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Never limit yourself because 
of others' limited imagination; 
never limit others because of 

your own limited 
imagination. ! 

Mae Jemison, Astronaut 

FOREWORD 

Dear Reader, 
Thank you. By reading this journal, 

you are directly supporting the work and ideas 
of the amazing students of U.C. Berkeley’s 
Women in Science and Engineering (WiSE) 
Theme Program as well as women everywhere 
in science, technology, engineering, and 
mathematics (STEM) related fields. WiSE was 
created at U.C. Berkeley in 1999 as a place for 
female-identified undergraduate students to 
explore intersections of identity and shared 
interests in science, math, technology and 
engineering. Over the years WiSE has 
expanded from not only an affinity space for 
women in the STEM fields, but also a leader in 
the women in science and engineering 
community by organizing projects and events 
related to outreach, networking, allyship, and 
empowerment. This 1st annual academic journal 
is one of those initiatives. One student leader 
who deserves high accolades in this endeavor 
is Atrouli Chatterjee, the mentor in the WiSE 
program who initiated and managed the 
publication of this journal from start to finish to 
give a voice to the women of WiSE and an 
outreach opportunity for those who want to 
know more about Women in Science and 
Engineering. This journal could also not have 
been made possible without the help of the 
WiSE seminar facilitators, Sarah Bissonnett and 
Amrita Hazra, the program coordinators, 
Heather Lou and Roxanne Villaluz, the Theme 
Program Assistant, Imari Walker Karega, the 
other WiSE mentors, Caroline Quan, Rylee 
Hackley, and Monica Sadhu, as well as the 
2013-2014 WiSE residents. Whether you 
yourself are a woman in science and 
engineering or an ally or advocate, thank you 
again for your support of this important 
program. 

Sincerely, 
Della Duncan 

Assistant Resident Director 
(510) 642-9704 

dduncan@berkeley.edu 

A NOTE FROM THE EDITOR 

As children, every sight, every smell amazed 
us. We asked questions. We were curious. 
We were scientists. As we got older, we 
became more self-conscious, afraid to ask 
questions, afraid to step outside the box to 
think and question freely. 

Marie Curie once said, “Nothing in life is to 
be feared, it is only to be understood. Now is 
the time to understand more, so that we may 
fear less.” 

This journal aims to do just that. We have 
broken down boundaries, and given people 
the chance to research their interests and 
share their passion with others through their 
articles. Going forward, I hope that this will 
be a community where people can freely 
discuss interests, share ideas, and grow pure 
curiosity, without which knowledge is 
meaningless.  

With best regards, 
Atrouli Chatterjee 

Chemical Engineering, Class of 2015 
WiSE Theme Program Mentor 

UC Berkeley 
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Going Berzerkeley 

Marissa Lavagnino Environment 

   Living in Berkeley we are constantly made aware of our environmental footprint and the years of damage 
industrialization has inflicted on both the planet and its delicate atmospheric balance.  In recent years, the 
cross-disciplinary fields of environmental science and atmospheric chemistry have progressed significantly 
towards understanding the complex mechanisms and pathways governing our planet. Environmental research 
gives chemists and other scientists the unique opportunity for cross-discipline interaction in service of a global 
cause. 
 
   Originating in the 1970’s, the environmental 
movement used to be the domain of “hippies,” but 
since then empirical evidence supporting global 
climate has been collected, and the field has 
exploded.  Governments, including our own, are 
now encouraging scientists to study the specific 
causes of the startling shifts in our environment 
with large grants.  This field is of specific interest 
because it affects everyone; many of the unusually 
violent weather events, such as the current 
California drought and the intense winter storms 
on the East Coast, can be traced back to small 
changes in the chemical composition of the 
atmosphere. 

    Within the University of California, Berkeley 
there are research groups, such as Ron Cohen’s 
group, which deal exclusively with trying to 
understand the chemical pathways in our 
atmosphere which have previously been overlooked or ignored.  Currently they are involved in researching the 
multiple impacts NOx compounds (nitrogen monoxide NO and nitrogen dioxide NO2) are having on the 
chemistry of the lower atmosphere.  Previously, models of proposed temperature increase have not accounted 
for the impact NOx compounds have on the usual processes of carbon dioxide and ozone production.  This 
oversight has lead to incomplete or non-encompassing models of our atmosphere. The difficulty with research 
in this field is that it is so cross disciplinary that experts from almost every field of science must be employed 
to find a comprehensive solution to these issues.  
 
   Global climate change research invites a similarly global dialogue between STEM researchers of varying 
fields, becoming a fascinatingly diverse are of study, full of opportunities to improve the outlook for the 
future. 
 
 
 
 

References 
1. Cohen, Ronald C. Chem 4A Lecture on Atmospheric Chemistry. Presented at the University of California, Berkeley, 

Berkeley, California, November 15, 2013. 
!

Figure 1.  Graph showing the correlation between 
temperatures change and CO2 levels1. 
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The Geology of the Berkeley Hills 

Colleen Murphy Environment 

“The floor of the Salinas Valley, between the ranges and below the foothills, is level because this valley 

used to be the bottom of a hundred-mile inlet from the sea. The river mouth at Moss Landing was 

centuries ago the entrance to this long inland water. Once, fifty miles down the valley, my father bored a 

well. The drill came up first with topsoil and then with gravel and then with white sea sand full of shells 

and even pieces of whalebone. There were twenty feet of sand and then black earth again, and even a 

piece of redwood, that imperishable wood that does not rot. Before the inland sea the valley must have 

been a forest. And those things had happened right under our feet. And it seemed to me sometimes at 

night that I could feel both the sea and the redwood forest before it.” 

- John Steinbeck, East of Eden !

Although Steinbeck wrote this passage not about Berkeley, California but about the Salinas Valley, one 
hundred miles or so to the south, a similarly complex history is hidden in the hills of the East Bay. Each and 
every day as we travel to class, to work, to our homes, we walk past intricate processes of buildup and erosion 
occurring beneath our feet as the land morphs almost imperceptibly. The San Francisco Bay Area lies along an 

active continental margin1, leading to an unusually diverse geologic 
setting that is ideal for an introduction to the vast scope of the earth 
sciences. The Berkeley hills and the surrounding area are only small 
samples of this, but they too are rich in geologic stories. 
The first example that would spring to most minds in Berkeley when 
asked about a piece of geology close to home is the Hayward Fault. This 
is only the beginning of course, but it is certainly still worth a look. 
Oriented toward the northwest, the Hayward fault runs straight through 
the center of UC Berkeley’s Memorial Stadium, tracing a path along the 
foot of the East Bay Hills (Figure 1). This is not a coincidence. The 
hills were in fact created by the presence of the fault, at least in part. 
Like its fellow members of the San Andreas Fault system, the Hayward 
Fault is a right-lateral transform (strike-slip) fault. In their most 
simplified textbook form, transform faults move past each other with 

neither side moving up or down significantly (in contrast to normal 
and reverse faults).  However, the natural world is rarely as simplistic 
as textbook diagrams make it out to be. Because of various kinks and 
turns in the path of the fault, compressive forces have conspired to 

deform the land and raise the hills to the height that we know today. The other major cause of the deformation 
is the subduction1 of the Pacific Plate beneath the North American Plate. Unfortunately, the Hayward Fault is 
not only a friendly, local mountain-builder. The last major earthquake along the fault was an estimated 6.8 
earthquake on the Richter magnitude scale in 1868 that cost San Francisco $350,000 in damages (1). There 
have been no major ruptures since then, so we are about due for a big one. Estimates indicate that it should 
come some time in the next thirty years. 

Aside from the obvious earthquake risk, Berkeley residents and officials should also be aware that many 
portions of the city of Berkeley are built on slow-moving landslides. Your front yard today could be your 
neighbor’s front yard tomorrow. This is an exaggeration of course, but many of the buildings we live and work 
in are in fact slumping continually downhill under the force of gravity. This is a minor annoyance in terms of 
structural concerns, but when combined with a major earthquake, the landslide hazard grows exponentially. 
An examination of landslide hazard maps indicates that the highest risk areas are almost entirely concentrated 
along the Hayward fault line. The shaking from a major earthquake such as in 1868 could drastically 
accelerate the speed of these slides and cause significant damage. The fact that these slides occur also reveals 
that the soil on which we stand and build is relatively unconsolidated, putting it at high risk for liquefaction1 
when the big earthquake comes. The consequences of the soil on which we build our homes suddenly turning 

Figure 1 An image from the USGS 
outlining the Hayward Fault across the 
Bay Area.!
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to liquid are neither pretty nor cheap. The area near the Berkeley Marina is particularly at risk for liquefaction 
due to the high water content.  

Not all of geology is doom and gloom however. A significant portion of study in the earth sciences is in 
fact driven by simple curiosity, a desire to discover where the world around us came from and where it might 
be going next. As mentioned before, the San Francisco Bay Area lies along a subduction zone (the Pacific 
Plate is gradually sliding beneath the North American Plate1). Because of this, much of California is built from 
accreted terrane (material scraped off the top of the subducting plate). In fact, according to a report on the 
geology of the San Francisco Bay region from the U.S. Geological Survey, “at the end of the Paleozoic1, the 
western edge of the North American continent was near the Nevada/California border region (3).” Through a 
combination of material scraped from the subducting plate and material eroded from the already existing 
continental landmass and carried to the West Coast, the region of California grew to what we know it as today. 

The growth of the North American continent has not been the only 
noteworthy consequence of subduction. Whenever an oceanic plate 
subducts beneath a continental plate, seawater gets dragged down with 
it. As it encounters increasing temperatures in Earth’s interior, the 
water heats up and begins to rise in to the continental landmass now 
above. The introduction of water lowers the melting point of the 
continental rocks, allowing them to melt into magma. This magma then 
rises to the surface, forming volcanoes. Our modern Cascade Range, a 
belt of mostly inactive volcanoes dotting the Pacific Northwest, formed 
this way.  A similar process also occurred on a smaller scale in the San 
Francisco Bay Area, forming the region that is now the Sibley Volcanic 
Regional Preserve, located between fifteen and twenty minutes 
southeast of the UC Berkeley Campus (4). Although the volcano there 
is no longer active, evidence of past eruptions can be seen in deposits 
of rhyolitic tuff, a light, porous rock made from consolidation of 
volcanic ash that is granitic in composition, up in the Berkeley Hills 
(Figure 2). There are all kinds of wonders hidden in our backyard if we 
take the time to look. The geology described here is only a small 
sample of the variety found in the Bay Area. A more extensive 
detailing would require many, many more pages (the U.S. Geological 
Survey report on the matter took 64 pages and even that left many 
topics out). However, even this limited taste should be enough to 
remind the reader of two very important things. First, the area around 
us is constantly changing, and sometimes that change will be too big to 
ignore. When the earthquake comes, it will be big. It will be 
destructive. It will be deadly. But we can prepare for it and minimize the damage as much as possible. Even 
now, buildings all around Berkeley are being retrofitted to survive the next big quake. We will not be caught 
unaware. The second message I hope the reader will take away from this article is this: the world around us is 
filled with fascinating processes and a rich history waiting to be appreciated as soon as we stop for a closer 
look. 
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Figure 2 Photograph taken on a field 
trip for the UC Berkeley EPS 50 
course. The image depicts rhyolitic 
tuff from the Moraga formation. 
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“Drowning” Daytona Beach: A Case Study 

Stephanie Pardell Environment 

    As explained in the published article Erosion in Florida: A Shore Thing, the rising sea levels are causing irreparable 
damage to the Florida coastline, and without our intervention these pretty beaches will be all but gone (Thies, et al 2008). 
This report by three students at the University of Delaware goes on to examine the various effects that are causing sea 
level change and the ultimate disintegration of our East Coast beaches. Unfortunately the complete disappearance of our 
continental beaches, an idea that seems more like the plot of an environmentally conscious movie than a real possibility, 
is already in the early stages of loss, exemplified in the problems facing Daytona. 

    Daytona Beach is found on the eastern coast of Florida is facing much 
erosion as a result of the rising sea level. The features of a depositional shore 
are a result of their position on a passive coast of a continent, meaning that 
there is little to no plate tectonic activity that is shaping the east coast. This 
also means that the plate close to the shore is extremely flat and homogenous, 
as seen in Figure 1. Although sediment is still being fed to these beaches, 
erosion is still a major problem that they have to face (Trujillo and Thurman 
295). The composition of the sand of Daytona is very different from other 
coasts as a result of their origins- while the west coast’s sand nourishment is 
usually derived from the continental erosion, beaches on Florida’s coast get 
much of their sand from the tests and eroded shells of marine organisms 
(Hadhazy 2013). But like its neighbors, Daytona is in danger because of sea 
level rise, as explained in an official Department of Environmental Protection 
report, stating that the area is critically eroded and is currently threatened by 
developmental and recreational activities (DEP 2012). The loss of beach is a 
direct result of the rising sea level that is plaguing much of the coast. In these 
ways Daytona Beach is much the typical beach of its area. 
    Like much of the east coast, Daytona has a well-developed barrier island 
parallel to its coast. As explained in Essentials of Oceanography, seasonal 

variation affects the width and the stability of these sand bars, with low-energy waves depositing sediment to the bar in 
the summer and high-energy waves eroding in the winter (Trujillo and Thurman 300). The authors go on to relate, 
however, that the sea level rise we are currently experiencing is making erosion of the bars accelerate and is proceeding in 
moving them landward. Additionally, it adds that because of their attractiveness for settlement in their proximity to the 
water, buildings are continually being built on the packed sand and no heed is given to the approaching rise in sea level or 
the movement of the sand beneath the structures. Those building on the barrier islands show little thought as to the future 
of their establishments- much like those on the west coast who build on the erosional marine terraces (the incredibly 
unstable shelves of land that are characteristic of California coast landscapes) for the view of the ocean. Barrier islands 
are important in their formation as defense against high-energy storm waves, but some of its effectiveness is reduced 
when development occurs there (Freudenrich 2012). Because there has been extensive expansion of construction on the 
Daytona barrier island, it has been made vulnerable to storms and has put much of the development in danger of being 
lost to the ocean. Daytona’s barrier island reflects the problems facing many others on the coast of increasing erosion and 
construction. 
    Daytona Beach is rife with the lures of most east coast beaches- warm water, white sand with a large, developed barrier 
island, and fun diversions for tourists. But the ruin that human intervention has already caused has wreaked havoc on 
much of the local ecosystem. Although people are working very hard to stabilize communities for these local inhabitants, 
there are still substantial forces that continue to make progress difficult, such as the now nearly uncontrollable sea level 
rise. The problems illuminated in the threat to Daytona bring to light the fact that action must be taken to defend the areas 
in danger as a result of human tampering and progress, imparting a better sense of responsibility on a world in which we 
have so much influence. 

References 
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Figure 1 Shaded Relief of Daytona Beach 
(Taylor, et al. 2007) 
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How Oceans Affect our Climate 

Imari Walker Environment 

Oceans account for more than half of Earth’s surface, but is understood the least in the field of science. Over 
half the world’s population lives in coastal areas and depends on the ocean for transportation, food, and 
recreation. The ocean also provides half of the world’s oxygen due to the inhabitants that photosynthesize 
carbon dioxide. In relation to our climate, the ocean is affected by our atmosphere and the sun. Oceans are a 
huge part of the carbon cycle and may help us reduce our carbon footprint, thereby reducing the effects of 
global warming. 

As we increase our carbon dioxide levels the greenhouse gas 
warms our atmosphere faster than the earth can reradiate it back 
into our solar system. Water’s amazing ability to contain a high 
heat capacity as a fluid enables big bodies of water, like the 
ocean, to absorb the solar radiation from our sun. This property 
is so important because it stops earth from overheating. Not only 
does the ocean absorb heat, but it also evenly distributes it 
through ocean currents which drive wind patterns. The 
circulation of currents is driven by the deep water in the ocean 
called bottom water. Bottom water is water that is formed in the 
North Atlantic Ocean that became saltier through the freezing 
process that makes glaciers. This brine is colder and saltier than 
normal ocean water, and since it is denser, it sinks into the deep 
water and mixes. This water is what causes the circulation of 
currents through the rest of the oceans. “Without currents, 
regional temperatures would be more extreme—super hot at the 

equator and frigid toward the poles—and much less of Earth’s 
land would be habitable (NOAA)”. As global warming comes 
into effect, our glaciers are melting, water is rising, and it has 
been found that our deep ocean is warming up. These changes 

will cause unknown havoc on how we live and survive. 

Studying the effects global warming will have on our oceans is an important question and can help influence 
the routes taken to reverse the damage that humans have already done. Oceans act as a major carbon sink that 
stores much of our carbon that comes through the atmosphere in its water and utilizes photosynthesis from its 
plants to convert the carbon dioxide (Figure 1). Even though the ocean holds about 90% of our carbon, it can 
only do so much to store the increase of carbon that has been released through emissions from humans. An 
example of work done in this area is Professor Jim Bishop at the University of California, Berkeley who 
recently created a machine to measure the carbon levels in the ocean. This machine will help us to track the 
changes in the ocean of the levels of total carbon. This way can accurately predict when the ocean has reached 
its capacity of carbon. The disadvantages of this are that we have no idea what the ocean will do when we 
reach the peak of carbon levels due to global warming. Therefore it is ultimately important that research 
continues in area of ocean science in order to create an accurate timeline for when carbon levels on earth have 
hit their climax. If scientists can find a new way to sequester added carbon in the ocean past its point of 
saturation, then perhaps we can add more time to solving our carbon emissions crisis. 

References!
1.!National!Oceanic!and!Atmospheric!Administration.!!http://oceanexplorer.noaa.gov/facts/climate.html!(accessed!Feb.!01,!!

2014)!
2.!Live!Science.!http://www.livescience.com/32354IwhatIisIaIcarbonIsink.html!(accessed!Feb.!08,!2014)!
 

Figure 2 Climate cycle in relation to the Ocean  
http://earthobservatory.nasa.gov/Features/Ocea
nClimate/ocean-atmos_chem.php 
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Carbon Capture and Sequestration 

Jesika Barmanbek Environment 

As the impact of carbon emissions becomes increasingly detrimental to Earth’s environment, many have 
looked toward the technology of carbon capture systems to reduce the emissions of the power plants we rely 
on for energy. Coal-fired power plants have been the main culprit because coal generates the most emissions 
of any fossil fuel source, while being one of the most common fuels used in the US today [1] . Alarmingly, 
carbon dioxide can build up and remain in the atmosphere for 50 to  

200 years.[2]  The excess carbon dioxide that has accumulated poses risks of global warming by the greenhouse 
effect and threatens biological life with ocean acidification. More specifically, the average temperature of the 
Earth has already increased by 1.4 degrees Fahrenheit, leading to more severe storms, massive floods, and 
increases in tropical cyclone activity[3]. The amount of heat that the ocean stores has also increased, affecting 
the temperature of the sea surface, as well as sea levels and currents. In addition, the size of the Arctic Sea Ice 
has shrunk significantly, declining 49% below a 1979-2000 average.[4]  

The process of carbon capture separates carbon dioxide from the flue gas (or exhaust) produced by burning 
coal, and then compresses that carbon dioxide in order to transport it to a site where it can be buried 
underground. There are two places where carbon dioxide can be stored: underground (known as geological 
sequestration), or underwater (known as oceanic carbon storage).  In order to prevent leakage, the carbon 
dioxide is buried more than a mile underground.[6] Layers of porous rock and other formations function as a 
seal over the compressed carbon dioxide, keeping the gas from returning to the atmosphere, and eventually 
transforming it into limestone.  
 
Carbon capture systems are especially relevant today because of the new restrictions on carbon dioxide 
pollution that were imposed in the US on September 20, 2013.  The regulations allow fossil-fueled power 
plants the options of limiting carbon dioxide emissions to 1,100 lb. CO2/MWh gross over a 12-operating 
month period or 1,000-1,050 lb. CO2/MWh gross over a 7-year-operating period.[5]   This means that many 
coal-fired power plants must implement carbon capture systems or improve systems already in place. 

Although carbon capture can reduce greenhouse gas emissions, it is not a permanent energy solution.  Carbon 
capture is only a way to make current use of limited fossil fuels “cleaner”.  It is also important to note that 
carbon capture systems do not remove all of the CO2 from flue gas, but only a certain percentage; even the best 
systems release at least 10% of the CO2 in the flue gas into the atmosphere because the cost of removing 100% 
of the CO2 is too great to be practical [7]. The implementation of carbon capture and sequestration systems is a 
short-term improvement to combat rising greenhouse gas emissions, but what is ultimately needed is a 
transition from fossil fuels to green energies. 
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Piece by Piece: The Many Energies of the Future 

Daryl Barth Environment 

   Currently, our world consumes over 500 quadrillion BTUs1* of energy that is fed mainly by the dwindling 
reserves of nonrenewable resources: coal, oil2, and natural gas. This makes renewable energy an extremely 
pertinent field of research. As the increasingly more apparent and disastrous effects of climate change render 
this phenomenon more difficult to ignore, our energy consumption increases, and we are unable to ignore how 
and with what we will ameliorate these environmental hazards. This not only calls into question the 
sustainability of our present lifestyles but also the feasability of retaining such comforts. While research into 
the different ways of harnessing and manufacturing energy has had relative success, the viability of many 
types of renewable energy resources is hampered by inadequate battery technology. The sun only shines for 
half of the day, if that, and solar panel systems are generally only 33% efficient, thus there is a huge gap 
between the amount of energy generated and the amount we are able to store.3 Since the demand for the 

creation of new battery technologies compatible with 
renewable sources of energy is relatively new, an industry 
standard has yet to be firmly established and thus creativity 
abounds. Already, the different approaches to creating 
batteries that are more efficient and radically different than 
other batteries has generated fascinating prototypes including 
nanofiber-steeped conducting fabrics4, water electrolysis5, 
and bacteria-powered batteries6, just to name a few. Aside 
from its sustainable aspect, the improvement and creativity of 
battery technology occurring right now will enhance the 
efficiency, specificity, and viability of using batteries 
worldwide and in doing so make the prospects of relying 
more heavily on renewable energy resources a reality.  
  
  This field of science seems to be moving towards the 
optimization of lithium batteries as an “industry fix” for pre-
existing infrastructure; however, it is also leaning towards 
aggregating many specific, autonomous, micro-solutions to 
create a sufficient flow of energy as well as provide for those 
currently “off the grid”. There is a social enterprise 

company—Biolite6—that has created a cook stove (see Figure 1) that uses the waste smoke produced from 
burning foliage to create electrical energy to charge devices. 
This cuts down on the inhalation of the smoke by the person 
cooking as well as providing them with extra energy! Basically, 
you can charge your phone by fire. ‘Nuff said. Recently, 
researchers at Harvard University have created and implemented 
several protoypes of bacteria powered batteries capable of 
producing enough charge to power low-wattage light bulbs.7 
Housed within a plastic bucket (see Figure 2), the electricity is 
generated by the decomposition of matter via bacteria present in 
manure. Barring the discovery of a new source of energy or a 
novel way of extracting it, a “silver bullet” solution to our 
current energy predicament is not likely; however, this study 
provides a great example of how we can harness energy through 
many different venues, instead of relying on a yet-to-be created 
technology. This improved battery technology will make 
renewable energy a reality for everyone, which will not only 
reduce our dependence on the rapidly dwindling sources of 
petroleum, coal, and natural gas but also allow us to preserve the 

Figure 1 BioLite Homestove Schematic: 
http://www.biolitestove.com/homestove/overview/ 
 

Figure'2'A!Bacteria!Battery:!
http://inhabitat.com/harvardIscientistsIcreateI

dirtIpoweredIbacteriaIbatteries/!
!
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health of our planet. 
 
   Immense amounts of energy surround us, we even produce quite a bit of it ourselves. Imagine if we could 
harness even a fraction of the energy expended by Berkeley citizens each day at the gym, or walking around. 
Imagine if we could harness the waste energy produced by metabolic reactions. Imagine if we could 
effectively store the energy produced by solar panels. There are ways of making our world of energy much 
more efficient, diverse, effective, and sustainable—we just need to create it.  
 
 
 
 
 
 

References 
1. U.S. Energy Information Administration. International Energy Outlook 2013. http://www.eia.gov/forecasts/ieo/ 
(accessed Jan 31, 2014). 
2. Energy BC. A Brief History of Energy Use. http://www.energybc.ca/matters/historyofenergyuse.html (accessed Jan 31, 
2014). 
3. U.S. Department of Energy. Own Your Power!. http://www.nrel.gov/learning/pdfs/43844.pdf (accessed Feb 8, 2014). 
4. Yi Cui Lab. Home Page: Energy Storage. http://www.stanford.edu/group/cui_group/research.htm (accessed Feb 1, 
2014). 
5. Energy Quest. Science Projects: H2O Electrolysis. http://www.energyquest.ca.gov/projects/split_h2o.html (accessed 
Feb 1, 2014). 
6. Goodier, Rob. “Dirt Batteries: Microbial Fuel Cells in Africa”. Engineering for Change. 
https://www.engineeringforchange.org/news/2010/09/20/dirt_batteries_microbial_fuel_cells_in_africa.html (accessed 
Dec 19, 2013). 
7. BioLiteTMEnergy Everywhere. HomeStove Overview. http://www.biolitestove.com/ (accessed Dec 15, 2013). 
8. Alternative Energy News. Battery Technology: News and Information about Batteries and Energy Storage Technology. 
http://www.alternative-energy-news.info/technology/battery-power/ (accessed Dec 19, 2013). 



! 9!

Geothermal Energy: Clean Energy from Earth’s Heart 

Ashley Yin Environment 

    Geothermal Energy is heat energy from the Earth’s core. Core temperatures can reach up to 7,600 °F1, 
temperature hot enough to melt rock. Evidence of geothermal energy is seen in phenomena such as volcanoes, 
geysers, and hot springs. The rate of energy loss from the Earth’s surface is around 40-50 TW per year.2 This 
energy, if it could be fully utilized, is enough to meet the entire world’s electricity demand 20 times over. 
Although only about 0.5% of geothermal energy can realistically be utilized2, geothermal energy remains a 
significant source of renewable energy that is valued for both its current contribution to lowering electricity 
demand and producing electricity and its future potential as a zero carbon energy source that will help put an 
end to the negative consequences of climate change. 

 
    There are three main methods of geothermal energy utilization: direct use, heat pumps, and power plants. 
Direct use involves directly taking and using geothermally heated water from the ground, and using heat from 
that water for tasks such as heating buildings, de-icing roads, or drying crops.3 Heat pumps are used as 
temperature control mechanisms in places that experience extreme temperatures, but have relatively moderate, 
steady ground temperatures just a few feet below the Earth’s surface. Water or antifreeze is circulated through 
a pipe between the ground and the ventilation system of a building, transferring heat from the ground into the 
building in the winter, and from the building to the ground during the summer.3 Power plants are used to 
convert heat energy from geothermally heated water into electricity which can then be sent to homes to be 

used for a variety of appliances. 
Generally, these power plants pump hot 
water from underground reservoirs, then 
use the heat energy from the water to 
vaporize either water or a substance with a 
lower boiling point. The vapor is used to 
run turbines which are connected to 
electricity generators which then produce 
electricity to be used in homes and other 
buildings.4  
 
   Geothermal power plants currently 
account for 0.37%2,5 of the total global 
electricity production with a global 
installed capacity of around 11,224.3 
MW.6 Because they can only be built 
where there are hot water reservoirs 

relatively close to the Earth’s surface, geothermal power plants are currently used in only 24 countries.4,6 
However, geothermal electricity production is expected to expand significantly in the future with planned or 
ongoing geothermal power plant construction in 46 countries and a projected 2015 global capacity of 18,500 
MW.5 

 

   There are both advantages and disadvantages to geothermal power plant electricity production. Advantages 
include low carbon dioxide gas emissions, its regularity and predictability, its high capacity factor, meaning 
that it operates frequently at optimum efficiency, its competitive cost (cheaper than all other types of 
electricity generation except natural gas), and its large expansion potential.2 Disadvantages include the 
limitation of geologically suitable locations, the incomplete renewability of open-system power plants (it is 
possible to deplete hot water reservoirs if vapor is lost to the air), induced seismicity, and the high cost of 
exploiting geothermal energy’s future potential, which would require extensive investment in R&D of new 
technologies to enable geothermal power plant construction under a broader range of geological conditions and 
thus in more locations.2,7 

Figure 17 Greenhouse gas emissions of various electricity production 
technologies 
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    On a basic level, geothermal energy is important as a renewable energy source that can help meet the rising 
demand for energy that is a result of the growing global population. Another, perhaps less obvious, reason we 
should care about geothermal energy is because of its potential to reduce the carbon footprint of power plants. 
The accumulation of greenhouse gases in the atmosphere has caused global climate changes. These changes 
include, but are not limited to, increased average global temperatures, increased precipitation, and rises in sea 
level. These climate changes have in turn had negative consequences on both humans and the environment, 
like increased frequency of destructive flooding and animal depopulation.8 Using energy sources like those 
displayed on the right of Figure 2 below, which produce tremendously lower amounts of carbon dioxide 
emissions than fossil fuel sources, can significantly reduce the amount of carbon dioxide we release into the 
atmosphere and put an end to the harmful effects of climate change. For these reasons, much research is 
currently underway for the expansion of geothermal energy technologies and other alternative energy sources 
in the hopes that these technologies will help protect our planet and defend the livelihoods of future 
generations.  
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  “A cosmic mystery of immense proportions, once seemingly on the verge 
of solution, has deepened and left astronomers and astrophysicists more 
baffled than ever. The crux … is that the vast majority of the mass of the 
universe seems to be missing.” This was said by William J. Broad in 1984 
and it still holds true today. The missing mass of the universe is currently 
explained by Dark Matter. While the composition of Dark Matter is still 
unknown, it is theorized that it may include little known particles such as 
neutrinos, exotic elementary particles (WIMPs, axions), and clouds of 
nonluminous gas. Hopefully, more extensive research can give us the 
knowledge of what exactly Dark Matter is and the answer to one of the 
great mysteries in the universe.  
 
    The biggest issue at hand is that Dark Matter does not emit nor absorb 
light. In fact it does not interact with any form of electromagnetic radiation 
making it impossible to directly detect it. Then how do scientists know it 
exists if they can’t see or feel it? Although we can’t interact with Dark 
Matter, it still has other indirect effects on the visible universe that are 
studied by scientists today. 
 
    There are currently three main pieces of evidence that support the 
existence of Dark Matter, which all show that our prediction of mass of our 
universe are vastly understated. 
 
When astronomers observed galaxies in the 1950s, they expected to see the 
stars at the edge of the galaxy to move at a slower speed than those at the 
centre of the galaxy due to the Newtonian gravitational effects. However, 
they discovered that all the stars actually travelled at the same speed. This 
implied that either Newtonian physics was incorrect or the galaxy was 
more massive than it looked. 
 
    Gravitational Lensing is the curving of light around massive objects (like 
galaxies) in the universe. The more the light bends, the more massive the 
object is. Astronomers measure this bending of light around distant 
galaxies and predict the mass of them. They then compare these results 
with previous predictions of mass based on the amount and intensity of 
light given off of by the galaxy. The old predictions for the mass of the 
galaxies were much lower than those predicted using the effects of 
gravitational lensing. 
 
    Most galaxies are surrounded by a layer hot gas, and this gas stays in 
place due to the pressure that it has. The Chandra X-Ray observatory can 
measure the pressure of the gas and gives us a surprising answer. 
Astronomers discovered that there was much more pressure on the gas in 
relation to the mass of the galaxy. With the proportion of pressure to mass, 
the gas should have actually drifted off into space: there was simply not 
enough gravity created by the galaxy, unless there was more mass in the 
galaxy than originally thought. 
 
   These three experiments show strong indications of the presence of Dark 

Mysteries of the Cosmos: Dark Matter 

Meghna Rajendran Physics 

Figure 1 3D distribution of Dark 
Matter in the universe 
http://www.esa.int/spaceinimages/
Images/2007/01/3D_distribution_
of_dark_matter_in_the_Universe 

Figure 2 Composition of the 
Universe 
http://en.wikipedia.org/wiki/File:0809
98_Universe_Content_240_after_Plan
ck.jpg 
!
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Matter. Shown in Figure 2, scientists predict that 13.7 billion years ago over 60% of the universe was Dark 
Matter. While that amount is less today, it has been overtaken by Dark Energy – another cosmic mystery. How 
is it that about 95% of the universe is made of a substance we know very little about?!
 
    Even though we are in the dark about Dark Matter, its presence completely changes our perception 
of the universe. The inclusion of Dark Matter in the calculations of the mass of the universe alters 
many aspects. The amount of mass in the universe is directly proportional to the gravity and changes 
in the gravitational effect changes the fate of the universe. Will our universe continue expanding for 
ever, will it collapse in on itself, or will it slow down and approach a constant size? Understanding 
Dark Matter can also give us a more accurate account of the history of our universe. 
 
    Dark matter is the first key step to understanding the world around us. It is truly one among the 
some of the most intriguing problems in modern physics and determining the nature of this missing 
mass is a great mystery in astronomy and physics. 
 
    “This is what science is all about: getting thrown a curveball by Nature and plunging in to find out 
what’s going on.” – Andreas Albrecht 
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 In 1929, Edwin Hubble looked up at the sky, and discovered that 
the universe is expanding. You can find that text in any college astronomy 
textbook today, but just imagine for a second how bizarre, and how 
frightening that must have appeared: taking careful measurements of 
hundreds of galaxies in what we thought was a relatively stable night sky 
and finding that they appeared to all be running away from Earth as fast as 
they could, with ones further away receding even faster. But, in reality, they aren’t running away from us: we 
are all running away from each other, space expanding between every gravitationally-bound cluster of 
galaxies.  
 Astronomers looked at this fact and realized that there must have been a starting point of this 
expansion, and when they traced it back, they discovered that there had to have been a Big Bang some 13.7 
billion years prior. That was all well and good, but humanity not only has a fascination with beginnings, but 
also a fascination with endings, such that we cannot bear to leave a good story unfinished. This led us to ask 
the question, “What will happen to the universe long after we’re dead and gone?” Will it expand forever, 
flying slowly apart until all of the light is gone from every night sky? Or will gravity eventually win out, 
slowing down the expansion and inexorably pulling everything that exists back into a single point, into a giant 
“Big Crunch?” Traditional physics would assume that the latter is true: there was an outward force applied at 
the Big Bang, and ever since then, the inward force, gravity, has been working against it, and, without 
competition, will eventually prevail. The observation of an expanding universe that would recollapse made 
sense: we are observing at a time close enough to the Big Bang that we still see ourselves “coasting” outward, 
and should be decelerating slowly.  
 But in 1998, when astronomers finally had the technology and the data to determine how much the 
expansion was slowing down, they were shocked at their results. Answer: the expansion isn’t slowing down at 
all. In fact, it’s speeding up. 
 Scientists labeled this mysterious accelerating force “dark energy”, and upon further calculation, they 
realized that roughly 70% of the mass-energy in the universe is contained in this mystery force. It leads to the 
rather startling conclusion that the universe that we can see is just a façade on the front of the universe as a 
whole. This obviously leads to the burning question: “What is dark energy?” The short answer is: “We have no 
idea.” There is no force in our current model of physics that accounts for this accelerating expansion. There 
are, however, a few theories as to what could possibly be happening. 
 Possibility #1: Dark energy is an inherent property of space. This is the most popular of the current 
theories, because it fits the data very well. Space is expanding, there is energy inherent in every part of space, 
ergo the more time that goes by, the more space you have, and the more total energy you have: expansion 
speeds up. Einstein even created a theory of gravity with a “cosmological constant” in it: a theory that only 
works if empty space has energy. This sounds like the perfect solution, but unfortunately, it still doesn’t 
answer the important questions. What is this energy doing there, how does it fit into our current view of 
physics, where does it come from, and why does it exist at the value we observe? More troubling, the 
equations only work if the “dark energy equation of state parameter”, represented as w, is -1. As of October 
2013, our best data is giving us a value of -1.2, which in physics, just isn’t good enough. Only time will tell 
whether the issue lies in the theory or the data.  
 Possibility #2: Temporary particles impart energy to otherwise “empty” space. Quantum theory allows 
for temporary particles to appear and disappear at will (one of the many nonsensical things about one of the 
most successful theories in all of physics), so perhaps these “now you see them, now you don’t” particles are 
an intrinsic property of space. Using the same logic as before, there would be more energy the more space you 
have. However, you can actually calculate the effect this would have and you get a number that is 10120 times 
too large: wrong by 120 orders of magnitude. However, there is another take on the theory: the Higgs boson 
could be involved. There was a paper released in August 2013 that argued that a tangled combination of the 
now-famous Higgs boson and other speculated-to- exist, equally tiny particles could result in another 
background field (like the Higgs field) that would be give an estimate in the same ballpark as the observed 
value. 

Dark Energy: One of the Greatest Unsolved Mysteries in the Universe 

Physics Sofia Sheikh 
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 Possibility #3: The expansion is caused by some kind of energy or 
field that has the opposite effect of normal matter. In essence, this theory 
says that space is full of some kind of “anti-gravity” that pushes matter 
apart as gravity tries to pull it together. This sounds nice, but does not 
really give us an answer. What is it, where is it, and most importantly, why 
is it there? 
 Possibility #4: Physics is wrong. This has happened enough in the 
past that it almost seems like the most likely option. Einstein’s theory of 
gravity works perfectly for predicting everything else, but fails 
spectacularly to account for dark matter and dark energy. Why are our 
values wrong? Phantom matter and energy seem the tiniest bit arbitrary when you consider the abandoned 
theories of the past. The “dark” phenomena, especially dark energy, could easily be patches that scientists are 
slapping on the sinking lifeboat of current physical theories. Some mathematical fixes have been proposed, 
reasonable to outlandish-sounding, anything from accounting for the fact that mass-energy is actually not 
conserved within normal matter (but is once you account for dark matter and dark energy), to realizing that 
there may be an “existence energy” derived from special relativity that galaxies collect the longer they exist. 
 So where are we now? Currently, data collection is key: the more precise our numbers, the more likely 
we can see a pattern or a connection and the better our predictive models will be. The five-year Dark Energy 
Survey, started a little over a year ago, is going to work on this data collection by observing amazingly far 
away astronomical objects at the Blanco four-meter telescope in Chile.  If you search “dark energy” on the 
Cornell University archive, you find thousands of results on the theories that do not make the front page news: 
maybe dark energy is explained by modifying the Friedmann equation to correct for extra dimensions, or by a 
universe filled with a Chaplygin gas. We are finding evidence for dark energy in the cosmic microwave 
background, and finding mathematical possibilities that dark energy could one day turn negative and give us a 
Big Crunch after all. So while many call dark energy one of the greatest unsolved mysteries in physics, 
hopefully, within the next few decades, it won’t be unsolved anymore. 
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Python 

Tulika Jain Computer Science 

Python is a very important language in the world of computer science and a good place to start 
learning computer science. If you’re a student and a computer science major, it’s important to learn Python to 
pass your computer science class. If you are interested in computer science, and things like web development, 
then Python is a very useful language to know. Some people using Python right now work in companies like 
Google, CERN, and NASA.  

Python was developed in the late 1980s by a Dutchman named Guida van Rossum2 and was in use by 
1989. Python was based off of many languages, including the programming languages ABC, Lisp, Perl, and 
Java. Python has been used in many different ways and is an essential part in many frameworks. The following 
are popular python-based frameworks, which are essentially templates that can be modified to provide 
application specific software. 

One very popular framework that uses Python is called Django4. Django enables its users to build web 
applications quickly and effectively, resulting in websites that are clean. Python is used throughout Django, 
including in settings, files, and data models. Python helps implement a user interface (which means that the 
user is allowed to click on a button, for example, and the act of clicking on the button will cause a reaction).  
Examples of websites that use Django are Instagram and the Onion.  

CherryPy5 is another framework that is object-oriented and uses Python. CherryPy lets users who are 
familiar with Python to build websites relatively easily. It is 
very effective and is currently being used in multiple sites. 
Products that were based on CherryPy include Papyrus 
Research. 

Flask6 is yet another framework that uses Python to 
make websites. Flask is relatively easy to set up, has a built-
in development server, and, among many other things, is 
extensively documented, which means that flask is relatively 
easier to debug, since a lot of information is available for 
help in troubleshooting flask. One fairly popular website 
that uses flask is Learn Buffet.! 

One useful use of Python in the very near future 
(and also starting to be used currently) is in the field of 
artificial intelligence. Artificial intelligence is developing 

rapidly, and Python is helping artificial intelligence flourish and become more useful. Python’s usage has been 
increasing in popularity over the years, and is being used to program more and more software. Also, once you 
know Python, java and C++ aren’t that much harder to learn, two of the many languages used to program 
Watson9, a famous artificial intelligence (AI) system that can play jeopardy and win (see Figure 1)! Watson’s 
software is now being distributed into many fields, including health care. Perhaps one day there will be an AI 
system that helps doctors diagnose and take care of their patients.  
!
!
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Widen the Vision of Computers 

Chuqian Li Computer Science 

    Computer vision? You mean the fancy 3D pictures and 
animations created by the computer? Nope. Those are is 
computer graphics, which translates a computer's data to 
graphics that people can understand. Computer vision, 
inversely, enables computers to understand human's world 
(Figure1). 
     More specifically, computer vision is algorithms for 
extracting and analyzing images and other high-
dimensional data from the real world to produce numerical 
models. Some of these algorithms include image 
processing, object tracking and facial recognition. 
Computer vision is actually not a brand-new topic. Some 
of the earliest computer vision systems are 
industrial machine-vision systems like those that inspect 
the product quality on a production line. 
 
    One well-known example of computer vision is the 
Google Driverless Car project (Figure2). Google 
Driverless Cars are equipped with a LIDAR (laser radar) 
system that can generate a detailed 3D map and combine 
them with high-resolutions maps of the world1. The 
algorithms of computer vision also help the cars to tell 
pedestrians from other cars and detect traffic lights.  
More specifically, computer vision is algorithms for 

extracting and analyzing images and other high-
dimensional data from the real world to produce 
numerical models. Some of these algorithms include 
image processing, object tracking and facial recognition. 
Computer vision is actually not a brand-new topic. Some 
of the earliest computer vision systems are 
industrial machine-vision systems like those that inspect 
the product quality on a production line. 
 
    In criminal and security systems, facial recognition 
(matching a person based on image or video with the 
information stored in a database) helps to solve crimes. 
UK police use an "electronic sketch artist" system 
created by professor at the university of Kent. The 
system gives witnesses to select best and worst matches 

from a group of faces without breaking the pictures into component parts and "learns" about the face and 
display corresponding options. Facial recognition will be a key part of FBI's $1 billion Next Generation 
Identification project, which extends the current fingerprint identification system for looking up subjects' 
criminal history. The project also includes iris recognition that "reads" people's eyes2. 
 
     In medicine, there is a group of computer scientist recently working on detecting autism in young children 
earlier and more economically by analyzing the patterns of children's behaviors with computer vision3.  
 
  
 

Figure2 The difference between computer vision and 
computer graphics 

http://aboutintelligence.blogspot.com/2009/01/compu
ter-vision-vs-computer-graphics.html 
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     What is the future of computer vision? One possible trend is further incorporation with Artificial 
Intelligence like emulating the human visual system with artificial neutral networks. Also, with the 
development of big data technologies, the computer vision systems might be able to handle more complicated 
data on a larger scale. So probably in the future, we'll have to face the robots that not only see but also see 
much faster and more accurately than us. 
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Unlocking Medicine through Open Source Software 

Laura Harker Computer Science 

 Technology is revolutionizing the field of medicine—not solely through advances in treatments but 
also in providing more accessible products to organizations and individuals. “Open source” is a computer term 
referring to software with publically available and modifiable code, almost always free as well.  Organizations 
like the Open Source Institute and the Free Software Foundation actively support the spread of free, accessible 
software.  The popular web browser, Mozilla Firefox; the numerous variants of the Unix operating system; and 
the Apache web server, used to host over half of all current websites, are all open source.  Open source 
software is used in the medical field as well, and its increasing availability could help bring better healthcare to 
people across the globe. 
 A major argument of the open source movement is that having many different people look at software 
helps to weed out bugs and make improvements faster than a smaller private team could. In medicine, 
especially, having high quality but low-cost software greatly benefits humanitarian organizations. 
 The U. S. Peace Corps recently implemented OpenEMR, an electronic medical record system, for a 
five-year contract.1 The software was completely free even with customized assistance for the Peace Corps. 
OpenEMR’s flexibility and affordability allows the Peace Corps to effectively provide medical while avoiding 
the high cost that similar-quality software would bring.  
 OpenMRS, or medical record system, also supports developing countries. The group’s mission 
statement is to provide its software in order to “lessen the disparities between wealthy and resource-poor 
environments”1. Starting from a single clinic in Kenya, fighting the spread of AIDS, now entities ranging from 
the Skid Row Homeless Initiative in the U.S. to the city of Buenos Aires use OpenMRS. Figure 1 displays the 

variety of locations implementing it; note the number of African 
countries. Another record system, GNU Health, recently became the 
official medical record and health information system for the entire 
country of Jamaica1. Options like these allow countries and healthcare 
organizations to save money that would be spent on this software. 
Apart from medical record systems, open source extends to the 
private research and diagnosis sector of medicine. One application, 
3D Slicer, offers options for analyzing data from microscopes, MRIs, 

and other medical devices1. Both medical professionals and 
researchers have free access to this and other tools for computer 
tomography (CT), an important means of analyzing data on the 

computer.  Such tools used to cost thousands of dollars, but now can be found for free.1 
 Other open source options exist as well—enough to form compilations like “The Top 100 Open 
Source Tools for Medical Professionals.”1 From poorer Americans to inhabitants of some poverty-stricken 
countries to regular medical researchers, everyone can benefit from the affordability and quality of software 
like OpenMRS and 3DSlicer. Will open source ever become standard? Maybe not, as huge technology 
companies like Microsoft and Apple continue to profit. Still, community-minded software developers can 
positively impact our global society by making medicine more accessible. 
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Nanotechnology: Coming to a Bloodstream Near You 

Shivani Sharma Technology 

In the Doctor Who (a popular television show) universe, there are types of 
micro-scale robots, known as nanogenes, capable of healing wounds. 
Although this is supposed to represent a futuristic creation that can only 
exist on a television screen, new research is showing that this reality is not 
that far off. 

Researchers at University of California – Los Angeles have developed a 
new particle called a nanodiamond which can be seen in Figure 1. 
This nanodiamond, coupled with a chemotherapy agent, will attach itself to 
the tumor and continuously inject anti-cancer drugs. Glioblastoma is the 
most common and deadly form of brain cancer. Even with 
chemotherapy and radiation, the median survival time for patients with this 
disease is less than a year and a half. Glioblastoma is very difficult to 

treat because, most of the time, cancer drugs cannot pass the blood brain 
barrier. The nanodiamond researchers (with glioblastoma in mind) 
invented nanodiamonds in such a way such that they could attach 
themselves to tumors in the brain without harm coming to other parts of a 
patient’s body and stay long enough near the tumor to be effective. [1] 

This fantastic new discovery is not the only one of its kind. There are more 
things that can bring us closer to nanogenes. Scientists at Australia’s 
Monash University have developed nanobots, seen in Figure 1, with 

quarter of a micrometer micromotors, which are capable of swimming 
through the bloodstream. These creations will have autonomous motor 
designs but other nanobots currently being worked on can be controlled 
through the use of magnets to reach their target locations. One might be 
wondering how such small things will be able to navigate the body because tiny motors cannot provide that 
much power. Our blood flow will provide them with an abundance of kinetic energy that will likely also be 
used to kick-start their motors. [2] 

In the future, these extremely biocompatible machines will be able to go with ease where surgeons go with 
great difficulty. Future visits to the doctor’s office might entail describing your symptoms, doctors figuring out 
what disease you have, then creating nanobots that will be inhaled through the lungs and can eradicate 
specifically the virus or bacteria causing your symptoms. These creations can also be used for things as 
important as providing an automatic and constant insulin check for patients with diabetes because nanobots 
can remain in the body for long periods of time without disrupting cell functions. Thanks to new technological 
discoveries, the age of advancedbiomedicine has come. While diamonds are widely acknowledged as a girl’s 
best friend, perhaps sometime soon, a nanodiamond will be a patient’s best friend. 
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Portable Labs 

Beliz Gunel Technology 

Lab-on-a-chip (LOC) refers to technologies that integrate one or several laboratory functions on a 
single chip or on a very miniaturized scale, within a portable or handheld device, through making use of 

nanotechnology, biotechnology and micro-electronics. The field highly overlaps 
with microfluidics, which is the manipulation and the study of small amounts of 
fluids. The discipline of microfluidics developed as a consequence of the 
analysis techniques that can obtain highly accurate results from small sample 
sizes such as high-performance liquid chromatography (HPLC) and capillary 
electrophoresis (CE), both of which are widely-used separation techniques in 
analytic chemistry.5 

One of the best things about this technology is that due to the sensitivity 
of the chip, the test sample required is much smaller than that of traditional 
techniques. High sensitivity is useful while measuring the trace gases in the 
atmosphere or diagnosing the diseases at very early stages, when the chemical 
markers in the blood are too low to detect with the standard tests. In fact, there 

are chips (SIMBAS chip, UC Berkeley) that can detect a biological component 
in blood at a concentration of around 1 part per 40 billion, which can be thought 
of as finding a fine grain of sand in a 1,700-gallon sand pile.3  

So, how does humanity benefit from this technology? It can substantially reduce the cost and time of 
diagnosis and treatment by detecting medical conditions faster at point of care (medical testing at or near the 
site of patient care), which can be vital in the areas that are scarce in terms of medical equipment and staff. 
Examples of important applications of these technologies include the diagnosis and treatment of HIV/AIDS. 
Recently, microfluidic technologies that can be used to detect the level of CD4+ T helper cells, and viral load 
assays have been developed, enabling the capture and quantification of cells or viruses from a small volume of 
a patient’s whole blood sample without sample pre-processing steps (sample pre-processing can get very 
tedious and time-consuming).1 

In addition, other than making use of those “little labs” for the diagnosis and treatment of diseases, 
there are many applications in medical research and drug delivery. For instance, they are used to test the 
effects of new drugs on different types of human cells, which may increase the efficiency of existing testing 
systems. Also, they may lower the costs of drug development process and decrease the time it takes to get 
approval from FDA. 
LOCs are also being developed for other purposes such as environmental monitoring of pollutants and testing 
the properties of new materials, although I focused more on the medical uses of this technology. Regardless of 
the field they are being utilized in, lab-on-a-chip (LOC) technologies have a great potential to be of high 
impact on the international stage as broadly applicable biotechnological tools, given their simplicity and cost-
effectiveness. 
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<What is it?>{ 
You might have noticed people wearing these Star Trek looking bands on their heads. That band is 

none other than Google Glass. Google Glass (as shown in Figure 1) is a device developed by Google engineers 
that combines the best of Google services into one device. It is a product of Google X which is a secret facility 
overseen by, Sergey Brin, one of Google’s cofounders. Google X strives to develop “science fiction-sounding 
solutions”1 and Google Glass was one of their endeavors. This head set, similar to glasses, enables people to be 

in a world of augmented reality. They are able to see relevant 
information right in front of their face! And the cool part, Google 
Glass doesn’t have eye glasses, so the information materializes in 
thin air. In short, Google Glass is the new smart phone! 
} 
<How does it work?> { 
 The Google Glass is designed to be very slick and intuitive 
to use. The camera at the right side of the glass has the main CPU 

(Central Processing Unit). This CPU is attached to a camera and a prism that is able to project information in 
thin air without blocking your vision. The sides of the glass also has touch screen capabilities so that what 
can’t be done with verbal commands, can be done through touch. 
The glass also has a GPS, a Wifi module, a microUSB port, and a 
graphics card among other things. Some unique features include: 
voice recognition (which enables verbal commands) and an easy 
sync feature with Google Drive. 
} 
<What are people doing with glass>{ 

There are tons of activity in the field of Google Glass every 
day. Just as mobile applications are developed by people all over the 
world, people who own Google Glass are also creating applications 
that revolutionize people’s lives. Developers download the GDK 
(Glass Development Kit) and use the Mirror API (Application 
Programming Interface) to create the Glass applications. Apps are 
being made that will allow people to keep their hands on the wheel 
instead of pressing a button to answer a call. The Google Glass video 
recording feature also allows professors and doctors to record their 
work and show it to their students from a realistic stand point. 

One of the main reasons that smart phones have revolutionized the working industry is because any 
one can create apps which anyone in the world can use. This open and unrestricted method of making 
applications allowed for the most interesting and useful applications. Applications can also be created for the 
Google Glass and since the Google Glass has a lot more capabilities than a smart phone, it can help so many 
more people. For example, apps can be made on these glasses that can help the elderly with depth perception 
and clarity. Google Glass has tons of potential and it is just up to us to harness it and make use of it.  
} 
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Tesla’s Lithium-ion Batteries and Fireproof 

Sophia Chan Technology 

In the 1970s, while working at Exxon, American chemist M.S. Whittingham proposed the idea of lithium-ion 
batteries (Li-ion batteries or LIB) due to its higher energy density and slower loss of charge when not in use1. 
Through extensive research by various universities around the world, 
such as the University of Oxford, the University of Pennsylvania, the 
University of Texas at Austin, and the Massachusetts Institute of 
Technology, lithium-ion batteries have undergone significant 
progress to power the cell phones and cars of today1.  
 
Forty years later at Tesla, a growing company headquartered in Palo 
Alto, the concept of lithium-ion batteries is revolutionary. 
Incorporated in July 2003, Tesla has since produced fully electric 
cars powered by lithium-ion batteries by the thousands. Its recent 
cars, the Tesla Roadster and Model S, have been globally popular for 
their sleek qualities and being completely gasoline-free. The 
company’s corporate strategy is to cater to more affluent customers 
who can afford their expensive sports cars and use this new capital to 
make their vehicles more financially available to the mainstream by 
funding research and lowering production costs2. 
 
Currently, Tesla’s research mainly consists of testing lithium-ion 
batteries to see which batteries are best for which type of weather3. 
However, Tesla CEO Elon Musk is also thinking of eventually 
making his own lithium-ion batteries on site at the Tesla Factory4.  
Because of the exponential global demand for Tesla’s cars, the 
Model S and the Model X, Musk figures the company will need to 
create the batteries at a much faster rate so they can be assembled 
along with the cars. At the moment, the batteries are shipped from 
China and Japan, which can take weeks. With an on-site lithium-ion 
battery testing lab and production line, Tesla will be able to 
experiment on a wider range of batteries and release new findings 
much faster. As a result, they will be able to tap into the demand for 
electric cars in America and lower the price of a Tesla Roadster and a 
Model S even more.  
 
Despite the rapid developments occurring at Tesla, there has always been speculation around the safety 
concerns of the cars, especially with the recent accidents involving the Tesla fires in the news. However, 
lithium-ion batteries in Tesla’s cars are very safe. These batteries are stored by the thousands in individual 
battery modules in the bottom of the car. Each of the battery modules is isolated from the rest of the car using 
internal firewalls, so the fire was contained in only a small section of the car. In addition, vents are built into 
the car to direct the fire away from the car and onto the road. In his press statement concerning the fires, Musk 
reiterates that a fire is five times more likely to happen in a gasoline-fueled car because there is often a thin 
and vulnerable layer of metal that lies between the gasoline and the passengers. Any fire occurring would 
often lead to the gas-powered car burning to the ground. Therefore, in addition to its environmental claims, 
Tesla’s lithium-ion battery modules are also especially safe against fire hazards and other dangers2. 
 
Along with lithium-ion batteries, there is current research going on involving tin electrodes and sodium-ion 
batteries. Although they are still in their developmental phases, sodium-ion batteries pose a cheaper alternative 
to lithium-ion batteries and Washington State University claims that their tin electrodes can last three times 
longer than a lithium-ion battery5, 6.  

Figure'1'LiIion!battery!pack!of!Tesla!Model!S!
http://www.greencarreports.com/news/1084
682_whatIgoesIintoIaIteslaImodelIsIbatteryII
andIwhatIitImayIcost!

Figure'2'Tesla!Model!S!base!holding!the!
battery!modules!
http://www.siliconbeat.com/2013/10/30/pa
nasonicItoIsupplyImoreIbatteryIcellsItoI
tesla/ 
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Along with lithium-ion batteries, there is current research going on involving tin electrodes and sodium-ion 
batteries. Although they are still in their developmental phases, sodium-ion batteries pose a cheaper alternative 
to lithium-ion batteries and Washington State University claims that their tin electrodes can last three times 
longer than a lithium-ion battery5, 6.  
 
As the range and power of a Tesla running on a fully-charged lithium-ion battery increases, there will be less 
need for gasoline-powered cars for longer trips. There will be a decrease in gas stations and an increase in 
charging stations. With the wave of greener lifestyles taking the world by storm, these electric cars, which are 
more financially available, environmentally friendly, and safer than ever, will soon be the standard cars on the 
freeways. 
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Protein Modeling: Homology Modeling 

Leah Dickstein Biology 

Scientists started modeling protein 
structures in the 1950s. With the advent of X-ray 
crystallography, scientists were able to predict the 
structures of macromolecules like DNA and 
proteins. Since then, the scientific method for 
constructing a protein model has advanced 
significantly, in tandem with technological 
advancements like computers and the Internet. 
Instead of building physical models with wire and 
Styrofoam balls, scientists now use computer 
programs to test various conformations in silico.  

The first attempt at computer rendering of 
macromolecules was done in 1964 at MIT. Cyrus 

Levinthal developed a system that rendered 
wireframe representations of structures, animations 

of which can still be found online today. By the 1980s, computer programs could display electron density, 
marking recognition of subatomic particles and their influence on structure. In 1992, David and Jane 
Richardson at Duke University distributed their programs MAGE and PREKIN, which could be implemented 
on standard consumer computers. In these two programs, the user could see how the protein structure was 
assembled, tracing the steps as function groups were added and molecule-molecule interactions mapped out. 
By the beginning of the 21st century, two more landmark programs had been developed: RasMol and Chime.  
Now, half a century since the birth of the protein modeling subfield and nearly two decades since the inception 
of Chime, protein modeling consists of a combination of de novo modeling (a completely new structure that 
scientists had never seen before) and comparative modeling (a structure that shares similar sequences with 
known proteins.) Comparative modeling can be subdivided further into two groups: homology modeling and 
protein threading. Specifically, homology modeling is broken into four main steps: template selection, target-
template alignment, model construction, and model assessment. 

In the first step, scientists use database search techniques like FASTA and BLAST to identify proteins 
that share similar amino acid or codon sequences. In the second step, the sequence is aligned to the template; 
aligned portions are targeted for modeling before new sequences are “filled in.” With the unknown sequences, 
the computer calculates strength of intermolecular interactions and attempts to fulfill as many as possible. 
After all interactions have been accounted for, the computer then considers spatial restraints, optimizing angles 
and “pockets” within the molecular structure. These restraints are calculated from electron densities, atomic 
weights, and other properties of the elements involved. 

Throughout this process, there are still many limitations and assumptions. It is computationally 
impossible to factor everything in. Even with supercomputers, the amount of information about a protein’s 
environment can’t be reproduced perfectly. As the program progresses, it throws away large amounts of 
“improbable” data (which would require too much runtime), data that could have been useful. 

Although protein modeling still has a long way to go, it’s a field of incredible significance. As protein 
modeling develops, scientists will have a better idea of a protein’s function, and therefore conduct more 
focused and efficient experiments. Protein modeling, and in particular homology modeling, has come a long 
way since the 1950s, and will continue to progress rapidly in the next century. 
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Detecting Diseases: Immunoassays and Their Powerful Applications 

Kristy Ip Biology 

If you are familiar with a pregnancy test, you have 
witnessed the powerful application of immunoassays. 
Immunoassays have been present in our lives since their 
discovery about four decades ago1. Their vast and diverse 
number of applications span all over biomedical field. The 
general definition for an immunoassay is a test that 
measures the amount of a molecule by isolating the 
molecule using antibodies. Having personally performed 
different types of immunoassays in a laboratory, I am 
impressed at their capabilities at detecting protein and other 
contaminants. So what is the secret behind the positive and 
negative sign that appears on the stick of a pregnancy test?  
In medicine, the general purpose of immunoassays is for 
diagnostics – to target and isolate a certain protein, antigen, 
toxin, hormones, and etc. Immunoassays follow a 
methodological set-up (see Figure 1).  
 

First, the sample that supposedly contains the 
protein of interest is bounded onto a surface. The surface can either be a visible plate or membrane, or a 
capture antibody (see Figure 2). Antibodies are large contributors to immunoassays. Antibodies are proteins 
found in the immune system. They have the ability to bind and capture specific antigens, making them useful 

in detection assays. Next, a detection antibody is added 
to isolate that protein. The rest of the unwanted 
components are washed out through a process called 
blocking. During this step, non-specific interactions 
between the sample and the antibody are “blocked,” so 
that the antibodies will be able to reach the sample.  
 

Then, a secondary antibody is then added and 
bound to the first antibody added. This antibody should 
have a label or probe that will make the protein visible 
later on. Finally, all immunoassays have a detection step 
where a substrate is added, making the protein of 
interest, if present, visible to the human eye. A 
pregnancy test detects the Human Chorionic 
Gonadotropin (hCG), a hormone that is only present 
when a woman is pregnant. The test strips contain the 
necessary antibodies and substrate, which causes the test 
to produce results2. Another common immunoassay is 
the tests for HIV. How can we deny the effectiveness of 

immunoassays when we rely on them in our daily lives? 
 

In the research laboratory, immunoassays are just as prevalent. The main advantage to these tests is 
that they are able to detect even the slightest amount of protein3. This can lead to breakthroughs in diagnostics. 
For example, Enzyme-linked immunoabsorbance assays (ELISAs) and Western Blots are commonly used in 
the laboratory to target biomarkers. Both of these tests are very similar. The main difference is that an ELISA 
is performed on a microwell-plate while a Western Blot is performed on a thin sheet of membrane. These tests 
are useful in detecting biomarkers, which are the indicators of important diseases. The more sensitive the assay 

Figure 1: Diagram of an immunoassay where the 
protein is bound directly on the surface of the plate 
or membrane. 

Figure 2: Diagram of an immunoassay where protein 
is bound to a capture antibody. 
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is optimized to be, the more accurate the detection of disease can become, which leads to fewer false positives 
for eager patients. If a treatable disease is detected more quickly, the chances for a cure can be significantly 
increased. With tests like the ELISA, we can become more knowledgeable about diseases that are difficult to 
diagnose. Because immunoassays have been used continuously since their discovery, constant improvements 
and optimizations are made.  
  

Recently, many biomechanics researchers have been working on advancing the technology of 
immunoassays. By studying microfluidics, immunoassays can be micro-sized onto a chip. For example, 
Professor Amy Herr of UC Berkeley has researched microfluidic Western blotting4. This combination of 
biomedicine and technology has the potential to change the way experiments are performed in the laboratory. 
Unlike other old laboratory techniques that have been deemed unsterile, hazardous or inaccurate, the concept 
of immunoassays can be continually improved and revolutionized, making them a powerful tool in the science 
community.    
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The Evolution of Genetic Testing 

Anaahat Bala Biology 

The first genetic test to be regularly performed was for PKU (phenylketonuria) in infants, often newborns, 
usually done without parents’ knowledge. It was a blood test checking for the buildup of amino acid in the 
blood that can cause mental retardation. This was in the 1960’s. In the 1970’s testing for sickle cell anemia 
was mandatory in 12 states in the United States of America and the testing targeted African Americans. Soon 
the testing was made moot by treatment methods, because knowing carriers was more or less pointless when 
bone marrow transplants could be done. 
Other tests were also developed for Huntington’s disease, Cystic Fibrosis, and, more recently, BRCA1 and 
BRCA2 breast cancer. There are many variances on genetic tests, but all involve analysis of a sample from the 
subject, usually blood or hair or skin cells, but other tissues as well.  RFLP and PCR (Polymerase Chain 
Reactions) are methods often used for forensics. RFLP uses gel electrophoresis to separate identifying sections 
of DNA. PCR is a method similar to RFLP, though used more frequently, but it replicates smaller samples of 
DNA for analysis, while RFLP requires much larger quantities of undeteriorated DNA.1 
In previous stages of genetic testing, tests were not considered very reliable and so they weren’t often used, for 
example, as evidence enough to convict someone of a crime. Some such cases occurred as recently as 1995.2 
However, today genetic testing is available from over 500 laboratories for over 200 rare and common 
conditions. Tests have been split into categories. There is diagnostic testing to identify a genetic condition, 
prenatal testing during pregnancy to identify fetuses with certain disease, newborn screening that has been 
going on since the 1960’s, and research genetic testing to help researchers learn more about genetic 
contributions to health and disease, as well as helping develop gene-based treatments. There is also predictive 
and pre-symptomatic testing used to find genetic variations that increase a person’s chance of developing 
certain diseases, a type of testing that is much more modern, developed more recently, and is enabled through 
the newer of the technologies. Pharmacogenetic testing is used to determine how medicines might be 
processed in a person’s body and is also a much newer type of genetic testing, allowed through used of the 
newer testing technologies.3   
Current genetic analysis is not an analysis of the complete genome. The Human Genome Project only recently 
mapped the complete genome and most genetic tests only look at select portions of DNA. Molecular genetic 
tests look for alterations in bases in a specific sequence of DNA, cytomolecular tests look for alterations in 
large areas of DNA, and cytogenetic tests look for alterations affecting the number or structure of 
chromosomes. 
Therefore, future technologies might want to look into being able to identify more diseases at specific sets of 
bases. Before more technology is developed, however, research testing would need to be done to find the 
source codons (sets of genes) of genetic disorders. In fact, much research today is aimed at finding the source 
of genetic disorders. Currently, technology cannot easily be used to determine which genes cause which 
disorders. The genome is too vast and expansive to be able to pinpoint specific causal genes using the mapping 
technology from the Human Genome Project. While the genome has been mapped, not much is actually 
known about it.  
Genetic testing technologies have come a long way since their beginning, but they have a long way to go. 
Many of the possible applications of genetic testing cannot be applied without further research.  
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Plant Genetic Engineering: Techniques and Methods 

Monica Sadhu Biology 

Though people have been aware of how to breed plants for hundreds of years, Gregor Mendel 
established the field of plant breeding when he talked about his experiments understanding heredity with the 
pea plant. Major research into the topic started in the late 1800s with zymotechnology, or the art of 
fermentation, which commenced with a focus on brewing techniques for beer. Genetic engineering, which was 
developed in 1975, involves injecting a foreign gene into the genome of the plant, which is being altered, or 
the host DNA.  Scientists began to look towards genetic modification to enhance the quality of plant material 
in hopes that this would cater to the increasing needs of the world. In this article, I would like to highlight 
some techniques that are used in the process of genetic modification. Though people have been aware of how 
to breed plants for hundreds of years, Gregor Mendel established the field of plant breeding when he talked 
about his experiments understanding heredity with the pea plant. Major research into the topic started in the 
late 1800s with zymotechnology, or the art of fermentation, which commenced with a focus 
on brewing techniques for beer. Genetic engineering, which was developed in 1975, involves injecting a 
foreign gene into the genome of the plant, which is being altered, or the host DNA.  Scientists began to look 
towards genetic modification to enhance the quality of plant material in hopes that this would cater to the 
increasing needs of the world. In this article, I would like to highlight some techniques that are used in the 

process of genetic modification. 
 

             One technique that helps with genetic engineering is the 
use of a viral or bacterial carrier that can transfer genes between it 
and plants. For example, the bacterium Agrobacteria is capable of 
infecting other plants, and is used to transport new genetic material 
into the plant cell. First, the agrobacteria is soaked in a solution 
that makes the cell walls porous. A chosen gene is then be inserted 
into a fragment of carrier DNA known as a plasmid and put in the 
solution. Upon heating, the plasmid merges with the 
Agrobacterium, which then makes copies of the new gene. After 
infecting the targeted plant, the plasmid can deliver the plasmid 
and the new gene. Similarly, some viruses can also infect plant 
cells. Genetic material is injected into the viruses and is 
administered into the host cell when the virus invades the host cell 
and multiplies. 

 
Biolistic transfection is another method of genetic 

engineering that is becoming increasingly popular. This 
technique works by attaching the chosen DNA to gold particles 
the size of a few nanometers. The particles are then exposed to 
a burst of gas that pushes them into the host cell. Though 
biolistic transfection is both tedious and expensive, it has 
several advantages, which include its ability to be used for all 
plant species, its simple protocol and the fact that this method 
does not require the use of a vector. 

Electroporation is also another mechanical method that helps 
with genetic engineering. This method involves passing an 
electric shock through a solution that makes the cell wall of 
plant cells porous. These plant cells are first placed in a 
solution that contains the materials that are meant to be added to the cell. After receiving the electric shock, the 
plant cells are then transferred to another solution which repairs the cell wall, and this keeps the added 
materials inside the cell. Electroporation is used to add drugs and genes to plant cells as well as to help in the 

Figure 5 Agrobacerium tumifaciens  
http://www.genomenewsnetwork.org/articles/1
2_01/A_tumefaciens_genome.shtml 

 

Figure 2 Gene gun 
https://physics.ucsd.edu/~groisman/Gene%
20guns.html 
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direct transfer of plasmids between cells and to induce cell fusion. Electroporation requires a smaller amount 
of DNA to work and can be performed on a much smaller scale. Its efficiency and versatility make it one of 
the best methods of genetic engineering. 
There are a variety of methods by which genetic engineering is possible in plants. Learning about how these 
processes occur and what kind of effort goes into genetic modification helps us better appreciate plants as a 
whole. 
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The Bug’s Bug: Varroa Destroyer Mites in Honey Bee (Apis Mellifera) Colonies 

Rylee Hackley Biology 

       Almond orchards in the state of California provide 98% of the global almond supply, but the trees are 
incapable of self-pollination. The European honey bee, Apis mellifera, is employed by farmers to pollinate the 
entirety of their almond orchards, and the success of the season is mostly dependent upon adequate 
pollination. Sales of bee pollinated crops alone exceeded 14.6 billion dollars in 2000 [4]. In fact, over one 
third of all human food stems directly and indirectly from honeybee pollination [2]. These statistics provide a 
small glimpse into the significance of bees in our biosphere, and also begin to elucidate the uproar caused by 
Colony Collapse Disorder (CCD). First noticed along the east coast in 2006, CCD is characterized by the 
rapid loss of adult worker bees, though the honey and pollen stores, the brood, and the queen are still present 
in the hive. Since its documentation, there have been numerous suggestions for the causes of CCD including 
pesticide build-up, excessive transportation of colonies, decreased genetic diversity, viral and fungal 
infections, and mite infestations [2]. This article, however, will focus on one of the factors behind CCD; the 
effect of Varroa destroyer mites within honey bee colonies. In appearance, the Varroa destroyer mite seems 
insignificant. It is a small reddish arthropod that feeds on the hemolymph of adult and developing bees (Figure 
1). A mated female mite enters the cell of a bee larva and lays her eggs. Over the course of the next 23 to 26 
days, the eggs hatch and the developing mites feed on the bee pupa. Inside the cell, male mites mate with 
female mites and subsequently die [5]. Once the cell is opened, pregnant female mites can travel from host to 
host throughout the colony before repeating the cycle. The mites’ body plan shows them to be highly adapted 
bee parasites; their thin, disc shaped bodies slip nicely between abdominal segments of the bee’s exoskeleton 
allowing the mites access to the tissue beneath Varroa’s dramatic impact on colony 
health is in large part because it is an invasive species. Native to Asia, the mite’s 
natural host is Apis Cerana, or the Eastern honeybee. The Eastern honeybee, unlike 
the European, has adapted several defense mechanisms against the mites. They 
have developed both nestmate- and self-grooming behaviors, which allow them to 
remove mites and control colony levels. Additionally, Apis Cerana will cap 
infested cells with wax, trapping the mites inside, a technique called ‘Varroa 
Trapping’. Though the European honeybee occasionally has been observed to use 
the trapping technique, they do not exhibit grooming behavior as frequently or 
successfully as Apis Cerana [1]. 
    While high levels of mites are detrimental to overall colony health and 
productivity, Varroa mites pose another threat to honey bees: they are also vectors 
for certain viruses. Most commonly, the mites are associated with the presence of 
Deformed Wing Virus (DWV). The virus is normally present at low levels in a 
colony without negatively affecting the hosts. However, with the Varroa mite acting as a vector, affected bees 
begin to exhibit deformities in their wings or abdomens and have a severely shortened lifespan. Most affected 
honeybees live for less than 48 hours and are ejected from the hive [3]. 
    The introduction of Varroa destroyer mites into honeybee colonies has revolutionized colony maintenance 
and care. In locations where mites have already been found, it is no longer a question of keeping colonies mite 
free. It is now a matter of managing colonies and maintaining low enough Varroa levels that production does 
not suffer. This article gives only a basic overview, but hopefully you’ve gained an appreciation for the 
complexities of CCD research and insight into the sophisticated threat that Varroa Destroyer poses. 
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Figure 1 Ventral 
surface of a mature 
female mite, scale bar 
indicates 5 millimeters 
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Fat Cells: Diabetes Friend or Foe? 

Kelly Ching Biology 

Today, over 25.8 million people in the United States are estimated to have diabetes, around 90% of who are 
afflicted with type 2 diabetes. Those who have type 2 diabetes lack insulin or resists insulin, which is 
necessary for controlling blood glucose levels. [1] The rate of type-2 diabetes has dramatically increased in the 
United States, in large part due to twenty-first century lifestyle and dietary habit adjustments such as lack of 
exercise and over-consumption of foods high in trans fat. As such, those who are obese are at high risk of 
developing type-2 diabetes. Dr. Steven E. Shoelson, a leading diabetes researcher and a Professor of Medicine 
at Harvard University, and his colleagues has 
discovered that overabundance of white fat 
cells is a prominent cause of insulin resistance. 
[2] 

 
Body fat consists of two types of adipocytes, 
or fat cells. The most prominent type of fat 
cells is the white fat cells, the link that 
connects diabetes and obesity. When food was 
scarce, white fat cells were designed 
specifically to store excess fat as means for 
heat insulation and energy conservation as an 
evolutionary necessity. [3] They consist 
mostly of a single drop of lipid and can grow 
in size to accommodate more fat. [4] 
Shoelson's study suggests that the increase in 
the size and number of white fat cells directly 
lead to insulin resistance, and therefore type-2 
diabetes. [2] 

 
Besides white fat cells, there is traditionally another type of fat cell called brown fat cells, which exists, in 
smaller numbers. Unlike white fat cells, brown fat cells contain large concentrations of mitochondria that 
converts fat into heat to ward of hypothermia. Brown fat cells counteract obesity and type-2 diabetes by 
burning fat molecules to produce energy and heat very efficiently. However, larger mammals that do not 
hibernate, such as humans, lose a significant portion of their brown fat cell deposits as they leave infancy. 

Restoration of brown fat cell deposits is extremely limited during 
later stages in life. [5] This is unfortunate since white fat cells 
readily grow and divide, causing obesity and type-2 diabetes; 
brown fat cells that can counteract fat build up can't be restored. 
 Two years ago, small amounts of “beige fat”, fat cells distinct in 
specialization from white andbrown fat cells, were found in white 
adipose deposits by Dr. Bruce M. Spiegelman, a professor at 
Harvard Medical School, and his team at Dana-Farber Cancer 
Institute. [5] Processes of beige fat cells are regulated differently 

from brown fat cells, although they both efficiently burn calories 
using mitochondria. Brown fat cells express high levels of UCP1, 
a protein that aids the conversion of calories into heat in the 
mitochondria, while beige fat cells usually have low levels of 

UCP1. However, it has been discovered that beige fat cells respond to irisin, a hormone produced by muscle 
tissue during exercise, to produce high levels of UCP1 and effectively burn off fat . [6] 

Figure 1 Muscle tissue produces the hormone, irisin, which 
causes white adipocyte precursor cells to become beige fat cells 
instead. [7] 

Figure 2 Molecular ball and stick model 
of irisin. 
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The exciting difference between traditional brown fat cells and beige fat cells is that beige fat cells can be 
converted from existing white fat cells in the presence of irisin. [7] As can be seen in Figure 1, white adipose 
precursor cells, which normally differentiate into white adipocytes, can go through the process of “browning” 
to differentiate into beige fat cells. [7] In contrast to brown fat cells that are limited by stem cells, more beige 
fat cells can be introduced into the adult body. Scientists have begun researching exciting ways to treat 
diabetes and obesity by inducing the production of beige fat cells through irisin. [5] 
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Alzheimer’s: A Growing Concern 

Bonnie Ho Biology 

Alzheimer’s disease was discovered a little more than a century ago, and as of today, scientists still do not 
know for certain its cause or how to slow, cure, or prevent it. The most common form of dementia, 
Alzheimer’s is the loss of cognitive and behavioral function to the point that it interferes with daily life, 
typically in people aged 65 or older. According to the National Institute on Aging, [1] as many as 5.1 million 
Americans may have Alzheimer’s disease, and the number is only rising. With more and more people living 
longer and 10,000 Baby Boomers turning 65 every day for the next 16 years, [2] Alzheimer’s is becoming a 
growing concern for both the young and the old. 

Though research does not define a particular risk 
factor or cause for Alzheimer’s disease, it is 
likely that the causes include influences from 
genetics, environment, and lifestyle. In a recent 
study published in the journal Molecular 
Psychiatry, [3] researchers scanned the brains of 
healthy people ranging in age from 8 to 86. They 
hound that even the youngest of those with a 
specific version of the SORL1 gene (associated 
with increase risk of late-onset Alzheimer’s) had 
reductions in the white matter convections that 
are important for memory and higher-level 
thinking, indicating that people with this form of 
the gene can begin to have changes in their brain 
as early as childhood. Thus from an early age, it 
may be a good idea to begin making healthy 
lifestyle choices to potentially lower risk and 
help prevent Alzheimer’s or any other related 
diseases. 

According to the Alzheimer’s Association, [4] 
some of the strongest current evidence links brain 
health to heart health. Many experts believe that 
maintaining cardiovascular wellness may be the 
most efficient and promising approach to 
protecting mental health. In other words, physical health may be one of the most useful ways of keeping the 
brain active and oxygenated, as exercise increases blood and oxygen flow to the brain. Heart-healthy food and 
diet can also contribute to brain health. Taking care of the brain itself is essential; this involves avoiding head 
injury in addition to being involved in social interactions and intellectually stimulating activities, which a 
number of studies suggest may reduce the risk of Alzheimer’s. In general, pursuing a healthier lifestyle will 
lead to improved well-being and better protection of the brain. 

Those who already have Alzheimer’s have a few options for treatment of their symptoms. [5] Currently, five 
FDA-approved drugs are available to help temporarily with memory and thinking, but they do not completely 
treat the disease. Developing research and drugs are focused on different aspects of the process and symptoms 
in the effort of slowing Alzheimer’s effects on the brain and behavior, and in the future, it is most likely that a 
combination of treatments will attempt to keep the disease under control. At the moment, the Innovative 
Medicines Initiative

 
[6] has a new project that involves using an innovative trial design in which several drugs 

are simultaneously compared to a placebo. Through this, scientists are able to test individual drugs and 
combinations of different ones. It seems promising, but trials are expensive, take several years each, and may 
require thousands of patients. 

Figure 1 An image showing the difference between a healthy 
brain and that of someone with advanced alzheimer’s. 
http://www.alz.org 
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Progress with Alzheimer’s disease is limited along with resources, so perhaps a better way to go about it is to 
take another approach. Dr. Ming Chen and his research group from the University of South Florida believe 
that rather than focusing entirely on finding a cure that may not exist, more effort should be aimed at 
preventative measures that control risk factors. [7] It is important to look for effective treatment, but it is even 
more important to try to have fewer cases of Alzheimer’s. As more people are getting older, it is becoming 
more necessary to understand and prepare for Alzheimer’s increasing impact. 

In the meantime, those afflicted will continue to fight Alzheimer’s disease, hoping that more people will 
donate to Alzheimer’s research and participate in clinical trials so that a cure may be found in the near future. 
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Differentiating Between Pseudorandomness and True Randomness 

Kay Toma General Interest 

     Most randomness encountered is actually not “truly” random, but an instance of pseudorandomness (a 
frequent experience of statistical randomness). Pseudorandomness is when the numbers produced seem 
random, but are produced by an imperfect process. [1] The sequence of numbers produced will appear random, 
but is short of being truly random because it will typically produce the same numbers over and over. This is 
useful to computer science when debugging software. Most computer random number generators produce 
pseudorandomness. True randomness is much more difficult to produce than pseudorandomness and in many 
cases such as in statistics, pseudorandomness is sufficient. 
     An example of a sequence of numbers that are truly random are the digits of pi. In a truly random sequence 
of numbers of sufficient length, one part of the sequence may produce the same number repeatedly (e.g. 
“...555...”). This part of the sequence does not seem random, but it is not unexpected for such a phenomenon to 
occur when the entire sequence is truly random and the sequence of numbers is long. In many cases of 
pseudorandomness such as music shuffling, the system avoids true randomness by avoiding playing the same 
song multiple times in a row. 
     Randomness can be measured on two levels: a global scale and a local scale. The scenario described above 
where a sequence of random numbers of sufficient length would have a string of repeated numbers is found in 
global randomness. However, if this pattern continued for too long of the entire sequence of numbers, it would 
diminish the local randomness of the sequence. Taking smaller sections of the entire sequence and observing 
randomness measure the local randomness. 
     M. G. Kendall and Bernard Babington Smith designed tests for local 
randomness. The tests include the frequency test, serial test, poker test, 
and gap test. [2] The frequency test observes whether or not there is 
approximately the same number of each of the numbers in the string of 
random numbers (0’s, 1’s, 2’s, etc). For example, the frequency test on 
a sequence of numbers 0 - 9 would see if each number (0 - 9) appears 
approximately the same number of times. The serial test takes the same 
approach but looks for the number of doubled numbers (00’s instead of 
0’s). To continue the previous example of the frequency test, instead of 
searching for how many times an individual number appears in the sequence, the serial test would observe how 
many times the two of the number in a row occurs (e.g. instead of looking for how many 0’s, searching for 
how many 00’s). The poker test looks at strings of numbers based on how one would hold a poker hand. Poker 
hands include three of a kind, straights, flushes, and full houses, etc. An example of using a poker hand to 
prove randomness is to see if three of a kind (where the holder has three of the same number and 2 completely 
different from the three and each other) occurs within the sequence. Lastly, the gap test measures the distance 
between numbers. For example, 02220 would have a gap distance of three between the two zeros. 
     The need for producing randomness has been around for centuries. In the past, to produce randomness, 
civilizations used physical objects such as dice and playing cards. However, to produce long strings of random 
numbers by physical means is time demanding and tiresome. Over time, randomness produced by these 
physical means was simply saved in tables of random digits that are frequently used by mathematicians and 
statisticians. 
     Frequently many cases of randomness pass these tests, but still fall short of true randomness, yet are still 
usable for statistical randomness. Most people use and encounter pseudorandomness because of its 
convenience and practicality, however few are aware of the scarcity of true randomness. 
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More To This Than Aesthetics: STEM and Disney’s Paperman 

Michelle Chang General Interest 

Animation is a magical practice. It is a visually stunning field that is consistently pushing the limits of 
imaging and simulation. That said, it might surprise some that the disciplines of computer science, 
mathematics, and physics are its key components. That such an art-heavy industry would be powerless without 
engineers and brilliant 
problem-solvers. Clearly, 
STEM, or perhaps more 
accurately, STEAM 
(science, technology, 
engineering, art, and math) 
fields, really are the center 
of our world. Among these 
fields, computer science is 
one of the major players—
the bridge between what is 
imagined and what becomes 
reality.   
 Computer science is 
the driving force behind top animation companies. In fact, animators at the biggest players, like Disney and 
Pixar, are revolutionizing graphics technology with software, new algorithms and approaches to simulations, 
and consistent research publications. With computer science handling the technicalities through cutting-edge 
software and hardware, animators are limited by nothing but their own imaginations.3 Computer science plays 
many roles in animation: computer-assisted animation, computer-generated animation, and research and 
development (R&D). Computer-assisted animation consists of 2D graphics, which animators draw with pen 
tablets and a computer. A software program creates "in-between" frames using specific algorithms to spare 
animators from drawing every second of a particular movement. In contrast, computer-generated animation is 
typically 3D, and includes modeling objects and characters with software such as Autodesk's Maya. Animators 
also use mathematical algorithms and scientific laws to program objects' behaviors so that they follow (or 
break) the laws of physics, simulate large crowds, or create detailed animations that would be difficult to do 
with pen and paper (such as the fur on an animal).  Each of these roles can be seen in an analysis of Disney's 
2012 short film, Paperman, and demonstrates the deep integration of computer science and art that exists in 
animation. 
 A brief history of the film: Disney released Paperman in tandem with Wreck-It Ralph on November 2, 
2012. Shortly after, it rose to fame as a unique blend of the old and new schools of animation, as the film is 2D 
in appearance but uses 3D animation as its base. Most have noticed the sharp decline in 2D animated films in 
recent years. These days, the majority of animated films at the box office are computer generated, which many 
see as an improvement in technology, as such films are able to produce more believable graphics. However, as 
Mark Wilson, an animation journalist writes: "In these computer-generated worlds full of perfect shapes and 
gradients, we inevitably [lose] some of that old Disney magic—the nuance of incredible, hand-drawn lines".4 
Paperman director, John Kahrs, had similar thoughts. Wanting to preserve the magic of old-school animation, 
Kahrs looked for a way to combine 2D and 3D animation. He found his solution in the R&D department. 
One of computer science's major roles in animation is in R&D. This usually involves developing software that 
allows for better manipulation and creation of objects such as Pixar's Renderman or DreamWorks' OpenVBD. 
In the case of Paperman, R&D acted as the keystone responsible for its unique aesthetics. Meander is a vector-
based drawing tool that originates with Brian Whited, a software engineer at Disney's R&D department. 
Whited explains that he developed Meander after noticing that “artists…are very good at what they do, but a 
lot of times they’ll draw digitally and it just won’t capture what they’re actually doing." Such problems often 
stem from software being unresponsive or unable to digitally reproduce the fluidity of hand-drawn work.2 
Meander fixes such issues, and allows traditionally drawn lines to be treated as a mutable, digital layer on top 
of 3D models and lighting. Drawings can stick to the computer-generated image layer underneath, allowing 

 
 
 
 
 

"In these computer-generated worlds full of perfect shapes and 
gradients, we inevitably [lose] some of that old Disney magic—the 

nuance of incredible, hand-drawn lines". 
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artists to draw over rendered 3D animation and create a more 2D look. Additionally, because Meander 
specializes in interpolation between drawings, animators do not have to draw every single frame.2 Instead, in-
betweens are automatically created so artists only have to draw one frame for every 50 images.1 The 
integration of the Meander software into the Paperman project drastically changed the production process. 

During production, 3D computer generated models of the characters were created first. Those CG 
characters were then traced over and completed by 2D animators using Meander. Figure 1 illustrates how 
Meander treats each frame of Paperman: the 
leftmost image is the CG model, followed by 
the digitally drawn outline, and the final, 
combined image as seen in the film. 
Moreover, it was the 2D animators and not 
their 3D counterparts who put the finishing 
touches on the film—a novel development. 
In the past, 3D animators put the finishing 
touches on productions, resulting in 
graphically impressive films that lacked the 
fluidity of traditionally drawn animations. 
Allowing 2D animators to end the production 
process, however, made it possible for artists 
to, as Kahrs states, "finalize the expressive 
quality of the image"—to breathe life into a 
CG film as has never been done before.2  
One could say that Meander puts the humanity back into animation by allowing more emphasis on the hand-
drawn element that made Disney famous. The continuous innovation of computer graphics technology is not 
only leading to the creation of animations that preserve the culture of handmade motion graphics and the 
legacy of traditional animation, but also to more possibilities in fields like marketing, business, and 
engineering that use technologies derived from 3D modeling and animation. The film industry may seem 
utterly devoid of science or engineering, but in reality, there is no aspect of this field that does not depend 
upon the four STEM fields. Do not be fooled. There is much more to animation than aesthetics. There is much 
more to any field than the superficial glimpses we all use to form our preconceptions. 
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Figure 1: A Frame in Layers 
https://www.youtube.com/watch?v=TZJLtujW6FY 
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“My Vagina is NOT a Disability” 

Jasmine Leticia Esparza General Interest 

In this day and age, the value of education proves beneficial towards an individual. Upon researching the top 
paid and growing fields in our society, one finds that these consist of the Science, Technology, Engineering, 
and Mathematics, or STEM, fields; all of which are heavily male dominated. The fact of the matter is that 
when it comes to the STEM fields, as does with many things in our society, women are heavily discriminated 
against. As a female myself trying to pursue a career as an engineer, this concerns me. I still find it surprising 
that women are so underrepresented in the STEM fields and there is a huge controversy on how this problem 
should be tackled. 
 There is no denying that women are the minority in these fields. Although the numbers vary between 

the different fields, on 
average in the United States 
of America only 20% people 
in the STEM fields are 
women (Women in 
Engineering). According to 
the Society of Women 
Engineers, in 1979 12% of 
undergraduate engineers are 
women. Now that number 
has increased to 20% but still 
in the American Association 
for the Advancement of 
Science 2010 survey: 52% of 
women had encountered 
gender bias in their careers 

verses 2% of men. In 1876, Elizabeth Bragg became the first woman to earn an engineering degree. It took 
another 100 years before the first woman was invited into the College's faculty ranks. Although one can say 
there have been many advances in this matter these disparities are very much still present. 
A serious issue that arises is in the salary field of women. Women get paid significantly less than men and men 
are more generally offered higher positions in these fields. This is shown in Nature’s Inequality Qualified 
article which shows the dfference in salaries between men and women. Although the numbers differ in fields, 
there is no denying the privelage that men hold over women economicaly. 
Moving on from that, we need to analyze why this has become such a problem in our society. If you look at 
Figure 2 from Inequality Qualified, you notice that other nations the gap is not as wide and yet here this 
problem is prevalent. When it comes to STEM, it is all based on mental capacity. Mind over matter. So sex 
should not matter when STEM comes to mind. The only thing that should matter is your level of education and 
experience. Yet often between a man and woman with the same level of experience, the man will get picked. 
In the end it comes down to the way we are conditioned. Since an early age both men and women are put 
limits onto what they can or cannot do. When shopping for a male versus a female child, the girl will receive 
dolls, while the boy receives building blocks. Girls are told that they do not have to be good at math because 
their mind is made for liking liberal arts. Females are pushed away from this field the same way males are 
pushed into it. 
Since the problem has been so known, there have been different approaches to fix it. Some people believe that 
we have to “girlify” these fields in order to make them more approachable for women. Personally, I find this 
offensive and unnecessary. Women are very much capable of entering a field without it being adjusted to fit 
their needs. Something does not have to be painted in pink to grab their attention. What should be done is that 
we need to stop referring to STEM as something men are made for. Rather than emphasizing on pushing 
people into or out of these fields we need to focus on making the STEM gender neutral.  
 !

Figure 1: Color Key: Red = women, yellow = men 
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Another factor should be taken into consideration, is the benefits that are given to women and the accessibility 
they have to pursue their career. Unfortunately, women in the STEM fields, are twice as likely to end their 
careers to start a family (Inequality Qualified). But childbirth is an obstacle in any field that should not limit a 
female’s capacity. In the United States, the government helps make accommodations for the disabled because 
they realize that they still have an 
ability to work regardless of their 
obstacles. And yet this same 
government limits the benefits of 
maternity leave for women because we 
women have an expectation to take care 
of our children alone after childbirth. 
This makes it seem as if a woman lacks 
the capacity to excel in life and is 
limited by societies expectations.   
 If we want to fix this problem 
of oppression that has been placed upon 
women we must stop highlighting the 
differences that exist between the sexes 

but rather look at ways on how to solve 
it. The sooner we start to open up our 
minds toward the sexes the sooner we can create equal opportunity amongst genders. First things first, it must 
be noted that “my vagina is not a disability” (Taylor) , so stop treating it as so.!
!
!
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Illuminating Rosalind Franklin, the Scientist 

Caroline Quan Biography 

Long hidden in the shadows of science history, Rosalind 
Franklin, dubbed the “dark lady” of DNA, has become a 
subject of fascination and mystery. Franklin’s work was 
pivotal in the discovery of the structure of DNA but she 
received only a token of recognition for her contributions, 
while James Watson and Francis Crick became famous as 
the scientists who discovered the molecule’s double helix 
structure. Franklin’s role in the discovery has been 
highlighted by numerous articles, documentaries, and books, 
portraying Franklin as a victim of misogyny and questioning 
whether she had been cheated out of the Nobel Prize, which 
was awarded to Watson, Crick, and their colleague Maurice 
Wilkins, in 1962, four years after her death. 

However, often forgotten amid this modern controversy is 
the story of an intellectual, strong, and independent woman 
and brilliant scientist who made significant contributions in 
several scientific areas during her short career. 

Rosalind Elsie Franklin, born in London, on July 25, 1920, 
attended St. Paul’s School for Girls, where she demonstrated 

an early aptitude for science and mathematics. Franklin’s mother had remarked, “All her life, Rosalind knew 
exactly where she was going, and at sixteen, she took science for her subject.” In the midst of World War II, 
Franklin obtained a doctorate in physical chemistry at Cambridge University, where she worked with the 
British Coal Utilisation Research Association (BCURA) and was the first to identify and measure the micro-
structures of various coals, which made it possible to classify them and accurately predict their performance. 

In 1951, she took a job in John Randall’s lab at Kings College in London as part of a team that included 
Maurice Wilkins, with whom she often clashed. 
There, she studied DNA fibers using X-ray 
crystallography, a technique used to map out atoms 
by looking at the image of the crystal under an X-
ray beam. It was in Randall’s lab that Rosalind 
made some of her greatest experimental 
achievements and faced some of her most 
challenging moments. During her time in Randall’s 
lab, Franklin displayed her expertise of X-ray 
crystallography by producing extremely fine beams 
of x-rays and extracting thinner DNA fibers, which 
allowed her to take the famous “Photograph 51”, 
which provided crucial clues to DNA’s double helix 
structure. As Brenda Maddox relates, “Rosalind’s skill in chemical preparation and X-ray analysis... had given 
the first clear picture in the form in which the molecule opens up to replicate itself.” However, without 
Franklin’s knowledge or permission, this photograph was shown to Watson and Crick along with some of her 
other unpublished research and allowed them to construct an accurate model of DNA, for which they later won 
the Nobel Prize without acknowledging Franklin’s contributions. Evidence is shown in Maddox’s biography of 
Franklin that Watson and Crick could not have developed their model without Franklin’s work and that, as 
Crick later admitted, Franklin was very close to solving the structure of DNA herself. 

“But science and everyday life 
cannot and should not be 

separated. Science, for me, gives a 
partial explanation of life. In so far 

as it goes, it is based on fact, 
experience, and experiment.” 
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! However, Franklin faced much marginalized treatment during her time at King’s College and eventually left to 
work at Birkbeck College in London, where she started research on plant viruses, using crystallographic 
methods to elucidate the virus structure, set up a research group, and became recognized as one of the world’s 
experts on virus structure. Shortly after her path- breaking investigation of the arrangement of protein subunits 
in the tobacco mosaic virus, Franklin was diagnosed with ovarian cancer in 1956. To the very end, during her 
battle with cancer, she continued her work, producing over ten papers with her team, and successfully fought 
to obtain the funds to keep her research group together while confronting the sexism and paternalism that 
permeated British scientific institutions during the 1950s. 

 Even after her death, for decades, Franklin remained unrecognized for her significant discovery and scientific 
work and was negatively referenced in Watson’s 1968 memoir, The Double Helix, where he presented her as 
“Rosy”, writing, “Clearly Rosy had to go or be put in her place... The thought could not be avoided that the 
best home for a feminist was in another person’s lab.” However, while Franklin may be portrayed as a martyr 
of feminist cause, she was ultimately a dedicated researcher who had a deep passion for and commitment to 
science. In a letter to her father, she wrote, “But science and everyday life cannot and should not be separated. 
Science, for me, gives a partial explanation of life. In so far as it goes, it is based on fact, experience, and 
experiment.” 
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Sally Ride 

Alyssa Scheske Biography 

Even from a young age, Sally Ride was a driven and intelligent women scientist. With that powerful 
combination, she strived to do her best and place the significance of science on the front burner. However, 
never in a million light years would she know just how important her contributions are even to this day.  
     Born on May 26th, 1951 to Dale and Carol Ride, Sally grew up in Los Angeles, California. Growing 
up, she was heavily influenced by the Presbyterian Church, tennis, and science.  Ride attended Westlake 
School for Girls on scholarship because she was a nationally ranked tennis player. She was a very well 
rounded child and had many diverse interests. In college, at Stanford, she 
decided to focus her energies towards Physics and English, earning a 
bachelor’s degree in both. She continued to study physics, specifically doing 
a project with x-rays, as she worked towards a Ph.D., graduating in 19781.  
    Her next pursuit was at NASA. In 1978, she was selected to be an 
astronaut candidate and began her training. Afterwards, she began working 
on several missions. In 1983, she became the first American women in space 
on the Challenger STS-7 mission. She had to overcome many doubts from 
the public. She showed them that an astronaut is an astronaut; a scientist is a 
scientist; no matter the gender. This monumental achievement would put her 
in the history books forever 2. 

All her missions included the on-orbit capsule communicator for the 
STS-2, STS-3, and the STS-7 (launched in 1983). The crew she was on 
deployed satellites in addition to activating seven Getaway Specials. In 
1984, Ride served as a Mission Specialist on STS 41-G. She spent over 340 
hours in space. Then, after the tragic Challenger accident, Sally Ride had an 
important and crucial role on the Presidential Commission that investigated. Her next position at NASA was 
Special Assistant to the Administrator for long-range and strategic planning1.  

     In 1989, her next stage was as a teacher at the University 
of California, San Diego. There she was also the Director of the 
University of California’s California Space Institute. Meanwhile, 
she also started her own company named Sally Ride Science. 
This company put on many events and created plenty of 
promotional material urging girls to see the wonder of STEM 
fields. Once again, Sally Ride lit the path for many women 
behind her. Throughout her life she served on many committees 
and boards. Ride was a beloved and cherished member of the 
scientific community.  

     Ride spent her limited free time pursuing her other goals. She understood the value of an education for 
our future generations. Thus, she became an author and wrote five children science books. She strived to 
enthrall others. 
     Sadly, Ride died of pancreatic cancer in 2012. She left a celebrated legacy behind. Sally Ride was a 
true pioneer. She made magnificent headway for women in science. Her passion for her work in science is 
energizing and enticing. It is amazing how one person, with academic focus concentrated in one area, could 
have such a diverse range of accomplishments. Her whole life could be used as a role-model example to 
inspire young girls into many STEM fields. Her spirit and legacy motivate many young women, including me, 
today. 
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“I would like to be 
remembered as someone who 
was not afraid to do what she 
wanted to do, and as someone 
who took risks along the way 
in order to achieve her goals.” 
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Dr. Sara Espinoza, a Role Model for Aspiring Femals Scientists 

Kayla Darvin Biography 

When I was a freshman in high school, I had the great pleasure and honor of 
working with a mentor whose influence would greatly inspire me to pursue a career in 
science.  Her name was Dr. Sara Espinoza, and she was my research mentor when I 
was in a biomedical research summer program from my freshman to junior year of 
high school.  I chose to work with her because I was immediately drawn to her 
research and I found her to be such an inspiring person.  She is an MD and PhD, a 
wife, a mother, and a dedicated female scientist.  After my first interview with her, I 
knew that I would be honored to work with such an accomplished woman.  As I carry 
on through my freshman year in university, I still look to Dr. Espinoza as a source of 
inspiration and a role model to emulate.     

I was also greatly interested in working with Dr. Espinoza because I was 
intrigued by her research.  The work done in her lab investigates a process that is 
relevant to all human beings—the aging process.  In particular, Dr. Espinoza conducts 
studies on frailty and investigates glycoproteins that can be used as biomarkers for 

frailty using proteomics and quantification analysis through enzyme-linked immunosorbent assays (ELISAs).  
This proteomics-based screening methodology is used to analyze specific glycoproteins found in the plasma 
samples of the patients participating in the research.  Blood plasma samples are taken from non-frail, pre-frail, 
or frail adults aged 65 years or older, and the concentrations of certain glycoproteins, haptoglobin, transferrin, 
and fibrinogen, are quantified to find correlations between their concentration levels and frailty status.  The 
specific glycoproteins are selected for quantification analysis using lectin affinity chromatography and 2-
dimensional polyacrylamide gel electrophoresis, and their variances in concentration level in patients across 
frailty status (non-frail, pre-frail, and frail) are then analyzed using the ELISA method.  Out of these three 
glycoproteins, transferrin and fibrinogen have exhibited significantly higher concentrations in patients who are 
frail, as opposed to those who are non-frail, and thus have produced results that suggest their usefulness in 
frailty diagnosis.  If high levels of these glycoproteins are detected in an older patient’s blood sample, they can 
potentially be used in preventative measures to promote healthy aging.   

With her research, Dr. Espinoza hopes to show how glycoproteins can possibly be used to diagnose 
individuals across frailty status to promote healthy aging and reduce the number hospitalizations, 
institutionalizations, and deaths of aged adults (65+ years) per year.  Her work has appeared in the Journal of 
Gerontology: Biological Sciences and the American Geriatrics Society, and she continues to collaborate with 
other researchers to further her work. 

 
A main reason why I chose to write about Dr. Espinoza was because I felt she is the embodiment of 

what WiSE stands for—hardworking women in STEM fields who achieve success through their perseverance.  
She balances high achievement with humility, and family life with her career, proving herself to be such a 
well-rounded individual.  Because of this, I feel it is important to shed some light on who she is as a person 
and how she became interested in science, in hopes that others will find her story relatable and inspiring. 

Dr. Espinoza first became interested in medicine when she took a college biology course.  Although 
she had never aspired to be a doctor as a child, medicine quickly grabbed her interest and she decided to 
continue exploring the field.  Dr. Espinoza eventually went on to medical school, where she ultimately found 
her research passion and interest.  When I asked her about how she became interested in studying frailty, she 
answered: 

In my 4th year of medical school, I did an elective in Geriatric Medicine with a physician in 
the community.  He was such a good doctor and what I enjoyed most was working with him in 
several different settings—the office, assisted living, and nursing home.  I really had an 
affinity with older patients, and felt so much compassion seeing older patients suffer chronic 
illness such as Alzheimer’s.  I had a strong feeling then, and still do, that no matter how old 
and sick we become, we all deserve to live the best quality of life possible with dignity.  This 
is what I try to do everyday as I care for my patients.   

Atrouli
Female
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As a medical resident in Internal Medicine (at the University of Rochester), I really became 
interested in the concept of frailty.  I came to notice very quickly patients who were robust and 
healthy and older adults who were frail, and were likely to continue to decline in the future.  I 
took this interest into my fellowship in Geriatric Medicine and Gerontology (at Johns Hopkins 
University) where I was able to work with researchers who were pioneers in the field of 
frailty.  I have worked on the subject of frailty ever since, researching biomarkers of frailty 
and predictors of frailty.2   

 
A woman as inspiring as Dr. Espinoza can definitely serve as a great role model not only for women in 

STEM fields, but for minorities pursuing these career paths as well.  During my interview with her, I asked her 
for any advice she would give to those studying math and science, and she stressed the importance of passion 
and balance in life: 

 
I would recommend to study very hard—it will pay off in the end!  A career in medicine is 
life-long learning, so one must see the value and “fun” in attaining knowledge in and of itself.  
I would also say that while working hard is important, it is also good to have some balance.2 

  
Through Dr. Espinoza’s example, I hope that other women and minorities in STEM fields can find the 

inspiration and motivation work hard to achieve their goals.  Dr. Espinoza is living proof that gender disparity 
in fields of science is an obstacle that can be overcome with perseverance and determination, and that 
happiness can be found in one’s work when true interest and passion are present.   
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Dean Kamen – The 21st Century Benjamin Franklin 

Katelyn Greene Biography 

Who is Dean Kamen? 
Born 1951, Kamen grew up among a working class family in the 
suburbs of Long Island, New York.4  Even from a young age, his 
parents, his father an illustrator for comic books and his mother a 
teacher, recognized that Kamen was an avid inventor and clearly gifted 
with his hands- he loved tinkering with everything.3 Now, although 
Kamen does not hold a college degree, his breakthrough medical 
innovations and entrepreneurial skills have secured him a multibillion-
dollar fortune and a reputation as a highly influential public figure and 
internationally renowned philanthropist.   
Driving the Innovation of Modern Biomedical Devices 
Kamen is heavily involved in innovating solutions to societal problems 
often overlooked due to their complexity and lack of innovators. While Kamen was still an undergraduate, his 
older brother came home from medical school and mentioned a need for a device that could deliver medicine 
to patients who needed regular infusions of medication.5  Intrigued, Kamen took action and several years later, 
he released the AutoSyringe, which precisely delivers doses of medication to patients automatically.1 This 
invention revolutionized drug delivery, leading to the invention of the first wearable insulin pump and later, 
the portable dialysis machine- returning precious freedom to millions of patients who would otherwise be 

bound to hospital beds or subjected to round the clock 
injections. Similarly, after watching a man in a 
wheelchair try to negotiate a curb in the late 1980s, 
Kamen was inspired to build a wheelchair that could 
overcome stairs and curbs- resulting in the iBOT 
mobility system.8 Today Kamen holds more than 440 
patents and his inventions are broadening the frontiers of 
healthcare- prompting many to call him this century’s 
“Benjamin Franklin.” 7 

His Other Passion: FIRST Robotics 
In 1989, driven by his desire for kids to understand and 
enjoy science and technology, Kamen founded FIRST 
robotics. Undoubtedly,  Dean Kamen’s tireless avocation 

of technology through FIRST has come a long way since its founding; the organization now puts on not one, 
but several massive international robotics competitions for kids ages 6-18.  This year alone, over 300,000 kids 
were involved in FIRST worldwide- another huge success for Kamen, but for a much different reason than his 
medical devices.2 Currently, our national K-12 curriculum fails to foster kids’ inherent creativity and desire to 
work with their hands. Meanwhile, society is entering into an age riddled with challenges associated with 
overpopulation, global warming, and quickly depleting natural resources. Consequently, we desperately need 
programs like FIRST to inspire the next generation of technological leaders and problem solvers who will 
dream up and implement the solutions to these global challenges. 
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"For each one of you, there are approximately 10 
million individuals who need your help. You are among 
the tiniest group of the most privileged minority on this 
planet, and your education is the most valuable 
resource anybody can have. Rather than seeing your 
education as a privilege that will help you get whatever 
you desire, I hope you will carry this education as a 
responsibility. The four billion people who need clean 
water, and haven't received this education, do not have 
the tools, the resources or the potential to fix their own 
problems, let alone the problems of the world…. It’s 
gonna be you, or it won’t be fixed.” 
-(An excerpt from commencement speech to 2012 



Ethics and Medicine: The Controversy Behind Stem Cells 

Feature Article Atrouli Chatterjee 

In the course of the last decade, stem cell research has grown to become one of the frontiers of contemporary 
biology. Yet, this field has been marred by controversies regarding its “ethics” early on in its beginnings. The 
controversial nature arises from the fact that one group of people are for the research and use of embryonic 
stem cells, while the other, of more religious basis, believe that embryonic stem cells are the cells from which 
children are created, and thus in using these stem cells for research, scientists are “killing babies”. Will this 
controversy lead to another science vs. religion debacle like the one that Galileo faced in the 19th century? Or, 
have people realized the truth behind Albert Einstein’s words, that “Science without religion is lame, religion 

without science is blind?”  Regardless, in order to decide for 
one’s self the truth behind stem cell research, the first step is to 
comprehend the dispute.  
To understand the controversy behind this topic, one must 
consider why people would equate embryonic stem cell 
research with the annihilation of life. Embryonic stem cells 
form in a fertilized egg and help develop the embryo during the 
first weeks after conception.  Consequently, embryonic stem 
cell research involves scientists trying to figure out the 

properties and characteristics of these cells. Regardless, many scientists contend that embryonic stem cell 
research may help overcome chronic diseases for which we currently do not have a cure, such as Alzheimer’s, 
cancer, diabetes, and heart disease. Those that remain 
adamantly against embryonic stem cell research may 
still question: even so, is it worthwhile to try to save 
someone’s life for the life of an unborn child? 
 
Before attempting to answer this question, consider 
the other side of the story - the side of science, 
starting with trying to understand what stem cells are. 
Stem cells are unspecialized cells that have the 
potential to differentiate into different cell types 
through cell division, even after long periods of 
inactivity. They are responsible for the development 
of different cell types in the body, and are also 
responsible for repairing worn out or damaged cells. 
There are mainly three types of stem cells: 

1. Embryonic stem cells 
2. Non-embryonic stem cells (i.e. Somatic or 

Adult stem cells] 
3. Induced pluripotent stem cells (IPSCs) 

The first and most commonly known are the embryonic stem cells. These develop at the first stages of life, and 
are responsible for the creation of the various types of cells that make up the body. Non-embryonic stem cells, 
found in people of all ages, are more commonly known as adult stem cells. They serve mainly to repair or 
regenerate damaged or worn out tissues and cells. They are typically formed in the bone marrow, muscles, or 
the brain. While most adult stem cells were thought to be limited in the different types of cells they could 
become, there are still stem cells in the adult human body that are pluripotent – that is, they retain the ability to 
become any type of cell within the body. Last but not least, induced pluripotent stem cells (IPSCs) are the 
most recent addition to this list of types of stem cells. Created in a laboratory in 2006, these are regular cells 
whose genetic make-up was “reprogrammed” to make it similar to that of a pluripotent stem cell. [1] In 
general, all stem cells are: 

1. Capable of dividing and renewing themselves for long periods, i.e. sustainable. 

“The controversy 
continues …” 

Professor R. Schekman 
Professor of Cell and Developmental Biology 

Department of Molecular and Cell Biology 
University of California, Berkeley 

“Considering both positions 
in the debate - the study of 
embryonic stem cells is 
either a necessary advance 
or a dangerous moral lapse, 
- the fate of this work is in 
our hands.” 

Professor R. Schekman 
Professor of Cell and Developmental Biology 

Department of Molecular and Cell Biology 
University of California, Berkeley 
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2. Unspecialized (i.e. they have not yet become specialized into a muscle cell, nerve cell, or 
other such cell). 

3. Able to give rise to specialized cells. 
4. Able to replicate, or proliferate. 

Now that an idea of what stem cells are has been established, it is important to understand some common 
misconceptions. 

Common Misconceptions: 

1. Stem cells are ONLY found in unborn babies. This is not true. Stem cells are found in many different 
parts of the body even beyond infancy. Furthermore, the development of the IPSCs in 2006 has 
opened up new options to stem cell research. If regular cells can be reprogrammed to be behaving like 

embryonic stem cells, more research can be done without a 
constant need to obtain new embryos, and thus minimizing 
the controversy. [4] Furthermore, IPSCs can be used for 
drug testing, thereby reducing the need for animal testing, 
which has been a major source of discontent among the 
public for decades. 

2.  In stem cell research, ONLY embryonic stem cells 
are used. This is also false. Stem cell research strives to 
understand the development of organs, birth defects, and the 
development of stem cells themselves, which is most easily 
done in embryonic stem cells. However, a lot of current 
research deals with how adult stem cells can be used to 
understand the development of cancerous cells and how they 
can be used to treat diseases like chronic cardiac diseases. 
The treatment of leukemia using adult stem cells in the bone 
marrow is an example of such a feat of science. While 

embryonic stem cells are certainly important to scientists 
in this field, it is definitely not everything. It is important 
to recall that in order to fully understand stem cells, it is 
necessary to work with all kinds of stem cells. [1-4] 

3. Only one stem cell can be obtained from one unborn fetus. This is also not true. In 1998, scientists 
were able to derive stem cells from human embryos and grow them in petri dishes. This enabled 
scientists to obtain one sample of stem cells, grow them (i.e. replicate them), and then flash freeze 
them so they could be transported to other research facilities. Thus from one sample of stem cells, 
millions could be grown. [4] So perhaps there is some promise to stem cell research. It is not 
destroying life. However, what is it accomplishing for the general public? 

Stem Cell Research: What does it mean for society? 

Currently, stem cells are being used in research to understand the development of organs, birth defects and 
even the development of cancerous cells. By observing the growth of stem cell cultures and analyzing their 
genetic make-up, scientists are now able to induce stem cells to become tissue or organ-specific cells with 
special functions. [1] This has the potential to support the growing need for organ transplants. There are more 
and more patients each day that require transplants, but unfortunately organs are neither easy to obtain nor 
easy to transfer. If this field of research can be mastered, patients will be able to receive transplants on a 
timelier basis, and have a greater chance of recovery. [4] 

Recall the fact that stem cells in adults have been found to repair worn out or damaged cells. Recently, a study 
conducted by the University of California, San Francisco, has found that mice treated with stem cells had an 
improved state of health, due to the fact that the stem cells replenished worn out tissue and capillaries in the 

Figure'1!This!figure!shows!the!development!of!stem!cells!in!
the!embryo!and!their!differentiation!into!organs!and!cells!
essential!to!the!function!of!the!body.! 
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In regards to the actual possibilities of this field, Professor R. Schekman of the University of California, 
Berkeley, the first Director of Berkeley’s Stem Cell Center, said that while stem cell research has a long way 
to go before clinical practices with embryonic stem cells will become common practice, stem cell therapy is 
certainly a possibility, considering the treatment of leukemia which is already in practice today. Professor 
Schekman, currently studying how proteins are transported within 
mammalian cells, emphasized the fact that human embryonic stem cell 
research is in its infancy, and will require much more time to advance 
to a point where these cells may be transplanted for tissue replacement 
therapy. Regardless, each discovery is leading to new possibilities. 
Take for example the discovery of the induced pluripotent stem cells 
(IPSCs). These cells, which are very similar to embryonic stem cells, 
can help scientists better understand the way life is formed, as well as 

produce an alternative to drug testing. That is, skin cells grown from 
IPSCs can be tested for the effects of drugs instead of drug testing on 
animals like mice, rats, and rabbits, as is the common practice now. 
Furthermore, IPSCs can be used to determine disease development by 
implanting a gene encoding a particular disease into the DNA of the IPSC. [5] 

Although there are currently no clinical applications of embryonic stem cells, investigators around the world 
are exploring a range of options. For example, embryonic stem cells or their differentiated derivatives could be 
used in drug trials as an adjunct to human trials. Embryonic stem cells created by the IPS technique are being 
used to compare the development of disease in adult cells sampled from normal and disease patients. However, 
to achieve these goals, time is crucial. Research on the basics of stem cells must advance before their promise 
can be realized. Where the conception of life once was the exclusive product of fertilization in the womb, we 
now have millions of babies born to infertile couples through the development of in vitro fertilization. The 
exploration of such embryos created in the clinic now offers promise to treat diseases that afflict millions more 
victims. As Professor Schekman said, “Considering both positions in the debate - the study of embryonic stem 
cells is either a necessary advance or a dangerous moral lapse, - the fate of this work is in our hands.” 

!
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A New Light on Stem Cells 

Atrouli Chatterjee Breakthrough Science 

There was a time in our near past, where people were hesitant to even consider the possibility of stem cells as a 
way to move forward with medical research. The feature article, deals with this issue. Nonetheless, time has 
not stood still and people have slowly, perhaps begrudgingly started to accept the new opportunities that stem 
cell research provides.  

Certainly, the Nobel Prize awarded in 2012 to Shinya Yamanaka and Sir John Gurdon for their method of “re-
differentiating” differentiated cells, or iPS cells, or induced Pluripotent Stem cells contributed to the more 
accepting nature of the public. Their discovery meant that embryos were no longer necessary for the 
production of stem cells; rather, mature cells could be converted to pluripotent cells. Nevertheless, the success 
rate of this process was only between 0.1 to 1%, which is very low.  

Now, only 2 years after the Nobel prize was awarded, (and 8 years after Yamanaka first found promising 
results for his iPS cells), Dr. Haruko Obokata at the RIKEN Center for Developmental Biology in Kobe, 
Japan, has found that by simply “acid-shocking” blood cells, pluripotent cells can be generated. 

This amazing feat of science is not only of importance to us because of the implications this has on the 
scientific community, but also because this discovery was made by a woman who struggled to prove her work 
and convince her lab members that she was not fabricating her results.  

Dr. Obokata’s findings was published on January 31, 2014 in Nature, but she says the idea of exposing cells to 
different kinds of stresses (such as treating blood cells with acid, as she did in this case) to produce stem cells 
came to her while she was culturing cells. She recalls that after squeezing cells through a capillary tube, often 
the cells would shrink to the size of stem cells. Dr. Obokata then decided to try three stressors to determine 
which, if any would cause cells to revert back to stem cells: (1) a bacterial toxin that perforates the cell 
membrane, (2) exposure to acids, and (3) physical squeezing. Each treatment produced cells that showed 
markers of pluripotency. The ultimate test of pluripotency is that the cell must show that it could turn into all 
cell types. Dr. Obokata demonstrated this by injecting fluorescently tagged cells into a mouse embryo. If the 
cells are pluripotent, the cells will end up in every tissue of the mouse, and the end result will be a fluorescent 
green, glowing mouse. While the idea is radical, the success rates have shown promise. Of all the cells 
processed, 25% have become pluripotent; of them 30% have been promising in effecting change in the host 
embryo. 

Nonetheless, Dr. Obokata struggled to convince skeptics that the pluripotent cells were in fact converted 
mature cells, and not pre-existing pluripotent cells. She convinced them by using T cells, a type of white blood 
cells whose maturity is clear from its gene rearrangement during development. While many challenges still 
remain, one of the biggest will be to determine the applicability of this process to human cells.  

This is the frontier of biological science. We must wait to see what happens next; perhaps one of us will 
contribute to the next breakthrough. Only time will tell. 
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