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REMINDER! 

F 
amily Weekend is July 22nd through July 24th. Students 

must be checked out by an adult specified on the Family 

Weekend Form between 6-9pm on Friday and must 

return between 2 -5pm on Sunday. Optionally, students can 

be checked out at 6pm on Friday and returned by 9pm that same 

evening or alternatively, 2pm on Sunday, returning by 5pm that 

day. We do not have the staff to accommodate individual sched-

ules. All students MUST be back to campus by 5pm on 

Sunday. If you have any questions, please call our office at (858) 

822-4361 or email: cosmos@ucsd.edu.  

ADMISSIONS PRESENTATION 

T 
his coming Sunday, students and parents will be given the 
opportunity to attend a UCSD Admissions presentation.  

The presentation will be conducted by the Office of Admis-
sions at UCSD. It will begin with basic eligibility requirements for 
applying to UC colleges, followed by the presentation of statistics 
to provide students with a visual of the competitiveness of the ap-
plicant pool.  It will conclude with a Q&A session.  The presenta-

tion will be held this  

Sunday, July 24th from 3 -4pm at Solis 107.  
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REMINDER! 

 

DISCOVERY LECTURE SERIES 

 
Four professors from Cluster 1, 2, 3, 4 and 6 gave an intriguing look into the exciting science and engineering topics that our 
students are working on this summer! The students were captivated to learn about how their friends in other clusters have 
been spending their time. Professor Curt Schurgers from Cluster 1 took us back in time to when computers were first devel-
oped and showed us far they have evolved and how much we rely on com-
puters in our every day lives. Professor Raymond de Callafon showed us 
how students from Cluster 2 use concepts they learn in Physics and math 
and how they apply to large structures that involve sensors and robots. 
Then Professor Lelli Van Den Einde from cluster 4 showed us the im-
portance of studying earthquakes so that we can continue to learn from 
them and build safer structures. Students in her cluster get to build large 
structures and test them on a shake table to test their stability. Finally, Pro-
fessor Robert òSkipó Pomeroy, faculty for both cluster 3 and 6, discussed 
the importance of learning about CO2 and the effects on our environment. 
Cluster 3 learns about the ocean and how we can protect them. Cluster 6 
learns about biodiesel and renewable energy sources. The students learned 
a lot about alternative energy sources, such as algae biofuels, and how eco-
nomics plays a large role in determining the sources of energy people use 
today.  Next week, students will hear from Clusters 5, 7, 8, and 9! 

 Dr. William òBilló McGinnis, distinguished professor of cell and developmen-

tal biology and Dean of the Division of Biological Sciences at UC San Diego,  was 

our second discovery lecturer this summer. Dr. McGinnis is a very accomplished 

scientist. He received a Searle Scholar Award, a Presidential Young Investigator 

Award, and a Dreyfuss Teacher/Scholar Award. Dr. McGinnis was elected to the 

American Academy of Arts and Sciences in 2010.  

 Dr. McGinnis gave a fascinating lecture on how the fruit fly is a model or-

ganism for genetics and development. According to McGinnis, òat a superficial level, fruit flies seem about as 

similar to humans as canoes do to aircraft carriers.ó He argues that his most impressive discovery is finding 

that mammalian Hox genes align with fruit fly Hox genes. Hox genes control embryonic development in fruit 

flies and can act as master switches by turning on and off other genes during embryonic development. The 

implications of his research were huge and many of your students learn about his discoveries in their high 

school classrooms! He also stated that his research has only been made possible due to the technology ad-

vances made in the last 30 years, such as the Recombinant DNA revolution.    

 Before taking questions from the audience, he end-

ed his lecture with his favorite quote: òThere is grandeur 

in this view of lifeé.that from so simple a beginning, end-

less forms most beautiful and most wonderful have been 

and are being, evolvedó - Charles Darwin. Dr. McGinnis 

then took questions from the captive audience, who asked 

about the ethical issues related to his research and where 

he saw the future of the industry taking us. Stay tuned next 

week for our third discovery lecture. 

 

 If you would like to view this years Discovery Lec-

tures, please go to our UCSD COSMOS Youtube 

channel !!.  

òEmbryos and Evolutionó - Dr. William 
McGinnis 

CLUSTER EXPLORATION 

https://youtu.be/-QN99mtCqyo
https://youtu.be/-QN99mtCqyo
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haDΗ ²Ƙƻ ǿƻǳƭŘ ōŜƭƛŜǾŜ ǿŜ ŀǊŜ ŀƭǊŜŀŘȅ ƘŀƭŦǿŀȅ ǘƘǊƻǳƎƘ ǘƘŜ 

ǇǊƻƎǊŀƳΦ ¸ƻǳ ŀǊŜ ƎƻƛƴƎ ǘƻ ƭƻǾŜ ŀƭƭ ǘƘŜ ŜȄŎƛǝƴƎ ǎǘƻǊƛŜǎ ȅƻǳǊ ǎǘǳπ

ŘŜƴǘ ǿƛƭƭ ōŜ ǎƘŀǊƛƴƎ ǿƛǘƘ ȅƻǳ ƛŦ ȅƻǳ ŀǎƪ ǘƘŜ ǊƛƎƘǘ ǉǳŜǎǝƻƴǎΗ .Ŝ 

ǎǳǊŜ ǘƻ ŀǎƪ ŀƴŘ ƭƛǎǘŜƴ ǊŜƎŀǊŘƛƴƎ ǿƘŀǘ ǘƘŜȅ ŀǊŜ ƭŜŀǊƴƛƴƎ ƛƴ ŎƭŀǎǎΣ 

ƛƴ ƭŀōΣ ŀƴŘ ƻƴ ǘƘŜƛǊ ŬŜƭŘ ǘǊƛǇǎΦ !ǎƪ ǘƘŜƳ ǿƘƛŎƘ ǇǊƻƎǊŀƳǎ ǘƘŜȅ 

ǇŀǊǝŎƛǇŀǘŜŘ ƛƴΣ ŀōƻǳǘ ǘƘŜƛǊ ǎǳƛǘŜ ǝƳŜ ŀŎǝǾƛǝŜǎΣ ŀƴŘ ŀƭƭ ǘƘŜ ƴŜǿ 

ǇŜƻǇƭŜ ǘƘŜȅ ƘŀǾŜ ƳŜǘΦ ¢ƘŜǊŜǎŜ ŎƻǳƭŘ ǎƘŀǊŜ ǿƘŀǘ ƛǘ ƛǎ ƭƛƪŜ ǘƻ 

Ǌǳƴ ƛƴ ŜƭƻƴƎŀǘŜŘ ŎƛǊŎƭŜǎΦ !ǊƧǳƴ ŎƻǳƭŘ ǎƘŀǊŜ Ƙƻǿ ōƛƴŀǊȅ ƭƻƻƪǎ 

ƎǊŜŀǘ ƛƴ ǎƪȅ ōƭǳŜΦ Iƻƭƭȅ ŎƻǳƭŘ ǘŜŀŎƘ ŜǾŜǊȅƻƴŜ ŀ ǘƘƛƴƎ ƻǊ ǘǿƻ 

ŀōƻǳǘ ȅƻƎŀΦ tƛƻ ŎƻǳƭŘ ŜȄǇŀƴŘ ǳǇƻƴ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǇǊƛƻǊƛǝπ

Ȋŀǝƻƴ ŀƴŘ Ƙƻǿ ƛŦ ȅƻǳ ƎƛǾŜ ȅƻǳǊǎŜƭŦ ŀ ƭƛǧƭŜ ōƛǘ ƻŦ ǝƳŜ ȅƻǳ Ŏŀƴ 

ōŜ άƛƴŎƭǳǎƛǾŜέ ƻŦ ŀƭƭ ǘƘŜ ǘƘƛƴƎ ȅƻǳ ǿŀƴǘ ǘƻ ŘƻΦ wƻǎŀƭƛƴŘŀ ƳƛƎƘǘ 

ǘŜƭƭ ȅƻǳ ǘƘŀǘ ǿƛǘƘ ŀ ƭƛǧƭŜ ōƛǘ ƻŦ ǇŀǝŜƴŎŜ ǿŀǘŜǊ Ŏŀƴ ŜǾŜƴ ōŜ 

ŦƻǳƴŘ ƛƴ ŀ ǘǊŀǾŜƭƛƴƎ LƴŬƴƛǘȅΦ !ƴŘ b! ммл-ммс ŀƴŘ b! нмл-нмс 

Ƴŀȅ ǎƘŀǊŜ Ƙƻǿ ŎŀǊƴŜ ŀǎŀŘŀ ŦǊƛŜǎ ŀǊŜ ōŜǎǘ ǎŜǊǾŜŘ ǿƘŜƴ ƻƴƭȅ 

ǘǿƻ ŦŜŜǘ ŀƴŘ ŀ ŦŜǿ ƘŀƴŘǎ ŀǊŜ ƛƴǾƻƭǾŜŘΦ  

L ŀƳ ƘŀǇǇȅ ǘƻ ǎƘŀǊŜ ǘƘŀǘ ōŜȅƻƴŘ ǎŀŦŜǘȅΣ ŀŎŀŘŜƳƛŎ ŜȄŎŜƭƭŜƴŎŜΣ 

ŀƴŘ ƘŀǾƛƴƎ ŦǳƴΣ ƻǳǊ ƻǘƘŜǊ Ǝƻŀƭ ƛǎ ǘƻ ǇǊŜǇŀǊŜ ǎǘǳŘŜƴǘǎ ŦƻǊ ƭƛŦŜ 

ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ŎƭŀǎǎǊƻƻƳ ǘȅǇƛŎŀƭ ƻŦ ŀ ŎƻƭƭŜƎŜ ŜƴǾƛǊƻƴƳŜƴǘΦ 

{ƻƳŜ ȅŜŀǊǎ ǿŜ ƘŀǾŜ ƘŀŘ ŘƛŶŎǳƭǘȅ ƎŜǩƴƎ ǎǘǳŘŜƴǘ ǘƻ Ǉǳǘ Řƻǿƴ 

ǘƘŜ ŜƭŜŎǘǊƻƴƛŎǎ ŀƴŘ ǊŜŀƭƭȅ ǎƻŎƛŀƭƛȊŜ ŘǳǊƛƴƎ ǘƘŜ ŦǊŜŜ ǝƳŜ ƻǊ ǘƘŜ 

фл ƳƛƴǳǘŜǎ ƻŦ ǊŜǉǳƛǊŜŘ ǇǊƻƎǊŀƳƳƛƴƎ ǝƳŜΦ L ŀƳ ǘƘǊƛƭƭŜŘ ǘƻ 

ǎƘŀǊŜ ǘƘŀǘ ȅƻǳ ƘŀǾŜ ŘƻƴŜ ŀ ǎǳǇŜǊō Ƨƻō ƛƴ ǘŜŀŎƘƛƴƎ ȅƻǳǊ ǎǘǳπ

ŘŜƴǘ ǘƘŀǘ ƛǘ ƛǎ ƴƻǘ ƻƴƭȅ ƛƳǇƻǊǘŀƴǘ ǘƘŀǘ ǘƘŜȅ ōŜ ƪƴƻǿƭŜŘƎŜŀōƭŜ 

ŀōƻǳǘ ǿƘŀǘ ƘŀǇǇŜƴǎ ƛƴ ŎƭŀǎǎΣ ōǳǘ ǘƘŀǘ ǘƘŜȅ ŀƭǎƻ ōŜ ǎƪƛƭƭŜŘ ƛƴ 

ǎƻŎƛŀƭƛȊƛƴƎ ǿƛǘƘ ƻǘƘŜǊ ƘǳƳŀƴǎ ŦŀŎŜ ǘƻ ŦŀŎŜ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ Ŏƭŀǎǎπ

ǊƻƻƳΦ ¢Ƙƛǎ ƛǎ ŀ ǎƪƛƭƭ ǘƘŀǘ Ŏŀƴ ƻƴƭȅ ōŜ ǇǊŀŎǝŎŜŘ ōȅ ŀŎǘǳŀƭƭȅ ƛƴǘŜǊπ

ŀŎǝƴƎ ǿƛǘƘ ƻǘƘŜǊǎ ŀƴŘ Ƴƻǎǘ ƻŦ ǘƘƛǎ ȅŜŀǊΩǎ ƎǊƻǳǇ ŀǊŜ ŀŎŜǎΦ  

Lƴ ƻǘƘŜǊ ƴŜǿǎΣ ǎƻƳŜ ǎǘǳŘŜƴǘǎ ŀǊŜ ƎŜǩƴƎ ŀ ōƛǘ ƻŦ ŀ ǎƻǊŜ ǘƘǊƻŀǘ 

ǎƻ ǇƭŜŀǎŜ ƘŜƭǇ ǳǎ ƛƴ ǊŜƳƛƴŘƛƴƎ ȅƻǳǊ ǎǘǳŘŜƴǘǎ ǘƻ ǎǇŜƴŘ ƭŜǎǎ ƻŦ 

ǘƘŜƛǊ ƳŜŀƭ ǝƳŜǎ ŜŀǝƴƎ ǇƛȊȊŀ ŀƴŘ ŦǊƻȊŜƴ ǘǊŜŀǘǎ ŀƴŘ ƳƻǊŜ ƻŦ ǘƘŜ 

ǝƳŜ ŜŀǝƴƎ ŦǊǳƛǘ ŀƴŘ ǘƘŜ ǎŀƭŀŘ ōŀǊΦ ¢ƘŜ ōƛƎƎŜǎǘ ŎƘŀƭƭŜƴƎŜǎ ŎǳǊπ

ǊŜƴǘƭȅ ŀǊŜ ƪŜŜǇƛƴƎ ŜǾŜǊȅƻƴŜ ŦǊƻƳ ŜȄŎŜǎǎƛǾŜ ƅƛǊǝƴƎΣ ǘŜŀŎƘƛƴƎ 

ŜǾŜǊȅƻƴŜ ǘƻ ǳǎŜ ǘƘŜ п-у ǉǳƛŜǘ ŦǊŜŜ ǝƳŜ ǇǊƻŘǳŎǝǾŜƭȅΣ ŀƴŘ 

ƎŜǩƴƎ ǘƘŜƳ ǘƻ ŀŎǘǳŀƭƭȅ Ǝƻ ǘƻ ǎƭŜŜǇ ǿƘŜƴ ǘƘŜȅ Ǝƻ ǘƻ ōŜŘΦ Iƻǿπ

ŜǾŜǊ ŘǳŜ ǘƻ ǘƘŜ ŎƻƴǝƴǳŜŘ ƻǾŜǊŀƭƭ ǇƻǎƛǝǾŜ ōŜƘŀǾƛƻǊ ǘƘŜƛǊ 

ōƻǳƴŘŀǊƛŜǎ ŀǊƻǳƴŘ ŎŀƳǇǳǎ ƘŀŘ ōŜŜƴ ŜȄǘŜƴŘŜŘΦ ¢ƘŜǊŜŦƻǊŜ ǘƘŜȅ 

ƘŀǾŜ ōŜŜƴ ǳǎƛƴƎ ǎƻƳŜ ƻŦ ǘƘŜƛǊ ŦǊŜŜ ǝƳŜ ǘƻ Ǝƻ ǘƻ ǘƘŜ DŜƛǎŜƭ 

ƭƛōǊŀǊȅ ǿƘƛŎƘ ƘƻǳǎŜǎ оΦн Ƴƛƭƭƛƻƴ ōƻƻƪǎΣ ǘƻ ǿƛƴŘƻǿ ǎƘƻǇ ŀǘ ǘƘŜ 

¦/{5 .ƻƻƪǎǘƻǊŜ ǿƘƛŎƘ Ƙŀǎ ŜǾŜǊȅǘƘƛƴƎ ŦǊƻƳ ǎŎƻǘŎƘ ǘŀǇŜ ǘƻ 5ǊΦ 

{Ŝǳǎǎ ƘŀǘǎΣ ƻǊ ǘƻ Ǿƛǎƛǘ ƻǳǊ Ƴŀƴȅ ǊŜŎǊŜŀǝƻƴŀƭ ŀƴŘ ŀǊǘ ŦŀŎƛƭƛǝŜǎ 

ǿƛǘƘƛƴ ǘƘŜ ǎƘǳǧƭŜ ƭƻƻǇ ƻŦ ǘƘŜ ¦/ {ŀƴ 5ƛŜƎƻ Ƴŀƛƴ ŎŀƳǇǳǎΦ 

 άtŀǊŜƴǘΩǎ ²ŜŜƪŜƴŘέ ƛǎ ǘƘƛǎ ǿŜŜƪŜƴŘΣ ōǳǘ ŘƻƴΩǘ ōŜ ǎǳǊǇǊƛǎŜŘ ƛŦ 

ȅƻǳǊ ǎǘǳŘŜƴǘ ŘƛŘƴΩǘ ǿŀƴǘ ǘƻ ǎǘŀȅ ƛƴƛǝŀƭƭȅ ŀƴŘ ƴƻǿ ŘƻŜǎΦ !ƭǎƻ 

ŘƻƴΩǘ ōŜ ǎǳǊǇǊƛǎŜŘ ƛŦ ȅƻǳǊ ǎǘǳŘŜƴǘ ǿŀǎ ƻǊƛƎƛƴŀƭƭȅ ǇƭŀƴƴƛƴƎ ƻƴ 

ǎǘŀȅƛƴƎΣ ōǳǘ ƴƻǿ ƴŜŜŘǎ ǘƘŜ ǝƳŜ ŀǿŀȅ ǘƻ ŘŜŎƻƳǇǊŜǎǎ ŦǊƻƳ 

ōŜƛƴƎ ŀǊƻǳƴŘ ǇŜƻǇƭŜ ![[ ƻŦ ǘƘŜ ǝƳŜΦ CƻǊ ǘƘƻǎŜ ǿƘƻ Řƻ ǎǘŀȅ ǿŜ 

ǿƛƭƭ ōŜ ƎƻƛƴƎ ǘƻ ǘƘŜ .ŀƭōƻŀ tŀǊƪ ǘƻƎŜǘƘŜǊ ŀƴŘ ŀƊŜǊǿŀǊŘǎ ǎƻƳŜ 

ǿƛƭƭ Ǝƻ ǿƛǘƘ w!ǎ ƛƴ ǎƳŀƭƭ ƎǊƻǳǇǎ ǘƻ ǇƭŀŎŜǎ ǿƛǘƘƛƴ ǿŀƭƪƛƴƎ Řƛǎπ

ǘŀƴŎŜ ƭƛƪŜ ǘƘŜ ōŜŀŎƘΣ ǘƘŜ ŎŀƴȅƻƴΣ ŀƴŘ ƳƻǊŜΦ ²ƘŜƴ ŜǾŜǊȅƻƴŜ 

ƎŜǘǎ ōŀŎƪ ōȅ рǇƳ {ǳƴŘŀȅ ǿŜ ǿƛƭƭ ƪƛŎƪ ƻũ ǿŜŜƪ ǘƘǊŜŜ ǿƛǘƘ Ŏŀǎƛπ

ƴƻ ƴƛƎƘǘΣ ǊŜǎǳƳŜ ǿǊƛǝƴƎΣ ŀ ōƻƴŬǊŜΣ ŀƴŘ ƳƻǊŜΦ ¢Ƙŀƴƪ ȅƻǳ ŦƻǊ 

ƭƻŀƴƛƴƎ ǳǎ ȅƻǳǊ ǎǘǳŘŜƴǘΦ ¢ƘŜ ǇƭŜŀǎǳǊŜ Ƙŀǎ ōŜŜƴ ƻǳǊǎΦ 

RESIDENTIAL LIFE 
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CLUSTER 1: COMPUTERS IN EVERYDAY LIFE 
Cluster 1: ucsdcosmoscluster1 -2016.blogspot.com/  

      !ƴ ǳǇŘŀǘŜ ǘƻ ²ŜŜƪ мΩǎ ŀŘǾŜƴǘǳǊŜǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƻƴ ƻǳǊ ōƭƻƎ ǳŎǎŘŎƻǎƳƻǎŎƭǳǎǘŜǊм-
нлмсΦōƭƻƎǎǇƻǘΦŎƻƳΦ 5ŜƳƻǎ ƻŦ ƻǳǊ wƻōƻ!Ǌǘ ǿƛƭƭ ōŜ ŀǾŀƛƭŀōƭŜ ōȅ {ǳƴŘŀȅΣ Wǳƭȅ нпΦ  ¢ƻ 
ǎŜŜ ǿƘƻ ǿŀǎ ǊŜŎƻƎƴƛȊŜŘ ǿƛǘƘ ǘƘŜ CŀŎǳƭǘȅΩǎ /ƘƻƛŎŜ ŀƴŘ tŜƻǇƭŜΩǎ /ƘƻƛŎŜ ŀǿŀǊŘǎ ŎƘŜŎƪ 
ƻǳǘ ƻǳǊ ōƭƻƎΗ  
      hƴ aƻƴŘŀȅΣ ǿŜ ƭŜŀǊƴŜŘ ŀōƻǳǘ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎΦ  ²Ŝ ƭŜŀǊƴŜŘ Ƙƻǿ ǇǊƻƎǊŀƳǎ ƭƛƪŜ 
Ǉŀƛƴǘ ŀƴŘ tƘƻǘƻǎƘƻǇ Řƻ ǎƻƳŜ ƻŦ ǘƘŜƛǊ ōŀǎƛŎ ŦǳƴŎǝƻƴŀƭƛǘȅ ƭƛƪŜ ŬƴŘƛƴƎ ŀ ŎƻƭƻǊ ŀƴŘ 
ŎƘŀƴƎƛƴƎ ƛǘ ǘƻ ŀƴƻǘƘŜǊ ƻǊ ŎƭŜŀǊƛƴƎ ǘƘŜ ǎŎǊŜŜƴΦ  ²Ŝ ŘƛǎŎƻǾŜǊŜŘ Ƙƻǿ ǘƻ Řƻ ǎƻƳŜ ƛƳŀƎŜ 
ǇǊƻŎŜǎǎƛƴƎ ŦǳƴŎǝƻƴǎ ƛƴ tȅǘƘƻƴ ς ǿƘƛŎƘ ƳŜŀƴǎ ǿŜΩƭƭ ōŜ ŀōƭŜ ǘƻ Řƻ ƛǘ ǿƛǘƘ ǘƘŜ {ŎǊƛōπ
ōƭŜǊǎΗ  /ǳǊǊŜƴǘƭȅΣ ǿŜ ŀǊŜ ǘǊȅƛƴƎ ǘƻ ƎŜǘ ƻǳǊ {ŎǊƛōōƭŜǊ ǘƻ ǘǊŀǾŜǊǎŜ ŀ ƳŀȊŜΣ ƛŘŜƴǝŦȅ ǘƘŜ 
ŎƻƭƻǊǎ ŀƴŘ ƛŦ ŀ ǾŜǊǝŎŀƭ ƻǊ ƘƻǊƛȊƻƴǘŀƭ ƭƛƴŜ ƛǎ ǇǊŜǎŜƴǘΦ  ²ŜΩǾŜ ƭŜŀǊƴŜŘ ǘƘŀǘ ǘƘŜ ŎŀƳŜǊŀǎ 
ƻƴ ƻǳǊ {ŎǊƛōōƭŜǊǎ ŘƻƴΩǘ ŀƭǿŀȅǎ ǎŜŜƳ ǘƻ ǇǊŜǎŜƴǘ ǘƘŜ ŜȄŀŎǘ ŎƻƭƻǊ ǎƘŀŘŜ ǿŜ ŜȄǇŜŎǘ ŀƴŘ 
ǿŜ ƘŀŘ ǘƻ ŀŘƧǳǎǘ ŦƻǊ ǘƘŀǘΦ  !ƭǎƻΣ ǘŜȄǘǳǊŜǎ ŀƴŘ ǎƘŀŘƻǿǎ ƎƛǾŜ ƻũ ŘƛũŜǊŜƴǘ ǎƘŀŘŜǎ ƻŦ 
ōƭǳŜ όŦƻǊ ŜȄŀƳǇƭŜύΣ ǎƻ ǿŜ ŎŀƴΩǘ Ƨǳǎǘ ǳǎŜ ƻƴŜ ǎƛƴƎƭŜ ŘŜŬƴƛǝƻƴ ƻŦ ōƭǳŜΦ  ¢ƻ ƎŜǘ ƻǳǊ {ŎǊƛōπ
ōƭŜǊǎ ǘƻ ǊŜŎƻƎƴƛȊŜ όŀƴŘ ŎƻƳƳǳƴƛŎŀǘŜ ŀǇǇǊƻǇǊƛŀǘŜƭȅύ ǾŜǊǝŎŀƭ ŀƴŘ ƘƻǊƛȊƻƴǘŀƭ ƻǳǊ ŎƻŘŜ 
ƘŀŘ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜ ǇƛȄŜƭǎ ŀƴŘ ǇŜǊŦƻǊƳ ŎŀƭŎǳƭŀǝƻƴǎ 
       ¢ǳŜǎŘŀȅ ǿŀǎ ƻǳǊ ŬŜƭŘ ǘǊƛǇ ǘƻ vǳŀƭŎƻƳƳΦ  {ŀǳǊŀ bŀŘŜǊƛ όŦƻǊƳŜǊƭȅ ŀ /ƭǳǎǘŜǊ м ŦŀŎǳƭπ
ǘȅ ƛƴ нлмнύ ǿŀǎ ƻǳǊ ƘƻǎǘΦ  ²Ŝ ŎƘŜŎƪŜŘ ƻǳǘ ǘƘŜ vǳŀƭŎƻƳƳ aǳǎŜǳƳ ǿƘƛŎƘ ǎƘƻǿǎ ǘƘŜ 
ƘƛǎǘƻǊȅ ƻŦ ǘŜŎƘƴƻƭƻƎȅ ǘƘŀǘ ǘƘŜ ŎƻƳǇŀƴȅ Ƙŀǎ ŘƻƴŜ ŀƴŘ ǘƘŜƛǊ ŦǳǘǳǊŜ ǇǊƻƧŜŎǘǎΦ  ²Ŝ ǘƘŜƴ 
ŎƘŜŎƪŜŘ ƻǳǘ ǘƘŜƛǊ ǊƻōƻǝŎǎ ŀƴŘ ŘǊƻƴŜ ƭŀōΦ  ¢ƘŜ ƳŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊ ǿƘƻ ǎƘŀǊŜŘ Ƙƛǎ 
ǿƻǊƪ ǿŀǎ ŀ .ŀǧƭŜ.ƻǘ ŎƘŀƳǇƛƻƴ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘŜŘ ƻƴŜ ƻŦ ǘƘŜƛǊ ŘǊƻƴŜǎΦ  !ƊŜǊǿŀǊŘǎΣ 
ǿŜ ǾƛǎƛǘŜŘ ǘƘŜƛǊ wŜǎŜŀǊŎƘ {ƘƻǿŎŀǎŜ ǿƘƛŎƘ ƘƛƎƘƭƛƎƘǘŜŘ ǎƻƳŜ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǘŜŎƘƴƻƭƻπ
Ǝȅ ǘƘŜȅ ŀǊŜ ǿƻǊƪƛƴƎ ƻƴ ǎǳŎƘ ŀǎ ǎƳŀƭƭ ŎŜƭƭ ǘƻǿŜǊǎ ǘƘŀǘ ǿŜ ŎƻǳƭŘ ƘŀǾŜ ŀǘ ƘƻƳŜ ŀƴŘ 
ŀǳǘƻƴƻƳƻǳǎ ǾŜƘƛŎƭŜǎΦ 
     hƴ ²ŜŘƴŜǎŘŀȅΣ ǿŜ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǘǊǳǘƘ ǘŀōƭŜǎ ŀƴŘ ƭƻƎƛŎ ƎŀǘŜǎΦ  LƴǾŜǊǘƻǊΣ !b5Σ hwΣ 
b!b5 ŀƴŘ bhw ƎŀǘŜǎ Ŏŀƴ ōŜ ǳǎŜŘ ƛƴ ŘƛũŜǊŜƴǘ ŎƻƳōƛƴŀǝƻƴǎ ǘƻ ŎǊŜŀǘŜ ŀƴȅ ŦǳƴŎǝƻƴ ƛƴ 
ǘƘŜ ŎƻƳǇǳǘŜǊΦ  ²Ŝ ŜǾŜƴ ǘƻƻƪ ŀ ǊŜŀƭ ǿƻǊƭŘ ǎŎŜƴŀǊƛƻΣ ŀǇǇƭƛŜŘ ǿƘŀǘ ǿŜ Ƨǳǎǘ ƭŜŀǊƴŜŘ 
ŀōƻǳǘ ƭƻƎƛŎ ƎŀǘŜǎ ŀƴŘ ŎǊŜŀǘŜŘ ŀƴ Ŝǉǳŀǝƻƴ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǎƛǘǳŀǝƻƴΦ  {ƻΣ ƛŦ ǿŜ ŜǾŜƴ 
ƘŀŘ ǘǿƻ ǎŎƻƻǘŜǊǎ όƻƴŜ ƎƻƻŘ ŀƴŘ ƻƴŜ ōŀŘύΣ ǘǿƻ ŘƛũŜǊŜƴǘ ǇŀǘƘǎ ƻǳǘ ƻŦ ŀ ŦŀŎƛƭƛǘȅ ŀƴŘ ŀ 
ƎǳŀǊŘ ǿƘƻ ǿŀǎ ŎƘŀǎƛƴƎ ǳǎΣ ǿŜ ƪƴƻǿ ǘƘŜ Ŝǉǳŀǝƻƴ ǘƻ ǳǎŜ ǘƻ ŜǎŎŀǇŜ ŦǊƻƳ ƎŜǩƴƎ 
ŎŀǳƎƘǘΗ 
[ŀǘŜǊ ǘƘŀǘ ƳƻǊƴƛƴƎΣ {ŀƴƧŀȅ 5ŀǎƎǳǇǘŀ ƎǳŜǎǘ ǎǇƻƪŜ ŀōƻǳǘ ŀƭƎƻǊƛǘƘƳǎ ŀƴŘ Ƙƻǿ ǘƘŜȅ 
ŘŜǘŜǊƳƛƴŜ ǿƘƛŎƘ ƻƴŜǎ ŀǊŜ άƎƻƻŘέ όƳƻǊŜ ŜŶŎƛŜƴǘύ ƻǊ άōŀŘέ όƭŜǎǎ ŜŶŎƛŜƴǘύΦ  ²ƘƛƭŜ 
ǘƘŜǊŜ ŀǊŜ ǘƘƻǳǎŀƴŘǎ ǳǇƻƴ ǘƘƻǳǎŀƴŘǎ ƻŦ ǇǊƻōƭŜƳǎ ƻǳǘ ǘƘŜǊŜΣ Ƴƻǎǘ Ŏŀƴ ōŜ ǊŜŘǳŎŜŘ 
Řƻǿƴ ǘƻ ŀ ƳǳŎƘ ǎƳŀƭƭŜǊ ǎǳōǎŜǘ ƻŦ ŀƭƎƻǊƛǘƘƳǎΦ  CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ŎŀǊǘƻƎǊŀǇƘŜǊΩǎ ǇǊƻōπ
ƭŜƳ ƻŦ ŎƻƭƻǊ ŎƻŘƛƴƎ ŀ ƳŀǇ ǿƛǘƘ ǘƘŜ ŦŜǿŜǎǘ ƴǳƳōŜǊ ƻŦ ŎƻƭƻǊǎ ǿƘƛƭŜ ƘŀǾƛƴƎ ƴŜƛƎƘōƻǊƛƴƎ 
ŎƻǳƴǘǊƛŜǎ ƘŀǾŜ ŘƛũŜǊŜƴǘ ŎƻƭƻǊǎ ƛǎ ǊŜŀƭƭȅ ŀ ƎǊŀǇƘ ŎƻƭƻǊ ǇǊƻōƭŜƳΦ  !ƴƻǘƘŜǊ ƎǊŀǇƘ ŎƻƭƻǊ 
ǇǊƻōƭŜƳ ƛǎ ŜȄŀƳ ǎŎƘŜŘǳƭƛƴƎ ς ǳǎƛƴƎ ŀǎ ŦŜǿ ǝƳŜ ǎƭƻǘǎ ŀǎ ǇƻǎǎƛōƭŜ ōǳǘ ƴƻǘ ǎŎƘŜŘǳƭƛƴƎ 
ǘǿƻ ŜȄŀƳǎ ŦƻǊ ƻƴŜ ǇŜǊǎƻƴ ŀǘ ǘƘŜ ǎŀƳŜ ǝƳŜΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǿŜŜƪΣ ǿŜΩƭƭ ǎǘŀǊǘ ƻǳǊ 
!ǊŘǳƛƴƻ ƭŀōǎ ŀƴŘ ǎǳōƳƛǘ ƻǳǊ ŜǘƘƛŎǎ Ŝǎǎŀȅ ŦƻǊ ǘƘŜ ŎƻƴǘŜǎǘΦ  LǘΩǎ ōŜŜƴ ŀ ōǳǎȅΣ ŎƘŀƭƭŜƴƎπ
ƛƴƎ ŀƴŘ Ŧǳƴ ǿŜŜƪΗ 

http://ucsdcosmoscluster1-2016.blogspot.com/
http://ucsdcosmoscluster1-2016.blogspot.com/
http://ucsdcosmoscluster1-2016.blogspot.com/
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CLUSTER 2: ENGINEERING DESIGN AND CONTROL OF KINETIC SCULPTURES 
ƘǧǇǎΥκκǎƛǘŜǎΦƎƻƻƎƭŜΦŎƻƳκŀκŜƴƎΦǳŎǎŘΦŜŘǳκƪƛƴŜǝŎ-ǎŎǳƭǇǘκƘƻƳŜκǘŜŀƳǎ 

           bƻǿ ǘƘŀǘ ǎǘǳŘŜƴǘǎ ƘŀǾŜ ŀƭƭ ƛƴŘƛǾƛŘǳπ
ŀƭƭȅ ŎǊŜŀǘŜŘ ǘƘŜƛǊ ŎƭƻŎƪǎ ŀƴŘ ƘŀǾŜ ŀǘ ƭŜŀǎǘ 
ǘƘŜ ǎŀƳŜ ōŀǎŜƭƛƴŜ ƻŦ ǎƪƛƭƭǎ ƛƴ ǘƘŜ ƳŀŎƘƛƴŜ 
ǎƘƻǇ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŎƻƳǇǳǘŜǊ ƭŀōΣ ǎǘǳŘŜƴǘǎ 
ǎǘŀǊǘŜŘ ǘƘƛǎ ǿŜŜƪ ƻũ ŦƻǊƳƛƴƎ ǘŜŀƳǎΦ ¸ƻǳ 
Ŏŀƴ ǎŜŜ ȅƻǳǊ ǎǘǳŘŜƴǘΩǎ ǘŜŀƳǎ ōȅ Ǝƻ ǘƻ ǘƘŜ 
ŎƻǳǊǎŜ ǿŜōǎƛǘŜΦ ¢ƘŜȅ ǿƛƭƭ ǿƻǊƪ ƛƴ ǘƘŜǎŜ 
ǘŜŀƳǎ ŀƴŘ ƻƴ ǘƘŜƛǊ ǿŜōǎƛǘŜǎ ŦƻǊ ǘƘŜ ǊŜǎǘ ƻŦ 
/h{ah{Φ 5ǊΦ 5Ŝƭǎƻƴ ǎǘŀǊǘŜŘ ǘƘŜ ǿŜŜƪ ƻũ 
ǿƛǘƘ ǘƘŜ ŬǊǎǘ ŘŜǎƛƎƴ ŎƘŀƭƭŜƴƎŜ ŦƻǊ ǘŜŀƳǎ 
ǿƘƛŎƘ ǿŀǎ ŀ ǿŀǘŜǊ ōŀƭƭƻƻƴ ŘǊƻǇΦ  aƻƴπ
Řŀȅτ²ŀǘŜǊ .ŀƭƭƻƻƴ tǊƻƧŜŎǘΥ {ǘǳŘŜƴǘǎ ƘŀŘ 
ƻƴƭȅ ŀ ŦŜǿ ƘƻǳǊǎ ŀǎ ŀ ǘŜŀƳ ǘƻ ǿƻǊƪ ǘƻƎŜǘƘπ
ŜǊΣ ŘŜǎƛƎƴΣ ōǳƛƭŘΣ ŀƴŘ ǘŜǎǘ ǘƘŜƛǊ ǿŀǘŜǊ ōŀƭπ
ƭƻƻƴ ǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ƛǎ ŘǊƻǇǇŜŘΦ ¢ƘŜ ōŜǎǘ 
ŘǊƻǇ ǎǳǊǾƛǾŜŘ у ŦŜŜǘΗ ¢ǿƻ DƻtǊƻǎ ǿŜǊŜ 
ǳǎŜŘ ŘǳǊƛƴƎ ǘƘŜ ǘŜǎǘǎ ŦƻǊ ǎǘǳŘŜƴǘǎ ǘƻ ŀƴŀπ
ƭȅȊŜ ǘƘŜ ǎǘǊŜƴƎǘƘǎ ŀƴŘ ŦŀƛƭǳǊŜǎ ƻŦ ǘƘŜƛǊ 
ǎǘǊǳŎǘǳǊŜΦ  
         ¢ƻŘŀȅ ǿŀǎ ƻǳǊ ǿŀǘŜǊ ōŀƭƭƻƻƴ ǇǊƻƧŜŎǘ 
Řŀȅ ŀƴŘ ƛǘ ǿŀǎ ǎǘǊŜǎǎŦǳƭ ȅŜǘ ǇǊƻŘǳŎǝǾŜΦ Lƴ 
ǘƘŜ ƳƻǊƴƛƴƎΣ 5ǊΦ 5Ŝƭǎƻƴ ǎǇƻƪŜ ǘƻ ǳǎ ŀōƻǳǘ 
ǘŜŀƳǿƻǊƪ ŀƴŘ ǘƘŜ ǿŀǘŜǊ ōŀƭƭƻƻƴ ǇǊƻƧŜŎǘ 
ōŜŦƻǊŜ ǿŜ ǎǘŀǊǘŜŘ ōǳƛƭŘƛƴƎ ƻǳǊ ŎƻƴǘǊŀǇπ

ǝƻƴǎΦ !ǎ ǎƻƻƴ ŀǎ ǿŜ Ǝƻǘ ǘƻ ǘƘŜ ŘŜǎƛƎƴ ǎǘǳπ
ŘƛƻΣ ǘŜŀƳǎ ōŜƎŀƴ ǘƻ ŘƛǎŎǳǎǎ ŀƴŘ ǇǊƻǘƻǘȅǇŜΦ 
!ƊŜǊ ƴǳƳŜǊƻǳǎ ŘǊƻǇǎ ŀƴŘ ŀƴŀƭȅǎƛǎ ǘƘǊƻǳƎƘ 
ǘƘŜ DƻtǊƻΣ Ƴŀƴȅ ǘŜŀƳǎ ƳŀƴŀƎŜŘ ǘƻ ǎǳŎπ
ŎŜǎǎŦǳƭƭȅ ŘǊƻǇ ǘƘŜ ōŀƭƭƻƻƴ ŦǊƻƳ ŀǘ ƭŜŀǎǘ п 
ŦŜŜǘ ǿƛǘƘƻǳǘ ōǊŜŀƪƛƴƎΦ -¢ƛũŀƴȅ 
        CƻƭƭƻǿƛƴƎ ŀ ōŀƭŀƴŎŜŘ ǿŜŜƪŜƴŘ ƻŦ ǊŜŎπ
ǊŜŀǝƻƴ ŀƴŘ ŀŎŀŘŜƳƛŎǎΣ ŎƭǳǎǘŜǊ ǘǿƻ ǎǘŀǊǘŜŘ 
ǘƘŜ Řŀȅ ǿƛǘƘ ŀ ǊŜǾƛŜǿ ƻŦ ǘŜŀƳ ƳŀƴŀƎŜπ
ƳŜƴǘ ŀƴŘ ǇǊƛƴŎƛǇƭŜǎΦ CƻƭƭƻǿƛƴƎ ŀ ǊŜǾƛŜǿ ƻŦ 
ƎǳƛŘŜƭƛƴŜǎ ŀƴŘ ƳŀǘŜǊƛŀƭ ŎƻƴǎǘǊŀƛƴǘǎΣ ǿŜ 
ōǊƻƪŜ ƻǳǘ ƛƴǘƻ ǘŜŀƳǎ ŀƴŘ ǎǘŀǊǘŜŘ ōǊŀƛƴπ
ǎǘƻǊƳƛƴƎ ŘŜǎƛƎƴǎ ŦƻǊ ƻǳǊ ǿŀǘŜǊ ōŀƭƭƻƻƴ 
ŘǊƻǇΦ hƴŎŜ ƻǳǊ ŘŜǎƛƎƴ ǿŀǎ ŎƻƳǇƭŜǘŜŘ ǿŜ 
ǘŜǎǘŜŘ ƛǘ ŀƴŘ ƳŀŘŜ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ƛƳǇǊƻǾŜπ
ƳŜƴǘǎΦ !ƊŜǊ ƭǳƴŎƘ ǿŜ ƳŀŘŜ ǘƘŜ Ŭƴŀƭ ƛǘŜǊŀπ

ǝƻƴǎ ŀƴŘ ǘŜǎǘŜŘ ǘƘŜ ŘŜǎƛƎƴ ŀǘ нΣ пΣ с ŀƴŘ у 
ŦŜŜǘΦ Cƛƴŀƭƭȅ ŀƭƭ ǘŜŀƳǎ ǿŜǊŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ 
ŎƻƳǇƭŜǝƴƎ ŀ ƭŀō ǇǊŜǎŜƴǘŀǝƻƴΦ -9ǎǘŜƭƭŜ      
¢ǳŜǎŘŀȅ- ²Ŝ ǎǘŀǊǘŜŘ ƻũ ǿƛǘƘ ŀ 5ƛǎŎƻǾŜǊȅ 
ƭŜŎǘǳǊŜ ŦǊƻƳ 5ǊΦ ²ƛƭƭƛŀƳ aŎDƛƴƴƛǎΤ aŎDƛƴπ
ƴƛǎ ǎǇƻƪŜ ŀōƻǳǘ ǘƘŜ ƘǳƳŀƴ ƎŜƴƻƳŜΣ ǘƘŜ 
ƎŜƴŜǝŎǎ ƻŦ ƻǘƘŜǊ ŀƴƛƳŀƭǎΣ ŜǾƻƭǳǝƻƴΣ ǘƘŜ 

Ŧǳπ

ǘǳǊŜ ƻŦ ƎŜƴŜǝŎ ǘŜŎƘƴƻƭƻƎȅΣ ŀƴŘ Ƙƛǎ ǇŀǊǝŎƛπ
Ǉŀǝƻƴ ƛƴ ŦǊǳƛǘ ƅȅ ƎŜƴƻŎƛŘŜΦ !ƊŜǊ Ƙƛǎ ǎǇŜŜŎƘ 
ǘƘŜ /ƭǳǎǘŜǊǎΩ Řŀȅǎ ŘŜǾƛŀǘŜŘ ŦǊƻƳ ŜŀŎƘ ƻǘƘπ
ŜǊΦ !ǎ ŀ ƳŜƳōŜǊ ƻŦ /ƭǳǎǘŜǊ н ǘƘŜ ƳŜŀƴǘ 
ƎƻƛƴƎ ǘƻ ǘƘŜ ŎǊŜŀǝǾŜƭȅ ƴŀƳŜŘ 9ƴƎƛƴŜŜǊƛƴƎ 
LL ōǳƛƭŘƛƴƎ ǘƻ ǿƻǊƪ ƻƴ ƻǳǊ YƛƴŜǝŎ ǎŎǳƭǇǘǳǊŜǎ 
ŀƴŘ ƎƛǾƛƴƎ ǿŀǘŜǊ ōŀƭƭƻƻƴ ǇǊŜǎŜƴǘŀǝƻƴǎΦ 
¢Ƙƛǎ ƳŜŀƴǘ ŀ ŎƻǳǇƭŜ ƳƛƴǳǘŜǎ ƻŦ ǇǊŜǎŜƴǝƴƎΣ 
ŦƻƭƭƻǿŜŘ ōȅ ŀƴ ŀƊŜǊƴƻƻƴ ƻŦ ǇŀƴƛŎ ŎƻƴǎƛŘπ
ŜǊƛƴƎ ǘƘŜ 9ǘƘƛŎǎ Ŝǎǎŀȅ ƛǎ ŘǳŜΦ /ƭǳǎǘŜǊ н ǘǊƛŜŘ 
ǘƻ ŘǊƻǇ ŀ ōŀƭƭ ǎǘǊŀƛƎƘǘ Řƻǿƴ ǘƻ ƳŜŀǎǳǊŜ ƛǘǎ 
ǎǇŜŜŘ ǘƻ ǇǊƻǾŜ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ 
tƻǘŜƴǝŀƭ 9ƴŜǊƎȅ ŀƴŘ YƛƴŜǝŎ 9ƴŜǊƎȅΦ /ƭǳǎπ
ǘŜǊ н ǿƻǊƪƛƴƎ ƻƴ ŜƛǘƘŜǊ ǘƘŜƛǊ /!5 ƻǊ ǘƘŜƛǊ 
ŀƴŀƭȅǎƛǎ ŦƻǊ ǘƘŜƛǊ ŎƭƻŎƪΦ {ƭƻǿƭȅ ǎǘǳŘŜƴǘǎ 
ǘǊƛŎƪƭŜŘ ƻǳǘ ƻŦ ǘƘŜ ŎƻƳǇǳǘŜǊ ƭŀōΣ ŀƴŘ ǿŜƴǘ 
ǘƻ ǘƘŜ ŘƻǊƳǎ ǳƴǝƭ ǘƘŜ ƭŀǎǘ ƎǊƻǳǇ ƻŦ ŦƻǳǊ 
ǎǘǳŘŜƴǘǎΣ ƛƴŎƭǳŘƛƴƎ ȅƻǳǊǎ ǘǊǳƭȅ Ǌŀƴ ōŀŎƪ ǘƻ 
ƳŀƪŜ ƛǘ ōŜŦƻǊŜ ŎƘŜŎƪ ƛƴΦ ¢ƘŜ ǇǊƻƎǊŀƳǎ 
ƛƴŎƭǳŘŜŘ /ŜǊŜŀƭ ŀƴŘ /ŀǊǘƻƻƴǎΣ hǇŜƴ aƛŎΣ 
ŀƴŘ [ƻǾŜ [ŀƴƎǳŀƎŜǎΦ L ƪƴƻǿ ǘƘŜ /ŜǊŜŀƭ 
ǇǊƻƎǊŀƳ ǇƭŀȅŜŘ ǘƘŜ {ǇƻƴƎŜōƻō aƻǾƛŜΣ ŀƴŘ 
hǇŜƴ ƳƛŎ ƘŀŘ ǎƻƳŜ ǇƻŜǘǊȅ ǊŜŎƛǝƴƎΣ ōǳǘ L 
ƘŀǾŜ ȅŜǘ ǘƻ ƪƴƻǿ ǿƘŀǘ [ƻǾŜ [ŀƴƎǳŀƎŜǎ 
ǿŀǎ ŀōƻǳǘΦ ¢ƘƻǳƎƘ ǘƘƛǎ Řŀȅ ǎƻǳƴŘǎ ŜȄπ
ǘǊŜƳŜƭȅ ōǳǎȅΣ ƛǘΩǎ Ƨǳǎǘ ŀƴ ƻǊŘƛƴŀǊȅ Řŀȅ ŀǘ 
/h{ah{Φ ς.ǊȅŎŜ       ²Ŝ ǇǊŀŎǝŎŜŘ ǎŎƛŜƴπ
ǝŬŎ ŎƻƳƳǳƴƛŎŀǝƻƴ ōȅ ǇǊŜǎŜƴǝƴƎ ƻǳǊ 
tƻǿŜǊtƻƛƴǘΩǎ ƻƴ ƻǳǊ ǿŀǘŜǊ ōŀƭƭƻƻƴ ǇǊƻƧŜŎǘǎ 
ǿƛǘƘ ƻǳǊ ǘŜŀƳǎΦ ²Ŝ ǿŜǊŜ ƴŜǊǾƻǳǎ ōŜŎŀǳǎŜ 
ƛǘ ǿŀǎ ƻǳǊ ŬǊǎǘ ǇǊŜǎŜƴǘŀǝƻƴΣ ōǳǘ ǿŜ Ǝƻǘ ŀ 
ƭƻǘ ƻŦ ƎƻƻŘ ŦŜŜŘōŀŎƪ ŦǊƻƳ ǘƘŜ ǘŜŀŎƘŜǊǎ ŀƴŘ 
ƻǘƘŜǊ ǎǘǳŘŜƴǘǎΦ ²Ŝ ǘƘŜƴ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǘƘŜ 
ǇƘȅǎƛŎǎ ōŜƘƛƴŘ ŦǊŜŜŦŀƭƭ ǘƻ ǇǊŜǇŀǊŜ ǳǎ ŦƻǊ 
ƻǳǊ ƭŀō ǘƘŀǘ ŦƻƭƭƻǿŜŘ ǎƘƻǊǘƭȅΦ ²Ŝ ƘŀŘ Ŧǳƴ 

ŘƻƛƴƎ ǘƘŜ ƭŀō ŀƴŘ ƭŜŀǊƴŜŘ ŀ ƭƻǘ ǿƘƛƭŜ ŘƻƛƴƎ 
ƛǘΦ -DŀōǊƛŜƭ    ²ŜŘƴŜǎŘŀȅ- ¢ƻŘŀȅ ǿŜ 
ƭŜŀǊƴŜŘ ǘƘŜ wƻōƻǘ/ ƭŀƴƎǳŀƎŜ ǘƻ ǇǊƻƎǊŀƳ 
ǘƘŜ [ŜƎƻ b·¢ ƳƻŘǳƭŜΦ hǳǊ ǘŀǎƪǎ ǿŜǊŜ ǘƻ 
ŀŎƘƛŜǾŜ ǘƘŜ ŦƻǳǊ ŦǳƴŎǝƻƴǎΥ ŀōƭŜ ǘƻ ŎƻƴǘǊƻƭ 
ǘƘŜ ōŀǎƪŜǘ ǘƻ Ǌǳƴ ōŀŎƪ ŀƴŘ ŦƻǊǘƘΣ ǘƘŜ ǎǇŜŜŘ 
ƻŦ ǘƘŜ ōŀǎƪŜǘΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǝƳŜǎ ƛǘ ǊǳƴǎΣ 
ŀƴŘ ŀ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜΦ L ƘŀŘ ǎƻƳŜ ǇǊŜǾƛƻǳǎ 
ǇǊƻƎǊŀƳƳƛƴƎ ŜȄǇŜǊƛŜƴŎŜΣ ŀƴŘ ŬƴƛǎƘŜŘ ǘƘŜ 
ŬǊǎǘ ǘƘǊŜŜ ǘŀǎƪǎ ǉǳƛŎƪƭȅΦ IƻǿŜǾŜǊΣ L ǎǝƭƭ 
ŜƴŎƻǳƴǘŜǊŜŘ ǎƻƳŜ ǇǊƻōƭŜƳǎ ōŜŎŀǳǎŜ L 
ƭŜŀǊƴǘ ŎƻƳǇǳǘŜǊ ǎŎƛŜƴŎŜ ƛƴ WŀǾŀΣ ŀƴŘ ƛǘ ƛǎ 
ǾŜǊȅ ŘƛũŜǊŜƴǘ ǘƘŀƴ wƻōƻǘ/Φ !ƴȅǿŀȅΣ L ŀƴŘ 
Ƴȅ ǇŀǊǘƴŜǊ tŀǳƭ ƭŜŀǊƴǘ ŀ ƭƻǘ ǘƻŘŀȅ ŀōƻǳǘ 
ōƻǘƘ ǇǊƻƎǊŀƳƳƛƴƎ ŀƴŘ Ǌƻōƻǘ ŎƻƴǘǊƻƭΦ L 
ƭƻƻƪ ŦƻǊǿŀǊŘ ǘƻ ŘƻƛƴƎ ƻǳǊ Ŭƴŀƭ ǇǊƻƧŜŎǘΦ -
IƻƴƎȅƛ 
¢ƘǳǊǎŘŀȅ ϧ CǊƛŘŀȅ- {ǘǳŘŜƴǘǎ ŀǊŜ ƴƻǿ ǇǊƻπ
ƎǊŀƳƳƛƴƎ ƛƴ wƻōƻǘ/ ǿƻǊƪƛƴƎ ƛƴ ǇŀƛǊǎ ƻƴ 
ŎƘŀƭƭŜƴƎŜǎ ŎǊŜŀǘŜŘ ōȅ ǘƘŜ tǊƻŦŜǎǎƻǊǎΦ ¢ƘŜȅ 
ƘŀǾŜ ƘŀŘ ŀ ŦŜǿ ŎƘŀƭƭŜƴƎŜǎ ǎƻ ŦŀǊΣ ŀƴŘ ǎƻƳŜ 
ǿƛƭƭ ǊŜŎŜƛǾŜ ŀ ǎǳǊǇǊƛǎŜ ƻƴ CǊƛŘŀȅ ŦƻǊ ǿƛƴƴƛƴƎ 
ŀ ŎƘŀƭƭŜƴƎŜΗ hƴ CǊƛŘŀȅΣ ǘƘŜ ǘŜŀƳǎ ǿƛƭƭ 
ōŜƎƛƴ ǘƻ ŘŜǎƛƎƴ ŀƴŘ ōǳƛƭŘ ǘƘŜƛǊ Ƴƛƴƛ ǎŎǳƭǇπ
ǘǳǊŜǎΦ 

https://sites.google.com/a/eng.ucsd.edu/kinetic-sculpt/home/teams
https://sites.google.com/a/eng.ucsd.edu/kinetic-sculpt/home/teams


 с 

CLUSTER 3: LIVING OCEANS AND GLOBAL CLIMATE CHANGE 
DǊŜŜǝƴƎǎΗ  LǘΩǎ ƘŀǊŘ ǘƻ ōŜƭƛŜǾŜ ǘƘŀǘ ǿŜ ŀǊŜ 
ŀƭǊŜŀŘȅ ƘŀƭŦǿŀȅ ǘƘǊƻǳƎƘ /h{ah{Η  ²Ŝ 
ƘŀǾŜ ŀƭƭ ōŜŜƴ ƘŀǾƛƴƎ ǎǳŎƘ ŀ ƎǊŜŀǘ ǝƳŜ ς 
ŘƻƛƴƎ ŜȄǇŜǊƛƳŜƴǘǎ ƛƴ ƳŀǊƛƴŜ ōƛƻƭƻƎȅΣ 
ƭŜŀǊƴƛƴƎ ŀōƻǳǘ Ƙƻǿ ƻǳǊ ŀǘƳƻǎǇƘŜǊŜ ǿƻǊƪǎΣ 
ǿǊƛǝƴƎ Ŝǎǎŀȅǎ ƻƴ ŜǘƘƛŎŀƭ ƛǎǎǳŜǎ ƛƴ ǎŎƛŜƴŎŜΣ 
ŀƴŘ ŜǾŜƴ ǘŀƪƛƴƎ ǎƻƳŜ ǝƳŜ ǘƻ Ǿƛǎƛǘ ǘƘŜ 
ŀǿŜǎƻƳŜ .ƛǊŎƘ !ǉǳŀǊƛǳƳΦ   !ƎŀƛƴΣ LΩƭƭ ƭŜǘ 
ǘƘŜ ǎǘǳŘŜƴǘǎ ǘŜƭƭ ȅƻǳ ƳƻǊŜ ŘŜǘŀƛƭǎΦ 

 

 άhƴ aƻƴŘŀȅ ǿŜ ǎǘŀǊǘŜŘ ƻũ ƛƴ 5ǊΦ [ŀƛΩǎ 
Ŏƭŀǎǎ ŜȄǇŜǊƛƳŜƴǝƴƎ ǿƛǘƘ ŎǊŀōǎ ǘƘŀǘ ǿŜ ƘŀŘ 
ǎŜŜƴ ƛƴ ƻǳǊ ǇǊŜǾƛƻǳǎ ǿŜŜƪΩǎ ǘǊƛǇ ǘƻ ǘƘŜ 
ǝŘŀƭ ǇƻƻƭǎΦ ¢ƘŜǊŜ ǿŜǊŜ ǘǿƻ ŎƻƴǘǊƻƭ ƎǊƻǳǇǎΣ 
ƻƴŜ ƎǊƻǳǇ ǿƘƻ ǘŜǎǘŜŘ ǘƻ ǎŜŜ Ƙƻǿ Ƴŀƴȅ 
ŎǊŀōǎ ǿƻǳƭŘ ŜǎŎŀǇŜ ǘƻ ƭŀƴŘ ŀǘ ŎŜǊǘŀƛƴ ǘŜƳπ
ǇŜǊŀǘǳǊŜǎΣ ŀƴŘ ƻƴŜ ƎǊƻǳǇ ǿƘƻ ǘŜǎǘŜŘ ǘƻ 
ǎŜŜ Ƙƻǿ Ƴŀƴȅ ŎǊŀōǎ ǿƻǳƭŘ ŜǎŎŀǇŜ ǘƻ ƭŀƴŘ 
ǿƘŜƴ ǘƘŜȅ ǿŜǊŜ Ǉǳǘ ƛƴ ŎƻƳǇƭŜǘŜƭȅ ŦǊŜǎƘ 
ǿŀǘŜǊΦ ²Ŝ ƭŀǘŜǊ ƭŜŀǊƴŜŘ ƳƻǊŜ ŀōƻǳǘ ƎƛƭƭǎΣ 
ǎƘŀǊƪǎ ŀƴŘ ŀŘŀǇǘŀǝƻƴ ŀƴŘ Ǝƻǘ ǘƻ Ǿƛǎƛǘ ŀ 
ƳŀǊƛƴŜ ōƛƻƭƻƎȅ ƭŀōΦ Lƴ 5ǊΦ tƻƳŜǊƻȅΩǎ Ŏƭŀǎǎ 
ǿŜ ƭŜŀǊƴŜŘ ŀōƻǳǘ ŀŜǊƻǎƻƭǎΣ ŎƭƻǳŘǎ ŀƴŘ ǘƘŜ 
ŎƭƛƳŀǘŜ ŀƴŘ ǇŜǊŦƻǊƳŜŘ ƭŀōǎ ǘƻ ǎǝƳǳƭŀǘŜ 
ǘƘŜ ǘƘƛƴƎǎ ǘƘŀǘ ǿŜ ƭŜŀǊƴŜŘΦ Lǘ ǿŀǎ ƻǾŜǊŀƭƭ 
ǾŜǊȅ ƘŜƭǇŦǳƭ ŀƴŘ Ŧǳƴ ǘƻ ŘƻΦέ ς !ƭȅǎǎŀ [ƛǳ 

 

ά¢Ƙƛǎ Ǉŀǎǘ ¢ǳŜǎŘŀȅ ǿŜ ōŜƎŀƴ ǘƻ ǿƻǊƪ ƻƴ 
ƻǳǊ ƎǊƻǳǇ ǇǊƻƧŜŎǘǎΦ aȅ ƎǊƻǳǇ ƛǎ ŦƻŎǳǎƛƴƎ 
ƻƴ ŎƻǳƴǝƴƎ ōǊƻǿƴ ŎŀǊōƻƴ ŀƴŘ ƻǘƘŜǊ ƻǊπ
ƎŀƴƛŎ ŀŜǊƻǎƻƭǎ ƛƴ ǘƘŜ ŀƛǊΦ ²Ŝ ƭƻƻƪŜŘ ŀǘ ǘƘŜ 
ǇŀǊǝŎƭŜ ŎƻǳƴǘŜǊǎ ŀƴŘ ǿŀƭƪŜŘ ŀǊƻǳƴŘ ŀƴŘ 

ŘƛŘ ōŀŎƪƎǊƻǳƴŘ ǊŜǎŜŀǊŎƘ ƻƴ ǘƘŜ ǘƻǇƛŎΦ ²Ŝ 
ƘŀŘ ŘƛǎŎǳǎǎƛƻƴǎ ŀƴŘ ŎŀƳŜ ǳǇ ǿƛǘƘ ŀ Ƙȅπ
ǇƻǘƘŜǎƛǎ ǘƻ ǘŜǎǘ ƻǳǘ ƛƴ ǘƘŜ ŬŜƭŘΦ ²Ŝϥƭƭ ōŜ 
ǇǳǩƴƎ ǘƻƎŜǘƘŜǊ ŀ ǇǊŜǎŜƴǘŀǝƻƴ ŦƻǊ ŜǾŜǊȅπ
ƻƴŜ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŎŀƳǇΦ hǘƘŜǊ ƎǊƻǳǇǎ 
ǿŜǊŜ ǿƻǊƪƛƴƎ ƛƴ ǘƘŜ ƭŀō ǿƛǘƘ ŀŎƛŘǎΣ ƻǊ 
Řƻǿƴ ŀǘ {ŎǊƛǇǇǎΦ hǾŜǊŀƭƭΣ ǾŜǊȅ ŜȄŎƛǘŜŘ ǘƻ 
ŬƴƛǎƘ ǘƘŜ ǇǊƻƧŜŎǘǎΦέ ς ½ŀŎƘ ²ǳ 

 

ά²Ŝ ǾƛǎƛǘŜŘ ŀƴ ƛƴǾŜǊǘŜōǊŀǘŜ ŎƻƭƭŜŎǝƻƴ ŀƴŘ 
Ǝƻǘ ǘƻ ƘŜŀǊ ƳƻǊŜ ŀōƻǳǘ ŘƛũŜǊŜƴǘ ǘȅǇŜǎ ƻŦ 
ƪǊƛƭƭΣ ǎƘǊƛƳǇΣ ǎǉǳƛŘΣ ŀƴŘ ƻǘƘŜǊ Ŏƻƻƭ ŀƴƛƳŀƭǎΦ 
hƴŜ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ǇŀǇŜǊǎ ǘƘŀǘ ǘƘŜȅ ǿŜǊŜ 
ŘƻƛƴƎ ƛƴǾƻƭǾŜŘ ǎƛƊƛƴƎ ǘƘǊƻǳƎƘ ǿƘŀƭŜ ǇƻƻǇ 
ǘƻ ŬƴŘ ƪǊƛƭƭ ǘŜŜǘƘΦ ¢ƘŜ ǿƘŀƭŜ ǇƻƻǇ ǿŀǎ 
ǇǳǊǇƭŜΗέ ς 9Ƴƛƭȅ /Ƙǳ 

 

ά¢ƻŘŀȅΣ ƛƴǎǘŜŀŘ ƻŦ ƎƻƛƴƎ ǘƻ ƻǳǊ ǳǎǳŀƭ 
²ŜŘƴŜǎŘŀȅ ŎƭŀǎǎŜǎΣ ƻǳǊ ŎƭǳǎǘŜǊ ǘƻƻƪ ŀ ǘǊƛǇ 
ǘƻ ǘƘŜ ²ƘƛǘŜ {Ŝŀ .ŀǎǎ ƘŀǘŎƘŜǊȅ ǿƘŜǊŜ ǿŜ 
Ǝƻǘ ǘƻ ǎŜŜ Ƙƻǿ ǇƻǇǳƭŀǝƻƴǎ ƻŦ ŬǎƘ ŀǊŜ ǊŜƎπ
ǳƭŀǘŜŘΦ Lǘ ǿŀǎ ŦŀǎŎƛƴŀǝƴƎ ǘƻ ǎŜŜ Ƙƻǿ ǘƘŜ 
ǎŎƛŜƴǝǎǘǎ ǎǘǳŘƛŜŘ ǘƘŜ ŬǎƘ ǳǎƛƴƎ ǎǇŜŎƛŀƭ 
ǘŀƎǎΦ !ƊŜǊ ǘƘŀǘΣ ǿŜ ŀǘŜ ƭǳƴŎƘ ǿƛǘƘ ǘƘŜ 
ōŜŀǳǝŦǳƭ ǎŎŜƴŜǊȅ ōȅ ǘƘŜ DƭƛŘŜǊǇƻǊǘΦ ¢ƘŜƴΣ 
ǿŜ ǾƛǎƛǘŜŘ ǘƘŜ .ƛǊŎƘ !ǉǳŀǊƛǳƳ ǿƘŜǊŜ ǿŜ 
ƭŜŀǊƴŜŘ ŀ ƭƻǘ ŀōƻǳǘ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ŀƴŘ ƛǘϥǎ 
ŜũŜŎǘ ƻƴ ƻǳǊ ƻŎŜŀƴǎ ŀƴŘ ōƛƻŘƛǾŜǊǎƛǘȅΦ Lǘ 
ǿŀǎ ǊŜŀƭƭȅ Ŏƻƻƭ ǘƻ ǎŜŜ Ƙƻǿ ǘƘŜ ŘƛũŜǊŜƴǘ 
ǘǊŀƛǘǎ ƻŦ ŬǎƘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜƛǊ ǎǳǊǾƛǾŀƭΗέ ς 
!ƭŀƴ [ƛǳ 

 

ά!ǘ ǘƘŜ ŀǉǳŀǊƛǳƳΣ ǘƘŜǊŜ ǿŀǎ ŀƴ ŜȄƘƛōƛǘ 
ϦCŜŜƭƛƴƎ ǘƘŜ IŜŀǘϦ ŘŜŘƛŎŀǘŜŘ ǘƻ ŎƭƛƳŀǘŜ 
ŎƘŀƴƎŜΦ L ǿŀǎ ƎƭŀŘ ǘƻ ǎŜŜ ǘƘŀǘ ǘƘŜ ŀǉǳŀǊƛπ
ǳƳ ǿŀǎ ŜŘǳŎŀǝƴƎ ǘƘŜ ǇǳōƭƛŎ ŀōƻǳǘ ǘƘŜ 
ŜũŜŎǘ ƻŦ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ƻƴ ƳŀǊƛƴŜ ƭƛŦŜΣ 
ǎƛƴŎŜ ƛǘ ƛǎ ŀ ǘƻǇƛŎ ǘƘŀǘ Ƙŀǎ ōŜŜƴ ǊŜƭŜǾŀƴǘ ŦƻǊ 
ŘŜŎŀŘŜǎΦ hǳǘǎƛŘŜ ƻŦ ǘƘŜ ŜȄƘƛōƛǘΣ ǿŜ ǿŜǊŜ 
ŀƭǎƻ ŀōƭŜ ǘƻ ƭŜŀǊƴ ƛƴǘŜǊŀŎǝǾŜƭȅ ōȅ ŦŜŜŘƛƴƎ 
ŬǎƘ ŀǘ ǘƘŜ ǝŘŜ ǇƻƻƭΦ aȅ ŦŀǾƻǊƛǘŜ ǇŀǊǘ ƻŦ 
ǘƘŜ ŀǉǳŀǊƛǳƳ ǿŀǎ ǘƘŜ ǎŜŀƘƻǊǎŜ ŘƛǎǇƭŀȅΦ 
¢ƘƻǳƎƘ ƛǘ ǿŀǎ ŀ Ƙƻǘ ŘŀȅΣ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ 
ǘƻ ŜȄǇƭƻǊŜ ǘƘŜ ōƻǳƴŘƭŜǎǎ ǿƻƴŘŜǊǎ ƻŦ ǘƘŜ 
ƻŎŜŀƴ ǿŀǎ ǿƻǊǘƘ ƛǘΦέ ς /ƛƴŘȅ ±ǳ 

 

 

²ƛǘƘ ǿŜŜƪ ǘǿƻ ƴƻǿ ŀ ǿǊŀǇΣ ǿŜ ŀǊŜ ŀƭƭ 
ǎǳǇŜǊ ŜȄŎƛǘŜŘ ǘƻ ŘƛƎ ƛƴ ŦǳǊǘƘŜǊ ƻƴ ƻǳǊ ƛƴŘƛπ
ǾƛŘǳŀƭ ǇǊƻƧŜŎǘǎ ŀƴŘ ŬƴŘ ǎƻƳŜ ǊŜŀƭƭȅ Ŏƻƻƭ 
ǎŎƛŜƴǝŬŎ ǊŜǎǳƭǘǎΗ  {ǘŀȅ ǘǳƴŜŘΗ 

 

 



 т 

       ¢ƛƳŜ ƅƛŜǎ ǿƘŜƴ ȅƻǳΩǊŜ ǇŀǊǘ ƻŦ ǘƘŜ ŀƳŀȊƛƴƎ /ƭǳǎǘŜǊ пΗ 
²Ŝ ƘŀǾŜ ōŜŜƴ ǾŜǊȅ ōǳǎȅ ǿƛǘƘ ŎƘŀƭƭŜƴƎƛƴƎ ƭŜŎǘǳǊŜǎΣ Ŏƻƻƭ 
ŎƭǳǎǘŜǊ ŀŎǝǾƛǝŜǎΣ ǿǊƛǝƴƎ ǘƘŜ ƛƴŦŀƳƻǳǎ /h{ah{ ŜǘƘƛŎǎ ƛƴ 
ŜŀǊǘƘǉǳŀƪŜ ŜƴƎƛƴŜŜǊƛƴƎ ŜǎǎŀȅΣ ŀƴŘ ƻǊƎŀƴƛȊƛƴƎ ƻǳǊ ǇǊƻƧŜŎǘ 
ǝƳŜƭƛƴŜǎΦ  hǳǊ ƳƻǧƻΥ YŜŜǇ /ŀƭƳ ŀƴŘ /ŀƭƭ ŀƴ 9ƴƎƛƴŜŜǊΗ 
      ¢ƘŜ ƴŜǿƭȅ-ŦƻǊƳŜŘ ǎǘǳŘŜƴǘ ƎǊƻǳǇǎ ǊŜŎŜƛǾŜŘ Ǿƛǘŀƭ ƛƴπ
ǎǘǊǳŎǝƻƴ ƛƴ ŜƴƎƛƴŜŜǊƛƴƎ ŀƴŘ ƎŜƻǘŜŎƘƴƛŎŀƭ ƳŜǘƘƻŘǎ ǘƘƛǎ 
ǿŜŜƪΣ ŀƴŘ ǿŜǊŜ ŘƛǊŜŎǘŜŘ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ǘƘŜƛǊ ƛƴŘƛǾƛŘǳŀƭ 
ƎǊƻǳǇ ǇǊƻƧŜŎǘ ŘŜǎƛƎƴǎΦ ¢Ƙƛǎ ǊŜǉǳƛǊŜŘ ƛƴǘŜǊƴŜǘ ǊŜǎŜŀǊŎƘ 
ǝƳŜ ŀƴŘ ǎƻƳŜ ŎǊŜŀǝǾŜ ǘƘƛƴƪƛƴƎΦ 5ƛǎŎǳǎǎƛƻƴǎ ƻƴ ǎŜƛǎƳƛŎ 
ōŜƘŀǾƛƻǊ ŀƴŘ ǎƻƛƭ ŀƴŀƭȅǎƛǎ ǿŜǊŜ ǇǊƻǾƛŘŜŘΣ ŀƴŘ ǘƘŜƛǊ ƴƻǘŜπ
ōƻƻƪǎ ŀǊŜ ŬƭƭƛƴƎ ǳǇΗ ¢ƘŜ ǎǘǳŘŜƴǘǎ ŀǊŜ ŀƭǎƻ ŀŘƧǳǎǝƴƎ ƴƛŎŜƭȅ 
ǘƻ ǘƘŜ ƴŜǿ ŘȅƴŀƳƛŎǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ŜũŜŎǝǾŜ ƎǊƻǳǇ ǊŜǎǳƭǘǎΦ  
       hǳǊ ŜƛƎƘǘ ǎǘǳŘŜƴǘ ǇǊƻƧŜŎǘ ƎǊƻǳǇǎ ƛƴŎƭǳŘŜ ΨǎƻƊ ǎǘƻǊȅΩ 
ǎǘǊǳŎǘǳǊŜǎΣ ǝƳōŜǊΣ ƳŀǎƻƴǊȅΣ ǎƭƻǇŜ ǎǘŀōƛƭƛǘȅΣ ƭƛǉǳŜŦŀŎǝƻƴΣ 
ǊŜƛƴŦƻǊŎŜŘ ŎƻƴŎǊŜǘŜ ŎƻƭǳƳƴǎΣ ōŀǎŜ ƛǎƻƭŀǝƻƴΣ ŀƴŘ ǘǳƴŜŘ 
Ƴŀǎǎ ŘŀƳǇŜǊǎΦ 9ŀŎƘ ƎǊƻǳǇ Ƙŀǎ ŀƭƳƻǎǘ ŎƻƳǇƭŜǘŜŘ ŀƴ ƛƴƛπ
ǝŀƭ ŘŜǎƛƎƴ ƻŦ ǘƘŜƛǊ ǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ǿƛƭƭ ōŜƎƛƴ ǘŜǎǝƴƎ ǘƘŜ 
ǎǘǊŜƴƎǘƘ ƻŦ ǘƘŜƛǊ ƳƻŘŜƭǎ ǎƻƻƴΦ ¢ƘŜȅ ǿƛƭƭ ōŜ ǳǎƛƴƎ ǘƘŜ 
ΨŜŀǊǘƘǉǳŀƪŜ ǎƘŀƪŜΩ ǘŀōƭŜΣ ƻǊ ŀƴƻǘƘŜǊ ƛƴǎǘǊǳƳŜƴǘǎ ǎǇŜŎƛŬŎ 
ǘƻ ǘƘŜƛǊ ǎǘǊǳŎǘǳǊŜ ŘǳǊƛƴƎ ǘŜǎǝƴƎΦ  
         ²Ŝ ŜƴƧƻȅŜŘ ƻǳǊ ¢ǳŜǎŘŀȅ Ψ5ƛǎŎƻǾŜǊȅ [ŜŎǘǳǊŜΩ ǿƘƛŎƘ ƛǎ 
ŀǧŜƴŘŜŘ ōȅ ŀƭƭ /h{ah{ ǎǘǳŘŜƴǘǎΦ ¢Ƙƛǎ ǿŜŜƪ ǘƘŜ ǎǘǳŘŜƴǘǎ 
ǿŜǊŜ ŀƳŀȊŜŘ ōȅ 5ǊΦ ²ƛƭƭƛŀƳ aŎDƛƴƴƛǎΩ ƭŜŎǘǳǊŜ ƻƴ 
ΨŘŜǾŜƭƻǇƳŜƴǘΣ ŜƳōǊȅƻǎΣ ŀƴŘ ŜǾƻƭǳǝƻƴΩΦ 
¢ƘŜǎŜ ƳƻǊƴƛƴƎǎ ŀǊŜ ŀƭǿŀȅǎ ƳƻǝǾŀǝƻƴŀƭ ŀƴŘ ŜƴŜǊƎƛȊƛƴƎ 
ŀǎ ǘƘŜ ǎǘǳŘŜƴǘǎ ƘŜŀǊ ǎƻƳŜ ǳƴƛǉǳŜ ŀƴŘ ƛƳǇƻǊǘŀƴǘ ǊŜπ

ǎŜŀǊŎƘ ŦǊƻƳ ŀǊƻǳƴŘ ǘƘŜ ¦/{5 ŎŀƳǇǳǎΦ  ¢ƘǳǊǎŘŀȅ ƳƻǊƴƛƴƎ 
ǇǊƻǾƛŘŜŘ ŀ ŎƘŀƴŎŜ ǘƻ ƘŜŀǊ ŀōƻǳǘ ǘƘŜ ƻǘƘŜǊ ŎƭǳǎǘŜǊǎ ŀǘ 
/h{ah{ ǿƛǘƘ ǘƘŜ ŎƭǳǎǘŜǊ ƛƴŦƻǊƳŀǝƻƴ ƘƻǳǊΦ {ǘǳŘŜƴǘǎ 
ƻƊŜƴ ǿƻƴŘŜǊ ǿƘŀǘ ǘƘŜ ƻǘƘŜǊ ŎƭǳǎǘŜǊǎ ŀǊŜ ǳǇ ǘƻΣ ǎƻ ǘƘƛǎ ƛǎ 
ŀƴ ƛƴǘŜǊŜǎǝƴƎ ǎŜǎǎƛƻƴΦ 
          ! ƘƛƎƘƭƛƎƘǘ ƻŦ ǘƘŜ ǿŜŜƪ ǿŀǎ ǘƘŜ ¢ƻǊǊŜȅ tƛƴŜǎ {ǘŀǘŜ 
.ŜŀŎƘ ŬŜƭŘ ǘǊƛǇΦ ²ŜŀǘƘŜǊ ǿŀǎ ǇŜǊŦŜŎǘΣ ǘŜƳǇŜǊŀǘǳǊŜǎ ƛƴ 
ǘƘŜ ǳǇǇŜǊ тлΩǎΣ ŀƴŘ ŜƴƻǳƎƘ ƘǳƳƛŘƛǘȅ ǘƻ ōǊŜŀƪ ŀ ƎƻƻŘ 
ǎǿŜŀǘ ƘƛƪƛƴƎ ƛƴ ǘƘŜ ǎǘŀǘŜ ǇŀǊƪΦ ²Ŝ ŜƴƧƻȅŜŘ Ŏƻŀǎǘŀƭ Ǿƛǎǘŀǎ 
ŦǊƻƳ ƘƛƎƘ ŀǘƻǇ ǘƘŜ ōƭǳũǎΣ ŀƴŘ ǘƘŜƴ ƭǳƴŎƘŜŘ ƻƴ ǘƘŜ ǎŀƴŘȅ 
ōŜŀŎƘ ŀǘ ǘƘŜ ƘƛƪŜΩǎ ŜƴŘΦ CǊƛǎōŜŜǎ ǿŜǊŜ ƅȅƛƴƎ ŀƴŘ ǊƻŎƪǎ 
ǿŜǊŜ ǎƪƛǇǇŜŘΣ ŀƴŘ ǎŜǾŜǊŀƭ ǎǘǳŘŜƴǘǎ ŘŜŎƛŘŜŘ ǘƻ ΨƭƛǉǳƛŦȅΩ 
ǘƘŜƳǎŜƭǾŜǎ ƛƴ ǘƘŜ ǎŀƴŘΦ 5ǳǊƛƴƎ ŀ ƘƛƪŜΣ ƻǳǊ /ƭǳǎǘŜǊ !ǎǎƛǎπ
ǘŀƴǘ wƻōŜǊǘ ǇǊƻǾƛŘŜŘ ŀ ǎǳŎŎƛƴŎǘ ƎŜƻƭƻƎƛŎ ƘƛǎǘƻǊȅ ƻŦ ǘƘŜ 
ǊŜƎƛƻƴ ŀǎ ǎǘǳŘŜƴǘǎ ǾƛŜǿŜŘ ŎƻƭƻǊŦǳƭ ǊƻŎƪ ƻǳǘŎǊƻǇǎ ŀƴŘ 
ǘƻƻƪ ǇƛŎǘǳǊŜǎΦ tǊƛƻǊ ǘƻ ¢ƻǊǊŜȅ tƛƴŜǎΣ ǿŜ ŀǎŎŜƴŘŜŘ ƭƻŎŀƭ 
aǘΦ {ƻƭŜŘŀŘ ŦƻǊ ŀ осл ŘŜƎǊŜŜ ǾƛŜǿ ƻŦ ǘƘŜ ƭƻŎŀƭ ǘŜŎǘƻƴƛŎ 
ǎŜǩƴƎΦ ¢Ƙƛǎ ƛǎ ǿƘŜǊŜ ǎǘǳŘŜƴǘǎ ŀǊŜ ŀǇǘ ǘƻ ǇǊƻŎƭŀƛƳΣ άL 
ǿŀƴǘ ǘƻ Ǝƻ ǘƻ ǎŎƘƻƻƭ ƘŜǊŜΗ Lǘǎ ǎƻ ōŜŀǳǝŦǳƭΦέ 
            ²Ŝ ǘƘƛƴƪ ƻǳǊ /ƭǳǎǘŜǊ п ǎǘǳŘŜƴǘǎ ŀǊŜ ǇǊƻƎǊŜǎǎƛƴƎ 
ǿŜƭƭΣ ŀƴŘ ōŜƎƛƴƴƛƴƎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ Ƴŀƴȅ ƻŦ ǘƘŜ ŎƻƳǇƻπ
ƴŜƴǘǎ ǘƘŀǘ ŀǊŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ǎǳŎŎŜǎǎŦǳƭ ŘŜǎƛƎƴΦ ¸ƻǳ ǎƘƻǳƭŘ 
ōŜ ǇǊƻǳŘ ƻŦ ǘƘŜƳΣ ŀǎ ǿŜ ŀǊŜΣ ƎƛǾŜƴ ǘƘŜƛǊ ǇƻƭƛǘŜΣ ƛƴǉǳƛǎƛπ
ǝǾŜΣ ŀƴŘ ŜƴƎŀƎŜŘ ƳŀƴƴŜǊΦ ²Ŝ ƪƴƻǿ ȅƻǳ ǿƛƭƭ ŜƴƧƻȅ ƘŜŀǊπ
ƛƴƎ ŀƭƭ ǘƘŜ ŎƭǳǎǘŜǊ ŘŜǘŀƛƭǎ ŘǳǊƛƴƎ ǘƘŜ ǳǇŎƻƳƛƴƎ ǇŀǊŜƴǘ 
ǿŜŜƪŜƴŘ ƛŦ ȅƻǳ ŀǊŜ ǇŀǊǝŎƛǇŀǝƴƎΦ ²Ŝ ǿƛƭƭ ǘǊȅ ǘƻ ŘƻŎǳƳŜƴǘ 
ǘƘŜ ǿŜŜƪΩǎ ŀŎǝǾƛǝŜǎ ǿƛǘƘ Ƴŀƴȅ ǇƛŎǘǳǊŜǎ ŀƴŘ ƳƻǾƛŜǎ ƻƴ 
ǘƘŜ ǿŜōǎƛǘŜΦ tƭŜŀǎŜ ŜƴƧƻȅ ǘƘŜƳΗ  
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CLUSTER 5: FROM LASERS TO LCDS: LIGHT AT WORK 
       !ƊŜǊ ǘǊŀƛƴƛƴƎ ƘŀǊŘ ŦƻǊ ǘƘŜ /h{ah{ hƭȅƳǇƛŎǎΣ /ƭǳǎǘŜǊ р ŀŎǉǳƛǧŜŘ ǘƘŜƳǎŜƭǾŜǎ ƘƻƴƻǊŀōƭȅ ŀƭƭ ǘƘŜ ǿƘƛƭŜ ōǳƛƭŘƛƴƎ ǘƘŜƛǊ ǎŜƴǎŜ ƻŦ 
ŎƻƳǊŀŘŜǎƘƛǇ ŀƴŘ ŦǳƴΗ ¢ƘŜ ǿŜŜƪŜƴŘ ǿŀǎ ǎǇŜƴǘ ǊŜƭŀȄƛƴƎ ŀǘ ǘƘŜ ǿƻǊƭŘ-ŦŀƳƻǳǎ {ŀƴ 5ƛŜƎƻ ½ƻƻ ŀƴŘ ƻƴ ǘƘŜ ōŜŀŎƘŜǎ ƻŦ [ŀ Wƻƭƭŀ {ƘƻǊŜǎΦ 
wŜǎǘŜŘ ŀƴŘ ǊŜŦǊŜǎƘŜŘΣ ǘƘŜȅ ǿŜǊŜ ǊŜŀŘȅ ǘƻ ŜȄǇƭƻǊŜ ƭŀǎŜǊ ǘƘŜƻǊȅΣ ŘƛũǊŀŎǝƻƴ ƻǇǝŎǎ ŀƴŘ ǇƻƭŀǊƛȊŀǝƻƴ ƛƴ ǿŜŜƪ ǘǿƻΦ 
       CǊƻƳ ƭŜŀǊƴƛƴƎ Ƙƻǿ ǘƻ ǇƻƭŀǊƛȊŜ ƭƛƎƘǘ ǘƻ ŎƻƴǎǘǊǳŎǝƴƎ aƛŎƘŜƭǎƻƴ LƴǘŜǊŦŜǊƻƳŜǘŜǊǎϝΣ ǎǘǳŘŜƴǘǎ ƘŀǾŜ ŘŜǾŜƭƻǇŜŘ ŀƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 
ǘƘŜ ǘƘŜƻǊȅ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ōŜƘƛƴŘ ǘƘŜ ǘƻƻƭǎ ǘƘǊƻǳƎƘ ōƻǘƘ ƭŜŎǘǳǊŜ ŀƴŘ ƭŀōΦ ¢ƻ ǇǊŜǇŀǊŜ ŦƻǊ ǘƘŜƛǊ Ŭƴŀƭ ǇǊŜǎŜƴǘŀǝƻƴǎΣ ǘƘŜȅ ƎŀǘƘŜǊ Řŀǘŀ 
ǘƘŜƴ ǎƘŀǊŜ ǘƘŜƛǊ ŎƻƴŎƭǳǎƛƻƴǎ ǿƛǘƘ ǘƘŜ Ŏƭŀǎǎ ǿƘƛƭŜ ǎǳǊǾƛǾƛƴƎ ǘƘŜ ƎƻƻŘ-ƴŀǘǳǊŜŘ ƎǊƛƭƭƛƴƎ ƻŦ tǊƛƴŎƛǇŀƭ LƴǾŜǎǝƎŀǘƻǊ 5ǊΦ tŜǘŜǊ LƭƛƴȅƪƘ ŀƴŘ [ŀō 
ŀǎǎƛǎǘŀƴǘǎ wǳƛ [ŀ ŀƴŘ {ǳǎƘŀƴǘ YǳƳŀǊΦ 
       9ǾŜǊȅƻƴŜ ŦƻǳƴŘ ǘƘŜ ǎŜŎƻƴŘ 5ƛǎŎƻǾŜǊȅ [ŜŎǘǳǊŜ ƻƴ ¢ǳŜǎŘŀȅ ŜƴǝǘƭŜŘ Ϧ9ƳōǊȅƻǎ ŀƴŘ 9ǾƻƭǳǝƻƴϦ ƎƛǾŜƴ ōȅ tǊƻŦŜǎǎƻǊ .ƛƭƭ aŎDƛƴƴƛǎΣ 
5Ŝŀƴ ƻŦ .ƛƻƭƻƎƛŎŀƭ {ŎƛŜƴŎŜ ŀǘ ¦/ {ŀƴ 5ƛŜƎƻΣ Ƴƻǎǘ ƛƴǘǊƛƎǳƛƴƎΗ  ¢ƘŜ ǎƭƛŘŜǎ ǎƘƻǿƛƴƎ Ƴǳǘŀƴǘ ŦǊǳƛǘ ƅƛŜǎ ǿƛǘƘ ŜȄǘǊŀ ǿƛƴƎǎ ŀƴŘ ŜȅŜǎ ƎǊƻǿƛƴƎ 
ŦǊƻƳ ƻŘŘ ǇƭŀŎŜǎ ǿŜǊŜ ǾŜǊȅ ǇƻǇǳƭŀǊΦ hƴ ²ŜŘƴŜǎŘŀȅΣ ǿŜ ǘƻǳǊŜŘ ǘƘŜ vǳŀƭŎƻƳƳ LƴǎǝǘǳǘŜΣ ǊƛƎƘǘ ƴŜȄǘ ŘƻƻǊ ǘƻ ƻǳǊ ƭŜŎǘǳǊŜ ŀƴŘ ƭŀō ǎǇŀŎŜǎ 
ƛƴ WŀŎƻō IŀƭƭΣ ŀƴŘ ǿŜǊŜ ƛƳƳŜǊǎŜŘ ƛƴ ǘƘŜƛǊ о-5 ǾƛǎǳŀƭƛȊŀǝƻƴ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǘƘŜ {ǘŀǊ/!±9 ŀƴŘ bŜȄǘ/ŀǾŜ ōŜŦƻǊŜ ƘŜŀŘƛƴƎ ǘƻ ǘƘŜ bŀƴƻо [ŀō 
ŦƻǊ ƻǳǊ ŬǊǎǘ ƭƻƻƪ ŀǘ ŀ ƴŀƴƻǘŜŎƘƴƻƭƻƎȅ ƳƛŎǊƻŦŀōǊƛŎŀǝƻƴ ƭŀōΦ 
         /ƭǳǎǘŜǊ р ǎǘǳŘŜƴǘǎ ƘŀǾŜ ƴƻǿ ŀŎƘƛŜǾŜŘ ŀ ǿƻǊƪƛƴƎ ƪƴƻǿƭŜŘƎŜ ƻŦ ǇƘƻǘƻƴƛŎǎ ǘƘŀǘ Ƴƻǎǘ ŀǊŜ ǎǘŀǊǝƴƎ ǘƻ ŀǇǇƭȅ ŀƴŘ ǳǎŜ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ 
ƛƴ ŘŜŜǇŜǊ ŀƴŘ ƳƻǊŜ ŜȄŎƛǝƴƎ ǿŀȅǎΦ IƻǿŜǾŜǊΣ ƛǘ ƛǎ ŀƭǎƻ ƛƳǇƻǊǘŀƴǘ ǘƘŀǘ ǘƘŜǎŜ ŦǳǘǳǊŜ ǎŎƛŜƴǝǎǘǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛǎǘǎ ōŜ ǇǊŜǇŀǊŜŘ ŦƻǊ ǘƘŜ 
ƛƴŎǊŜŀǎƛƴƎƭȅ ŎǊƛǝŎŀƭ ǊƻƭŜ ǘƘŀǘ ŜǘƘƛŎŀƭ ŎƻƴǎƛŘŜǊŀǝƻƴǎ ŎƻƴŎŜǊƴƛƴƎ ǎŎƛŜƴŎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ǿƛƭƭ Ǉƭŀȅ ƛƴ ǘƘŜƛǊ ǎƻŎƛŀƭΣ ŀŎŀŘŜƳƛŎ ŀƴŘ ǇǊƻŦŜǎπ
ǎƛƻƴŀƭ ƭƛǾŜǎΦ 
        hǳǊ ŬǾŜ-ǇŀƎŜ 9ǘƘƛŎǎ ƛƴ {ŎƛŜƴŎŜ 9ǎǎŀȅ ƛǎ ŀ ǳƴƛǉǳŜ ǊŜǉǳƛǊŜƳŜƴǘ ƻŦ ǘƘŜ ¦/ {ŀƴ 5ƛŜƎƻ /h{ah{ ǇǊƻƎǊŀƳ ǘƘŀǘ ŀǎƪǎ ǎǘǳŘŜƴǘǎ ǘƻ ŎƻƴǎƛŘπ
ŜǊ ǘƘŜ ǇƻǿŜǊ ƻŦ ƭƛƎƘǘ-ōŀǎŜŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ ǇƻǘŜƴǝŀƭ ƎƻƻŘ ƻǊ ƛƭƭ ǘƻ ǎƻŎƛŜǘȅ ŀƴŘ ǘƘŜ ŦǳǘǳǊŜΦ !ƊŜǊ ƭŀǎǘ ǿŜŜƪϥǎ ƻǊƛŜƴǘŀǝƻƴ ǘƻ ǘƘŜ DŜƛǎŜƭϥǎ 
[ƛōǊŀǊȅ ŎƻƭƭŜŎǝƻƴ ŀƴŘ ƻƴƭƛƴŜ ǊŜǎƻǳǊŎŜǎΣ ǘƘŜȅ ƘŀǾŜ ǎǇŜƴǘ ƘƻǳǊǎ ǊŜǎŜŀǊŎƘƛƴƎ ǘƘŜ ŜǘƘƛŎŀƭ ƛǎǎǳŜǎ ƛƴ ǘƘŜ ƎŜƴŜǊŀƭ ŬŜƭŘ ƻŦ ǇƘƻǘƻƴƛŎǎ ŀƴŘ 
ǘƘƻǎŜ ǘƻǳŎƘƛƴƎ ǳǇƻƴ ǘƘŜƛǊ ƻǿƴ Ŭƴŀƭ ǇǊƻƧŜŎǘ ŀǊŜŀǎΦ  /ƭǳǎǘŜǊ р ƛǎ ǘŀŎƪƭƛƴƎ ƛǎǎǳŜǎ ŀǎ ŘƛǾŜǊǎŜ ŀǎ ǘƘŜ ǳǎŜ ƻŦ ƴŀƴƻǇƘƻǘƻƴƛŎǎ ǘƻ ƛƳǇǊƻǾŜ 
ǎǘŜŀƭǘƘ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ǘƘŜ ƳƛƭƛǘŀǊȅΣ ǘƻ ŘŜŀƭƛƴƎ ǿƛǘƘ Ǉƻƭƭǳǝƻƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳŀƴǳŦŀŎǘǳǊƛƴƎ [95ǎ ŀƴŘ ǎƻƭŀǊ ǇŀƴŜƭǎΣ ǘƻ ǘƘŜ ŜũŜŎǘ ƻŦ 
ƘŜŀƭǘƘ-ŎŀǊŜ ƘƛƎƘ ǘŜŎƘƴƻƭƻƎȅ ǎǳŎƘ ŀǎ ŎƻǎƳŜǝŎ ƭŀǎŜǊǎ ƻƴ ǘƘŜ Ŏƻǎǘ ǘƻ ŎƻƴǎǳƳŜǊǎΦ ¢ƘŜȅ ǿƛƭƭ ŬƴŘ ƻǳǘ ǎƻƻƴ ǿƘƻ ŀƳƻƴƎ ǘƘŜƳ ǿƛƭƭ ŎƭŀƛƳ ǘƘŜ 
Ϸнлл ǇǊƛȊŜ ŦƻǊ ōŜǎǘ ŜǎǎŀȅΗ 
ϝ aƛŎƘŜƭǎƻƴϥǎ LƴǘŜǊŦŜǊƻƳŜǘŜǊ ƛǎ ŀƴ ŀǊǊŀƴƎŜƳŜƴǘ ƻŦ ƭŜƴǎ ŀƴŘ ƳƛǊǊƻǊǎ ǘƘŀǘ ǎǇƭƛǘǎ ŀ ƭƛƎƘǘ ōŜŀƳ ƛƴǘƻ ǘǿƻ ǎŜǇŀǊŀǘŜ ǇŀǘƘǎΣ ŎǊŜŀǝƴƎ ŀƴ ƛƴǘŜǊπ
ŦŜǊŜƴŎŜ ǇŀǧŜǊƴ ǿƘŜƴ ǊŜŎƻƳōƛƴŜŘ ǘƘŀǘ ƛǎ ǎŜƴǎƛǝǾŜ ǘƻ ŀƴȅ ŎƘŀƴƎŜǎ ŀƭƻƴƎ ŜƛǘƘŜǊ ǇŀǘƘΦ Lǘ ǿŀǎ ǳǎŜŘ ǘƻ ŘƛǎǇǊƻǾŜ ǘƘŜ ϥŜǘƘŜǊϥ ǘƘŜƻǊȅ ŘŜπ
ǎŎǊƛōƛƴƎ ǘƘŜ ǇǊƻǇŀƎŀǝƻƴ ƻŦ ŜƭŜŎǘǊƻƳŀƎƴŜǝŎ ǿŀǾŜǎ όмуут aƛŎƘŜƭǎƻƴ-aƻǊƭŜȅύΣ ƭŜŀŘƛƴƎ ǘƻ ǘƘŜ {ǇŜŎƛŀƭ ¢ƘŜƻǊȅ ƻŦ wŜƭŀǝǾƛǘȅ όмфлр 9ƛƴπ
ǎǘŜƛƴύΣ ŀƴŘ ǘƻ ǘƘŜ ǊŜŎŜƴǘ ŘŜƳƻƴǎǘǊŀǝƻƴ ƻŦ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ƎǊŀǾƛǘȅ ǿŀǾŜǎ ǇǊŜŘƛŎǘŜŘ ōȅ ǘƘŜ DŜƴŜǊŀƭ ¢ƘŜƻǊȅ ƻŦ wŜƭŀǝǾƛǘȅ όнлмс [LDhύΦ 


