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Project: Shear Behavior of Macro-Synthetic Fiber-Reinforced Concrete  
 
Abstract:  

 Macro-Synthetic fibers are often used as a secondary reinforcement to concrete bodies, which are 
designed to control shrinkage and temperature cracks, while also improving general durability. However, 
because most other studies in fiber reinforced concrete mainly focus on steel fiber as reinforcement, not 
as much is known about the effects of macro-synthetic fiber on shear strength. Studying the effects of the 
macro-synthetic fibers will give us a better understanding of how it can be applied in concrete elements as 
well as determining if it can be used as a substitute for steel fibers, a more expensive and less sustainable 
material. Our research is focused on studying the use of a combination of macro-synthetic fibers and 
conventional deformed bars to resist shear forces. To do this, twelve panel elements (36 in × 36 in × 3in), 
representing rectangular portions of reinforced concrete beams or walls, will be subjected to in-plane 
stresses using the University of Washington’s Panel Element Tester. The independent variables of our 
experiment are the volume fraction of the macro-synthetic fibers and the transverse reinforcement ratio. 
So far, we have casted half of our panels and have tested 3 of them. From the panels we have tested we 
can that as the level of reinforcement goes up, we see a general increase in the amount of shear force the 
panels can take before failure. In the future we will cast the remaining 6 panels and test all of the 9 
remaining panels.  
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Understanding the Size Distribution of Breaking Wave Bubble
Plumes through Remote Sensing

In the ocean, breaking waves create dense plumes of bubbles below the water surface.
The bubbles generated by breaking are a significant part of air-sea interactions such as
transport of mass, energy, and heat across the ocean’s surface and produce ambient
noise. Knowledge of breaking waves and consequent bubbles has greatly increased in
recent decades, but many questions remain unanswered. In this research, we focus on
understanding the breaking wave bubble plume layer, rising bubble dynamics, and foam
formation. From past research, it is understood that larger bubbles take less time to rise
to the surface than small bubbles, so the bubble size distribution of the plume will
significantly affect how the plume behaves. However, it remains difficult to measure
bubble sizes in a breaking wave. Here, we explore a camera technique called
shadowgraphy to measure bubbles. Diffuser-generated bubbles were captured using
special lenses and lighting to record their shadows. Next, images underwent multiple
image processing steps to binarize, clean, and identify the bubbles. In addition,
experiments were carried out to quantify camera focus, gain, and resolution, necessary
for bubble size estimation. It was observed that the bubble size distribution skewed
towards smaller radii, and bubble size diversity and quantity increased with air flow.
These processes can now be applied to large-scale experiments with breaking waves to
measure breaking wave characteristics.
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INFLUENCE OF TEMPERATURE ON MUSSEL GENE EXPRESSION 

Abstract 

Mussels (Mytilus trossulus) are an important part of the local ecosystem and are exposed 

to environmental stressors including high temperature on an increasing basis. In order to better 

understand the physiological response of shellfish to stress, mussels (n=15) were exposed to high 

temperature (25C) for 24 hours and gene expression was compared with mussels (n=15) held at 

control conditions (10C)1. Mussel gill tissue was sampled, and its RNA extracted to make 

complementary DNA that underwent quantitative PCR. The results show a larger expression of 

heat shock proteins among mussels treated with heat in contrast to mussels in controlled 

conditions. The increased presence of heat induced the expression of heat shock proteins HSC70, 

HSP90, and sHSP24 within the gills of mussels while the expression of other genes GADD45, 

MT10, MT20, and SQSTM1 did not vary between the controlled and heated mussels. 

Experiments like these give insight to the impact heated environments have on the mussel 

species, especially as acute heat stresses grow more frequent around the world.  

 

                                                            
1 Steven Roberts 



 
 
Student Name: Francisco Alvarado  
Author(s): Francisco Alvarado, Andrew Laszlo, PhD 
Principal Investigators: Jens Gundlach, Andrew Laszlo  
University of Washington: Nanopore Lab  
 
Sequence dependent enzyme kinetics of SARS-CoV2 helicase nsp13  
 
   

The SARS-CoV2 genome encodes for its own highly conserved helicase, nsp13 which is 
crucial for replication of the virus. Understanding nsp13’s kinetic behavior could lead to 
potential ways of inhibition thereby preventing replication of the virus. Here using nanopore 
technology we observed that nsp13 translocated at different speeds depending on the 
sequence of DNA it walked on. This project aims to further investigate the sequence dependent 
kinetics of nsp13 using nanopore tweezers.  

In a nanopore experiment a salt solution divided into two wells is separated by a thin 
membrane. In the membrane, there is a single nanopore. A voltage applied across the 
membrane causes an ion current through the nanopore which is measured. As negatively 
charged DNA is dragged through the pore, it blocks the pore differently depending on the 
sequence allowing us to determine unique currents for individual bases. A helicase, nsp13, 
translocates along the DNA simultaneously lowering it through the pore, allowing for 
observation of the enzyme’s kinetics. In our experiment we take a previously sequenced DNA 
template and replace a Guanine with a Cytosine and compare differences in how long nsp13 
translocated on each base (dwell time). 

We found further evidence that nsp13 does have different dwell times depending on 
what base it is translocating on and more specifically in the position where Guanine was 
mutated to Cytosine, a longer dwell time followed by smaller dwell time was observed. This 
data hints at an important location in the sequence, however more data is needed to fully 
understand how this affects nsp13 kinetics.   

Nanopore technology can provide significant information regarding enzyme kinetics, 
such as sequence dependence kinetics that could help us understand nsp13’s role in vivo. 
Nsp13 sequence dependency could be further applicable as it could be used to discover a way 
to possibly inhibit SARS-CoV2 replication.   
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Characterizing genetic traits of endophytes in silico and in vitro   
 
Endophytes, microorganisms that colonize inside plants, may promote plant growth by providing 
nutrients, such as nitrogen and phosphate, defend against pathogens, produce phytohormones, and 
help plants tolerate other environmental stresses. Using endophytes to promote plant growth could 
reduce agricultural fertilizer use, a major source of nutrient pollution due to runoff. We used various 
bioinformatic tools to analyze the genomes of the endophytes Azospirillum sp. 11R-A, Herbiconiux sp. 
11R-B1, Rhizobium sp. PTD1, Rahnella aceris R10, Azotobacter beijerinck SD1, R. aceris WP5, and 
Sphingobium sp. WW5 to predict if they could fix nitrogen, solubilize phosphates, produce the 
phytohormone indole-3-acetic acid (IAA), and have antimicrobial resistance based on their genotype. 
We then tested whether those traits were observed in their phenotype. Based on their genotypes, the 
strains 11R-A, R10, SD1, and WP5 were predicted to fix nitrogen, however, only SD1 grew on nitrogen-
free agar. 11R-A, PTD1, R10, SD1, and WP5 were predicted to solubilize phosphates, but when tested on 
agar containing insoluble phosphate, only R10 and WP5 solubilized it. 11R-A, 11R-B1, and PTD1 were 
predicted to produce IAA, and a colorimetric assay using Salkowski’s reagent determined that they all 
did so in vitro. BV-BRC was used to identify which classes of antimicrobial drugs each strain is predicted 
to be resistant to based on their genotypes. This is important because the strains may be pathogenic to 
their host or other organisms. There were some discrepancies between genotypes and observed 
phenotypes, which may be because the genes weren’t under the right conditions to be expressed in 
vitro. Determining what conditions these genes are expressed in is a potential next step to see if these 
strains are good candidates for plant inoculation. Inoculating plants with plant growth-promoting 
endophytes will allow us to grow plants quickly and in harsh environments while minimizing nutrient 
pollution from fertilizer use.   
 



Understanding Ice Temperatures in Ice Streams in Antarctica and Greenland
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Abstract
Ice streams carry ice from high elevations, where it is created, downhill until it either

melts or reaches the ocean and contributes to the ongoing issue of sea level rise. This downhill

ice flow carries properties of the ice from higher elevations into other areas. Specifically

bringing with it colder temperatures that flow and spread into less cold areas. This temperature

flow has been identified previously, but it has been under-appreciated in recent studies on

ice-stream shear margins where temperatures are often modeled to be very warm and even

temperate. Measured temperatures in the same location are notably colder. One study showed

that including along-glacier heat flow could cool ice streams and shear margins considerably,

with associated shear strengthening by up to 3 times. In our research, we estimate along-glacier

heat flow to review, quantify, and compare its importance on internal glacial temperatures. We do

this by graphing surface temperature, accumulation, thickness, and velocity data from various

basins and then using linear regression to calculate their respective along-flow gradients. We find

that the along-glacier effect is highly variable between ice-stream basins and between ice sheets.

Particularly, we note that the rate of advection is strongly dependent on the ice velocity, so

fast-flowing ice streams move the most cold content down from high elevation. In Western

Greenland we find that melting along the ice-sheet margin alters the mass balance regression in a

way that may obscure our result from the true advective effect. Future work will extend to more

regions of  Antarctica and Greenland as well as alpine glacier environments. Afterwards, we will

compare the heat flow process and magnitude of advection observed to other heat transfer

processes such as heat production by friction in an ice stream shear margin.



Defect Analysis of a CCD Using Stage 6 Images

A charge coupled device (CCD) is a silicon detector with pixels that collect electrons, which

allows us to observe the behavior of ionization that shows up on the surface of the device after

the elementary particles interact with the electrons in the silicon atoms. The tracks that show up

on the device after each data collection are taken as images that can later be analyzed.

My main task was a defect analysis of images that were taken after the neutron sources were

removed. A physicist from another institution studied the same set of images previously and

determined supposed defects on the CCD. I tried different methods of defect analysis to see if our

group agreed with the results that were given to us. In total there were five methods that followed

these general steps: subtract the baseline, determine ways to represent the given defect windows

and reference, and calculate the difference between the two. A window would be proven to have a

defect if there is a significant difference between the two. For the first three methods, I plotted the

defect, reference, and the difference between the two, as well as the difference values for all of the

windows. For the fourth method, I tried reproducing the exact same plot as what was given to us

by using a different graphing feature to represent more information than the previous methods. As

for the last method, I created visual histograms for the defect windows and examined by eye to

determine if the windows were worth taking a look at.

Overall, the result was inconclusive despite the multiple methods I tried, meaning they did not

match up with the expected results that were presented to us.
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Calibration sources for monoenergetic electrons

The He6-CRES experiment at the University of Washington has a goal of searching for
signatures of new physics (beyond the Standard Model of Particle Physics) by doing precise
measurements of beta-decay spectra. The latter is accomplished using a novel method of
observing the cyclotron radiation in a magnetic trap of betas (electrons or positrons) emitted
from gaseous radioactive nuclei (like 6He and 19Ne) upon decay. The frequency of the
cyclotron radiation is related to the beta energy and the magnetic field.
In order to do tests and calibrations it is important to get monoenergetic electrons in the range of
energies of interest, from a few keV to a few MeV.  So far, the only calibration source produces
monoenergetic electrons of up to 32 keV. The aim of this project is to find appropriate calibration
sources for monoenergetic electrons to be used in the He6-CRES experiment, that can be
produced with the local accelerator. By bombarding KBr powder with a 12 MeV proton beam, we
expect to produce 79Kr and 41Ar isotopes, both of which should yield the highly needed
calibrations.
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Because of their size-dependent optoelectronic properties, nanocrystals play a significant role 
in the development of materials for a wide range of applications. Magic-sized clusters, a class of 
nanocrystals, are atomically defined and exhibit a large surface area-to-volume ratio, meaning 
their surface chemistry and ligand exchange reactions will have an even larger influence on 
their properties. While ligand exchange is commonly employed for this purpose, the principles 
governing this process are still not fully understood. Therefore, this project aims to explore how 
the addition of Lewis bases alters a CdSe cluster's ligand shell and its resulting properties. A 
known CdSe cluster was synthesized by injecting the selenium precursor (DPPSe) into the 
cadmium precursor (cadmium benzoate). The cluster was then purified, titrated with varying 
equivalences of different Lewis bases, and characterized through UV-vis absorbance 
spectroscopy and 1H-NMR spectroscopy. The resulting UV-vis spectra of the three Lewis-bases 
depict a slight increase in intensities, small shifts in energies of the absorbance maxima, and a 
sharpening of the secondary absorbance peak. The proton NMRs demonstrate sharpening of 
characteristic benzoate and amine peaks, indicating the detachment of the corresponding 
ligands. The UV-vis spectra of all three titrations exhibit no major changes in the cluster's 
structure and size, while the proton NMR spectra provide evidence of the changing 
organization of the cluster’s amine ligands. Future experiments will further distinguish between 
free and surface-bound ligands on the cluster. These findings open the door to a deeper 
understanding of how selective functionalities can be implemented in CdSe clusters. 
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1 Abstract
In the early universe, a form of matter that has not existed since a microsecond
after the big bang filled the universe. This newly discovered phase of Quantum
Chromodynamic (QCD) matter is know as the Quark-Gluon Plasma (QGP).
The QGP is the hottest and most dense material to ever exist with tempera-
tures reaching up to 10 trillion degrees Fahrenheit (100,000 times hotter than
the center of the sun). It consist of strongly interacting quarks and gluons.
Scientist have been researching the QGP to develop a better understanding of
the early universe and how the QGP eventually formed atoms, galaxies, stars,
and planets. Scientist are able to create small amounts of QGP by colliding
two heavy nuclei at the Large Hadron Collider (LHC) in Geneva, Switzerland,
and at the Relativistic Heavy-Ion Collider (RHIC), at Brookhaven National
Laboratory, on Long Island, NY. The QGP has been studied through measur-
ing energy loss and modification of high energy particles that traverse through
the medium. Many basic core predictions of jet modifications from QCD have
been confirmed. However, there continues to be loose ends (eg. unobserved
jet-modifications in small colliding systems) and it is still not completely un-
derstood. With higher statistical data from run III at the LHC and entering
an era of precision measurements, novel jet-modification observables will be re-
quired. The focus of our study was to develop a tool that allows us to explore
these observables and provide precise results. This tool was created by writing a
python script that plots and analyzes data simulated by JEWEL (Jet Evolution
With Energy Loss) and clusters jets with FastJet. The code can now easily be
modified to study any given observable in a transparent and user-friendly way.
Specifically, we compare jet-modifications in a vacuum to the presence of the
QGP using a hydrodynamic model. We present, as a proof of concept, the jet
mass and transverse momentum.

1
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Exploring The Nature of Phase Structured Light for Laser Stimulated Electron Energy
Loss Spectroscopy

By structuring the transverse spatial profile of free-space propagating
electromagnetic waves, specific and well-defined values of orbital angular momentum
can be imparted on the wave. Recent technological advances needed to prepare,
manipulate, and detect such transverse structured light waves have been adapted and
generalized to the free-space propagating electrons in an electron microscope. Such
well defined Orbital Angular Momentum states of light and electrons are called vortex
states. The objective of this research project is to combine vortex states of light with
vortex states of electrons in a scanning transmission electron microscope to
theoretically develop a new class of probes capable of resolving the global and local
polarization structure and chirality of a broad class of nanophotonic and quantum
materials with deeply sub-diffraction-limited spatial resolution.The sample is stimulated
with a laser prepared in a vortex state imparting angular momentum, such that it will
interact with the vortex electron beam when it relaxes again transferring back some
portion of that angular momentum. How are the spin and orbital components of the
angular momentum distributed in the light beam? What external parameters affect this
distribution? To this end we conducted literature review, modeled the light beam
mathematically by solving the paraxial wave equation approximation, and finally
calculating the resulting OAM and Spin Angular Momentum densities and plotting them
on the plane of interaction. It is clear that these quantities are conserved separately and
while spin does not depend on choice of origin about which the angular momentum is
calculated but the OAM can depend on the choice of origin if the integral of the
transverse momentum integral over the whole beam is non-zero.1
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Neutron Star Interface Modes at S/P-Wave Transitions
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ABSTRACT:

Observations of neutron star glitches and accelerated cooling suggest the presence
of a neutron superfluid inside the star. It has been proposed that, past a certain density,
superfluid neutron pairing will take on an anisotropic pairing pattern with an intrinsic angular
momentum. Although a similar superfluid system in the form of He-3 has been well studied,
the effects this could have in neutron stars are yet to be fully explored. Interactions between
two different neutron pairing phases might provide insight on the composition and structure
of neutron stars. We include the effects of the intrinsic angular momentum in the known
hydrodynamic oscillation equations and find numerical solutions for some of the oscillation
modes. We contrast the result to a numerical calculation for the modes of the same
perturbation equations without the new term and find that it provides a small amount of
damping of certain oscillatory modes of a neutron star.




