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Summary
By Zooey Nguyen
This quarter marks the first time since the beginning of the COVID-19 pandemic that Upsilon Lab
is back up-and-running in person. After about a year and a half of dormancy we are reconvening
with four new projects, six new managers, and some revamps to the club.
Sunny and I have worked hard to update Upsilon Lab’s direction to better reflect its goals, including
in outreach, website style, and administrative schemes that will serve as a standard foundation for
future years. We have set project windows to be year-long or winter-start, ensuring projects have
enough time to explore their problems with sufficient depth and allowing managers to present their
results at the Undergraduate Research Week if they choose to. We also plan for the first-ever
general meeting for our club in spring, where students from different projects can meet and present
to each other.
Other majors often take up hobbies or opportunities that help develop portfolios pertinent to their
careers, like coding personal websites, creating and self-publishing art, maybe horticulture and
interacting with nature. But physics majors can feel lost when it seems like you need a lab or you
have nothing. Upsilon Lab exists to fill that gap and give our undergrads the space to grow not
only in substantive research skills but confidence in demonstrating their abilities. This is why we
aim to clearly define Upsilon’s role in the department as the stepping stone to research in multiple
ways: hands-on projects, workshops, and presentations. We hope that with our work, Upsilon will
continue to fulfill these goals going forward.
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Quantum Computing: Circuits and Algorithms
Managed by Veronica Guo and Luca Orth
Sponsored by Dr. Wes Campbell

Overview
In this project, we will first get familiar with the theoretical fundamentals of quantum computing,
including linear algebra and quantum mechanics. After that, we will explore quantum programming
languages (qiskit for IBM and cirq for Google) and test out various quantum circuits on a real
quantum computer via IBM Quantum Experience.

This Quarter
This quarter, we focused on teaching the team some basic concepts in quantum computing. We
began with a brief review of the fundamental ideas in quantum mechanics and linear algebra,
then introduced qubits and basic quantum logic gates. We then had members set up their coding
environment in Jupyter Notebook and download Qiskit. In later weeks, we focused on developing
familiarity with Qiskit by coding solutions to the Deutsch-Jozsa and Bernstein-Vazirani algorithms.
During week 7, Professor Campbell spoke about his work with different types of qubits and provided
insights into some of the problems in modern quantum computing. Over the last couple weeks of
the quarter, our team brainstormed project ideas and narrowed options down to either developing
a program to aid in quantum error optimization and detection or using quantum machine learning
to identify different galaxy shapes in star surveys with large amounts of visual data.

Figure 1: Image of the Deutch-Jozsa algorithm quantum circuit from the Qiskit textbook.

2

Renewable Energy with Python, Arduino, and
Machine Learning
Managed by David Gotler and Adam Stewart

Overview
Global climate change is an issue of the utmost importance to be solved by today’s scientists and
brightest minds (that’s us!!!). One aspect of this fight is in transitioning to renewable energies.
Renewables such as wind and solar are not a constant source of electricity, so they are often supplemented by natural gas power plants in our current electrical grids. We seek to design and build
a small-scale, hybrid, Solar-Wind energy cell to be tested for power output and practicality.

This Quarter
For the fall quarter we discussed ideas on how to make the solar panel rotate and point at the sun
while also teaching group members how to use arduinos. There were also ideas about how we could
store the energy which included carbon capture. Right now we have two goals, which is to teach
group members about circuits and Arduino, and the other is to make the moving solar panel so
that we are able to collect data that will optimize our software predictions.
Our plan to teach members about circuits is a simple demonstration of Ohm’s law. We will have
one potentiometer and a resistor in series, and a wire in between them that will be connected to an
analog input on the arduino. The Arduino will be able to read the voltage at the point between the
potentiometer and resistor. Then we will guide people on how to convert that reading of voltage
into the resistance that is on the potentiometer. This demonstration will teach Ohm’s law and will
be used in the actual project to measure the resistance on the photoresistors.
Our current plan for the solar panel is to use four photoresistors and two servos to move our solar
panel into the optimal position. A pair of photoresistors will be able to tell where the sun is on a
single axis based on how much sunlight is hitting one photoresistor compared to the other. Right
now we are going to use two pairs of photoresistors, one pair for the horizontal axis and the other
pair is for the vertical axis.
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Figure 2: Circuit diagram of the solar panel.
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Hydrodynamic Solitons: Untangling Knots on
an Endless Rope
Managed by Pranav Chandrashekar
Sponsored by Dr. Seth Putterman

Overview
The project will begin by working as a group to develop the equations that describe the state of
an ideal fluid, starting from macroscopic first principles. Once we have gathered a set of equations,
we will explore the linearized motion of ideal liquids and gases, which will include hydrostatics,
vortices, acoustics, and dispersive water waves in a uniform gravitational field. Hydrodynamic
solitons are an inherently non-linear phenomena, so we will conveniently approach that after the
linear phenomena. We will also build experimental setups for generating parametrically driven
hydrodynamic solitons because they are quite fun to watch!

This Quarter
In the first meeting we discussed how we might go about describing the state of a fluid with a bit
of math. By the end of the meeting we laid down a fundamental assumption, which is that five
variables provide a complete description of the state of an ideal fluid in motion. Namely, ρ, v, p.We
also talked about how these variables (density, velocity, pressure) are functions of space and time
coordinates only, so they may be considered as scalar or vector fields over space and time. We
also introduced the convective derivative to understand how to describe changes in the physical
variables that characterize a fluid.
In the second meeting we covered the equation of conservation of mass for macroscopic fluids. We
looked at differential elements of volume in a continuous medium and considered two representations
of the rate of change of mass per unit volume of the fluid. Equating these ’representations’,
integrating over the entire volume of the fluid, and applying the divergence theorem, we arrived at
the first conservation equation,
ρt + ∇(ρv) = 0
(1)
In the third meeting we went over the continuous analog of Newton’s law, and applied it to a
continuous and deformable medium (a fluid) by introducing the concept of pressure as an integrand
(force per unit area) which provides the total force on a closed surface when integrated over the
area of the surface. We used Stokes theorem to convert the integrand to a force per unit volume
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(the pressure gradient), and using Newton’s law arrived at Euler’s equation,
ρ

Dv
= ρ (vt + (v · ∇)v) = −∇p
Dt

(2)

Towards the end of this meeting we also obtained the equation of conservation of momentum by
manipulating and combining the previous two equations.
In the fourth meeting, we squeezed out the wave equation from the two equations above by linearizing the characteristic variables over a uniform density. This also involved expressing the pressure
as a function of density, taking a first order Taylor series and introducing the speed of sound as
the coefficient of the first order term. We also discussed what is meant by the word ’small’ when
dealing with perturbative expansions.
The rest of the meetings were spent going over some problems in linear acoustics and towards
the end, we discussed a problem in linear hydrodynamics. This was a two-dimensional problem
involving an incompressible fluid in a rectangular container in a uniform gravitational field. We
asked what would happen if the surface was provided with a small whack. Unfortunately, we were
not able to explore this problem in great detail as finals swept the stage by the time we reached
it.

Figure 3: Experimental setup sketch.
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Figure 4: Standing waves produced across the entire channel (high drive amplitude).

Figure 5: Solitary Wave produced at a localized region along the channel (low drive amplitude).
This figure shows the soliton along the length axis and the width axis respectively.
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Binary Star Classifications Based On Constituent
Mass and Radii
Managed by Isba Keshwani

Overview
Binary stars are among the most common astrophysical system and can give us insight into typical
pathways for stellar evolution. The different classification types of binary stars are visual binaries,
astrometric binaries, spectroscopic binaries, and photometric binaries. We want to be able to use
the data collected from stellar catalogs like Gaia and SDSS to come up with classification criteria
that are a function of the binary masses, radii, and other orbit features like eccentricities. We
would also like to deduct commentary on how evolved a binary system is based on the category
it falls in. Prior literature suggests that mass accretion would imply a more evolved orbit, which
is synonymously more circularized. Therefore, if a binary system has a more circular orbit, the
system is also probably evolved because it has had more time to accrete mass. We wish to test this
proposition by looking at binary systems with higher eccentricity and trying to prove that they are
more evolved.

This Quarter
Photometric/Eclipsing Binary Stars Team
A photometric or eclipsing binary star system is a binary star system in which we observe mutual
eclipses between the two component stars. When observed along the plane of orbit, one star passes
in front of the other, causing periodic drops in light intensity. Such eclipses are noticeable when
looking at the respective light curves of the binary system, which plots light intensity of the system
over a certain time interval.
The main focus when extracting data for Photometric binaries is with the light curves. We hope to
use the multiple binary FITS files found to extract data using Python and find relevant information
regarding light curve dips and rises which not only confirms the Photometric binary but provides
information on the individual stars that make up the system. Measured dips in light curves can
be used to derive relative masses and velocities of stars involved in Photometric binaries and thus
provide far more insight into these systems.
The sub-team has a few promising candidates for the binary system that we will be further analyzing
in the future. We hope to finalize the FITS file that we will use for the rest of the project. We
will then utilize Python with the method described in the above section to produce evidence of a
binary star system.
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Spectroscopic Binary Stars Team
In some cases, the electromagnetic waves emitted by binary stars are not in the visible spectrum.
These pairs are called spectroscopic because spectroscopy, a study of electromagnetic waves, are
used in order to detect and observe them.
Atoms emit radiation when electrons absorb certain levels of energy, allowing them to go from a
ground state to an excited state. When they return back to the ground state, they emit photons
of wavelength corresponding to the amount of energy that was initially absorbed. In the center of
stars electromagnetic radiation is produced as the quickly moving particles inside create varying
electric and magnetic fields. A few of these electromagnetic waves make their way out of the star,
being absorbed and emitted by electrons, and become the radiation that we observe.
One particular effect that is useful to us is the Doppler effect. When the source of any sort of wave
is in motion, there is a change on the observed wavelength versus the actual wavelength emitted.
Light from a star that is moving away from Earth is red-shifted, where the wavelengths become
longer than what was initially emitted. Light from a star moving towards Earth is blue-shifted,
where the wavelengths become shorter.
The utility of such programs like Python is crucial to collecting and analyzing data of Spectroscopic
Binary Stars. The sub-team has collected FITS file samples of star systems from the Astrophysics
Data System (ADS) to attempt to extract data such as spectral alterations through time. More
specifically, to determine if a star system is indeed binary through spectroscopic methods, we must
analyze the spectral changes that a star displays as a function of time. If a periodic change in
the spectral information of a star system is detected, then this serves as strong evidence that the
system being observed may be a binary star system.
We will be using the Doppler effect in order to determine the velocities, radii, and other important
information about a binary star pair. We will also take into account the plane of motion of said
binary star pair.
The sub-team is focusing heavily on finding a suitable star system to sample. Navigating the many
different sources that offer such systems is proving to be a core challenge for the group. Once a
suitable star system’s FITS file is found, the group plans to use Python to extract the necessary data
to perform spectroscopic calculations to see if the star system exhibits binary star behavior.
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