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The Boeing Engineering Summer 
High School Internship Program was 
established in 2004 under then Anaheim 
Chief Engineer Daryl Pelc. The program 
began when representatives of Troy High 
School in Fullerton contacted Boeing 
about a possible internship program 
for high school students. The program 
grew quickly through the guidance of 
then Huntington Beach Engineering 
Operations, Resources & Labs Senior 
Manager, John Kremer.

Huntington Beach became the main 
location for the program in 2007 as 
the Anaheim campus was closed. 
In 2011, Huntington Beach reached 
out to Satellite Systems, formerly 
Space & Intelligence Systems (S&IS) El 
Segundo, to start a pilot program with 
eight students who were interested in 
the space and satellite businesses. It 
was extremely successful, and in 2012 
the El Segundo campus became the 
second major internship program hub, 
adding eight schools. Pat Sandoval, 
Project Management Specialist, and Eric 
Eichinger, Huntington Beach Analytical 
Lab Manager for Chemical Technology, 
have been the High School Intern Foci 
for Los Angeles County and Orange 
County high schools, respectively.

For the summer of 2019, Boeing 
welcomed 69 students from 
Bosco Tech, California Academy of 
Mathematics and Science, Da Vinci, 
El Segundo, Hawthorne, Mira Costa, 

Palos Verdes, Peninsula, Port of Los 
Angeles, Redondo Union, Sacred 
Heart, South Torrance, and Windward. 
Throughout the internship, students 
interacted professionally alongside 
engineers, managers, and executives 
to understand each engineering 
department. Interns were presented 
with Science, Technology, Engineering 
and Mathematics (STEM)-related tasks 
that provided the necessary information 
to succeed in the engineering field. In 
addition to rigorous tasks, interns were 
encouraged to attend special tours of 
sites and labs, participate in technical 
and career development sessions, 
and network with fellow interns and 
employees to decide if a career in 
engineering is their correct path in life.

Boeing employees assist the internship 
program by mentoring students and 
providing interns with real-life work 
experience in an aerospace engineering 
environment. Mentors drive the program 
and make it successful. In the upcoming 
years, mentor participation is critical as 
more high school students are interested 
in experiencing life at Boeing. Students 
participating in the Satellite Systems 
Engineering High School Internship 
Program have a strong background in 
math and science and come from high 
schools with STEM-based programs. 
Requirements comprise completing 125 
to 160 non-paid work hours, including 15 
training hours in a seven-week period.

DR. BILL SARGENT

CHIEF ENGINEER 
SATELLITE SYSTEMS 
SPACE AND LAUNCH

INTRODUCTION

“ I am always impressed with the 
enthusiasm the high school interns 
have and what they accomplish. I 
look forward to having many of these 
students back at Boeing as full-time 
employees after they obtain their 
college degrees. I also appreciate our 
Boeing mentors who are passionate 
about their profession and realize 
the importance of STEM, keeping 
the engineering pipeline full, and 
educating the next generation about 
who we are and how important 
our products are as we move into 
Boeing’s next century.”
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What is a satellite? The dictionary defines 
it as a “relatively small body orbiting 
the earth or another planet.” While this 
description provides a rough overview, it 
does not nearly live up to the complexity 
and grandeur of these beneficial prod-
ucts that human engineers manufacture 
and send into space. Without satellites, 
we would not have even the simplest 
commodities which we so often take 
for granted. Take for instance Direct 
TV, Sirius XM Radio, weather forecasts, 
cross-continent phone calls, and GPS 
navigation just to name a few. As the 
leading aerospace company in the world, 
Boeing embodies satellite excellence 
and my fellow high school interns and 
I have been fortunate enough to take 
part in this endeavor to “build something 
better” throughout our seven weeks at 
the El Segundo site. Our internship’s very 
first presentation of the summer titled 
“Satellites 101” by systems engineer Dan 
Roukos introduced the technicalities of 
the satellite and revealed how the efforts 
of every single one of the nearly 5,000 
employees on campus contribute to 
something larger.

A satellite is like a game of Jenga; 
every component is integral to its 
overall functionality, and any one 
defective piece could potentially col-
lapse the whole system. The two main 
components of a satellite ensure the 
execution of its task, and the func-
tionality of the satellite itself. They are 
the payload and bus, respectively. The 
payload is what the customer pays 
for the satellite to do; it is the satel-
lite’s function whether it be imaging, 
communication, or any other ap-
plication. Therefore, its features vary 
between satellites, but a common 
one includes a communication sys-
tem with antenna and transponders, 
which are able to receive a signal and 
transmit another back down to earth. 
The bus comprises the middle sec-
tion of a satellite and is responsible 
for making sure that payload is safely 
transported and regulated. Many 
different mechanisms contribute to 
the function of the bus, including the 
propulsion system. In order for the 
satellite to maintain its alignment and 
position, it must counteract unwanted 

pulls of gravity, which the propulsion 
system accomplishes by combusting 
fuel and spinning stabilizer wheels. In 
addition, the satellite needs power in 
order to function, hence the hallmark 
solar array wings. Satellites primarily 
rely on energy harnessed from the sun 
but must use a battery when eclipsed 
by the earth and an intricate power 
system guarantees both. As shown, 
satellites require a complex network of 
compatible parts that must together 
ensure a lifespan of many years.

Once in space, satellites still have a 
distance to go before they are settled. 
Depending on the purpose of the 
satellite, it will be placed in one of many 
orbits around earth such as LEO, MEO, 
and GEO. Roukos explained that Lower 
Earth Orbits (LEO) and Middle Earth 
Orbits (MEO) allow for the satellite to 
sweep over different areas of the earth 
and are best suited for atmospheric 
data collecting or surveillance. Satel-
lites in Geosynchronous Orbit (GEO), 
however, stay fixed over one part of the 
world and provide continuous service. 

SATELLITES 101
By Ben Knepper, Windward High School

Dan Roukos fields the many questions asked during his engaging workshop discussing the basics of satellites, orbital mechanics, it’s world-
wide impact in our daily lives, as well as it’s design and manufacturing at the El Segundo facility.
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With a distance of around 23,000 miles 
and an exact 24-hour orbital rotation, 
the satellite flies horizontally as fast as 
it falls, thus remaining relatively station-
ary. In some cases, satellites may even 
be placed in extreme elliptical orbits, 
in which its velocity changes depend-
ing on its distance from the earth. It 
becomes apparent that much consid-
eration must go into a satellite from its 
construction to its location in space.

No machine will ever be perfect. Yet 
that is not to say that one should 
never strive to make it so. Great 
engineers are able to identify potential 
problems and propose viable solu-
tions. Throughout history, Boeing sat-
ellite engineers have done just that. 
For example, engineers were the ones 
who implemented the propulsion and 
wheel orientation systems in place 
now, which have greatly improved 
upon the original Boeing 376 spin-
stabilized spacecraft. Engineers were 
the ones who developed solar wings 
to optimize surface area instead of 
solar arrays on the module itself. 
Even today, there are problems that 
engineers are attempting to fix. Take 
the threat of collision with another 

spacecraft or with space debris or 
the satellite’s limited lifespan because 
of fuel depletion. The satellite is an 
evolving project that will continue to 
be improved upon in the future. 
 
During Roukous’ presentation, I real-
ized how everyone in this organization 
is ultimately unified. My position as an 
intern has been in the wire harness 
engineering division, which special-

izes in designing and prototyping the 
satellite power systems. This training 
session gave me a sense of scale 
and the perspective that my work, 
and the work of my floormates with 
power systems contributes a small, 
but fundamental portion to the overall 
satellite. The same applies to every 
other specialized engineer, who is re-
sponsible for ensuring the best quality 
on a specific part of the satellite. 
 
There is much more to a satellite than 
what meets the eye. Behind each 
subunit, wire, and screw is a team 
of engineers with expertise in their 
field. Roukos’ Satellite 101 presenta-
tion demonstrated that there exists 
an inherent connection between 
the unified individuality of all satellite 
engineers and the complexity of the 
final product. Such a connection will 
continue to be the impetus for inno-
vative success in Boeing and beyond 
for years to come. Perhaps the next 
time you look up at the stars, you will 
gain a sense of satisfaction knowing 
that a satellite—something so far out 
spatially and technicality—could be 
something so close to home.

SATELLITE 101

Dan Roukos examines the physics of how satellites rotates around the earth

continued
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Mankind walking on the moon started 
as an impossible promise made by 
John F. Kennedy on May 25, 1961 
and was intended to defeat the 
Soviets in the Space Race. Without 
consulting NASA to understand the 
plausibility of his statement, Kennedy 
publicly announced that Americans 
would land on the moon before the 
end of the decade. It is unknown 
whether Kennedy was confident in 
our nation’s abilities, or just crazy, but 
sure enough, eight years later, Saturn 
V launched taking Neil Armstrong, 
Eugene ‘Buzz’ Aldrin, and Michael 
Collins into lunar orbit and on July 20, 
1969, these men became the first to 
walk on the moon. 

Now, 50 years after the landing, 
this American achievement is 
honored worldwide, with a plethora 
of activities and celebrations. As a 
major contributor to the American 
space effort, Boeing held an Apollo 

11 commemoration event which both 
amazed and entertained the attendees 
with a paper rocket building and 
launching competition. Led by Cindy 
Woods-Emery , Boeing employees 
built rockets that went well over 100 
feet into the sky using only paper, 
tape, and PVC pipes. Lt Col Alec 
Porter, STEM Outreach Director from 
the Space & Missiles Center for the 
United States Air Force, came to the 
Boeing Site to lead the competition 
and operate the equipment to launch 
the rockets.

The launch system was a series of 
connections of PVC pipes and an 
air pump which would pressurize 
the tubes, and release upon the 
command of a button. Templates 
were provided to construct the paper 
rockets, but many employees got 
creative and used their knowledge 
of aerodynamics to propel their 
rockets even higher. Aside from a 

few exceptions, the template made 
rockets tended to perform the best; 
one employee spent a large chunk 
of their day building an aerodynamic 
rocket from scratch, it failed upon 
launch, his response was that 
“that’s what 15 years of work as an 
aerospace engineer gets you!” Other 
than the failure to launch, the event 
was a huge success.

The afternoon was elevated with the 
comically gifted rocket performance 
announcer Jason Padilla. Padilla 
offered quick witted comments about 
each of the rocket launches which 
entertained the crowd to no end. 
There was also a smorgasbord of 
cookies and fruit infused water which 
kept the hardworking rocket builders 
both hydrated and nourished.

Though Boeing’s Rocket Launch 
event was barely comparable to the 
effort it takes to launch a real rocket, 
it gave a small insight into just how 
much work went into the Apollo 11 
mission and reminded the attendees 
why the aerospace engineering field 
is the most intellectually lucrative 
discipline to be a part of. The 
successful landing of Apollo 11 was, 
like Armstrong said, “A giant leap for 
mankind”. The scientific achievements 
and technological advances that 
were required to reach this goal serve 
as a base for modern space travel, 
and a guide for future missions. This 
achievement proved to the world that 
anything is possible, all it takes is 
someone like Kennedy to dream, and 
we can reach the stars. 

BOEING CELEBRATES “ONE SMALL STEP”
By Noelle Kartvedt, El Segundo High School
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As soon as I found out I was going on 
the Hi Bay tour I was elated since I had 
been fascinated by satellites my whole 
life. Throughout my internship I have 
worked in the Advanced Satellite Control 
System (ASCS) Department and have 
gained extensive knowledge on how 
satellites are controlled, but I have never 
seen one in person. For me this tour is 
an opportunity of a lifetime. 

Every intern was awed by the massive 
white hanger filled with large machines 
and apparatuses which looked as if 
they came straight out of a science 
fiction film. The engineers were currently 
in the testing phase of a new satellite, 
our guide pointed out a large metal 
frame covered in a transparent foil-
like material and explained that it was 
used to house the satellite when it was 
placed in the thermal testing chamber. 
We found ourselves under the thermal 
testing chambers which were used 
to simulate space-like conditions to 
ensure that the satellite would be able to 
survive launch and orbit. The chamber 
produces extreme temperatures as well 
as large amounts of radiation. Within the 
chamber the satellite sends telemetry 
to a nearby computer to ensure that all 
of the systems are working correctly. 
The ASCS program monitors satellite 
telemetry and can send commands 
to the satellite. My experience with the 

program consists of using a Satellite 
Base Band Unit (BBU) Simulator to 
receive artificial telemetry.

Next we saw the vibration testing table 
and the acoustic testing chamber, 
both of these machines are used to 
ensure that the satellite can survive 
forces that it encounters during launch. 
The vibration testing table shakes the 
satellite on 3 axes. It is being prepared 
for the testing of the satellite which will 
occur the following week. The acoustic 
testing chamber is a large room which 
is lined with multiple horns, some 
being as a large as 3 feet in diameter. 
Our tour guide explained that before 
testing, a large glass door slides out 
of the wall to seal the room shut so no 
sound may escape 
as it is deafening to 
the human ear. The 
door is so large that it 
takes approximately 
10 minutes for it to seal 
completely and even 
with that, the guide 
said that during testing 
the entire building will 
shake from the acoustic 
pressure.

We passed by a 
wall that list every 
satellite ever built 

in the El Segundo Boeing facility. 
Seeing how many satellites were 
controlled using the ASCS program 
I am currently working on was 
breathtaking. Directly on our right 
there stood a completely assembled 
satellite and further down stood two 
more satellites in the final stages 
of assembly. Once the satellites 
have left the earth’s atmosphere, 
the ASCS program monitors all of 
the vital components and sends the 
satellite commands.

After seeing the Hi-Bay, I came back 
to my desk with a greater appreciation 
for the work I was doing. My task for 
the internship is to create an offline 
Windows Installer for the newly 
created ASCS client. My mentor, 
Robert J. Winig, is the Chief Engineer 
for the Ground Systems. Under him 
and my focal Nicholas Turney who 
will be building the installer using the 
QT Installer Framework. The installer 
would allow Boeing Mission Control 
to easily download the new client 
and all of the necessary dynamically 
linked libraries as well as provide 
the configuration file to set up the 
environment variables before running 
ASCS.

The tour of the Hi-Bay changed by 
perspective of my work and reminded 
me once again why I want to be an 
engineer.

GREATER UNDERSTANDING: TOUR OF HI-BAY
By George Flores, Bosco Tech High School

Interns pictured with replica of Syncom satellite
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When you see a rocket launch on 
TV you can’t help but think about 
the amount of time and effort that 
went into the launching rocket, but 
that changed when I came to Boeing 
Satellite Systems. The amount of 
work it takes to get a rocket into the 
sky may be just as demanding as 
the work it takes to place the satellite 
in the proper position. Spacecraft 
operations expert and Flight Engineer 
Fred Linkchorst detailed what Attitude 
Control Subsystem (ACS) means at 
Boeing Satellite Systems.

All movement of spacecraft after 
launch is controlled by ACS. In ACS, 
there are four key points that flight 
engineers need to keep track of: 
where the spacecraft is in orbit, where 
the spacecraft is pointed, where 
should the spacecraft be pointed, 
how to push the spacecraft to where 
it needs to be. 

Linkchorst explained that release 
mechanisms allow the spacecraft to 
“unfold” from its stowed configuration 
in the launch vehicle to its fully 
deployed configuration, and an 
acquisition sequence allows the 
spacecraft to go from spinning 
transfer orbit to 3-axis control. 

We learned that the ACS teams are 
the ones responsible for getting the 
satellite into orbit. It takes 5 ½ hours 
to get a satellite into geosynchronous 
orbit, and in that time period, a series 
of thruster firings raise the orbit to 
35,786 km, making the satellite orbit 
24 hours- the same as one day on 
Earth. The thruster firings, called 
apogee burns, take place every time 
the spacecraft is closest to Earth in its 
orbit. 

To better understand where the 
spacecraft is, a common reference 
system is in place, like a map for 
those of us on the ground. In space, 
ACS uses something called Earth 
Centered Inertial Coordinates (ECI). In 

this system, the X axis is pointed at 
the sun on the first day of spring, the 
Z axis is along the Earth’s north axis 
of rotation, and the Y axis completes 
the right-hand rule. Linkchorst 
stressed the importance of a universal 
acceptance of this system. Otherwise, 
he explained, there would be satellite 
collisions more frequently. 

The satellite may have the correct 
position and orbit, but its antenna 
needs to be positioned appropriately 
as well. Linkchorst describe the 
importance of meeting the customer’s 
needs- ensuring the payload of the 
satellite reaches the correct location. 
They want to be able to communicate 
with it and send or receive data, and 
they want it 24 hours a day, 7 days 
a week, 365 days a year, for over 15 
years. 

To ensure the antenna are facing Earth 
and customers are getting the service 
they want, satellites are equipped 
with a star tracker. The star tracker is 
a device that measures the positions 
of stars using a camera. With the 
measurements of astronomers already 
programmed into it, the tracker can 
identify stars’ positions from the 
satellite thus telling ground control 
whether or not the antenna is facing 

the right direction. Small thruster 
firings will then rotate the space craft. 
Linkchorst underlined that accuracy 
in this process is of the utmost 
importance because a satellite keeps 
antennas pointed to within +/-0.1° of 
its target. Linkchorst demonstrated 
this by taking 11 generous steps away 
from the penny and told us to imagine 
him being able to hit the penny. We 
stared, bewildered by the extreme 
accuracy of these spacecrafts. 

To be able to successfully place 
a satellite into orbit takes years of 
experience as a flight and systems 
engineer. Linchorst and many other 
mentors at Boeing Satellite Systems 
advised interns to study a broad field 
of engineering and then focus on a 
more specific field once they join the 
industry. As the training session came 
to a close, the interns were one step 
closer to becoming the engineers of 
tomorrow. 

FLYING SATELLITES
By Koray Mentesoglu, Redondo Union High School

Fred Linkchorst lectures on attitude control subsytems  
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Walking in through a set of double 
doors, past a sign with the words 
“Electronics Operations” emblazoned 
in bolded font, our group of about a 
dozen interns stood huddled together 
near the entryway. We clutched the 
blue smocks and safety glasses that 
were tossed our way, and looked 
around with wide eyes at what 
seemed like an endless expanse of 
test benches and foreign equipment.

This tour was led by Frank Valdez, an 
Operations engineer working in Space 
Electronics. He opened the tour by 
informing us that he had chosen to 
be there—that he viewed this tour 
not as a burden, but as a chance to 
spread his passion and excitement. 
At his words, the nervous atmosphere 
dissipated, and we eagerly gathered 
around a table on which Mr. Valdez 
had assembled various pieces of 
hardware. We passed around these 
pieces as he talked to us about the 
immense effort that went into creating 
hardware that would be used in flight.

In systems used on Earth, such as 
everyday electronics or airplanes, 
manufacturers and operators retain the 
ability to perform regular maintenance. 
This means that as parts begin to 
malfunction, they can be fixed or 
replaced, extending the lifespan of 

the system as a whole. However, with 
satellites that are sent into orbit, each 
component needs to be capable of 
functioning for about fifteen years. 
Although redundancies are put in 
place, any malfunctioning component 
poses the risk of reducing the lifespan 
of the entire satellite. As parts are 
designed and assembled, they need to 
be constantly checked and improved, 
with the goal of preventing errors.

This concept was echoed and 
emphasized in every section of the 
tour. As we walked through different 
areas in the lab, we saw a gradual 
transition towards the greater use of 
manufacturing equipment. Automation 
of production allows control over each 
factor, increasing the sense of certainty 
that pieces are being produced 
without flaws. Mr. Valdez introduced us 
to the various types of machinery 
being used, then led us into a final 
area, which was occupied solely 
by test benches, at which a few 
engineers were working. A radio 
played softly in the background as 
we watched the nearest engineer 
solder a few pieces together. 
Again, we were reminded of the 
importance of¬ being careful 
with every step, especially where 
manual labor is required. 

I walked into this tour with an 
interesting perspective, because 
my mentor, Brad Perranoski, is in 
Engineering & Digital Products, 
meaning he works in a section of the 
lab just across the hall, where most 
of the products are being used in 
experimentation or testing. As this 
equipment is not meant for flight, we 
have been able to experiment with 
designs, creating sample filters to see 
how different parameters produced 
new results. My project was focused 
on filter design for a Digital Signal 
Processing (DSP) slice, which would 
be part of a test unit. We were working 
on modifying various values to create 
a filter that could effectively remove 
signals outside a specific passband. 
Through this project, I was able to 
learn a lot about the conceptual 
development that goes into production 
of each component. However, this also 
meant that my job was centered on 
the initial design and testing phase.

Through the electronics lab tour, I 
was able to get a general overview 
of the timeline of events that go 
into producing a satellite. Seeing 
each phase, from the initial design, 
to months of testing, and finally to 
careful production in the electronics 
lab, I was able to realize the precision 
and care that is utilized in each step 
of the process, and to gain a sense 
of appreciation for the amount of 
work required for the production of a 
satellite.

ELECTRONICS LAB TOUR
By Yeji Cho, Peninsula High School

Space Electronics engineer Frank Valdez pictured with interns in the electronics labs 
where subassemblies are tested
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LOOKING TOWARDS THE FUTURE
By Evan Zwicki, Mira Costa High School

The future holds untold opportunity 
and it is up to us, as the generation 
of the future to unlock all of the 
possibilities that are to come. 
Success in our futures is not to be left 
merely to chance, especially when it 
comes to success with the Boeing 
Company. Although it may seem 
superbly daunting to apply to such 
a large corporation as Boeing, there 
is a lot that can be done to pave the 
way to making a lifetime of success 
with Boeing. Many of these strategies 
and facts were taught to us at an 
extremely impactful and eye-opening 
presentation by Boeing-Recruiter, 
Sophia Imtiazi on the 3rd of July, who 
taught us all what it is we should do 
in our college years to increase our 
chances in successfully becoming an 
employee of Boeing.

We learned that everything begins 
with the creation of a personal brand. 
A personal brand consists of the 
recognition of someone’s attributes, 
skills, values, and interests. Attributes 
meaning one’s personality, skills 
being ones: strengths, educations, 
and knowledge. Someone’s values 
are their core, guiding principles; 
interests are the things that someone 
is impassioned about and gives them 
a sense of excitement and energy. 
When it comes to someone’s interests 
what they really should consider is 
the following: What are they good 
at?, What do they enjoy?, and What 
makes them nervous? All of these 
factors should contribute to creating 
a personal brand that makes them 

stand out from the pack. In a world 
where becoming just another piece 
of paper is all too common, it is 
beyond important to take the time to 
differentiate yourself from everyone 
else.

Not only were we taught about the 
creation of a personal brand, but we 
also learned about some strategies 
that we should pursue in college. One 
of these strategies is to attend Boeing 
career fairs as often as possible. 
Boeing currently holds career fairs 
at 81 different universities. These fair 
appearances give college students 
opportunities to get interviews for 
summer internships. Despite the fact 
that college internships are generally 
just given to sophomores and juniors, 
having redundant interactions with 
Boeing recruiters at any point in 
time help in showing persistent 
interest. College internships with 
Boeing are highly competitive, and 

the interview process to get 
accepted into them follows 
a very specific format that is 
almost unanimous across most 
aerospace companies, which 
means that learning about it 
now is beyond important. The 
STAR  (Situation, Task, Action, 
Result) interview structure 
means that people are given 
an opportunity to speak about 
times in which they have 

personally excelled at something 
related to the job position that they 
are going in for. The classic example 
of STAR is the question, “Tell me 
about a time when…”, and although 
it may seem like a difficult question to 
answer, the STAR response format 
will almost guarantee a successful 
answer. It was stated that having 
Boeing work experience in college 
increases the likelihood to get hired 
full-time once someone is out of 
college, and attendance at career fairs 
puts people in the right place to take 
advantage of that opportunity.

Being taught all of this information has 
given me, and the rest of the interns 
who had attended the presentation, 
a huge step up in joining Boeing 
and aerospace companies alike in 
the future. Moving forward, I will be 
taking full advantage of career fairs, 
and more readily creating a personal 
brand. 

Boeing is a global company that 
strives to connect people, explore 
destinations and technologies that are 
on the cutting edge, and to inspire 
the future generations to come. It is 
essential that people take advantage 
of their skills to seize the opportunity 
of being able to have a career here, 
and the strategies taught here are 
exactly what will be the first step in 
that journey.

Boeing recruiter, Sophia Imtiazi, shares the elements of personal branding
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El Segundo and Huntington Beach interns in front of an autoclave

“Those are for contacting aliens”, 
my fellow intern joked as we passed 
large antennas at the entrance of the 
Huntington Beach site of Boeing. 
Though I knew it was a joke and 
it was not true, I secretly hoped 
that she was right. The idea of 
communicating with extra-terrestrial 
intelligent life intrigues and excites 
me. Sharing ideas with foreign 
beings, exchanging opportunities, 
and combining resources to better 
both parties are just some of the 
benefits of communication with 
unknown intelligence. Unfortunately, 
I did not get to speak with extra-
terrestrial beings on the day of the 
Space Hardware Tour. However, I 
did meet a foreign group of people: 
the Huntington Beach interns. Upon 
first contact, both groups remained 
separated, sticking with their friends 
and who they knew while waiting for 
the tour to start. Though numerous, 
the El Segundo interns were slightly 
overwhelmed, we had barely gotten 
used to the Boeing site in El Segundo 
when we were thrown from our 
comfortable bubble into a new, 

foreign, and quite humid environment. 
Eventually, Charlie Bogart, Program 
Manager of the Engineering 
High School Internship Program, 
announced the beginning of the tour 
and prompted us to split into two 

groups, preferably 
containing a mix 
of the separate 
clusters of interns. 
Many of us 
remained in pairs 
with people we 
knew, but made 
sure we were 
in a group with 
at least a few 
Huntington Beach 
interns. When 
the jovial Robert 
French, Program 
Management 
Specialist, 
approached 
us and began 
making jokes, we 
all relaxed and 
prepared for the 
tour ahead.

Robert led us past the Venus Lab 
containing the early development 
of software and navigation of 
autonomous robots that land on 
asteroids, past an automated 
ultrasonic scanning system, through 

CONTACTING ALIENS
By Fiona Elliott, El Segundo High School

continued 

El Segundo High School interns Fiona Elliott, Noelle Kartvedt, and Nicole Buhr
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the area where nose cones and 
heat shields are built, and finally to 
a massive room containing rocket 
payload fairings. Fairings are about five 
meters in diameter and encapsulate 
a satellite during launch. As we stood 
just outside of building 42, where 
these fairings are stood upright 
measuring about 60 ft. tall, each intern 
craned their neck trying to peer into 
the giant chamber containing the 
structures that will soon be in space 
and attempting to catch a glimpse of 
the engineers working towards making 
this happen. Then we entered the 
room containing the autoclaves; these 
large machines cure carbon fiber using 
high pressure and heat. If the door 
of one of these machines were to 
somehow unlatch while pressurized, 
it could fly off with massive force and 
land multiple buildings away, flattening 
anything and everything that happens 
to be in its path.

Seeing these beautiful pieces 
of machinery and technology in 
production and development was 
remarkable, but hearing Robert’s 
explanations of them was at times 
challenging because, despite Robert’s 
high volume, getting stuck at the back 
of the group of about 30 interns made 
hearing him virtually impossible. Still 
wanting to learn about the technology, 
I looked around for people who 
appeared to know of these topics, 

and spotted Eric Eichinger, the 
manager of Analytical Chemistry, who 
was wearing a tie embellished with 
satellites. Unsurprisingly, he provided 
ample information about each of 
the stops we made on the tour, and 
between these, we talked about topics 
other than the technology in front 
of us. He told me, and a few other 
interns, about how rare a high school 
internship program is in this industry 
and of all the challenges the company 
faces just to give us an educational 
summer experience. He was saying 
that because of this difficulty, Boeing 

makes sure the 
interns are students 
who are both highly 
qualified and will get 
as much as possible 
out of their internship. 
This not only made 
me appreciative of 
this opportunity I 
earned, but also 
curious to learn more 
about the fifty people 
I was surrounded 
by who have similar 
interests of aerospace 

and engineering, and went through the 
same rigorous process I did to obtain 
the internship.

With this new objective of talking to 
other interns to learn about their life 
and experiences, I moved away from 
the small group of El Segundo interns I 
knew, and carried on the tour walking 
next to people I had never seen be-
fore, asking them questions and mak-
ing comments whenever appropriate. 
I absorbed information regarding other 
schools, different tasks at Boeing, how 
interns ended up here, and where they 
plan on going. As the tour concluded, 
I found Eric to thank him for talking to 
me and motivating me to reach out to 
people I was not familiar with, and he 
said he would try to organize another 
tour at the Huntington Beach site for 
us to come see to further our com-
munication with the no longer foreign 
Huntington Beach interns. These in-
terns may not have been green aliens 
who spoke the language of a far away 
galaxy, but breaking the barrier of 
communication was as if reaching out 
to another world. 

CONTACTING ALIENS
continued

Mark Kasprzak showing interns the rocket payload fairings in Building 42

Interns viewing a manufactured heat shield for the CST-100 
Starliner
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At my school, Da Vinci Science, we 
have some small 3D printers used 
for printing physical models and 
robotic components for the First 
Robotics Competition (FRC) team. The 
applications of additive manufacturing 
were certainly interesting, but I had 
not seen it as the “Second Industrial 
Revolution” as Mark Kasprzak, Chief 
Industrial Engineer, had put it.

The tour was divided into three 
sections: Metal Additive Manufacturing, 
3D CAD software, and FDM (Fuse 
Deposition Modeling) printing. The first 
part of the tour was Metal Additive 
Manufacturing led by Mark Kasprzak. 
Mr. Kasprzak first showed us an 
SLM (Selective Laser Melting) printer 
which melts aluminum powder, then 
distributes it layer upon layer until 
the part is complete. Some of the 
applications he described were physical 
models, brackets, and antennas. SLM, 
and additive manufacturing in general, 
allows for engineers to create more 
complicated structures with internal 
components and organic structures. 
Because of this, the SLM machine 
will conduct what is called Topology 
Optimization. Topology Optimization 
is the practice of using optimum 
material distribution to create a lighter 
and more material conscious part. 
With the innovations in Metal Additive 
Manufacturing, the aerospace industry, 

and the manufacturing industry as 
a whole, will continue to grow and 
develop as more parts are capable 
of being made using this technology.  
The second part of the tour was 3D 
CAD software led by Jack Deacy, 
Manufacturing Engineer. Mr. Deacy 
described how a part designed in 
a CAD software is sliced into layers 
ranging from 20-100 micrometers thick 
and is then sent to the FDM machine 
to be printed.  He also explained 
the difference, or lack of difference, 
between CAD programs and how 
separate sites and separate companies 
will use different software. The final 
part of the tour was seeing the FDM 
printing machines. Walking into the 
room, we could hear a constant buzz of 
fans and hum of machines. We could 
see the fixtures 
moving along the 
axes applying the 
filament layer by 
layer. Trent Carter, 
Manufacturing 
Engineer, 
described how 
FDM printing at 
Boeing is being 
used to print 
physical models 
and flight capable 
parts. I found it 
interesting that 
separate parts 

can be printed at the same time using 
support materials to connect them and 
that they, the support materials, can 
be dissolved using Sodium Hydroxide 
leaving integrated, but separate parts. 
This allows for more complex internal 
components and interactions between 
parts.

Because of my role at Boeing as 
an intern for an electrical engineer, 
Jonathan Hua, I began to think of the 
applications additive manufacturing had 
for electronics. Doing some research, I 
found that companies such as Voxel8 
and Nano Dimension are leading the 
way in creating machines that are able 
to print metal traces and insulating 
polymers simultaneously allowing for 
the creation of complex PCBs, Non-
planar electronics, antennas, sensors, 
and electromagnets. The goal of 
electronic additive manufacturing is 
to decrease the production time of 
electronic components, create more 
effective components allowing for 
them to become smaller, and to create 
a more autonomous process which 
reduces error.

The additive manufacturing tour 
led by Mark Kasprzak, Jack Deacy, 
and Trent Carter certainly made 
me see the possible applications 
of additive manufacturing for the 
aerospace industry, and the industry of 
manufacturing as a whole.

ADDITIVE MANUFACTURING
By Nate Seekins, Da Vinci High School

Trent Carter touts the additive manufacturing capabilities
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STABILITY IN SPACE
By Dominic Paragas, Port of Los Angeles High School, Jace Werner, South High School

Stability is a concept that humans seek 
throughout the universe. Means of 
stabilization are used both practically 
and theoretically, from watching fidget 
spinners whirl to balancing chemical 
equations. In physics, many theoretical 
equations are used to explain the 
state of balance. These models, as 
a marriage between concept and 
reality, are perfectly outlined by the 
field of rotational momentum, or as 
otherwise known, angular momentum: 
the ongoing movement of rotating 
objects. This year’s high school interns 
were educated on the matter by the 
combined expertise of Nehemias 
Ochoa — Wire Harness Design 
Engineer and Ronnie Sarmiento — 
Wire Harness Engineering Manager.

The basics of momentum were 
reviewed at the beginning of the 
lesson: momentum exists when 
something with mass has a vector 
velocity. To many of the interns’ 
amazement, Ochoa and Sarmiento 
demonstrated this concept by using a 
spinning bicycle wheel’s momentum 
to balance an unanchored rod with 
ease. By spinning the wheel, the rod 
appeared to be lighter, staying up 
seemingly on its own. Yet the rotation 
of the wheel induced a phenomenon 
known as precession: the slow 
rotation of an object’s axis, following 
the right hand rule. In order to keep 
the wheel balanced, the holder’s body 
had to spin according to precession’s 
rotational torque. A demonstration 

utilizing a 
chair further 
explored this 
concept. 
With the 
wheel 
spinning 
downwards, 
the chair 
rotated 
leftwards, as 
seen by the 
right hand 
rule. By the 
same notion, 
spinning 
upwards would cause the chair to 
rotate to the right. This aspect of 
angular momentum is because of 
gravity and torque. Gravity is trying to 
pull the wheel downwards, but the rod 
holding it is pulling upwards, causing 
a twisting force called torque. This 
torque is analogous to the axis-rotation 
phenomenon of precession as seen in 
the wheel balancing demonstration, so 
when the wheel spun, the chair rotated 
to comply with the axial rotation of 
precession, similar to how balancing a 
rod with a wheel required the holder to 
rotate themselves as to conform to the 
rotational torque of precession.

Another demonstration included a 
fidget spinner. These craze-driven 
toys of years prior were given to the 
interns to show the rotational abilities 
of objects on the gravitational Earth. 
Fidget spinners are gadgets that spin 

for long periods of time. This 
was built upon with a video of a 
fidget spinner in space, rotating 
for an indefinite period of time 
until an external force caused 
it to stop, showing how these 
rotational abilities translated to 
space’s zero-gravity vacuum. 
The fidget spinner’s continual 
spinning, along with the torque 
and axial-rotation properties 
of precession, is translated to 
spacecraft stability through 
what are known as gyros. 

As Ochoa and Sarmiento explained, 
many satellites use gyroscopes such 
as Control Moment Gyros to change 
the attitude or position of a spacecraft. 
Typically, an object will rotate forever 
in space, such as the fidget spinner 
and its constant rotation. An item in 
space will also appear to freely float, 
and if you were to gyrate an item by 
giving it the slightest nudge, it would 
effortlessly whirl indefinitely unless an 
external force interrupted it. To negate 
this occurrence in satellites, Control 
Moment Gyros will gyrate, which will 
cause an axial-rotation that offsets 
the freeform swirling movements of 
satellites. This gyration from Control 
Moment Gyros is essential to the 
stability of satellites in space. 

In space crafts, the properties of 
torque and precession from the 
physics field of angular momentum 
are applied to Control Moment Gyros 
to counteract the instability of space’s 
free-flowing nature. The angular 
momentum training was able to 
simplify the axial-rotation concepts of 
Control Moment Gyros to this year’s 
high school interns, and by doing so, 
educated a new group of individuals 
on the physics of satellites so they 
can understand the means of creating 
stability in space.

Alexandra Zuch and Lorenzo Pedroza demonstrate torque
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So what’s in that little black box 
anyway?

Found in nearly every electronic device, 
integrated circuits (ICs) are at the heart 
of our lives. These “chips” remind us 
of teensy black bugs, metal prongs 
outstretched like the spindly legs of 
an arachnid. The powerhouses of 
computers and appliances, they can 
perform mathematical calculations, 
write to memory, and render 3D 
images millions of times every second. 
We all know that they are what’s 
behind modern technology, but what 
most people don’t know is what goes 
into building one of these things. On 
the deepest level, our computers are 
made from tiny wired connections. The 
state of each microscopic wire, 1 or 0, 
current or no current, is what allows 
these chips to perform the incredible 
feats of 21st century computing. This 
summer I am grateful to have learned 
the building blocks of digital logic and 
the process of designing an integrated 
circuit, from high-level requirements to 
the silicon wafer fabrication.

There are two major teams at work: 
design and verification. Design engi-
neers use hardware description lan-

guages (HDLs) to specify the high-level 
functionality of an IC. SystemVerilog 
is the most widely used language on 
campus, and I am very lucky to have 
gotten some experience with it this 
summer. The counterpart to design 
is verification. The verification team’s 
goal is to break the design. By testing 
for every possible input condition, they 
can tell if the chip is going to do its 
job, even under fire from cosmic rays 
onboard a satellite. Verifying that an IC 
will work as intended is extremely im-
portant, as these chips cost millions of 
dollars to produce and need to last up 
to 20 years in space. That is why Boe-
ing has two completely separate teams 
to design and test each chip.

ASICs (application-specific 
integrated circuits), on the 
other hand, are fabricated 
specifically to perform one 
function. Their functionality 
cannot be changed after they 
are produced. They only have 
the gates and registers required 
to do their job, whereas FPGAs 
have a wide array of extra 
resources that can be used 
accordingly to perform many 
different tasks. One benefit 

of ASICs, however, is that they are 
more energy-efficient because of 
their streamlined design and because 
they don’t have to power unused 
components.

The integrated circuit I designed this 
summer was a traffic light controller. 
It may seem like an odd choice for an 
internship in aerospace, but it is the 
perfect introduction to chip design. 
Many ASIC/FPGA engineers’ first 
projects are traffic light controllers 
because they challenge you to think 
of all possible states of the system. 
There are real consequences if traffic 
flows in the wrong direction, putting 
drivers and pedestrians in danger. This 
simulates what it is like to produce a 
robust design that will not fail during 
its long journey in space.

Integrated circuits are just one of 
the many amazing things produced 
here at Boeing. They are an integral 
part of a satellite, and allow for the 
intricate coordination of everything 
from flight computers to analog signal 
processors. It is astonishing what 
these chips can do, relying on the 
simple idea of on or off, 1 or 0. As 
transistors get smaller and smaller, on 
the scale of nanometers, more and 
more can be fit on the same miniscule 
silicon wafer. The ebb and flow of 
electrons, controlled by millions upon 
millions of little switches inside each 
mysterious black box, powering the 
digital world around us.

INTEGRATED CIRCUIT DESIGN
By Julian Quevedo, Redondo Union High School

continued 

Vatsal Dholabhai visits with his interns Julian Quevedo and Esmeralda Antonio during the 
poster session 

Verifying design using a ‘testbench’ script to confirm 
chip performs as intended
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This summer was an unforgettable 
experience learning what it takes to 
be an engineer and to collaborate in a 
professional environment. My mentor 
was Vatsal Dholabhai, who has only 
worked at Boeing for a year and a 
half yet helped make this internship 
possible. This amazing adventure 
is only feasible with the outstanding 
work of mentors like Vatsal. Through 
his guidance, I have gone from 
knowing virtually nothing about digital 

logic to actually designing and testing 
a computer chip.

When I first learned that Boeing 
designs and produces their very 
own ASICs, I was blown away. At 
a company that builds rockets, 
satellites, planes, autonomous 
submarines, fighter jets, and 
helicopters, you can really do anything 
here. The fact that all the electronics 
inside, down to the resistor-transistor 

level, are laid out here is even more 
astonishing. In my six short weeks 
here I have learned so many valuable 
skills that you can’t get anywhere 
else. I am forever grateful for my time 
at Boeing which has inspired me 
to pursue an education in electrical 
engineering and computer science, 
as well as a career in engineering and 
technology.

INTEGRATED CIRCUIT DESIGN
continued

When I found out I was working in 
PTES on the first day of Boeing, I had 
no clue what any of it meant. Soon 
enough, I found out PTES stood for 
Protected Tactical Enterprise Service, 
and what it was for. It turned out that 
in November 2018, Boeing won a 
$383 million dollar contract from the 
United States Government to create 
an anti-jamming system for satellites 
in order to secure communications 
within the Air Force, designed to work 
with the preexisting wideband global 

satcom (WGS) network, along with 
future government operated satellite 
networks. Since this program was just 
created, this meant that I was one of 
the first interns to work in this depart-
ment. From working in PTES, my main 
takeaways are learning about the agile 
development process, and the pur-
pose of containerization in software.

In the past, I have used the waterfall 
code development process which 
starts off with a requirements review, 

designing of code, implementation 
of code, verification of code, and 
maintenance of code. Although this 
process has been used for decades, 
it becomes harder to implement in 
today’s fast paced work environment. 
The Agile process leads to much 
faster code implementation and 
lower development costs, which is 
why PTES is the first ever Air Force 
program to use the agile approach. 
In contrast, agile uses a continuous 
testing design philosophy, meaning 
that you test and receive feedback 
from the product as you create it. 
Agile also implements what are called 
sprints where at the end of every two 
weeks, a meeting called a “sprint” 
is held, in which each task to be 
completed is reviewed and presented 
to measure progress. I was lucky 
enough to be able to participate in 
these sprints, and see for myself how 
the agile process has been integrated 
into this large project. I saw how 
engineers would divide up tasks into 
each smaller task and apply story 
points, how long each task takes, to 
have a better idea of how long it will 
take before they start testing. I also 
learned how to use a program called 
Jira which allows me to see how 
each task is going, along with the 
status of those tasks whether they be 
in progress, on hold, or completed. 

MY PTES PEREGRINATION
By Anderson Sutandinata, Peninsula High School

Koray Mentesoglu, Anderson Sutandinata, Greg Cooper (mentor), and Lorenzo Pedroza 
unwind after poster session

continued 
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I spent the majority of my first few 
weeks learning about containerization, 
and why it is used. In the past, 
programmers faced an issue where 
a program they create would work in 
one environment, but would fail when 
it’s tested on a different computer. This 
is where containerization comes in. 
Containerization “containerizes” code 
you create regardless of language, 
and allows you to run multiple 
instances of it at any time. This is 
especially nice for large programs, 
where you’d traditionally need a 
virtual machine to run it, now can be 
run within a container which leads to 
less computing power used. Another 
nice advantage of containerization is 
that you can write the software inside 
each container in any language that 
you are familiar with. I soon learned 
how to use a software product called 
docke, which allows me to create 
containers and run them.  Before I 
created any containers though, I had 
to learn how to program a dockerfile 
to create a software image that later 
creates a container. The dockerfile 
is what provides the instructions 
on how to create the container and 
is essential to creating any image. 
Although it sounded simple at first, I 
soon learned that I’d run into snags 
such as the Boeing proxy blocking my 
connections attempts to the docker 
servers using up a lot of my time. 
Eventually, I was able to successfully 
create my first image and first 
container not long after. 

At the beginning of this internship, I 
was a bit afraid that I was performing 
a software task as the majority of my 
engineering experience had been in 
mechanical engineering. However, 
the people I met along my internship 
along with all of my mentors and 
focals(Robert Winig, Chad Beaudin, 
Greg Cooper and Brett Palmer), have 
shown me that Boeing employees 
are genuinely willing to spend 
their time helping out high school 

interns, which significantly eased my 
concerns. Eventually, this internship 
conveyed to me how interesting 
software development is, and I now 
intend on looking into majoring in 
computer engineering at college. I 
also found it very fulfilling to know that 
whatever code I helped create will 
soon be utilized, and put into action 
by the United States Military. After this 
internship, I am ready to take on any 
software development tasks that lie on 
the road ahead of me.

One of the most momentous 
experiences of this internship was 
when I had the chance to meet and 
have lunch with Astronaut Robert 
L. Behnken. When I was notified of 
this opportunity, my mind reverted 
back to an article about the Space 
X Dragon where I had last read the 
name “Behnken” and I became 
ecstatic. I immediately proceeded 
to write down a list of questions for 
my lunch with him, but when the day 
came I only asked one. As Astronaut 
Behnken sat right across from me, 
I asked him how he dealt with the 
stress and pressure of completing 
multiple tasks in space and he 
replied with a saying I hold closely 
now. “Two seconds of remorse and 
time to move on” He elaborated and 

said that while stress was highly 
prevalent, an important characteristic 
of an astronaut is to be adaptable 
to their surroundings despite certain 
complications that can arise. This 
taught me about what mentality to 
maintain when confronted with failure 
or when taking on a large project; it’s 
a good skill to keep the big picture in 
mind and not become discouraged 
when things go awry. Ultimately, 
this experience was one I would not 
forget and impactful in my decision to 
pursue engineering. 

MY PTES PEREGRINATION
continued
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Coming into this internship I had no 
idea what to expect. I didn’t know if 
I would like working at Boeing or if 
it would be interesting. I didn’t even 
know what I was going to be working 
on until after orientation. However, this 
summer internship has been a great 
experience in which I learned many 
important things that I will use for the 
rest of my life. 

I worked with Caden Lacy, of Windward 
High School, throughout this internship 
under our mentor Carol Nguyen.  She is 
a technical fellow at Boeing and it was 
great working with her along with the 
entire contamination team. Our project 
was to create a simplified E1559 test 
setup, which measures outgassing, and 
start testing some materials. Outgas-
sing is release of gasses from a material 
in space and can be very harmful to 
the spacecraft because the outgassed 
particles can condense on important 
hardware such as sensors and solar 
cells. The standard setup includes 4 
Quartz Crystal Microbalances (QCMs) 
that oscillate and change frequency 
when mass condenses on the crystal. 
However, we were assigned to only use 
one QCM for simplicity. We would then 

compare our data with external data on 
the material and decide if the system 
could work when testing new materials. 
The El Segundo facility does not have 
an E1559 so creating this setup would 
help the material testing process greatly.

On the first day in the lab, we were 
given a couple of boxes filled with a 
jumbled mess of parts and wires. We 
were told to assemble the parts that 
the interns from last year had created 
and connect the QCM to its control-
ler. Pretty simple, right? Well the issue 
was that we hardly knew anything 
about the system that we were creat-
ing or how the electronics worked. 
After a couple minutes of just staring 
at some wires and connectors that 
didn’t seem to fit, we asked for help. 
We ended up slowly connecting some 
of the wires and getting a feel for how 
long the process would take. I left that 
day feeling completely overwhelmed.

The following week, we would start 
each day by researching the system 
and understanding more of what we 
needed to do in the lab. As I contin-
ued to research and do a little more 
work in the lab each day, my confi-

dence grew and I felt more comfort-
able. We finished connecting the 
QCM to the controller and were ready 
to test it. While testing the QCM, we 
didn’t get any readings. We realized 
that the controller was broken and it 
would take a long time to get it fixed. 
Luckily, this set us back only a day 
or two as we were able to borrow 
another controller. However, this was 
only one of the many problems to 
come.

After another couple of days involving 
hooking up the liquid nitrogen lines 
and fixing some electronics, we were 
ready to run a dry test of the QCM in 
the vacuum chamber. Unfortunately, 
after a couple of hours, the vacuum 
chamber couldn’t pump down 
enough and we realized that there 
was a nitrogen leak. Although the leak 
was easy to diagnose and fix, it still 
took about a day to pressurize the 
chamber, replace some adapters, and 
pump down the chamber to restart 
the test. Although these issues were 
great learning opportunities, they con-
tinuously delayed testing and became 
frustrating.

The next step to complete the con-
struction of the setup was to make the 
effusion cell. This cell holds the sam-
ple and is heated in order to speed up 
the outgassing process. We first tried 
making our own effusion cell by taking 
some scrap parts and fixing them to 
certain dimensions. This helped me 
learn more about the contamination 
process because we couldn’t use 
certain materials that would outgas 
and mess with the results. We ended 
up using an effusion cell with its own 
heaters and remaking the hole to our 
own dimensions. This also gave me 
more insight on the creative side of 
engineering.

After being about a week behind 
schedule, we were finally ready to run 
the first test. We made sure everything 
was clean and put the first sample in. 

A LEARNING PROCESS
By John Brand, Redondo Union High School

continued 

Caden Lacy, Carol Nguyen, and John Brand pictured with their poster board and test set-up
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The tests take 3 days each so we had 
to make sure the system was perfect. 
After the first couple of hours, the data 
seemed like it could work so we left it 
running overnight. The next morning, 
we looked at the data from the QCM 
and it didn’t match the external data 
whatsoever. We realized that the new 
QCM controller didn’t read the fre-
quencies from the old QCM correctly 
and we needed to replace it. It took us 
a while to find another QCM that we 
could borrow but we eventually found 
one. By this point we were sure that 
the entire system was running perfect-
ly and nothing else could go wrong. 
Well, of course that was incorrect.

We let the test run through the 
weekend in order to get the data by 
Monday. However, fairly early in the 
test, the software crashed and ended 
up ruining the rest of the data. This 
meant that we could only really use 
the data from the first 10 hours. This 
wasn’t even the worst part of this test. 
Our tests use a lot of liquid nitrogen 
of which the excess goes into a tub 
on the roof and evaporates. Other 
labs were also using liquid nitrogen 
throughout the test period, causing 

the tub to overflow. This issue caused 
testing to be shut down for a couple 
days and limited our access to the 
lab. This was the biggest setback 
because we needed the data by the 
following week.

Running the second test went pretty 
smoothly without any major problems. 
However, we still had to end the test 
early because we were so behind on 
time. That 
data looked 
much bet-
ter when 
compared to 
the external 
data. Also, 
we could 
understand 
why there 
were any 
variations in 
the data be-
cause of our 
knowledge of 
the system. 
Because of 
the similarities 
between our 
data and the 

existing outgassing data, the system 
was successful and could be used 
to test other materials. This will help 
Boeing in the long run by saving them 
time and money when testing cer-
tain materials. Some materials will no 
longer have to be shipped to another 
company to run these tests.

Overall, this project was successful. I 
never would have thought that I could 
make such a big impact for such a 
large company. I learned so much 
about the engineering process and 
how certain projects work including 
the amount of time that each project 
takes and how many new project 
implement trial and error. Even though 
there were many failures throughout 
our project, each one taught us more 
about the system we worked with 
and engineering as a whole. I also 
developed great skills from working at 
Boeing. For example, my mentor was 
traveling for much of the internship, 
leaving me to seek help from other 
people as I needed it. As a result of 
this internship, I still aspire to become 
a mechanical engineer because of the 
hands on, creative work that I dealt 
with. This internship will leave a lasting 
mark for the rest of my life.

A LEARNING PROCESS
continued

Team Biometrics presenting their innovative proposal before the judges during the Team 
Building Challenge

Viewing the endless builds as a result of additive manufacturing
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Sarmiento conducts his hands-on Ideal Gas Law workshop

When you hear the phrase “ideal gas 
law,” you might think of chemistry 
and the periodic table. Chemistry has 
elements such as oxygen, hydrogen, 
or nitrogen that are commonly found 
in a gaseous form, so it must be 
related to the ideal gas law, right? 
Well, yes and no. The ideal gas law 
also has numerous applications in the 
fields of physics and engineering, from 
being utilized in the creation of diesel 
engines to designing space suits. It’s 
an important part of many fields of 
science and technology, and is more 
complicated than the simple formula 
PV=nRT lets on. In fact, the ideal gas 
law was derived from three separate 
laws—Avogadro’s law, Boyle’s law, 
and Charles’ law—which involve 
pressure, volume, temperature, and 
moles. These laws are essential to 
understanding the ideal gas law, and 
each have an important role in forming 
the formula PV=nRT.

Before going into detail about the 
laws, the name “ideal gas law” should 
be addressed. An ideal gas takes up 
no volume and has molecules that 
neither attract nor repel each other. 
There are no gases in real life that are 
as “ideal” as an ideal gas, but there 
are many gases that come close—
making the ideal gas law a useful tool 

in real-life 
situations. 
Similar to 
the ideal 
gas law, 
the three 
smaller laws 
are also too 
ideal to be 
completely 
true, but 
real enough 
to be 

implemented into real-life.

The earliest law is named Boyle’s 
law, and it introduces a relationship 
between pressure and volume. 
Published by Robert Boyle in 1662, 
it states that the pressure of a gas 
tends to increase as the volume of 
the container decreases. The next 
law is Charles’ law, which describes 
how gases expand as temperatures 
increase. It was founded by Jacques 
Charles in the 1780s and it states 
that volume increases as temperature 
increases. The last law is called 
Avogadro’s law, created by Amedeo 
Avogadro in 1811. It states that two 
samples of an ideal gas at the same 

temperature and pressure contain the 
same amount of molecules; in simpler 
terms, this means that the volume 
and number of molecules of a gas are 
directly proportional.

By putting all of these laws together, 
you get the formula PV = nRT. This 
formula is the ideal gas law, with P be-
ing pressure, V being volume, n being 
number of moles, R being the universal 
constant, and T being temperatures. 

At the training session, Ronnie 
Sarmiento, Wire Harness Engineering 
Manager , gave us many interactive 
examples of the ideal gas law in action. 
He showed us how heating or cool-
ing a balloon caused it to expand or 
contract, representing Charles’ law. 
He pushed a plunger in a cylinder with 
a cotton ball, leading to smoke and 
a spark while plunging it. This show-
cases that as you apply more pressure 
to a fixed volume, the temperature will 
increase, demonstrating the interac-
tion between variables and constants 
in the ideal gas law. He also passed 
around syringes with marshmallows to 
show the inverse relationship between 
volume and pressure (Boyle’s law). 

Sarmiento then went on to tell us 
about the Ideal Gas Law’s application 
in the real world. He explained how it is 
implemented in to the design of diesel 
engines. The temperature of the air in 
the combustion chamber increases as 
it is compressed by a piston, increas-
ing the pressure by decreasing the 
volume.

The ideal gas law is a formula that stu-
dents in Chemistry and Physics have a 
lot of exposure to, but they rarely real-
ize its application later in life. For those 
who want to pursue a STEM career, it’s 
important to see how you apply what 
you learn in school to your work. Many 
engineers use the ideal gas law in their 
day to day work, highlighting the im-
portance of applying your knowledge 
to innovate and create new ideas.

PV = nRT
By Amitis Zeini, Nicolas Kamitsubo, Sukhpal Ghotra, South Torrance High School
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Now that students have picked up 
a diverse range of experience and 
skills during their first few weeks at 
Boeing, it was time for them to come 
together and apply what they have 
learned to real-world situations in the 
Team Building Challenge. Grouped 
with six to seven other peers, the 
interns were instructed to design and 
build a specific product or technology: 
Unmanned Air Vehicle, Cyber 
Security, Satellite Delivery System, 
797-11, AirCam Communication 
Device, and Versatile Air Vehicle. 
Designed to mimic a real process 
and development of projects, the 
challenge was to be completed on a 
time constraint of twenty minutes and 
built with a limited budget of materials.

As the timer started ticking by, interns 
hastily familiarized themselves with 
the task at hand. With little time to 
successfully deliver the product, 
it was imperative that each team 
demonstrated strong communication, 
collaboration and efficiency. Teams 
started off by selecting their project 
managers and assigned members 
to focus on specific tasks in 
finance, logistics, quality excellence, 
engineering, and legal compliance. 
Interns then channeled their creativity 

and brainstormed together, selecting 
a final design after discussing through 
the possibilities of different ideas and 
approaches.

Given a bag of various materials 
including Styrofoam, paper clips, 
and paper towel rolls, each team 
brought their ideas to life by building 
a tangible model of their product. 
However, a good idea requires further 
steps to make sure that the product 
can be made from start to finish. To 
do so, teams checked the budget 
and longevity of the project, making 
note of financial expenses (i.e. the 
materials used in the model). The 
logistics team discussed the schedule, 
price, and production of the product, 
while others devised steps the team 
needed to take to prioritize quality and 
safety. Additionally, teams determined 
how they were to comply with laws 
regarding exporting and importing 
sensitive information.

One might compare the Team Building 
Challenge to a MasterChef episode. 
With various criteria and constraints 
in place, all under a strict allotted 
time, tensions began to arise as team 
juggled through the process. Fiona 
Elliott, an intern from El Segundo, 

comments that while “the time given 
to complete the tasks was short, 
it forced our team to really work 
together”. While interns neared the 
end of their products, they were 
struck with an additional challenge: 
making use of a plastic tubing. After 
an untimely moment of apprehension, 
teams worked together to incorporate 
the material. In the remaining minutes, 
interns hurried to finish the model 
and prepare for the next part of the 
challenge: a presentation.

When time was called, each team had 
five minutes to pitch their final product 
design to four judges, who casted 
their votes based on creativity, cost 
efficiency, presentation, collaboration, 
and usage of materials. During the 
presentations, interns listened in 
on the variety of approaches and 
measures taken by other teams to 
create their product. Each team 
went up to present their product and 
process, showcasing their design that 
also served as an emblem of their 
hard work and collaboration. 

As an intern that participated in this 
challenge, I found the Team Building 
Challenge highly rewarding. Intern 
George Flores from Bosco Tech 
shares how the challenge forged new 
relationships with other peers: “We 
really did form a team, both during the 
session and for the remainder of the 
internship”. Similarly, Amanda Wong 
interning from Peninsula recalls that it 
was a “cool bonding experience” to 
work with previously unfamiliar faces. 
Not only did the challenge prove to 
be a fun and engaging experience, 
but it stood as a way for interns to 
understand the full design process: 
from brainstorming to designing, 
from building to presenting. With an 
emphasis on collaboration, this activity 
allowed interns to have a chance to 
combine efforts and work with others, 
while also applying concepts they 
have learned in the internship—all in 
a friendly, interactive environment with 
other interns.

continued 

Team Surveillance Vehicle members George Flores, Anderson Sutandinata, Jaden Jones, 
Angela Magat, and Alejandro Pina discuss strategy prior to their proposal pitch

TEAM DESIGN CHALLENGE
By Charlene Kim, El Segundo High School
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Surveillance Vehicle: Anderson Sutandinata, Arpit Jalan,  
Angela Magat, George Flores, Jaden Jones, Alejandro Pina,  
Nicolas Kamitsubo  

Biometrics: Kaitlyn Thomas, Aaron De Castro,  
Berkeley Goldschmidt, Evan Zwicki, John Brand, Amanda Wong, 
Yeji Cho

TEAM DESIGN CHALLENGE
continued

797-11: Esmeralda Antonio, Kristen Asmar, Caden Lacy,  
Nate Seekins, Sukhpal Ghotra, Julian Quevedo, Will Whelan

Satellite Delivery System: Aidan Freedman, Rose Malki,  
Sassan Almasian, James Guo, Lorenzo Pedroza, Jace Werner, 
Sabrina Alvarez. Not pictured: Noelle Kartvedt

AirCam Communications Device: Dominic Paragas,  
Jason Estevez, Ryan Lee, Karlsun Jennings, Jacob (Ralphie) 
Hagman, Ian Karlman, Fiona Elliott

Versatile Air Vehicle: Charlene Kim, Keaton Ramsay,  
Koray Mentesoglu, Francis (Curtis) Hung, Joseph Abboud,  
Raphael Napinas, Elaine Yu
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The LINC Innovation Challenge was 
inspired by Boeing’s annual Rosen 
Games, an opportunity for employees 
to propose their groundbreaking ideas 
in a “Shark Tank” style fast-pitch. The 
games aim to capture the spirit of Dr. 
Harold Rosen, who became the father 
of the geosynchronous/geostationary 
communications satellite with the 
launch of the Syncom satellites in 
1963 and 1964. Known for his legacy 
of innovation, Rosen encouraged 
creative problem-solving among all 
employees during his role as chief 
engineer at Hughes Aircraft and later 
Boeing.

Cristian Bedoya and Kalli Haverkamp, 
leads of the 2019 LINC program, 
aspired to bring that same opportunity 
to high school interns during their 
first engineering experience here 
in El Segundo. Due to the event’s 
longstanding success, they decided 
the interns were ready for more. This 
year, the interns were faced with a 
bigger challenge; in fact, they were 
given the same question that real 
employees were given in last year’s 
Rosen Games: What are the technical, 

organizational, or cultural gaps that 
you have seen within Boeing El 
Segundo? What innovative ideas do 
you have to “bridge the gap” and help 
us become a better place of work for 
our employees?

Six weeks may seem short, and it is. 
But during their summer at Boeing, 
interns have been exposed to enough 
of the culture and workflow onsite to 
notice things that are surprising to 
them. The innovation challenge serves 
as an outlet to find out what the future 
generation of engineers wants for their 
workplace.

“I am thankful that the LINC Innovation 
Challenge gave me the opportunity 
to collaborate with such fun and 
creative people,” Skyler Coleman 
said. “I learned to really put myself out 
there and not to be afraid to offer up 
my craziest ideas. It was an honor to 
be selected to compete in the final 
round.”

With just a few minutes, interns were 
challenged to present their ideas 
with concision and poise to a panel 

of senior engineers and managers. 
Students proposed new ways for 
Boeing employees to connect, 
whether it be through company 
lunches or more opportunities for 
recreation in the workplace. They 
addressed discrepancies between 
outdated software that make 
collaboration a grueling task. Among 
the finalists was the pitch for a 
daycare on campus, which would 
allow greater peace-of-mind for 
engineers wanting to start a family. 
Since 40% of females working in 
science leave the field after having 
their first child, the plan would be a 
step towards increasing the number of 
women in engineering.

At last, the winning fast-pitch was 
Boeing Maps, by Skyler Coleman, 
Aidan Freedman, Rowan Glenn, and 
Jace Werner. The frustration of finding 
your way around campus resonates 
strongly with interns and new-hires. 
By simplifying old, convoluted maps, 
and making them easier to access 
with digital kiosks, the group aimed to 
save time spent wandering in a maze 
of corridors and cubicles. If put into 
place, their idea would in turn in turn 
increase productivity and bridge the 
gap between new and experienced 
employees.

LINC INNOVATION CHALLENGE
By Julian Quevedo, Redondo Union High School

Cristian Bedoya (LINC lead) recognizes the 2019 LINC Innovation Challenge recipients: Aidan 
Freedman, Rowan Glenn, Jace Werner and Skyler Coleman

“It was difficult, at first, to work as 
a team, but our struggles were 
truly worth it. Our final idea was a 
collaboration of all of our individual 
ideas and was much more 
meaningful and worthwhile than 
anything I could have come up with 
on my own. In this case, teamwork 
really does make the dream work.”

—Kaitlyn Thomas 
Flintridge Sacred Heart Academy
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As my time has ended as the El 
Segundo High School Intern Program 
Manager and I pass the torch to the 
new Program Manager, Charlie Bog-
art, I reflect over the last 11 years and 
cannot believe how the program has 
grown from a pilot of 8 students to 
becoming the largest STEM program 
in the El Segundo site with a record 
of 69 students for the 2019 summer. 
In my reflection of the program, I have 
always been amazed at the growth 
and sphere of influence that has been 
generated from the partnership of 
the mentors and from the intern’s 
perspective. These ever so smart 
students are so eager and thirsty for 
knowledge of our fields and that it is 
so overwhelmingly visible that these 
students are asking for more.

The vision that we had when imple-
menting such a program in El Se-
gundo was to create a venue where 
we could help local students see that 
opportunities they have in their back 
door.  El Segundo is a major hub for 
the Aerospace business and with 

Boeing’s unique history of our Satel-
lite Factory and our product lines, it is 
a fitting way to expose students into 
our technical world that they would 
not otherwise have this opportu-
nity at their high school where they 
would learn first-hand about Boeing’s 
products and how our products ef-
fect every human life in the US.  We 
started with a pilot of 8 students and 

with that being so successful, we 
were extremely excited that the Chief 
Engineer of the El Segundo Site, Dr. 
William Sargent gave us the green 
light to grow the program into what it 
is today, and with much hopes that it 
will continue to grow over the coming 
years.

In my tenure of being the Program 
Manager, I have had the great op-
portunity to meet with many students 
and school administration about the 
significance of this partnership.  Our 
world is ever changing and we must 
look to the future.  These student 
interns are the future and with the as-
sistance of the hundreds of mentors 
over the years, we have opened the 
eyes to new worlds for local students 
that have always dreamed of achiev-
ing an education and seek out their 
future journey in life in aerospace.

I am so proud of this program and the 
many student lives we have touched.  
It gives me great pleasure to turn 
over the torch on such a positive with 
hopes that the program will grow even 
larger to touch more lives.

FAREWELL
By Pat Sandoval

Pat Sandoval with 2018 summer interns
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At the conclusion of their seven 
weeks immersing themselves in the El 
Segundo Engineering Summer High 
School Internship Program, 69 interns 
celebrated their accomplishments 
and relived their experience at the 
graduation ceremony on August 
8, 2019. Dr. William Sargent, Chief 
Engineer and Executive Sponsor 
for the program, welcomed several 
participating high school coordinators 
and administrators and shared the 
importance the interns are to the 
future of the aerospace industry. 
Dr. Sargent personally thanked the 

40 mentors who 
volunteered their 
time and reiterated 
how valued this 
program is to the 
future of the Boeing 
Company in keeping 
the engineering 
talent pipeline full 
and sustainable.

Charlie Bogart, 
Program Manager for 
the Engineering High 
School Internship 

Program continued 
with the awards 
presenting the Best 
Overall Presentation 
to Esmeralda Antonio 
(CAMS), Julian 
Quevedo (Redondo 
Union) Caden Lacy 
(Windward), and John 
Brand (Redondo 
Union). The Best 
Technical Presentation 
was awarded to Noelle 
Kartvedt (El Segundo) 
and Michaela Lee 

(Palos Verdes) where interns showed 
their work at the poster session which 
took place on August 6, 2019.

Special speaker Anthony Pirozzi 
echoed the same message as Dr. 
William Sargent. Explaining that this 
internship allows each student to 
give their best first impression, which 
can change the course of their lives 
forever. Mr. Pirozzi gave a personal 
example as a student in a grocery 
store bagging groceries. He made 
such an impression on one of the 
customers, he was given a job at 

Hughes and has continued to grow 
since. Now the head of Operations at 
Boeing El Segundo.

The winning design of the 2019 Team 
Design Challenge was awarded 
to Team Satellite Delivery System 
who comprised of Aidan Freedman, 
Lorenzo Pedroza, James Guo, Rose 
Malki, Noelle Kartvedt, Sabrina 
Alvarez, Sassan Almasian, and Jace 
Werner.

GRADUATION CEREMONY

2019 Team Design Challenge Award recipients

continued 

2019 Best Technical Presentations: Noelle Kartvedt, Michaela 
Lee

2019 Best Overall Presentations 
Esmeralda Antonio, Julian Quevedo, Caden Lacy, John Brand 
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GRADUATION CEREMONY
Continued

Da Vinci

Mira Costa

Port of Los Angeles

South Torrance

Windward

Hawthorne

Peninsula

Sacred Heart

El Segundo

Palos Verdes

Redondo Beach

California Academy of Math and ScienceBosco Tech



CALIFORNIA ACADEMY 
OF MATHEMATICS  
AND SCIENCE
Sabrina Alvarez 
Esmeralda Antonio 
Jazmin Can

DON BOSCO 
TECHNICAL INSTITUTE
Sassan Almasian 
Aaron De Castro 
George Flores 
Sergio Jimenez-Ceron 
Raphael Napinas 
Lorenzo Pedroza
Alejandro Pina
Isaiah Williams

DA VINCI
Rowan Glenn 
Adeline Hall 
Karlsun Jennings
Angela Nicole Magat 
Miles Schubert
Nate Seekins

EL SEGUNDO
Nicole Buhr 
Fiona Elliott 
Noelle Kartvedt 
Charlene Kim
Andrew Solanto
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HAWTHORNE
Benjamin Bloom 
Gerardo Carrillo 
Juan Placeres 
Sakib Ragib
Edwin Ventura

MIRA COSTA
Evan Zwincki

PALOS VERDES
Jacob Hageman 
Jason Lee 
Michaela Lee
Anton Lok 
Erin Magid
Frankie Moore

PENINSULA
Joseph Abboud 
Yeji Cho
Arpit Jalan 
Ian Karlmann 
Owen Ralbovsky 
Keaton Ramsay 
Anderson Sutandinata 
Amanda Wong
Elaine Yu

PORT OF LOS 
ANGELES
Jason Estevez
Haruka Ishii 
Ryan Lee
Dominic Josh Paragas

REDONDO UNION
John Brand 
Skyler Coleman 
James Guo
Rose Malki 
Koray Mentesoglu
Adam Pedersen
Julian Quevedo

SACRED HEART
Kristen Asmar 
Jaden Jones 
Kaitlyn Thomas
Alexandra Zuch

SOUTH TORRANCE
Sukhpal Ghotra 
Nicolas Kamitsubo 
Jose Shaji 
Jace Werner 
Amitis Zeini

WINDWARD
Aidan Freedman 
Berkeley Goldschmidt
Francis Hung 
Benjamin Knepper
Caden Lacy
Will Whelan


