentee propels scholars in a direction to fully recognize and
utilize their world-changing potential.
The structure of the Mentor Program is based on the sharing of knowledge and wisdom in order to promote
successful researchers, professionals and world changers. Age and experience fuel the mentor in advising and steering
the up-and-coming professional with information, understanding and insight that only time and past experiences
can provide. Through this program, we offer the opportunity to build peer support, friendships and guidance to help
the students transition into the workforce or navigate their next career steps. Often, new or discounted directions and
options are discovered that without these relationships, would never be imagined or considered.
Interested in becoming a mentor? Contact us at info@astronautscholarship.org.
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Alexandra Adams

Nathaneal Adkins
Auburn University
Sponsored by Jacobs

Washington University
in St. Louis

Keval Bollavaram

Caroline Cardinale

Oluchi Chukwunyere

Miami University

2020
CLASS OF
ASTRONAUT
SCHOLARS
INNOVATORS
OF TOMORROW

Georgia Institute of Technology
Sponsored by the
Georgia Tech Alumni

Devon Colby

University of Oklahoma
Sponsored by SAIC

Jacob Florian

University of Michigan

Teddy Hsieh

University of Texas at Austin

Anthony Kyu

North Carolina
State University
Sponsored by Lenovo

University of Rochester
Sponsored by the Marion Esser
Kaufmann Foundation

Zane Durante

Jessika Baral

Purdue University
Sponsored by the Covey Love
Legacy Foundation

Christine Faunce

Micaela Fleetwood

Virginia Polytechnic Institute &
State University

Zoe Fowler

Andrew Galassi

Henry Kantrow

Louisiana State University

Angelica Lang

University of Kansas

Maia Clare

North Carolina
A&T State University
Sponsored by Bernard Harris

University of Southern California
Sponsored by SAIC

Mississippi State University
Sponsored by the Kidd Family Trust
in honor of Jerry Wisemann Kidd

Rishi Basdeo

University of Central Florida
Sponsored by SAIC

Georgia Institute
of Technology
Sponsored by the
Georgia Tech Alumni

Chloe Klare

Florida Institute
of Technology

Daniel Lesman

The Ohio State University
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Morgan State University
Sponsored by Bernard Harris

Skyler Hornback

University of Kentucky

Philip Kocheril

University of Illinois

Lily Liu

University of Chicago
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Jonathan Lo

Texas A&M University
Sponsored by the Wreyford
Family Foundation

Zachary Marshall

Purdue University
Sponsored by Jim Hays
in honor of Gene Cernan

Charles O’Brien

Cody Martin

Texas A&M University
Sponsored by the Wreyford
Family Foundation

Raegan Petch

Colorado School
of Mines

Colorado State University
Sponsored by Dave and
Gail Liniger

Samantha Pryor

Alyssa Roberts

Florida Institute of Technology
Sponsored by the
Aldrin Family Foundation
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Eric Lu

University of Arizona
Sponsored by the Marion Esser
Kaufmann Foundation

North Dakota
State University

Stella Ma

University of
Wisconsin – Madison
Sponsored by
Brewster & Kathy Shaw

Chris Moss

Clemson University
Sponsored by Jacobs

Kaveh Pezeshki

Harvey Mudd College

Jessica Roberts

Colorado State University
Sponsored by Texas Masons
Tranquility Lodge 2000

Samantha Marglous
University of Chicago

Austin Nash

Hannah Scheaffer

Mississippi State University
Sponsored by Ray Gildea

Jonah Stiel

University of
Colorado Boulder
Sponsored by Steve & Jill Wirth
in honor of Scott Carpenter

University of Kansas

Swetha Prabakaran

Karl Westendorff

University of California, Berkeley
Sponsored by Vallarie & Ox van Hoften

Brianna Robertson

Louisiana State University
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University of Virginia

Marcos Zachary

University of Minnesota

Ava Self

Pennsylvania State University
Sponsored by Jacobs

Morgan Trexler

Emma Shafer

Massachusetts Institute
of Technology
Sponsored by Citadel

Carter Vu

Mitchell Wall

Colorado School of Mines
Sponsored by Northrop Grumman

University of Washington

Laurel White

Lindsey Wilson

Syracuse University

Lily Zhang

Massachusetts Institute of Technology
Sponsored by Citadel

Vaibhavi Shah

University of Central Florida
Sponsored by SAIC

Purdue University

Angela Zhu

Johns Hopkins University
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University of
Wisconsin – Madison
Sponsored by Brewster & Kathy Shaw

Hannah Yin

Tufts University

William Zunker

University of Minnesota
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“As a family, we are honored
to have the opportunity to
be part of such a worthwhile
program. The ASF Astronaut
Scholars represent the legacy
of the astronauts, exemplifying
their character and drive.
In meeting the Astronaut
Scholars, you see first-hand
the impact a program like this
has on their careers and their
personal development.”
– The Michael Collins Family

The Astronaut Scholarship Foundation is honored
to work with the family of astronaut Michael Collins
to present The Michael Collins Family Professional
Development Program. Michael Collins values a world
view he expressed aboard Apollo 11, “Houston, I’ve got
the world in my window.” He believes that all of us can
have the world in our window.
If our future leaders—including the Astronaut Scholars—
could see their planet from a great distance, their outlook
would be fundamentally changed. This outlook’s meaning
can only be fully understood if communicated both
verbally and in writing. For this reason, Michael Collins
places a high value on one’s ability to communicate
effectively. While Michael Collins appreciates the value
of STEM education, he feels it is missing a component
of strong communication skills. He advocates changing
STEM to STEEM (the additional “E” for “Eloquence”).
Astronaut Scholars are remarkably driven, rank at the
top of their class, and are exceptionally focused and
resourceful, especially in their fields of expertise. Through
their research and entrepreneurial spirit, Astronaut
Scholars change the world and drive innovation. The
Michael Collins Family Professional Development Program
provides support throughout their careers coaching,
building business skills, leadership development
training, and professional insights based on real world
experiences effectively preparing tomorrow’s leaders.
11
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ASTRONAUT SCHOLAR TECHNICAL CONFERENCE
Thursday, August 20, 2020 | 4:00 PM – 6:30 PM
4:00 PM

ASTRONAUT SCHOLAR TECHNICAL CONFERENCE

Friday, August 21, 2020 | 4:00 PM – 6:30 PM

Welcome & Introduction | ASF and SAIC

4:00 PM

Welcome & Introduction | ASF and SAIC

Novel Planar Si Photodetectors for Short-Range Optical
Communication

4:10 PM Raegan Petch

Feline leukemia virus frequently spills over from domestic
cats to North American pumas

4:10 PM

Kaveh Pezeshki

4:18 PM

Brianna Robertson Peltier-Driven Temperature Control for a Fluorescent
Sensing Platform

4:18 PM Jessica Roberts

Amyloid-beta-induced hyperexcitation in
Alzheimer’s disease

4:26 PM

Lily Zhang

Trends in coastal southeast Florida CO2 Fluxes

4:26 PM Keval Bollavaram

4:34 PM

Vaibhavi Shah

Algorithmic Prediction of Delayed Radiology TurnAround-Time during Non-Business Hours

Using PACMANS And Solute Accessibility to Identify
Cathepsin Cleavage Sites On SARS-CoV-2 Spike Protein

4:34 PM Alexandra Adams

In vivo production of psilocybe natural products in E. coli

4:42 PM

Zoe Fowler

Multiresolution DECOLOR for Camouflaged Moving
Foreground Detection Using a Redundant Wavelet
Transform

4:42 PM Hannah Scheaffer

Inactivation of CES1 blocks prostaglandin D2 glyceryl
ester catabolism and enhances its anti-inflammatory
effects, whereas pro-inflammatory effects of
prostaglandin E2 glyceryl ester are attenuated

4:50 PM

Anthony Kyu

A Novel Bioinspired Active Leg Prosthesis Designed to
Optimize Knee-Joint Torque and Speed

4:50 PM Ava Self

hMnSOD-Functionalized Reduced Graphene Oxide for
Cancer Therapy

4:58 PM

Zachary Marshall

Detection of Conflicts between ADS-B Equipped Aircraft
and Unmanned Aerial Systems

4:58 PM Maia Clare

Interleukin-1beta promotes IL-2-independent Th9 cell
differentiation

5:06 PM

Laurel White

The effect of spin priors on the masses recovered from
binary neutron star gravitational-wave signals

5:06 PM Lindsey Wilson

Solving the structures of MrGordo, a bacteriophage

5:14 PM

Lily Liu

Stationary Radially Symmetric Spot Patterns in Dryland
Ecosystems

5:14 PM Hannah Yin

Integrating game theory into disease-driven
evolutionary rescue

5:22 PM

Zane Durante

Using Temporal Representations for Endangered
Language Preservation

5:22 PM Eric Lu

Characterizing YDL180W, a novel regulator of the TORC1
signaling network

5:30 PM

William Zunker

Motion via Bistability in Viscous Fluids

5:30 PM Rishi Basdeo

Design and Characterization of a Portable Mini-CO2/VOC
Sensor and Gas Chromatograph for Field Research

5:38 PM

Devon Colby

Ambient Mass Spectrometry Imaging of Samples with
Topographical Variation Using the Single-Probe

5:38 PM Austin Nash

Is the propensity to emit alarm calls associated with
health status?

5:46 PM

Caroline Cardinale Effect of Curvature on Whisker-Wake Interactions

5:46 PM Philip Kocheril

5:54 PM

Teddy Hsieh

Using Molecular Dynamics for the Structure-Based
Design of Nucleic Acid-Targeting Small Molecule Ligands
for Myotonic Dystrophy Type 1

5:54 PM Stella Ma

Targeting quorum sensing to attenuate virulence in
Listeria monocytogenes

6:02 PM Christine Faunce

Single Nucleotide P129T Mutation Shows Enzymatic
Differences within the Reward Circuitry of Mice

6:10 PM

Closing Remarks

6:02 PM
6:10 PM

Carter Vu

Additive Manufacturing of Arbitrary Dielectric Patterns
with Laser Chemical Vapor Deposition
Search for a Generic Heavy Higgs Boson at the LHC
Closing Remarks

Please note that presentation times are estimated and subject to change.

Please note that presentation times are estimated and subject to change.
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Alexandra Adams
2020 Astronaut Scholar, Miami University
Miami University Department of Chemical, Paper and Biomedical Engineering

Rishi Basdeo
2020 Astronaut Scholar, University of Central Florida

In vivo production of psilocybe natural products in E. coli
Here, I will present our work on the development of an in vivo pathway for the natural product, psilocybin, in the model
organism Escherichia coli. We have created the first prokaryotic organism with abilities of producing this compound.
Psilocybin is of particular interest to the scientific community and the public as it is the main component of the
hallucinogenic mushroom family, Psilocybe, and is currently in phase III clinical trials as a medication for treatment
resistant chronic depression, PTSD, and other diseases. With the re-discovery of the drug’s medicinal value, we have
worked to create a more cost-effective and easily producible method for the production of psilocybin. Using the
HPLC and LCMS we were able to identify psilocybin and all of its precursors in our cell broth. From initial samples,
we underwent genetic optimization through the creation of multiple random libraries (operon and pseudo-operon)
resulting in a 32-fold increase. We then worked to optimize fermentation conditions, and ultimately, a fed-batch study
led to a titer of 1.16 g/L of psilocybin produced, the highest titer to date for the compound.
After successful production of psilocybin from our recombinant E. coli strain, we have moved to evaluate production
strategies for other psilocybe products. We are working to reproduce previous psilocybin findings and scale-up studies
on other products.
Alexandra Adams is a senior chemical engineering major with a focus in biochemistry at Miami University of Ohio. She
is also obtaining a Spanish minor and will be graduating in May 2021. She has worked in the Jones Lab doing metabolic
engineering since her first semester freshman year.
Outside of the lab, she is involved in the professional engineering fraternity, Theta Tau and Miami University’s chapter
of Engineers Without Borders (EWB). With EWB, she has served as the local outreach chair and the education chair.
With these positions, she has worked to strengthen STEM education initiatives at the college and middle school level.
At the college level, she has worked to develop a curriculum for the newest members to help them understand the
importance of what their projects do in their communities and technical skills they need to be successful. She has also
created and implemented a STEM education activity day with the local middle school to help students identify options
in pursuing STEM degrees and careers. Additionally, she enjoys volunteering her time to teach Spanish at the local
elementary school. She spent a semester studying in Madrid, Spain, where she also volunteered to teach English at an
elementary school. When she isn’t doing any of these things, she enjoys spending time in nature with her friends and
training for half marathons!
Alexandra plans to pursue a PhD in chemical engineering and focus her career on pharmaceutical drug research and
development. She hopes to work in industry research labs discovering new medications and molecules that decrease
the cost of pharmaceuticals. Through her career, she hopes to provide valuable research to companies such that these
goals can be achieved.
In his spare time, Bill is volunteering at a local thrift store that raises money for HIV/AIDS services in Philadelphia. He
seeks out personal projects that promote self-improvement. One example: Bill spoke at TEDxUofR in 2017 about his
Book of Facts, a four volume encyclopedia of knowledge gathered by asking strangers, “What is your favorite fact?”
In 2018 Bill and co-founder Brendan Happe created the Philly Moon Men project. They aim to raise awareness about
civic issues using astronomy as a catalyst. You can find Bill, with his telescope, on the corner of 4th and South St.
whenever the sky is clear and the moon is out.

Design and Characterization of a Portable Mini-CO2/VOC Sensor and Gas Chromatograph for Field Research
Volatile Organic Compounds (VOCs) are a class of gasses generated by organisms that can be used to determine health
and, in some cases, stress levels. Tracking the concentrations and makeups of VOCs in patients can be a powerful tool for
monitoring the progression of disease and can even be used to monitor an ecosystem’s state of health.
Traditionally, gas chromatographs (GC) are used for the detection and classification of VOCs, and operate on the basis
of separating and identifying compounds by the relative amounts of time required to pass through the instrument,
elution times. However, even portable versions of these instruments can cost thousands of dollars and are extremely
unwieldy. By taking advantage of open-source technology, an effective alternative can be produced to overcome this
barrier to research.
In this study, a portable sensor that allows the measurement and recording of the concentration of carbon dioxide and
volatile organic compounds (VOCs) was built with the goal to further implement it into a mini gas chromatograph (GC).
The initial sensor will be used as an “active listener”, triggering the GC to begin analysis once VOC levels reach a
desirable threshold for further insight into the makeup of emitted VOCs.This will increase the battery life of the device
and will avoid the recording of unnecessary data. By using clean air as the mobile phase of the GC (the element that
forces samples through the apparatus for separation) instead of a purified inert gas as done by traditional instruments,
the need to “recharge” the unit’s gas reserves is eliminated, reducing the amount of researcher intervention required
between uses.
Characterization of the mini-GC includes four factors: calibration, compound identification ability, and identification of
resolution and the minimum detection concentration of the device. Calibration is the process necessary to tune the sensor
to measure VOC concentration more accurately. Compound identification ability is the ability of the device to identify a
reference sample (isoprene, a common human VOC) at three different concentrations by its relative elution time. Resolution
is the GC’s ability to differentiate between compounds with elution times that are very close together. Minimum detection
concentration is the minimum amount of pure sample that can be differentiated from the noise experienced by the sensor.
Understanding these data is crucial to determining the GC’s ability and limitations in field research.
Once characterized, this device allows for rapid, real-time, onsite analysis of samples, which is especially important
in studies where data are transient or subjects are rare. Potential applications include environmental health,
characterization of human disease, and determining the chemical signature of emotions. Their compact nature makes
them especially flexible in application, as they will be able to be implemented as drone payloads and into floating buoys
for longer-term investigations. The preliminary design and characteristics of the sensor and mini-GC are presented here.
Rishi is a rising senior at the University of Central Florida, studying Biomedical Sciences and Mechanical Engineering on
his way to becoming a pediatric prosthetics engineer with a goal of designing assistive technology to improve the lives
of future generations.
Alongside his studies, Rishi creates low-cost, portable data acquisition devices that are used to study Volatile Organic
Compounds (VOCs), which are key indicators of health. These instruments have already been implemented in studies
investigating Huntington’s and Alzheimer’s Disease, along with tracking algal blooms and classroom learning and
engagement research. He plans to diversify these devices to record other types of information, including motion, GPS,
and video data to enhance its use in research studies. He is also working on his Honors Undergraduate Thesis, which
focuses on the development of a portable Gas Chromatograph (GC). Once complete, the mini-GC will be able to identify
a sample’s component compounds and separate them for further analysis, allowing for interpretation of data in field
research. He plans on open-sourcing the designs and code for these instruments with the goal of making research more
financially accessible for all.
In addition to his research, Rishi is a Senior Mechanical Engineering Student Assistant and Autodesk Student Expert
at Limbitless Solutions, a nonprofit that provides free, custom 3D-printed prosthetic arms to children. As part of the
first clinical trial in the United States investigating the viability of pediatric 3D-printed myographic arms, he works with
children in the study to implement feedback and improve the design of each device. He is also responsible for quality
control and mass production of each arm. As an Autodesk Student Expert, he hosts Computer-Aided Design (CAD) and
Generative Design workshops using Fusion 360 for university students. He is also passionate about STEM outreach and
is actively involved in creating and hosting K-12 outreach events about engineering, coding, and electronic design
through Limbitless.
In 2018, Rishi founded the UCF chapter of Global Engineering Brigades, an organization dedicated to the design of water
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sanitation and distribution systems in developing international communities. As President, he led a team of 20 students
on a week-long service trip to La Cuesta, Honduras. There, they worked alongside community leaders to survey the
landscape, budget, and design a water system, culminating in a final presentation of their work to the local community
in Spanish. This year, he looks forward to continuing these efforts and training the next generation of Brigade Leaders to
carry his work in the community.

Outside of research, Keval is involved in the Georgia Institute of Technology Undergraduate Investments Committee,
where as a healthcare senior analyst, he pitches potential investments in biotechnology, health and data services,
pharmaceuticals, and medical devices to the Investments Decision Group. Additionally, he is a member of the Georgia
Institute of Technology Undergraduate Biomedical Engineering Student Advisory Board. As part of this board, he
advocates for student concerns about the Georgia Institute of Technology Biomedical Engineering Department to
advisors and faculty.

Rishi also enjoys competing in international and intercollegiate hackathons and experimenting with art and design to
create life-sized props inspired by his favorite comic books.
Rishi is looking to connect with experts and industry professionals in biomedical and assistive technology and design.
You can reach Rishi at rishibasdeo@gmail.com or on LinkedIn at www.linkedin.com/in/rishibasdeo.

Keval Bollavaram
2020 Astronaut Scholar, Georgia Institute of Technology

Using PACMANS And Solute Accessibility to Identify Cathepsin Cleavage Sites
On SARS-CoV-2 Spike Protein
Cleavage of the SARS-CoV spike (S) protein by cathepsin L has been shown to activate the virus for entry into host
cells through endosomes.1 Because SARS-CoV and the novel SARS-CoV-2 virus S-proteins have homologous primary
structures, cathepsins that activate SARS-CoV S-protein could also activate SARS-CoV-2 S-protein. Cathepsin V shares
80% sequence homology with cathepsin L and should also be investigated. Additionally, studying the ability of other
proteases to cleave SARS-CoV-2 S-protein could elucidate other proteases to be inhibited to prevent viral entry into
cells. Therefore, identifying the sites on S-protein where cathepsin L, cathepsin V, and other related proteases are most
likely to cleave the novel virus could inform potential treatments for COVID-19, the disease and pandemic caused by
transmission of SARS-CoV-2.
Using Protease-Ase Cleavage from MEROPS Analyzed Specificities (PACMANS), a program developed by our lab, that
identifies and ranks potential cleavage sites on a protein of interest by a selected protease,2 a rank ordered list of
potential cleavage sites on the S-protein of SARS-CoV and SARS-CoV-2 were generated for cathepsins L and V. Then,
MATLAB was used to order the putative cleavage sites by starting amino acid and graph cleavage sites by rank versus
starting amino acid. Next, because a higher PACMANS score corresponds with a lower rank number and a lower rank
number is equivalent to a higher rank order, higher rank orders will be found at local minima on the rank versus starting
amino acid graph. The MATLAB local minima function was used to determine the highest ranked putative cleavage site
every 50 amino acids along the S-protein length. Afterwards, Swiss PDB was used to show which of the highest ranked
putative cleavage sites were solute accessible and Protein-Sol was used to quantify solubility at solute accessible sites.
Sixteen local minima sequences were found for cathepsin V, figure 1C shows the location of the cathepsin V on SARSCoV-2 active site starting at S221. This sequence was highly ranked and had a high solute accessibility, which indicates
that this sequence has a high probability of being a cathepsin V cleavage site. Fifteen local minima sites were found for
cathepsin L, and cathepsin L has a highly ranked active site starting at Q218 with a predicted solute solubility of 0.742.
Because cathepsin L and V both have highly ranking, accessible, and soluble regions around amino acid Q218-S221 this
region has a high probability region for SARS-CoV-2 cleavage, which will lead to viral escape from endosomes or plasma
membrane fusion.
Results support nine common sites cathepsin L along with cathepsin V both share that have a high rank and high solute
accessibility. Of these sites, the site starting at M697 is near a previously identified S-protein cleavage site between
amino acids 680-800 on SARS-CoV-2. The overlap in highly ranked sites and high solubility from these two proteases
alone provides evidence that there may be other proteases that could cleave SARS-CoV-2 and should be targeted to
prevent any access to membrane fusion by virus’s spike protein.
Keval Bollavaram is an undergraduate student at the Georgia Institute of Technology pursuing a bachelor’s degree in
biomedical engineering. He is currently serving as an undergraduate research assistant in the Platt Lab in the Wallace H.
Coulter Department of Biomedical Engineering at the Georgia Institute of Technology and Emory University.
Keval has had the opportunity to work on several research projects starting as a high school research intern under Dr.
James Russell at Georgia Gwinnett College, where he conducted research on the wasp species Trichogramma Kaykai
and the effects that Wolbachia, a bacterial infection, has on determining the reproductive nature of its host wasp. In
college, Keval joined the Platt Lab where he has previously investigated the effects of sickle disease on cerebral artery
morphology, arterial hemodynamics, and bone maturation. Furthermore, Keval has interned in the Tearney Lab as a
summer intern in the Harvard-MIT HST-Biomedical Optics Summer Institute, where he created a tethered endoscopy
capsule device that better predicts progression from Barrett’s esophagus to esophageal adenocarcinoma.
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Keval plans to pursue an MD/PhD after college; you can reach him at kbollavaram3@gatech.edu.
Caroline Cardinale
2020 Astronaut Scholar, University of Rochester

Effect of Curvature on Whisker-Wake Interactions
The whiskers (vibrissae) of harbor seals and California sea lions help these mammals track prey even in rough waters.
The whiskers are slender and flexible, and bend when subjected to hydrodynamic forces. Harbor seals have undulating
whiskers which help to reduce self-generated hydrodynamic noise. California sea lions, on the other hand, have smooth
whiskers. Despite their lack of specialized whiskers, California sea lions effectively follow hydrodynamic trails, and have
been observed to curve their whiskers forward during tracking. Therefore, we hypothesize that whisker orientation aids
tracking even in complex flow environments.
To test this hypothesis, experiments were conducted in a recirculating water channel. A larger cylinder (1/2” OD,
Re=1920) created a wake of known shedding frequency that the sea lion may be trying to follow. A smooth smaller
cylinder (1/8” OD, Re= 480), representing a model whisker, was placed downstream, in the larger cylinder’s wake.
The smaller cylinder was tested in both straight and curved (90 degree) configurations. Stereoscopic particle image
velocimetry (PIV) was used to capture the flow field downstream of the whisker cylinder, and discrete Fourier analysis
was used to determine the dominant shedding modes and their respective frequencies.
Spectral analysis showed that the wake of the curved cylinder, representing a forward-facing whisker, was dominated
more by the upstream cylinder, compared to the straight cylinder. This suggests that a forward-facing whisker is more
effective at decomposing complicated wakes because it reduces the noise the whisker itself produces. A California sea
lion’s tracking capability is likely improved by the forward-facing whisker, similar to how the Harbor sea lion utilizes
an undulating whisker. A forward-facing whisker design may be a simple improvement to emerging whisker-inspired
sensing technology.
We gratefully acknowledge the support of ONR through Grant No. N00014-18-1-2456 (Program Manager Dr. Thomas Fu).
Caroline Cardinale is a rising senior in Mechanical Engineering at the University of Rochester. She got her engineering
start in middle school and high school through FIRST Robotics and has not looked back since. Originally wanting to work
for a defense contractor designing aircrafts, her career aspirations shifted after her first research project. In Dr. Jessica
Shang’s hydrodynamics lab, Caroline worked on designing amphibious robots. The idea that she could try any idea she
had no matter how “out of the box” was a dream come true. She has continued to work on several research projects
including an internship at the Naval Surface Warfare Center in Indian Head, MD. There she developed unique algorithms
that markedly improved the mesoscale simulations of explosions and discovered her passion for using computers and
computation to solve engineering problems. Currently she is working in Dr. Shang’s lab analyzing shedding regimens
of bluff-bodies in low Reynolds number flows in order to improve the capabilities of whisker-like sensors. Here she has
also advanced her knowledge of reduced order modeling. Through her diverse research experiences, she has been able
to develop an insatiable curiosity for how and why things work, and hone her skills within computation, experimental
research, and engineering. After college, Caroline plans on pursuing her PhD in mechanical engineering specializing
in control systems. She will be able to apply her diverse skill set to control systems which has an array of applications,
including fluid dynamics.
Outside of research, Caroline has taken on a variety of STEM-related leadership roles, which have helped her strengthen
the pedagogical and mentorship skills she will need to be an effective professor. She is a teaching assistant for MATLAB,
holding twice-weekly office hours and assisting with grading responsibilities. She also tutors students in various
mechanical engineering classes through Tau Beta Pi. As a FIRST Robotics alum, Caroline is energized by increasing STEM
access within under-served communities; she launched robotics teams for the New Jersey School for the Deaf and
Habitat for Humanity’s Trenton chapter, planned two Girls in Engineering workshops for local Girl Scouts, and mentors
middle schoolers with learning disabilities at Rochester Prep Charter School. She is hopeful that these leadership
experiences will make her a more empathetic professor in the future, capable of mentoring others and leading her own
lab group.
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Caroline continues to be driven by a genuine curiosity of the world around her, and knows a career in academic research
will allow her to continue to challenge the status quo at the intersection of chemistry, physics, mathematics, and
engineering to ultimately advance the world’s understanding of scientific knowledge.
You can email Caroline at ccardin2@u.rochester.edu or view her LinkedIn at
www.linkedin.com/in/caroline-cardinale-728255146/
Maia Clare
2020 Astronaut Scholar, Purdue University

Interleukin-1beta promotes IL-2-independent Th9 cell differentiation
CD4+ T helper (Th) cells play an important role in adaptive immunity by regulating inflammation through their
production of cytokines. IL-9-producing T helper cells (Th9) promote host defense and inflammation and differentiate
in response to TGF-β and IL-4. Additionally, in vitro studies have found IL-2 to be critical for Th9 differentiation. However,
in vivo-derived Th9 cells often co-develop with IL-17-producing Th17 cells that are repressed by IL-2. These data
suggest that other inflammation-specific signals may promote IL-9 production when IL-2 is limiting. Previous work has
demonstrated that nuclear factor kB (NF-kB) signaling is enhanced in inflammatory disease and promotes both Th9 and
Th17 differentiation in vitro. We therefore asked if NF-kB activating cytokines/cell surface receptors could rescue IL-9
production in the absence of IL-2. In our studies, we found that IL-1β enhanced the Th9-associated transcription factor,
BATF, and IL-9 production in vitro in the absence of IL-2 signaling. Further, IL-2-independent IL-9 production occurred in
a BATF-dependent manner. These data suggest that IL-1-mediated NF-kB activation may promote Th9 differentiation in
settings of chronic inflammation where IL-2 is limiting.
Born in Ottawa, Canada but raised in Pittsburgh, Pennsylvania with Canadian and Uruguayan parents, Maia Clare was
always encouraged to be open to new places and investigate new things. When she took her first biology class in high
school, she was in awe of the complexity of life and it quickly became her biggest passion. Maia began studying at
Purdue University in 2017 and is now going into her last year of a biology degree, with a concentration in genetics,
with minors in chemistry and anthropology. From her very first semester, Maia was involved in research projects on
campus and is now knee deep into immunology research on an important class of adaptive immune cells, T helper
cells. After she graduates, Maia is excited to pursue a PhD in molecular biology, with the goal to study human disease
at the genetic level in academia. Outside of her studies, Maia receives meaningful support and has supported others
from underrepresented backgrounds as a mentor, panelist, friend, ambassador, and leader in the diversity and inclusion
programs on her campus. Since she arrived at Purdue University, Maia has been involved in many diversity initiatives
including mentoring students, serving as president of the Association of Multicultural Science Students, and facilitating
connections between Purdue Student Government and the cultural centers on campus. Through these experiences,
she has learned about her own ignorance to the hardships of others, including the widening health gap between white
and non-white people in the U.S. and globally. Maia hopes to help address this complex issue in her future research by
investigating individualized genetic and immunological medicinal therapies. When she’s not working towards those big
goals, Maia loves reading a good sci-fi novel, playing apocalyptic video games, and taking care of her betta fish.

Devon Colby
2020 Astronaut Scholar, University of Oklahoma

Ambient Mass Spectrometry Imaging of Samples with Topographical Variation Using the Single-Probe
Mass spectrometry imaging (MSI) is a molecular imaging technique that visualizes the spatial distribution of a large variety
of compounds (e.g., cell metabolites, lipids, and proteins) with their relative abundances on a sample surface. According
to their sampling and ionization environment, MSI techniques can be grouped into nonambient and ambient based
methods. Nonambient MSI experiments require large amounts of sample preparation, and samples need to be placed
into a vacuum environment for the measurement. Thus, they are unable to study samples in their native conditions. In
contrast, ambient methods have minimal sample pretreatment, and samples are present under open-air conditions during
experimentation, allowing them (e.g., cells and tissues) to maintain their integrity. The ambient MSI technique used and
developed by the Yang lab is the Single-probe method. The Single-probe is a microscale sampling and ionization device
for MSI measurement. This device works by scanning over the sample surface, extracting molecules through microscale
liquid extraction, and directly injecting extracted molecules into a mass spectrometer for analysis. The obtained data
is represented as a pattern of closely gathered dots (i.e., rastered image) containing spatial and chemical information.
However, a major limitation of the existing Single-probe MSI method is that only flat surfaces can be measured, because
uneven surfaces may lead to the probe clogging or breaking, resulting in an experiment failure. To employ this method on
surfaces with topographical variation, modifications have been made to the current Single-probe MSI technique.
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3D-printing techniques are used to produce a platform to hold the Single-probe via two fused capillaries (OD: 90μm), and
an aperture (~500 μm) is created in the platform through which the Single-Probe is fit. These two fused silica capillaries
allow for flexible, small adjustment of the Z-direction of the Single-probe while sampling uneven surfaces, and the aperture
minimizes the dislocations of the Single-probe due to probe-surface contact. Two different sample surface types are
analyzed using surface-specific LabVIEW programs that control the motorized XYZ-stage system. The first sample type (i.e.,
curved smooth surface) is measured using the existing program, whereas the second sample type (i.e., rough surface) is
analyzed using a program currently being developed.
Preliminary data: Curved smooth surface analysis. Fingerprints of chemical compounds (ibuprofen and rhodamine) on
a glass test tube were used for proof-of-concept studies, in which samples have smooth surfaces with relatively small
topographical variation. The experimental set-up was able to map the distribution of ibuprofen and rhodamine within
sample areas. However, the stability of the ion signals needs to be improved.
Future works: (1) Improve the performance of the platform for the analysis of curved smooth surfaces. Modifications of the
current platform will be carried out to improve ion signal stability and spatial resolution of MS images. (2) New LabVIEW
program needs to be developed for MSI studies of rough sample surfaces such as biological samples.
Devon Colby is research assistant at the University of Oklahoma, where he works in analytical chemistry focusing on single
cell analysis and mass spectrometry imaging using the Single-Probe technology. He has worked to adapt the Single-Probe
towards use on patient samples and imaging on uneven surfaces.
Devon’s research interests include Immune interactions with infectious diseases comorbid with non-communicable and
communicable diseases within patients; and Translational research into infectious disease effects and treatments.
He has gained an interest in infectious disease research through his time working as a research assistant working on
translational research, and his time volunteering in clinics.
As a research assistant, Devon has worked with instrument development, modification, fabrication, and repair. He has
worked with mass spectrometry method development and instrumentation with Orbitrap and GCMS, data analysis with R
and Matlab, and 3D design with Autocad.
Over his time as a research assistant, Devon has co-authored multiple papers over the development of a new single cell
mass spectrometry system towards the analysis of intracellular contents of non-adherent cells, including its application
towards patient samples. He is also a recipient of the 2020 Goldwater and Astronaut scholarships.
Devon enjoys playing tennis, playing the violin, and performing research. Devon can be contacted at devon.colby@ou.edu.

Zane Durante
2019-2020 Astronaut Scholar, University of Southern California

Using Temporal Representations for Endangered Language Preservation
Over half of the world’s 7000 languages are at risk of extinction within the next century. Current endangered language
preservation techniques involve documenting video and audio of native speakers, which are later transcribed by trained
linguists. However, this process is time-consuming and does not scale well since linguists must first learn the phonemes
(individual units of sound in a language) for each language they transcribe. We propose a semi-supervised framework
to assist linguists in the transcription process. First, we create condensed representations of the phonemes from the raw
speech audio. With these condensed representations, we then train a classifier to determine which phoneme is being
spoken from only a small number of labeled examples. We test our approach on five minutes of transcribed Ladin, an
endangered language spoken in the Italian Alps. Our results indicate that temporal representations from wave2vec
provide more robust representations for classification than non-temporal ones. Furthermore, linear classifiers, such as
linear support-vector machines and logistic regression models, outperformed feed-forward neural networks and treebased models when classifying phonemes since the latter models were more prone to overfitting the small training
set. The relatively high accuracy rate (66%) of linear support-vector machines for phoneme classification indicates that
our semi-supervised learning framework provides a promising route towards assisted language documentation.
Zane Durante is a rising senior studying computer science and applied mathematics at the University of Southern
California. He is also a machine learning researcher at USC’s Signal Analysis and Interpretation Laboratory (SAIL) and
the Center for AI in Society’s Student Branch (CAIS++). Zane’s research interests include machine learning, natural
language processing, and computer vision. At SAIL, he is working in two research labs. In one, Zane is developing
natural language processing techniques which incorporate psycholinguistic norms to detect deception in forensic
interviews. In another, Zane is using deep learning to analyze real time MRI videos of the vocal tract to reconstruct
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speech patterns and ultimately characterize neuromuscular disorders and medical conditions that affect speech
production. This past year, he served on the e-board of CAIS++ as the vice president in charge of curriculum, where
he made strategic changes to the student-led curriculum and led last year’s cohort through the AI program. My
CAIS++ associated group projects have included a melanoma detector (2018), a phoneme classifier to preserve
endangered languages (2019), and a reinforcement learning project (2020). Last summer, Zane worked as a
developer programs engineer intern at Google Cloud AI, and this summer he is a full-time research fellow at USC.

a snow leopard, from video surveillance, as the animal, due to its camouflage, may get marked as background and go
unnoticed. There have been numerous efforts to create a foreground extraction method robust to camouflage. FWFC1
is one of these methods, and it focuses on detecting camouflaged objects by analyzing a video sequence in the wavelet
domain using a redundant wavelet transform.

Christine Faunce
2020 Astronaut Scholar, Virginia Polytechnic University

Single Nucleotide P129T Mutation Shows Enzymatic Differences within the Reward Circuitry of Mice
A single nucleotide polymorphism (proline 129 to threonine) of the fatty acid amide hydrolase (FAAH) gene has been
identified. This missense mutation has been associated with an increased susceptibility to problematic drug use in
humans. However, it remains unclear whether the P129T mutation plays a causative, mechanistic role in maladaptive
drug use behaviors. Using heterozygous P129T humanized knock-in mice on a C57Bl/6 background as breeding pairs,
wildtype (WT) and P129T knock-in (KI) littermates were produced and used to evaluate the behavioral and biochemical
changes that result from the P129T polymorphism. To evaluate behavioral effects of the P129T polymorphism,
conditioned place preference (CPP) assessed reward-like behavior. Both WT and KI mice were given acute injections
of saline or nicotine (0.1 – 1.0 mg/kg, s.c.) in separate sides of the chamber for three sessions. One final session (no
injection) quantified the time spent in either chamber. To evaluate the biochemical effects of the P129T polymorphism,
activity-based protein profiling (ABPP) was used to measure significant differences of active enzyme levels in WT and
KI mice in whole brain tissue samples as well as specific brain areas involved in drug reward and dependence. These
results bring new knowledge to the field’s understanding of this genetic mutation while utilizing both behavioral and
molecular techniques. Further investigations to continue this research will evaluate the gene expression differences
and behavioral profile of these genetically modified animals when administered different drugs. Additionally, further
investigation of the mechanism by which this susceptibility is caused is of great interest.
Christine Faunce is a fifth-year student at Virginia Tech studying experimental neuroscience and medicinal chemistry.
Christine is passionate about utilizing analytical and biological chemistry techniques to discover new findings on CNS
disease pathologies. This passion for disease pathology research has been fortified through her work in the lab of
Dr. Matthew Buczynski at Virginia Tech. Previous to her independent research in the Buczynski Lab, Christine studied
industrial/organizational leadership under Dr. E. Scott Geller in the Virginia Tech Psychology Department. Christine’s
extensive research experience at the undergraduate level has resulted in the publication of one technical literature
review in the Journal of Neuroscience Methods. Christine will also be a co-author on a manuscript in preparation
regarding her independent work with the Buczynski Lab. Outside of her interests in STEM, Christine enjoys learning
about Spanish language and culture as she pursues a Spanish minor. When travel is not restricted due to a global
pandemic, Christine takes any opportunity to explore new places, internationally or nationally. As the co-founding
Secretary for the VA gamma chapter of Nu Rho Psi, a Resident Advisor, and an organic chemistry teaching assistant,
Christine works to mentor younger students throughout their undergraduate careers. Christine will matriculate into
a Ph.D. program in the Fall of 2021 and hopes to study neuropharmacology. She aims to apply her doctoral degree to
clinical trials research and hopes to one day work at the NIH or FDA.

Zoe Fowler
2020 Astronaut Scholar, Mississippi State University
Mississippi State University and Seattle University

Multiresolution DECOLOR for Camouflaged Moving Foreground Detection Using a Redundant
Wavelet Transform

To combat the issue of camouflaged foreground object detection, we created a new method of foreground extraction,
MR-DECOLOR, which incorporates a redundant wavelet transform2 with DECOLOR3, another foreground extraction
method that enforces spatial contiguity on the foreground in order to generate a more accurate foreground image.
MR-DECOLOR was tested on five datasets containing snow leopards camouflaged into the background at varying times
of the day, and its performance was compared against four other popular foreground extraction methods. In order
to obtain quantitative results for all methods, ground-truth foreground masks were drawn by hand for each dataset,
and the correct classification rate was calculated with respect to the ground-truth mask for each method. Based on
experimental results, MR-DECOLOR outperformed the other four foreground extraction methods, proving that this
method offered the best robustness against camouflage.
Zoe Fowler is a senior electrical engineering major at Mississippi State University. She has been involved in research
at MSU since her freshman year and has worked on various research projects in many areas, from signal and image
processing to engineering education. Her first and ongoing project is related to developing a foreground extraction
method robust against camouflage, which is useful when studying elusive endangered species. On top of being
actively involved in research at her home institution, she has also sought out research opportunities at other
universities and was selected to participate in the 2019 Research Experience for Undergraduates in Electrical and
Computer Engineering at Duke University, where she worked to develop a low-cost electronic biosensor to determine
blood type. When not doing research, she enjoys hanging out with her friends and cat. In the future, she hopes to
obtain a PhD in electrical engineering and use her knowledge to develop devices to revolutionize healthcare. You can
contact her at zmf39@msstate.edu.
Teddy Hsieh
2020 Astronaut Scholar, University of Texas at Austin
University of Texas at Austin - Laboratory for Advanced Semiconductor Epitaxy

Additive Manufacturing of Arbitrary Dielectric Patterns with Laser Chemical Vapor Deposition
3D devices have garnered considerable attention in the microelectronic industry as the solution to improve lateral
device density beyond the limits of conventional photolithographic techniques. In addition to reducing cost, they
promise novel properties for the next generation of III-V semiconductor devices for use in high-contrast nanophotonics,
vertical cavity surface emitting lasers (VCSELs), and optoelectronic IC’s. However, current 3D fabrication techniques are
holdovers from the 2D era, relying on the subtractive approach of alternating growth/etch cycles which suffers from
low-throughput and high prototyping costs. An attractive alternative is an additive manufacturing (AM) approach that
can deposit arbitrary patterns, enabling fully embedded features and bypassing the need for laborious growth/etch
switching cycles.
Despite these promising attributes, previous AM attempts have struggled with feature size, material quality, and
selectivity. By incorporating Laser-Induced Chemical Deposition (LCVD) with Digital Light Processing (DLP) technology
and a contaminant-eliminating UV radiation step, we propose a III-V compatible process capable of selectively
depositing dielectric layers for an arbitrarily patterned 3D device. Optical analysis has demonstrated that our DLP set-up
can project patterns with one-micron resolution. For LCVD, contaminant suppression during dielectric deposition relies
on oxidizers that also compromise electronic properties of III-V semiconductors. To maintain III-V compatibility and
enhance selectivity, the SiO2 precursor tetraethylorthosilicate(TEOS) has been chosen for its oxidizer-free deposition
pathway and dependence on UV for deposition activation. Long exposure to blanket UV radiation shows promise as an
effective way to photolytically desorb organic contaminants within the dielectric. We are now ready to proceed onto the
next step of optimizing deposition parameters like precursor flow rates, laser fluence, and substrate temperature.

When performing video analysis, foreground object detection is an essential step. Foreground object detection
allows one to detect moving people, animals, or other items, proving useful in cases of video surveillance. While many
foreground extraction methods have been developed to extract moving foreground from a video sequence, they tend
to work best when the foreground is visually distinct from the background.

Teddy Hsieh is a rising junior at the University of Texas at Austin double majoring in Electrical Engineering and Chemistry.
Since Fall 2018, he has been under the mentorship of Dr. Seth R. Bank in the Laboratory of Advanced Semiconductor
Epitaxy (LASE) where he works on novel additive manufacturing processes for 3D optoelectronic devices. In addition to
the presented work, Teddy also assists in design simulations for digital alloy materials and photodiodes. His research and
academics have brought him recognition such as the Astronaut Scholarship, IEEE-HKN Endowed Scholarship, and the UT
Austin Undergraduate Research Fellowship.

Foreground extraction is particularly useful for studying endangered species because it allows thousands of frames to
be analyzed in order to determine whether an animal was present or not, as opposed to a researcher having to analyze
frames by hand. However, camouflage can be a huge issue when researchers are analyzing endangered species, such as

In 2018, Teddy was selected for the UT Engineering Honors Scholarship and the Dean’s Scholars Honors Program, where
he currently serves as a council member focused on organizing presentation and networking events for undergraduate
researchers. An active member of the local STEM community, Teddy started an outreach program bringing fun
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chemistry/physics demos to K-12 kids in Austin, growing the initiative from a personal dorm room project to a
departmentally-funded committee of a dozen UT students.
Wanting to help bridge the gap between academia, industry, and the public, Teddy chaired the Senior Reception
Subcommittee for the UT Expo Career Fair, helped bring 2017 Physics Nobel Laureate Rainer Weiss to an invited public
talk, and mentored 28 Electrical Engineers through their first year of college.
Looking forward, Teddy hopes to solve compelling problems in nanoelectronics while continuing to lead efforts for the
advancement of STEM education in his community.
Teddy can be contacted through email: h.teddy333@gmail.com or LinkedIn: https://www.linkedin.com/in/teddy-hsieh/

Philip Kocheril
2020 Astronaut Scholar, University of Illinois at Urbana-Champaign
Using Molecular Dynamics for the Structure-Based Design of Nucleic Acid-Targeting Small Molecule Ligands for
Myotonic Dystrophy Type 1
Myotonic dystrophy type 1 (DM1) is an autosomal dominant genetic disease characterized by muscle wasting, myotonia,
cardiac defects, and more. DM1 is caused by a d(CTG⋅CAG)exp expansion in the 3’-untranslated region of the DMPK
gene on chromosome 19. Transcription of the d(CAG)exp strand produces expanded RNA, r(CUG)exp, that exist as
imperfect hairpin structures containing C–G base pairs and U–U wobble pairs. These r(CUG)exp sequester RNAbinding proteins, such as muscleblind-like protein 1 (MBNL1), that are involved in the regulation of alternative splicing.
Furthermore, repeat-associated non-ATG translation of these RNA transcripts results in toxic homomeric polypeptides. To
date, there are no FDA-approved treatments for DM1. However, our group has reported several effective small molecule
ligands that show promising phenotypic recovery in cellular and animal model systems.
The structures of our previously reported ligands were designed rationally based on the structure of the target r(CUG)
exp to release MBNL1 upon successful binding of r(CUG)exp. To improve the specificity and binding strength of these
ligands, it is important to understand how the ligands form binding interactions with RNA. However, determining the
actual binding mode of a ligand inside a cell proves incredibly difficult. One of the most accessible approaches to assess
probable ligand-RNA interactions is computational modeling, which allows for visualization of the possible binding
modes of ligands and computations to assess their relative stabilities. We use molecular dynamics (MD) simulations to
generate trajectories of simulated ligand-RNA interactions over time. Coupled with experimental data, these simulations
can provide useful insights to explain the relative binding strengths of different ligands.
We have previously used MD simulations to establish the plausibility of proposed binding modes and to suggest
explanations for the poor binding interactions of some candidate ligands. Because the stable release of the program we
use for our MD simulations was made available in 2016, its variability remains relatively underexplored, particularly in its
application to nucleic acid-targeting small molecules. We are currently investigating the variability and predictive power
of these simulations, and we plan to refine our modeling methods toward a systematic approach for broad application
to the development of small molecule therapeutics.
Philip Kocheril is an undergraduate student at the University of Illinois at Urbana-Champaign (UIUC) majoring in
specialized chemistry and minoring in music. Philip is currently an undergraduate research assistant in the Zimmerman
Research Group, where he participates in the synthesis, design, and computational modeling of nucleic acid-targeting
small molecule ligands for myotonic dystrophy type 1. Philip was also hired as an undergraduate teaching assistant to
teach organic chemistry in the fall of 2020.
Philip started doing research at age 17 with Professor Benjamin McCall at UIUC, performing mid-infrared spectroscopy
on molecular ions found in the interstellar medium. Philip has a proven track record as a researcher, and he currently
is an author on three peer-reviewed publications (including one first-author publication at age 19) and eleven
presentations (including two invited talks). Philip won “outstanding presentation” awards for two separate talks given
in 2019, and he has received grants and scholarships from a variety of sources, including the Astronaut Scholarship
Foundation, the Goldwater Foundation, UIUC, and the National Merit Scholarship Corporation.
Philip is also an avid jazz musician and composer in the Champaign-Urbana community. A recording of Philip’s
undergraduate recital (of all original compositions) is available at https://www.youtube.com/watch?v=41meZmZks6A,
and you can read more about Philip at https://philip-kocheril.webnode.com/. Please email pkocheril@gmail.com to
contact Philip.
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Anthony Kyu
2020 Astronaut Scholar, North Carolina State University
A Novel Bioinspired Active Leg Prosthesis Designed to Optimize Knee-Joint Torque and Speed
Cybathlon is an international assistive device competition in which teams can compete in six possible disciplines:
Brain-Computer Interface Race, Functional Electrical Stimulation Bike Race, Powered Arm Prosthesis Race, Powered
Leg Prosthesis Race, Powered Exoskeleton Race and Powered Wheelchair Race. In this presentation, we present
Team Pack Bionics’ solution to the Powered Leg Prosthesis Race: Stryder, a robust and efficient electromechanical
powered leg prosthesis.
Current leg prostheses have multiple disadvantages that people with leg amputations must face. Passive leg prostheses,
prostheses with no active element and no active actuation, provide the user with limited control and no power
assistance, despite its lightweight form. This limitation is especially disadvantageous when traversing steep or rough
terrain, such as stairs, forcing users to use their intact leg to go upstairs, and increasing their overall metabolic costs.
On the other hand, current active prostheses, prostheses with active actuation elements, are substantially heavier, more
cognitively taxing, and have a short battery life. The heavier load is usually compensated by the active component of
the leg, but because these active prostheses are controlled by a pre-programmed microcontroller, they are often more
cognitively taxing, and are less trusted by the user. Moreover, since the leg is constantly using an active element, the
battery life is short, making usage time short, and therefore making the leg inconvenient to use.
The Stryder leg prosthesis uses a bio-inspired design that takes advantage of two main mechanisms to provide an
efficient design, mitigating the disadvantages of limited control and lack of power assistance found in passive devices
and the shorter battery life found in active prosthesis designs. First, the opposing motor-spring mechanism combined
with a non-back-drivable gearbox system allows for reduce motor usage, reducing power consumption, and increasing
battery life. The compression springs compress during gait extension, storing energy from gait swing momentum,
allowing for spring-powered flexion during key parts of the gait cycle. And second, the dual cam mechanism allows for
optimized torque and speed during the gait cycle. More specifically, the dual cam mechanism was designed to have
high torque and low speed when the knee joint is at 90 degrees, and low torque and high speed when the knee joint is
at 0 degrees.
The leg prosthesis is also integrated with a suite of sensors to help detect knee angle, acceleration, force, and force
distribution. Using a combination of absolute encoders, load cells, and an accelerometer, the different stages of the gait
cycle are detected, and the prosthetic leg is controlled by a finite state machine.
With the Stryder leg, efficient and optimized power-assisted prosthetic control can be acquired to make active
prostheses more usable and practical for users. Future iterations of the device will not only optimize the torque and
speed of the prosthesis, but will also optimize size, weight, and battery usage.
Anthony Kyu is a Biomedical Engineer from NC State University who invests his time into learning about and developing
new medical technology and has a strong interest in prosthetics and medical robotics. As a young engineer, Anthony
spent his first few years in college taking as many opportunities to explore new and upcoming technologies, taking
advantage of the university’s resources to learn about 3D printing and research on Gait Biomechanics/Prosthetics.
While learning about both 3D printing and Prosthetics, Anthony discovered and joined a non-profit organization called
The Helping Hand Project, an organization that designs custom upper-limb devices/prosthetics for children with upperlimb differences. Because of his interest and previous experience with 3D printing, Anthony helped this organization
improve their 3D printing process over the past three years, and became the Chief Technology Officer of the NC State
Chapter, in charge of 3D printing hundreds of their devices.
Concurrently, Anthony explored other opportunities where he could learn more about his passion for prosthetics,
becoming a founding member and the Vice President of NC State’s Cybathlon Team. The Cybathlon competition is an
international assistive device competition which has six disciplines that teams can compete in. NC State’s team is going
to participate in the Powered Prosthetic Leg Race, in which an amputee pilot will race in an obstacle race using the
team’s custom built powered prosthetic leg. As the Vice President of the team, Anthony was designated as the design
lead for the prosthetic leg. Over the past two years, Anthony has led the team in the development of a prosthetic leg,
personally designing mechanical and physical models, helping implement the software, and playing a key role in
electronic circuit design and sensor integration.
Anthony also has industry experience, interning at two health-related companies. In the summer of 2019, Anthony
interned at Optum Technologies as a Technology Development Intern, where he interviewed and talked to clinicians
and developed a web application to improve communication between clinicians. During his time at Optum, Anthony
has gained experience in UI/UX design and software development, as well as learning how clinicians work, and what
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problems they face. In the summer of 2020, Anthony interned at Teleflex’s Surgical R&D Department as a Lab Assistant,
where he learned about medical device product development and sustaining, developing and performing testing
procedures to test medical device products with physiological analogs, and designing mechanical fixtures for those
procedures and investigation of product failures. This internship not only gave Anthony a lot of design and quality
engineering experience, but it has also given Anthony insight into medical devices, manufacturing, and automation.

Eric Lu
2020 Astronaut Scholar, University of Arizona

PRESENTERS

Anthony loves to explore new experiences, like traveling and trying new activities. In fact, some of Anthony’s most
impactful experiences have been while traveling, making an adventure out of every trip, and even making life-long
friendships. However, Anthony also takes time to relax as well, enjoying spending time with his friends and significant
other, watching TV shows, and playing games.
Anthony’s available for medical device projects. You can reach Anthony at anthonykyu@gmail.com.

Lily Liu
2020 Astronaut Scholar, University of Chicago

Stationary Radially Symmetric Spot Patterns in Dryland Ecosystems
In certain dryland regions, vegetation grows in clusters as a survival technique for low rainfall. In particular, vegetation
can grow in radially symmetric spots. The vegetation growth can be modeled using the modified Klausmeier model,
which describes the interaction between the water resource and the vegetation as a reaction-diffusion dynamical
system. In this system, spots have yet to be analyzed rigorously. As a first step in studying the stability of radially
symmetric spots, we study the existence of these spots using geometric singular perturbation theory. Here we prove
the existence of radially symmetric stationary spots for certain parameter regimes. This provides the foundation for
future stability studies and may allow for future studies of drift and bifurcations from the stationary spots that we
constructed. Our results and our methodology can also be used to construct other patterns, including rings and gaps.
We anticipate that this study will allow for more rigorous analysis of this modified Klausmeier system, providing us
with a deeper understanding of vegetation pattern formation in semiarid regions. Such an understanding will provide
important insight into these environments, as these patterns can give an indication of imminent vegetation collapse
or desertification.
Lily Liu is currently a senior at University of Chicago, where she pursues majors in Mathematics and Statistics and a minor
in Physics. Her primary research interest is Dynamical Systems, and she enjoys the theoretical and computational aspects
of this research.
She has worked on several projects in Dynamical Systems and related subfields of Applied Math. Her work at University
of California, Los Angeles with Professor Andrea Bertozzi involved modeling surface configurations for microfluidic
capsules, called Drop Carrier Particles. These microfluidic capsules are a new technology being developed by the
UCLA Bioengineering Department, and the models calculated the minimal surface energy configurations in order to
determine the behavior of large-scale systems of these Drop Carrier Particles. She and her fellow students presented
their results at the 2019 APS Division of Fluid Dynamics Conference and are currently working on a manuscript for
submission to Physics Review E.
Lily has also worked on another Dynamical Systems project with Professor Mary Silber at the University of Chicago.
This project used simulations to study spontaneous pattern formation in spatial vegetation distributions, which can
be modeled using nonlinear dynamical systems. In particular, her project focused on using Monte Carlo simulations
to estimate the mean exit time from patterned states and explore how the parameters of the random process impact
collapse properties. Her project was accepted for a poster presentation at the 2020 SIAM Mathematics of Planet Earth
Conference (canceled).
Lily is currently also working on a more theoretical Dynamical Systems project with Professor Paul Carter at the
University of Minnesota. Her project focuses on proving the existence of radially symmetric vegetation spot patterns
using Geometric Singular Perturbation Theory (Fenichel Theory).
She is also a teaching assistant for calculus at UChicago and serves on the board of the Society of Women in Math. In
addition, Lily is involved in Women Who Lift and the UChicago Women’s Choir. She also enjoys running and reading
comics. Please email lilyliu14@gmail.com to contact Lily.

PRESENTERS

Characterizing YDL180W, a novel regulator of the TORC1 signaling network
The Target of Rapamycin Complex 1 (TORC1) is a master regulator of cellular growth, metabolism, and survival in all
eukaryotes. TORC1 plays an integral role in balancing anabolic and catabolic processes by integrating environmental
signals. While in the presence of the proper growth-promoting factors and sufficient nutrients, TORC1 becomes
active and promotes protein synthesis, nucleotide synthesis, and lipid synthesis. Active TORC1 also promotes glucose
metabolism and suppresses autophagy. When a cell is in conditions that are incompatible with growth – insufficient
hormone levels, low nutrient concentration, DNA damage, extracellular stresses, etc. – TORC1 becomes inactivated,
triggering a shift towards catabolism, and entry into a quiescent state. Its dysregulation is implicated in a variety of
human diseases, including cancer, diabetes, and epilepsy. During a reverse genetic screen, we identified five genes
that strongly inhibit TORC1 aggregation, suggesting a role in the control of signaling through the TORC1 network.
We identified fifteen additional genes which are necessary for these aggregates to form. We are currently working to
characterize the functions of these newly discovered proteins, as well understand the mechanism underlying their roles
in the greater TORC1 signaling family. These findings will provide greater knowledge about the systems-level model of
TORC1 regulation which we have previously described, as well as some insight into the purpose of reversible protein
aggregation in response to starvation.
Eric Lu is a rising senior and researcher at the University of Arizona. He is pursuing a double major in Biochemistry and
Molecular and Cellular Biology, with minors in Mathematics, Music, and Spanish.
Eric joined the lab of Dr. Andrew Capaldi in early 2018, which studies the Target of Rapamycin Complex 1, the master
regulator of cellular growth, metabolism, and survival in all eukaryotes. He quickly took the opportunity to lead an
independent research project and is currently working towards his first publication.
He is currently applying to dual M.D./Ph.D. programs in order to pursue his passion for basic science. At a time when big
data sets are becoming the norm, revolutionary tools are being developed, and personalized medicine is beginning to
take form, he wants to work at the interface between science and medicine. More specifically, he intends to study the
molecular and cellular drivers of complex diseases to derive novel or targeted therapeutics.
Outside of the lab, Eric is an avid reader, pianist, and animal enthusiast. He spends much of his time hiking at the foot of
the Catalina mountains, and volunteering in his local homeless feeding project.

Stella Ma
2020 Astronaut Scholar, University of Wisconsin-Madison

Targeting quorum sensing to attenuate virulence in Listeria monocytogenes
Listeria monocytogenes is the pathogen responsible for the foodborne illness listeriosis. Though the disease comprises
only 0.1% of foodborne illnesses, it causes nearly one-fifth of foodborne illness-related death, and accounts for
approximately 22% of U.S. FDA food and beverage recalls. Similar to numerous other bacteria, many virulence behaviors
exhibited by L. monocytogenes are augmented by quorum sensing (QS), a method of bacterial cell-cell communication
that allows for the detection of population density and coordination of “group attack” behaviors. In L. monocytogenes,
QS has been found to upregulate virulence factors involved in escaping macrophage phagosomes, reproducing within
the usually toxic cytosol, and forming “actin rockets” that allow cell-cell dissemination. This makes quorum sensing
inhibition attractive for the treatment of bacterial infections. Using high-resolution HPLC-MS and synthesis of analogs
of the L. monocytogenes QS signaling molecule, or auto-inducing peptide (AIP), we have identified the structure of the
L. monocytogenes AIP, performed structure-function characterizations, and used this structural knowledge to develop
chemical inhibitors of L. monocytogenes quorum sensing. We are also investigating the ability of these chemical
inhibitors to attenuate virulence behaviors in vitro, as well as the role of L. monocytogenes QS in infection using
zebrafish models, studying how L. monocytogenes QS may affect immune responses as well as how virulence may be
impacted by chemical QS modulators. By studying the chemistry of L. monocytogenes QS and its role in infection, we
predict that this research will lead to novel chemical strategies to attenuate virulence in L. monocytogenes.
Stella V. Ma is an undergraduate student at the University of Wisconsin-Madison majoring in Biochemistry and
Nutritional Sciences with Honors in Research. She is a researcher in the Huttenlocher lab and the Blackwell lab, where
she studies innate immune interactions with cancer, wounds, and Listeria monocytogenes infection.
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Stella tutors Biocore honors biology courses as a Biocore Peer Mentor. She is the vice president of the UW-Madison
chapter of the American Society for Biochemistry and Molecular Biology (ASBMB), and helped organize the regional
ASBMB conference Molecules in the Midwest, and was the president of the UW-Madison chapter of the Tri-beta
Biological Honor Society. She is a member and has served on the board of Biocore Peer Advisors, for which she advises
undergraduates on majoring in the biological sciences, and is a member of Biocore Outreach Ambassadors, which
leads outreach activities to get elementary, middle, and high school students excited about science. Stella is both
a 2020 Goldwater Scholar and a 2020 Astronaut Scholar, two of the most prestigious honors awarded nationally to
undergraduates studying STEM in the U.S.

and when trapped, while those infected with the intestinal parasite Ascaris were less likely to call when trapped. NL ratio
was not directly associated with in-trap calling probability, but males were more likely to call when they had higher NL
ratios. Thus, health conditions, such as parasite infection and immune system activation, can modulate the production
of alarm signals and potentially provide information to both predators and prey about the caller’s condition. Playback
experiments are required to confirm if receivers use such information.

In her free time, Stella enjoys drawing and crocheting animals, reading, running, kayaking, ice skating, and
teaching tricks to her parrot. In the future, she hopes to attain an MD/PhD in Immunology and become a
physician-scientist, studying cancer immunology and teaching biology at the university level. To contact Stella,
please email sma86@wisc.edu.
Zachary Marshall
2020 Astronaut Scholar, Purdue University

Detection of Conflicts between ADS-B Equipped Aircraft and Unmanned Aerial Systems
Versatile unmanned aerial system (UAS) platforms have grown significantly in popularity by virtue of their low cost,
high performance, and operational simplicity. While the Federal Aviation Administration (FAA) currently regulates the
operating altitudes, speeds, weights, pilot qualifications, and locations of drones, a lack of capacity and technology
prohibits sufficient enforcement of these restrictions. To assess the frequency and severity of manned and unmanned
aircraft separation incidents, and to examine the emerging sensor technology available to facilitate such assessment,
flight operations in controlled airspace around Orlando-Melbourne International Airport (KMLB) were monitored.
One sensor system deployed at KMLB reported UAS locations, altitudes and flight durations, while a second system
reported manned aircraft positions, altitudes, and timestamps using ADS-B signals. Evaluation of flight operations data
in the vicinity of KMLB revealed eight potential drone incursions over a two-week period. Aircraft flight paths were
retroactively tracked to map these unmanned and manned aerial conflicts; aircraft identification information was also
researched to contextualize the incidents. The frequency and magnitude of identified events suggest the need for
additional research to further explore the problem scope and potential solutions.
Captivated by the complexity and majesty of flight vehicles, Zachary is a fourth-year undergraduate aerospace
student from Orland Park, IL. His fascination with technology and inclination toward mathematics drive him
to pursue dual degrees in Aeronautical and Astronautical Engineering and Aerospace Financial Analysis. On
campus, Zachary conducts research at the Advanced Aviation Analytics Institute for Research – Center of Research
Excellence [A³IR-CORE] and serves as President of the Purdue student chapter of the American Institute of
Aeronautics and Astronautics [AIAA]. Frustrated by the time and fuel waste of traffic congestion, Zachary researches
the safe integration of aerial robotics into the national airspace system. Zachary’s work has been published in
the Transportation Research Record, and he has also contributed to winning teams for the Federal Aviation
Administration’s University Design Competition and an international OpenSky Network Aircraft Localization
Competition. In the airline industry, Zachary possesses experience in flight operations analysis, revenue management,
network planning, and preventative maintenance with Republic Airways and American Airlines. Zachary is excited by
the opportunity to acquire and apply knowledge outside of the lecture hall as afforded by undergraduate research. As
an avid follower of American and technological history, Zachary is thrilled to be working in the modern golden era of
aerospace and he personally seeks to stimulate interest in engineering and aerospace among youth.

Austin Nash
2020 Astronaut Scholar, University of Colorado Boulder

Is the propensity to emit alarm calls associated with health status?
The production and structure of animal signals may depend on an individual’s health status and may provide more than
one type of information to receivers. While alarm calls are not typically viewed as health condition dependent, recent
studies have suggested that their structure, and possibly their propensity to be emitted, depends on an individual’s
health condition and state. We asked whether the propensity of yellow-bellied marmots (Marmota flaviventer) to emit
calls is influenced by their immunological or parasite status, by quantifying both trap-elicited and natural calling rates as
a function of their neutrophil to lymphocyte (NL) ratio, the presence of a blood borne trypanosome, and the presence
of several intestinal parasites (Eimeria sp., Entamoeba sp., and Ascaris sp.). We fitted mixed effects models to determine
if the health measures we collected were associated with the probability of calling in a trap and with annual rates of
natural alarm calling. Marmots infected with a blood-borne trypanosome were marginally more likely to call naturally
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Austin Nash is an Ecology and Evolutionary Biology undergraduate at the University of Colorado Boulder, where he is a
member of the McCain Mountain Lab. Austin’s research interests involve how wildlife species respond to environmental
change across landscapes and how best to conserve wildlife biodiversity in a rapidly changing world.
Austin has worked with nurse sharks in Belize, giant kelp in Southern California, and yellow-bellied marmots in the Colorado
Rockies. He is always excited to gain new experiences in the field working with new organisms and study systems.
Austin is also an avid climber, fly fisherman, and trail runner. Please email Austin.nash@colorado.edu or
go to austinnash.smugmug.com to contact Austin.
Raegan Petch
2020 Astronaut Scholar, Colorado State University

Feline leukemia virus frequently spills over from domestic cats to North American pumas
The spillover of pathogens between species has significant implications for conservation as outbreaks of infectious
disease often severely impact small, fragmented populations of animals. This is especially evident in the endangered
Florida panther population, which is a subspecies of the North American puma (Puma concolor). During the early 2000s,
an outbreak of feline leukemia virus (FeLV) led to several mortalities within the endangered population. The origin of
the outbreak was linked to infected domestic cats, and it is hypothesized that the virus was transferred to the panther
population due to puma predation of domestic cats. To determine the significance of FeLV in other puma populations
in North America, we conducted an extensive survey of FeLV infection using a large biobank of samples collected from
pumas in CA, CO, and FL to assess the risk of infection in each area. Samples from 651 pumas and 307 domestic cats were
tested to allow for direct comparison in each region. In FeLV-positive samples, a segment of the genome was sequenced
to assess the unique identity of individual infections. Our data provides evidence that FeLV is relatively common in
pumas, potentially indicating interactions with domestic cats leading to transmission of the virus. Variation was detected
between viral sequences in different samples, and future studies will assess the genotypic relationships of FeLV in the
two species.
Raegan Petch is a fourth-year senior at Colorado State University and is majoring in microbiology with a minor in
Spanish and a concentration in Spanish for Animal Health Care. She is a member of the University Honors Program
and is a Goldwater Scholar and an Astronaut Scholar. Raegan is an undergraduate researcher in Dr. Sue VandeWoude’s
research lab, where she studies the spillover of feline leukemia virus (FeLV) from domestic cats to pumas across North
America. Raegan is very passionate about research, and she works as the Editor-In-Chief at the Journal of Undergraduate
Research. She is also known for her love of animals and has spent many years volunteering in animal shelters and
working in veterinary clinics to fulfill her daily quota of working with dogs. Aside from her professional interests, Raegan
enjoys playing disc golf with her family and friends, hiking around the beautiful wilderness of Colorado, and playing the
piano and trumpet. To reach Raegan, please send her an email at rpetch@colostate.edu.

Kaveh Pezeshki
2020 Astronaut Scholar, Harvey Mudd College
Avicena Tech

Novel Planar Si Photodetectors for Short-Range Optical Communication
Optical systems provide many advantages over electrical interconnects for modern compute workloads. Information
transfer within a modern server, such as between the processor and memory, is primarily done through high-frequency
serial links. The serialization and deserialization, as well as the equalization and error correction required to maintain
a high-frequency electronic link, can consume over half of the total system power. These energy requirements are
exacerbated by the transition to chiplet architectures, in which high-frequency electrical links are implemented over
millimeter shoreline-to-shoreline distances. Furthermore, high-frequency electrical links require complicated fanout
architectures due to termination requirements. These challenges with electrical links have led to optical links becoming
widely used at ever-shorter distances, from kilometer-scale inter-city and inter-continental links in the 1980s and 1990s
to meter-scale top-of-rack switches in 2010s datacenters.
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The development of new devices and new packaging processes allow for the introduction of optical communication
in the centimeter range, fundamentally addressing the challenges with both fanout and power in modern machines.
Integrating the optical source and detector inside the chiplet structure can provide power and bandwidth
improvements while enabling new system architectures, by increasing the range of these high-frequency links by orders
of magnitude compared to current electrical implementations.

α4-containing nAChRs, but not α3-containing receptors. Furthermore, we identified two amino acids that are critical
for the interaction of Aβ with α7 and α4 subunits, but not the α3 subunit. This provides a mechanism for Aβ’s impact on
neuronal function in AD, namely differential regulation of nAChR subtypes. Therefore, strategies that differentially alter
Aβ’s effects on nAChR subtypes may improve interneuron function and neural network activities and prevent memory
loss in AD patients.

In this presentation, we propose a new type of planar photodetector optimized for short-range optical communication.
Operating in the 400nm region, the device is compatible with common CMOS processes, and offers high speed and low
power across a centimeter link. These devices have been fabricated using standard implant and diffusion processes and
are currently being integrated with a trans-impedance amplifier at a commercial foundry. A proposed architecture using
a novel optical source provides an empirically verified 4Gbps link at 100fJ/bit and offers a linear bandwidth density of
8Tbps/cm of chip shoreline.
Kaveh Pezeshki is a senior Physics major at Harvey Mudd College, with an interest in the intersection where applied
physics enables new computer architectures. Having taken classes in computer architecture, computer science, and
applied physics, his university research includes the design and implementation of an area-optimized hardware ISP for
CNN image recognition, application of augmented-reality glasses to pilot avionics, and design and VLSI implementation
of a small RISC-V processor designed for education.
Beyond school-funded research, Kaveh worked for two summers on the SoC design team at Apple Inc, developing
power prediction and optimization tools for small logic blocks. Currently, Kaveh works at an optoelectronics startup in
the Bay Area focused on short-range chip-to-chip communication, integrating the technology with current hardware
and exploring the physics of novel optical devices.
In his free time, Kaveh enjoys building things, practicing archery, and reading sci-fi. Some of his favorite projects
include the development of an FPGA evaluation board for an upper-division embedded system course, the design,
implementation, and maintenance of the Harvey Mudd engineering department’s compute server, and his current
project, fixing up a 2004 Honda S2000. He’s currently reading Homo Deus by Yuval Noah Harari.
After finishing his BS, Kaveh plans to pursue a Ph.D. at the boundary between applied physics and electrical engineering,
with a focus on how new devices enable novel architectures for modern workloads.
Jessica Roberts
2020 Astronaut Scholar, Colorado State University

Amyloid-beta-induced hyperexcitation in Alzheimer’s disease
In Alzheimer’s disease (AD), the overstimulation of neural networks, known as hyperexcitation, can cause AD patients
to experience seizures and epilepsy, implicated in the loss of cognitive function in AD. The amyloid-beta peptide (Aβ)
has been suggested as a contributor to this hyperexcitation. However, how Aβ induces hyperexcitation is not entirely
understood. One hypothesis is that Aβ directly stimulates the activity of excitatory synapses, but studies indicate that
Aβ decreases synaptic activity, contradicting Aβ’s induction of hyperexcitation. Another hypothesis is that Aβ disinhibits
inhibitory synaptic activity, allowing for hyperactivity of excitatory neurons, ultimately contributing to the imbalance
of inhibition and excitation in the brain. We, therefore, sought to determine how soluble oligomer Aβ42 (oAβ42)
contributes to hyperexcitation in cultured mouse neurons. To identify Aβ’s direct effect on excitatory synapses, we
measured the surface expression of synaptic excitatory glutamate receptors, AMPA and NMDA receptors (AMPARs and
NMDARs) using biotinylation and Western blots. Additionally, we used Western blots to measure phosphorylation of
the AMPAR subunit, GluA1 (pGluA1), after applying oAβ42 treatment. We found oAβ42 treatment sufficiently decreased
surface expression of AMPAR subunits and pGluA1 levels but did not have a significant effect on the surface expression
of NMDARs. As oAβ42 treatment was sufficient to induce Ca2+ hyperexcitation, we measured the activity of the Ca2+dependent phosphatase calcineurin, which regulates pGluA1 levels and, consequently, AMPAR surface expression.
As expected, oAβ42 treatment increased calcineurin activity, underlying decreased pGluA1 levels and AMPAR surface
expression. Together, these findings suggest Aβ-induced hyperexcitation is not solely caused by enhanced excitatory
synaptic activity of neurons.
Recent evidence suggests Aβ may induce dysfunction of inhibitory interneurons in the hippocampus, likely contributing
to memory loss in AD. In the hippocampus, nicotinic acetylcholine receptors (nAChRs) are more densely expressed in
inhibitory interneurons than excitatory cells. Therefore, dysregulation of nAChRs on interneurons by elevated levels
of Aβ in AD may lead to impaired inhibitory regulation of hippocampal neuronal networks, contributing to cognitive
decline over the course of the disease. However, effects of Aβ on nAChR physiology are complex: Aβ can act as an
agonist or an antagonist on nAChRs. The three major nAChR subtypes expressed in the hippocampus are composed
of α7, α4β2, and α3β4 subunit combinations. We found in mouse hippocampal neuronal cultures that Aβ selectively
inhibits α7- and α4β2-nAChRs together, but not α3β4-nAChRs in interneurons, altering neuronal activity. Consistent
with these findings, our preliminary data using co-immunoprecipitation show that Aβ specifically binds to α7- and
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Jessica Roberts is a rising junior undergraduate majoring in neuroscience at Colorado State University. She became
interested in neuroscience by reading books on the subject and her curiosity for the field has only grown since joining a
research laboratory her freshman year.
Jessica conducts research in Dr. Seonil Kim’s synapse biology and cognition laboratory at CSU. Her work focuses on the
role of a protein called amyloid-beta in Alzheimer’s disease. Specifically, she examines how amyloid-beta contributes to
dysfunction in the communication between neurons, which leads to overstimulation of neural networks in the brain.
Jessica’s contributions to this project are included in a paper published in the scientific journal Neurobiology of Aging
(Sun et al., 2019). The research experience Jessica has gained as an undergraduate has inspired her to attain an MD/PhD
and pursue a career as a physician-scientist.
In addition to research, Jessica is a peer tutor and mentor to students through the Neuroscience Student Organization.
Outside of school, Jessica enjoys taking advantage of Colorado’s outdoor activities and spends her time rock climbing,
hiking, and running with her friends.

Brianna Robertson
2020 Astronaut Scholar, Louisiana State University

Peltier-Driven Temperature Control for a Fluorescent Sensing Platform
Fluorescent dyes are widely used in biomolecule detection/quantification, flow tracing reference for gases and liquids,
pathogen detection, and other life science applications. However, fluorescence emission efficiency of the dyes is easily
affected by several parameters, such as polarity, pH, and temperature. Therefore, it is essential to monitor and control
these parameters for reliable and accurate measurements. We propose a 3D-printed copper cuvette holder (i.materialise,
Belgium) joined with Peltier-based temperature controller platform for stable reading of fluorescence emission from the
dye. For demonstration of temperature effects on fluorescence efficiency, rhodamine B, which is one of the widely used
fluorescence standards and probes in bioscience, is used.
For excitation, 530 nm wavelength lighting was utilized for stimulating the rhodamine B. A Peltier device was controlled
with different levels of direct current (DC) to demonstrate the temperature controlling capability of the device and
fluorescence efficiency of the rhodamine B was tested with a varying temperature level: 20 ºC to 60 ºC. For our device,
the temperature will be monitored by temperature ICs that are attached at three different points of the copper body for
uniform temperature heating of the solution in a cuvette. We have monitored the temperature distribution of the copper
holder with an external temperature monitor, the DT304, and determined that the temperature is maintained to 5 ºC. We
plan to monitor the solution temperature directly with the use of an infrared temperature sensor positioned down at the
opening of the cuvette. The ambient temperature and the temperature of the opposite junction of the Peltier device will
be monitored through the use of two thermocouples. An analysis of several different temperature components of the
device allow for a better interpretation of what is happening in the system. Moreover, the implementation of a watercooling apparatus will allow for a way to quickly decrease the temperature of the cuvette when desirable. These features
allow for the sample to be monitored efficiently, allowing for proper stabilization techniques and the ability to fluctuate
the temperature when required of an application.
In summary, we have developed an 3D-printed copper cuvette holder with Peltier-based temperature controller
platform for stable reading of fluorescence emission from the dye or fluorophore solution. Our compact temperature
controller system provides viable option for any fluorometers to easily apply it for temperature stabilization during the
fluorescence dye testing.
Bri Robertson is a senior at Louisiana State University, where she is currently studying computer engineering and
physics. At LSU, Bri researches in a BioMEMs and Bioelectronics laboratory in the Electrical Engineering department,
where she applies her engineering skillset to the development of a temperature stabilization module for a portable
fluorescent sensing platform. She is responsible for the development of the module, including hardware components
and algorithms. Bri presented this research at the 236th Electrochemical Society Meeting in Atlanta, Georgia, in October,
and she plans to conclude her focus on this project and research more into algorithms in the coming months.
Last summer, Bri was awarded a National Science Foundation International Experience for Students (NSF IRES), where
she worked at the intersection of artificial intelligence (AI) and cancer research. There, she began to research in the field
of AI and deep learning to develop a platform for quantifying vascular morphology under the effects of cancer drug
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treatments. This internship realigned Bri’s research goals, and since the summer of 2019, she has worked two National
Aeronautics and Space Administration (NASA) internships that allowed her to focus on developing and implementing
her AI toolset. For her Spring 2020 semester, at NASA Glenn Research Center in Cleveland, Ohio, Bri worked on
optimizing end-to-end space communications for future NASA missions. Currently, she is remotely researching at NASA
Goddard Space Flight Center’s Main Campus in Greenbelt, Maryland, where she is applying machine learning techniques
to early collision detection and avoidance for spacecraft.

Ava Self
2020 Astronaut Scholar, Pennsylvania State University

After graduating from LSU, Bri will pursue a PhD in Electrical Engineering with a focus in communications. Outside of
research activities, Bri enjoys ham radio, where she is an Amateur Extra class operator under the callsign K5BRI. She also
enjoys playing piano and running.

Hannah Scheaffer
2020 Astronaut Scholar, Mississippi State University
Mississippi State University, College of Veterinary Medicine, Department of Basic Sciences

Inactivation of CES1 blocks prostaglandin D2 glyceryl ester catabolism and enhances it’s antiInflammatory effects, whereas pro-inflammatory effects of prostaglandin E2 glyceryl ester are attenuated
Human monocytic cells in blood have important roles in host defense and express the enzyme carboxylesterase
1 (CES1). This metabolic serine hydrolase plays a critical role in the metabolism of many molecules, including lipid
mediators called prostaglandin glycerol esters (PG-Gs), which are formed during cyclooxygenase-mediated oxygenation
of the endocannabinoid 2-arachidonoylglycerol. Some PG-Gs have been shown to exhibit anti-inflammatory effects;
however, they are unstable compounds and their hydrolytic breakdown generates pro-inflammatory prostaglandins.
We hypothesized that by blocking the ability of CES1 in monocytes/macrophages to hydrolyze PG-Gs, the beneficial
effects of anti-inflammatory PGD2-G could be augmented. The goal of this study was to determine whether PGD2-G
is catabolized by CES1, then to evaluate the degree to which this metabolism is blocked by small-molecule inhibitors.
A human monocytic cell line (THP-1 cells) was pretreated with increasing concentrations of small-molecule inhibitors
that block CES1 activity [chlorpyrifos oxon (CPO), WWL229, or WWL113], followed by incubation with PGD2-G (10 µM).
Organic solvent extracts of the treated cells were analyzed by LC-MS/MS to assess levels of the hydrolysis product PGD2.
Further, THP-1 monocytes with normal CES1 expression (control cells) and ‘knocked-down’ CES1 expression (CES1KD
cells) were employed to confirm CES1’s role in PGD2-G catabolism. We found that CES1 has a prominent role in PGD2-G
hydrolysis in this cell line, accounting for about 50% of its hydrolytic metabolism, and that PGD2-G could be stabilized
by the inclusion of CES1 inhibitors. The inhibitor potency followed the rank order: CPO>WWL113>WWL229. THP-1
macrophages co-treated with WWL113 and PGD2-G prior to stimulation with lipopolysaccharide exhibited a more
pronounced attenuation of pro-inflammatory cytokine levels (IL-6) than by PGD2-G treatment alone. In contrast, PGE2-G
had opposite effects compared to those of PGD2-G, which appeared to be dependent on PGE2-G hydrolysis to PGE2.
These results suggest that the anti-inflammatory effects induced by PGD2-G can be further augmented by inactivating
CES1 activity with specific small-molecule inhibitors, while pro-inflammatory effects of PGE2-G are attenuated.
Hannah Scheaffer is a senior Biochemistry major at Mississippi State University where she participates in undergraduate
research while pursuing her studies. Her research is concerned with the metabolic action of carboxylesterase 1 enzyme
on prostaglandin D2 glyceryl ester. By controlling the action of the enzyme, the levels of the glyceryl ester may be
stabilized, increasing its anti-inflammatory effects. She studies this process in human monocytes and macrophages.
Hannah’s work has recently been presented at two national conferences and she has placed at the South-Central
Conference of the Society of Toxicology’s annual Undergraduate Research Symposium the past two years. She was also
awarded the Goldwater Scholarship, a prestigious national research award, earlier this spring. After graduation, Hannah
plans to pursue a Ph.D. while conducting research on tumor-associated macrophages found in the microenvironment of
cancer tumors.
Hannah also plays flute in the Mississippi State Wind Ensemble and is an intern at the State Wesley Foundation. She
originally hails from Ruston, Louisiana and enjoys going home to visit whenever possible. Her email is hls320@msstate.edu.

hMnSOD-Functionalized Reduced Graphene Oxide for Cancer Therapy
Many types of cancer, including breast cancer, have been linked to reactive oxygen species (ROS) and oxidative stress.
Cancerous cells can have mutations to the enzyme human manganese superoxide dismutase (hMnSOD), which is found
in the mitochondria and an important regulator of ROS. Mutations to hMnSOD can result in a build-up of ROS that
signals cell proliferation, increasing the risk of metastasis and transformation that can lead to cancer. Reduced graphene
oxide (rGO) has been investigated for medical applications, specifically cancer therapy, due to its two-dimensional
structure, large surface area, chemical stability, and feasibility for large-scale production. In this study, we explored the
use of bare and lipid- functionalized rGO as a potential vehicle to deliver targeted hMnSOD enzyme therapy to cancer
cells. The cancerous human breast cell lines MDA-MB-231 and MCF-7 and the non-tumorigenic human breast cell line
MCF-10A exhibited varying patterns of oxidative stress upon treatment with bare and lipid-rGO. Upon functionalization
with hMnSOD, lipid-rGO proved cytotoxic to the metastatic MDA-MB-231 cells; however, unlike common cancer drugs
it had no effect on the non-cancerous MCF-10A cells. These results demonstrate the potential therapeutic efficacy of
hMnSOD bound to lipid-rGO.
Ava Self is a rising senior at the Pennsylvania State University in the Schreyer Honors College majoring in Chemical
Engineering and minoring in Chemistry. Her research with Dr. Esther Gomez focuses on the use of lipid-functionalized
reduced graphene oxide as a vehicle to deliver targeted enzymatic therapy for cancer treatment. Her research on the
biocompatibility of both bare and lipid-functionalized reduced graphene oxide was recently published in ACS Applied
Materials & Interfaces.
Ava also participated in a Research Experience for Undergraduates (REU) at Georgetown University in material physics.
Her project involved designing an experimental protocol for measuring the traction forces applied by conditionally
reprogrammed cells. As a first-year student, Ava was awarded the Women in Science and Engineering (WISER) scholarship
from the NASA Pennsylvania Space Grant Consortium to study tension forces in differentiating Drosophila embryos.
For the summer of 2020, Ava is interning at Johnson and Johnson Consumer Health. Previously, Ava gained industry
experience working as a co-op at ExxonMobil Research and Engineering in Lubricants Technology in the Manufacturing
and Grease group. In this role, she studied the use of rheology as a grease characterization tool. She was also responsible
for analyzing the structural properties of polyurea greases to optimize consumer grease products, in addition to
assessing the performance of new additives in simple lithium greases. During the academic year, Ava serves as a learning
assistant for an introductory chemistry course at Penn State.
Additionally, Ava has been recognized with the Penn State Chemical Engineering Biofellowship Grant, the Phillips 66
Academic Excellence Scholarship, and the James R. Donnalley, Jr., Memorial Scholarship.
Outside of her academic pursuits, Ava enjoys spending time with family, running, and rowing with the Penn State club
crew team.

Vaibhavi Shah
2020 Astronaut Scholar, Massachusetts Institute of Technology
University of California San Francisco School of Medicine

Algorithmic Prediction of Delayed Radiology Turn-Around-Time During Non-Business Hours
Radiology turnaround time is an important quality measure that can impact hospital workflow and patient outcomes. Delays
in performing radiology scans or interpreting them can prolong the time until a proper treatment decision can be made,
leading to increased cost and potential compromise in patient care. During non-business hours, the impact can be especially
notable as a smaller number of radiologists is present, that often consists of radiology trainees or nighthawks instead of
subspecialty attending radiologists. We aimed to develop a machine learning model to predict delayed turnaround time
during off hours and identify factors that contribute to this delay.
This retrospective study consisted of 15,117 CT cases from May 2018 to May 2019 after applying exclusion criteria. Order
time, scan time, first communication by radiologist, free-text indications, and other clinical metadata were extracted. An
ensemble approach was used to integrate a classification and natural language processing model. A combined XGBoost
classifier and Random Forest natural language processing model was trained. The model predicted two measures of delay:
when the exam was ordered to first communication (total time) and when the scan was completed to first communication
(interpretation time). The model was analyzed with the area under the curve (AUC) of receiver operating characteristic
(ROC) and feature importance.
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The algorithm reached an AUC of 0.83 when predicting delays greater than 180 minutes for “total time” and 0.72 when
predicting delays greater than 60 minutes for “interpretation time”. At our institution, year in training, CT scan description (e.g.
“CTA chest pulmonary embolism protocol”), and time of day were more predictive features compared to hospital campus,
body part, and inpatient status for both outcomes. Indicative words for prediction of both total time and interpretation time
delay included “fall”, “pain”, and “screen”. In terms of error, false positives (algorithm predicted delay but there was no delay)
were common in cases that involved routine cancer screening and pre/post-operative checks. False negatives (algorithm
predicted no delay but there was delay) were common in trauma, altered mental status cases, and cases meant to rule out
acute appendicitis or renal failure.

Model particles. If the generic heavy Higgs is connected with BSM physics at the scale of a few TeV, at high transverse
momentum, we will see an excess beyond what the Standard Model predicts in several observables.

As delays in radiology are an important measure of patient safety and hospital efficiency, having the ability to predict such
potential delays has important benefits. Furthermore, prediction of delays in radiology can improve the referrer and radiologist
relationship and help clinicians to prepare alternative options in case a delay is expected. Most importantly, such a prediction
algorithm can be a starting point for quality improvement projects that can reduce delays in radiology turnaround time
during the off hours. Future study considerations include collecting additional variables such as hospital census, emergency
department patient census, number of providers, or transportation and average technology operating time which were not
readily available to us at the time of the study. In conclusion, we have developed an ensemble machine learning model that
can predict delayed radiological turnaround time during non-business hours and proposed an approach to identify factors
that contribute to the delay.

If discovered, a generic heavy Higgs would validate a key part of many BSM models and help to focus such theoretical
work, while also founding an entirely new area of research for experimentalists.

PRESENTERS

Vaibhavi Shah is a senior at the Massachusetts Institute of Technology (MIT), where she is studying Biological Engineering with
a minor in Science, Technology, and Society. As a part of her academic and research endeavors, she explores the intersection of
technology and medicine, through fields such as big data, machine learning, neuroengineering, and biomechanics. Vaibhavi
hopes to couple her leadership in these initiatives with an innovative perspective on her journey to becoming a physicianscientist.
Vaibhavi’s research in algorithmic prediction in imaging and clinical radiology with faculty at the UCSF School of Medicine
has garnered national attention. She has had two first-authored posters at the Radiological Society of North America Annual
Meetings (2018, 2019) and received the Goldwater and Astronaut Scholarships for her work. Vaibhavi also conducts research in
medical device applications in neurosurgery with the Children’s Hospital of Orange County, with the goal of finding novel ways
to integrate technology with surgical procedures. Her commitment to engineering in medicine is further accentuated by her
membership in the Tau Beta Pi Honors Society and her nomination as a Forbes 30 Under 30 Healthcare division finalist.
At MIT, Vaibhavi is deeply involved in entrepreneurial and research advances, serving as the Co-Director of StartLabs (the
premier undergraduate entrepreneurship group) and Editor-in-Chief of the Undergraduate Research Journal.
Vaibhavi is committed to giving back to communities through lifelong service, which she previously received recognition for
with the Coca-Cola and United States Presidential Scholarships. She has continued this dedication at MIT as Innovation Chair
of the Society of Women Engineers, a Science Policy Representative for the United Nations Youth Forum, and a director for
GlobeMed.
In her free time, Vaibhavi loves to take photos (particularly of historic architecture), engage in graphic design and watch and
(attempt to) play along to Jeopardy! Vaibhavi would love to connect or answer any questions over email at vbshah@mit.edu
Carter Vu
2020 Astronaut Scholar, University of Washington

Search for a Generic Heavy Higgs Boson at the LHC
The Large Hadron Collider (LHC) is currently the largest and most powerful particle accelerator in the world at a
circumference of 27 kilometers, and uses superconducting magnets to accelerate beams of protons to combined
energies of over 13 teraelectronvolts (TeV). These protons collide in particle detectors, where the energy distribution
after the collision is measured and used to reconstruct particle tracks for research.
After the discovery of the Higgs boson and its validation of the Standard Model in 2012, many LHC physicists turned
to Beyond the Standard Model (BSM) studies to dive deeper into its many troubling inconsistencies. One of these
inconsistencies in the Standard Model is its prediction of only a single fundamental scalar field (the Higgs field), which
is widely perceived as unnatural due to the symmetrical nature of the equations and forces we know to describe similar
interactions. Indeed, many BSM theories suggest that there are many Higgs bosons, the standard model Higgs being the
lightest and most easily discovered.
As independently testing each of the many heavy Higgs theories would take an immense amount of effort and
concentrated research, we instead take a model-independent, generic approach, and search for a generic heavy Higgs
boson theorized to have both 4-dimensional (dim-4) and effective 6-dimensional (dim-6) interactions with the Standard
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Having already analyzed the dim-4 and dim-6 operators at play and simulated the characteristics of generic heavy
Higgs production in proton-proton collisions using Monte-Carlo simulations, we begin investigating LHC data for
signs of such a generic heavy Higgs by developing channels, signal regions, and control regions within an xAOD data
analysis framework to maximize the significance of any potential result. In order to separate the known physics from any
potential new physics, cuts are made on key variables, such as the invariant mass of the hadronic W boson in the samesign dilepton signal region and the invariant mass of the heavy Higgs in the trilepton signal region.

Carter Vu is a rising junior studying Aeronautical and Astronautical Engineering at the University of Washington
(UW) with Interdisciplinary Honors, and plans to pursue minors in Math, Physics, and Entrepreneurship. Currently,
he is contributing to research on the generic heavy Higgs boson, hypervelocity ram accelerator technologies, and
environmentally friendly H2 production through methane pyrolysis. Carter entered the UW through the Early Entrance
Program at the Robinson Center for Young Scholars and has since become a NASA Space Grant Scholar and president of
the student branch of the Washington NASA Space Grant Consortium. Outside of the hard sciences, he enjoys downhill
skiing, running, cycling, and studying sustainability, international human rights, and foreign policy.
Laurel White
2019-2020 Astronaut Scholar, Syracuse University
Syracuse University Gravitational Wave Group

The effect of spin priors on the masses recovered from binary neutron star gravitational-wave signals
Modern gravitational-wave detectors, such as the Advanced Laser Interferometer Gravitational-Wave Observatory (aLIGO)
and Virgo, have successfully measured gravitational-wave signals produced by the merging of pairs of black holes and
neutron stars. Each detected signal is analyzed using parameter estimation techniques to determine the properties of the
coalescing objects which emitted that signal. However, the extreme sensitivity of the detectors makes them vulnerable
to a range of noise sources which interfere with detection and parameter estimation. In the PyCBC Inference subpackage,
noise properties are accounted for in the calculation of the matched filter likelihood, which quantifies the overlap between
a measured signal and a generated signal with known parameters. The matched filter likelihood is then used to perform
parameter estimation in a way that is robust to noise through Bayes’ theorem.
Bayesian inference requires as input several prior probability distributions which encode some previous knowledge
or expectations about the parameters of the system that produced the signal. These priors can influence the resulting
posterior probability distributions that describe the probable values calculated for each parameter based on the data.
This project examines this effect as it relates to the effective spin prior, which contains our knowledge about how a system
of two neutron stars is spinning. There is a degeneracy between the effective spin and the mass ratio of binary stars, so
even if the total mass of a system is well-defined, changes in the effective spin prior can affect the calculated component
masses of each star. I am analyzing three binary neutron star gravitational-wave signals which have been detected by
aLIGO: GW170817, GW190425, and S190814. For each signal, I am using PyCBC Inference to calculate the mass limits of the
neutron stars for a range of effective spin priors and producing a plot showing the mass limits as a function of the effective
spin prior so that we can better understand this dependency. Preliminary results indicate that there is a strong relationship
between the effective spin prior and the component mass posteriors for uniform spin priors extending from 0 to ± 0.1.
These results are useful in helping us understand the limitations of the mass calculations so that we can work to improve
them. Neutron star observations allow us to learn about phenomena like the behavior of matter under high pressure and
the formation of heavy elements. Ultimately, it is important to be able to accurately constrain the masses of neutron stars so
that, as more gravitational-wave signals are detected, we can compile data about an entire population of stars that we can
use to do this kind of novel astrophysics.
Laurel is a senior physics major at Syracuse University. She is both an Astronaut Scholar and a Goldwater Scholar, and she
has conducted gravitational-wave research for three years. She plans to continue with astrophysics research in graduate
school next year.
Laurel got her start in research when she spent two years studying detector characterization for the Laser Interferometer
Gravitational-Wave Observatory (LIGO) under the guidance of Professor Peter Saulson of the Syracuse University
Gravitational Wave Group (SUGWG). She analyzed the impact of noise transients on the search for gravitational-wave
signals produced by the merging of compact binary systems of black holes and neutron stars. She presented her findings
at the LIGO site in Hanford, WA, and the 2019 APS April Meeting in Denver, CO. She also contributed to two publications.
In addition, last summer, Laurel completed a project in machine learning as part of the fellowship program at the LIGO
Laboratory at the California Institute of Technology.
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Currently, Laurel is working on her thesis in parameter estimation with Professor Duncan Brown of SUGWG. She is
focusing on the PyCBC Inference subpackage, which uses Bayesian inference to extract the parameters of compact
binaries from gravitational-wave signals. She wants to quantify the effect of changing the spin priors on the recovery of
the masses for binary neutron star observations.
Laurel spent this past summer as a software engineering intern in the Electronic Warfare division at SRC, Inc. She is also
an active member of her school’s chapter of the Society of Physics Students and a tour guide at the campus observatory.
In her spare time, Laurel likes to run and make quilts, and she is learning how to skateboard.

Lindsey Wilson
2020 Astronaut Scholar, Purdue University

Solving the Structures of MrGordo, a bacteriophage
Infectious diseases cause widespread sickness throughout the world each year and are the second leading cause
of death, particularly in underdeveloped countries. The CDC just released in 2019 an updated report on antibiotic
resistance in the United States which shows 3.1 million infections annually, resulting in nearly 50,000 deaths
per year. And in 2014 studies by the Review on Antimicrobial Resistance, by 2050, worldwide deaths related to
antimicrobial resistance is expected to exceed those caused by cancer by 1.8 million. With the emergence of
multidrug resistance strains, the necessity for new, more effective, and more sustainable therapies is immediate
and scientists are searching for alternative ways to treat bacterial infections. One promising approach is the use of
bacteriophages (phages), which are viruses that target bacteria. Recent strides in bacteriophage research have found
phages can effectively treat infectious diseases such as tuberculosis, and have proven successful in clinical trials.
There are thousands of bacteriophage species identified in the literature, but still little is understood about many
of the proteins and complexes that comprise them. To increase our understanding of the structure and functional
mechanisms of the uncharacterized proteins, our goal with our study was to structurally characterize twenty
genes from a bacteriophage known as “MrGordo”, which was discovered at Purdue University in 2010 within the
local SEA-PHAGES course. Gene sequences were cloned using PCR and Golden Gate Assembly, then transformed
into E. coli for expression. Following that, the proteins were purified and structural properties were observed with
size-exclusion chromatography (SEC), circular dichroism (CD) spectroscopy, and small-angle X-ray scatter (SAXS)
analysis. All twenty proteins were successfully cloned and expressed. Additionally, twelve proteins were purified in
soluble form, three were successfully refolded, and two were found to be possible membrane proteins according
to BLAST searches. CD data has been collected for twelve genes and SEC-SAXS was performed for three genes.
Our results indicate that like the structural proteins that make up the final phage itself, many of these other nonstructural proteins are oligomeric, an observation that is shared in related studies of other phages from our lab.
Future work is directed towards determining the atomic structures of these proteins in order to determine if they
represent new protein folds and to determine the role of these genes in phage biogenesis and bacterial invasion.
Lindsey Wilson is a senior at Purdue University. She is majoring in genetics with a minor in biochemistry and plans
to pursue a career in medical research for genetic disorders. Her research career started in the lab of Dr. Nicholas
Noinaj during her freshman year at Purdue. The first project she undertook focused on solving novel folds from
proteins in bacteriophages in order to better understand their functional mechanisms and forge a path for the
development of phage therapies. Currently she is working to structurally characterize the BamA protein from
the β-barrel assembly machinery (BAM) complex of F. nucleatum, a bacterium associated with the progression
of colorectal cancer. In Gram-negative bacteria, BAM is located on the surface of the cell and responsible for the
biogenesis of the outer membrane. Given this essential role, it is an exciting new target for the development and
discovery of novel antibiotics, however, nothing is known about BAM in F. nucleatum. The main methods she
uses to study BamA includes circular dichroism (CD) spectroscopy, small-angle X-ray scatter (SAXS), and X-ray
crystallography. In addition to her studies at Purdue, Lindsey has completed a summer research internship with
the National Institutes of Health in Dr. Susan Buchanan’s lab where she continued to study membrane protein
complexes by investigating the ER-Mitochondria Encounter Structure (ERMES), an essential complex for many
fungal species. Additionally, she has interned for one summer with Baylor College of Medicine under the guidance
of Dr. Ross Poché, where she studied the links between vitamin B12 deficiency and embryonic neurodevelopment.
When she is not in the lab, Lindsey can be found dancing competitive ballroom and Latin dance and playing
board games with her friends. For the 2020-2021 school year she was named a Barry Goldwater Scholar and an
Astronaut Scholarship Foundation Scholar for her achievements in research, academics, and extracurriculars.
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Hannah Yin
2020 Astronaut Scholar, Tufts University

Integrating game theory into disease-driven evolutionary rescue
Evolutionary game theory has been used to analyze the stability of competing strategies that individuals employ to
withstand selective pressures within a population over generations. In the case of rapid shifts in selective pressures
such as those from the introduction of a novel infectious pathogen, we might observe rapid evolution in the form of
evolutionary rescue, a phenomenon in which strong selective pressures favoring mutants rescues a population from
extinction within a relatively short time period. In this talk, I will present a deterministic model coupling evolutionary
game theory with epidemiology that shows disease-driven evolutionary rescue in a hypothetical population with wildtype and mutant strategies. We find that the timescale of evolutionary rescue is highly sensitive to the relative difference
between strategies. Through the framework of evolutionary game theory, this model reveals the potential transient
synergies between epidemiological and evolutionary dynamics applicable to public health, wildlife conservation, and
the growing literature on eco-evo interactions.
Hannah is a rising senior at Tufts University double-majoring in biology and computer science. She hopes to pursue
a Ph.D. that allows her to integrate theory and experiment in ecology and evolutionary biology. Thus far, Hannah has
conducted research at Tufts and the National Institute for Mathematical and Biological Synthesis (NIMBioS) with a focus
on physiological and population-level responses to environmental change. Outside of research, Hannah enjoys reading
creative nonfiction, the visual arts, and reflecting on the human experience in the age of the Internet.

Lily Zhang
2020 Astronaut Scholar, Massachusetts Institute of Technology

Trends in coastal southeast Florida CO2 Fluxes
An anthropogenically driven increase in atmospheric pCO2 has been shown to increase the strength of the globally
integrated carbon sink. However, recent studies suggest that CO uptake may be decreasing in some regions. Four
decades of sea surface observations collected from the Southeast Florida coastal waters reveal behavior over seasonal
and interannual timescales for a region important to global carbon transport. The strong temperature dependence of
fCO2 in the region drives the seasonal cycle of air-sea flux. Yearly averaged flux was found to be unreliable indicator
of interannual trends due to the nonuniform distribution of observations and, in particular, the overrepresentation
of spring. While average spring uptake increased over time, average fall uptake decreased over time, and the other
seasons showed no trends in uptake over interannual timescales. We define a seasonally weighted flux with equal
contribution from each season in the calculation of a yearly average. Our results indicate that uptake in the region did
not change over time, unlike the globally integrated carbon sink, and demonstrate the importance of robust data sets in
conducting climate studies. However, the varied responses between different seasons suggest that yearly averaged flux
inadequately describes behavior even when data sets are more robust.
Lily is a junior double-majoring in Physics and Earth, Atmospheric, and Planetary Sciences (EAPS) with a minor in Public
Policy. She is interested in studying the effects of climate change on natural systems and has previously worked on
projects related to seawater anthropogenic carbon invasion, CO2 global analysis products, radiative transfer models,
and hurricane forecasting. As an active member of the MIT K12+ Education Community, Lily organizes opportunities
such as SPLASH and AskEAPS for MIT students to connect with students around the world. She is also a Teaching
Assistant for the popular undergraduate negotiation course 11.011. For her research and work in education, she is the
recipient of honors such as the MIT Outstanding New Leader award and NOAA Hollings Scholarship. In her free time, Lily
can be found reading, playing video games, bullet journaling, watching anime, and spending time with loved ones.
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NOT PRESENTING DURING THE TECHNICAL CONFERENCE
Nathaneal Adkins
2020 Astronaut Scholar, Auburn University

William Zunker
2020 Astronaut Scholar, University of Minnesota
Harvard University

Motion via Bistability in Viscous Fluids
In recent years, the transformability between two stable energy states in bistable mechanisms has revolutionized
mechanical design philosophy, providing new techniques for achieving controlled energy release and precision
displacement. In this work, we investigate the fluid-structure interaction of bistable beams in viscous media and their
potential for producing aquatic locomotion derived from the transition between stable states. Specifically, our systems
are composed of doubly pinned beams that are axially compressed. The transition between stable states is induced
asymmetrically through angular actuation at one of the beam’s pin constraints.
To conduct our analysis, we utilize numerical simulations in tandem with experimental work done with a bistable beam
driven aquatic robot. We find that immersion in a viscous media does not alter the position of the stable states, however
it does increase the moment required to trigger the bistability as opposed to air. Importantly, we note that asymmetric
actuation is a requirement for generating thrust in the axial direction, and consequently, propulsion. Finally, the thrust
magnitude can be enlarged by increasing three quantities: axial compression, beam thickness, and beam width. The
results of this work are twofold: (1) insight into the interaction between buckled bistable beams and viscous media is
better understood (2) a novel means of aquatic locomotion is created which spawns possibilities for slender swimming
robots with exciting applications ranging from drug delivery to rescue missions.
William Zunker is a rising senior in the Civil Engineering program at the University of Minnesota Twin-Cities. After
graduation, he plans to extend his education through a Ph.D. in solid mechanics concentrated in metamaterials.
Specifically, he wants to focus on the generation and characterization of novel metamaterials while simultaneously
searching for practical applications.
William’s current research experiences have armed him with considerable experimental and numerical simulation
knowledge for an undergraduate. Since the Fall of 2018, he has worked at his home university on metamaterial creation
and application; using an interplay of experimental work and FEA to dissect the mechanics of various metamaterials. In
particular, his work has focused on manipulating geometry to induce unique wrinkling patterns and high deformation
accommodation capabilities, with applications in the aerospace and automotive industries. William’s second research
experience occurred during the Summer of 2019 at Harvard University. During that time, he constructed an aquatic
robot capable of locomotion achieved through the actuation of a bistable beam with applications in drug delivery.
This project exposed him to extensive manufacturing processes and experimental work. William strives to use these
foundational experiences to continue his research with the ambition of producing seminal work in metamaterials and
engendering a multitude of influential metamaterial applications.
Outside of research, William is an avid participant in numerous physical activities in effort to combat the physical
torpor of engineering. His longest standing passion is for calisthenics or body weight exercise, he has achieved such
movements as the one arm pull up and human flag.
William would like to thank the Astronaut Scholarship Foundation for their generous contribution to his education and
the abundance of opportunities they provide. He is honored to join such a prestigious group of talented people.

Nathaneal Adkins’ interest in STEM began during his Junior year of high school in his Physics 1 class. His professor, Dr.
Herring motivated and challenged him to use critical thinking skills and creative problem solving in the complex world
of physics. This pressure, along with the desire to exceed academically propelled him in the direction of math and
science. Having no desire to settle for mediocracy, he continued to choose classes that were challenging. After receiving
a letter from Auburn welcoming him to the Class of 2022, he knew that STEM was the field for him and his desire to start
the next step of his journey was at an all-time high.
A few weeks went by after moving to Auburn and he found himself at a meeting for prospective members of the
Auburn University Small Satellite Team. The lead professor offered him the position as chief engineer of a new satellite
development project demonstrating Quantum Encrypted Satellite-Based Transmission (QUEST). The purpose was to
develop an optical communication system to send a quantumly secure key. The QUEST project solidified his calling to
a career in aerospace engineering. Nathaneal found himself fascinated with the opportunity to research, design, and
build a satellite that will be continuously falling around the lower atmosphere. This project allows for the application
of skills that he has learned in class. Using computer aided design, systems engineering, and physics outside the
classroom has not only accelerated his projects, but it has allowed him to improve his understanding of real-world
engineering practices.
QUEST has opened countless doors for his personal and professional development. Nathaneal taught himself Python
and developed a dynamic real-time laser tracking algorithm using a camera. He studied thermodynamics to create a
multi-node thermal model. Near the end of the summer, he helped coordinate and present the Program Management
Review to a multi-institutional expert panel during the 2019 international Small Satellite Conference at Utah State
University. While at this meeting, he networked with industry specialists. These professional connections were
extremely energizing and acted as a glimpse into his future career. Amazed by NASA’s presentation of their new Space
Launch System (SLS), he submitted an application that very night and was accepted as an intern at NASA Stennis in
December 2019.
At NASA, Nathaneal got to sit side by side with some of the brightest minds in the world. He would wake up every day
and get a glimpse of the SLS being prepared for testing at Stand B2. He studied world class engineering techniques
and learned a lot of about government bureaucracy. He developed an Internet of Things data acquisition system which
would allow for sensor data to be automatically broadcasted up to two miles and stored in a cloud system without any
human interaction. Now, as a rising Junior studying aerospace engineering and having worked at NASA, Nathaneal is
fully invested in advancing both academically and professionally. The Astronaut Scholarship has provided him with
continued opportunities to do what he loves.

Jessika Baral
2019-2020 Astronaut Scholar, Washington University in St. Louis

Integrated Pan-Cancer Analysis of Protein Complex Co-Regulation
9.6 million people lost the battle against cancer in 2018. The key to drug discovery lies in better understanding
carcinogenesis and elucidating important proteins involved in tumor growth. Although gene expression data is
prevalent, protein expression provides a novel lens through which we can analyze diseased tissue. Proteins are directly
involved in biochemical interactions and post-translational modifications are best appreciated through proteomics
analyses. Furthermore, the correlation between protein expression levels and mRNA expression levels can be as low
as 40%, indicating that there is novel information provided by proteomics data. Most integral proteins function in
complexes, and not alone; understanding complex co-regulatory effects, whereby one member of a complex may affect
another, can expedite the drug discovery process.
Our goal is to create the first pan-cancer analysis of highly co-regulated protein complexes with respect to six cancer
types found in the Clinical Proteomics Tumor Analysis Consortium (CPTAC). I obtained transcriptomic and proteomic
data from CPTAC and created multiple linear regression models (MLR) to assess complex co-regulation levels. After
validating the robustness of the MLR models using bootstrapping techniques, I identified 6 disease-related signaling
pathways that were highly saturated with co-regulated complexes, with the most significant being the Notch signaling
pathway. We are currently characterizing the mechanisms through which complex co-regulation affects these pathways
and how we can take advantage of those mechanisms to develop novel clinical therapies.
Jessika Baral is a senior at Washington University in Saint Louis studying Biology, Computer Science, and Math under
the Florence Moog Fellowship Scholarship and the University Scholars Program. During high school, she competed and
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placed in the 2016 and 2017 Intel International Science and Engineering Fairs. Shortly thereafter, she was named a 2017
Regeneron Science Talent Search Finalist where she presented her work on diagnosing small cell lung cancer. Since then,
she has been carrying out computational oncology research at both Stanford Medical School and Washington University
School of Medicine. Currently, she studies protein complex co-regulation to expedite anticancer drug discovery.

on Mars. This concluded with the completion of a 3D-printed part using alumina extracted from simulated Martian
dirt, which he presented at the 2019 International Astronautical Conference. Jacob also participated in the Amgen
Scholars program last summer, where he synthesized and characterized bimetallic nanoparticles to understand
catalyst surface restructuring.

At Washington University, she is CoPresident of WashU Women in STEM, a club focused on empowering women and
helping them present their undergraduate research at national science conferences such as the annual Scientista
Conference. Separately, she is Co-Captain of WashU Classical Indian Dance and competes with WashU’s Bhangra Dance
Team. Finally, she is a crisis counselor for the Crisis Text Line and a writer/editor for Frontiers Health Magazine.

Aside from research, Jacob is part of the Chemical Engineering Car Team and Tau Beta Pi at Michigan. He likes playing
tennis, running, and watching movies in his free time. You can contact Jacob through email at florianj@umich.edu.

In the future, she hopes to obtain an MD-PhD in Bioinformatics.
Oluchi Chukwunyere
2020 Astronaut Scholar, North Carolina A&T State University
Oluchi has a wide range of experience within the technology industry ranging from software engineering to innovation
consultant at fortune 100 companies. She plans on changing the way engineers design to make it more accessible to
those with various disabilities and social standing. Once she receives her computer science degree from North Carolina
Agricultural and Technical State University (NCAT), she aspires to join the 2021 Knight-Hennessy Scholars Program
cohort at Stanford, a place where design, engineering and technology intersect. As a Knight-Hennessy Scholar, Oluchi
can focus on universal design research at Stanford. Her past experience working at Microsoft, Google and Apple as a
software engineer intern has taught her the importance and impact of creating software and products that are usable by
a wide range of people. She aspires to close the social inclusion gap by engineering products that are functional for all
people, increasing the quality of life for a wide range of individuals and empowering a once neglected population.
Micaela Fleetwood
2020 Astronaut Scholar, Morgan State University

Andrew Galassi
2020 Astronaut Scholar, Georgia Institute of Technology
Andrew Galassi is an undergraduate at Georgia Tech studying Mechanical Engineering with a minor in Robotics.
His research focuses on the design and development of robotic hardware for exploration, particularly for space and
planetary applications. His work has included a novel structure to enable a drone to bounce through subterranean
environments, an inverted pendulum testbed for legged robotics research, and a CubeSat to track space debris in
Earth orbit. His university research experiences range from the Space Systems Design Lab at Georgia Tech to a Summer
Research Fellowship in the Advanced Experimental Robotics lab at Caltech.
Andrew is currently continuing a multi-semester co-op at NASA JPL in the extreme environment robotics group,
supporting the design of a robotic arm for Mars Sample Return. His work at JPL has also included robotics testbed
support for the sample return fetch rover and Europa Lander, as well as design contributions to a Ceres sample return
mission concept study for the 2023 planetary science decadal survey.
He is the recipient of the Astronaut Scholarship, the Barry Goldwater Scholarship, Georgia Tech’s Hugh Wellington
scholarship for robotics and automation, and the San Luis Obispo County Alan D. Stephenson scholarship for LGBTQ
students. In his free time he enjoys playing 70’s hits on the accordion, folding origami, manufacturing food, and
participating in the LGBTQ organizations at both Georgia Tech and JPL.

Micaela “Mic” Fleetwood is a native of Hagerstown, Maryland. She is a 2017 graduate of North Hagerstown High School
and a 2019 graduate of Hagerstown Community College. While attending HCC, Micaela earned her Associate of Sciences
Degree in Biology and became the school’s first, three-time NJCAA academic and athletic All-American track & field
athlete. In the Fall of 2019, Micaela matriculated to Morgan State University (MSU) where her love and passion for the
sciences has blossomed exponentially under the mentorship of Dr. Yuejin Li, Associate Professor of Biology, MSU. As
one of Dr. Li’s cardiovascular research assistants, Micaela has developed an increased appreciation and awareness for
the critical nature of research, and she has gained knowledge in the areas of experimental design and various wet-lab
research techniques. In addition, Micaela is honored to work as a research assistant for Dr. Timothy Meeker, Postdoctoral
Research Fellow in the Department of Neurosurgery at Johns Hopkins Medical Institute. Here, Micaela works on multiple
meta-analyses concerning central sensitization and noninvasive brain stimulation research.

Skyler Hornback
2020 Astronaut Scholar, University of Kentucky

Mic continues to compete in track and field as a multi-event athlete for the MSU Bears, while she majors in biology with
minors in chemistry and psychology. She was recently selected into MSU’s National Society of Leadership and Success,
Sigma Alpha Pi and Tau Sigma National Honor Society. Prior to the COVID-19 pandemic, Micaela was excited to begin
working in University of Maryland Medical Center’s Shock Trauma Center and Children’s Hospital through their volunteer
program. With the social distancing regulations in place, she has instead been working remotely as an Emergency Data
Relief Intern where she helps to track the spread of the Corona virus in various states. Micaela also continues to do
archival research under the supervision of Dr. Meeker.

This led him, at 16, during his sophomore year of high school, to being accepted into the Gatton Academy of Math and
Science, where he enrolled in Western Kentucky University courses for his junior and senior years. Living and learning
on a college campus afforded him immense opportunities not often available to high school students, including
beginning undergraduate research. For two years he worked with Dr. Edwin D. Stevens in the Department of Chemistry
using crystallographic techniques to study the electronic structures of two anti-estrogenic compounds – Tamoxifen
and Raloxifene - collecting single-crystal x-ray diffraction data. His work during that time resulted in him receiving a
Research Internship Grant (RIG), funded by the Bill Gatton Foundation, followed by a Faculty-Undergraduate Student
Engagement (FUSE) award.

Following her graduation from Morgan State University, Micaela plans to take a gap year to apply to medical school and
pursue a career in medicine and research. Micaela has a heart for trauma and abuse survivors and wants to become a
healthcare professional that makes a difference in the lives of women and children, possibly an ObGyn. Micaela is a pit
bull lover and the proud momma of her adopted, fun loving fur baby “Foxy Cleo.”
Jacob Florian
2020 Astronaut Scholar, University of Michigan
Jacob Florian is a senior at the University of Michigan majoring in Chemical Engineering, where he does research
in computational catalysis and materials science. Jacob’s current research focuses on understanding the properties
of vanadium ions in aqueous Vanadium Redox Flow Batteries, which has broader applications in large-scale energy
storage. As part of this project, Jacob used Density Functional Theory calculations and Molecular Dynamics simulations
to understand vanadium ion structure and adsorption behavior on carbon electrodes. Jacob collaborated with lab
members and communicated his findings in the form of peer-reviewed publications and presentations at conferences
and poster sessions. This work also led to him being awarded a 2020 Goldwater Scholarship.
In addition to computational research, Jacob has practical experience doing work in other areas. As part of a
multidisciplinary team sponsored by Northrop Grumman, he helped design a process for in situ resource utilization
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Skyler Trenton Hornback, the son of William Jeffrey and Barbara Hornback, is a native Kentuckian - raised in LaRue
County on a tobacco and grain farm that has been in the family for over five generations. Many of his fondest childhood
memories involve tagging along with either his Dad, Papaw Junior, or Uncle Cleston while they were tending to their
crops. Whether it was through riding the tobacco setter, raking hay, or shoveling corn out of a grain bin, his family
instilled in him a strong work ethic, which carried over into his schooling, and after realizing an interest in all things
math and science during his middle and early high school years, he decided to push himself to seek educational
opportunities outside of home.

After graduating high school in 2018 and enrolling at the University of Kentucky to pursue a B.S. in Chemical
Engineering, he began work in the laboratory of Dr. J. Zach Hilt. With a focus in nanomaterials research, he synthesized
superparamagnetic iron oxide nanoparticles and hydrogel systems for use in environmental remediation efforts,
specifically to capture perfluoroalkyl substances (PFAS) and poly-chlorinated biphenyls (PCBs) from industrial waste.
During the summer of 2019, he participated in UK’s NSF-REU program on Engineered Bioactive Interfaces and Devices,
where he continued his research with iron oxide nanoparticles, exploring surface functionalizations with various polymers.
This summer, Skyler has taken up residence in Providence, KY, a rural town not much unlike the one he grew up in,
working with UK’s Department of Mining Engineering at a Rare Earth Pilot Plant facility to improve the extraction
procedures of rare earth elements from coal waste in a process engineering role. He is continuing his nanomaterials
research, as well, exploring uses for thermoresponsive polymeric compounds in the process chain post-leaching.
In his free time, he loves to drive the backroads of Kentucky and its border states, penciling in all the roads he has
traveled in an atlas of the U.S. Above all, though, he has yet to shake his farming roots (and he has no intentions of ever
doing so!), so it is likely to find him going back home on the weekends and helping out on the farm, and he expects to
be very busy in the fall once harvest commences!
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Henry Kantrow
2020 Astronaut Scholar, Louisiana State University
Henry Kantrow is a rising senior at Louisiana State University (LSU), majoring in Chemical Engineering with a minor
in French. As a native of Louisiana, LSU was a natural choice for Henry as an undergraduate institution. Despite its
proximity to home, studying at LSU also allowed him the opportunity to broaden his horizons by spending a year
abroad in Madrid, Spain at the Universidad Carlos III de Madrid. During this time, he was able to work on his Spanish
comprehension in addition to his existing fluency in French, while still furthering his Engineering coursework.
Back at LSU, Henry has been involved in research since his Freshman year when he started working under Dr. Kevin
McPeak in the Cain Department of Chemical Engineering. The projects that he has worked on over that time have
spanned a wide range of topics primarily in the field of photonics: fabricating plasmonic and water filters, reducing the
roughness of thin film silver for smart window technology, and most recently, using the electric field of radio-frequency
split ring resonators to control the orientation of biomolecules. In the summer of 2019, Henry also had the opportunity
to work at Northwestern University under Dr. Kimberley Gray, where his research sought to prevent biofilm growth on
water filtration membranes for environmental applications.
After graduation from LSU, Henry plans to pursue a Ph.D. in Chemical Engineering. In grad school, he hopes to leverage
the wide applicability of chemical engineering phenomenon towards sustainability applications, much like he has done
during his research as an undergrad.

Chloe Klare
2020 Astronaut Scholar, Florida Institute of Technology
Chloe Klare is a rising senior at Florida Institute of Technology, and she is majoring in astronomy/astrophysics and
mathematical sciences, with a minor in music. After graduation, she plans to attend graduate school in space sciences
and subsequently pursue a career in academia.

delivered engineered molecules. For the past two summers, Daniel has worked in Dr. Fei Chen’s lab at the Broad Institute
where he has begun learning computational biology skills. In Dr. Chen’s lab, Daniel works on projects which integrate
bench and analytic techniques to develop tools for basic biology research. His work in Dr. Chen’s lab has also included
phylogenetic analysis the SARS-CoV-2. Beyond his time spent on research, Daniel is an avid volunteer. He co-founded
Pass the Class, a non-profit volunteer organization that provides tutoring services to homeless and at-risk youth. In his
free time, Daniel enjoys spending time with friends, running, rock climbing, and playing basketball poorly.
Jonathan Lo
2020 Astronaut Scholar, Texas A&M University
Johnathan Lo was born in Kingston, NY, to Albert, a computer engineer, and Lynn, a stock trader. He grew up in various
locations around the US before settling in East Brunswick, NJ, where he graduated high school. Shortly thereafter, he
briefly attended American University as a journalism major. Seeking adventure, he took a leave of absence and traveled
to East Asia, where he ended up spending the next seven years backpacking, freelance writing, cooking, and meeting his
future spouse. In 2017, he returned to the US to study molecular biology and statistics. He is currently a junior at Texas
A&M and conducts research in the Blackmon Lab, where he investigates topics in quantitative genetics and evolutionary
biology. His primary interests are creating computationally efficient bioinformatics software and applications of survival
analysis and game theory in describing cooperative behavior. Thus far, his research has resulted in two publications,
including a featured first author, as well as four additional publications in progress, two of which will also be first authors.
He is a member of the Biology Honors program, Phi Kappa Phi, TAMU Zoological Society and SUSA. Outside of research,
he is an accomplished violinist, avid sportsman, and amateur competitive programmer. He plans on pursuing a PhD in
mathematical and theoretical biology.
Samantha Marglous
2020 Astronaut Scholar, University of Chicago

For the past two years, Chloe has been working on a research project at her university focusing on cloud formation on
Jupiter. She runs three-dimensional simulations of turbulent areas in Jupiter’s atmosphere, such as near strong jets and
the Great Red Spot. The goal of these simulations is to reproduce observable cloud features, which will lend insight to
the underlying physics and composition of the planet’s atmosphere.

Samantha Marglous is a rising senior at the University of Chicago, majoring in Chemistry and Biological Chemistry. She
works in a biophysics lab studying membrane-protein interactions and hopes to pursue an MD-PhD after graduation.
Samantha is originally from Massachusetts, and enjoys playing tennis, knitting, and spending time with her two cats
and her dog. She is very grateful for the opportunities provided by the Astronaut Scholarship Foundation and is looking
forward to continuing to explore the STEM fields after graduating college. Samantha can be contacted by emailing
smarglous@uchicago.edu

During the summer of 2020, Chloe is participating in the CIERA Research Experience for Undergraduates (REU) program
at Northwestern University, where she is pursuing a research project on neutrino oscillations. She is determining how
neutrinos will oscillate between their different eigenstates in the case when the neutrinos have infinite lifetimes, as well
as in the case that they decay into other particles. The goal of her project is to develop theoretical predictions which
can be compared to the results of future experiments at the Jiangmen Underground Neutrino Observatory, which is
currently under construction.

Cody Martin
2020 Astronaut Scholar, Texas A&M University

Chloe is from the wonderful midwestern metropolis of Omaha, Nebraska. Her favorite pastimes include playing the violin,
spending nights observing with her astronomy friends, and karaoke. Chloe can be contacted at cklare2017@my.fit.edu.

Angelica Lang
2020 Astronaut Scholar, University of Kansas
Angelica Lang is a rising senior at the University of Kansas where she majors in Molecular, Cellular, and Developmental
Biology. She has worked on a variety of research projects over the years, but her primary work has been in the lab of
Dr. Erik Lundquist where she studies the genetic mechanisms controlling neuron migration in the nematode worm C.
elegans. In recognition of excellence as both a student and a researcher, Angelica has been selected as an Astronaut
Scholar, a Goldwater Scholar, and a Beckman Scholar. She spreads her love of science through her position as President
of KU’s Neuroscience Club as well as her passion for self-care and mental health through her position as President of
KU’s Mindfulness and Meditation Club. When not fulfilling her academic duties, you will often find Angelica crocheting,
reading, or baking.
Daniel Lesman
2020 Astronaut Scholar, The Ohio State University
Daniel is a biomedical science major at The Ohio State University interested in developing treatments for rare genetic
disorders. Since high school, he has been conducting research in the lab of Dr. Nicolas Wein at Nationwide Children’s
Hospital. In Dr. Wein’s lab, Daniel leads projects focused on developing genetic therapies for Duchenne Muscular
Dystrophy and Huntington’s Disease. These projects focus on correcting diseases through the introduction of virally
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Cody Martin is a rising senior at Texas A&M University with double majors in biochemistry and genetics and double
minors in bioinformatics and statistics. Cody currently performs research in Dr. Ry Young’s lab where they study
mechanisms of bacteriophage lysis. Bacteriophage are bacterial viruses that infect bacteria and must escape to infect
new cells by lysing cells. After graduating, Cody plans to pursue a PhD program in microbiology to study the molecular
biology of bacteria. His ultimate goal is to establish his own research group studying bacterial molecular biology.
Outside of lab, he enjoys cooking, playing video games, and snuggling with his cat, Ruby. He and his partner one day
hope to have their own family of kitties.

Chris Moss
2020 Astronaut Scholar, Clemson University
Chris Moss is a rising senior at Clemson University majoring in Microbiology and Genetics with minors in Spanish
Studies and Anthropology. Chris plans to pursue a PhD in Immunology and to eventually run his own lab and work on
developing solutions for emerging infectious diseases and drug resistance. As an undergraduate, Chris has worked on
five different research projects and he currently works on two different research projects at Clemson.
His first current project focuses on the effects of certain protein products of a wasp virus, Campoletis sonorensis
Ichnovirus (CsIV), on its parasitized insect host. The wasp will deposit one or more eggs along with this virus inside of an
insect host and the egg(s) will grow into a larva and burst out, killing the host while the wasp survives and develops into
an adult. The virus is essential for hindering a host immune response to the wasp egg and Chris is looking at the specific
biomolecular interactions that take place between the viral and host proteins during this process. This research area is
largely understudied, and this project could reveal unique viral mechanisms or evolutionary patterns between wasps
and their symbiotic virus.
For his second project, Chris has been characterizing a protein thought to be involved in the eukaryotic initiation factor
2 (eIF2) pathway for translation initiation in an Entamoeba species. When under stress, this pathway is responsible for
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shutting down global protein translation in eukaryotic cells. The eIF2 pathway may aid the human pathogen, Entamoeba
histolytica, in resisting immune responses so that the pathogen can establish an infection which can cause amoebic
dysentery and liver abscess and results in 100,000 deaths annually. Identifying and characterizing essential proteins in
this pathway may lead to a safer and more effective drug development for Entamoeba infections.
Because the consequences of prominent and emerging infectious diseases are most noticeable in disadvantaged
populations and areas with unequal access to health care, Chris believes incorporating diverse groups and values into
research is key towards combating these issues. As president of his university’s Microbiology club, Chris has organized
educational events that focus on teaching microbiology concepts to underclassmen as well as connecting them with
faculty for potential research projects. Chris is also heavily involved with outreach projects that expose underprivileged
middle school students to basic lab techniques and fun scientific experiments. During this summer, Chris has been
working with a local professor to model health disparities between different social groups during the Covid outbreak.
Chris has also been developing clinical visual materials for a health clinic in Cavite, Philippines through the Foundation
for International Medical Relief of Children virtual summer program.
If you are interested in reaching out, Chris’s email is hcmoss@g.clemson.edu and you can find more information on his
LinkedIn profile at https://www.linkedin.com/in/chris-moss-76a2881a5/.
Charles O’Brien
2020 Astronaut Scholar, Colorado School of Mines
Charles O’Brien is currently a senior at the Colorado School of Mines, pursuing a B.S. in Mechanical Engineering with
an area of special interest in Space and Planetary Science. At Mines, Charles pursues undergraduate research with the
Center for Space Resources working on Optical Mining and Thermal Mining of Cold Solar System Bodies. In the thermal
mining project, he researches how to extract water from the soil of the permanently shadowed regions on the Moon. He
also works part time at Lockheed Martin. Over the past two years he has worked in Commercial Space, Military Space,
Deep Space Exploration, and most recently Human Spaceflight. He enjoys using his engineering knowledge to advance
the exploration, safety, and presence of humans in space. Charles leads a very active student life at Mines. During his
first year at Mines, Charles served as the president of the Astronomy Club on campus. He has also played in the Colorado
School of Mines marching and concert band, playing both clarinet and trumpet. His love of music and community led
him to join Kappa Kappa Psi, the national honorary band fraternity, where he was recently elected as the Vice President
of Membership. On campus, Charles is an active member of AIAA as well as the Society of Mechanical Engineers.
On a clear night, you can find Charles outside, illuminated by his computer, the stars above him, and the reflection
of the Moon off his telescope. He is currently working on photographing all 110 Messier Objects, which consists of
various galaxies, star clusters, and nebulae. His favorite objects to photograph are galaxies, because of their wonder
and challenge in photographing them well. On overcast or windy evenings, Charles puts his mechanical engineering
mind to work by 3D printing prototypes of RC cars, planes, and helpful everyday around the house mechanisms.
After graduating, Charles plans on returning to Mines to pursue a Master’s degree in Mechanical Engineering. Charles
daydreams of being an astronaut and running his own astronomical observatory, always continuing to learn more about
our cosmos.
Swetha Prabakaran
2020 Astronaut Scholar, University of California at Berkeley
Before her freshman year of high school, Swetha had no idea what Computer Science entailed and never imagined that one
day she’d be teaching students to code. However, she took an intro class as a ninth grader and hasn’t looked back since.
As the Founder and Executive Director of the international nonprofit Everybody Code Now!, Swetha is working to
empower the next generation of leaders, technologists, and entrepreneurs through technology education. For her work,
she was named a 2015 White House Champion of Change under President Barack Obama and served as Student Advisor
for Former First Lady Michelle Obama’s higher education campaign, Better Make Room.
Swetha is passionate about building bridges between computer science and other disciplines, ranging from healthcare
to the performing arts. She is currently exploring the role of machine learning in healthcare settings through the
Google Computer Science Research Mentorship Program. On campus, Swetha serves as a lead student instructor for the
Berkeley Sutardja Center for Entrepreneurship and Technology, where she helps lead a class on technical innovation and
entrepreneurship for nearly 400 students each semester.
Swetha is a Regents’ and Chancellor’s Scholar at the University of California-Berkeley studying Computer Science and
Dance & Performance Studies. She graduated from Thomas Jefferson High School for Science and Technology, a Virginia
Governor’s School and STEM magnet program, in 2017. Learn more about her work at swethapraba.com, and find her
online using @swethapraba.

Samantha Pryor
2020 Astronaut Scholar, Florida Institute of Technology
Samantha Pryor (Sam) is a senior majoring in astrobiology at the Florida Institute of Technology, where she is an active
member of multiple research teams, including a planetary science team, an astrobiology and chemical ecology lab, and
an astrobiology and mathematical modeling team. Her research interests include the following: the origin and early
evolution of life on Earth, microbial behavior in space, the search for extraterrestrial life, and biosignature detection on
exoplanets, among others. Her goal is to continue her education with graduate school, then one day work at NASA or a
comparable company in the private sector doing research related to her interests.
Sam has a GPA of 3.96 and has received the Distinguished Student Scholar Award and Federal Work-Study Student
Employee of the Year, among other awards and honors. She is also a member of multiple honor societies, including Phi Eta
Sigma and now the Astronaut Scholar Honor Society. She has served on the executive boards of various extracurricular
clubs at Florida Tech, including the Astrobiological Research and Education Society and the Florida Tech Sailing Club.
Sam enjoys reading old science fiction books in her spare time, along with spending time outdoors enjoying nature,
watching documentaries about almost anything, and practicing martial arts to (try to) stay in shape. Sam loves
constructive criticism and always enjoys hearing others’ perspectives, so please email her at spryor2017@my.fit.edu.
Alyssa Roberts
2019-2020 Astronaut Scholar, North Dakota State University
Throughout her collegiate experience at NDSU, Alyssa has conducted research in three fields of study: computational
chemistry, bioinorganic chemistry, and molecular biology. During her first year at NDSU, Alyssa participated in a
quantum computational study of cadmium sulfide (CdS) quantum dots (QDs) using Density Functional Theory (DFT)
methods to predict QDs’ reactions with ligands. Alyssa was fortunate enough to be able to present at numerous
conferences such as Sanibel Symposium in Georgia and ACS in Boston. This research provided her with the foundational
knowledge of how to properly conduct and present research. However, during this project, Alyssa realized that her
interests were tending toward experimental biochemistry.
The aim of Alyssa’s second research project was to elucidate the basis for the polyreactivity of human immunoglobulin
G (IgG) toward foreign antigens. The driving force for understanding such interactions is that the polyreactivity of
immunoglobulins is associated with improved outcomes regarding the treatment of sepsis during animal testing. After
significant testing, a modified Western blot was used to determine conditions that can induce polyreactivity in IgG. This
research took place during her sophomore year. During this time, Alyssa received the Astronaut scholarship as well as
the Goldwater scholarship. These scholarships provided her with the opportunity to focus solely on her research and
professional development.
Before moving on to graduate school, Alyssa wanted to explore one additional field of study, molecular biology. Currently,
Alyssa is researching molecular biology at the United States Department of Agriculture (USDA). Their research aims to
use CRISPR to modify the canola genome which will result in a plant that is more resilient to cold temperatures. By trying
her hand at different types of research, Alyssa was able to learn varying techniques to implement in her future research
and determine exactly which field she would like to focus on in graduate school. Alyssa will be applying this year for PhD
programs in immunology. She is unsure where she will be applying, but Alyssa cannot wait to see where she ends up.

Emma Shafer
2020 Astronaut Scholar, University of Central Florida
Emma Shafer is a junior at the University of Central Florida (UCF), majoring in aerospace engineering and minoring
in music, with the goal of going to graduate school and becoming an engineer in the spaceflight industry. She
takes schoolwork very seriously, being a National Merit Scholar and a part of UCF’s Burnett Honors College. She has
experience in research by being an undergraduate researcher at the UCF’s Center for Advanced Turbomachinery and
Energy Research (CATER). While working at CATER, Emma has presented work at an American Institute of Aeronautics
and Astronautics conference and has helped with various projects around the lab. Emma also enjoyed an engineering
internship at the Jacksonville Naval Air Station during high school.
Emma is also involved in student organizations at UCF and in the community. In 2019-2020, she was Secretary for the
Students for the Exploration and Development of Space at UCF. During the summer of 2019, she was selected by the
organization to attend the RockOn! workshop at the Wallops Flight Facility in Norfolk, Virginia, where her group built
a payload that launched on a suborbital rocket. She received a Florida Space Grant Consortium grant to attend the
conference. This year, she plans to become more involved with UCF’s Society of Women Engineers and Society of Women
in Space Exploration.
One of Emma’s passions is the history of human spaceflight. She puts that knowledge to use as a volunteer docent at
the American Space Museum in Titusville, Florida, near the Kennedy Space Center. She gives tours to guests and helps
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the small museum. She also enjoys conferences such as SpaceFest in Tucson, Arizona, where she collects astronauts’
autographs and attends panels.
Emma also loves being a musician, playing oboe in UCF’s ensembles and being a part of UCF’s oboe studio. She has also
played both piano and flute in the past, starting lessons at age 5. She is from a small beach town in northeast Florida,
where she likes walking her dogs and relaxing in her down time.
Jonah Stiel
2020 Astronaut Scholar, University of Kansas
Jonah Stiel is a senior studying chemistry at The University of Kansas (KU). After learning about the ongoing destruction
of the biosphere at a young age, he was inspired to pursue a career in environmental protection. During the summer
following his junior year of high school, Stiel interned in the lab of Prof. James Blakemore, who exposed him to the
potential of organometallic complexes to cause an outsized positive impact on the world through environmentally
beneficial catalysis. Since joining the Blakemore Group as a KU student, Jonah has studied complexes containing the
bipyridine moiety. Bipyridine complexes are promising candidates for preparation of industrially feasible carbon dioxide
reduction and hydrogen evolution electrocatalysts. Stiel’s research seeks to establish quantitative structure-function
relationships between variants of these complexes which will enable the fine-tuning of future generations of catalysts.
His research has been accepted to two National Meetings of the American Chemical Society as well as a Midwest
Regional Meeting. Jonah was also recognized for his commitment to environmentally beneficial catalysis through
selection for the nationally competitive Beckman Scholars Program and nominations from The University of Kansas for
the congressional Goldwater and Udall Scholarships.
In the coming years, Stiel plans to lead the KU Chemistry Club through the uncertainties of COVID-19 as smoothly as
possible, pursue further publication of his research, and gain admittance to a doctoral program in chemistry.
When Jonah is not studying or participating in organized activities, he enjoys reading, gardening, playing with his cat
Scout, or working on independent science projects. His latest project is the construction of an inertial electrostatic
confinement fusion reactor which will heat a diffuse gas to over one billion Kelvin by accelerating its components across
a powerful electric field.
Morgan Trexler
2020 Astronaut Scholar, Colorado School of Mines
Morgan Trexler is a student at Colorado School of Mines studying mechanical engineering with a minor in additive
manufacturing. Through his education at Colorado School of Mines, Morgan is working on learning more about 3D
printing and the engineering design process so that he can develop 3D printers professionally after finishing college.
During high school, Morgan created his own 3D printer from scratch using a random assortment of parts obtained from
eBay and Lowes. He assembled the printer with a basic set of hand tools and a cordless drill. Morgan has used his 3D
printer for several kilograms of assorted parts, mostly mechanical pieces for the robotics team. After high school, he
worked for the summer at FBRC8 as an assembly technician creating frames for Ultimaker 3D printers. Through his time
working at FBRC8, Morgan learned a great deal about manufacturing for high end, mechanically complex assemblies.
Upon coming to the Colorado School of Mines, Morgan looked around for opportunities to do research related to 3D
printing and was connected with Professor Jeff Squier. Over the past year and a half, Morgan has had the pleasure of
developing feedback systems for laser powder bed fusion metal 3D printers with professor Squier; through his work on
feedback systems, Morgan has developed an understanding of the dangers and techniques that are required for safe use
of optical lab equipment, an understanding of optical alignment, and an understanding of optical systems. After campus
reopens, Morgan looks forward to continuing his research with Professor Squier with the hopes of being able to publish
a paper on optical feedback systems for advanced manufacturing.
This summer, Morgan has had the pleasure of developing robotic assembly capabilities for laser inter-satellite
communications systems. Creating an active alignment system for multiple optics, robotic manipulation capacity,
python code, and associated relevant systems has been challenging but rewarding. Morgan hopes to keep learning tons
as he continues through his summer internship and is looking forward to seeing all of his hard work come together.

Mitchell Wall
2019-2020 Astronaut Scholar, University of Wisconsin-Madison

Predicting the Dynamics of Bolted Structures using Quasi-Static Modal Analysis
When designing structures from launch vehicles to buildings, predicting the dynamic behavior of the structure can
be a very challenging yet very important problem. Such analysis involves characterizing a structure by how its mass is
distributed, how stiff it is, and how it dampens out energy. If one can do so accurately, existing methods do a very good
job of predicting how structures will respond dynamically to various loads. In the case that the characteristics of a structure
cannot be determined accurately, more refined methods are required.
Bolted joints are a very common way to manufacture assembled structures, yet they also make characterizing the stiffness
and damping of a structure much more difficult. Under different load amplitudes, a bolted structure will respond nonlinearly.
When a bolted joint is loaded, parts of the contact interface between clamped members begin to slip relative to each other
depending on how much frictional force there is holding the components together. At large load amplitudes, the clamped
members may even slide entirely out of alignment. These two phenomena are called microslip and macroslip respectively.
Both microslip and macroslip contribute to a lowering of joint stiffness and an increase in damping from frictional energy
dissipation. Lowering the stiffness of a structure will cause its resonant frequencies to be lowered. Increasing in the damping
will cause the response amplitude to be generally lower than that of the linearized structure. Both factors need to be
accounted for in order to create high fidelity dynamic models of a structure. In the past, this problem has usually been
addressed using experimental testing and model correlation which are time consuming and expensive.
A method was proposed by Festjens et al. [1] that could potentially eliminate the experimental testing process all together.
In this method, a quasi-static load is applied that will deflect the structure in the shape of the mode of interest. During the
loading, stiffness and damping of the structure can be calculated for all load amplitudes. This method is referred to here
as Quasi-Static Modal Analysis (QSMA) and is implemented with a coulomb friction law defined at the joint interfaces in a
finite element model. The goal is that these models could prove to be the first truly predictive bolt nonlinearity models, not
relying on experimental data.
Previous applications of QSMA by Wall et al. [2] and Jewell et al. [3] showed that QSMA could be implemented using a
commercial finite element package. When compared to experimental data on a benchmark structure called the S4 beam
[4], promising correlation was found to the finite element models. Current work involves refining the finite element
models using experimental measurement of the joint interface geometry and coefficient of friction between the clamped
members. By creating a finite element model that is representative of the actual structure, one can decide if QSMA and
coulomb friction can make a predictive model for joint nonlinearities. Such a model would be the first predictive bolt
nonlinearity model and could have the potential to drastically reduce design costs and shorten timelines.
Mitchell Wall is a rising senior at the University of Wisconsin – Madison studying Engineering Mechanics and Aerospace
Engineering. He is originally from Brooklyn, WI. His interests and career aspirations center around the aerospace industry
and space exploration.
For three years Mitchell has worked at the UW-Madison Structural Dynamics Research Group. His work focuses on studying
joint nonlinearities and their effect on dynamic response of a structure. He has presented his work at multiple international
conferences and contributed to several works in peer reviewed journals. He is currently working on publishing a journal
paper that presents in depth observations of mode coupling in bolted structure.
Mitchell has worked on the UW-Madison SpaceX Hyperloop Competition team for the last three annual competitions. On
the team, Mitchell worked on various mechanical systems through the design, analysis, and testing phases. He worked on
the braking system for multiple competitions and oversaw other engineers as the Lead Braking Engineer. He also served
as the Mechanical Director, in charge of all mechanical subsystems of the vehicle. Badgerloop has ranked among the top
teams in the world consistently at competition.
Mitchell worked for three terms at the ATA Engineering, an aerospace engineering consultant based in San Diego, CA. His
work involved finite element analysis, modeling fluid structure interactions, and dynamics analysis. Projects included the
Mars 2020 (Perseverance) Rover and SNC’s Dreamchaser Spacecraft.
Mitchell is currently working an internship at SpaceX in Hawthorne, CA. He is on their loads and dynamics team and works
on couples loads analysis to predict payload environments on launch. As part of his internship, Mitchell is also a member of
the 2020 class of Matthew Isakowitz Fellows.
Mitchell has been awarded the Astronaut Scholarship for 2019 and 2020. Along with being selected as a Goldwater scholar
for 2020 as well.
Outside of work, he enjoys the outdoors and is currently working on visiting all the National Parks. Feel free to contact
Mitch at mwall4@wisc.edu.

In the future, Morgan hopes to continue working on challenging open-ended problems while learning lots in the
process. He is thrilled to be joining the Astronaut Scholarship Foundation to be able to learn from the brilliant people
that make up the foundation.
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Karl Westendorff
2020 Astronaut Scholar, University of Virginia

Angela Zhu
2020 Astronaut Scholar, Johns Hopkins University

Karl Westendorff is a rising senior at the University of Virginia where he majors in chemical engineering. Westendorff
conducts research broadly in the area of inorganic chemistry; this includes work surrounding metal organic frameworks
(MOFs), dearomatization complexes, and zeolites.

Angela Zhu is a senior studying chemical and biomolecular engineering at Johns Hopkins University. Her research
focuses on developing novel protein therapeutics through directed evolution. Currently, she uses yeast surface display
to engineer multi-epitopic antibodies targeting immune checkpoint receptors. After graduation, she plans to pursue a
PhD in chemical engineering, followed by a career in the biopharmaceutical industry.

Westendorff’s MOF research is conducted under Dr. Gaurav Giri, whom he began research with his freshman year. His
first project investigated the ability of anisotropic MOFs to selectively separate CO2 and CH4 for potential gas sieving
applications in industry, and his current project investigates MOF polymorphism and MOF crystallization processes.
Westendorff’s dearomatization complex research is conducted in the lab of Dr. Dean Harman, where he began research
his freshman year. His work for Dr. Harman involves the synthesis and characterization of various dearomatization
complexes, but also the computational investigation of related reaction mechanisms. These dearomatization complexes
have potential application in medicinal syntheses, and have shown promise for the regio and stereoselective addition of
various nucleophiles.

Angela is a Tau Beta Pi member and a recipient of the Bloomberg Scholarship, among other academic recognitions. She
also designs curriculum for Baltimore middle school students participating in Science Olympiad, and she contributes
articles on medical research to a student-run journal that seeks to humanize medicine. Angela enjoys swimming, writing
short stories, and reading mysteries.
You can reach Angela at azhu15@jhu.edu.

Westendorff conducts zeolite research with Dr. Chris Paolucci, who he began to work under this past year. With their
potential use in passive NOx adsorbers in automobiles, Westendorff computationally investigates Pd zeolites and their
adsorption of NO.
Altogether, Westendorff’s diverse chemical experience allows him to approach problems both experimentally and
computationally, and this has resulted in his co-authorship of several publications. These include a co-first author article in
Crystals, two co-author articles in Organometallics, a co-authored article in ACS Catalysis, and a co-authorship in Nature.
Before attending UVA, Westendorff graduated from the North Carolina School of Science and Math in Durham, North
Carolina, where his early interest in chemistry was fostered. He is originally from Pfafftown, North Carolina, where he
lived until his sophomore year of high school.
Outside of classes and work, Westendorff is an avid fan of electronic music, billiards, and science fiction.

Marcos Zachary
2020 Astronaut Scholar, University of Minnesota
Born in Libya, Marcos and his family fled the country following the overthrow of Muammar al-Gaddafi in 2011. As Christians,
his parents feared the pervasive persecution of Christians in the region and decided to home-school him. However, due
to a lack of curriculum and the absence of online educational resources at the time, he lacked a strong foundation in most
subjects. He arrived in Minnesota as an 11-year-old with limited English and taught himself the language through hours
of determined reading in the school library. Although his upbringing involved a lot of educational obstacles, it molded
him into a diligent worker and a problem-solver. His tribulations as a child serve as the foundation of his unceasing love for
scientific research because it inspired him to pursue learning independently and curiously.
As an undergraduate in biomedical engineering, he has been studying the mechanobiology of lung fibroblasts with BME
Professor Victor Barocas and Peter Bitterman, a professor in the Medical School and a member of the Masonic Cancer
Center. He worked on designing a hydrogel that simulates the scarred lung matrix idiopathic pulmonary fibrosis (IPF)
patients have. By having this pliable in-vitro environment where he can alter the level of IPF specific biomarkers, he was
able to quantitively measure a cell’s protein expression as it interacts with the gel. In his subsequent academic years,
he volunteered in the lab of U of M Professor Beshay Zordoky, where he was introduced to systematic research; worked
with Dr. Barocas and Dr. Bitterman, whose work on idiopathic pulmonary fibrosis (IPF) gave him the opportunity to
engage in mathematical modeling; and worked on a National Science Foundation (NSF)-funded research experience at
the Pulmonary and Critical Care Medicine program at Johns Hopkins, where he studied the immunobiology of IPF. These
experiences serve as the basis to his University Honors Program thesis, which will involve creating a computational
model of the IPF environment in the lungs to allow researchers to target key biomarkers for new therapeutic strategies
and technologies. Marcos plans to go to medical school where he hopes to fuse his research interest in computational
modeling with clinical experience to develop new technology focused on improving diagnostics and patient care.
In addition to his studies and research, he is an active member in the University Honors Program and the Tau Beta Pi
Engineering Honors Society. With other Honors volunteers, he tutors students at Murray Middle School in science and
math. He is also active in community service with St. Mary’s Coptic Orthodox Church and a founding member of the
student group Conversation Club, where he enjoys talking with fellow students about a wide range of subjects such as
history and politics. He also volunteers as an EMT at the University of Minnesota Emergency Medical Services. Besides
leadership activities and community services, he is a self-taught pianist with an interest in music composition, an avid
mountaineer, and a soccer enthusiast.
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BECOME A
CORPORATE PARTNER
We must maintain America’s leadership role in innovation.
Corporations need top talent, innovative thinkers, creators
and leaders in order to keep their competitive edge.
Astronaut Scholars are the next generation of employees
to fill those roles. ASF is unique from other scholarships
because, not only do we grant money to help the top
scholars continue their education, we support and nurture
them through their entire career to help catapult them to
the next level.

• Align your brand with the most prestigious
STEM scholarship awarded to the best and
brightest university juniors and seniors
throughout the United States.
• Gain access to the Astronaut Scholarship
Foundation’s exclusive events
• Engage the next generation of leaders
through internships, networking,
mentorships
• Provide an opportunity for a company
Meet and Greet with an astronaut.

BECOME A
CORPORATE PARTNER TODAY.
Contact us at:

development@astronautscholarship.org

THANK YOU SPONSORS
2020 INNOVATORS WEEK
PRESENTED BY

TITLE SPONSOR

SIGNATURE SPONSOR

IMPACT SPONSORS

IN-KIND SPONSORS

Astronaut Scholarship Foundation
Mission Statement

To aid the United States in retaining its world leadership in technology and innovation by supporting
the very best and brightest scholars in science, technology, engineering, and mathematics (STEM) while
commemorating the legacy nf America’s pioneering astronauts.
In accordance with federal law and U.S. Department of Treasury policy, this institution is prohibited from
discriminating on the basis of race, color, national origin, sex, age, or disability. To file a complaint of
discrimination, write to the Direct - Office of Equal Opportunity and Diversity, 1750 Pennsylvania Avenue,
NW, Washington, DC 20220. The Department of Treasury is an equal opportunity provider and employer.
To make a donation or discuss sponsorship opportunities, contact the Astronaut Scholarship Foundation at
407-362-7900 or visit www.astronautscholarship.org.

