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Letter from the Editors
In this issue, the amazing Vector Staff brings the fiction out of sci-

ence-fiction and highlights the reality of the genre. From quantum 
computing to facial recognition research, these articles highlight the 

intriguing progress being accomplished at UT Austin. We believe 
that engineers are paving the paths of the future and hope that this 

magazine inspires you to keep reaching for the stars. Thank you to Staff 
Leaders Caroline Kung, Brendan Towlson, Allie Runas, and Tyler Stern. 

Without their dedication to Vector Magazine and constant drive for 
improvement, this wouldn’t have been possible. 

Again, thank you for taking the time to hear what we have to say and 
letting our hard work pay off! Good luck in all of your endeavors. 

Best wishes, 
Christina Cuellar-Nelson and Jacob Stehsel

Editors-in-Chief 
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T h e  V e c t o r  p h o t o g r a p h y  t e a m  t o o k  a  t r i p 
t o  p a c e  b e n d  c o u n t y  p a r k  a n d  t o o k  s o m e 
a s t r o n o m i c a l ly  c o o l  p i c s .  Ta k e  a  l o o k !

P h o t o s  Ta k e n  B y :  ( t o p,  l e f t  t o  r i g h t )  j a c o b 
s t e h s e l ,  c h r i s  a n ,  q u i  t o n ,  j a c o b  s t e h s e l ;
( m i d d l e ,  l e f t  t o  r i g h t )  c h r i s t i n a  c u e l-
l a r - n e l s o n ,  j a c o b  s t e h s e l ,  A l l i e  r u n a s , 
j a c o b  s t e s e l ;  ( b o t t o m ,  l e f t  t o  r i g h t )  r i t u 
s h i r a l i ,  c h r i s t i n a  c u e l l a r - n e l s o n ,  k at 
w a lt e r s ,  a l l i e  r u n a s

L ay o u t  B y :  C a r l o s  V i l l a p u d u a
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   When Chris Skoog started 
his studies at UT Austin, he 
enrolled in the School of Un-
dergraduate Studies with an 
Undeclared major. He knew he 
wanted to make music, so he 
thought about trying to switch 
to the Music Composition pro-
gram in the Butler School of 
Music. While in that process, 
he discovered some Arts & En-
tertainment Technology (AET) 
classes, one of which involved 
making musical scores for vid-
eo games. Skoog decided to 
try the class out, became fas-
cinated, and began wishing for 
a major where he could study 
more classes like this one.
   At the time, the AET major 
was just starting off. Skoog 
managed to switch into the 
first class, which graduates 
this semester. Now, AET is 
offered by the College of Fine 
Arts and is meant to teach 
students to use technology to 
bring their creative ideas to 
life. There are three areas of the 
major through which students 
can accomplish this: Music 
and Sound, Game and Mobile 
Media Applications, and New 
Performance Technologies. 
According to the students, the 
simpler and more appropriate 
name for these three areas are 
music, light design, and art 
and animation. Most students 
hope to use their degrees to en-
ter technology-driven careers 
within the entertainment in-
dustry, whether that be work-
ing with video games, film 
scores, film editing, or more.
   Much of the first class of 
students have similar experi-
ences to Skoog. Daniel Lopez, 
who also focuses on the music 
side of AET, initially thought 
about majoring in RTF.
   “The audio program in RTF 
seemed more towards video 
editing than audio editing and 
my counselor pointed me to-
wards this new degree that was 

going to happen. Just in the nick 
of time, this major came about 
that had things I just happened to 
be passionate about,” said Lopez.

Sam Valdez, am AET 
senior focusing on art, chose 
the major after starting out as 
a computer science major, an 
area she found lacked the cre-
ativity she sought for her career.
            “I felt really trapped as a 
computer science major. I really 
enjoy technology, so I thought it 
was right for me until I was pe-
nalized for doing things a little 
bit different than everyone else,” 
she explained. While many stu-
dents in AET have different in-
terests, their various skills and 
ambitions come together in 
many ways. One of these ways 
is through a Video Jockey battle 
where students integrate lights, 
video, and music all created 
by them in a live competition.
   “You’re doing live video mixes 
to the music. The lighting was 
live, the VJing was live, and it 
was all done by AET students,” 
says Valdez, who took part in 
the competition. The challenge, 
she said, came from not knowing 
what kind of music you would 
be given and having to provide 
visuals to go with the music.
Another way in which students 
get to work together across fo-
cus disciplines is through their 
capstone class. The students are 
tasked with de-

veloping a video game from 
scratch, with students from each 
focus area creating a component 
of the game. The project is in-
tense, with students dedicating 
most of their time in their final 
semesters towards the develop-
ment of their games. Still, it’s 
a good way for them to show-
case their work and what they 
have learned through AET. 
With the first class of AET stu-
dents graduating this semes-
ter, students have taken note 
of how much the program has 
changed. Since its start only a 
few years ago, the program has 
grown immensely and become 
much more competitive, some-
thing sophomore Adriana Lara 
has had the opportunity to enjoy. 
  “You wouldn’t expect that so 
many people are into the things 
that you enjoy,” says Lara. “It’s 
definitely grown so much.”

Writen By  
Shezaz Hannan

Photography By  
Christina 
Cuellar-Nelson  

Layout By  
Shruthi Avantsa
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seds (Students for the  exploration
and development of 
space)

Written by:  James scales 

photo by: Chris an

layout by: Carlos villapudua

Of all the many student organizations in the
Cockrell School of Engineering, one in particu-

lar that truly embraces sci-fi and futurism is a rela-
tively new group called Students for the Exploration 
and Development of Space, or SEDS. The organiza-
tion was founded at UT Austin about a year and a 
half ago, and its focus, unsurprisingly, is on projects 
related to space technology. “SEDS exists to prepare 
students who want to work in the space industry for 
careers in the space industry,” said Jonathan Markel, 
Aerospace Engineering junior and SEDS president. 
“Our goal is to provide students the opportunity to 
build their skillset to work in the space industry.”

To achieve this goal, SEDS members work on techni-
cal projects, host speaking events and more. The most 
recent of these technical projects happened last fall - 
an entry in NASA’s Big Ideas competition, an annual 
contest between university students to develop tech-
nology for future NASA missions. Teams are given a 
certain problem with several constraints and must de-
sign a solution and submit a technical report. Last fall, 
teams were tasked with developing an autonomously 
deployable solar array for use on Mars. Around 40 
teams from universities across the U.S. competed, with 
only 5 advancing to the final round. “The cutdown is 

pretty significant… we didn’t make it into that top cut, 
but [we] produced a pretty good paper,” Markel said. 

Aside from technical projects, SEDS members have 
done several outreach events with high schools 
around Austin. “We go to local high schools and have 
a conversation with some of these students, talk a little 
about our experiences in college,” Markel said. “I al-
ways walk out of those just feeling really good - there 
have been several occasions where students don’t 
know that aerospace engineering is even an option.”

Of course, starting a new student organization is not 
without some challenges. “I think the biggest chal-
lenge has always been… making sure that people feel 
included in the organization, because everyone who 
comes in has something to contribute,” Markel said. 

According to Aerospace Engineering freshman Eric 
Richter, SEDS has been successful in this regard. “We’re 
all on equal footing here. The more I stuck around, the 
more I got involved in things.” Richter is the Student 
Engineering Council (SEC) representative for SEDS, a 
position in which he is responsible for attending SEC 
meetings and collaborating with other organizations.

For the upcoming fall semester, SEDS plans to host 
a case competition. “I won’t reveal what the case is 
yet, but it’s a combination of space technology and 
societal good and business,” Markel said. “We real-
ly want to show people that you can use space tech-
nology to have a positive impact on the world, and 
make money in a sustainable fashion,” he said. The 
interdisciplinary nature of this project is one of 
Markel’s goals for SEDS. While the organization is 
currently mostly Aerospace majors, Markel indi-
cated that they are looking for members from oth-
er majors. “There’s room for business students in a 
space org, just like there’s room for biology students.”
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Computer graphics 
are any visual 
images generated 

with the aid of a computer. 
This includes a broad 
spectrum of things ranging 
from digital paintings to 
computer graphics ren-
derings, still images to 
procedurally generated 
simulations. Addition-
ally, computer graphics 
encompasses not only 
the rendering, but also 
the generation of two-di-

mensional shapes and 
three-dimensional forms. 
As this is such a broad 
field, computer graphics 
can be approached 
from various angles. 
Professor Ben Bays, 
lecturer from the depart-
ment of Radio, Television, 
and Film is in this line of 
work. He “uses computers 
to subtly manipulate 
photographs, enhance 
or adjust the colors and 
values without making 

significant composition-
al changes or additions.” 

There are various applica-
tions of computer graphics 
such as “painting a com-
position from scratch in a 
program like Photoshop 
or using computers to 
composite or collage pho-
tographs or images, rear-
ranging their placement, 
rotation and propor-
tions--transforming the 
space of a composition,” 

said Bays. Furthermore, in-
teractive platforms can be 
created through computer 
graphics by constructing 
three dimensional forms in 
Maya, and later rendering 
or exporting them. Bays’ 
work involves aligning 
computer graphics elements 
with live action video while 
aiming towards a believ-
able intersection between 
the real and unreal. With a 
specialty in 3D modeling, 
surfacing and rendering,he 
has worked as an environ-
mental artist in the video 
game industry where he 
performed a variety of roles 
from animation to effects 
to box art to UI design, as 
well as having prior expe-
rience as a concept artist 
and traditional animator. 
Computer graphics in 
video games are simply 
an issue of magnitude. 

“Video game assets need to 
be ‘light’, economically using 
polygons, images, lighting, 
particle simulations, etc.,” 
said Bays.  “The bottom 
line is memory and frame 
rate.  Motion picture assets 
are not bound by those 
rules, but even they have 
limits. The game hardware 
has gotten powerful 
enough at this point that 
there is a convergence.”
Bays commends the flexi-
bility in computer graphics 
with its two paradigms: 
undo and duplicate. 
“The ability to undo and 
the ability to effortless-
ly duplicate is a seductive 
mode of creation within CG 
is so powerful and offers so 
many options that the voice 
of the artist is often lost 
in that dialog,” said Bays. 

Contrastingly, electri-
cal engineering senior 

Nick Blackley“works with 
computer graphics that 
people interact with, such 
as user interfaces, websites, 
or apps.” He has primarily 
worked on developing 
the new Vector website 
as well as user interface 
work in his past internship. 

“UI is a fascinating field as it 
pushes you to come up with 
more unique ways to interact 
with technology while 
designing the platforms 
yourself,” said Blackley. 

Although UI is fascinat-
ing, the biggest challenge 
is seen in making user in-
terfaces intuitive to use. 
With the huge exposure 
to digital technology 
today, many are accus-
tomed to certain patterns 
in design that are well 
known both by designers 
and by their audiences. 
However, Blackley rec-
ognizes the need to 
push these boundaries.  
“As a designer, there’s always 
a want to innovate a little 
bit and do something new 
or different so it becomes 
a little bit of a back and 
forth between what trends 
have been established and 
changing those trends at the 
risk of confusing the user.” 
The future of computer 
graphics contains vast 
opportunities to experi-
ment and create expres-
sive art and entertain-
ment that will continue 
to delight for decades.
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Engineers, researchers, futurists, and David Bowie have all asked the question: “Is there life on Mars?”
Or, maybe more importantly, could there be human life on Mars? There’s a variety of  reasons why we should 
aim to colonize the red planet, including the possibility of  resource depletion on Earth, ease of  future 
scientific research, economic benefits, or simply a change of  scenery. But why stop at Mars? Unbound-
ed by reality, science fiction dares to move beyond Mars and explore the colonization of  planets in other 
star systems, galaxies, and even other universes. Science fiction authors and screenwriters have long used 

     Written By: Jeffery Ha

Sci-Fi planets
     Layout By: Zamin Kugshia

     Pictures By: Christina Cuellar-Nelson

scientific knowledge and their viv-
id imaginations to construct their 
own fictional planets.On those for-
eign planets, humans sit down and 
have a drink, engage in intergalactic 
warfare, or do anything you could 
imagine normal people would do.

However, is colonizing those fic-
tional planets even possible or 
sustainable? Space is a harsh and 
inhospitable place, and we humans 
are fragile beings. To sustain a 
human population, a planet must 
meet a long list of  criteria. Here, I 
will try to determine the feasibility 
of  human life on planets from some 
of  my favorite science fiction works. 

“Interstellar,” the Christopher 
Nolan-directed science fiction film 
released in 2014, received wide-
spread acclaim from a variety of  
communities--film critics praised 
the stunning visuals and Nolan’s 
ambitious approach, while astron-
omers and physicists noted the 
scientific accuracy of  the film. 

One of  my favorite scenes in the film 
sees Cooper, Doyle, and Brand land 
on Miller’s planet, a world complete-
ly covered in water. Miller’s planet 
experiences high surface gravity 
and orbits a massive, spinning black 
hole, resulting in huge tidal waves 
and strong radiation. Given that 
Miller’s planet contains a large body 
of  liquid water, humans should be 
able to set up a permanent settle-
ment on the planet. The tidal waves 
and radiation could be countered 
by constructing settlements built 
within crust, underneath the water. 
However, the characters in Inter-
stellar had neither the time nor the 
resources to make the possibility of  
colonizing Miller’s planet a reality.

The planet Tatooine from George 
Lucas’s “Star Wars” universe is one 

of  the most recognizable planets 
in all of  science fiction. The harsh, 
desolate desert planet orbits two 
stars and lacks both surface water 
and vegetation, but it does house 
dangerous fauna, including the 
rancor and the fearsome sarlacc. 
Despite this, many species of  beings, 
including humans, live in major 
cities on the surface of  Tatooine.

Humans would be able to colo-
nize Tatooine if  they were able to 
counter the intense heat and radi-
ation. Possible solutions include 
subterranean settlements or ra-
diation shields. Another issue to 
consider is the lack of  surface water 
that could be resolved through the 
use of  “moisture farms” similar 
to those seen in “Star Wars.” To 
conclude, Tatooine would be diffi-
cult to colonize, but it wouldn’t be 
as difficult as escaping a sarlacc.

Lastly, Douglas Adams’s “The 
Hitchhiker’s Guide to the Galaxy” 
remains one of  my favorite books. 
Its irreverent take on the science 
fiction novel and cheeky humor 
make for a memorable read. To give 
an example of  Adams’ humor, one 
of  the planets featured in the book, 
Damogran, seems perfectly suitable 
for human life. The planet contains 
an ocean of  liquid water, familiar 
island landforms, and diverse flora 
and fauna. Nevertheless, Damogran 
is described as a completely unin-
teresting planet--in fact, the book 
lists the planet’s official status 
as “uneventful.” Therefore, no 
humans live on the planet. How 
ironic that the planet most fit for 
human colonization in “The Hitch-
hiker’s Guide” remains uninhabited.

Adams does make a good point, 
though. What’s the purpose 
of  colonizing a planet if  living 
there would be plain boring?
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The Engineering Education and Research Center (EERC),  the 
newest addition to the engineering building cluster,  motivates 
and inspires the entire engineering community through its 
unique architecture.  The building is split  up into two l imestone 
towers connected by a glass atrium, fulf i l l ing the need for a 
wide variety of labs,  off ices,  and work spaces for the Electrical 
and Computer Engineering (ECE) department.  The three-story 
glass atrium creates a vibrant and l ight-f i l led space that en-
courages collaboration between engineering students of al l 
disciplines.  The National Instruments Student Project Center, 
an undergraduate teaching space within the EERC, is  shift ing 
the paradigm of engineering education f rom traditional class-
room-based to project-based learning. Its unique architecture 
puts the power of engineering on full  display,  with thick con-
crete slabs supporting the room, open piping across the ceil ing, 
and f loor-to-ceil ing glass windows. 

The Austonian,  one of the most coveted and renowned luxury apartment 
buildings in Austin,  required an enormous amount of engineering cre-
ativity to make the jump f rom idea to reality.  Corridor setback require-
ments implemented by the city of Austin mandate that no structure rise 
higher than 90 feet at the property l ine facing Congress Avenue – this 
presented a problem for the planned height of 683 feet .  To circumvent 
this requirement,  the project team built  a 10- story podium extending 
to the property l ine with the remainder of the 60-story tower setback 
the mandated 60 feet .  Shaped as an el l ipse rather than rectangle,  the 
building structure presented a problem. In order to protect the complex 
building f rom structural  fai lure,  the structure is designed as two 30-story 
buildings stacked atop one another.  The bottom half  of the structure is 
supported by the podium base,  while the top portion is stiffened by an 
outrigger f loor on the 31 st story.  This design al lows for greater lateral 
strength throughout the structure.

AUSTIN ARCHITECTURE

With a unique architectural  design and views unmatched by any other 
residence building in Austin,  The Independent shines as a pinnacle of 
creativity and innovation.  The off  center design represents the need for 
tal ler,  skinnier towers in large cit ies such as Austin – high land prices 
have forced architects to build upward rather than outward. However, 
this restriction has only increased the resolve of architects to create 
novel ,  eye-catching skyscrapers that become f ixtures across their 
respective skylines.  At 60 stories and 675 feet tal l ,  The Independent is 
the tal lest tower in Austin and is renowned for its “Jenga-l ike” design 
– the building consists of four canti levered f loor plates that resemble
unevenly stacked blocks.  This unique design has garnered international
recognition as the winner in the Tall  Buildings,  Architectural  Design
category at the 2017 American Architecture Prize.   One problem faced
during the design process was resident comfort during high gust
weather events.  To protect against swaying of the structure,  the project
team converted a f ire suppression tank on the roof to act as a tuned
liquid damper to cut down on the acceleration of wind gusts around
the building.
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It’s often easy to get overwhelmed by difficult classes, re-
search, the job search, student organizations, and personal 
life. In my mind, sometimes it feels impossible to do it all 
well,” acknowledged James Taylor, a senior Petroleum 
Engineering major. “I wanted to create a platform for 

storytelling, so that all students can understand the marginaliza-
tion that students in minority groups often face within academia 
and in industry and focus on brainstorming ways to be better 
advocates and allies whether the situation is putting a deserving 
peer up for promotion or ensuring their voice is heard in a senior 
design project,” emphasized Aashima Garg, a junior Electrical and 
Computer Engineering major.

“The Student Engineering Council created Cockrell 
School Cares Week as a dedicated, annual week where engineering 
students can participate in discussion and storytelling focusing on 
the importance of discussing mental health issues, prioritizing 
self-care, and feeling comfortable with their own identity in the 
engineering space,” stated Roli Garg, a senior Chemical Engineer-
ing major. Generally, these types of discussions occur infrequently 
or in settings outside of class time, so we worked with professors 
to offer extra credit to loop a larger number of students into these 
conversations.

Events during the week ranged from workshops to an 
Open Mic Night to more come and go events like Chalkboards and 
Therapy Pets. Sophomore mechanical engineering major, Kalli 
Kiefer, an organizer of the Open Mic Night admitted that she was 
not sure “how people would react to” sharing their stories during 
the event, but was overwhelmed by how “close and safe the envi-
ronment became for people who opened about personal challeng-
es” since she felt a collected “sense of relief in the room in knowing 
that they were not alone.”  During the Embracing Failure Work-
shop, students heard Ted Talk style talks from three engineering 
professors— all of whom admitted having disliked or struggled 
with the course that they now teach in their respective depart-

ments. Junior 
electrical engi-
neering major 
Mark Goode 
reflected on 
the workshop 
focusing on 
“how even 
people who are 
in extremely 
successful posi-
tions have 
had their own 
many failures” 
which can be helpful when remembering that “I can use my fail-
ures as learning experiences as well.”

Industry professionals gave students advice during the 
Overcoming Racial Barriers and Women in STEM Workshops to 
help students advocate for themselves and practice effective ally-
ship. The Keynote Address from the CEO of Gobble and Forbes 
30 under 30 Ooshma Garg helped students see how prioritizing 
yourself can foster creativity. Ooshma described how her initial 
idea for her current company Gobble, 15-minute one pan meal 
kits, stemmed from a moment where she was struggling to take 
care of her physical and mental health, so her dad flew from Dallas 
to San Francisco to deliver her home cooked meals.

Dr. Johnson, a new Civil Engineering professor who 
allowed her students to receive extra credit for attending events, 
told us that “the reflection papers” students have written for at-
tending the week’s workshops and writing about their experience 
“have brought tears to her eyes” and that she feels more connected 
to her students.  In its inaugural year, with over 400 students in 
attendance at workshops alone, an online video campaign, and 
come and go events including Therapy Pets and Chalkboards, this 
week was a great success.

COCKRELL
  SCHOOL
    CARES

WEEK
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As computers are opti-
mized, the parts that 
constitute them are 
becoming smaller. 

Currently, bits are approach-
ing the size of an atom. For 
some background, bits are the 
foundations of a computer that 
store information as a com-
bination of zeroes and ones. 
Classically, bits can only store 
these two values, which means 
as computers are pushed to do 
more advanced  computations, 
more and more bits will be 
required. Unfortunately, there 
are limitations to how small 
bits can get and how many can 
be used. To solve this problem, 
the use of quantum particles as 
a replacement for bits is being 
attempted by researchers 
across the globe.  

To understand the significance of 
this, first we should touch on one 
of the fundamental properties of 
quantum particles. Essentially, 
quantum particles can exist in 
multiple states at once as long 
as they are not being observed. 
Because of this, quantum par-
ticles in a computer - known 
commonly as “qubits”- are able 
to store much more information 
than the same number of classical 
bits. To put this in perspective, 
the world’s most powerful su-
percomputer has the equivalent 
of about 50 qubits of processing 
power.

Dr. Brian La Cour from The 
University of Texas at Austin 
(pictured right) is one person 
attempting to advance our under-
standing of quantum computing. 
One of the biggest issues with 
quantum computers is “noise.” 
According to La Cour, quantum 
computers consist of “delicate 
entangled states” and noise is 
any conditions in the environ-
ment around the quantum par-
ticles that could 
collapse these 
states. La Cour 
himself is cur-
rently attempting 
to build a clas-
sical computer 
with quantum 
properties. To do 
this, he is using 
techniques used 
on quantum 
computers, such 
as quantum error 
correction, in a 
classical com-
puter. Quantum 
error correction is 
essentially a way 
of monitoring a 
quantum system 
without actu-
ally measuring 
it. “What’s the 
real difference 
between quantum and classical? 
The work we’re doing is pushing 
that boundary,” La Cour said. 

La Cour is also in charge of a 
research stream in the freshman 
research initiative. In this stream, 
students are taught the main con-
cepts of quantum computing and 
are able to use a small quantum 
computer made available online 
by IBM in order to attempt to run 
computations and understand 
how these computers work. Bryce 
Fuller, a mentor of the stream, 
has been interested in quantum 

computing for years. This is the 
first semester the stream has 
been active, but those involved 
such as La Cour and Fuller hope 

to see this stream create a com-
munity of people interested in 
the growth of the field at UT. Just 
last semester, Fuller created a 
club called Quantum Computing 
Initiative (QCI), which aims to 
teach students about quantum 
computing at its meetings. Ac-
cording to Fuller, “learning about 
the field from other undergrad-
uates is helpful because you’re 
learning from people who have 
also recently struggled with the 
material”. 

The past few years have seen 
extreme development in the 
quantum computing field. La 
Cour says that “quantum com-
puting has just reached the level 
where these machines might be 
comparable to classical comput-
ers.” He projects that a quantum 
computer that can outperform 
classical computers will be 
coming sooner rather than later. 

The hope is that quantum com-
puters will revolutionize the field 
of molecular simulations. Since 

molecular simulations require 
the use of quantum mechan-
ics and quantum calculations, 
complex calculations without any 
approximation would take thou-
sands of years and are currently 
impossible. 

Dr. Juliana Duncan, a UT Austin 
professor whose research involves 
finding optimal molec-
ular configurations 
from the interactions 
of atoms, says that 
there are tradeoffs in 
the development of 
these devices.  “The 
most pressing issue 
in the field is finding a 
balance between effi-
ciency and accuracy.” 

Essentially, the more 
accurate you want your calcula-
tions, the longer they will take. 
Quantum computing will hope-
fully enable calculations in virtual 
material design and drug synthe-
sis that would be impossible on a 
classical computer. Ideally, with 

the ability to perform simulations 
on extremely complex molecular 
systems, new compounds will be 
made that can revolutionize our 
knowledge of complex molecular 
structures.  

Many companies such as IBM 
and Google have shown keen 
interest in quantum computing 

research. This interest has caused 
huge development in the re-
search and creation of quantum 
computers in the past few years. 
Just recently, Google announced 
it had made a 72-qubit quantum 
computer. 

Quantum computing is pushing 
the boundaries of what we know 
is possible. It’s taking knowledge 
of quantum physics, which is 
viewed by most people as ex-
tremely theoretical, and making 
it tangible. Ultimately, when it 
comes to our understanding of 
the capabilities of quantum com-
puters, we are still on the ground 
floor, but it is exciting to witness 
the creation of something so fun-
damentally new.

Quantum computers consist of 

“delicate entangled states ... and noise 

in the environment around the quantum 

particles could collapse them.”

// Written by: Lauren Gaggini

// Photos by: Brendan Towlson

// Layout by: Kat Walters
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Snapchat AR:
A Student’s 
Experience

On Dec ember  14th ,  2017,  Snapcha t  announc ed  th e  l aunch 
o f  Lens  S tud i o,  an  augmen t ed  r ea l i t y  (AR) d e v e l op e r 
p la t f o r m.  You migh t  ha v e  s e en  Snapcha t ’s  AR capab i l i t i e s 
b e f o r e ,  in  th e  f o r m o f  a  danc ing  ho t  dog .   I f  you  ha v en ’t , 
Goog l e  i t  and  c ome  ba ck (and  whe r e  ha v e  you  b e en? ) .  The 
danc ing  ho t  dog  s e r v e s  t o  ‘ augmen t ’  da i l y  l i f e  b y  add ing  a 
v i r tua l  (po s s ib l y  danc ing )  ob j e c t  on  t op  o f  ‘ r ea l i t y ’  r i gh t  in 
f r on t  o f  you ,  on  wha t e v e r  you  s e e  th r ough  your  camera .  Th i s 
i s  my  a c c oun t  o f  my  s emes t e r - l ong  endea vo r  t o  make  a  Snap 
Lens  u s ing  Lens  S tud i o  and  B l ende r .   

Januar y 
“Let ’s  make a  Snap Lens !”
Somet ime between Dec.  14th and the s tar t  of  the 
spr ing semester  I  came across  Snap Lenses  and re-
mained f ixated on the idea  for  about  a  week.  At  the 
end of  the  week,   rea l i ty  ca l led ,  as  i t  tends  to  do,  and 
I  s ide l ined the idea  unt i l  I  had more t ime – aka  I ’d 
probably  never  do i t . 
Maybe i t  was  fa te,  or  maybe i t  was  the  c lement ine 
I ’d  had that  morning ,  but  midway through a  Vector 
meet ing I  rea l ized I  could just i fy  pursu ing th is 
t ime-consuming s ide  interest  by  turning i t  into an 
ar t ic le.  Other  people  were  interested ,  and a  p lan 
began to take shape.
Febr uar y
“…How do we make a  Snap lens,  and wi th what?”
“Blender” -Brendan Towlson,  a t  some point ,  prob-
ably.
I  have a  ver y  fuzzy recol lect ion of  why we ended up 
us ing Blender,  an animat ion software,  for  the  Lenses. 
Most ly  I  th ink someone (Brendan)  sa id  “I ’ve  used i t 
and i t ’s  pret ty  okay,”  and someone e lse  (Nick?)  sa id 
“free” and we just  ran wi th i t .  Combined wi th Snap-
chat ’s  Lens  Studio,  we were  set . 

March
“Oh,  the  th ings  we could do!”
Why make one Lens when we could make seven?  One 
for  each engineer ing depar tment .  Someone sug gested 
sp inning gears  for  MechE but  that  sounded a  l i t t le 
bor ing (ha) ,  why not  a  Rube Goldberg that  s tar ts 
when you tap i t ?  I ’m ChemE so I  fe l t  i t  was  my re-
spons ib i l i ty  to  make our  lens  good not  p ipe-re la ted . 
We tossed around ideas  and put  together  a  tentat ive 
l i s t  of  ideas  for  each depar tment ;  I  had g rand p lans 
for  th is  ar t ic le. 
Apri l
“Oh shoo t….”
I  s tar ted on the ChemE lens,  which I  p lanned to be a 
caffe ine  molecule  that  rotated when tapped.  I  opened 
Blender  and took a  c loser  look at  the  interface.  The 
interface  looked back and d id  nothing.  Rude.  So,  I 
consul ted YouTube.  An hour  la ter,  a  n ice  Austra l ian 
guy had ta lked me through key features  in  Blender 
and apparent ly  an imat ion of  objects  was  not  a  key 
enough feature  to  make the v ideo.  I  uploaded a 
(s ta t ic )  caffe ine  molecule  I ’d  got ten from GrabCAD 
into Lens Studio,  which crashed,  because  ofc.  The 
f i les  were  too h i - res,  Lens  Studio was  g l i tchy,  and 
the universe  was  laughing.  So f ine,  I  could make the 
molecule  myse l f  in  Blender,  but  i t  would have to  be 
s imple.  Water  molecule  i t  i s.  Honest ly,  I ’ve  a lways 
l iked water  as  a  molecule  more than caffe ine.
In the end,  I  f in ished the lens  ( i t ’s  on the next  page) , 
and I ’m happy wi th i t .  I t  i sn’t  what  I  or ig ina l ly  in -
tended i t  to  be,  but  f i rs t  a t tempts  rare ly  are.  I ’m 
going to  ca l l  i t  a  learn ing exper ience and ca l l  i t  a 
day.  Check out  my,  Jared ,  and Brendan’s  lenses  on 
the next  page !
Happy snapchat t ing ,  *waves*
Carol ine

S t u d e n t  R u n
The lenses on 

this  page were 
bui lt  by Brendan 

Towlson {ME, 
PGE,  BME,  ASE}, 

Jared Cormier 
{ECE,  CAEE},  and 

Carol ine Kung 
{ChE}
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The cinematic experience is defined by 
how immersed an audience feels in the silver 
screen’s fantastical world. Our expectations of 
being transported to a strange yet believable 
fiction have evolved with the capabilities of 
special effects. Although quality CGI used to be 
reserved for high budget, major motion pictures, 
and independent films were left with a dearth 
of digital effects, the game has changed. Now, 
anyone with a mid-range laptop and access to 
the Internet’s countless resources can produce 
advanced visual effects. “That’s the most fascinat-
ing part of the industry,” remarks Deepak Chetty, 
UT alumnus and post-production specialist, 
“where we came from and where we’re going.” 

As a young enthusiast, Chetty began 
making films with non-comput-
erized practical effects and em-
ployed painted explosions, smoke 
machines, and cotton balls to bring 
his stories to life. During his un-
dergraduate years attending the 
Pratt Institute, he started his work 
in compositing and visual effects. 
“That’s when I got fully into the 
CGI realm,” says Chetty, “and that’s 
where I started exploring visual 
effects as we know them today.” 
After spending some time in New 
York contributing to motion graph-
ics in documentaries, Chetty came 
to the 40 Acres to pursue an MSA.

Chetty’s thesis, “Hard Reset,” 
was one of the first sci-fi, stereo-

scopic 3D projects in the country.  Set in an am-
biguous future, “Hard Reset” raises the question 
of free will in a time of robotic emancipation. 
Alluding to the familiar concept of true sentience 
in AI, the scheme called for a creative approach 
to the necessary effects. In order to sell the story, 
things had to look vastly different from present 
day, so practical effects wouldn’t be sufficient. 
The intended quasi 80’s aesthetic implored the 
use of CGI to create the different devices, vehicles, 
and city landscapes found throughout the film. 
“Hard Reset” went on to win Advanced Imaging 
Society’s 2016 Best Live-Action Short, and Chetty 
was awarded ITVFest’s Best Director. Chetty has 
since contributed his expertise to various films 
including Rooster Teeth’s “Lazer Team” (2015) 

and personal projects concerning virtual reality. 
“I couldn’t have done it as well without 

UT3D,” he admits. At the time, UT 3D was the 
nation’s only dedicated stereoscopic series of 
courses in the country, and the program was led 
by Buzz Hays, one of the foremost 3D experts 

in the world who now serves as a Senior Lec-
turer for the ongoing program. UT Austin’s RTF 
department has continued to evolve with the 
industry and integrated motion capture and 
facial animation into its curriculum. Both con-
cepts have changed the scape of animation and 
are showcased in movies like “Rise of the Planet 
of the Apes” (2011) and “Avatar” (2009) giving 
fantastical creatures more lifelike appearances. 

Another facet of the industry is the prom-
inence of simulations and the subsequent inter-
section between science and art. Software such as 
Maya and Krakatoa are used to simulate fluids and 
dynamically represent fluids or gaseous composi-
tions. Even larger scale simulations like volumetric 
ash clouds and tidal pools require this procedurally 
generated physics. Using different renders and 
programs, product simulations can be seen in big 
ticket films like “Superman Returns” (2006) and 
“Transformers: Dark of Moon” (2011). “A lot of that 
has to do with math and science,” remarks Chetty, 
“you need that sort of background to program 
and understand what’s being created here.”

However, in a tug-of-war between art and 
practical science, art seems to win out. Because 
these effects are primarily for the viewer’s visual 
pleasure, appearance takes precedent as long as 
the discrepancies aren’t blaring. Holograms, for 
example, are key plot devices in classics like the Star 
Wars trilogy and “Iron Man” (2008). Although black 
light cannot be projected, holograms still produce 
images with the entire color range from white to 
black. Nonetheless, this law-defying characteristic 
of futuristic holograms aren’t questioned but rather 

regarded as a staple of the science fiction genre. “In 
terms of how it looks,” confirms Chetty, “I don’t see 
the hard science being as much of an influence.”

So what does the future hold for special 
effects in our adored sci-fi concepts? Chetty spec-
ulates that the industry’s next step includes Real 

Time Compositing. Green screens are already used 
to animate backgrounds in most films, but Real 
Time Compositing would allow directors to actu-
ally see green screen production immediately and 
make decisions accordingly during preliminary 
shooting. Hollywood has already begun exploring 
this progression, but the cost of running a studio 
to the necessary scale is exorbitant. Finding a 
way to reduce cost and allowing independent 
projects access would be the next big thing in 
special effects. “That would be the most enormous 
jump that we could make right now,” says Chetty. 

Visual effects have prodded the progression 
from Dr. Banner’s unimpressive debut in “Hulk” 
(2003) to his memorable appearance in “The Aveng-
ers” (2012). Through game changing techniques 
like compositing, simulation, and motion capture, 
science fiction can resemble a futuristic reality. 
Now that the computing power and software is 
more accessible than ever, anyone can bring imag-
inary concepts to life, and place an unsuspecting 
audience in a whole new world of possibilities.    

Special

Effects
Written By Shruthi Avantsa
Layout By Brendan Towlson
Photos Courtesy of Deepak Chetty

Odyssey of a UT Alum in the SFX Industry

COMPUTER GENERATED IMAGERY The application of computer 
graphics to create or contribute to images in media and simulators 
COMPOSITING The combining of visual elements from separate 
sources into single images
FACIAL ANIMATION Area of computer graphics used for generat-
ing and animating images or models of a character face. 
MOTION CAPTURE The process of recording patterns of move-
ment, especially for the purpose of animating a digital character 
PROCEDURAL ANIMATION Computer animation, used to auto-
matically generate animation in real-time 
STEREOSCOPIC A process by which two photographs of the same 
object taken at slightly different angles are viewed together

GLOSSARY

16 17

VECTOR ENGINEERING MAGAZINE



In modern film and literature, fantastical visions and advanced tech-
nologies collide in the genre of science fiction. Through fictional works, 
artists and technologists are able to give concreteness to the many 
thoughts, hopes, and concerns that engaged citizens have about the 
evolution of technology.

At a massive public research institution like The University of Texas at 
Austin, many of the astounding technological 
feats depicted in modern science fiction films 
are actually not as far off as one might think.

In video games like the Deus Ex or the Metal 
Gear Solid series, soldiers equipped with bio-
logical enhancements and nano-machines are 
able to display feats of strength and coordina-
tion beyond even the abilities of Olympians. In 
Metal Gear Solid 4: Guns of the Patriots, ad-
vanced special operations teams are even able 
to use centralized cognition to coordinate their 
actions as a single thinking body.

Works like these 
envision bio-com-
patible materials 
that are able to be 
treated as exten-
sions of the human 
body. Rather than 
seeing technology 
as a singular device 
or interface that we treat as a tool, advanced 
materials in science fiction allow artificial 
technologies to be woven directly into one’s 
being.

As a part of the Akinwande Nano Research 
Group, Dr. Shideh Kabiri is focused on the 

benefits that bio-compatible materials can 
create for the average person. She began her 
academic career earning an associates degree 
from the Iran University of Medical Sciences, 
and even as she began to move into device 
fabrication and nano-electronics, Kabiri 
continued to pursue projects that promised 

direct medical 
applications for 
regular people.

Dr. Kabiri has re-
ceived significant 
consideration for 
her work in the 
development of 
graphene electronic tattoos, small wearable 
devices that are able to flex and conform to 
body movements. These tattoos are exception-
ally thin, and are so non-invasive that they are 
able to be used to transmit electrophysiological 
data without disturbing the wearer at all.

Kabiri sees the potential for graphene tattoos to 
be used in other industries. “Electronic tattoos 
can have many different applications, [while] 
we focus on medical, these devices can commu-
nicate with any number of different electronic 
components to create more complex systems 
like environmental sensors or human-machine 

interfaces” Kabiri said. 

While the Akinwande Group may only be focusing on a narrow range of 
applications, it is clear that graphene tattoos have the potential to spur 
innovation in a wide range of industries.

Superhero movies show how breakthroughs in materials research have 

even created more opportunities to infuse our personality in the things 
that we consider most important.

Marvel Comic’s Iron Man has an extensive arsenal of armor suits are de-
signed for wide ranges of applications and environments, all with pow-
erful communication systems that allow Tony Stark constant contact 
with fellow superheroes and connection to the Internet. Moreover, Iron 
Man’s suits are all connected to -and indeed often controlled by- the 
powerful artificial intelligence program FRIDAY.

FRIDAY can be seen as a fictional extension of the sort of individualized 
wearable technology brought about by products like a Siri-connected 
Apple Watch. Increasingly advanced processing networks built directly 
into the structural material itself offers limitless opportunities to guide 
structural design based on personalization.

One institution that already embraces this mentality is the University 
Co-op Materials Lab housed by the School of Architecture here at The 
University of Texas at Austin. Through the Materials Lab, architecture 
students, as well as students of any discipline interested in incorporat-
ing diverse material selections into product design, are able to browse 
a collection of over 28,000 materials samples and actually work with 
Materials Lab staff to purchase materials for academic use.

Jennifer Wong has served as the director and lead curator of the Materi-
als Lab for the past three years. In her role, Jennifer has strived to keep 
the School of Architecture up-to-date with the most advanced design 
materials, and she constantly encourages students to see their selections 
of samples as reflections of the messages and attitudes they look to 
convey through their work.

“In this kind of work, we are always looking for a balance between form 
and functionality,” Wong said. “The way that students distinguish them-
selves in their work is by imbibing their individuality into the designs 
they produce,” she added.

In such an academic and collaborative setting as university, students 
find limitless ways to bring together the typical ‘left brain-right brain’ 
aspects of their work. In reality, the creation of entirely original works, 
whether a painting, a building, a piece of software, or a robot, require an 
element of creativity to give these works purpose. Rather than simply 
creating a technology that meets some minimum functionality, the 
purpose of design at institutions like The University of Texas at Austin 
is to create something with a specific purpose, a specific meaning that 
guides the creation of the technology.

Finally, science fiction allows creators to explore the ways that advanced 
materials can serve multiple purposes at once. By reconfiguring the 
essential structures of the materials we interact with everyday, we can 
begin to rethink the way we interact with the objects that define our day-
to-day lives.

One of Superman’s defining traits is the fact that he draws his immense 
power from the radiation of our yellow Sun. On his home planet of 
Krypton, Kal-El possesses no more special abilities than the average 
human. By interweaving advanced materials into the clothes we wear, 
the tools we use, and even our own bodies, humanity is able to achieve 
powers akin to the mightiest of superheroes.

The Korgel Research Group, led by Dr. Brian Korgel of the McKetta 
Department of Chemical Engineering, it focused on the advancement 
of nanotechnologies that allow for revolutionary materials designs. One 
particular project of note from the Korgel Group is “Flexible CuInSe2 
Nanocrystal Solar Cells on Paper,” a study led by Dr. Vikas Voggu.

Similar to Kabiri’s development of flexible graphene tattoos, these 
flexible solar cells allow for much more innovative applications of the 
relatively familiar solar photovoltaic energy absorption technology. 
“Projects like these require us to think more abstractly about how solar 
photovoltaic technologies can be implemented,” Voggu said.

While this particular application involved paper, having flexible solar 
cells with a certain level of biocompatibility could lead to clothing and 
tattoos that are able to draw energy from the Sun. Just like Superman, 
individuals wearing these cells are able to draw power from the yellow 
Sun. Of course, solar cell wearers won’t be leaping tall buildings or 
running faster than a speeding bullet, but they will be able to charge 
their electronic devices at any time.

Whether in fiction or in fact, advances in materials technology contin-
ue to push the imagination of artists and technologists alike. As The 
University of Texas at Austin continues to lead the field of materials 
research in discovering new technologies and applications, one can only 
guess at how long science fiction will remain fiction.

A prototype graphene electronic tattoo with a paperclip for scale.

Dr. Kabiri, member of the Akinwande Nano Re-
search Group

Materials on display in the Co-op Materials Lab

The way that students dist inguish 
themselves in their  work is  by 

imbibing their  individual i ty into the 
designs they produce.

Written By: Daniel Snyder
Photos By: Allie Runas
Layout By: Carlos Villapudua & Nick Blackley
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A U T O N O M O U S 
V E H I C L E S

 robotic forkl ifts in a warehouse -  and 
have some similarit ies with autonomous 
cars,  such as the sensing hardware 
used. Most cars in development use a 
combination of optical ,  LIDAR (a type 
of radar using l ight) ,  and ultrasound 
sensors. 

   In 2014 ,  automotive standardiza-
tion group SAE International pub-
l ished a l ist  of “ levels” of driving 
autonomy. These range f rom 0, 
where a human driver is  com-
pletely in control ,  to 5,  where the 
vehicle can perform “al l  aspects 
of the dynamic driving task under 
al l  roadway and environmental 
conditions.”  Current systems fal l 
somewhere in the middle.  Tesla’s 
Autopilot ,  for example,  would be 
considered a level 2 autonomous 
system, one in which the vehicle 
can perform only certain specif-
ic tasks (such as lane-keeping) 
without driver intervention.  So,  the 
SAE levels give us a way to quan-
tify when a vehicle is truly auton-
omous.  As it  turns out ,  the task of 
making a vehicle that can bridge 
the gap between partial  and full 
autonomy is quite challenging, 
and one that involves many devel-
oping technologies.
   Robotic vehicles that function 
without human intervention have 
actually been around for a while, 
in the form of automated guided
vehicles  (AGVs).  AGVs are primarily 
used in industrial  settings -  think 
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   Self-driving cars,  or autonomous ve-
hicles,  are buzzwords that have been 
thrown around a lot recently.  Many of 
us have probably seen or even driven 
a vehicle with some level of autonomy. 
Cruise control ,  parking assist ,  and coll i-
sion warning are increasingly common 
features in modern cars -  and each one 
incorporates some level of autonomy, 
albeit very l imited. Some cars on the 
road today feature even more advanced 
systems, such as Tesla’s Autopilot . 
However,  most of us would not consider 
these systems to be self-driving. So,  what 
does a car actually need to be autono-
mous? And what does ‘autonomous’  even 
mean?

   Robotic vehicles that function without 
human intervention have actually been 
around for a while,  in the form of au-
tomated guided vehicles (AGVs).  AGVs 
are primarily used in industrial  settings 
- think robotic forkl ifts in a warehouse
- and have some similarit ies with auton-
omous cars,  such as the sensing hard-
ware used. Most cars in development
use a combination of optical ,  LIDAR (a
type of radar using l ight) ,  and ultra-
sound sensors.
   Dr.  Zeyu Yan, research associate at the 
Center for Electromechanics within The 
Cockrell  School of Engineering, works 
on control and guidance software used 
in AGVs,  and explained that the soft-
ware,  rather than the hardware,  does 
the bulk of the work.  “The software is 
the brain of the system - it  knows the 
position of each AGV, leads them to 
f inish the task in the right manner,  and 
prevents them f rom coll ision with each 
other.” 
  One of the major differences between 
AGVs and autonomous cars is  the way

in which they are controlled.  AGVs 
use a central ized control unit ,  which 
communicates with al l  the vehicles 
simultaneously.  Each AGV sends posi-
tion data to the central  server,  which 
then distributes commands.  Such a 
system couldn’t work for cars on a 
highway, because there is no central 
computer which could control every 
car on the road. 
   “Each vehicle is an individual”,  Yan 
said.  “They need to assess the envi-
ronment surrounding them. That’s 
what makes autonomous driving on 
a road actually more diff icult than 
controll ing AGVs in a manufacturing 
plant .” 
   In other words,  each vehicle needs 
to make its own decisions,  without 
necessari ly communicating with the 
other cars on the road. 
   Self-driving cars wil l  also need 
to operate in a variety of different 
environments and conditions,  unlike 
an AGV which may only function in a 
single warehouse.  “You don’t want to 
redesign your car for every different 
highway. It  should be able to handle 
al l  cases,”  said mechanical engineer-
ing graduate student Parthasarathi 
Ainampudi.  To solve these problems, 
current research focuses on a process 
called reinforcement learning.
   Reinforcement learning works by 
creating a ‘ reward f ramework’,  a way 
of incentivizing a computer to do a 
particular task.  “Maybe you are trying 
to develop a robot that f its a bolt into 
a hole,  so the reward is putting in the 
bolt properly,”  said Ainampudi.  “Given 
proper algorithms you can train the 
robot to do that .”  
    Ainampudi’s current project in-
volves training a robot to kick  a 
soccer ball  -  it  must optimize a 
number of variables to kick the ball 
the farthest .
   Of course,  a car doesn’t need to

place bolts or kick soccer balls ,  but 
the reinforcement learning process 
can be applied to the tasks a car 
does need to do,  such as driving 
and avoiding coll is ions.  “You could 
specify the reward in  any way, 
so I  could say that i f  a car drives 
through traff ic safely,  that’s a 
reward,”  Ainampudi said. 
While reinforcement learning is a 
promising technology,  many chal-
lenges sti l l  remain.  Algorithms are 
hard to f ind and optimize for the 
diverse range of conditions expe-
rienced by a self-driving car,  and 
according to Ainampudi it  wil l  be 
some time before the tech matures. 
“ I  think there needs to be a lot of 
exploration now, a lot of algorithms 
are sti l l  untested,”  he said.
Eventually,  the reinforcement 
learning process wil l  result in an 
artif icial  intel l igence,  or AI ,  that 
can reach SAE level 4 autonomy. It ’s 
important to note,  however,  that 
this type of AI wil l  not be a general 
AI ,  l ike the type often f ictionalized 
in movies or books.  “People need to 
realize that this is  a very special ized 
technology applicable to very spe-
cif ic cases,”  Ainampudi said.  “You 
don’t want to put this tech every-
where.” 
In other words,  an AI used in au-
tonomous cars wil l  only be good at 
the specif ic things needed to drive 
a car,  and useless at pretty much 
anything else.
According to Ainampudi,  even once 
self-driving cars reach a high level 
of autonomy, there wil l  st i l l  be 
tasks that need humans.  “When you 
are driving a car,  you search for a 
parking space.  An autonomous car 
can’t do that ,”  Ainampudi said.  “We 
can do a lot more things than just 
driving.”

20 21

VECTOR ENGINEERING MAGAZINE



According to the US De-
partment of Health and 
Human Services, there 
were more than 116,000 
men, women, and 
children on the national 
transplant waiting list in 
2017. Patients in need of 
an organ transplant are 
often placed on a waitlist 
in which they sit for 
months or even years. 
In fact, 20 people die 
each day while waiting 
for a transplant. Organ 
structures are vital to 
life, so the demand 
and urgency for organs 
has made the question 
of printing artificial 
models an urgent and 
pressing inquiry. The 
growing hype around 3D 
printing has raised the 

question of producing 
biological parts, par-
ticularly organs.
While 3D printing 
organs would be 
fantastic, this applica-
tion has been dismissed 
as it is currently unreal-
istic. Despite enhanced 
medicine and tech-
nology, real, biologi-
cal organs cannot be 
replaced. Dr. Sakiya-
ma-Elbert, the Depart-
ment Chair of Biomed-
ical Engineering at the 
University of Texas at 
Austin, explains how the 
complexity of the human 
body makes it exceeding-
ly difficult to replicate.
“Because of the scale, 
it’s a really complicated 
problem. You need to 
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looking into the future through a pair 
of newly engineered eyes
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ERATION

get such a large amount 
of blood and oxygen 
diffusion to the organ.”
Instead, contemporary 
knowledge and applica-
tions have been directed 
towards assist devices 
and the cellular engi-
neering of stem cells.
Current biomedical 
engineers are working 
to create replacements 
for a piece of the organ. 
While manufacturing 
the entire organ is not 
feasible, creating pieces 
and subparts of an organ 
is attainable and a suc-
cessful avenue to meet 
the needs of patients.
These parts and patches 
are called assist devices, 
of which Sakiyama-Elbert 
describes as a “bridge” 
between a patient and 
organ replacement. They 

are not a substitute for an 
organ, but they aid in its 
function and serve as an 
intermediate step while a 
patient waits for a donor 
and available transplant.
In addition to assist 
devices, tissue engineer-
ing is another response 
that biomedical engineers 
use to replace tissues that 
are lost to injury or disease.
Tissue engineering 
combines the use of bio-
materials and typically 
some type of drug, protein 
and sample of cells to 
generate a new tissue.
This technique utilizes 
in vitro models as a 
screening platform for 
understanding the genetic 
basis of a disease, growing 
cells, and using the cells 
as a replacement for lost 
tissue. After conducting 

a biopsy and harvesting 
a sample of skin cells, 
the cells are grown and 
programmed to a state 
similar to an embryonic 
stem cell. The memory of 
the cell is wiped clean and 
the cells have the capacity 
to take on the role of 
other cells in a particu-
lar tissue. When the stem 
cell is reprogrammed, 
the cell can perform a 
new set of desired tasks. 
The use of stem cells in 
this manner proves to 
be an effective solution 
for reproducing special-
ized cells and tissues.
A specific example of 
tissue engineering is 
exhibited in the work 
that graduate student, 
Sanju Vardhan, conducts 
in Dr. Sakiyama-Elbert’s 
lab. Vardhan works with 

astrocytes to promote 
neural regeneration. As-
trocytes are helper cells in 
the nervous system that 
both support and inhibit 
neural growth. Through 
her research, Vardhan 
is working to purify the 
astrocyte cell line in order 
to promote the recovery 
of spinal cord injuries.
Excitement radiates as 
Vardhan explains her 
project. “There’s so many 
unanswered questions... 
It’s cool because people 
can ask anything.” Besides 
being on the cutting edge, 
UT Austin’s research is 
tangibly affecting our com-
munities and the world.
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BRINGING
MARVEL TO LIFE

Super Soldier Serum

Bleeding Heart

maximum 
of 7.5 G’s 
before they no 
longer protect 
trained pilots and 
Spiderman regular-
ly experiences these 
G-forces without any
side-effects. Not only that, 
but the range of G-forces that 
he experienced around among 
the highest G-forces that astro-
nauts experience upon reentry into 
earth’s atmosphere. Most surprising 
of all, these G-forces may not even be 
the largest ones that Spiderman experi-
ences because G-forces that are undergone 
in circular motion increase in intensity as the 
radius decreases, so if Spiderman was able to 
reach similar velocities with a much shorter web, 
he would experience much higher G-forces.

Unfortunately, swinging between buildings doesn’t seem 
like it is a viable mode of transportation for us regular hu-
mans. Even discounting the impressive joint strength that 
would be required for your body to not detach from your arms, 
the G-forces would cause most people to faint mid-swing. May-
be Spiderman is even more durable than anyone thought, or maybe 
spiderman really is blacking out between flights. This could support 
the argument that Spiderman is one of the most powerful entities in the 
Marvel Universe. 

generates 2.092 gigajoules of energy. While 
TNT generates other forms of energy, such 
as thermal energy, for the sake of the calcula-
tions, let’s assume that the kinetic energy gener-
ated from Thor’s strike is equivalent to the sum of 
all energy in a TNT blast. 

There is one more factor that has to be acknowledged be-
fore any final calculations can be made and that is Captain 
America’s shield. His shield is made up of vibranium, which 
is a fictional metal from Wakanda that is able to store and re-
lease kinetic energy. The controlled release of the energy cre-
ates an equal and opposite force that is imparted on the user. 
Therefore, the energy released in the shockwave was equivalent 
to the energy that Captain America absorbed. Kinetic Energy 
is equivalent to the work done on an object, or the amount of 
force done over a set distance. Captain America and Thor were 
both pushed 5 meters away from each other, so the force that 
Captain America absorbed was 4.184*10^8 Newtons. 

Considering that Captain America absorbed all of this energy 
without a single injury, the strength of his bones and joints 
likely also increased from the super soldier serum. Bone 
strength varies significantly from person to person but the av-
erage stress that the radius of an adult male in his early twen-
ties can withstand from a perpendicular strike is 19 MPa. Since 
the shield is much larger than the surface area of a hammer, the 
shield increased the contact area on Captain America’s arm, 
which would decrease the local strain on the bone but the force 
was large enough to cause a stress of about 21000 MPa on his 
arm. If the translation of bone strength to muscle strength is 
equivalent, then that would mean that the super soldier serum 
was able to increase Captain America’s strength by over one 
thousandfold.

This may seem ridiculous even by Marvel movie standards but 
remember that Cap was able to curl a military grade helicopter. 
This may explain how in a world filled with monsters and gods, 
Captain America is able to keep up. Now, this only leaves one 
question, how does any human survive a fist fight with Captain 
America?

Captain America’s powers are based in science...well more of the 
movie “science” variety where seemingly important guys in lab 
coats and a few generals gather around to inject some blue dye 
in a test subject, crank a few handles, and blow out a few trans-
formers until, voila!, a freshly baked super soldier is ready for 

duty. Tragically, there were no numbers that were ever explicit 
to this experiment, not even a simple phrase such as “he will 

be 20 times more powerful than before.” However, a scene 
in The Avengers movie in which Thor “brings the ham-

mer down” on Captain America may be an indicator 
as to how strong the super soldier serum made him.

In order to quantify how much force Captain 
America absorbed, we have to first measure 

how much power Thor’s strike contained. 
While Thor’s strength has varied be-

tween movies, in the second Avengers 
movie he was able to obliterate a 

small country, this specific ham-
mer strike created a powerful 

shockwave that had a blast 
radius of at least 30 meters 

and leveled the forest in 
that area. For an explo-

sion to create a blast 
radius of this size 

it would need 
the energy of 

about half 
a ton of 

T N T , 
which 

In a universe full of gods, superhumans, and mystical beings, Tony 
Stark, also known as Iron Man, is where science meets fiction. He 

may seem like just an ordinary, quick-witted, playboy billionaire, 
but he offers more than just quips and money to the Marvel 

universe; his acute intelligence and advanced mechanical 
engineering skills allow him to create and innovate tech-

nology no god could ever dream of. However, even with 
his superhuman brains, his body is still mortal, right?

In the first ‘Iron Man’ movie, Stark was injured by 
a missile, which caused him to create the minia-

ture arc reactor to keep the residual shrapnel 
out of his heart. Unfortunately for Stark, the 

palladium used in the reactor in his chest 
slowly poisons him, and he once again 

faces death.

In the movies, Stark lives 
with this palladium poi-

soning for roughly 
14 months, or 

slightly over a 
year, which 

is relative-
ly similar 

to the heavy 
metal poison-

ing in the 
real world

Superheroes inherently defy laws of nature in or-
der to do their jobs. However, physics and other 
scientific calculations can still be utilized to cal-
culate super strength and other powers of our 
favorite heroes. While these superheroes will 
probably never be able to exist in our world, de-
constructing a scene from these movies can give 
us an estimate as to how strong the heroes are in 
the Marvel Cinematic Universe.

Spiderman’s leisurely stroll through New York is a 
quite a bit different than that of an average person; 
he swings. This iconic ability of Spiderman has now 
been seen in multiple iterations of the comic-book 
character. Despite that, the strain undergone on 
his body as it swings on a circular path would re-
sult in taxingly large g-forces. G-forces cause the 
body to compress and can cause temporary vision 
loss, blackouts, or in a worst-case-scenario, death. 
Keeping that in mind, furthermore we will evaluate 
the G-forces that Spiderman feels during his daily 
routine.

Most of Spiderman’s movements have non-linear 
motion and twists strewn throughout, but a scene 
from Spiderman 3 contains a perfectly straight, 
parabolic arc of motion that can be used as a ref-
erence for calculations. Using a clip of him swing-
ing through the streets with his new suit, he swings 
along a constant horizontal axis before launching 
himself vertically in what appears to be a near per-
fect parabola. It takes approximately 2.5 seconds 
before he reaches the top of the building, which 
is the peak of this parabola. The average height of 
New York skyscrapers is 122 meters. These two val-
ues allow us to calculate his velocity at launch to be 
61.02 m/s. However, this is not the fastest at which 
Spiderman travels; in fact, Spiderman’s fastest ve-
locity occurred when he was almost touching the 
ground. The only other value that is necessary to 
calculate his maximum velocity is the length of the 
web, which was estimated to be about 61 meters. 
His maximum velocity was calculated to be 70.14 
m/s. 

Finally, both velocities can be used to determine a 
range of G-forces that spiderman experienced; this 
range was found to be between 6.23 and 8.23 G’s. 
G-forces this high normally cause blackouts with-
out any protection; in fact, ‘G-suits are rated at a

considering it can take any time between a couple 
months to numerous years for the metal alone to 
kill a person through the bloodstream. However, 
Stark is able to temporarily combat the effects of 
the poisoning by drinking a special juice cleanse, 
liquid chlorophyll, which supposedly helps rid the 
body of metal toxicity. There is no proof that this 
method would actually be effective, but since chlo-
rophyll is a natural ligand, which means that it can 
bond to metal elements like palladium, it could be 
possible that this reaction would neutralize the 
toxicity of the palladium.

Up until this point, this fictitious situation seems 
relatively plausible. That is, until Stark finds the 
permanent cure to his poisoning by creating a 

whole new element. This sounds like a great and 
innovative idea, but in reality, replacing the 

palladium with an even larger ion would 
just do more damage than before because 
it is more unstable and thereby radioac-
tive. The whole idea that Stark created this 

new magical element is about as believable 
as an alien invasion of New York City.

It’s ironic that Iron Man is made from and relies 
on technology, yet defies the basic laws of science 
every day. Maybe he’s not just a billionaire, genius, 
playboy, and philanthropist, but also a super-
human himself… or Marvel just wanted to make 
the story more interesting. Either way, next time 
someone argues that Iron Man is not as powerful 
or mystical as Thor or Captain America, you know 
I’ll whip out this article faster than Cap can say ‘on 
your left’.
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In its latest bid to claim the title of the most revolutionary consumer elec-
tronics company ever, Apple revealed the iPhone X, the latest iteration 
of Steve Jobs’ signature smartphone. The most flashy new feature of the 
iPhone X is its ability to use a front-facing camera to allow users to un-
lock their phone simply by looking at it.

This new feature represents a small part of the vast potential of the ability of 
machines to recognize individual faces. 3D facial recognition technology is 
actually relatively old in the modern era, but increasingly complex applications 
of it have begun to redefine the relationship between humans and machines.

As a part of the Laboratory for Image and Video Engineering at the University 
of Texas at Austin, Dr. Alan Bovik has helped to pioneer central developments 
in 3D facial recognition technology. “The basis for this program relies on au-
tomatically detecting a specific set of anthropomorphic facial fiducial points 
derived from modern scientific literature on facial anthropometry,” Bovik said.

While the building blocks of the technology are simple, the growing intelli-
gence of these almost empathetic programs shows great promise. However, it 
does not come without risks.

In the past few years, the government of China has begun implementing a 
program focused on achieving a complete surveillance state through the use 
of facial recognition technology. This ambitious plan, referred to as “Xue Li-
ang,” or roughly “Sharp Eyes” in English, aims to connect the country through 
security cameras and data-sharing platforms to constantly monitor public and 
even private areas.

The central aspect of this system involves analyzing the faces of citizens and 
connecting their identities to public records. The official purpose of this system 
is to allow for the tracking of suspicious individuals such as gang members. 
However, there are many concerns about how this may allow the government 
to invade privacy rights.

Dr. Wenhong Chen is an associate professor in the Department of Radio-Tele-
vision-Film, and by courtesy, the Department of Sociology here at the Univer-
sity of Texas at Austin. For much of her career, Dr. Chen has been studying how 
digital technologies have affected the growth of modern society. In the case of 
Sharp Eyes, Chen recognizes this is only part of the potential danger. 

FACIAL RECOGNITION
FACIAL RECOGNITION

FACIAL RECOGNITION

FACIAL RECOGNITION
FACIAL RECOGNITION

FACIAL RECOGNITION
FACIAL RECOGNITION

WRITTEN BY: Daniel Snyder
PHOTO BY: Chris An
LAYOUT BY: Carlos Villapudua

“We must realize that the technology aspect is already there, it is primarily a 
question of how we choose to use it,” Chen said.

Perhaps more optimistically, advances in 3D facial imaging and other bio-
logical reconstruction techniques have led to dramatic improvements in the 
healthcare outcomes of communities across America. While television shows 
like HBO’s Westworld paint a dark picture of human-like androids living in 
cycles of slave-like conditions as they struggle to define their own existence, 
the reality is that artificial limbs continue to be a crucial step in the recovery 
process of injured veterans and sufferers of physical disabilities.

As the head of the University of Texas Biomedical Informatics Lab, Dr. Mia K. 
Markey is continuing a long career seeking opportunities to advance health 
equity. Through the creation of a database of the facial structures of 82 healthy 
Hispanic/Latino children, as well as children who were born with a cleft lip, 
Dr. Markey worked with Dr. Patrick Combs, Clinical Assistant Professor of 
Surgery and Perioperative Care at the Dell Medical School, to identify facial 
norms of healthy Hispanic/Latino children that would act as guides during the 
process of facial reconstructive surgery.

Dr. Combs applauds the ability of facial recognition technology to rapidly 
advance the progress of medicinal research. “It is amazing that such a basic 
algorithm can now help us to achieve significantly better medical outcomes for 
regular people,” Combs said.

Ultimately, the future of facial recognition is in our hands. Will we choose to 
use it to bring society together and help one another, or will it only serve to 
divide and isolate us from one another?
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not pictured, but lovedabout Vector
What is Vector you ask? Vector 
Magazine and Media is an outlet 
for students to develop skills that 
aren't normally found inside the 
walls of the engineering school. 
From interviewing to astrophotography 
to layout construction with Adobe 
InDesign, these students are telling 
the story of The Cockrell School with 
unique perspectives. This magazine is 
brought to you by individuals that 
realize that making a difference 
in the world begins by making a 
difference in the community. Thank 
you for the chance to hear what we 
have to say!

Email vector  sec.engr.utexas.edu 
to learn more!

The Vector Staff
An idea emerges, new and concrete,
I head to the lab, to make this concrete.
 
Swing open the door, waltz down the stairs.
Hm, what are these made of? Oh, concrete!
 
Last week, my friend called it cement,
And for the tenth time I corrected, “concrete!”
 
Coarse aggregate, fine aggregate, water, too.
Add cement, and voila, it’s concrete!
 
Snap, crackle, pop – none of that, please!
Let’s reinforce this concrete.
 
Did someone say slump test?
Grab a steel 16 and rod that concrete.
 
Heavy soil exposure? Sulfate attack?
Abort, protect the concrete!
 
And as only some of you are civil engineers,
This concept of concrete is sadly not concrete.
 
But oh, what a unique material,
Forever evolving, always concrete.

Concrete

Aparna Chandrashekar
Civil Engineering & Plan II Student
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