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VISUAL ADVENTURES

DANCING ON THE SIDE OF LURIE  TOWER
It was part athletic prowess, part ballet, part trapeze act 167 feet off 
the ground. Members of BANDALOOP performed – vertically – on 
the sides of the Ann and Robert H. Lurie Tower. The performance 
was part of the 20th Anniversary celebration of a tower dedicated 
to the memory of Michigan alumnus Robert H. Lurie (BSE ’64, MSE 
’66) from his wife, Ann, in 1996. It houses a 60-bell grand carillon, 
one of two grand carillons at the University of Michigan (the other 
is in Burton Tower on central campus). 

PHOTO: Evan Dougherty
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Michigan Engineers tackle America’s Cup
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MICHIGAN ENGINEERING 
ASPIRES TO BE THE WORLD’S 

PREEMINENT
COLLEGE OF ENGINEERING 

SERVING THE 
COMMON
GOOD

W hen Alec D. Gallimore, the Robert J. Vlasic Dean of 
Engineering, took office in July 2016, he was already 
well on his way to thinking big for the College. 

As a faculty member and associate dean, Gallimore 
had experienced first-hand the changes at the College over the past 25 
years. While preparing for his candidacy as Dean, he deepened that 
knowledge with additional research that included benchmarking other 
institutions.

His conclusion? 
“We had a ship that was heading in the right direction,” said 

Gallimore. “We were already really good at developing an entrepreneurial 
mindset, not looking at department or research boundaries and being 
able to collaborate. And we’ve always provided students really excellent 
experiential learning and instruction.”

But Gallimore identified a missing element. 
“What we weren’t doing, in my opinion, was defining a reason for our 

work at a high level. We didn’t have guiding principles for why we were – 
or weren’t – focusing on specific areas.”

That’s what Gallimore set out to do in his first term as dean. Through 
large-scale work sessions among faculty and College leadership, speaking 
with deans of other institutions and learning from alumni and investors 
at top companies, Gallimore and his team sought not only to define the 
strengths and values of Michigan Engineering but to create a vision and 
mission statement that would lead the College to the next level.

In January, Gallimore rolled out the new strategic vision, along with 
a mission to serve the greater good – and to strive for preeminence. All 
involved agreed that we were doing a lot of the right things, but that 
we needed a defining mission that sets a clear path for the College and 
explains ourselves to the world.

“The concept that really seemed to resonate with everyone was the idea 
of serving the common good,” said Gallimore. “It goes back to the old 
mantra of ‘an uncommon education for the common man or woman.’ 
Being a public institution, we have a broader mission – you simply can’t 
be preeminent without serving the people.”

 UNVEILING A  
NEW VISION

FOCAL POINT GREAT  TO BEST
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With that as a framework, the additions of improving the quality of life, 
developing intellectually curious and socially conscious minds, creating 
collaborative solutions to societal problems, and promoting an inclusive 
and innovative community of service flowed naturally.

“It all comes together,” said Gallimore. “And we’re pushing to be the 
best because I think it’s within reach. We are in a great place in terms of 
finances, our reputation and having an amazing resource with the larger 
University. The University itself is doing really well. And our mission of 
serving the people and broad interdisciplinary solutions is a timely theme 
in my opinion.

“Frankly, there is no other place than Michigan that can tackle that at 
scale.” 

One of the first steps, Gallimore believes, is refining the collaborative 
process. “We focus on collaborative processes because, for the kind 
of complex and wicked problems we want to address, it depends on 
a group of people coming together. We’d like to identify the grand 
challenges that we feel we are best in a position to tackle, that take full 
advantage of our relationship with the rest of the campus and our ability 
to work at scale.” 

But it must be done in a way that is structured for success, said 
Gallimore. Simply getting the right people into a room or on a 
project doesn’t ensure that they won’t fall short of their potential. An 
infrastructure for collaboration with the right tools – whether they be 
systems, resources or facilities – will ensure the best possible outcomes. 
Even day-to-day tactics for how staff, faculty and students operate 
together will contribute to a better result.

“We’re thinking very creatively,” said Gallimore. “Essentially starting 
from scratch to see what a collaborative environment of the 21st century 
looks like, and how can we create it to tackle research, education and 
learning challenges.”

Another piece of the puzzle lies in setting the stage for students to 
succeed and fostering an inclusive environment to help them achieve  
their goals.

“There are segments of our society who, through no fault of their own, 
have experienced an educational background or socioeconomic status that 
puts them at a disadvantage,” said Gallimore. “It’s acknowledging that we 
have different types of people and different styles of learning. The question 
is, what role do we play at the College in working to close the gap by the 
time they graduate?” 

And, said Gallimore, we need to reinforce these goals with our culture 
and values. Things like removing administrative barriers, empowering 
faculty and staff to fully engage, and equipping them with resources 
and incentives to ensure they are striving for the best are critical. Not 
addressing these subtle administrative issues could result in inadvertently 
communicating that something isn’t important.

“For example,” said Gallimore, “the notion of risk-taking and daring is 
a nice one, but how do we change the culture and values at the College so 
that people are actually willing to take risks and fail?”

The results of these efforts should lead not only to better rankings, but 

also a shift in the quality of people the College is able to recruit – and to 
an enhanced public perception of Michigan.

“Once we reach that level, there will be some telltale signs,” said 
Gallimore. “We will be on a more level playing field with the top two or 
three institutions that often beat us for top talent. Other institutions and 
the public will turn to us for matters of technology and social change, to 
be an honest broker of information and a place where new ideas incubate 
and innovation occurs.

“We could do all these things if we were just a little more deliberate. It 
goes back to the reason we created a mission and vision in the first place 
– to help us acknowledge our strengths and work towards making them 
even stronger.” – Jennifer Judge Hensel
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MISSION
Michigan Engineering provides scientific and technological 
leadership to the people of the world. We seek to improve 
the quality of life by developing intellectually curious and 
socially conscious minds, creating collaborative solutions 
to societal problems, and promoting an inclusive and 
innovative community of service for the common good.

Read more about our mission, vision & values
strategicvision.engin.umich.edu

Or scan this page with the Decoder. Details on pg. 10.
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Climate change 
Reaction to a letter published in this section 
in the fall issue. That letter stated skepticism 
about climate change in reaction to the spring 
2016 article about geoengineering. 

Why would you publish a comment like 
Slupek’s regarding climate change? Engineering 
is an objective endeavor in which we create, 
improve and use mathematical models to 
create (in our view) positive changes to 
our environment which improve our living 
condition. It is not subjective.

Global temperatures have, in fact, risen over 
the last 15 years and there is ample objective 
data to prove this. (For instance, see “The 
Skeptic Series,” articles from the Earth Institute 
at Columbia University.)

It’s one thing to publish subjective opinion on 
how good a building looks, or how a topic in 
one of the articles might or might not have 
affected an individual. But for The Michigan 
Engineer to publish false, misleading informa-
tion about such an important scientific topic as 
climate change in an engineering magazine is 
unprofessional and inappropriate. 
Bill Boyd (BSE EE ’87) 

‘Kindle’ for the blind 
Our story on a Braille tablet developed by me-
chanical engineering professors at U-M was 
shared more than 6,000 times on Facebook. 
Here are a few of more than 120 comments.

Having an uncle who is blind and deaf, I can 
see what a miracle this could be! Engineers 
are amazing! 
Tana Miller Malmo 

The sad part is technology opened up so 
many worlds for the blind. But as they 
moved to more graphics and touch screens, 
they have left blind people fighting to catch 
up. But there is always someone working 
to make things better. I think Braille will be 
a thing of the past soon enough – again, 
technology is taking over – why have a 
separate Braille menu when you can access 
your menu online with a tablet and have it 
spoken to you? Just like books – most blind 
people get them on tape or audio books – 
Braille books are huge. 
Kathy Tavik Lang 

Smart devices have the voice-control functions, 
but it is insufficient at noisy places … It will be 
very useful. 
Min Jeongwon 

New tech eyes will be implanted in the not too 
distant future much like the new 3D-printed 
arms. Still hope for mankind in all the madness 
of today. 
Shaun Draper 

It would be nice if this could come out soon. 
Robert Hansen

Exam week 
Joseph Xu’s article on exam week in the Fall 
2016 issue caught my attention because I 
had an alternate method of preparing for 
a final exams. There seems to be a natural 
psychological feeling that if a group of friends 
get together to cram for an exam late into the 
night and even early into the morning, you 
had better meet with them so you won’t be 
the only one who doesn’t know answers to 
critical questions. I had an alternate system. 
First, it is essential to keep up throughout the 
semester rather than depend upon cramming. 
The evening before a final, I would do a quick 
review (all by myself), go to a movie to unwind, 
and get to bed early. It seemed to work, as I 
got better grades than most of my friends.

I notice that things have changed at U-M 
in the past 66 years. I was one of those 
engineering nerds who always carried a slide 
rule case on my belt – slide rules were the 
only computers available to us. I lived one 
semester at a Willow Run dormitory while 
East Quadrangle was being expanded. I 
was there during the era of G. G. Brown 
and Donald L. Katz. Oh – another change 
– college education was free back then (GI 
Bill). Out-of-state tuition at U-M was $120, 
including $10 for a season pass to all home 
football games. Do you remember Fritz 
Crisler, Bob Chappuis, the Elliot boys? U-M 
football was great in those days. Happy 200th 
next year!   
Paul Davis (BSE ChE ’49, MSE ’50) 

When we posted the exam week story on 
Facebook, we asked alumni about their most 
memorable exam at Michigan.

Aero-483 final, I think it was. The first final exam 
where I was the first one finished! 
Brandon Lamrock

Despite the odds 
Reaction to our story and video about 
Matthew Nelson (BSE IOE ’15) and how he 
used his own difficult journey to encourage 
other non-traditional students.

This gave me goosebumps. You embody what 
the University of Michigan is all about. If I ever 
get the opportunity to talk to you, I would thank 
you for being an inspiration to those who know 
some of your story. Forever Go Blue. 
Huong Nguyen 

Rocket launch 
Musings for MASA, the student team that 
finished second in the 2016 Intercollegiate 
Rocket Engineering Competition with its 
nitrous hybrid motor rocket.

Maybe you guys should consider using h 
chlorine pentafluoride as the oxidizer. You’d get 
superior performance, I think. 
Caleb Ritenour

True, but nitrous oxide is less toxic and at a 
standard temperature generates a strong vapor 
pressure of about 50 bar, eliminating the need 
for external pressurant or pumps. 
Nick Gloria

Have something to share? Use the Decoder 
in the One Cool Thing app to scan this page 
and send  comments. (See p. 10.)  
Or email us at MichiganEngineer@umich.edu

Fall 2016 correction:  
The graph in “Innovation is for Finishers” 
should have been labeled as the number of 
university startups in the nation, not at U-M.

Alaska research 
In response to our article about engineering 
alumna Brie Van Dam (BSE AOSS ’07) and 
the Arctic Circle.

Good for her! Great message for young 
women. Set a goal and make it happen. 
#MGoBlue #SheRocks 
Jared Lasser  

Home of holography 
Our story about Emmett Leith and the first 
working hologram sparked some personal 
memories. 

My advisor and mentor during my early career. 
He had, perhaps, the most impact early on. 
He told me the most elegant optical solutions 
are the simplest. A lens does take a Fourier 
Transform after all. 
Jon Nisper 

I sold Leith and Upatnicks a bunch of surplus 
1mw lasers so their students could experiment 
with them. Funny story, but I won’t tell it here. 
Ken Ludwig 

Visit bicentennial.engin.umich.edu for more 
Michigan Engineering history stories.

Wolverines in space 
I enjoyed your article “Wolverines in Space” 
in the fall issue (Bicentennial section). It 
brought back some great memories of my 13 
years on the Apollo Program in the 60s and 
70s. Although I also graduated in 1959, the 
same year as astronauts Ed White and James 
McDivitt graduated, I don’t believe that I knew 
them. But on July 26, 1971, as I was serving as 
the Boeing Chief Engineer for the S-1C booster 
rocket built at the Michoud Assembly Facility in 
New Orleans, I was at the Cape for the launch 
of Apollo 15. The S-1C was the first stage of 
the Saturn V moon rocket which carried James 
Irwin, Al Worden, and David Scott to the 
moon. Later, as was the custom, the Apollo 15 
astronauts visited Michoud to thank us for our 
part in the program.

By the way, the article about the “Vulcans” on 
the same page also caught my eye, being a 
Vulcan myself and having oil poured over my 
head in 1958 for my initiation. 
John Eckle (BSE EE ’59)

Flood watch 
Response to the article on how engineers are 
using social media to help cities like Jakarta, 
Indonesia, deal with flooding. 

Go blue! Thank you for helping my homeland 
to get to a better place! I am very honored as 
an alumni to see the engineers innovating for a 
great cause!  
@sin2bong
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VICTOR, VALIANT

Michigan Engineer and World War II veteran John E. 
Franklin sent the letter below to Alec D. Gallimore 
after learning that he had been named the Robert 
J. Vlasic Dean of Engineering. Franklin earned his 
chemical engineering degree in 1949 but said he found 
it impossible to get an engineering job because of the 
color of his skin. So he went into medicine, overcoming 
his fear of blood to become a surgeon.

 “Back then, there were four professions where blacks 
could make a living,” he said. “You could be a funeral 
director, a dentist, a lawyer or a doctor. I picked doctor 
out of those four.”

Today, Franklin and his wife live in North Carolina and 
Florida. They have four children: John E. Franklin Jr. (MD 
’80) is now associate dean and professor of psychiatry 
at Northwestern University. Paula Franklin (MD ‘92) is a 
practicing pediatrician. Michael Franklin attended U-M 
and is a psychiatrist. Renee Franklin Hill is a graduate of 
Brown University and Harvard Law School; she taught at 
North Carolina Central University and Charlotte School of 
Law. Grandson John E. Franklin III studied engineering 
at Northwestern University and will intern with Google 
this summer.

Members of the Franklin family, from left to right:  

Michael Franklin, MD, Paula Franklin, MD, Arlena Franklin,  

John Franklin Sr., Lorna Renee Hill, John Franklin Jr.
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ROBOT  
PARADISE

 RANDOM 
    ACCESS 

FIRST BYTES RANDOM ACCESS

A three-story fly zone for autonomous aerial vehicles. A backyard 
obstacle course for walking ’bots. High-bay garage space for self-
driving cars. 

Those are just a few of the features that U-M’s new 
Robotics Laboratory will offer when it opens in 2020, 
making the University one of an elite few in the U.S. with a 
dedicated robotics facility.

The sleek, slate gray and silver edifice will also house: two 
large shared lab spaces, a startup-style open collaboration area, 
offices for 30 faculty members and more than 100 grad students 
and postdoctoral researchers and classrooms. And in a unique 
collaboration, Ford Motor Co. is providing funding for a fourth 
floor that it will lease for dedicated space where Ford researchers 
will eventually be based. 

“The new building will give us cutting-edge lab space to 
test our theories on a broader scale, and in a collaborative 
environment that invites the exchange of ideas,” said Jessy Grizzle, 
who has been named director of robotics at U-M. Grizzle is the 
Elmer G. Gilbert Distinguished University Professor and the 
Jerry W. and Carol L. Levin Professor of Engineering, as well as  
a professor of electrical and computer engineering.
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You may have seen a familiar face announcing NASA’s latest triumphs, like the momentous discovery 
of seven nearby exoplanets in the TRAPPIST 1 system. Former professor Thomas Zurbuchen is now 
associate administrator for NASA’s Science Mission Directorate. Zurbuchen served for 20 years in the 
U-M departments of Climate and Space Sciences and Engineering and Aerospace Engineering, among 
other College and University-wide posts. 

A ROCKET SCIENTIST   
GOES TO WASHINGTON 

TALK TO YOUR  
BANK ACCOUNT 

AI startup Clinc released its first product: Finie, the “financial genie,” 
is a voice-controlled platform for banks to integrate with their mobile 
apps. Users can ask Finie questions like, “Where can I withdraw cash?” 
and, “Can I spend $2,500 on a trip?” VentureBeat covered Clinc’s $6.3 
million funding round in February. Its founders are Jason Mars and 
Lingjia Tang, assistant professors of computer science and engineering.
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A mash-up of Uber-style ride sharing and 
fixed-route high-frequency buses is set to 
create a first-of-its-kind mobility system on 
the U-M campus. 

The RITMO (Reinventing Mobility) 
project has proposed a hub-and-shuttle 
scheme that would work with the existing 
campus bus system to deliver quicker trips. 
It will combine buses serving the busiest 
transportation centers with a fleet of around 
50 on-demand shared shuttles. At first, 
human drivers would pilot those shuttles, 
but eventually, developers envision that 
they’d be autonomous.

A smartphone app will calculate 
passengers’ most efficient journey. It  
could be a direct shuttle ride from A to B,  
a shuttle followed by a bus trip or any  
similar combination.

The development team has been studying 
traffic flow across campus with help from 
students and staff members who, through 
U-M’s existing app, volunteered to provide 
autonomous data about their movement.

“From a data science standpoint, it’s a 
fascinating optimization problem,” said lead 
researcher Pascal Van Hentenryck, the Seth 
Bonder Collegiate Professor of Industrial 
and Operations Engineering. “What are the 
mobility patterns in Ann Arbor? How do 
you define the size of the fleets? Where do 
you put the high-frequency buses and how 
many? Those are the kinds of questions we’re 
answering with the data we collect in this 
initial part of the study.”

The first shuttle rides are expected to be 
available this summer. 

A NEW URBAN MOBILITY 
SYSTEM

BEYOND THE BUS:

15

SMART SHUTTLES RANDOM ACCESS
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RANDOM ACCESS 

“WHAT WE DECIDED TO DO WAS LITERALLY 
BREAK EVERY RULE I’D EVER BEEN TAUGHT 
AS A SCIENTIST OR ENGINEER.”

– Marc Edwards, Virginia Tech professor of civil engineering, giving the 
Walter J. Weber Jr., Distinguished Lecture in Environmental and Energy 
Sustainability at Michigan Engineering in October 2016. Edwards 
helped to bring the Flint water crisis to light. Watch his hour-long talk by 
scanning this page with the Decoder in the One Cool Thing app. Details 
on p. 10.

Human blood is a key ingredient in a laser developed by biomedical 
engineering professor Xudong (Sherman) Fan. Fan mixed blood with 
an FDA-approved dye, put the solution in a small reflective cylinder 
and shot a beam of light at it. His blood mixture amplified the beam, as 
any good laser does. By analyzing the reflected light, Fan could observe 
cell structures and interactions in the blood on the molecular level. The 
approach could lead to new ways to identify tumors. 

Electric utilities now have a better sense of when solar storms are 
headed for their stretch of the power grid, thanks to a space weather 
forecast model developed by researchers in the Department of 
Climate and Space Sciences and Engineering. Before, the National 
Oceanic and Atmospheric Administration could give only planet-wide 
projections. The new model, which NOAA adopted, makes regional 
predictions at an unprecedented 350-square-mile resolution – and 
with a 45-minute lead time. That gives utilities precious time to 
prepare and prevent grid damage.

BLOOD LASER FOR  
TUMOR DETECTION 

SOLAR STORMS: ALERTS 
CONTINUING TO CLIMB 

#5
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The 2018 U.S. News & World Report graduate 
school rankings moved Michigan Engineering 
up another spot to No. 5 in the nation, where 
it is tied with Carnegie Mellon University. The 
College has moved up four spots in four years 
from its position at No. 9 in 2014. Additionally, 
all the College's departments continue to be 
consistently highly ranked.  

This heatmap shows usage of the 
current U-M bus system throughout 
the day. It shows that most usage is 
concentrated in a few high-traffic areas, 
while other areas show far less usage.
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For more than 65 years, Robert J. 
Vlasic (BSE IM ’49) and Nancy 
Reuter Vlasic shared not only a 
beautiful life together, but also 
a commitment to charitable 
organizations. By establishing 
the Robert J. Vlasic Deanship of 
Engineering in 1996, they have 
impacted Michigan Engineering 
students, faculty and alumni 
for more than 20 years. As Bob 
became a successful entrepreneur 

in the food industry, Nancy devoted her life to their family, as a 
mother to five sons and grandmother to 17 grandchildren. The College 
remembers Nancy Vlasic, a vivacious, optimistic and artistic person, 
who passed on Sept. 14, 2016.

REMEMBERING NANCY VLASIC

#UmichEngin       g       THE MICHIGAN ENGINEER #UmichEngin       g       THE MICHIGAN ENGINEER SPRING 2017       g       engin.umich.edu
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RANDOM ACCESS BETTER BATTERIES

Next-generation lithium metal batteries could boast 10 times the 
capacity of today’s lithium ion cells. So what’s keeping them out of 
our electronics? Dendrites. These whiskers of lithium that grow inside 
batteries hamstring performance, cut battery life short and can even 
spark fires like those that landed Samsung’s Galaxy Note 7 on the FAA’s 
no-fly list.

In an effort to understand exactly how dendrites form, Michigan 
Engineers built a see-through lithium metal battery. Their “visualization 
cell” serves as a window into the belly of the battery. With it, they 
can watch dendrites grow in real time and simultaneously measure 
any changes in voltage. (See for yourself in a research video. Scan this 
page with the Decoder in the One Cool Thing app. Details on p. 10.) 

By Henry Sodano
Associate professor of aerospace engineering

We are surrounded by unused ambient sources of energy that could be 
converted to useful power through energy harvesting. Many energy-
harvesting devices are designed to convert ambient kinetic energy, such 
as vibration, into electrical power with the goal of eliminating the need 
for batteries. One potential drawback is that energy-harvesting devices 
can increase the weight and complexity of the systems in which they 
operate. In order to make energy harvesting more practical, my students 
and I build multifunctional materials that incorporate energy harvesting 
capability into structural materials. We developed the first methodology 
to simultaneously improve both strength and functionality in an energy-
harvesting structural material, which could lead to a paradigm shift in 
the design of multifunctional materials.    

Fiber-reinforced polymer (FRP) composites are an ideal choice for 
building multifunctional materials since they are inherently multiphase 
and offer high strength and stiffness. Energy can be scavenged from 
the interaction between two phases of the composite. FRP composites 
are already used in applications such as aerospace and automobile 
structures. During operation, the composites are exposed to perpetual 
vibration, which makes them excellent hosts for mechanical energy 
harvesting units.   

In order to design a structural material with embedded energy 
harvesting, we focused on the interface between the fiber and polymer 
matrix. This interface is typically a source of structural weakness. The 
vastly different mechanical properties of the rigid fiber and polymer 
surrounding it leads to a stress concentration, which then leads to 
cracking. In order to alleviate this and add energy harvesting capability, 
we grew zinc oxide (ZnO) nanowires on the fiber surfaces, creating a 
functionally graded interface. The piezoelectric properties of the ZnO 
nanowires convert mechanical load to electrical charge while their 
hierarchical architecture enhances the bonding between fibers and 
polymer matrix.  

We characterized the resulting multifunctional composite through 
controlled vibration testing. The electrical power generated by small 
oscillations was measured across a load. We found that the composite 

Their approach improves upon previous techniques that could make 
electrochemical measurements while the battery ran but had to rely on 
battery autopsies after the experiment to reveal what physical changes 
occurred inside.

Understanding dendrite growth is the first step toward controlling it, 
said Neil Dasgupta, assistant professor of mechanical engineering. His 
research group is enabling more than their own investigations. 

“Our window battery is a simple platform that can be used by 
researchers worldwide,” Dasgupta said. “It can be reproduced in any 
lab with an optical microscope, simple electrochemical equipment, a 
machine shop and a $100 budget.”

An electron microscope image shows the zinc nanowires grown on carbon fibers.
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TECH SPEAK RANDOM ACCESS

ENERGY HARVESTING THAT 
BOOSTS STRENGTH

material could generate enough power to run small sensors. Moreover, 
we saw that increasing the vibration amplitude leads to an increase 
in the voltage and current generated by the composite. This linear 
relationship means that the composite structure can measure vibrations 
through the electrical response, an embedded sensing capability.

Typically, the addition of functionality – energy harvesting in this 
case – deteriorates the intrinsic structural performance of the initial 
materials. To ensure that this composite is able to withstand mechanical 
loading, we subjected the composites to tensile testing. Assessing 
the structural performance of these composites revealed a significant 
increase in the elastic modulus and tensile strength of the composites by 
18.4 percent and 34.3 percent, respectively. These results indicate that 
integrating ZnO nanostructures not only provides energy harvesting 
capability but also enhances the mechanical properties of the composite, 
therefore creating an ideal multifunctional material.  

With embedded intelligence and wireless sensors becoming 
ubiquitous, future efforts will seek to convert structural composites into 
smart structures capable of sensing, actuating and generating power. The 
embedded sensing and energy generation capabilities of these materials 
would open wide-ranging applications in the aerospace, automotive 
and defense fields. For instance, it may be possible to remotely monitor 
the health of a composite material through the embedded sensors to 
improve safety through state awareness and reduce maintenance costs by 
replacing schedule-based maintenance with data-based repairs.

Sodano’s paper, “ZnO Nanowire Interfaces for High Strength 
Multifunctional Composites with Embedded Energy Harvesting,” won 
the Energy Harvesting Best Paper award from the American Society of 
Mechanical Engineers in September, 2016.

2 μm

INSIDE THE BELLY OF 
THE BATTERY

Lithium dendrites grow, shrink and break away from lithium metal electrodes. 
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RANDOM ACCESS LEADERS AND BEST
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A NATIONAL HONOR AND 
A PUBLIC SERVICE

19

¡VAMOS AZUL!RANDOM ACCESS

In late 2014, three days after President Obama announced a new era in 
US-Cuba relations, Professor Brian Love was making phone calls and 
writing emails – trying to start a dialogue with his counterparts at the 
University of Havana. 

Love was eager to help Michigan Engineering develop educational and 
research ties ahead of the inevitable flood from other higher ed institutions. 
Simultaneously, he saw an opportunity to trailblaze a new model for 
international education at the University of Michigan – less disruptive to 
one’s academic itinerary than a typical semester abroad.  

Over spring break, 2017, 22 Michigan Engineering students 
participated in one of the first technical interactions between a U.S. 
university and Cuba since the thawing of relations. They toured 
manufacturing facilities and attended lectures at the University of Havana.

The new relationship is an opportunity to establish exchange 
programs and research collaborations that have been impossible for more 
than fifty years. 

“I think the attending students came away more empowered about 
making a difference as engineers even without a carte blanche supply 
budget,” said Love, a professor of  materials science and engineering. 
“Personally, I was struck by the variety of new thinking achieved by the 
students who participated in the program. I heard more than once about 
the ingenuity, persistence and pride exuded by the Cuban professionals we 

The nation’s preeminent group for advising on engineering and 
technology policy has elected another two Michigan Engineering 
professors to its ranks.

The 2016 members of the National Academy of Engineering 
(NAE) include Ellen Arruda, professor of mechanical engineering, 
and Mark Daskin, professor and chair of industrial and operations 
engineering. Induction into the NAE is one of the highest honors 
given to U.S. engineers, and brings the college’s total representation in 
the academy to 27.

The NAE is charged with providing independent advice to the 
federal government on matters involving engineering and technology.

Arruda, also a professor of biomedical engineering and 
macromolecular science and engineering, was commended for her 
pioneering research in polymer and tissue mechanics and their 

interacted with on the island.”
To prepare for the trip, Love taught in an accelerated eight week course 

called “Design in a Resource-Constrained Environment in Havana, Cuba.” 
It included as much cultural education as it did engineering. The class 
explored the similarities and differences between how things are made in the 
U.S. versus Cuba – a country highly invested in education, but constrained 
by limited resources.

This experience set an application record for the college’s International 
Programs in Engineering. Not only is Love hopeful that the Cuba 
collaboration will continue in the future, but that the accelerated structure 
culminating in a week abroad can be a template for other study abroad 
opportunities – giving students a chance to have an international experience 
with less expense or disruption to their graduation timeline. 

“This trip provided me with perspective on different ways to solve 
problems,” said James Mitchel, a junior studying computer science. “In an 
academic setting, it is easy to know the standard solution and apply it, but 
in Cuba the standard solution is rarely available due to the embargo and 
other economic limitations. So to solve a problem they have to evaluate 
different solutions and find the best match for their situation. This is the 
way problems are solved in the real world, but this can often get lost in 
school when we’re looking for the textbook answer.”

DESTINATION
CUBA

application in innovative commercial products. Among her recent 
projects is a shock-absorbing material that could be used in protective 
gear, including helmets.

Daskin, the Clyde W. Johnson Collegiate Professor, was recognized 
for leadership and creative contributions to location optimization 
and its application to industrial, service and medical systems. His 
current research focuses on supply chain design under uncertainty, 
humanitarian logistics and drug shortages.

"This signature accomplishment by these esteemed faculty 
members represents the leadership and excellence we value at 
Michigan Engineering," said Alec D. Gallimore, the Robert J. Vlasic 
Dean of Engineering and Richard F. and Eleanor A. Towner Professor 
of Engineering. Gallimore is also an Arthur F. Thurnau Professor of 
aerospace engineering.

Left to right: James Mitchel, Janera Martinez, Aaron Christensen, Peter Fogel, Lauren Huang, Breanna Decocker, Austin 
Avery, Jesse Velleu, and Matt Bott, and facing them is Dr. Manuel Raices Perez-Castenada from Heber-Biotec, an important 
Institute/State Partnership program in Cuba.
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RANDOM ACCESS CLICKS AND MORTAR

We should pause a moment to consider 
whether we are unduly demanding of 
algorithmic decisions. Companies operating 
brick-and-mortar stores make location 
decisions all the time, taking into account 
criteria not that different from Amazon’s. Stores 
attempt to have locations that are convenient 
for a large pool of potential customers with 
money to spend.

In consequence, few stores choose to 
locate in poor inner-city neighborhoods. For 
example, I looked at the 55 Michigan locations 
of Target, a large comprehensive retail chain. 
When I sorted every Michigan ZIP code based 
on whether its average income was in the top 
half or bottom half statewide, I found that only 
16 of the Target stores were in ZIP codes from 
the lower income group. More than twice as 
many, 39 stores, were sited in ZIP codes from 
the more affluent half. Yet there has been no 
popular outcry alleging that Target unfairly 
discriminates against poor people in its store 
location decisions.

There are two main reasons why the 
concerns about Amazon are justified: rigidity 
and dominance. Rigidity has to do with both 
the online retailer’s decision-making processes 
and with the result. Amazon decides which ZIP 
codes are in its service area. If a customer lives 
just across the street from the boundary set by 
Amazon, she is outside the service area and can 
do little about it. By contrast, someone who 
lives in a ZIP code without a Target store can 
still shop at Target – though it may take longer 
to get there.

It also matters how dominant a retailer is in 

consumers’ minds. Whereas Target is only one 
of many physical store chains, Amazon enjoys 
market dominance as a web retailer, and hence 
attracts more attention. 

While their rigidity and dominance 
may cause us greater concern about online 
businesses, we also are better able to detect 
their discrimination than we are for brick-and-
mortar shops. For a traditional chain store, we 
need to guess how far consumers are willing to 
travel. And the likely areas a store serves may 
not map neatly into geographic units for which 
we have statistics about race or income. In 
short, the analysis is messy and requires much 
effort.

In contrast, it would have taken journalists 
at Bloomberg only a few hours to develop a 
map of Amazon’s service area and correlate it 
with income or race. If Amazon had done this 
internally, they could have performed the same 
analysis in just minutes – and perhaps noticed 
the problems and fixed them before same-day 
service even began.

As we find more and more uses for data 
driven algorithms, it is not yet common to 
analyze their fairness, particularly before the 
rollout of a new data-based service. Making 
it so will go a long way to measuring, and 
improving, the fairness of these increasingly 
important computerized calculations.

This is an excerpt of an article that originally 
appeared at The Conversation. Read the original 
by scanning this page with the Decoder or at 
http://umicheng.in/fair-algorithms.

ALGORITHMS CAN BE 
MORE FAIR THAN 
HUMANS

Amazon recently began to offer same-day 
delivery in selected metropolitan areas. This 
may be good for many customers, but it also 
showed that computerized decision-making can 
be biased – often in subtle, unintended ways. 
But, these biases can be easier to detect and 
correct in machines than in humans. 

Sensibly, Amazon began its service in areas 
where delivery costs would be lowest, by 
identifying ZIP codes of densely populated 
places home to many existing Amazon 
customers with high enough incomes to make 
frequent purchases. The company provided 
a web page letting customers enter their ZIP 
code to see if same-day delivery served them. 
Bloomberg News used that page to create maps 
of Amazon’s same-day delivery service areas. 

Their analysis revealed that many poor 
urban areas were excluded, while more affluent 
neighboring areas were included. Many of 
these excluded poor areas were predominantly 
inhabited by minorities.

Such unfairness can arise for many reasons, 
including hidden biases – such as assumptions 
that populations are distributed uniformly. 
Algorithm designers likely don’t intend to 
discriminate, and may not even realize a 
problem has crept in.

Amazon told Bloomberg it had no 
discriminatory intent, and there is every 
reason to believe that claim. In response 
to the Bloomberg report, city officials and 
other politicians called on Amazon to fix this 
problem. The company moved quickly to add 
the originally excluded poor urban ZIP codes 
to its service area.
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SCHOOLED BY FISH RANDOM ACCESS

COULD SLOW WATER 
POWER OUR FUTURE?

Vortex-induced vibrations can shred power 
lines, topple buildings and smash bridges to 
bits. Generations of engineers have dedicated 
their careers to fighting them. But a group 
of Michigan Engineers is using them to 
generate electricity. They’re working to harness 
alternating vortices in the slow-moving river 
and ocean currents that are common around 
the globe.

 In 2016, they tested VIVACE, their 
first commercial-scale device, in the St. 
Clair River. (Watch a video of VIVACE’s 
deployment by scanning this page with the 
Decoder in the One Cool Thing app. See p. 
10 for details.)

 

The 12-ton device was inspired by fish, 
who squeeze between the vortices created by 
their schoolmates to swim more efficiently. 
VIVACE uses similar vortices to push four 
12-foot high cylinders from side to side, 
generating enough energy to power up to 
four homes.

 Lead researcher Michael Bernitsas, the 
Mortimer E. Cooley Collegiate Professor of 
Naval Architecture and Marine Engineering, 
launched U-M startup Vortex Hydro Energy 
in 2004 to commercialize the technology.

"We have a good device,” Bernitsas said, 
“but taking principles from schools of fish 
and turning them into mechanical devices 
takes time.”

By H V Jagadish 
Bernard A. Galler Collegiate Professor of  
Electrical Engineering and Computer Science
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Top: Workers prepare to lower the VIVACE device 
into the St. Clair River at the beginning of the field 
test in June of 2016.
Lower: Michael Bernitsas in his lab. 
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THE BEAT OF STATE STREET
A jazzy tune flows through the air as State Street meets East  
Liberty, where the town meets the campus, melting into each  
other seamlessly. As the late afternoon light shifts from the  
Michigan Theatre to the State Theatre, students, townies,  
and visitors alike flood the streets and add to the beat of a  
saxophonist, Ahmid Alexander, as he plays a song off of Miles  
Davis’ “Kind of Blue.” 

PHOTO: Joseph Xu



In the escalating struggle between the individual and the state, technology favors the powerful. 
 That’s why this Michigan computer scientist and his team of researchers revel in righting the balance. 

STORY BY: RANDY MILGROM
PHOTOS BY: JOSEPH XU

IllUSTRATION BY: STEPHEN ALVEY
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roadly speaking, Michigan electrical engineering and computer science 
professor J. Alex Halderman’s work focuses on computer security and 
privacy, with an emphasis on problems that impact society and public 
policy. But the Michigan Engineering PhD students he advises make a 
bolder claim: They want to make the world a better place.

“We all have our own ideas about what that means,” says Matt 
Bernhard, who works most closely with Halderman on voting security 
issues. But he agrees with fellow student Benjamin VanderSloot – a 
member of a group that worked on the award-winning “Logjam” 
paper that exposed the National Security Agency’s cryptographic 
practices – who says Halderman’s mission is to “try to do good in as 
big a way as possible.”

“And that draws in students who feel the same way,” VanderSloot says.
For his part Halderman says he looks for students “who really want 

to have an impact, and are passionate about the problems they are going 
to solve.” And his most important role as mentor is to “convince them 
their work can actually make a difference.”

Halderman’s been trying to make a difference as director of the 
Center for Computer Security and Society, whose mission is to foster 
deeper and more frequent interactions among Michigan faculty – not 
only within his department and at the College but across the entire 
University – who are tackling the “grandest problems in security,” where 
technology converges with social science, politics, public policy and law.

“We’re certainly a leading place to do security work now,” 
Halderman says, extending his lean frame along the length of the couch 
in his office. The place is packed with artifacts emblematic of security 
– or, more to the point, a false sense of it (a reproduction of an ICBM 
launch key; a device designed to steal electronic votes; a photo of a 
security official with a finger in his nose). 

“We have momentum, and the room to grow. I want to be the 
national – even international – leaders.”

 But it’s Michigan’s “spirit of wanting to address global problems, 
and wanting to do that in a practical way,” that moves him most. 

“We're going to be leaders not by playing the academic game but by 
doing the work that matters," he says.

“Not just academic armchair solutions. We want to get out in 
the world and see how things work – and use that understanding to 
improve things. Close the loop.”

Danger Be Damned
Halderman’s real-world security contributions began while he was a PhD 
student at Princeton. In the early 2000s, Halderman was part of a group 
working to expose security flaws in new electronic voting machines. 
These had been too quickly purchased and too haphazardly installed after 
the 2000 “hanging chad” U.S. presidential election recount prompted 
Congress to appropriate more than $3 billion to “modernize” the U.S. 
election system. Machine manufacturers strenuously resisted research 
probes and critics’ warnings, and computer science and engineering 
departments around the country clamored to examine them.

In early 2006, an anonymous insider offered Halderman’s 
faculty advisor Edward Felten the opportunity to inspect a Diebold-
manufactured machine, and Halderman was dispatched to retrieve it. 
This required a drive to New York City for a meeting in a dark alley 
with a man in a trench coat, who slipped Halderman a black canvas 
bag – which Halderman (as if he were in a B-movie) immediately 
transported to an undisclosed location.  

In fairly short order, Halderman and his team would demonstrate 
that the voting machine inside the bag was no more secure than a 
typical home computer. They readily hacked it and infected it with 
malicious code that stole enough votes to change the intended outcome 
of a simulated election. The resulting paper convinced election officials 
in several jurisdictions that the machines simply weren’t trustworthy 
enough to be useful. 

Asked now why he was the one sent to retrieve the machine, 
Halderman laughs. “I don’t know… I had a car?”

But he also was willing – and learning at that time to “overcome 
that mental block; that little taboo to even think about breaking a 
rule. It’s not something decent people do.” (This is to be very clearly 
distinguished from his research group’s strict “commit no crimes”  
policy, which is assiduously followed.)

Effective security work requires following one’s curiosity and 
understanding that, “it’s not your job to make everyone happy. Some 
people are going to be unhappy that you’re even asking the questions.” 

The Perils of Election  
Investigations
Not long after Halderman arrived at Michigan, he and his students had 
asked enough questions to be embroiled in his most public election hack 
yet. In the fall of 2010, Washington, D.C., officials had invited the public 
to participate in mock voting to test its upcoming internet-based election 
– the nation’s first. As Halderman has since joked, “It’s not every day you 
can hack an election without going to jail.” 

In less than 48 hours, Halderman and his students had hacked the 
system and stolen votes. Election officials learned they’d been had only 
after hearing “Hail to the Victors” when the voting page was displayed. 
And the D.C. online voting plan was summarily scrapped.

"WE'RE GOING TO BE LEADERS 
NOT BY PLAYING THE ACADEMIC 
GAME BUT BY DOING THE WORK 
THAT MATTERS."

After a morning of trekking through his 
massive e-mail inbox queue, Halderman finds 
a break, replenishing body and mind through 
a different trek – a two-and-a-half mile walk, 
mostly uphill, that he makes almost daily from 
downtown Ann Arbor. The walk keeps him lean 
and abundant with energy as he gets ready for 
the next mountain of tasks and arrives at his 
office on North Campus.

A framed print of a key whose duplication is 
“prohibited” occupies a prominent place in 
Halderman's office.  When enlarged on his 
wall, the photo contains more than enough 

clues to make duplication easy.
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Digital Democracy in 2016 
Though Halderman says he spends so little of his time on election-
related work that it’s “almost a hobby,” his long experience and world-
class renown nonetheless landed him among the handful of experts 
overseeing the aborted 2016 U.S. presidential election recount process. 

Now that Halderman and his colleagues have spent the last decade 
exposing electronic voting vulnerabilities, approximately 70% of voting 
precincts nationwide have some form of paper ballot. But in a year 
in which the election was so close, its result (based on pre-election 
polling) so surprising, and a foreign government was suspected to have 
interfered, Halderman found it “remarkable” that there still was no 
systematic plan to look at that paper. 

The recount was not completed due primarily to partisan 
wrangling – something Halderman’s come to expect. In Estonia, the 
party out of power called the electronic voting system a “tool of the 
devil” while the party in power called Halderman a “communist” 
for exposing its flaws. In Australia, his colleague was threatened with 
loss of her university job merely because she joined Halderman in 
identifying its system’s weaknesses.

“It’s how politicians react when you call into question the machinery 
that got them elected,” Halderman says. “People in power see this first 
and foremost as a threat to their legitimacy.”

Though a truncated process, Halderman and Bernhard gathered 
enough evidence to support the integrity of the 2016 presidential 
election – though not enough to definitively rule out a cyberattack. 
They also found the system more vulnerable to attack than they had 
suspected, and they’re continuing to advocate for improvements in a 
U.S electronic voting system that is “lower on the list [among systems 
worldwide] than we should be, given what’s at stake in our elections.” 

No matter the results, Halderman believes this work may have 
motivated the racist, anti-Semitic, threatening messages that were 
posted under his name on a Michigan Engineering-based computer 
science listserv, late in the evening on February 7, 2017. 

The attack was a “spoof” – the email header was forged so that the 
messages appeared to have originated from Halderman – as opposed 
to a “hack,” which would have required an actual security breach and 
takeover of his account. In a brief public statement nearly immediately 
following the incident, Halderman said the “spoofed” emails “appear 

That same year, an Indian security researcher, essentially acting 
as an unprotected whistleblower, put one of his country’s electronic 
voting machines into the hands of Halderman and a Dutch colleague. 
These machines had become a source of national pride, a symbol 
of India’s modernity, and the government was resisting critics and 
keeping security inspections private. But the whistleblower knew 
better. Halderman and his collaborators readily exposed numerous 
vulnerabilities and made their findings public.

Halderman’s Indian colleague was later held and questioned by 
police about his complicity. When allowed a phone call, he contacted 
Halderman, who possessed both the presence of mind and the steely 
defiance to record the conversation and disclose its contents on Freedom 
to Tinker, a blog he had co-founded with Felten several years earlier. 

Halderman’s faith in truth was vindicated. Public opinion, fully 
informed, turned against a government suppressing scientific inquiry, 
and the judge in the Indian researcher’s bail hearing not only set him 
free but hailed his patriotism.

But when Halderman returned to India several months later to lead an 
election security conference tutorial, his visa triggered a warning to deny 
him entry and return him to his point of origin. This time Halderman 
made a call. His insider-friends said they’d try to contact helpful 
authorities – and in the meantime Halderman should do whatever he 
could to delay being placed on the next plane back to the States.   

“As a frequent traveler, there are things you learn to make the 
experience more efficient,” Halderman says. “I just did opposite.”

Halderman’s delaying tactics included claiming several times to 
have lost his passport; forgetting to remove liquids from his bag before 
passing them through the scanner; and, when asked whether anyone 
had given him anything while packing, Halderman answered, “Why 
yes, someone did – and come to think of it he may have been Pakistani, 
and I think it was ticking!”

Halderman laughs at the memory of officials ripping apart his 
bag only to be informed, once they had repacked it, of a secret 
compartment – and the process was repeated.

“At the end I was literally sitting on the floor as these two people 
were pulling me by the arms toward the plane,” Halderman says. “And 
at the last possible minute these immigration people appear out of 
nowhere and say we’ve just gotten a phone call from someone at the 
ministry: ‘You can stay the night; we’ll decide what to do with you in 
the morning.’”

In the morning, a political compromise was struck. Halderman was 
allowed entry to attend the conference, but he would not be permitted 
to give his talk concerning India’s vulnerable voting system. 

The airport ordeal may have been “a little scary” when it happened, 
Halderman allows, but he dismisses the notion that his resistance took 
courage.  

“They had their job, and I had mine,” he says.
And living through it unscathed made him more aware of the impact 

his work could have. Despite initial resistance, Indian law now requires 
that a paper trail confirm electronic voting results.

“I think people are very easily scared,” Halderman says quietly. 
“Maybe more easily than they should be.” 

to be a cowardly action by someone who is unhappy about the research 
that Matt [Bernhard] and I do in support of electoral integrity.”

Over the next several days Halderman largely tried to go about his 
business as usual (notwithstanding various on-campus demonstrations 
and FBI and other investigations into the identity of the perpetrator). 
He sought to use the incident as a teachable moment for students in 
his computer security classes by lecturing about the importance of 
both identifying a troll and not responding emotionally, because that’s 
precisely what the attacker seeks. 

Still, Halderman’s characteristic calm was momentarily punctured 
as he expressed concern for his students – and when he paused to 
consider the craven use of his persona to manipulate, and to invoke hate 
and fear. For Halderman – whose more expansive notion of “digital 
democracy” contemplates how computer technology impacts access to 
information and thereby affects public opinion – this was an especially 
disquieting incident. 

Finger on the Scale 
Certainly there are basic maneuvers anyone can and should perform 
to harden computer security. Encrypted messaging. Two-factor 
authentication. Reasonable password practices. But that’s for mere 
mortals. Ask Halderman what he and his group do to prevent spying 
and you’ll get a steely response: “We do different things than you. We  
do certain special things.” 

Halderman has been keenly aware since his encounters in India 
that “the stakes keep getting higher.” Today, he says, computer security 
is “in many ways about mediating the balance of power between the 
individual and the state.” And the state’s methods of conducting mass 
surveillance, or of censoring contenting, are more sophisticated and 
aggressive than ever. 

“So I like to put my finger on the scale where I can.”
“Technical-social trends” such as “cyber warfare, 

governmental use of computer security problems in  
times of war, large-scale threats to privacy” are dreadful  
and worrisome, Halderman says. But not so much that they 
keep him up at night.  

Bernhard describes Halderman’s attitude: “The world’s on 
fire all the time, so you may as well have fun while you go 
through it.” 

This makes Halderman laugh out loud. “But I don’t 
believe ultimately that the world is going down in flames,” 

he says. “And the only reason I don’t believe it is that there are a lot of 
people working very hard, including us, to make sure it doesn’t.”

Seeking Better-and  
Easier-Security 
One example of this hard work, which Halderman says he’s most proud 
of, is Let’s Encrypt – the result of an ongoing mission to secure literally 
every website on the Internet.

HTTP, the foundational protocol of the web, was first made more 
secure beginning in the late 1990s with the introduction of HTTPS. 
But it has remained complicated and expensive for many websites to 
obtain HTTPS status through the existing certificate authorities. So be-
ginning in 2012, Halderman enlisted numerous partners and sponsors 
to develop a non-profit certificate authority that makes the switch to 
HTTPS not only easier – automatically deploying in seconds, with one 
command – but free.  

"SO I LIKE TO PUT MY  
FINGER ON THE SCALE 
WHERE I CAN."

Surrounded by the comforts of his 
office, Halderman pushes himself 
through a grant proposal, hoping to 
effect change through further funding 
of his election security research. 

Halderman’s posture at work often reflects the confidence and 
ease in body and mind of this professor and director of the 

Center for Computer Security at the University of Michigan. 
Whether alone or around others, he often stretches and adjusts 

as his mind contorts his racing thoughts. 



And now the Department of State has awarded a multi-million 
dollar grant for Halderman’s most ambitious undertaking yet. Michigan 
is leading a major multi-institutional project – including Halderman’s 
former PhD student at the University of Colorado, colleagues at the 
University of Illinois and researchers at the development giant BBN 
Raytheon – to thwart attempts to censor access to online content.

This concept of censorship resistance, using a method called decoy 
routing, “is a radical idea that we’re trying to make real,” Halderman says. 

It first came to Halderman in 2011, but even after several years and 
more than one iteration – including a prototype that has provided basic 
service to more than 100,000 clients – “I’m still amazed that it works,” 
Halderman says. 

That’s because the basis of decoy routing contradicts the core 
“end-to-end” principle of how the Internet is supposed to work. 
This principle holds that nearly all of the Internet’s intelligence and 
complexities are at the edges of the network, where users reside. The 
network itself merely shuffles packets from here to there, without even 
knowing what’s in them. This “dumb” network might not even see all 
the packets and has very little time to do much with them, anyway. 

Efforts to dodge government censors have involved the use of Tor 
anonymity software and Virtual Private Networks, but this “whack a 
mole” method on the edges has become increasingly ineffective. Instead, 
Halderman says, “We’re trying to do these very complicated things in 
the middle of the network, in real time, as the data is going by.” 

Decoy routing, in essence, would attach “decoy” routers to servers in 
various strategic junctions of the Internet backbone. To visit a banned 
site within a censor’s network, a user would install encryption software 
to establish a decoy connection with a non-banned site outside the 
censor’s network. This request would look allowable to the oppressive 
regime, but on its way to the censor-allowed site it would pass through 
one or more friendly ISPs, which would divert the connection, 
bypassing the censor and connecting it to the banned site. 

Network hardware and processors are just getting fast enough to do 
this at large scale, and that’s the current state of the project: Bringing the 
current iteration of the decoy routing concept, called TapDance, to scale. 

“As you start to learn more and more about technology you fall into 
a certain way of thinking about it,” Halderman explains, pacing his 
office before crawling up on a windowsill and looking out.  

“You might call it conventional wisdom, but I think more precisely 
it’s the structure of abstraction that we use to make complicated 
technology amenable to thought,” he adds, hopping down and prowling 
around like a restless cat.

Halderman is putting that inside-out thinking to the test as he and 
his team attempt to build decoy routing and establish incentives for 
Internet Service Providers, compensating for risks they could incur by 
agreeing to place decoys along the backbone. 

The team is aware of proposed and potential countermeasures, 
which it’s already taking into account. But either way decoy routing is a 
fundamental advance that will put those fighting censorship in a much 
more advantageous position than before.

“And this must be done,” Halderman says, because “it’s not certain in 
the longer term if the Internet will be dominated by the distribution of 
information, or by the control of it.”

“It took a while to digest,” Halderman says. 
But by 2015, Halderman and a sizable group of collaborators – 

including several Michigan students and a number of colleagues from a 
handful of other institutions – published the revelatory “Logjam” paper, 
based in part on the Snowden disclosures, that answered the question 
everyone had been asking: How did the NSA break so much encryption 
that cryptographers had believed was virtually unbreakable? 

The key to the paper, which Halderman calls “one of the most 
satisfying things I’ve ever done,” involves the Diffie-Hellman key 
exchange, which, ironically, was the algorithm widely advocated as 
a defense against mass surveillance. As Halderman explains in the 
Freedom to Tinker blog, Diffie-Hellman users must first agree on “a 
large prime number with particular form.” But standardized primes had 
become commonplace, which left Diffie-Hellman vulnerable to being 
“cracked” with just one enormous calculation. 

Halderman concedes he “can’t prove for certain” that this is what the 
NSA does. But that “enormous” calculation, conservatively estimated, 
would cost an equally enormous amount to complete. And among 
the Snowden trove are budget documents that make it clear that such 
an NSA investment is both affordable and likely. Halderman says he’s 
“been told” that NSA officials are not exactly pleased with his work.  

It’s now well known that the NSA seeks to be able to intercept 
anything at any time. What it intercepts and investigates should depend 
on what it believes is in the nation’s interest at any given time. But 
how many others are capable of doing the same – and what are our 
protections, Halderman asks, “against a U.S. administration with a 
lenient view of its constitutional obligations?”

Since the paper’s publication, all web browsers have raised their 
minimum security standards, and the next version of TLS – the 
cryptographic protocol that underlies HTTPS – will be significantly 
stronger as well. 

Within six months of its public launch in December 2015, Let’s 
Encrypt had become the world’s second largest certificate authority. 
And today, based on reasonable metrics, it’s already become the 
world’s largest. 

Another security-enhancing invention: A very fast Internet-wide 
scanning methodology that was jump-started when Halderman 
asked then-PhD student Zakir Durumeric to “probe every computer 
on the Internet and come back with the set of public keys used for 
cryptography on all of them.” 

This seemed a nearly impossible task, especially for a first year 
graduate student – like the Wizard of Oz telling Dorothy to return  
with the Wicked Witch’s broomstick. Yet when Halderman next  
heard from his student – a mere two weeks later – “he was on a  
path to the solution.” 

Durumeric used existing tools in ways that eventually led to the 
creation of a new one called ZMap, enabling researchers to map the 
entire public Internet Protocol space in just hours.  

The few prior attempts to accomplish anything similar were all 
extremely expensive and time consuming – epic undertakings featuring 
clusters of computers and experienced researchers who nonetheless 
completed just a portion of the intended task. ZMap reduced the cost 
and time by orders of magnitude, which Halderman credits in part 
to having built it with this specific application in mind, rather than 
repurposing something never meant to traverse the entire Internet.  
And it takes a “shotgun” rather than a “sequential” approach.

“We ask questions as fast as the network will go and let the responses 
come back whenever they do,” Halderman says. “But that’s okay; we’ll 
get that information later.”

Halderman likens ZMap to a weather satellite for Internet security, 
continuously gathering vast amounts of data. That information has 
transformed a largely anecdotal method of discovering and repairing 
Internet security problems into an empirical science so that problems 
can be more efficiently identified and solved. 

Before ZMap, an attack on a widely-used form of cryptography 
might not have been fixed until it could be determined what else might 
break in the process. Now that knowledge – including how many major 
sites are implicated and how many users are vulnerable or compromised 
– is immediately available. And new attacks occur every day.

“We can watch as a botnet grows and changes,” Halderman says. 
“That ability to create the historical record is a large part of the value.”

Foiling State Action
There long had been speculation about the various ways in which the 
National Security Administration (NSA) was conducting its surveillance 
activities. Then, in 2013, Edward Snowden’s sweeping document dump 
revealed that even the most wild-eyed theories were true.

At first Halderman and his colleagues were both devastated and 
disgusted by the nearly incomprehensible reach of the grab – and the 
amount of money that must have been spent on it. 

Staying On the Right Side 
Over the years, Halderman says he’s learned not to be so afraid of people 
telling him he’s crazy – or of being criticized. And to be careful about 
speaking with confidence about things he doesn’t know for sure. 

“I like being right when I’m saying things in public. Your risk is 
reasonably controlled if you’re correct,” he says. 

And he holds out hope. 
“Security as a whole is getting stronger, especially over the last 10 

and five years.” But those attacking us tend to be more powerful: Gov-
ernments and large-scale organized crime rather than individual – and 
relatively innocent – vandals. 

“It’s not just about protecting our social security numbers, or even 
about our physical security. It’s about the future of democracy. It’s about 
the international balance of power. It’s about liberty and privacy. It’s 
about national security. And it’s about the future shape of the world.

“Those are the big questions,” Halderman says. And that’s where his 
focus will remain.

"IT'S NOT JUST ABOUT 
PROTECTING OUR SOCIAL 
SECURITY NUMBERS, OR EVEN 
ABOUT OUR PHYSICAL SECURITY. 
IT'S ABOUT THE FUTURE OF 
DEMOCRACY."

Halderman introduces himself to Vikrant Garg (left), 
School of Public Health student, and Gabrielle McFarland 
(center), LS&A student, at a student sit-in at the Michigan 

Union on February 9, 2017. The demonstration was 
organized after “spoofed” emails containing hateful 

language were sent in his name to certain College of 
Engineering listservs. “I feel badly that students had to 

receive those horrible messages,” Halderman said.  
“I want to show my solidarity with them.”

A small selection of the many books relating to voting 
technology, programming languages, digital democracy and 

opera that occupy the shelves in Halderman's office.
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Seeing through the rain 
Michigan Engineering Professor Chris Ruf sat on a brightly-lit stage 
at Kennedy Space Center dressed in a suit and tie. The room was 
packed with journalists. The press conference was being broadcast 
live on NASA TV. It was December 2016, two days to the scheduled 
launch of their Cyclone Global Navigation Satellite System, a suite 
of eight microsatellite observatories Vice Motherboard had dubbed 
“spacefaring octuplets.”

Since grad school, Ruf had been working on ways to measure 
hurricanes. He wrote the initial algorithms for what’s now the gold 
standard wind measurement instrument aboard every Hurricane 
Hunter aircraft. Eventually he moved on to satellite instruments, 
writing “rain correction” algorithms in an attempt to break through 
the shroud of the eyewall. 

“The rain has always been a problem because it’s this big 
interfering signal,” said Ruf, a professor in the Department of 
Climate and Space Sciences and Engineering.

Raindrops are roughly the size of the microwave-frequency 
signals most satellites use to probe storms, so they scatter the signals 
every which way. 

 In CYGNSS, Ruf and his colleagues had finally found a workaround. 
Their solution was as clever as it was cheap – at $150 million, the 
satellite system was a bargain by NASA standards. 

CYGNSS would rely on what Ruf called “hacked,” off-the-shelf 
GPS receivers to turn noise from GPS signals bouncing off the ocean 
into vital data about surface winds. It could see through rain. And 
because it consisted of eight observatories, it could take 32 wind speed 
measurements per second, sampling the entire width of the globe’s 
tropical hurricane belt every seven hours. That rapid data refresh rate is 
unheard of. 

At the press conference, Ruf outlined the status quo in ocean surface 
wind speed measurements. NASA’s Tropical Rainfall Measuring Mission 

“The rain has always been a 
problem because it’s this big 
interfering signal.” 

satellite could do the job, except for where it’s raining. Ruf showed a 
slide of its data.

“The satellite orbit takes three days to come back around the same 
place,” Ruf told journalists. “This is fine for a lot of applications, but 
for extreme weather situations like hurricanes, where things change on 
the timescale of hours to maybe a day, it’s very likely that you will miss 
important parts of the evolution of the storm.”

The National Science Board has considered understanding and 
predicting hurricane intensification, as well as the resulting storm surge, 
to be high science priorities for more than a decade.

“Hurricane track forecasts have been steadily improving, so we’re 
much better at telling you where we think a hurricane will go than we 
were 20 years ago. But forecasts of intensity have not improved anywhere 
near as much.

“The general consensus on why is because of our inability to measure 
what’s going on in the middle of the storm. If you can’t track the wind 
through the rain, you can’t track the storm’s kinetic energy, and you can’t 
track its evolution. What we’re hoping, in the end, is that our ability to 
forecast a hurricane’s strength will be much better thanks to CYGNSS.” 

Cyclone soldiers
Masters had an uneasy feeling about Hugo’s eyewall as they approached 
it. No other plane had been in this storm yet, so nearly nothing was 
known about the vortex that was about to swallow them. 

They were entering at an unusually low altitude – as close as they 
could safely get to the water – to carry out the Hurricane Energetics 
Experiment. As far back as 1989, researchers were studying the mech-
anisms of intensification, as well as how the air and sea intermingle in 
the storm’s most turbulent altitudes. 

As the plane approached the eyewall, winds were reading only 60 

Alumnus Jeff Masters flew into the eyewall of Hurricane Hugo and lived 
to blog about it. He is co-founder and meteorology director of Weather 
Underground, one of the most popular weather outlets. 
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“The cost of evacuating a mile 
of coast is about $1 million 
per mile. If you make a better 
hurricane forecast and end up 
evacuating less coast, or the 
right part of the coast, you’ve 
saved a million.” 
mph. In retrospect, those readings may not have been accurate. Here’s 
an excerpt from Masters’ blog: 

“We hit the eyewall. Darkness falls. Powerful gusts of winds tear at 
the aircraft, slamming us from side to side. Torrential rains hammer 
the airplane. Through my rain-streaked window, I watch the left 
wingtip flex down a meter, then up a meter, then down two meters 
through the gloomy dark-grey twilight. My stomach is clenched into a 
tight knot. ….

“I grab the computer console with both hands, trying to steady my 
vision on the blurred computer readouts. I don't like what I see.”

Wind readings hit 135 mph. Hugo was at least a Category 4. 
Masters wanted to climb to 5,000 feet, but it was taking the full 
power of the engines just to keep the plane level, he wrote. They’d 
have to push through. 

Wind readings hit 155 mph. Updrafts and downdrafts took the 
prop on a parabolic course that pushed them into their seats with 
twice the force of gravity, then lifted them, weightless. Gear flew 
around the plane. 

Wind readings hit 185 mph, gusting at 196. Hugo was officially a 
Category 5. And they were in the most turbulent altitude of its most 
turbulent spiral – the eyewall. 

“Thick, dark clouds suddenly enveloped the aircraft,” Masters wrote. 
They were sucked into a tornado-like vortex within the eyewall. They 
experienced a pressure of six times the force of gravity. They emerged 
into the calm eye, but they were falling. And an engine was on fire. 

“This is what it feels like to die in battle,” Masters thought. 

The constellation
A dejected Aaron Ridley was walking down the hall of the Space 
Research Building at the start of the Winter 2012 semester. Ridley, 
a professor in the Department of Climate and Space Sciences and 
Engineering, had spent the past four months writing code for the 
orbital dynamics of a 40-satellite constellation set to study how solar 
storms evolve. Then, on Christmas Eve, he got a call from the project 
leader: They were abandoning the Armada proposal.  

Chris Ruf, professor in the Department of Climate and Space Sciences 
and Engineering, is principal investigator on the Cyclone Global 
Navigation Satellite System. He has been studying ways to improve 
hurricane measurement since grad school. He stands at the CYGNSS 
Spaceflight Operations Center in the Space Research Building. 
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he four-engine turboprop was holding steady at 1,500 feet above the 
roiling Atlantic. Flight director Jeff Masters looked out his window. He 
could see waves cresting a quarter mile beneath the fuselage. He turned 
back to his computer, adjusted the radar display, and looked into the eye 
of Hurricane Hugo. 

The storm would soon break a record as the strongest to make U.S. 
landfall north of Florida. Masters (BSE, MS, Ph.D., AOSS, ’82, ’83, 
‘97) was leading a 15-member crew straight into it. 

On his screen, he zoomed in on the eye. He fixated on the ring of 
red and orange pixels around it – the eyewall. 

The core of a tropical storm holds one of the most abrupt weather 
changes on Earth: Spiraling around the calm center, the eyewall is a tall 
cloud column of dizzying winds and hard rain. It’s where a hurricane is 
most intense – home to the maximum sustained winds that sort it into 
one of the familiar five categories. 

“With each sweep of the radar, it grew more ominous,” Masters 
wrote on his blog.

The year was 1989. At the time, and up until very recently, the 
only way to gauge the brute strength of a hurricane was to tear 
through its roughest realm in an airplane packed with weather 
instruments. (No parachutes; they wouldn’t do any good.) 

Until December 2016, even the most modern weather satellites 
couldn’t see through the heavy rain of the eyewall to measure the all-
important wind speeds at the surface. So for the past six decades, the 
National Atmospheric and Oceanic Administration’s (NOAA) band 
of Hurricane Hunter aircrews have flown through storms threatening 
the coastal U.S. The missions give scientists and weather forecasters 
invaluable snapshots of a storm’s potential for destruction. 

But hurricanes still harbor secrets. Scientists need more than 
snapshots if they’re to understand the details of how they form  
and evolve. 

And why some grow suddenly stronger, as Matthew did in 2016.  
In just 24 hours, it swelled from a Category 1 to a Category 5. 
Matthew killed more than 1,600 people, most of them in Haiti. 
Scientists say such rapid intensification might happen more often in  
a warming world. 

A better understanding of the process could lead to better 
predictions of not just winds, but also storm surge – the swells of 
water hurricanes bring when they make landfall. It’s the flooding  
that makes them so destructive.

A new constellation of satellites could provide the key to  
these predictions. 
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Hurricanes, cyclones and typhoons: These monster storms, which have 
locally different names, transform heat from the ocean into winds of 
up to 200 miles per hour. They form when a low-pressure atmospheric 
disturbance meets a warm ocean. Air rushing toward the low-pressure zone 
veers into a vortex due to the Earth’s rotation. These winds pull water vapor 
into the sky, where it condenses into storm clouds and rain. Condensation 
releases heat, whireleases heat, which the storm converts to winds that stoke the cycle.

Eye: The lowest-pressure zone, drawing winds in. Skies are often clear. On 
land it’s calm. On water, waves more than 50 feet high crash together from all 
directions. 

Eyewall: The zone with the fastest change in pressure, where the most 
intenseintense rain and winds reside. Updrafts within it carry water vapor skyward. 

“Hot tower” cumulonimbus clouds can stretch nine miles high, poking into the 
stratosphere. 

Hurricane Hunter Aircraft: Operated by NOAA, these data-gathering 
missions have been the only way scientists and weather forecasters can 
get critical information about a storm approaching land. They penetrate the 
eyewall repeatedly to measure the maximum surface winds. 

THE STORMS

REVEALING A HURRICANE’S 
SECRETS

GPS satellites: The nation’s 24 navigational satellites regularly ping the ground with data 
about their location encoded in microwave radio signals. The nodes fly at around 12,000 
miles up – significantly higher than CYGNSS’s 310-mile low-Earth orbit. 

CYGNSS observatories: Eight microsatellite observatories, each about the size of a swan 
with its wings extended, function like radio receivers. They pick up the stream of GPS satellite 
signals that continually bounce off the ocean. 

DelDelay Doppler Mapping Instrument: This is the key sensor on each CYGNSS microsatellite. 
Within it, one antenna points up, collecting signals directly from GPS satellites. Two antennas 
point down, picking up GPS signals reflected off the ocean surface. The mapping instrument 
compares the reflected signals with the direct signals and creates Delay Doppler Maps that 
show how the GPS signals scatter over time, and in relation to the motion of the satellites. 

Delay Doppler Maps: When the moon reflects off still water, we see its crisp mirror image. 
But in a choppy lake, that image is distorted, revealing the water and wind conditions. 
LiLikewise, in CYGNSS Delay Doppler Maps, smoother, calmer conditions yield stronger, 
more focused signals. Rougher, windier conditions lead to more diffuse signals. The 
CYGNSS wind speed retrieval algorithm gives the exact relationship, generating 32 wind 
measurements per second across the globe.

 

THE SATELLITES

Examples of Doppler Delay Maps for 5 and 22 mph winds. Progres-
sively stronger wind speeds, and therefore progressively rougher 
sea surfaces, produce a weaker maximum signal (at the top of the 
arch). Credit: CYGNSS science team, Michigan Engineering. 

ILLUSTRATION: Stephen Alvey

The lines represent the 2D shape of the tracks of 
the eight CYGNSS observatories over 24 hours. 
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The CYGNSS constellation (in yellow) 
flies significantly lower than the GPS 
constellation (in blue).



Constellations are groups of satellites that operate as a single system. 
The US Global Positioning System, or GPS, is a constellation. 

Armada, with Ridley’s orbital dynamics, would have used a research 
satellite constellation in a brand new way – for rapid refresh of 
information in order to study things that happen fast. Typical satellites 
that pass over the same spot once or twice a day could miss the short-
lived magnetic field disturbances that Armada was designed to record. 
The 40 observatories would create a sort of virtual camera burst mode. 

When Ridley ran into Ruf, he shared his news. “He was left high 
and dry after developing all the software for these orbits,” Ruf recalled.

Both faculty members knew about a new NASA call for proposals to 
study Earth with low-cost satellites. Ridley had been exploring ideas with 
a colleague at the Southwest Research Institute in Colorado. They had an 
exciting platform. They just needed a problem for it to solve. 

Ruf had no plans to submit ideas. “I design clever little gadgets,” he 
said. He wasn’t in the business of leading NASA missions. 

But when Ridley asked him if he could think of anything to do with a 
“whole bunch of little satellites,” a light bulb went off.  

For roughly a decade, scientists had been trying to measure surface 
wind speeds with reflected GPS signals because they can penetrate rain.

“They’re intentionally designed to operate at a very long wavelength, 
at 19 centimeters, ”Ruf said, “so when you’re driving in your car, your 
navigation system works just fine when it’s raining.” 

One GPS receiver couldn’t give good enough coverage for 
comprehensive science. 

“But if you have a whole bunch of them,..” Ruf remembers thinking.  
They set up a meeting. Ruf drew mock-ups. Ridley started cranking 

out new code for a system with fewer satellites. They calculated the global 
coverage and convinced themselves it would work. They submitted a 
proposal to NASA. They won. 

CYGNSS represents a new regime in research satellite constellations. 
Instead of using multiple sensors on one observatory to take many 
measurements in one place, it uses multiple satellites with a single sensor 
to measure in as many places as possible. What this approach offers is an 
opportunity to see a system’s dynamics – how it evolves over time.  

Over five years, six faculty members, 11 engineers at the Space Physics 
Research Lab and 20 students worked on CYGNSS at U-M. Ruf moved 
from designing clever little gadgets to clever big systems. Ridley earned 
the nickname Dr. Orbit. 

Launch day arrives
On the morning of the scheduled launch, Ruf and Ridley had to be at 
Cape Canaveral Airforce Station at 3 a.m. Checklists hundreds of items 
long were waiting. 

“Some people start freaking out. I never freak out,” Ruf said. “I don’t 
build launch vehicles. So there’s nothing I can do about it. It’s like when 
you’re on an airplane. There’s someone in the cockpit who knows what 
they’re doing, and if something goes wrong, they’re either going to deal 
with it or they’re not.” 

Steady and ready to see the octuplets safely into the troposphere, Ruf 
headed to his front and center console at Hangar AE, the building that 
houses the mission control rooms. 

The satellites were folded carefully into the tip of a Pegasus air-launch 
rocket. This would be a different kind of launch – horizontal rather than 
the conventional vertical take-off. CYGNSS and Pegasus were strapped 
to the belly of an L1011 Stargazer aircraft. The aircraft would carry them 
to around 40,000 feet, then drop the rocket and payload. After falling 

for seven seconds the rocket would ignite and soar into space. NASA TV 
would broadcast live from a trailing Air Force jet.

The engineers ticked through the ground-based launch readiness 
checklist. The Stargazer took off just after 7 a.m., heard but hardly 
seen through thick morning fog that threatened to thwart the attempt. 
Reporters cheered.

The pilots steered around storm clouds and traffic en route to the 
“drop zone.“ Then, at step 142, an unexpected anomaly. From Stargazer:  
“It appears our hydraulic pump is not working.” 

The pump controlled the mechanism that would release the rocket 
and CYGNSS. The Stargazer is an all-manual aircraft. 

It circled to buy time. Channel after channel had advice: Had they 
checked the circuit breakers? Yes. Had they gone into the galley and 
removed and reset the cannon plug? Yes. Had they tried energizing the 
pump multiple times in a row just to free the motor?

“That’s been done many, many times,” came the voice from the 
Stargazer. 

It was near the end of the launch window when the plane arrived at 
the drop zone. Launch conductor Adam Lewis polled the channels for a 
final countdown. Weather? Green. Pegasus rocket? 

“Peg is red. Peg is red.” 
“OK,” Lewis said. Another sigh. “Abort. Abort…Everybody proceed 

to the abort checklist at this time.” 
CYGNSS returned to Cape Canaveral. Disappointment hung in the 

air, but also stoicism. There’s a saying on the campus that nothing’s ever 
certain there until it’s done. So-called “scrubbed” launches are almost 
routine.

By Monday afternoon, NASA had rescheduled the launch for Tuesday 
morning. But by evening, it was scrubbed again, moved to Wednesday. 
Then something else surfaced – an error in one of the parameters of 
CYGNSS’s data tables, like one bad number in an Excel spreadsheet. The 
value pertained to CYGNSS’s power system. 

It was easy to upload new data tables. But had the system launched 
with the wrong value, there may have been problems. This was a red flag 

for the team. They paused. They had to make sure this was isolated. They 
cancelled the launch, again.

Ruf came into the hotel lobby around 10 pm Tuesday night. He had 
been holed up in official meetings much of the day. The following day, 
he’d have to make the call as to whether to try to launch or hold until 
January. He said some of his colleagues had teased him – said he had 
“launch fever.” They could see it in his eyes. He’d need to balance the 
desire to get the spacecraft in the air with the need to get it right. He 
knew that. 

At the Southwest Research Institute, where CYGNSS was assembled 
and tested, an “all hands” meeting was called and the engineers worked 
through the night running more tests.

Out of the storm
Less than 900 feet above the water, Masters’ cockpit crew in NOAA 42 
killed the burning engine and righted the aircraft, regaining control.

“We are so low that I can see beneath the ragged bottom edge of the 
eyewall clouds, where Hugo's 160 mph surface winds whip the ocean 
surface into a greenish-white blur,” Masters wrote. 

The plane entered a left roll that kept it “comfortably in the eye.” The 
immediate danger was past. But the only way out was back through the 
eyewall. 

They dumped fuel to lighten the craft so it could climb to a less 
turbulent altitude. No one talked about the “sick fear” they all shared. 

To their amazement and gratitude, an Air Force companion plane that 
was flying higher offered to test the eyewall to find a “soft spot” for them. 
After a few tries, the northeast section was proclaimed “not too bad.” 

They buckled their shoulder harnesses and held on. The two minutes 
of rough turbulence felt longer. The sun never looked so good, Masters 
wrote. 

Hugo eventually hit the Caribbean and a swath of the US coast, 
killing 61 people and causing $10 billion in damage. At the time, it was 
the most destructive storm in recorded history. 

The flight was Masters’ last as a Hurricane Hunter. He went on to 

co-found Weather Underground, one of the most popular weather 
forecasting outlets, which is now owned by IBM. While NOAA has yet 
to lose a crew to a storm, he’s not convinced this is the best way to gather 
this data. “It’s dangerous work, and it’s expensive,” he said. 

Spreading its wings
It wasn’t launch fever. When Ruf spoke to the engineers running the 
CYGNSS tests he was confident that the system was sound. On the clear 
morning of December 15, 2016 the launch sequence went forward again, 
and this time without a hitch. 

“It is an amazingly rewarding feeling to spend such an intense and 
focused time working on CYGNSS and then, in a matter of just a few 
hours, have the entire constellation suddenly come to life,” Ruf said at 
the time. 

These complicated launches and built-from-scratch missions are 
expected to go smoothly, but that doesn’t mean they’re easy to pull off.

“Everything has to go right for the satellites to work and only one 
thing has to go wrong for them to not work,” Ridley said. “You can test 
and test and test, but you can’t be sure how they’ll function until they are 
actually launched into space. They work, which is fantastic.

CYGNSS is ready for tomorrow’s hurricanes. It’s a big step in the right 
direction, says Masters, who feels the US should be spending hundreds of 
millions per year studying these storms. They’re among the planet’s most 
powerful and expensive natural disasters. 

The record 2005 season, when Katrina, Wilma and Rita all made 
landfall, cost $151.9 billion. More recently, Irene, which slammed the 
East Coast in 2011, cost $17.4 billion. 

“The cost/benefit of hurricane research is huge,” Masters said. “The 
cost of evacuating a mile of coast is about $1 million per mile. If you make 
a better hurricane forecast and end up evacuating less coast, or the right part 
of the coast, you’ve saved a million. And making a bad decision costs lives. 
You want to make good forecasts because it saves lives and money.”

And having CYGNSS in orbit, Ruf calculates, is like having 32 virtual 
Hurricane Hunter airplanes somewhere in the tropics at all times.

Aaron Ridley, professor in the Department of Climate and Space 
Sciences and Engineering, is the CYGNSS Constellation Scientist.  
He wrote the code for the system's complex orbital dynamics.  

A NOAA Lockheed WP-3D Orion "hurricane 
hunter" aircraft like the one Masters used in 1989. 
With the launch of CYGNSS, scientists now have  
a satellite system to see into hurricanes.P
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ARE WE FIGHTING  
CANCER WRONG?
It’s not usually the initial tumor that kills.  
It’s the way it spreads.

STORY BY: Kate McAlpine
ILLUSTRATION BY: Stephen Alvey



hemotherapy. Radiation. Surgery. Doctors go after the tumors that they 
can see. But the seeds that cause cancer to spread? Those are thought to 
be single cells or clusters of cells, traveling through the bloodstream. It’s 
hard to eradicate them with such blunt instruments.

Researchers call them metastatic cells, cancer stem cells or stem-like 
cancer cells. Not everyone is on board with what exactly these cells are.

“The controversial points include: Are cancer stem cells a fixed 
cell population, or is ‘stemness’ a state that any tumor cell can go 
through?” said Max Wicha, the Madeline and Sidney Forbes Professor 
of Oncology at U-M and a pioneer in cancer stem cell research.

He is working closely with engineers to answer this and other 
questions about cancer stem cells. Together, oncologists and engineers 
at Michigan are seeking to target these cells, shutting down cancer’s 
deadliest weapon: its ability to colonize other parts of the body.

WHY CANCER IS SO DIFFICULT TO FIGHT 
Chemotherapy is a form of our usual go-to for exterminating unwanted 
colonists: we poison them. Antibiotics destroy bacteria without 
bothering our own cells because bacteria are very different from human 
cells. But cancer cells are human cells. 

Cancer cells divide more often than normal cells, so conventional 
chemotherapy drugs go after particular stages in cell division. Cancer 
cells are more likely to be caught in these states. Still, the collateral 
damage can be devastating.

To make matters worse, stem-like cancer cells evade even this weak 
targeting because they don’t divide as often as typical cancer cells. They 
also seem to be tougher against radiation, with an enhanced ability to 
repair damage to their DNA.

Cancer stem cells’ resistance to treatment may help explain why 

cancer has a tendency to come back. The scans show that the tumor 
has shrunk, but the cells left behind may be the most likely to spread to 
other areas of the body, or metastasize.

 And then there’s the immune system. Previously assumed to be 
a hapless bystander, now researchers believe that it is complicit in 
allowing cancer to spread (see Metastatic Decoy on p. 54).

 Even so, oncologists at Michigan convey a sense of optimism. They 
have unprecedented tools at their disposal. Collaboration with engineers 
enables researchers to isolate and study cancer stem cells as well as the 
conditions that make a cell metastatic.

 New devices are proving themselves in the clinic to inform patient 
care. One device offers a better measure of success for the clinical trial 
of a new breast cancer treatment than the usual yardstick of medical 
imaging.

 Many of these researchers have come together to build a model for 
how metastasis occurs in humans – from an initial breast cancer tumor, 
through a simulated bloodstream, to a bone-like environment. The 
more they know about cancer and how it spreads, the better they will be 
at stopping it.

PERIL  AND PROMISE: CANCER STEM CELLS
Cancer stem cells were first reported in 1994, in the highly regarded journal 
Nature. John Dick at the University of Toronto is credited with identifying 
them in leukemia, or cancer of blood cells. While ordinary leukemia cells 
divided frequently and were susceptible to chemotherapy, these other cells 
grew slowly, and his group noted that it was necessary to attack these cells 
specifically to avoid a relapse.

“Nobody really paid any attention to it, but we did because it seemed to 
me very logical, suggesting that cancer wasn’t just a disease of mutations but 
a disease of stem cells,” said Wicha.

 Wicha teamed up with Sean Morrison and Michael Clarke, two 
professors of internal medicine and developmental biology at U-M, to run 
an experiment implanting human breast cancer cells into mice. They found 
that some cells formed tumors and others didn’t. For the cells capable of 
forming new tumors, they identified protein markers on the surfaces of the 
cells.

“And as soon as we published our study in 2003, within the next year, 
other groups started looking at stem cells in other kinds of cancer and found 
that virtually all cancers have these stem cells,” said Wicha.

 Evidence is mounting behind the stem cell theory, but researchers are 
still tackling the question of whether stem cells are born or made. One of 
Wicha’s recent studies, published last June in the journal Lab on a Chip, 
showed that cancer cells rely in part on the cells around them for the signals 
that allow them to turn into new tumors.

 Euisik Yoon, a professor of electrical engineering and computer science, 
and his group led the work. They develop chips for capturing and growing 
single cancer cells. While computer chips are covered with elements like 

"...It seemed to me very logical,  
suggesting that cancer wasn't  
just a disease of mutations but  
a disease of stem cells."
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wires and transistors for manipulating electrons, microfluidic chips are 
networks of channels and chambers for manipulating cells in liquid samples.

 This particular chip had a walled-in courtyard with narrow alleys 
leading to an area outside. The courtyard had nothing for a cell to cling 
to – just a slight depression to keep it in place – ensuring that only 
stem-like cells would survive there. They couldn’t leave, but they could 
exchange chemical signals with cells on the outside.

 Beyond the walls, it was possible for cells to get a foothold, allowing 
non-stem cells to survive. Here, the researchers laid down a special 
breed of fibroblasts known to hang around with cancer cells. Fibroblasts 
are cells that build connective tissues, producing collagen, for instance. 
In control experiments, the isolated cancer cell had tumor cells for 
company or nothing at all.

 The cancer cells surrounded by other cancer cells were only 
marginally more likely to divide and form a tumor, but those with 
fibroblasts were roughly three times as likely to do so. The fibroblasts 
seem to give off signals that encourage the cancer cells to form tumors.

 “Cancer-associated fibroblasts boost cancer stemness,” said Yoon. 
“They also boost cancer drug resistance.” Stemness and drug resistance 
go hand-in-hand.

METASTASIS ON A CHIP
Decades of research with mice revealed much of what we know about 
cancer, but this method also obscured the effects of the signaling 
molecules produced by humans, such as those of the immune system. 
To see how cancer cells leave their initial tumor and strike out on their 
own, researchers build microfluidic chips that mimic blood vessels, 
organs and more.

But until the “Gizmo Club” of the early 2000s, oncologists at 
U-M didn’t have much contact with the people who design and build 
channel-filled chips (see Gizmo Club). It was through these informal 

gatherings that Shuichi 
Takayama, a professor of 
biomedical engineering, 
connected with Gary Luker, 
an associate professor of 
radiology and biomedical 
engineering who studies 
metastasis. Together, they 
began use to Takayama’s 
microfluidic chips to 
determine how cells leave 
tumors and land elsewhere.

They identified signaling 
pathways – for instance, 
chemicals secreted by a 
fibroblast and picked up 
by a cancer cell – that 
encouraged cancer cells 
to get moving or to land 
in a blood vessel. These 
signals essentially lead 
the cells to become more 
metastatic. They showed 
that a variation on a single signaling molecule made a difference in how 
aggressively the cancer cells behaved. And that particular version wasn’t 
well targeted by the current drugs.

 “New possibilities for anti-cancer drugs that target communication 
between tumor and non-tumor cells came into view,” said Takayama.

 Engineers also develop ways to tell the cancer stem cells from 
the run-of-the-mill tumor cells. One of these, spearheaded by Yoon, 
is a chip that sorts the highly mobile cells from the laggards. When 
implanted in mice, the fleet-footed cells are much more likely to form 
tumors. This is the gold standard test for whether a tumor cell is a 
cancer stem cell, said Luker.

 The researchers have been studying the highly mobile cells for genes 
that may make a cancer cell more aggressive. Luker’s lab will create cells 
that express these genes strongly – or not at all – and run them through 

Yoon’s chips to test how those genes affect cell mobility and their ability 
to grow into spheres that represent tumor precursors.

 Devices like these – and there are many more – help explain the 
biology behind cancer stem cells and metastasis in a way that isn’t 
possible by looking at mice. But engineers aren’t just on the lab bench. 
They’re also working with clinicians.

SAMPLING CANCER STEM CELLS FROM BLOOD
Sunitha Nagrath, an associate professor of chemical engineering, focuses 
on catching cancer cells in blood samples, where they account for just one 
in about a billion cells. While not every cancer cell in the blood is a stem 
cell, this is how most stem cells are believed to arrive at metastasis sites.

Nagrath works closely with Wicha and other Michigan oncologists to 
design chips that can capture and handle cancer cells in different ways, 
for different purposes. One of her recent projects with Nithya Ramnath, 
an associate professor of medical oncology, studied whether circulating 
tumor cells captured from blood could monitor the progression of lung 
cancer as well as biopsies, which typically involves removing samples from 
the tumor with a large needle.

“We proposed an 
idea – a really bold 
idea – that we take 
cancer cells from these 
patients through blood 
samples,” said Nagrath. 
“We culture the cells, 
and we treat these 
cultures with the same 
drugs that she’s admin-
istering to the patients 
in the clinic.”

Capturing the cells 
gave Nagrath’s group 
the ability to find out 
which genes were active 
in the cancer cell, 
which tells Ramnath 
which drugs are likely 
to be effective. They 
saw the patient’s cancer 
develop a mutation 
that made it resistant to 
the first chemotherapy 

drug. Then, that mutation disappeared when they began targeting that 
mutation in the cancer.

This patient, a 42-year-old man, died after the cancer spread to his 
brain. Still, Nagrath is hopeful that her technology will help oncologists 
to monitor the mutations occurring in cancer more closely so that they 
can act quickly when drug resistance begins to occur. While biopsies pose 
a risk to the patient, blood draws could be done more frequently.

 A variety of drugs are available to attack lung cancer’s various forms, 
but pancreatic cancer is not as well understood. Working with Diane 
Simeone, Lazar J. Greenfield Professor of Surgery, Nagrath is capturing 
cells from the blood of pancreatic cancer patients, looking for the genetic 
markers that make the disease more aggressive. These might also serve as 
targets for new drugs yet to be developed.

To make microfluidic techniques widely available at U-M, Nagrath is 

THE GIZMO CLUB
Around about 2002, Mark Burns, now the Anthony C. Lembke 
Department Chair of Chemical Engineering, and Daniel Hayes, 
the Stuart B. Padnos Professor of Breast Cancer Research, got 
to talking about how they could bring medical professionals 
and engineers together to find technological solutions to 
clinical problems.
  The concept they piloted sent engineers down to the 
med school to hear presentations by doctors about problems 
they faced when trying to treat patients. Often, the problem 
would resonate with some of the engineers and then they 
would discuss potential solutions with the clinicians outside 
of the club.
  “Bringing people together from different disciplines is so 
crucial in this day and age. Current problems are very complex, 
and it’s really hard for one person, no matter how intelligent they 
are, to understand all aspects of that problem,” said Burns. “At 
Michigan, you’re surrounded by so many other experts that you 
have this tremendous confidence they are bringing the same 
high-level knowledge and information to the table.”
  Sometimes, these ideas turned into proposals, grants and 
results. Other times, they fizzled.
  “If an idea came up, it was a tremendous effort to get a 
project going,” said Burns.
  The missing piece, as Burns saw it, was seed funding to 
start a project immediately while excitement was high. The 
early results could then legitimize a proposal for a larger project 
funded by an agency like the National Institutes of Health.
  In a sense, the Gizmo Club was a precursor to two 
initiatives at U-M. One is the Biointerfaces Institute, headed 
by Gizmo alum Joerg Lahann. The institute, started in 2012, 
holds workshops that bring in clinicians to discuss problems on 
a certain theme – such as capturing rare cells from a medical 
sample – with an audience of engineers. Discussions of 
potential engineering solutions are built into the program, and 
seed funding is available for the most promising ideas.
 Or, if medical doctors and engineers come together some 
other way, they can still be funded through MCubed, an initiative 
that Burns co-launched in 2012. If three faculty from at least 
two different schools or colleges coalesce around an idea, they 
can test it out in a matter of weeks rather than months or years. 
Faster results mean faster progress.

"The controversial points include:  
Are cancer stem cells a fixed cell 
population, or is ‘stemness’ a state 
that any tumor cell can go through?"

Above, the courtyard chip with a cancer 
cell isolated in the middle, surrounded by 
the bed of cells that exchange chemical 
signals through narrow channels (seen in 
the schematic at left). Because the cancer 
cell has nothing to hold onto, only stem-like 
cells survive in the courtyard. Signals from 
the cells outside can influence whether the 
cancer cell is in a stem-like state. 

An illustration of a chip that can isolate as many as 10,000 cells at once. The chambers leave nothing for 
the cells to hold onto, so only stem-like cells survive and grow into so-called tumorspheres. The chip can 
be monitored with a computer algorithm, so researchers don't have to check each chamber through a 
microscope. 
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co-leading an effort to start a new service lab within the cancer center. 
It will enable more oncologists and researchers to capture and analyze 
cancer cells from blood samples.

 
MODIFYING THE IMMUNE RESPONSE
One hot topic in managing the immune system’s role in cancer is wheth-
er drugs used for other immune-related diseases can be repurposed to 
fight cancer. Nagrath is working with Wicha on a clinical trial of a new 
drug combination to treat breast cancer – specifically targeting cancer 
stem cells.

 “If you treat tumors with conventional chemotherapy, most cells die, so 
the treatment is monitored by watching for tumor shrinkage,” said Nagrath. 
“Cancer stem cell therapies are targeting only a few cells, so tumor size is not 
an indicator of successful therapy.”

 Anne Schott, a professor of medical oncology, and Monika Burness, a 
lecturer in hematology and oncology, are currently running a clinical trial 
based on Wicha’s research showing that the arthritis drug tocilizumab can 
help treat an aggressive form of breast cancer, known as HER2 positive 
because the cells have HER2 receptors on their surfaces.

 Two drugs attack via the HER2 receptors, killing most of the cancer 
stem cells, but Wicha’s work suggests that some stem cells are left behind. 
These have receptors for interleukin-6, an immune signaling molecule. 
Interleukin-6 is produced by our immune systems to help our bodies heal 

This device captures cancer cells from a blood sample. When a cold solution runs 
through the device, it releases the cancer cells for further study. 

Disguised to look like a metastatic site, the sponge 
attracts cancer cells in the blood stream. It may be able 
to slow the spread of cancer and help doctors make 
decisions about treatment. 

Cancer cells are believed to manipulate the immune system, 
paving the way for metastatic cells to receive a warm reception 
in the organ to be colonized. These sites send out chemical 
signals that are more concentrated at the metastatic site, like 
a homing beacon for an incoming cancer cell. Lonnie Shea, 
the William and Valerie Hall Chair of Biomedical Engineering, 
thought he could trick the cancer cells into landing elsewhere.

 Shea and his group developed “sponges” that capture 
cancer cells from the blood stream when placed under the 
skin. Immune cells react to the sponge by rolling out the red 
carpet as far as a cancer cell is concerned, making the implant 
look even more inviting than an organ. The cancer cells found in 
the sponge are different from those that continue to circulate.

wounds, temporarily activating adult stem cells, but cancers keep this 
pathway open.

 Tocilizumab binds to interleukin-6, preventing it from reaching the cells. 
Without exposure to interleukin-6, Wicha anticipates that the cancer stem 
cells will turn into non-stem cells, which can then be killed with the other 
two drugs.

 Nagrath’s group will examine the number of cancer stem cells found in 
the patient’s blood samples over the course of treatment. If the treatment is 
effective, the numbers should fall.

 Wicha isn’t the only oncologist at U-M looking into tocilizumab for 
fighting cancer. Jacques Nör, a professor in the school of dentistry who 
studies head and neck cancers, thinks it could slow or prevent metastasis in 
head and neck cancers.

 Together with Yoon, he explored how to keep the interleukin-6 
from encouraging cancer cells to migrate. A strong signaling pathway for 
interleukin-6 – meaning plenty of immune cells making the chemical as well 
as most cancer cells having receptors for it – is associated with high mortality 
in patients with head and neck cancers.

 When interleukin-6 was removed from the system, either by preventing 
it from reaching the cells or ensuring that it was never there at all, cancer 
cells didn’t move as far. Tocilizumab may be a way to do that in patients. The 
study with Yoon’s system raised this possibility.

 “This drug would have a chance to be eventually FDA approved for 

Sign up to receive our upcoming email series 
about the intersection of engineering and health 
care. Take a deep dive through our stories and 
videos. Our goal is to identify people who want 
to know more, and who may want to support the 
vital work happening at Michigan Engineering to 
serve the common good and improve quality of 
life. To sign up, scan this page with the Decoder in 
the One Cool Thing app (see p. 10) or email your 
request to MichiganEngineer@umich.edu.

 In experiments with mice, Shea and his colleagues found 
that the sponges reduced the number of metastatic cancer cells 
that landed in the liver by 64 percent; those in the brain were 
75 percent fewer than in mice without the sponges. It’s an early 
detection system – it delays metastases and informs therapy 
decisions.

 One of the questions on Shea’s mind is whether or not the 
cells captured in the sponges are cancer stem cells. To find out, 
he is working with Max Wicha, a U-M oncologist.

 “The hypothesis is maybe we’re catching the worst cells and 
that’s why our animals are doing better,” said Shea. “An alternative 
hypothesis is the cancer cells being captured are not necessarily 
stem cells, yet the environment at the metastatic site turns them 
into stem cells.”

METASTATIC 
DECOY

cancer, too, if the preclinical and clinical data show that it benefits the 
patient,” said Nör. “The next step is to work toward a clinical trial.”

PUTTING THE PIECES TOGETHER
To help explore the question of how stemness evolves over the 

course of metastasis, many of these researchers are joining forces to 
make a system that can emulate the whole process.

 “We’re basically trying to engineer the three key compartments 
that are required for metastasis,” said Luker. “We think the mechanics 
and signals in those environments control the ability of the cell to 
switch from one state to another.”

 The compartments are the original tumor, the blood vessels, and 
the metastatic site. In their case, the initial tumor is a breast cancer 
tumor, and the site to be colonized is bone. The hypothesis is that reg-
ular tumor cells can be shifted to more stem-like states. Then, when 
they’re in the bloodstream, white blood cells called neutrophils spot 
that something is wrong and mount a suicidal attack, spewing a web 
of DNA and proteins at the offending cell.

 The webs are armed to kill bacteria and yeast, but if left un-
checked, they can damage human cells as well. However, evidence 
suggests that when cancer cells are exposed to these nets, they become 
more likely to form metastases. They are better at surviving in the 
bloodstream and invading new tissues.

 When a cell arrives in the bone tissue, it is still in the stem-like 
state. One of Luker’s big questions is – can the cells be kept from 
dividing once they arrive?

“So you wouldn’t necessarily have to eliminate all cancer cells from 
a patient, but if you could make it essentially a chronic disease that 
you control, similar to HIV, you may be able to suppress the cancer 
effectively and permit the patient to have – if not a complete cure – a 
functional cure,” said Luker.

The model of the initial breast tumor and the bone will be made 
by Joerg Lahann, a professor of chemical engineering and director 
of the Biointerfaces Institute, and his group. He is well known for 
producing synthetic environments for growing stem cells that mimic 
conditions inside the body without relying on proteins and other 
materials harvested from animals. This keeps the cells from becoming 
contaminated with foreign proteins – or being influenced by them to 
behave differently than they would in a human.

 “When I started talking to people like Max Wicha and Gary 
Luker and Diane Simeone, the issue is that when the cells that are 
collected through biopsy, especially those that are most tumorigenic, 
you just can’t grow them in a conventional petri dish,” said Lahann. 
But these cells grew well on his scaffolds.

 To populate the initial tumors, Nagrath and Yoon will join forces 
to isolate cancer cells from patient blood samples as well as from 
mice. These can then be grown in Lahann’s scaffolds. Takayama and 
James Moon, a professor of pharmaceutical sciences and biomedical 
engineering, are handling the emulated bloodstream. This end-to-end 
model of metastasis should reveal more about how cancer spreads and 
provide a platform to test new ways to stop it.

TOWARD THE CURES
If the last 60 years have taught us anything about fighting cancer, it is 
that there is very little reason to expect a single silver bullet. Cancers 
arise in many organs and cell types. The cells that make up cancers are 
themselves diverse.

 Now, researchers are assembling a new toolkit against one of the most 
stubborn and complex killers of our time. Perhaps when oncologists learn 
how to target cancer’s aggressive cells, we may finally see more treatments 
that are effective at extending lives – without so much damage to quality 
of life.

ENGINEERS ARE ADVANCING HEALTH CARE. INTERESTED? 
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Flying on hydrofoils means more speed and more risk for the 
America’s Cup. With the boats and technology moving faster 
than ever, can these Michigan alumni help their team find the 
engineering solutions it needs to win in 2017?   

RACIN
G



ermuda’s tropical palette has been flattened to a monochromatic hue. For 
days, a lingering tropical depression has tormented ORACLE TEAM 
USA’s rigorous practice schedule. Despite a steady drizzle and feeble 
winds, the official call is made and the rigging crew begins to mount the 
84-foot, rigid-wing sail. Quiet anticipation quickly morphs into organized 
commotion. The sailors and support team of engineers prepare for a day 
of testing and fine-tuning components of their competition catamarans. 
With the next America’s Cup on the horizon and final design deadlines 
only weeks away, each day on the water is critical for the two-time 
defending champions.

The technology and teams have become so competitive that a 
mere one percent advantage in speed is enough to win. Secretive 
experimentation and creative problem-solving are a must in this battle. 
In the last America’s Cup, using hydrofoils was allowed for the first 
time, which spawned a space race in foil development and control. The 
hydrofoils act as underwater wings that lift the hulls out of the water, 
practically eliminating drag – and introducing unprecedented speeds. 
It’s a high-stakes engineering challenge where millions of dollars and the 
crew’s safety are on the line. 

For testing, the crew sails an AC45 – a slightly smaller and simplified 
version of the 50-footer they’ll race in the June 2017 America’s Cup. 
Its sleek carbon-fiber body looks more spacecraft than sailboat and is 
networked with advanced sensors  – including the kind used by missiles 
and other systems that require high-precision navigation. It’s one of three 
such machines used to do iterative testing of key components. Scott 
Ferguson (BSE NAME ’85) and Bryan Baker (BSE NAME ’03), both 

senior members of ORACLE TEAM USA’s engineering team, hold on as 
their chase boat splashes along in pursuit. Its dashboard is covered with 
digital monitors featuring live telemetry data streaming from the practice 
vessel.

“We’ve probably made 90 percent of the boat geometry and systems 
decisions,” says Ferguson, design team manager. “Now we’re into the 
fine-tuning and final preparations. The daggerfoils are some of the last 
things and biggest decisions as far as performance goes.” Today the team is 
testing the latest version of a daggerboard design as well as new techniques 
for trimming the rigid-wing sail. 

The wind picks up and the crew trims the wing to catch it. Splashing 
forward, the hulls gain speed until suddenly they’re no longer touching 
the surface. There’s no more splashing, no more wake. Almost magically, 
the six-man crew levitates above the waves – balancing the 45-footer on 
its submerged hydrofoil wings.

The risk factor and additional expense associated with racing on 
hydrofoils was a controversial decision for the historically traditional 
sport. Drastically faster speeds and the associated risk have redefined the 
America’s Cup, widening its appeal to the X Games generation. It’s also 
ushered in a new era of technology and engineering. “You take a 45-foot 
object, lift it out of the water and you ride it around on something that’s 
about the size of a surfboard  – it really is like balancing on a unicycle at 
50 mph,” says Baker.

“Now we’re sailing upwind in a boat that’s half the length at three 
times the speed,” says Ferguson. “In the past, with big monohulls, we 
faced a completely different engineering design challenge – which was 
pretty frightening when it comes to loads and gear, to be honest. Back 
then, our iterative testing was looking at tenths of knots. Now our design 
adjustments can make half-knot incremental improvements. It’s been a 
huge evolution.”

Before foiling was introduced, America’s Cup yachts topped 
out around 23 knots or roughly 26 mph. In comparison, one of 
ORACLE TEAM USA’s AC45s reached 52 mph during testing. An 
object moving through the air encounters one thousand times less 
drag than one moving through water. The hydrofoils being used in 
this America’s Cup campaign are seamless, rigid extensions that curve 
laterally off the bottom of daggerboards – the vertical appendages 
that extend into the water below the hulls. This hybrid component 
is referred to as the daggerfoil. The foil shape creates lift in the water 
using the same principles that allow an airplane to fly through the air. 
Flight control is not only imperative for the safety of the crew, but it’s 
also what helps win the race.

WE HAVE LIFTOFF
Predating the Civil War and modern Olympics, the yachts that race 
for sailing’s most prestigious trophy, the America’s Cup, have evolved 
over 165 years. For decades, traits remained familiar to the average 
sailor: narrow decks, fabric sails and hulls that splashed through the 
sea at predictable speeds. Then in 2011, a radical mutation in that 
evolutionary chain occurred. As teams prepared for the last America’s 

“I manage the entire group of designers. I remain having a focus 
on the wing because that’s been my specialty in the past.”
Third America’s Cup with ORACLE TEAM USA

Scott Ferguson (BSE NAME ‘85) 
Design Coordinator and Manager of Wing (sail) Design

"I’m using specific geometry algorithms, like neural networks 
and NURBS topologies, to make a database for the simulations 
that we run. Then, we tie all that back together and solve a 
group of equations that figures out how fast the boat will go.”  
First America’s Cup with this team

Bryan Baker (BSE NAME ‘03) 
Design Team - Performance Prediction

After completing 50 percent of his PhD under U-M Aerospace 
professor Anouck Girard, he remained at Michigan for his 
postdoctoral research. At that time, he was brought on to 
apply his expertise with automated control systems – the kind 
commonly used on drones – to America’s Cup catamarans.  
First America’s Cup with this team

Ricardo Bencatel (Former U-M Aerospace Postdoc) 
Control Dynamics Analyst and Control Systems Developer

“In the last cup, foIlIng was new. In thIs 
cup, we’re tryIng to get some dIsruptIve Ideas 
to gIve us the advantage.”

Cup, New Zealand did something unprecedented by equipping its 
72-foot catamaran with hydrofoils. 

“Once that was discovered, we followed suit quickly and managed to 
engineer our boat to foil well and still be legal,” says Ferguson. “We won 
the 2013 cup, barely.” 

The successful application of foils to the 72-footers provoked a 
collective reevaluation as to what was possible. The sport launched into 
a rapid technological arms race. International teams of engineers began 
working in isolated unison to solve new problems. Their calculations and 
designs have led to new ways of moving massive objects across the water 
at higher speeds, and with the humans on board unharmed.

Hydrofoils have been used on engine-powered ferryboats for 
decades. Steady thrust from an engine and heavy V-shaped foils makes 
this type of flying much more predictable and easy to control. In 2009, 
an experimental hydrofoiling sailboat, Hydroptère, set a 
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DAGGERBOARDS

RUDDERS

HYDROFOILS

SCOTT FERGUSON AND BRYAN BAKER MONITOR THE AC45’S  
PERFORMANCE DATA ABOARD A CHASE BOAT WHILE TRAINING  
IN BERMUDA’S GREAT SOUND. 

AMERICA'S CUP (AC45) CATAMARAN:
Crew - 5 people @ 85 kgs/person (187 pounds)
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sailing speed record by sustaining more than 60 mph for more than 
500 meters. However, Hydroptère was designed for speed, lacking the 
maneuverability and versatility to race up and downwind, between 
competitors and around buoys.

More recently, smaller Moth-class sailboats and even surfboards have 
been fit with user-friendly foils. On some foiling Moths, for example, 
a rod on the bow senses the ride height and makes appropriate trim 
adjustments on the daggerboard.  

“America’s Cup rules prohibit any kind of automated feedback or 
controls on the yachts,” explains Baker. “You’re not allowed to sense 
and then have the controls work to those senses. There’s no place for 
the mechanical feedback of a wand-controlled flap, like on a Moth. The 
helmsman and crew are in control of the whole thing.”

These constraints have forced teams to innovate and experiment 
with new foil shapes and materials. The resulting components, and how 
they’re controlled, are the team’s most highly safeguarded secrets. The 
thin hydrofoils can resist more pressure than those exerted on the wings 
of a fighter jet. Micro-adjustments in design and control impact lateral, 
vertical and heave stability – all of which add up to controlled flight, 
not nose-diving or launching.

From an engineering and design perspective, it’s opened up a whole 
new avenue of dynamics. In traditional sailing, height was never a 
variable. Boats played by the rules of hydrostatics and buoyancy. Flying 
relatively lightweight catamarans requires different solutions to contend 
with the extreme side forces against the sail. “If you fly too high, you 
start to go sideways, and if you fly too high too quickly, you can literally 
pop out of the water or go sideways really quickly,” says Baker. 

Stable, controlled flight on the water is not easy. Crews fight to 
keep the craft soaring at an optimal height – only a few feet above the 
waterline. This balancing act is in constant flux as helmsmen jockey 
for position amidst unpredictable waves and wind. It’s a fine line 
between speed and stability. “On paper, you can design some really 
fast foils, but when you go out and race them, they’re really hard to 
control,” warns Baker. 

SPLASHDOWN
With only one second warning, a two-meter thick wall of water washes 
over the bow at nearly 50 mph.   

“It’s like concrete,” says Tom Slingsby, ORACLE TEAM USA’S 
tactician and sailing team manager. “When you have a big splashdown, 
we often call them a ‘stuff.’ It’s when you get something a little wrong. It 
happens all the time in testing when you’re pushing right to the limit. We 
had a big stuff two days ago as we were going through a maneuver and we 
washed out the rudders that steer the boat.”

It’s a consequence that has come with the speed of flying on foils. “We 
have a phenomena that happens in the water which is called cavitation, 
and we have ventilation occur,” explains Baker. It usually occurs when a 
liquid is subjected to rapid changes of pressure that cause the formation of 
cavities where the pressure is relatively low. From the sailor's perspective, 
a visual cue is when a sheet of air bubbles envelops the submerged foils. 
When that happens, it’s no longer creating flow through the water and 
loses all its lift characteristics. The boat comes down fast.  

“Probably the scariest and most dangerous scenario is when this 
happens on the daggerfoil and the wind keeps pushing the wing forward 
 – causing the boat to go bow down,” explains Baker. It’s like the wings 
being chopped off an airplane.

Sailors wear helmets and protective padding. They’re also now 
equipped with portable air canisters, since the death of Artemis Racing 
crew member Andrew Simpson in the last America’s Cup campaign.

“We’re always thinking about safety,” says Baker. “There are openings 
in the cockpit where the guys can get low and brace themselves. All the 
guys are wearing oxygen in case the boat capsizes and they get caught 
up in the rigging and trapped under water. We have a diver that’s on full 
time. You take on the risk for sure, but that’s engineering. You sweat out 
the details. You worry about it. You want to push the limits to achieve 
your goals, but you don’t want to hurt anybody.”

The risk is shared by the engineers and the six man crew.
“If someone gets injured on your watch, it’s not a good feeling, and 

I’ve had that happen to me in the past,” says Slingsby. When it comes to a 
splashdown “as soon as you know, you yell out ‘Get down and hold on!’”

“a lot of engIneers mIght go theIr whole 
career desIgnIng thIngs that never get buIlt. 
we are the polar opposIte to that. we 
conceIve, desIgn, engIneer, buIld and try 
thIngs In a very short tIme cycle. ... It’s one  
of the thIngs I love most about my job.” 

PHOTOS (INCLUDING OPENING SPREAD): ©Sam Greenfield/ORACLE TEAM USA

A SPLASHDOWN OR “STUFF” HAPPENS OFTEN WHEN PUSHING  
COMPONENTS OF THE PRACTICE AC45S TO THE LIMIT.

THE RACING CREW AND ENGINEERS PARTICIPATE IN A TECHNICAL 
DEBRIEF OF THE PREVIOUS DAY’S TRAINING SESSION. 
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THE DIGITAL/NAUTICAL DIVIDE
Although there’s more danger to deal with, racing in this technological 
era does have its advantages.

In the 160-year-old dockyard warehouse that the team’s nearly 20 
engineers and designers call home, a massive array of digital screens is 
the backdrop for technical debriefings from the previous day’s perfor-
mance on the water. These meetings include the engineers, designers 
and sailors. “We look at all the information we have at our disposal and 
that usually leads us to a decision,” says Ferguson. “Sometimes we have 
to rely on a bit of gut feeling, but we also rely heavily on the sailors 
themselves. They’re on the boat and experiencing things that often lead 
design directions that we test in the computer. Some things we never 
would have tested if we didn’t have their input.” Experimenting with 
foil sections and shapes has come directly from this feedback. When 
necessary, the team can print some 3D components right on location, 
others they send abroad to be printed in lightweight metal.   

As rapidly as the yachts have evolved, so too has the technology 
used to design and optimize them. “Our models are getting closer and 
closer to reality, which allows us to estimate in a very concise way what’s 
happening on the water,” says Baker.” He continuously compares what’s 
happening on the water against the team’s theories and simulations. 

“I’m using specific geometry algorithms, like neural networks and 
NURBS topologies, to make a database for the simulations that we 
run. Then, we tie all that back together and solve a group of equations 
that figures out how fast the boat will go. Today I’m working through 
a problem with 19 independent variables – which isn’t even that bad,” 
jokes Baker. 

Going from modeling to testing on the water happens surprisingly 
fast. “A lot of engineers might go their whole career designing things 
that never get built,” says Ferguson. “We are the polar opposite to that. 
We conceive, design, engineer, build and try things in a very short time 
cycle. It’s a great process that allows us to learn very quickly. It’s one of 
the things I love most about my job.” (See what a day of testing is like 
for Baker and Ferguson by scanning this page with the Decoder in the 
One Cool Thing mobile app.)

FLYING FORWARD
Everything is speeding up in the pursuit for the America’s Cup, and the 
fans and teams seem to be enjoying the adrenaline. 

“There really isn’t a limit to the speeds we can achieve,” says Baker. 
“We’re pushing it on the structure side, but there’s still more room.” 
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Unfortunately, there isn’t more time. Design deadlines are only weeks 
away for the machine ORACLE TEAM USA will fly in June 2017 to 
defend the America’s Cup. “You begin to realize these are final decisions,” 
says Ferguson. “In the initial stages, you say ‘Let’s try this and if it doesn’t 
work we can try something else.’ Now when it comes to decision-making 
it gets a little bit tense at times.”

That tension reflects the passion that drives the team. In this final 
phase leading up to the championship race, late nights blend into early 
mornings and the stakes of each day’s progress grow heavier. “Everybody 
here wants to succeed at this and win the America’s Cup,” says Baker. 
“Everybody’s working as hard as they possibly can to achieve that goal.” 
So are the other competitors, eager to strip ORACLE TEAM USA of its 

A DIFFERENT 
KIND OF DRONE
The pursuit of control has led to unprecedented experiments 
with not only the physical design but also advanced modeling 
software and control systems. One such experiment included 
automated systems commonly found in drone technology. In 
early 2016, through a series of serendipitous connections and 
recommendations, automated flight expert Ricardo Bencatel 
was recruited to do something that had never really been done 
before. At the time, Bencatel was finishing his postdoctoral 
research at U-M’s Aerospace Engineering Department and had 
been collaborating on an experimental project with the Italian 
team, Luna Rossa. However, when the Italians withdrew from 
the 2017 Cup in response to rule changes, Ricardo and his 
advisors at Michigan were approached by ORACLE TEAM USA. 
  Although automated controls are strictly forbidden in actual 
races, they can be used in interesting ways for experimentation 
and training purposes. The goal was to see if an automated 
system could fly the boat better than a manned crew. If so, what 
could the crew learn from the computer to better prepare for the 
America’s Cup?
 “In the last cup, foiling was new. Just doing it was a big 
advantage,” says Bencatel. “In this cup, it’s about refining a way 
of handling something that’s already known. We’re trying to get 
some disruptive ideas to give us the advantage.”
The catamarans are covered in sensors that measure a variety of 
data, like the pitch, flight height and accelerations. That was all fed 
into Bencatel’s computer model that attempted to optimize the 
flight by leveling it off to keep it going steady  – basically like an 
autopilot for an airplane, but in a completely different application. 
In sailing, the wind forces that provide thrust can also tip the boat 
over. There is a constant balance between what is known as the 
righting moment and the heeling moment. The side forces against 
the sail produce the heeling moment. In traditional sailboats, 
weighted hulls helped counteract these forces and keep the 
boat upright. With flying catamarans, the heeling moment is 
counteracted by the rudder and the hydrofoil on the leeward side 
(the side the wind is pushing to) and the rudder on the windward 
side (the same side the wind is pushing against). The rudder on 
the windward side actually creates inverted lift forces – pulling the 
hull back down into the water and keeping the platform level.
  By nature, the AC45 operates under conditions that make 
it prone to rolling and tipping. An automated control system 
would have to sense and respond to these forces. The two main 
components of such a system were already on the boat. The 
sensors were already there to capture performance analytics. 
A joystick in the helmsman’s hand controlled the actuators. 
Bencatel’s mission was to connect the two. Doing so required a 
tedious programming loop.
  He spent most of his time writing code for the controller 
and its analysis tools. “You go to the water and do tests and 
tuning,” says Bencatel. “Then you come off the water and you do 
analysis. And because this is an evolving problem and system, 

your analytical tools from the previous day are not enough for 
the new things you want to analyze. So you need to code the 
analysis tools. If everything goes well, you can identify the 
issue or bug in the controller code, go back, and correct it. Then 
you run simulations. And then back to the water.”
  “We stuck with reasonably traditional controls in part 
because of the risk,” says Anouck Girard, Associate Professor 
of Aerospace Engineering at the University of Michigan and 
Bencatel’s advisor at the time. “We can try a lot riskier things 
on a quadrotor in my lab than on a boat that has six humans 
on board and costs $50 million. We haven’t yet pushed the 
boundaries of what we know how to do.”
 “It’s very similar to aerospace – dealing with air flow, the 
technology,” says Bencatel. “In practice, the system will do 
unexpected things. Is that good or bad? Sometimes it’s a 
better way of controlling the machine than what humans might 
assume to do.”
  One of the most exciting possibilities of the automation 
work was the possibility to figure out how to foil through turns 
and other maneuvers.   
“I’m frankly amazed with what he’s able to do,” says Ferguson. 
“It’s not quite like taking your hands off the wheel of a car, but 
almost.” After months of experimentation, the autopilot was 
not able to outperform the sailors, and the team was forced to 
move on due to time constraints. “We learn from things and 
modify our path,” says Ferguson. “The positive influence he’s 
had doesn’t change. There are great takeaways from every 
experiment.” Bencatel stayed on with the team as a control 
systems analyst.
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prize; each doing their own secretive experimentation, accelerating the 
evolution of the sport.

For as much as what’s changed, the spirit remains the same.“Racing 
has always been about technology,” says Baker. “They go hand in hand. 
You’re always trying to build a faster something.”

In other words, this is just the beginning. “Seeing these boats fly will 
inspire the world in unimaginable ways,” says Bencatel.  

In the months leading up to the 35th America’s Cup, five 
international teams will have competed for the chance to take on the 
defending champions. The championship race will take place in late 
June in Bermuda.

AN AC45 IS HOISTED 
BY A CRANE AT A 
PRACTICE SESSION IN 
PORTSMOUTH, 
GREAT BRITAIN. 

“you take a 45-foot object, lIft It out of the water and 
you rIde It around on somethIng that’s about the sIze of 
a surfboard – It really Is lIke balancIng on a unIcycle at 
50 mph.”

TRAINING DAY AT THE LOUIS VUITTON AMERICA’S 
CUP WORLD SERIES IN SWEDEN IN 2015.
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Lessons from 
Tony Fadell

A tech visionary who has 
reinvented industries 
tells us how it's done.

Story by:  
Nicole Casal Moore
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the early 1990s, at an Apple spinoff called 
General Magic, a band of prodigies set out to 
make “small, intimate life support systems.”

They meant “life” in the day-to-day sense, 
rather than the opposite-of-death sense. This 
life support wasn’t intended to keep people 
breathing. But to the engineers at General 
Magic, who were thinking on societal scales, 
the idea seemed almost as profound. 

“We have a dream of improving the lives 
of many millions of people by means of small, 
intimate life support systems that people carry 
with them everywhere,” read the company’s 
mission statement. “These systems will help 
people to organize their lives, to communicate 
with other people, and to access information 
of all kinds. 

“They will change the way people live and 
communicate.”

This was about a decade after the launch 
of IBM’s first PC and eight years after Apple 
introduced the Macintosh. Personal computers 
had established themselves in American homes 
and offices. But robust handheld devices 
and smartphones were somewhere between 
a prototype and a glimmer in an engineer’s eye.

In 1991, Tony Fadell finished his computer 
science engineering degree at Michigan. With 
three startups already under his belt, the 
22-year-old headed west to find work with his 
heroes – the “magicians” of Mountain View. 
Among them were the creators of Apple’s 

storied 1984 Mac, the first computer to give 
its users the desktop metaphor and graphical 
interface we now take for granted. 

“I knocked on their door until they hired 
me later that year,” Fadell wrote in the New 
York Times in 2013. 

General Magic was a blazing startup. It was 
backed by some of the time’s largest electronics 
firms: Sony, Motorola, Philips and AT&T. 
Analysts predicted that its programming 
language and operating system could become 
the standards of the burgeoning PDA industry.

“I was working with the team that created 
the Mac – that had changed the world,” Fadell 
said. “We were all dead set on changing the 
world again. And everyone told us we could, 
so we just poured everything into it.”

The team worked 18-hour days. Some built 
tented bunk beds over their desks. Despite the 
pet rabbits that hopped around headquarters 
to spark creativity, it took them years longer 
than they expected to ship their first products. 
But 1994 brought the release of the Sony 
MagicLink and the Motorola Envoy, both 
of which were hosted on a custom network 
by AT&T. The much-anticipated devices 
had mobile email, downloadable games and 
shopping options, among many other new and 
noteworthy features.  

But the world wasn’t ready for them.  
They flopped.

The experience shook Fadell. “Everything 

01./UNDERSTAND THAT YOU WILL FAIL.
Twenty undergrads sat around a conference table smiling in swiveling 
chairs. They were part of an elite program in Michigan Engineering’s 
Center for Entrepreneurship called the Entrepreneurial Leaders Pro-
gram. They all plan to start companies when they graduate, and they had 
prepared for this 10 a.m. meeting with a man who once stood in their 
shoes and went on to shake up Silicon Valley. Their heads were full of 
good questions.

“Sorry,” Fadell said before he called on anyone, “but you’re all going to 
fail.” He gave them an earnest smile. 

“We didn’t learn to speak and talk without first failing. But you’ve got 
to just keep going. You’re either growing or you’re dying.”

As he described in his tale of General Magic, failure is often at the 
heart of eventual success. It’s an idea that might seem cliche, but Fadell 
breaks it open with an existential twinge:

“People give up because they don’t believe in their ability to adapt and 
change and take what they’ve learned and bet on themselves again. But 
you have to understand that that’s how the world works. Either you’re 
evolving or the system is evolving around you and you’re stagnant. That’s 
the difference between growth and death.”

Failures may look like low points in a career, he said. One of the most 
important character traits of a successful entrepreneur, though, is resil-
ience – the ability to turn one into a springboard.

02./GET COMFORTABLE BEING UNCOMFORTABLE.
Apple had less than 1 percent market share when the company brought 
Fadell in to make a portable music player in 2001. The firm still had 
“computer” in its name. It was not in the business of making portable 
music players.

Fruit-colored iMacs had pulled the company back from the brink of 
insolvency, but it was still more than $500 million in debt. Its newest 

strategy, as Walter Isaacson detailed in his Steve Jobs biography, was to 
think of the personal computer as the digital hub of the home – a place to 
store and edit photos and videos, and to make the most of this infor-
mation superhighway called the internet. The new iTunes application 
let users rip music and make mixes. But if you wanted to play the mixes 
from anything other than a burned CD or the computer itself, the mp3 
players of the time left much to be desired. They could hold roughly one 
album and their tiny buttons were a pain to use with adult-sized fingers. 
Apple’s leadership noticed this void. 

Fadell had come to the same conclusion on his own. A deejay in his 
off hours, he hated lugging around hundreds of CDs. “I started thinking 
there’s got to be a better way,” he said.

By this time he’d been working on handhelds for more than a decade. 
Since his days at General Magic, he had developed critically acclaimed 
palmtops for Philips Electronics called the Nino and the Velo – arguably 
two more iPhone predecessors that matured before their time. More 
recently, he had launched his own startup, Fuse Systems, to improve upon 
the status quo in mp3 players. He was excited to be going out on his own, 
following his heart. But while he was able to secure initial investments, 
soon the money dried up. This was just after the dot-com bubble burst. 

Then he got a call from Apple. Would he work with the company 
as a consultant to develop a music player to support iTunes? Fadell 
thought, “Why not?” It might buy him time and help pay some bills. 
That’s not how the story ends. 

Fadell’s Fuse would eventually become the iPod – the technology 
that set Apple on a course to become Fortune 500’s top tech company 
in 2016, with $233 billion in revenue. But turning the crazy idea into 
a successful product took years of dealing with naysayers, sticking his 
neck out and even standing up to Steve Jobs. 

He told the music player’s origin story to a small class of computer 
science students in Professor Elliot Soloway’s software design course. 

you thought you believed didn’t come true,” 
he said. “You have to process that and learn 
from it.”

In time, he and the team did. Many 
members went on to be highly influential in 
the tech sector. Forbes later dubbed General 
Magic “the most important dead company in 
Silicon Valley.” And when Fadell found himself 
leading Apple’s effort to build a smartphone 
in 2004, not only did he have a head start, he 
knew how to fill out the roster.

“At General Magic, we were making the 
predecessor to the iPhone 15 years too early,” 
Fadell said. “Sometimes you’ve got to go 
through a spectacular failure and turn it into 
a learning experience to be the phoenix from 
the ashes.”

Fadell is the iPod inventor, iPhone creator, 
and founder of Nest, the company that 
designed an iconic smart thermostat that's at 
the core of the Internet of Things smart home 
revolution. When he came back to campus 
last fall, he opened up about what it takes to 
change the trajectory of an industry. Fadell 
spent time with the next generation of tech 
upstarts in the Center for Entrepreneurship 
and a software design course taught by one of 
his former instructors and business partners, 
Professor Elliot Soloway. Fadell was encour-
aging and candid as he divulged some of the 
lessons he’s learned in his 25-year career. We’ll 
focus on five. 

Sometimes you have to trust your 
gut and go with it even when everything  

rational says no.

The iPod team in the early days (from left): Tony Fadell, 
vice president, iPod and special projects; Jon Rubinstein, 
senior vice president, hardware; Jony Ive, vice president, 
design; Steve Jobs, Apple CEO; and Philip Schiller, vice 
president, marketing. 
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It was a course Fadell himself had taken from Soloway more than 
25 years previously, and one that taught him a lot about life in addition 
to engineering, he said. He and his professor went on to launch a 
company, working just down the hall from the spot Fadell stood  
that afternoon.

Though the students were mostly too young to have owned an iPod, 
the iPhone has been ubiquitous since they were in middle school. They 
listened intently.

After two months working as a consultant, Apple required Fadell  
to become a full-time employee if he wanted to stay on the project. 
He agreed to, and set out to build a team. In an inconvenient twist, 
the project had to stay secret to potential new employees until they 
were hired. 

“I had to ask them to come to a company that was failing and just 
trust me. I couldn’t tell them what they’d be building. And then I had 
to trust that Steve would have the money to finish and properly market 
the product,” Fadell said. 

He managed to pull together a team of 25 – many from his previous 
endeavors. They worked feverishly. “I knew if we didn’t ship as fast 
as possible, our product would be killed. There were a lot of factors 
working against us." 

They shipped on schedule just ahead of the 2001 holiday season. 
“We got an initial sales spike in the first quarter, but then no sales 
increases for two years because it didn’t work with the PC.” 

Fadell knew he needed to confront Jobs about that. He had tried 
early on, but Jobs’ response was something like, “Over my dead body.” 
The Apple founder had envisioned that the iPod could drive Mac sales. 

“This is the way you’re going to sell more Macs?” Fadell remembers 
asking. “To use it you have to buy a $2,300 machine? You think that’s 
what’s going to convert people?” 

Jobs didn’t budge.
“So I built a Skunkworks team,” Fadell said. 
He disregarded his boss and pushed ahead moving the iPod to PC, 

in secret. 
“We didn’t know if Apple was going to live or die,” Fadell said. 

“Sometimes you have to trust your gut and go with it even when 
everything rational says no.” 

He and his colleagues eventually convinced Jobs to reconsider. (They 
had to involve then-Wall Street Journal tech columnist Walt Mossberg.) 
Soon after the iPod was available for the PC, it was bringing in half of 
the company’s revenue. Then Mac sales started rising.

“Put yourself where you’re uncomfortable,” Fadell told the class. 
“If you are not uncomfortable every day you’re either not trying 
hard enough or you’re not listening and learning. Always have those 
butterflies in your stomach.”

As protection against one particular type of discomfort, innovators 
need thick skins, clarified Soloway, an Arthur F. Thurnau Professor of 
computer science and engineering. 

“You have to be able to do things that people aren’t necessarily going 
to like,” Soloway said. “See, I like people to like me, so it’s hard for me 
to do that. But when you’re creating something absolutely new, you 
have to be prepared for that.”

You have to ask the hard questions, Fadell said. Understand that to 
be a leader, you’ll have to take some steps alone. And you might upset 
people along the way, including people who outrank you.

“Most successful entrepreneurs are unmanageable,” Fadell said. 
“They’re always cutting against the grain and stirring the pot. They 
have a good story for what they’re trying to change. Some might 
consider them disagreeable, but how they see it is the status quo isn’t 
good enough.”

03./PEOPLE MATTER A LOT. 
For all Fadell’s talk of entrepreneurs being difficult, his friends describe 
him as kind and loyal, with palpable enthusiasm and sincere and 
wide-ranging curiosity. (He once watched a brain surgeon perform an 
8-hour operation, standing so close he got blood on his shoes, he told 
the London Telegraph in 2013). 

He has 8,000 people on his contacts list. And he can attest to the 
importance of a deep and broad network that can carry you through the 
low points and help you to the high ones. 

We go through these habitual routines 
that we don’t even realize we’re doing. 

Break that down and ask why, why, why.

Fadell (above and on following pages) meets with students on campus last year.



He mentioned this idea to every group of students he spoke with 
during his campus visit. He told students to connect with their peers 
starting right then and there, because they’re going to need each other.

“The best thing you can do is get people to know who you are 
and get to know them. You have to spend 50 percent of your career 
networking,” he said. 

The bonds that matter most are the ones that form in the worst of times. 
“When things aren’t going so well, you see the character of a person 

and how much they’re dedicated to the mission,” Fadell said. “You want 
to work with them for the rest of your life.”

An example: Brian Sander was an engineer at General Magic in  
the 1990s. He was involved in hiring Fadell, whom he remembers as 
“one of the most dynamic kids just out of college” that he’d ever met. 
Fadell returned the favor a decade later when he recruited Sander to  
the iPod team. 

“We had a great working relationship,” Sander said. “He is very 
much a vision person. He understands how to synthesize vision toward 
products. People like myself like to focus on execution. So I could take 
what he was conceiving and make it happen. … It was one of the best 
times of my life.” 

He speaks of an adrenaline high that lasted years as the team 
churned out successful product after successful product. 

By the mid-2000s, the iPod’s success made it clear that consumers 
liked carrying a lot of music around with them. Pockets were getting 
fat with devices as mobile phones had become popular. It was time to 
combine the two. Jobs put Fadell in charge of developing the iPhone  
in 2004.

On his team were colleagues from General Magic and Fuse, and 
people with whom he’d created the iPod. Sander was involved for a 
while, and he helped Fadell build the iPhone squad. Sander had worked 
on cell phones at a startup. 

“I knew some really great people,” Sander said. “In particular there 
was one guy I had to spend a lot of time recruiting. He was a phone 

guy, but I couldn’t tell him we were working on a phone. I told him: 
Trust me, this is the greatest thing you’re ever going to work on in your 
entire life.”

Together the iPhone troops built and scrapped three versions before 
they settled on a concept.

“First we said let’s put a phone inside of an iPod,” Fadell recalled. “It 
was an iPod phone. But we quickly realized the rotary dial is not a very 
efficient way of making phone calls.”

Apple was working at the time on a touchscreen Mac, as well as a 
way to watch videos on an iPod, Fadell told Venturebeat in 2016. They 
coalesced when the multi-touch screen interface emerged and Apple 
acquired the Cornell University spinout company that invented it. 
Multi-touch allows a touchscreen to recognize more than one point 
of contact on its surface. It’s what enables swiping, pinching and the 
virtual keyboard, which were critical to the big screen that set the 
iPhone apart from its competition. Though the first multi-touch screen 
built at Apple was the size of a ping-pong table, when Jobs showed it to 
Fadell, he agreed that it was the answer. 

“In the end it was clear that we needed to build a phone, and we 
needed to build a touchscreen company on top of it,” Fadell told 
VentureBeat. “That’s exactly what we did. We created a touchscreen 
company to build the multi-touch display. Then we needed a better 
operating system, so we brought a bunch of pieces of the Mac, a bunch 
of pieces of the iPod, and bolted them together.” 

This was the second generation proto-iPhone. 
“It was like Frankenstein,” Fadell said. “Not everything hung 

together. It had the basics, but it didn’t have the magic.”
The third try charmed.
It had taken the team almost three years to ship. That’s a long time 

to work on one project, Fadell says. Stretches like that can test trust and 
patience. Members of the iPhone group had succeeded together before, 
though, and that mattered. 

“The team had been to hell and back many times. We had learned 
to deeply trust and push each other through harrowing and galvanizing, 
tough projects.” 

04./ TUNE IN TO PROBLEMS.
In some ways, the iPhone and the iPod solved problems consumers 
didn’t know they had. With the advent of digital music, ripping CDs or 
stealing songs from Napster seemed to many like a fine way to procure 
mp3s. But then came iTunes + iPod. Music lovers no longer had to 
fumble with discs or worry about being sued. A clunky process became 
easy, nearly instantaneous and economical. 

In the case of smartphones, those that came before the iPhone had 
small screens and smaller keyboards. It wasn’t fashionable to complain 
about their shortcomings, though. After all, they were computers that 
fit in your pocket. The iPhone and its clones made the experience of 
using such a small machine more pleasant and therefore more useful. 

“It’s about always asking: Why can’t it be better? And not just living 
with the status quo,” Fadell said. “Then solution becomes so obvious – 
so simple and yet no one saw it.”

So how do you spot these opportunities? One of the students in the 
Center for Entrepreneurship asked Fadell point blank for the secret. 

“It’s literally through experience,” Fadell said. “We go through these 
habitual routines that we don’t even realize we’re doing. Break that 
down and ask why, why, why. Why do I have to use this door handle? 
Why do I have to unlock the door? How can this system be improved? 
Tune into it.” 

And as you tune in, let your curiosity carry you. 
Fadell left Apple in 2010 to spend more time with his family. After 

traveling for several months, they came back to Silicon Valley and set 
to work making their new home more intelligent. Energy efficiency was 
important to Fadell, so he went looking for a smart thermostat. That’s 
when he found his next venture. Later that year, Fadell founded Nest 
Labs – a home automation company whose first product would be a 
thermostat.

“I realized there was a problem there that no one else was focusing 
on,” he said. 

Lots of programmable thermostats existed, but they required, well 
– programming, and then reprogramming as the seasons changed or 
your schedule did. What if a thermostat could learn your preferred 
temperature? What if it could gather data to help you set and meet energy 
efficiency goals? What if you could control it with your smartphone? 

Fadell’s wife thought he was crazy. Who would buy a $250 thermostat?
He felt those uncomfortable butterflies that tell him he’s onto 

something. The thermostat would be his entry into the connected home 
future that could automate and improve our living spaces. He trusted his 
gut, and he braced for the future. 

“When is it the most fun at the amusement park?” he quipped.  
“On the scariest ride, cause if it ain’t scary it’s not fun.” 

Step one would be to talk to some experts, he figured. 
“Someone’s gotta know thermostats really well,” he reasoned.  

“Turns out all the expertise was gone. There were no experts. They were 
all retired.” 

So he and his team had to teach themselves. That can be common in a 
new domain, he cautioned. 

After months of development, the company released its spartan disk 
whose aesthetic once again belied its sophistication. The first thermostat 
powered by machine learning, it was designed to conserve energy by 
learning users’ schedules and temperature preferences, and detecting when 
a house was empty. It could be controlled remotely, and it kept users 
informed of how much energy they were saving. 

Google acquired Nest in 2014 and the company now employs more 
than 1,000 people. A 2016 study by IoT Analytics found that the global 
smart thermostat market grew by 123 percent in 2015, and in the U.S. 
Nest was one of two dominating companies. (Fadell stepped down last 
year as CEO.)

05./ MARKET, AND WAIT.
Fadell’s work has shifted entire industries. The iPod enabled a music 
market that was mutually beneficial to consumers, artists and record 
labels. And it led to the iPhone, which grew up to be that “life support” 
device Fadell cut his career on. 

Ten iPhone generations later, more than half of all internet traffic 
comes from mobile devices. More than 2 billion people in the world 
have smartphones. That growth has spawned new industries and new 
ways of communicating. On the industry side, there’s the app store and 
everything in it. Go a step farther and think about the industries within 
the apps, like Uber. 

On the communications side, this is about more than making it 
easier to pick someone up at the airport. Smartphones and the citizen 
journalism they enable have been found to be key in disseminating 
information about rapidly unfolding events. That’s the role they 
played in the Middle Eastern uprisings that became known as the 
Arab Spring, according to a 2012 U.S. Institute for Peace report. 
Protesters used their smartphones to tweet updates to the world. All 
this attention may have led to increased international pressure and 
helped to solidify regime change.

Now Nest is on the cutting edge of the burgeoning Internet of 
Things, a network that will connect the physical world with the virtual to 
continue down the path of logistical life support. 

These successes are built on more than great, problem-solving products 
made by resilient, loyal teams. A Michigan Engineering student asked 
Fadell whether he preferred building things or marketing them. 

“They’re fundamentally the same,” Fadell answered. “If you don’t 
know how you’re going to market what you’re building, then you don’t 
know what you’re building because you don’t know what it’s for. 

“Most people create the press release right before they ship it. One 
thing I learned from Steve was you make it at the start of the project.  
And the executive has to know the product upside-down. You live it.  
You breathe it. You see people’s eyes light up while you’re building it.  
You know it resonates.” 

Once the product hits the market, and even beyond, you need to 
have patience. The iPod took two years to catch on. Now it’s essentially 
defunct, cannibalized by the iPhone. The iPhone’s arc is still rising. 

Fadell knows his work has made a difference in the world, but he also 
says he’s not done. 

“It’s success when you’ve created a culture that lives past you,”  
he said. “A legacy.”
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Materials science was a major 
opportunity for U-M alumnus 
Walden (Wally) Rhines and his 
family. Now, he hopes to extend 
the same benefit to some of today’s 
students by endowing the Frederick 
N. Rhines Fellowship Fund. Every 
year, one graduate student in the 
Materials Science and Engineering 
Department will receive funding 
from the new fellowship. 

 Rhines (BSE Met.E. ’68) still 
remembers the day in 1958 when 
his father, Frederick Rhines, 
then a renowned materials science 
professor at Carnegie Institute of 
Technology (now Carnegie Mellon 
University), moved the family from 
Pittsburgh to the then-tiny town of 
Gainesville, Florida. He aimed to 
start a materials science program at 
the University of Florida.

 “It was a big risk,” Wally 
explains. “Carnegie was the metals 
capital of the world at that time and 
my father had an endowed profes-
sorship. And it wasn’t at all obvious 
what the University of Florida 
would become.”

 But Frederick Rhines (BSE 
ChE ’29) saw it clearly. Sputnik 
had gone into orbit just two years 
earlier, launching the Space Race 
and laying the groundwork for 
Florida to become a hub of space 
research. Frederick’s newly founded 
materials science department was 
there to provide the materials that 
helped make it happen. And today, 
the University of Florida’s materials 
science department is the largest in 
the nation.

 Wally Rhines parlayed his 
materials science degree into a career 
in computer science. His research 
formed the foundation for the 
technology that made LED lighting 
possible and he also helped develop 
the Speak & Spell, the groundbreak-
ing educational tool that pushed 

electronic speech technology into 
the mainstream.

 Rhines says his materials science 
degree was key to launching his 
career; it propelled him to head of 
Texas Instruments’ semiconductor 
business in the 1990s. In fact, all 
three of the largest semiconductor 
companies at that time were led by 
materials science PhD engineers.

 “In the early days of semicon-
ductors, many of the key problems 
revolved around things like how 
to produce high-quality silicon,” 
he said. “My father used to tell me 
that if you’re not sure what’s going 
to be exciting over the next 50 
years, materials science is a good bet 
because it’s foundational to all areas 
of engineering.”

 That philosophy proved valuable 
to Wally, who today is the CEO of 
Mentor Graphics, a company that 
provides software and other digital 
technology to automotive suppliers 
and others.

 Now, Wally and his wife, 
Paula Rhines, are working to help 
students explore materials science by 
endowing the Frederick N. Rhines 
Fellowship Fund in honor of Wally’s 
father. Wally hopes it will open 
doors for other students in the same 
way U-M opened doors for him.

 “Michigan was a big univer-
sity before big universities were 
common, and it just had a wealth 
of great faculty. And they had a very 
diverse campus, which was also a 
plus. I’m pleased that my wife and I 
can express our gratitude by funding 
some of the education of future 
students.”

 The Rhines’ gift benefited from 
the Bicentennial Opportunity 
Matching initiative, in which the 
university matches 50 percent of 
donor-endowed gifts for student 
support over $50,000 as part of 
U-M’s bicentennial celebration.

For alumnus John Tishman, 
the family business has a long 
history. Tishman Construction 
dates back to 1898 when his 
grandfather, Julius Tishman, 
purchased the tenement building 
where he lived. Under John L. 
Tishman’s management, the 
company erected the world’s 
first three buildings of 100 or 
more stories – the John Hancock 
Center in Chicago and the World 
Trade Center’s twin towers – as 
well as other national icons such 
as Madison Square Gardens and 
Disney’s Epcot Center.

 Committed to arming the 
next generation of construction 
managers with the cross-
disciplinary expertise that they 
would need to see great buildings 
of the 21st century through from 
blueprint to completion, Tishman 

(BSE EE ’46, D. Eng Hon. ’00) 
endowed U-M’s construction 
management program at 
Michigan Engineering in 2011. 
In addition to strengthening 
connections with related 
schools and departments, such 
as architecture and electrical 
engineering, the endowment 
established the U-M Construction 
Industry Alliance Program.
In honor of John L. Tishman’s 
legacy, Dan and Sheryl Tishman 
have provided a gift that will 
expand the scope and impact of 
the construction management 
program. Their gift will create 
a new professorship focused on 
construction management and 
sustainability. It will also provide 
scholarships for students and 
discretionary support for the 
construction management program.

“John was so enthusiastic about 
his founding and involvement in the 
construction management program. 
He looked forward to coming to 
campus each year to meet with the 
professors and students and share 
his wealth of experience. Sheryl and 
I are so happy that we are able to 
secure the future of this program in 
John’s name,” said Dan Tishman, 
John Tishman’s son.
 “We are thrilled by the Tishman gift 

to support our top-notch faculty, 
facilities and growing emphasis 
in sustainability education,” 
said Kim Hayes, the Arthur J. 
Decker Collegiate Professor and 
Donald Malloure Department 
Chair of civil and environmental 
engineering. “The impact of the gift 
on the construction engineering and 
management program will be felt for 
many years to come.”

“When molten metal is being poured, some 
people back away,” explains Chip Keough, a 
U-M alum and founder of Ann Arbor metal 
design and foundry space JoyWorks. “Others 
lean forward. I look for the ones who lean 
forward.”

 Needless to say, Keough (BSE ME ’77, BSE 
MatE ’77) himself is in the latter category. The 
centuries-old art of casting molten metal into 
usable objects is not just his job but his passion. 
Today, he’s working to inspire the same passion 
in Michigan Engineering students; a gift from 

the Keough Family Foundation will fund the 
construction of a new metal casting facility in 
the Van Vlack Undergraduate Laboratory.

 Keough traces his love for metal casting back 
to his undergrad days in the 1970s when U-M 
professor Richard Flinn hired him as a foundry 
technician in the old East Engineering building 
on Central Campus.  The job changed his life 
forever. After graduating, he founded heat treat-
ing company Applied Technologies and served as 
CEO until 2016, when he founded JoyWorks. 
To see a video of Keough pouring metal at Joy-

Works, scan this page with the Decoder in the 
One Cool Thing app (see p. 10 for details).

Today, Keough is an adjunct professor in 
the U-M Materials Science and Engineering 
department. He’s also a Key Professor with the 
Foundry Educational Foundation – just as Rich-
ard Flynn was in his day.

 The way Keough sees it, he owes his success 
to his days back in East Engineering. Now, 
students will have the opportunities he did, 
exploring metal casting right on North Campus. 
Undoubtedly, some of them will lean forward.

SECOND-GENERATION  
MSE GRAD ENDOWS  
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Students can benefit greatly from the 
experiences of alumni. We asked two 
recent graduates to tell us more about 
why they choose to invest their time 
in this way.

Katherine Avery (PhD ME ’11), a research scientist at Ford 
Motor Company, mentors graduate students and recent 
graduates looking for insights on how to think about their 
careers. “I strongly identify with them. It makes a difference 
to say ‘I believe in you, I care about you, let me help you with 
your unique situations. This is how I found a path forward; 
this is where the struggles were for me; there’s a way 
forward for you, too.” 

“I feel some sense of responsibility for making sure the 
world is a fair place.” As a woman in engineering, Avery has 
found that there are so many people who face really similar 
challenges. “They feel like they don’t belong. I like to go to 
the people who are just starting out. I want to normalize a lot 
of the feelings about who they are and what they’re feeling.” 

Sam Haberl (BSE ECE ‘13) comes back to campus several 
times a year to review student designs at the Wilson Center. 
As co-founder of Hybrid Racing when he was a student, 
Haberl believes that many learning opportunities are not 
found in the classroom. He advises students teams both 
professionally and on how to deal with technical challenges. 
“It feels like family.” 

Haberl, who is a systems engineer in autonomous driving at 
General Motors, says his dad set the example for him. “He’s 
always someone giving back,” he said. “He taught me that 
whether it’s spending time or donating money – if you’re 
given a lot in life, you need to give back a lot in life. You need 
to use your talents to help others.”

Would you like to volunteer?  
Visit http://bit.ly/CoEVolunteering to sign up.
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get them in a room, you can fall short of the 
potential they can have.”

Michigan Engineering cultivates its 
strength in collaboration because this is the 
only way to address the complex problems that 
face the world: systems-level problems that 
no single expert can understand completely. 
Solutions can only be found when people 
come together. 

But it’s not enough to get the right people 
in the room. Different terminologies, ways 
of thinking and ways of working must be 
reconciled. Planning and communication 
are required to explore the problem, devise 
approaches, test solutions and prepare those 
solutions for implementation. Michigan is 
developing and iterating on frameworks that 
facilitate talented groups as they take on grand 
challenges.

One aspect leads to another. if the right 
people converge at Michigan, then hubs for 

VICTORS FOR ENGINEERING TEAMING UP
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Before Kevin Fu decided to come to Michigan 
Engineering, the rising star in medical device 
security already had a distinct impression of 
how collaboration happens here.

“Michigan has an excellent reputation in 
engineering, but my earliest interactions were 
with the U-M Medical School,” the associate 
professor of computer science engineering 
said. “I was pleasantly surprised when they 
reached out to me. Michigan was really 
breaking through silos.”

On that first project, Fu worked with 
Thomas Crawford, a physician at the Medical 
School, on a program to sterilize and reuse 
pacemakers in developing countries. The 
collaboration demonstrated two strengths of 
the University of Michigan: the high-level 
expertise across many disciplines, and those 
experts’ interest in working together. Instead of 
starting with a specific approach, Fu says, U-M 
researchers often start with a problem they are 

passionate about, and then work together to 
find a novel solution.

“It’s all about the people,” he said.
For U-M, Fu is the right kind of 

person. The activity he drives both within 
and outside the university underscores 
why it’s vital to attract and retain the best 
faculty and students. The internationally 
recognized expert in medical device security 
examines how devices such as pacemakers 
and insulin pumps could be affected by 
hackers or malware. As more and more 
devices become vulnerable, Fu’s expertise 
is increasingly in demand by the media 
as well as Congress. He is co-founder of 
a healthcare cybersecurity startup in Ann 
Arbor, in addition to directing two entities 
at Michigan Engineering: The Archimedes 
Center for Medical Device Security, which 
provides resources to industry experts for 
implementing cybersecurity; and the Security 

and Privacy Research Group at U-M, which 
involves a diverse team of researchers working 
broadly on trustworthy computing.

Bringing in the best and brightest is 
central to the vision of Alec D. Gallimore, the 
Robert J. Vlasic Dean of Engineering. Under 
Gallimore, Michigan Engineering will pursue 
preeminence by investing in people who will 
blaze trails and forge new partnerships, giving 
them the resources and latitude that they need 
to succeed. 

“We focus on collaborative processes 
because, for the kind of complex and wicked 
problems we want to address, it depends on a 
group of socially conscious and intellectually 
engaged people coming together,” said 
Gallimore, who is also the Richard F. and 
Eleanor A. Towner Professor of Engineering 
and an Arthur F. Thurnau Professor of 
aerospace engineering. “But it must be done in 
a way that is structured for success. If you just 

Kevin Fu discusses a research project on North Campus. One area that the associate professor of electrical engineering and computer 

science studies is how sensors deeply embedded inside medical devices can be protected from malicious interference. 

Members of Fu’s Security 

and Privacy Research 

Group (SPQR) test the 

security and privacy of 

a pacemaker inside an 

artificial cadaver. 
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ATTRACTING THE BEST   

“IT’S ALL ABOUT 
THE PEOPLE”

DONATION OPTIONS 
There are several ways your donation can help make sure Michigan Engineering has 
the right people. The Faculty Support Fund is a direct way to impact professors. The 
Scholarships Fund of the Michigan Engineering Fund (MEF) provides support to students. 
And the MEF is an excellent way to benefit Michigan Engineering in a range of ways, 
including through scholarships, student projects, research and lab upgrades.  
Make your selection on the enclosed envelope, use the Decoder in the One Cool Thing 
app (see p.10) or visit engin.umich.edu/college/giving for more information.

disruptive technologies will emerge. Michigan 
Engineering will attract the support needed to 
provide world-class facilities. We can promote 
and reward a culture of calculated and 
groundbreaking risk-taking. We can develop 
faculty as national leaders and prepare students 
to do the same in their careers.  

You, our alumni, are part of that future. We 
owe much of our success to our graduates. You 
leverage the education you received here to 
develop solutions for the world’s most pressing 

problems, and you are steadfast supporters.  
The University of Michigan has a long 

tradition of attracting the leaders and best. In 
the 200 years since its founding, these people 
made its brightest moments possible, from de-
veloping the polio vaccine to sending machines 
to explore Mars. As science and technology 
become critical to solving global problems, the 
role that Michigan Engineering has to play is 
expanding. Grow with us.
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DRESS TO ASSESS
Pictured here with their surveying equipment is the entire 
Michigan Engineering graduating class of 1871. Devolson 
Wood was the only full-time engineering professor at that 
time, and surveying classes were held in the old University 
Hall’s former dorm rooms, which were heated by wood-
burning stoves. Prof. Wood had lobbied the University 
Regents to no avail to create a separate department to 
accommodate growing demand for engineering. When he 
resigned in 1872 he was succeeded by the teaching trio of 
Ezra Greene, James Davis and Charles Denison. In 1874 
Professor Davis established the nation’s first surveying 
fieldwork camp at Whitmore Lake, Michigan. By 1895 – when 
more than 50 engineering students graduated – a separate 
Engineering Department was finally and officially established.
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IN TENTS ENGINEERING BICENTENNIAL

Michigan Engineering professor Joseph B. Davis founded the camp 
in 1874 near Whitmore Lake, Mich., as a field camp where civil 
engineering faculty and students could teach and learn surveying. 
In the 1880s, what would eventually become Camp Davis was a 
roaming supply of tents and equipment that traveled in the back of a 
horse-drawn wagon to lakes and lands throughout southern Michigan 
including Simpson Lake (1887), Clear Lake (1897) and others. 

Professor Davis managed the camp for nearly 40 years – until 1912, 
when Professor Clarence T. Johnson replaced Davis as camp director. 
Four years later, U-M officially recognized the camp’s founder, naming 
it “Davis Engineering Camp.” Since then, it has been affectionately 
known as Camp Davis.

Camp Director Johnson would soon seek solace from Michigan’s 
weather and bugs, touring the country for grander climes until he 
became enthralled by the beauty of an abandoned homestead ranch in 
western Wyoming, in the Hoback Valley where the Snake and Hoback 
rivers meet. Situated within the Bridger Teton National Forest, this 
little ranch was naturally shielded from excessive winds. It was a 
heavenly place – a singular spot where one could not only see Cream 
Puff Peak from the cabins but also smell the unforgettable scent of sage 
from the forest. 

In August 1928, Johnson, who was from Wyoming (and formerly 
the state’s engineer), met with Wyoming governor Frank C. Emerson, 
state engineer John A. Whiting (both Michigan Engineering graduates) 
and three other Michigan Engineering professors. They all decided that 
this spread of 120 breathtaking acres, just 30 miles south of Jackson, 
Wyo., was it. 

A SEARCH FOR SOLACE

THE LEADERSHIP & LEGACY OF 
MICHIGAN ENGINEERING

The University of Michigan 
Bicentennial celebration 

will continue through 2017 
with four separate multi-

day festivals. The first one 
occurred in early April, and 

the next one will be held 
during the Ann Arbor 

Summer Festival in the last 
week of June. And through it 
all, Michigan Engineering will 
be adding to its collection of  
Bicentennial Project website 

stories that draw meaning 
from our illustrious past 

and look to our bright 
future. Read them at 

bicentennial.engin.umich.edu

Rows of cabins (“three deep and ten long”) dot the tight 
valley known as Hoback Canyon, where the Snake and 
Hoback rivers meet, approximately 30 miles south of 
Jackson, Wyo. Since 1928, these breathtaking 120 acres 
have been the site of the University of Michigan’s Camp 
Davis. Photo courtesy Camp Davis.

ALWAYS INNOVATING. FOREVER VALIANT.

Mortimer Elwyn Cooley – sometimes referred to as “The 
Grand Old Man of the College of Engineering” – was 
Michigan Engineering’s second dean and by far its longest-
tenured. A beloved teacher and mentor, Cooley had a 
profound impact on Michigan Engineering for more than 
40 years. He was as instrumental to its early growth and 
prominence as anyone.

Though clearly a foundational leader and serious educator 
and scholar, Cooley also was a bit of an eccentric, with 
numerous outside interests. Scan this page with the Decoder in 
the One Cool Thing app to learn the Top Twenty Things Every 
Michigan Engineer Needs To Know About Mortimer Elwyn 
Cooley (see p. 10 for details).

A MUSTACHE

MORE THAN

THE NATION’S 
PIONEERING 
SURVEYING CAMP

    CIVIL & ENVIRONMENTAL 1870s

After serving for many years as a retreat where students could 
obtain hands-on experience in land surveying, the camp was 
transferred in 1965 to the Department of Geological Sciences 
– now known as the Department of Earth & Environmental 
Science. Today, Camp Davis continues to provide once-in-a-
lifetime experiences for Michigan geology students. It’s also a 
prime destination for U-M alumni retreats.

STILL A RETREAT
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When it opened in the late 1800s, Camp Davis was the first  
surveyor’s training site of its kind. Today, it’s a place where civil  
engineering and geology students gladly give up their screen time to 
enjoy nature’s wonders. Located in Jackson, Wyo., it’s considered one 
of the most breathtaking places in the world.

Camp Davis has always been a place of solitude and seeing, of 
learning through doing. And it has a long and loving history in more 
ways than one.

“Twenty-seven couples met and married here,” says Camp 
Davis’s current coordinator/manager Chris Malvica.

SPRING 2017       g       engin.umich.edu



FROM HERE TO 
THE LASER

Like mullets and cassette tapes, most computer software from the 1980s 
is long-gone today. But back in 1988, a young Michigan Engineering 
PhD student quietly created a program that endures to this day. It would 
turn countless industries on their heads: marketing, advertising, publish-
ing and, of course, photography. It would completely change how we see 
the world. It also would create a brand-new verb: to Photoshop.

The PhD student was Thomas Knoll (BS EP ‘82, MSE CICE ‘84), 
son of Nuclear Engineering department former chair and alumnus Glenn 
Knoll. Thomas wanted to make factory robots work better; he was writ-
ing computer algorithms to enable robots to recognize the edges of an 
object so they could more readily grab them. 

One algorithm, called the Sobel Edge Technique, was the genesis of  
Photoshop, and is still in the software today – in the “Find Edge” filter.  
But it wasn’t until Thomas’ brother John got involved that Photoshop 
began to take shape.

Working in 
California at special 
effects giant Industrial 
Light & Magic, John 
was frustrated with the 
difficulty of displaying 
graphics on his new 
Macintosh computer. 
So he asked Thomas to 
write a few basic image 
display tools. Back in 
Ann Arbor, Thomas 
was slogging through 
his lengthy PhD 
dissertation, and the 
project was a welcome 
distraction from the 
drudgery of writing.

Soon, John asked if Thomas could bundle the tools he’d created into 
a single application. He did, and called it “Display.” It was then that the 
brothers realized they were onto something.

To read more about the Knoll brothers’ path to commercializing what 
became known as Photoshop – and for a recent interview with Thomas 
about those early days – scan this page with the Decoder in the One Cool 
Thing app (see p. 10 for details).

GO PANTONE 282C! BICENTENNIAL

ALWAYS INNOVATING. FOREVER VALIANT.

 bicentennial.engin.umich.edu

As an online multimedia story 
collection, the Michigan Engineering 

Bicentennial Website Project is 
intended to bring past events, 

achievements and circumstances 
back to vivid life for the examination, 

education and entertainment of 
past, current and future students, 

faculty, alumni, staff and other 
friends of Michigan Engineering.

Michigan Engineering will be 
adding at least one new story to its 
Bicentennial website every week 
through 2017, so please visit the 

site often – or sign up to receive the 
e-newsletter at  

bicentennial.engin.umich.edu. 
You can also scan this page with 

the Decoder in the One Cool 
Thing app to visit the site right 

now (see p. 10 for details).
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THE WORLD GETS 
PHOTOSHOPPED

    COMPUTER SCIENCE    1980s

Thomas Knoll, 2012.

    NUCLEAR ENERGY & 

   RADIOLOGICAL SCIENCES 1950s

In 1955, the U.S. had built its first nuclear-powered submarine. Legos 
and Velcro were changing American lives. And at the Willow Run 
Laboratory, U-M research physicist Chihiro Kikuchi was working to 
develop a solid-state maser, a device that amplifies microwave radiation.

Kikuchi was developing the device as part of Project Michigan, an 
army surveillance technology initiative that studied tiny amounts of 
radiation created by the Earth. The maser, they believed, could amplify 
these signals, making them easier to study.

Other researchers had tried using crystals as amplifiers, but their 
devices couldn’t amplify radiation at the short wavelengths needed for the 
project. Kikuchi was inspired to try a different approach when he realized 
that synthetic rubies were simply chromium-doped aluminum oxide, 
and thus very easy to come by. He borrowed one from the mineralogy 
department, and after hitting a calculation snag in determining the 
magnetic field and the crystal’s axis, Kikuchi used a different angle that 
simplified the equations and eased the analysis.

It worked. Kikuchi and three other Project Michigan scientists 
debuted their ruby maser on December 20, 1957 and effectively made all 
other masers obsolete. The ruby – and some math wizardry – had made 
it cheaper and easier to use than any other option. And those short-
wavelength microwaves are still used today for cell phones and wi-fi.

threatened arrest, “‘False arrest!’ ‘You have no 
jurisdiction!’ and ‘Where are your warrants?’ 
bellowed forth in true courtroom style.”

The motors were finally silenced – and the 
police “left for more pleasant pursuits – [such] 
as capturing murderers.” 

NO RAMSHACKLE, NO RUCKUS
So what was such a ramshackle structure doing 
in the middle of the Diag, anyway? 
During WWI, temporary facilities were 
needed to teach thousands of enlisted men 
how to repair engines. After the war the lab 
was shoved into that hastily constructed shed 
to make space for the new Physics Building. 
Notwithstanding the shed’s obvious nuisance 
value, as the 1934 raid amply demonstrated, 
it was nonetheless rebuilt in 1937 after a fire 
destroyed its southern half. 

The lab was deployed again during WWII, 
but finally replaced in 1956 by the new North 
Campus automotive lab. In 1974, the facility 
was renamed in honor of Walter E. Lay – the 
Michigan Engineering instructor (and soon to 
become icon) who had been telephoned the 
first night of the ruckus.

REVVED UP
An “old rivalry between engineers and lawyers 
broke out again last night,” reported the 
student-run Michigan Daily in its coverage of 
a fracas that erupted near the Diag in the early 
morning hours of January 12, 1934.

The cause of the ruckus involved an 
experiment that required the running of six 
1934 Chevrolet motors, around the clock, 
at 2,500 RPM. At that time the Automotive 
Mechanics Laboratory – a rather crudely 
constructed wooden lean-to built off the back 
of the old Engineering Shops – was situated just 
across South University from the Law School. 

NOT A PAJAMA PARTY
The experiment’s persistent racket caused a 
rush of as many as 75 law students, “some of 
them in pajamas and other inappropriate garb,” 
demanding that graduate student J.D. Dieteker 
shut down the test. Dieteker refused, for lack 
of authority, but when he reached Michigan 
Engineering Professor Walter E. Lay by phone, 
he was instructed to comply.

Later, according to the Daily, “the motors 
began again, and this time the attackers were in 
earnest.” The law student mob was locked out 
of the building, “but might triumphed and the 
door was torn from the hinges.” When police 

    MECHANICAL 1930s

Automotive Mechanics Laboratory, adjacent to Engineering Shops, circa late 1910s.
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ALUMNI NOTES

AN ACADEMIC ACROBAT

Plenty of kids dream about running away and joining the circus. But 
Michigan Engineer Chris Gatti (BSE ME ’05, MSE BME ’07) has 
made it happen. The 35-year-old performer, who describes himself as “an 
academic by training but an acrobat at heart,” joined Cirque du Soleil in 
2014, swinging and leaping his way across South America in a travelling 
show called Corteo.

 While a move from engineering to acrobatics might seem like a 
stretch, gymnastics has always been Chris’ first love. He first went to the 
gym at age four and has never looked back.

 “Gymnastics was a safe place for me. It was where I always wanted 
to be and where I belonged,” he said. “It was what I thought about 
all day in school and I didn’t want to be anywhere else on a Friday or 
Saturday night.”

Chris competed with the U-M gymnastics team during his time as 
an undergrad, but left competitive gymnastics after graduation to focus 
on engineering. He trained in his spare time during a stint as a research-
er in the U-M Orthopaedic Research Laboratories. He coached youth 
gymnastics and also found time to earn a PhD in industrial and systems 
engineering from Rensselaer Polytechnic Institute. 

But the itch to perform never left him, and in 2014 he sent a demo 
video to Cirque du Soleil. It didn’t take long for his phone to ring (to 
watch Chris’ demo tape, scan this page with the Decoder in the One 
Cool Thing app - see p. 10 for details). Two weeks after defending his 
PhD thesis, Chris was in Montreal training for Corteo. He toured with 
the show for 16 months.

Chris is still with Cirque du Soleil, working as a head coach and 
trainer. Right now, he’s gearing up for Volta, a new show that will open in 
Montreal this May before touring North America

Being a circus coach demands a grueling schedule – most days he’s 
on the job from 9 a.m. until 10 p.m., not to mention the time he spends 
training in the gym. But even with his hectic work schedule, Chris makes 

time for mental gymnastics as well. Computer science is a major focus for 
him at the moment.

 “For me, programming is like a sandbox where I can just play and 
learn and pick things up,” he said. “It’s what I do as a break on weekends, 
I like to sit down and program and see what I can come up with. It’s not 
necessarily work, it’s just fun.”

At the moment, he’s working on an algorithm-based tool to schedule 
circus artists into acrobatic sequences based on their availability, capabil-
ities and medical limitations. Chris sees acrobatics and academics as two 
sides of the same coin.

 “I see research as playful because you can be very creative,” he said. 
“You have these problems thrown at you and there isn’t just one way to 
solve them, you can go off in one direction and that’s fine as long as you 
get a solution. So that creativity is a little like playing in the gym.”
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ALUMNI NOTES

Aisha Bowe knows how important it is for young people to have positive mentors. 
Growing up, she was inspired by her father, who earned his degree in electrical 
engineering at age 40. After graduation, she became a NASA mission engineer and 
aerospace engineer.

Today, Bowe (BSE AeroE ’08, MSE ’09) has channeled that inspiration into 
STEMBoard, a technology company that she co-founded in 2013. STEMBoard’s 
goal is to help historically underrepresented youth play a role in designing 
tomorrow’s technologies.

STEMBoard is collaborating with historically black colleges and universities to 
host STEM camps across the United States. It has also created HackIT, a week-long 
camp that combines technology with entrepreneurship to provide students in the 
Caribbean with a mini-incubator for launching new ideas. 

Bowe’s advice for underrepresented minority students interested in STEM  
careers is to take a fresh look at their experiences and background. What they see  
as hardships may actually put them at an advantage.

“Some students may feel that they don’t have access to the same resources and 
connections as their peers,” she said. “But that can be a good thing because it gives 
them a unique perspective. Today’s challenges need a variety of perspectives to find 
answers. My mantra is ‘never let others define what is possible for you.’”
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GROWING STEM 

MAKING LEARNING ADDICTIVE  
Professor Ping Cheng “Benson” Yeh’s awakening came the day he caught students 
sleeping in his class. Determined to keep students engaged, Yeh (PhD EECS ’05), an 
electrical engineering professor at National Taiwan University, developed a platform called 
PaGamO. It gives instructors the digital infrastructure to turn almost any course into a 
multiplayer online game.

A territory acquisition game similar to Risk, PaGamO requires students to answer 
questions from a problem set uploaded by their instructor. Correct answers help them 
build their territory or successfully attack other players. 

Yeh, who earned U-M’s Outstanding GSI Award in 2003, says his years at Michigan 
sparked a passion for finding ways to help students learn.

He launched PaGamO in 2013 as part of a Massive Open Online Course (MOOC); 
it now has more than 350,000 users worldwide, according to its website. Its features 
have been expanded to meet the needs of K-12 students and align with U.S. Common 
Core standards. The platform took the top award at the University of Pennsylvania 
Wharton School’s 2014 Re-Imagine Education awards, which bills itself as the Oscars of 
higher education innovation. In 2016, Yeh became the first academic to receive Taiwan’s 
Presidential Award for Innovation.

“We really get our students addicted to learning,” Yeh said in a video after the platform’s 
launch. “That’s the dream of every teacher and we’re doing it...I believe MOOC and 
PaGamO are going to create the next paradigm shift for online education.”

Have a story for consideration in the next issue’s Alumni Notes? Scan this page with the Decoder in the One Cool Thing app to share your submission  
(see page 10 for details). You can also email us at MichiganEngineer@umich.edu.
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�57 Walter S. Chmielewski 9/1/16
�57 Stephen E. Gabrielse 9/19/16
�57 Charles E. Kolb 10/27/16
�57 Bernard L. Ungrodt 11/3/16
�58 Lynn A. Martin 4/9/16
�58 Lawrence A. Monicatti 8/18/16
�58 Robert T. Darcy 8/20/16
�58 Marcel L. Salive 9/30/16
�58 David G. Marckini 10/31/16
�58 David H. Ward 1/18/17
�59 Harold E. Gascoigne 7/21/16
�59 James M. Dahl 8/26/16
�59 Herbert Arkin 11/11/16
�59 Roger J. Frock 12/30/16

1960s 
�60 Gerald G. Todd 1/20/16
�60 Maurice E. Witteveen 1/25/16
�60 William R. Jenney 8/15/16
�60 Alfred J. Martin 11/6/16
�61 John C. Dawson 4/16/16
�61 John R. Wilson 8/10/16
�61 Robert B. Fuller 8/19/16
�61 Calvin K. Wang 11/15/16
�61 William S. Hubble 11/23/16
�61 John D. McLaurin 1/17/17
�62 Philip E. Beeton 8/13/16
�62 Milton R. Walters 12/1/16
�63 Ira W. Kay 8/7/16
�63 John W. McBeath 8/25/16
�63 Eugene W. Kelley 9/1/16
�63 Jeffrey W. Carter 9/27/16
�63 Ralph S. Shoberg 10/5/16

�63 Wayne G. Collard 10/12/16
�63 George P. Vance 12/28/16
�64 Clyde O. Persons 3/20/16
�64 John H. Blight 8/2/16
�64 Paul F. Semmler 8/3/16
�64 Thomas R. Cummings 9/17/16
�64 Donald R. VanderMolen 9/28/16
�64 Dennis E. Wrubel 10/8/16
�64 Thomas E. Guldberg 10/14/16
�64 Peter Glockner 11/5/16
�64 John W. Puffer 11/25/16
�65 David K. Jefferson 1/27/16
�65 Alvin B. Coulter 8/1/16
�65 Vilis Auns 8/6/16
�65 Kenneth Volkers 9/22/16
�65 Bernard O. Black 10/19/16
�65 Alfred R. Briere 10/22/16
�66 Ted Trimble 1/4/16
�66 Anthony R. Gross 9/14/16
�66 Robert E. Kramek 10/20/16
�66 Allen R. Schaedel 1/10/17
�67 James E. Weston 7/29/16
�67 Richard B. Sheldon 8/16/16
�67 Richard L. Bunker 11/16/16
�67 Raymond F. Winter 1/18/17
�68 Ajit Singh 8/19/16
�68 Ben F. Johnson 12/28/16
�69 John C. Mahank 1/11/16
�69 Robert S. Walker 1/13/16

1970s
�70 Jorge M. Mescua 10/1/16
�71 Michael F. Shields 1/21/16
�71 Duane J. Powell 10/7/16
�71 David H. Hulett 11/2/16
�72 Gerard A. Desjardins 8/8/16
�73 Larry B. Fackler 10/19/16
�74 George W. Ford 10/17/16
�75 David D. Goodman 7/7/16
�77 Steven C. Dupay 11/20/16
�77 Mark A. McDowell 1/17/17
�78 Karen A. McKeachie 8/26/16
�78 Karl W. Overberg 10/2/16
�79 Michael Goodman 1/17/17

1980s
�81 Kevin D. Bemis 7/31/16
�84 Kevin P. Gage 5/21/16
�85 Eric B. Foote 1/27/16
�85 Colin S. Bidwell 7/4/16
�87 M. Erol Ulucakli 1/20/16

1990s
�90 Dennis P. Thornton 11/7/16
�91 Gary S. Antcliff 8/28/16
�92 Patrick N. Purcell 1/18/16
�93 Steve M. Curtis 1/18/17

2000s
�07 Elizabeth Perez 10/2/16

2010s
�13 Abhinav Dasari 11/27/16

Faculty
Thomas C. Adamson 10/9/16 
Dale E. Briggs 3/17/16
David Y. Hughes 8/19/16  
C. William Kauffman 5/25/16 
Bruce H. Karnopp 01/01/17
Ralph A. Loomis 11/13/16 
John E. Powers 6/10/16 
John G. Young 8/25/15

�47 Marvin M. Okun 10/20/16
�47 Ralph D. Cobb 12/10/16
�48 Eldon E. Kiehler 1/19/16
�48 John J. Mackin 1/27/16
�48 John L. Whitehead 5/25/16
�48 Robert G. Brown 8/19/16
�48 William B. Retallick 9/8/16
�48 Linus E. Carlson 9/9/16
�48 Ali A. Baghai 9/11/16
�48 Douglas D. Swift 9/12/16
�48 Blaine O. Rudolph 9/16/16
�48 Harlan V. Davis 9/30/16
�48 Kenneth T. Marshall 10/1/16
�48 Leonard Budzen 12/17/16
�49 Robert A. Schmidt 2/18/16
�49 Marilee D. Kelly 5/26/16
�49 Alan Astrove 8/2/16
�49 Vernon M. Sells 9/17/16
�49 Fred N. White 10/8/16
�49 Ronald W. Campbell 10/22/16
�49 Hubert E. Elkins 11/12/16
�49 George M. Chute 1/1/17
�49 Donald E. Davis 1/9/17
�49 Manson C. Carpenter 1/17/17

1950s 
�50 Arthur C. Richards 1/9/16
�50 Gordon J. McCarthy 1/10/16
�50 Charles R. Lambert 1/13/16
�50 Herbert D. Allee 8/20/16
�50 Robert P. Erickson 9/8/16
�50 Francis W. Niedenfuhr 9/11/16
�50 George J. Nebel 9/14/16

�50 Andrew Yaroschak 9/14/16
�50 Haralambos Y. Vafiadis 9/29/16
�50 Donald S. Bowman 10/1/16
�50 Thomas A. Webb 12/28/16
�50 George R. King 1/1/17
�50 Ralph R. Bacon 1/5/17
�51 Arthur L. Rousseau 1/20/16
�51 Robert C. McCrystal 7/26/16
�51 Bruno J. Osak 7/28/16
�51 John B. Fyfe 8/7/16
�51 John G. Goense 8/9/16
�51 Monroe D. Macpherson 8/19/16
�51 Robert A. Schmidt 8/22/16
�51 Louis A. Godkin 9/25/16
�51 Robert C. Lindquist 11/2/16
�51 Jack D. Bryant 12/20/16
�52 Ti Huang 9/26/16
�52 Glen E. Spade 10/8/16
�53 Herbert Vanwinkelen 1/14/16
�53 Harold V. Green 8/2/16
�53 John A. Edwards 8/23/16
�53 Charles R. Meetsma 11/22/16
�53 Frederick J. Asmus 1/5/17
�54 Robert D. Wilson 9/26/16
�55 Peter C. Bertelson 7/24/16
�55 Harry M. Ferrari 8/3/16
�55 Robert F. Russell 9/21/16
�56 Hsien W. Chang 8/15/16
�56 Leroy F. Ornella 9/1/16
�56 Keith H. Coats 9/13/16
�56 Paul H. Edwards 11/5/16
�57 William H. Loomis 1/7/16
�57 Roger F. Marquardt 1/18/16

IN MEMORIAM

1930s
�38 John J. Kary 12/19/16 1940s 
�40 Harry M. Howell 9/5/16
�40 Harry E. Lyon 10/18/16
�41 Merton M. DeLancey 10/28/16
�41 Harold E. Britton 10/31/16
�42 Richard M. Marsh 1/24/16
�42 John C. Funk 7/5/16
�42 John Boshar 8/7/16
�42 Donald P. Schultze 8/20/16
�43 G. Donald Hollinshead 8/8/16
�43 Norbert J. Szklarz 8/27/16
�43 John L. Rudlaff 9/14/16
�43 Artur Mager 11/22/16
�43 F. Carter Taylor 12/20/16
�43 Robert C. Flink 12/29/16
�43 Richard G. Terwilliger 1/17/17
�44 Richard S. Mayer 6/1/16
�44 A. Bruce Brown 7/20/16
�44 Jack D. Brewer 8/14/16
�44 C.M. Dotterrer 9/26/16
�44 David A. Groh 10/3/16
�44 Robert E. Miller 10/28/16
�46 John L. Tishman 2/6/16
�46 Ralph E. Linnert 8/15/16
�46 Edward J. Vander Veen 10/10/16
�46 Edward V. Lathrop 10/22/16
�46 Winn L. Taplin 12/3/16
�47 Eugene E. Hildebrandt 1/2/16
�47 John W. Weyers 1/17/16
�47 E. Roger Hotte 10/8/16

IN 
MEMORIAM
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SWEATSHIRTS T-SHIRTS HATS MUGS

INTRODUCING THE ACADEMIC COLLECTION 

No matter where life takes you, you can share your pride for the  College of Engineering through the new 
Academic Collection,  offered exclusively through the M Den website or at their Ann Arbor State St. store.

SHOP NOW: mden.com/engineering-school

Available exclusively at

SHOW  YOUR
SCHOOL PRIDE
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BRAIN HACKS

Back in the 1980s, a U-M research team borrowed this 
machine during the course of an experiment. Can you  
guess what they used it for? 

A. To extinguish an underground fire in a coal mine
B.   To build an instrument for studying subatomic particles
C.   To measure seismic activity near the Earth’s core
D.   To win a demolition derby

MYSTERY MACHINE

Michigan Engineering’s free One Cool Thing app delivers a new idea 
to your smartphone each day–world-changing technologies on some 
days, wacky gadgets on others. Can you guess which thing below is 
NOT an actual invention featured in One Cool Thing?
 
A. A chair that grows its own upholstery
B.  A device that uses two coconut shells to make your bike sound  

like a horse
C.  A smartphone app that translates your dog’s barking into English,  

Spanish or Arabic
D.    A countertop machine that produces a continuous supply of wine

Me gustaría ir a dar un 
paseo, por favor.

COOL THING OR RED HERRING?
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ANSWERS:
MYSTERY MACHINE: Answer B
Between 1979 and 1981, a group of engineers from U-M; the University 
of California, Irvine; Brookhaven National Laboratory; Harvard and the 
University of  Wisconsin built a device to measure the decay of subatomic 
particles called nucleons. It required a six-story high underground cavity, 
which they dug with this device in a salt mine near Mentor, Ohio. Called 
a Dosco machine, it belonged to the Morton Salt Company.
 
Scan this page with the Decoder in the One Cool Thing app to learn 
more about the project and see photos of the underground cavern  
(see p. 10 for details).

COOL THING OR RED HERRING? Answer C 
That’s right—A, B and D are actual inventions. You’ll find them and many 
more in our One Cool Thing app. (see p. 10 for details). 



HUMAN HAND HELPING ROBOT ARM
Matthew Johnson-Roberson reaches into the water to help 
out his robot creation. He is an assistant professor in Naval 
Architecture and Marine Engineering and Computer Science 
and Engineering. Johnson-Roberson is working on a system 
that couples a robotic arm with a stereo camera and cognitive 
abilities – so this is no factory floor bot. Developed with his 
research group, the system will allow the robot to grasp and 
manipulate objects in a variety of open-ended environments – 
like underwater in the ocean. 

 
PHOTO: Joseph Xu

PARTING SHOT



University of Michigan
College of Engineering
1075 Beal Avenue
3214 SI North
Ann Arbor, MI 48109-2112

MADE IN MICHIGAN 

LAUNCHED INTO SPACE

HOW A CONSTELLATION OF SATELLITES WILL 

HELP MICHIGAN ENGINEERS SEE FARTHER 

INTO THE EYE OF THE HURRICANE.
PAGE 32

See CYGNSS in 3-D above the hurricane 
by scanning this page with the Decoder. 
See p. 10 for details.


