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A RESIDENTIAL ACADEMIC EXPERIENCE FOR TALENTED HIGH SCHOOL STUDENTS AT UC SAN DIEGO  

 

 

C 
osmos is here and what a 

week it has been!  The 

students are settling in, 

making new friends and becoming 

familiar with the campus. This 

newsletter, the first of our weekly 

newsletters, will provide you with 

a glimpse into your studentsõ lives 

over this past week.   

Week 1 Newsletter  
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In this issue:  

Please address REGULAR MAIL  to:  

Studentõs FULL Name 

ERC Conference Services Center, COSMOS 

9450 Gilman Drive 

La Jolla, CA 92092-0100 

 

 

COSMOS 2017 has begun! 

Please address 

PACKAGES  to:  

Studentõs FULL Name 

COSMOS @ UCSD 

9500 Gilman Drive #0429 

La Jolla, CA 92093-0429 

MAILING ADDRESSES: 

CONTACT INFORMATION  

COSMOS Office Hours: 

(during the summer program) 

Monday - Friday: 8:00am - 5:00pm 

Email: cosmos@ucsd.edu 

Phone: (858) 822-4361 

After Hours: (858) 229-6004 
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REMINDER! 

 

 

RESIDENTIAL LIFE 

W 
Ŝ ŀǊŜ ƘŀǇǇȅ ǘƻ ƛƴŦƻǊƳ ȅƻǳ ǘƘŀǘ ȅƻǳǊ ǎǘǳŘŜƴǘ ƛǎ ŀƭƛǾŜ ŀƴŘ ǿŜƭƭΦ ¢ƘŜ w!ǎ ƘŀǾŜ Ǉǳǘ ƻƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ǇǊƻƎǊŀƳǎ 
ŦƻǊ ȅƻǳǊ ǎǘǳŘŜƴǘ ǘƘƛǎ ǿŜŜƪΦ tǊƻƎǊŀƳǎ ƘŀǾŜ ƛƴŎƭǳŘŜŘ [ŀǳƴŘǊȅ млмΣ ŎƻƭƭŜƎŜ ǘǊƛǾƛŀΣ ǾƻƭƭŜȅōŀƭƭΣ Wǳǎǘ 5ŀƴŎŜΣ 
ŎŀƴǾŀǎ ǇŀƛƴǝƴƎΣ ŀƴŘ ƻǊƛƎŀƳƛΣ Ƨǳǎǘ ǘƻ ƴŀƳŜ ŀ ŦŜǿΦ ¢ƘŜ ǎǘǳŘŜƴǘǎ ƘŀǾŜ ŀƭǎƻ ōŜŜƴ ƘŀǊŘ ŀǘ ǿƻǊƪ ǇǊŜǇŀǊƛƴƎ 

ǘƘŜƛǊ ŎƘŜŜǊǎ ŀƴŘ ŎƘƻǊŜƻƎǊŀǇƘƛƴƎ ǘƘŜƛǊ ŘŀƴŎŜǎκǎƪƛǘǎ ŦƻǊ ǘƘŜ ŀƴƴǳŀƭ /h{ahƭȅƳǇƛŎǎ ŎƻƳǇŜǝǝƻƴ ōŜǘǿŜŜƴ ŎƭǳǎǘŜǊǎ 
ŦƻǊ CǊƛŘŀȅ ŀƊŜǊƴƻƻƴΦ LΩƳ ǎǳǊŜ ǎǘǳŘŜƴǘǎ ǿƛƭƭ Ǉƻǎǘ ǾƛŘŜƻǎ ƻŦ ǘƘŜ ŜǾŜƴǘ ǎƻ ōŜ ƻƴ ǘƘŜ ƭƻƻƪƻǳǘ ŦƻǊ ǘƘƻǎŜΦ hƴ ŀ ŘƛũŜǊŜƴǘ 
ƴƻǘŜΣ ǿŜ ŀǊŜ ǘƘǊƛƭƭŜŘ ǘƻ ǊŜǇƻǊǘ ǘƘŀǘ ŘŜǎǇƛǘŜ ƘŀǾƛƴƎ нлр ǘŜŜƴŀƎŜǊǎΣ ǘƘŜǊŜ ƘŀǾŜ ōŜŜƴ ƴƻ ƳŀƧƻǊ ƛƴƧǳǊƛŜǎΦ ϝƪƴƻŎƪ ƻƴ 
ǿƻƻŘϝ ¢ƘƻǳƎƘ ǎŀŦŜǘȅ Ƙŀǎ ōŜŜƴ ƻǳǊ ƴǳƳōŜǊ ƻƴŜ ǇǊƛƻǊƛǘȅΣ ǘƘŜ ǎǘǳŘŜƴǘǎ ƘŀǾŜ ōŜŜƴ ǎǳŎŎŜǎǎŦǳƭ ƛƴ ŎǊŜŀǝƴƎ ŀ ƭƛǾŜƭȅ ŀƴŘ 
ŜƴŜǊƎŜǝŎ ŎƻƳƳǳƴƛǘȅ ƛƴ ŀ ǎƘƻǊǘ ǇŜǊƛƻŘ ƻŦ ǝƳŜΦ !ƭƭ ƛƴ ŀƭƭ /h{ah{ Ƙŀǎ ōŜŜƴ ƻũ ǘƻ ŀ ƎǊŜŀǘ ǎǘŀǊǘ ƛƴ ŀƴŘ ƻǳǘ ƻŦ ǘƘŜ Ŏƭŀǎǎπ
ǊƻƻƳΦ  
 
 

RECAP of OPENING DAY 

Two hundred and five students arrived on the UCSD campus for the greatly awaited COSMOS 2017 
program to begin. Families and staff were found dispersed throughout the Eleanor Roosevelt College 
(ERC) as students moved into their suites, their home for the next month. The joyful music and 
friendly environment was very welcoming.  All people present then walked to Solis Hall for the Intro-
duction presentation and Welcoming remarks.  Students then split into their clusters and took a tour 
around campus led by the Residential Advisors. They then returned to ERC and said their good-byes 
to their families.  The clusters had ice-breakers for the students to begin meeting each other, for they 
will be working and learning closely together throughout the program.  Dinner was well-enjoyed at 
the college dining hall, Cafe Ventanas. After dinner, the rules and boundaries for the program were 

clearly explained.  There were still plenty of activities left to do for the day.  
More ice-breakers were played by everyone together and others that involved 
friendly competition between the clusters. Eventually, everybody headed to 
their suites, where they finished moving in and met with the group of people 
with whom they will be living.  Lights were out by 11:00pm, to ensure enough 
energy for the next day. This was only the beginning...  
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F 
amily Weekend is July 21nd through July 23th. Students must be 

checked out by an adult specified on the Family Weekend Form between 5-9pm 

on Friday and must return between 2 -5pm on Sunday. Optionally, students 

can be checked out at 5pm on Friday and returned by 9pm that same evening or alter-

nately, 2pm on Sunday, returning by 5pm that day. We do not have the staff to accommo-

date individual schedules. All students MUST be back to campus by 5pm on Sun-

day. PLEASE speak with your child and let us know by email if their choice for the week-

end has changed so we can staff appropriately. There are many students who will be stay-

ing on campus during the weekend and the RAs have a full schedule of activities and fun 

planned for those students. If you have any questions, please call our of-

fice at (858) 822 -4361 or email  

cosmos@ucsd.edu.  

 

 

 5ǊΦ !ƭƛŎŜ ¸ǳ ǇǊŜǎŜƴǘŜŘ ǘƘŜ ŬǊǎǘ 5ƛǎŎƻǾŜǊȅ [ŜŎǘǳǊŜ ƻŦ ǘƘŜ ǎǳƳƳŜǊ ǿƛǘƘ ŀ ƭŜŎǘǳǊŜ ǝǘƭŜŘ Ϧ¢ƘŜ !./ϥǎ ƻŦ ¢Ǌŀƴǎƭŀπ
ǝƻƴŀƭ aŜŘƛŎƛƴŜϦΦ {ƘŜ ƻōǘŀƛƴŜŘ ƘŜǊ aŜŘƛŎŀƭ 5ŜƎǊŜŜ ƛƴ мфсу ŦǊƻƳ bŀǝƻƴŀƭ ¢ŀƛǿŀƴ ¦ƴƛǾŜǊǎƛǘȅΦ {ƘŜ ǘƘŜƴ ŎƻƴǝƴǳŜŘ 
ƘŜǊ ǎǘǳŘƛŜǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ǿƘŜǊŜ ǎƘŜ ƻōǘŀƛƴŜŘ ŀ aŀǎǘŜǊǎ 5ŜƎǊŜŜ ŦǊƻƳ ¸ŀƭŜ ŀƴŘ ŀ tƘ5 ŦǊƻƳ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 
/ƘƛŎŀƎƻΣ ōƻǘƘ ƛƴ ƛƳƳǳƴƻƭƻƎȅ ŀƴŘ ƳƛŎǊƻōƛƻƭƻƎȅΦ 5ǊΦ ¸ǳϥǎ ƭŀō ƛǎ ŎǳǊǊŜƴǘƭȅ ƛƴǾƻƭǾŜŘ ƛƴ ŀ ƘƛƎƘƭȅ ǎǳŎŎŜǎǎŦǳƭ tƘŀǎŜ LLL Ŏƭƛƴƛπ
Ŏŀƭ ǘǊƛŀƭ ŦƻǊ ǘƘŜ ƛƳƳǳƴƻǘƘŜǊŀǇȅ ƻŦ ƴŜǳǊƻōƭŀǎǘƻƳŀΦ IŜǊ ǊŜǎŜŀǊŎƘ ƛǎ ŀƭǎƻ ŦƻŎǳǎŜŘ ƻƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ƳƻƭŜŎǳƭŀǊ 
ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ǘǳƳƻǊ ǎǳǇǇǊŜǎǎƻǊ ƎŜƴŜǎ ƛƴ ǘƘŜ ŎƘƛƭŘƘƻƻŘ ŎŀƴŎŜǊǎ ƴŜǳǊƻōƭŀǎǘƻƳŀ ŀƴŘ ƭŜǳƪŜƳƛŀΣ ŀƴŘ ŜȄǇƭƻƛǝƴƎ 
ǘƘŜǎŜ ŘƛǎŎƻǾŜǊƛŜǎ ƛƴ ŎƭƛƴƛŎŀƭ ǘǊƛŀƭǎΦ  
 5ǊΦ ¸ǳ ŘŜŬƴŜŘ ǘǊŀƴǎƭŀǝƻƴŀƭ ƳŜŘƛŎƛƴŜ ŀƴŘ ǇǊƻŎŜŜŘŜŘ ǘƻ ƛƴŦƻǊƳ ǘƘŜ ǎǘǳŘŜƴǘǎ ŀōƻǳǘ Ƙƻǿ ƛƳǇƻǊǘŀƴǘ ƛǘ ǿŀǎ ƛƴ 
ƳƻŘŜǊƴ ƳŜŘƛŎƛƴŜΦ aŀƴȅ ŀŘǾŀƴŎŜƳŜƴǘǎ ƛƴ ǘǊŜŀǘƳŜƴǘǎ ƻŦ ǾŀǊƛƻǳǎ ŎŀƴŎŜǊǎ ƘŀǾŜ ōŜŜƴ ƳŀŘŜ ǇƻǎǎƛōƭŜ ŘǳŜ ǘƻ ǘǊŀƴǎƭŀπ
ǝƻƴŀƭ ƳŜŘƛŎƛƴŜΦ 5ǊΦ ¸ǳ ŀƭǎƻ ŘŜǎŎǊƛōŜŘ ǘƘŜ ŘǊǳƎ ŘƛǎŎƻǾŜǊȅ ǇǊƻŎŜǎǎ ŦǊƻƳ ǇǊŜŎƭƛƴƛŎŀƭ ǎǘǳŘƛŜǎ ǘƻ ŎƭƛƴƛŎŀƭ ǎǘǳŘƛŜǎΣ ǿƘƛŎƘ 
Ŏŀƴ ǘŀƪŜ ŀƴȅǿƘŜǊŜ ŦǊƻƳ мл ǘƻ нл ȅŜŀǊǎΦ {ƘŜ ŘŜǎŎǊƛōŜŘ ǘƘŜ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ ŦƻǳǊ ǇƘŀǎŜǎ ƻŦ ŎƭƛƴƛŎŀƭ ǘǊƛŀƭǎ ŀƴŘ 
Ƙƻǿ ǘƘŜ Ŏƻǎǘǎ ƛƴŎǊŜŀǎŜ ŀǎ ŘǊǳƎǎ ŜƴǘŜǊ ŜŀŎƘ ǇƘŀǎŜΦ Lǘ ǘŀƪŜǎ ŀōƻǳǘ ϷнΦр .ƛƭƭƛƻƴ ǘƻ ŘŜƭƛǾŜǊ ŀ ƴŜǿ ŘǊǳƎΦ 5ǊΦ ¸ǳ ŀƭǎƻ ŘŜπ
ǎŎǊƛōŜŘ Ƙƻǿ ƛƳǇƻǊǘŀƴǘ ƛǘ ǿŀǎ ǘƻ ǇǊƻǘŜŎǘ ǇŜƻǇƭŜ ǿƘƻ ǇŀǊǝŎƛǇŀǘŜ ƛƴ ŎƭƛƴƛŎŀƭ ǘǊƛŀƭǎΦ ¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ ƛƴŦƻǊƳŜŘ ŎƻƴǎŜƴǘ ƛǎ 
ǾŜǊȅ ƛƳǇƻǊǘŀƴǘΦ 9ǾŜǊȅ ŎƭƛƴƛŎŀƭ ǘǊƛŀƭ Ƴǳǎǘ Ŧƻƭƭƻǿ ǘƘŜ IŜƭǎƛƴƪƛ 5ŜŎƭŀǊŀǝƻƴΣ ŀ ǎŜǘ ƻŦ ŜǘƘƛŎŀƭ ǇǊƛƴŎƛǇƭŜǎ ǊŜƎŀǊŘƛƴƎ ƘǳƳŀƴ 
ŜȄǇŜǊƛƳŜƴǘŀǝƻƴ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ ²ƻǊƭŘ aŜŘƛŎŀƭ !ǎǎƻŎƛŀǝƻƴΦ 5ǊΦ ¸ǳ ŜƴŘŜŘ ƘŜǊ ǘŀƭƪ ōȅ ƎƻƛƴƎ ƻǾŜǊ ŀ ŎƻǳǇƭŜ ƻŦ ŜȄπ
ŀƳǇƭŜǎ ƻŦ ǘǊŜŀǘƳŜƴǘǎ ǳǎŜŘ ǘƻ ǘǊŜŀǘ ǾŀǊƛƻǳǎ ŦƻǊƳǎ ƻŦ ŎŀƴŎŜǊ ŀƴŘ ƭŜǳƪŜƳƛŀ ǘƘŀǘ ǿŜǊŜ ƳŀŘŜ ǇƻǎǎƛōƭŜ ǘƘǊƻǳƎƘ ǘǊŀƴǎƭŀπ
ǝƻƴŀƭ ƳŜŘƛŎƛƴŜΦ   

DISCOVERY LECTURE SERIES 

FAMILY WEEKEND REMINDER  

!ŘƳƛǎǎƛƻƴǎ tǊŜǎŜƴǘŀǝƻƴΥ тκно Ϫ оǇƳΦ tŀǊŜƴǘǎ ǿŜƭŎƻƳŜ ǘƻ ŀǧŜƴŘΗ 



 п 

CLUSTER 1: COMPUTERS IN EVERYDAY LIFE 
Cluster 1  

 hƴ 5ŀȅ м ƻŦ /h{ah{Σ /ƭǳǎπ
ǘŜǊ м ƘŀŘ ƴƻǘ ƻƴƭȅ ƎƻǧŜƴ ŀ ƎƭƛƳǇǎŜ 
ƻŦ ǿƘŀǘ ǿŀǎ ƛƴ ǎǘƻǊŜ ŦƻǊ ǘƘŜ ƴŜȄǘ 
ŦƻǳǊ ǿŜŜƪǎΣ ōǳǘ ŎǊŜŀǘŜŘ ŀƴ !ƴŘǊƻƛŘ 
ŀǇǇΗ 5ǳǊƛƴƎ ǘƘƛǎ ŬǊǎǘ ǿŜŜƪΣ ǿŜ ōŜπ
Ǝŀƴ ǘƻ ƭŜŀǊƴ !ǇǇLƴǾŜƴǘƻǊΦ Lǘ ƛǎ ŀ 
ǎŎǊƛǇǝƴƎ ƭŀƴƎǳŀƎŜ ǿƛǘƘ ŀ ƎǊŀǇƘƛŎŀƭ 
ƛƴǘŜǊŦŀŎŜ ǿƘƛŎƘ ŀƭƭƻǿŜŘ ǳǎ ǘƻ Ǉǳǘ 
ǘƻƎŜǘƘŜǊ ƻǳǊ ǎƛƳǇƭŜ ŀǇǇ ƛƴ ŀ ƳŀǧŜǊ 
ƻŦ ƘƻǳǊǎΦ !ǇǇLƴǾŜƴǘƻǊ ŀƭƭƻǿǎ ǳǎ ǘƻ 
ŘŜǾŜƭƻǇ ŀǇǇƭƛŎŀǝƻƴǎ ŦƻǊ !ƴŘǊƻƛŘ 
ōŀǎŜŘ ŘŜǾƛŎŜǎΣ ƭƛƪŜ ŎŜƭƭ ǇƘƻƴŜǎΦ 
{ƻƳŜ ƻŦ ƻǳǊ ŬǊǎǘ ŀǇǇƭƛŎŀǝƻƴǎ ŦƻǊ 
ǘƘŜ !ƴŘǊƻƛŘ ǇƘƻƴŜ ƛƴŎƭǳŘŜŘ ƳŀƪƛƴƎ 
ŀ ²ƘŀŎƪ-ŀ- aƻƭŜ ƎŀƳŜΦ bŜȄǘ ǿŜ 
ǿƻǊƪŜŘ ƻƴ ƻǳǊ ƻǿƴ ǳƴƛǉǳŜ ŀǇǇ 
ǿƛǘƘ ƻǳǊ ǇŀǊǘƴŜǊΦ LŦ ǿŜ ǿŀƴǘŜŘ ǘƻΣ 
ǿŜ ŎƻǳƭŘ Ǉǳǘ ƻǳǊ ŀǇǇǎ ǳǇ ŦƻǊ ǎŀƭŜ ƛƴ 
ǘƘŜ !ƴŘǊƻƛŘ aŀǊƪŜǘΗ ²Ŝ ǿŜǊŜ 
ǇŀƛǊŜŘ ǳǇ ƛƴ ǘŜŀƳǎ ŀƴŘ ƳŀŘŜ ŀ 
ƎǊƻǳǇ ŀǇǇ ǿƘƛŎƘ ǿŜ ǿŜΩƭƭ ǇǊŜǎŜƴǘ 
ƻƴ ¢ƘǳǊǎŘŀȅ ŀƊŜǊƴƻƻƴ ǘƻ ǘƘŜ Ŏƭǳǎπ
ǘŜǊΦ Lƴ ŀōƻǳǘ ǘƘǊŜŜ ŘŀȅǎΣ ǿŜ ƘŀŘ 
ŎǊŜŀǘŜŘ ŀƴ ŀǇǇ ŀƴŘ ŎƻǳƭŘ ǎŜŜ ǿƘŀǘ 
ƻǘƘŜǊ ŦŜŀǘǳǊŜǎ ǿŜ ǎǝƭƭ ƘŀŘ ǘƻ ǿƻǊƪ 
ƻƴΦ 
 hƴ ²ŜŘƴŜǎŘŀȅΣ ǿŜ ōŜƎŀƴ 
ǘƻ ƭŜŀǊƴ ŀōƻǳǘ tȅǘƘƻƴΗ LǘΩǎ ŀ ǇƻǿŜǊπ
Ŧǳƭ ƭŀƴƎǳŀƎŜ ǘƘŀǘ ƛǎ ŦŀǎǘΣ ŦǊƛŜƴŘƭȅ 
ŀƴŘ Ŝŀǎȅ ǘƻ ƭŜŀǊƴΦ Lƴ ŦŀŎǘΣ ƻǳǊ ŬǊǎǘ 

ƭŜǎǎƻƴ ƛƴ ǇǊƻƎǊŀƳƳƛƴƎ ƻƴ ǾŀǊƛŀōƭŜǎΣ 
ŎƻƴǘǊƻƭǎΣ ƳŜǘƘƻŘǎ ŀƴŘ ŦǳƴŎǝƻƴǎ 
ǊŜǎǳƭǘŜŘ ƛƴ ǳǎ ōŜƛƴƎ ŀōƭŜ ǘƻ ǊŜŀŘ ǘƘŜ 
tȅǘƘƻƴ ŎƻŘŜ ŀƴŘ ŎƻǊǊŜŎǘƭȅ ŎƻƴŎƭǳŘπ
ƛƴƎ ǿƘŀǘ ƛǘ ǿƻǳƭŘ ŘƻΦ !ƊŜǊ ƻǳǊ ƭŜǎπ
ǎƻƴΣ ǿŜ ƘŀŘ ŀ ƎǳŜǎǘ ǎǇŜŀƪŜǊΦ {ŀƴƧƻȅ 
5ŀǎƎǳǇǘŀΣ ǿƘƻǎŜ ŬŜƭŘ ƛǎ !ǊǝŬŎƛŀƭ 
LƴǘŜƭƭƛƎŜƴŎŜΣ ǎǇƻƪŜ ǘƻ ǳǎ ŀōƻǳǘ 
ά[ŜŀǊƴƛƴƎ ²ƛǘƘƻǳǘ {ǳǇŜǊǾƛǎƛƻƴέΦ Lǘ 
ǿŀǎ ƛƴǎǇƛǊŜŘ ōȅ ŜŀǊƭȅ ŎƘƛƭŘƘƻƻŘ ŘŜπ
ǾŜƭƻǇƳŜƴǘ ŀƴŘ Ƙƻǿ ōŀōƛŜǎ ƭŜŀǊƴ 
ŀōƻǳǘ ǘƘŜ ǿƻǊƭŘ ŀǊƻǳƴŘ ǘƘŜƳΦ IƛŜǊπ
ŀǊŎƘƛŎŀƭ ŎƭǳǎǘŜǊƛƴƎ ƛǎ ŘƻƴŜ ƻƴŎŜ 
ŀǧǊƛōǳǘŜǎ ŀǊŜ ŀǎǎƛƎƴŜŘ ǘƻ ŀƴ ƛǘŜƳ 
ǘƻ ŘŜǘŜǊƳƛƴŜ άǿƘŀǘέ ƛǘ ƛǎΦ CƻǊ ŜȄŀƳπ
ǇƭŜΣ ǿƛǘƘ ŀƴƛƳŀƭǎΣ ǎƻƳŜ ŀǧǊƛōǳǘŜǎ 
ŎƻǳƭŘ ōŜΥ ŦǳǊǊȅΣ ǎǘǊƛǇŜǎΣ ǘŀƛƭΣ ǎǿƛƳǎΣ 
ƘƻǇǎΣ ŘŜǎŜǊǘΣ ŀƴŘ ǇƭŀƛƴǎΦ ! ȊŜōǊŀ 
ǿƻǳƭŘ ōŜ ŀǎǎƛƎƴŜŘ ŀ м όǘǊǳŜύ ƻǊ л 
όŦŀƭǎŜύ ƛŦ ǘƘŜ ŀǧǊƛōǳǘŜ ƛǎ ǘǊǳŜ ŦƻǊ ƛǘ 
ŀƴŘ ŀƴ ƻǾŜǊŀƭƭ ǾŀƭǳŜ ǿƻǳƭŘ ōŜ ŎƻƳπ
ǇǳǘŜŘΦ IƛŜǊŀǊŎƘƛŎŀƭ ŎƭǳǎǘŜǊƛƴƎ ǿƻǳƭŘ 
ƎǊƻǳǇ άƭƛƪŜέ ŀƴƛƳŀƭǎ ǘƻƎŜǘƘŜǊΦ 
aŀŎƘƛƴŜǎ ǿƻǳƭŘ ǘƘŜƴ ōŜ ŀōƭŜ ǘƻ 
ƭŜŀǊƴ ǘƘŜ ǘȅǇŜǎ ƻŦ ŀƴƛƳŀƭǎ ōŀǎŜŘ ƻƴ 
ǿƘŀǘ ƛǘ άǎŜŜǎέΦ 5ǳǊƛƴƎ ƭŀōΣ ǿŜ Ŭƴπ
ƛǎƘŜŘ ǳǇ ǿƻǊƪƛƴƎ ƻƴ ƻǳǊ ŀǇǇǎ ŀƴŘ 
ŎƻƴǝƴǳŜŘ ǘƻ ŘƛǎŎƻǾŜǊ ǘƘŜ Ǉƻǎǎƛōƛƭƛπ
ǝŜǎ ŀƴŘ ƭƛƳƛǘŀǝƻƴǎ ƻŦ ǿƻǊƪƛƴƎ ƻƴ ŀ 
ƳƻōƛƭŜ ǇƭŀǜƻǊƳΦ 

 ¢ƘǳǊǎŘŀȅ ǿŜ ƘŜŀǊŘ ŀ 
ǇǊŜǎŜƴǘŀǝƻƴ ŦǊƻƳ ǘƘŜ {ŎƛŜƴŎŜ ŀƴŘ 
9ƴƎƛƴŜŜǊƛƴƎ ƭƛōǊŀǊƛŀƴ ǘƘŀǘ ǿƛƭƭ ƘŜƭǇ 
ǳǎ Řƻ ƻǳǊ ǊŜǎŜŀǊŎƘ ŦƻǊ ƻǳǊ ǳǇŎƻƳπ
ƛƴƎ ǿƻǊƪΦ Lƴ ǘƘŜ ŀƊŜǊƴƻƻƴΣ ǿŜΩƭƭ 
ŬƴƛǎƘ ǳǇ ƻǳǊ ŀǇǇǎ ŀƴŘ ǇǊŜǎŜƴǘ ƻǳǊ 
ǿƻǊƪ ǘƻ ƻǳǊ ŎƭǳǎǘŜǊΦ ¢ƘŜ ǇǊŜǎŜƴǘŀπ
ǝƻƴǎ ǿƛƭƭ ōŜ ŀǾŀƛƭŀōƭŜ ƻƴ ƻǳǊ ōƭƻƎ - 
ƘǧǇΥκκǳŎǎŘŎƻǎƳƻǎŎƭǳǎǘŜǊм 
нлмтΦōƭƻƎǎǇƻǘΦŎƻƳκΦ hǳǊ ŬǊǎǘ 
ǇǊŜǎŜƴǘŀǝƻƴ ǘƻ ǘƘŜ ŎƭǳǎǘŜǊ ǿƛƭƭ 
¢ƘǳǊǎŘŀȅ ŀƊŜǊƴƻƻƴ ǘƻ ǎƘŀǊŜ ǿƘŀǘ 
ŜŀŎƘ ƎǊƻǳǇ ŘƛŘ ŦƻǊ ǘƘŜƛǊ ƻǊƛƎƛƴŀƭ 
ŀǇǇΦ 
 CǊƛŘŀȅ ǿƛƭƭ ƭŜŀǊƴ ŀōƻǳǘ ƛƳπ
ŀƎŜ ǇǊƻŎŜǎǎƛƴƎΦ Lƴ ƭŀōΣ ǿŜΩƭƭ ōŜƎƛƴ 
ǇǊƻƎǊŀƳƳƛƴƎ wŀǎǇōŜǊǊȅ tƛǎ ǘƻ ǘŀƪŜ 
ǇƛŎǘǳǊŜǎ ŀƴŘ ǇǊƻŎŜǎǎ ǘƘŜ ƛƳŀƎŜǎΦ 
 ±ƛŘŜƻǎ ƻŦ ƻǳǊ ŀǇǇ ǇǊŜǎŜƴǘŀπ
ǝƻƴǎ ŀƴŘ ǇƘƻǘƻǎ ǿƛƭƭ ōŜ ǇƻǎǘŜŘ ǘƘƛǎ 
ǿŜŜƪŜƴŘ ƻƴ ƻǳǊ ōƭƻƎΦ 

http://ucsdcosmoscluster1-2017.blogspot.com/
http://ucsdcosmoscluster1-2017.blogspot.com/
http://ucsdcosmoscluster1-2017.blogspot.com/
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CLUSTER 2: ENGINEERING DESIGN AND CONTROL OF  

KINETIC SCULPTURES 
 /ƭǳǎǘŜǊ н ǎǘŀǊǘŜŘ ǿŜŜƪ м ƻŦ 
/h{ah{ ǿƛǘƘ ǎŀŦŜǘȅ ǘǊŀƛƴπ
ƛƴƎΦ    {ǘǳŘŜƴǘǎ ƳŜǘ ǘƘŜ /ƭǳǎǘŜǊ ¢!ϥǎ 
aŀǊƛƪŀΣ aŀǊǎƘŀƭƭΣ ŀƴŘ wƻōŜǊǘΦ  5ǊΦ 
ŘŜ /ŀƭƭŀŦƻƴ ƛƴǘǊƻŘǳŎŜŘ ǘƘŜ ǇǊƻƧŜŎǘǎ 
ǎǘǳŘŜƴǘǎ ǿƛƭƭ ōŜ ǿƻǊƪƛƴƎ ƻƴ ǘƘƛǎ 
ǎǳƳƳŜǊΦ  5ǊΦ 5Ŝƭǎƻƴ ǘŀǳƎƘǘ ŀ ƭŜǎǎƻƴ 
ƻƴ ŎƭƻŎƪǎ ǘƻ ƛƴǘǊƻŘǳŎŜ ǘƘŜ ŬǊǎǘ ǇǊƻπ
ƧŜŎǘΣ ƳŀƪƛƴƎ ŀ ŎƭƻŎƪΦ  ²Ŝ ƘŀŘ ŀ ǇƛȊȊŀ 
ǇŀǊǘȅ ŦƻǊ ƭǳƴŎƘ ƻƴ aƻƴŘŀȅΦ  !ƊŜǊ 
ǘƘŜ ǇƛȊȊŀ ǇŀǊǘȅ ǘƘŜ /ƭǳǎǘŜǊ ǾƛŜǿŜŘ 
ǘƘŜ ǇŜƴŘǳƭǳƳ ŎƭƻŎƪ ōǳƛƭǘ ōȅ ¦/{5 
ŜƴƎƛƴŜŜǊƛƴƎ ǎǘǳŘŜƴǘǎ ƻƴ ŎŀƳπ
ǇǳǎΦ  ²Ŝ ǘƘŜƴ ǿŜƴǘ ǘƻ ǘƘŜ 5ŜǎƛƎƴ 
{ǘǳŘƛƻ ŦƻǊ ƛƴǎǘǊǳŎǝƻƴ ƻƴ ǎŀŦŜǘȅ ŀƴŘ 
Ƙƻǿ ǘƻ ǳǎŜ ǘƘŜ ŜǉǳƛǇƳŜƴǘΦ  ¢ƘŜ 
/ƭǳǎǘŜǊ ǘƘŜƴ ƭŜŀǊƴŜŘ !ǳǘƻŘŜǎƪ ƛƴπ
ǾŜƴǘƻǊ ŀ /ƻƳǇǳǘŜǊ !ƛŘŜŘ 5ŜǎƛƎƴ 
ǇǊƻƎǊŀƳΦ  {ǘǳŘŜƴǘǎ ǳǎŜŘ /!5 ǘƻ 
ŘǊŀǿ ǘƘŜ ŜǎŎŀǇŜƳŜƴǘ ǿƘŜŜƭ ŀƴŘ 
ǇŜƴŘǳƭǳƳ ŦƻǊ ǘƘŜƛǊ ŎƭƻŎƪǎΦ 
 hƴ ¢ǳŜǎŘŀȅ ǿŜ ƘŀŘ ǘƘŜ 5ƛǎπ
ŎƻǾŜǊȅ [ŜŎǘǳǊŜ ōȅ 5ǊΦ !ƭƛŎŜ ¸ǳ ƻƴ 
¢Ǌŀƴǎƭŀǝƻƴŀƭ aŜŘƛŎƛƴŜΦ  ²Ŝ ǘƘŜƴ 
ƭŜŀǊƴŜŘ ǘƘŜ ǇƘȅǎƛŎǎ ƻŦ ǇŜƴŘǳƭǳƳǎ 
ŀƴŘ ǎǇŜƴǘ ǝƳŜ ƻƴ /!5 ŦƻǊ ǘƘŜ 
ŎƭƻŎƪΦ  ¢ǳŜǎŘŀȅ ŀƊŜǊƴƻƻƴ ǿŀǎ ǎǇŜƴǘ 
ƛƴ ǘƘŜ 5ŜǎƛƎƴ {ǘǳŘƛƻ ŀƴŘ ƻƴ /!5Φ
 ²ŜŘƴŜǎŘŀȅ 5Ǌ ŘŜ /ŀƭƭŀŦƻƴ 
ƛƴǘǊƻŘǳŎŜŘ ǎǘǳŘŜƴǘǎ ǘƻ ǘƘŜ ²ƻǊƪƛƴƎ 
aƻŘŜƭ н5 ǎƻƊǿŀǊŜΦ  ¢Ƙƛǎ ǇǊƻƎǊŀƳ 
ƭŜǘǎ ǘƘŜ ǎǘǳŘŜƴǘǎ ǎƛƳǳƭŀǘŜ ǘƘŜƛǊ ŎƭƻŎƪ 
ǇŜƴŘǳƭǳƳǎ ŀƴŘ ƭŀǘŜǊ ǘƘŜƛǊ Ŭƴŀƭ ǇǊƻπ

ƧŜŎǘǎΦ  {ǘǳŘŜƴǘǎ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǇƘȅǎƛπ
Ŏŀƭ ŀƴŘ ŎƻƳǇǳǘŜǊ ƳƻŘŜƭǎ ŀƴŘ ōŜπ
ŎŀƳŜ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǘƘŜ ǇƻǿŜǊŦǳƭ 
ǎƻƊǿŀǊŜ ǇǊƻƎǊŀƳΦ  {ǘǳŘŜƴǘǎ ƘŀǾŜ 
ŀƭǎƻ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǘƘŜ ǇƘȅǎƛŎǎ ƻŦ 
ǇŜƴŘǳƭǳƳǎ ŀƴŘ Ƙƻǿ ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ 
ǇŜǊƛƻŘ ƻŦ ŀ ǇŜƴŘǳƭǳƳ ǳǎƛƴƎ 
aŀǘƘ/!5                                          
 ¢! aŀǊƛƪŀ ŦƻŎǳǎŜŘ ƻƴ ƘŜƭǇπ
ƛƴƎ ǎǘǳŘŜƴǘǎ ǿƛǘƘ ²ƻǊƪƛƴƎ aƻŘŜƭ 
н5Φ  wƻōŜǊǘ ŀǎǎƛǎǘŜŘ ǎǘǳŘŜƴǘǎ ǿƛǘƘ 
/!5 ŀƴŘ aŀǊǎƘŀƭƭ ǿƻǊƪŜŘ ǿƛǘƘ ǎǘǳπ
ŘŜƴǘǎ ƛƴ ǘƘŜ 5ŜǎƛƎƴ {ǘǳŘƛƻΦ  {ǘǳŘŜƴǘǎ 
ƭŜŀǊƴŜŘ ǘƻ ǳǎŜ ǘƘŜ [ŀǎŜǊŎŀƳƳ ǘƻ Ŏǳǘ 
ǘƘŜƛǊ ǇŜƴŘǳƭǳƳǎ ŦǊƻƳ ŀ ǎƘŜŜǘ ƻŦ 
ŀŎǊȅƭƛŎΦ  ¢ƘŜ ŬǊǎǘ ǇŜƴŘǳƭǳƳǎ ǘƻƻƪ 
ǎƘŀǇŜ ŀƴŘ ǿŜǊŜ ǘŜǎǘŜŘ ŦƻǊ ǝƳƛƴƎΦ 
 hƴ ¢ƘǳǊǎŘŀȅ ŀƭƭ ǘƘŜ ŎƭǳǎǘŜǊǎ 
ƭŜŀǊƴŜŘ Ƙƻǿ ǘƻ Řƻ ǊŜǎŜŀǊŎƘ ƛƴ ǘƘŜ 
ƭƛōǊŀǊȅΦ  /ƭǳǎǘŜǊ н ǘƘŜƴ ƭŜŀǊƴŜŘ Ƙƻǿ 
ǘƻ ǇǊŜŘƛŎǘ ǘƘŜ ǝƳƛƴƎ ƻŦ ǘƘŜ ŎƭƻŎƪ 
ǳǎƛƴƎ ǘǿƻ ŘƛũŜǊŜƴǘ ǇƘȅǎƛŎǎ ƳƻŘπ
ŜƭǎΦ  /ŀƭŎǳƭŀǝƻƴǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ 
ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ǘƘŜ /!5 ǇǊƻƎǊŀƳ 
ŀƴŘ aŀǘƘ/!5Σ ŀƴ ŜƴƎƛƴŜŜǊƛƴƎ ƳŀǘƘ 
ǇǊƻƎǊŀƳΦ  {ǘǳŘŜƴǘǎ ŀƭǎƻ ǎǘŀǊǘŜŘ ƻƴ 
ǘƘŜƛǊ ŎƭƻŎƪ ǊŜǇƻǊǘ ǿŜōǇŀƎŜǎΦ       
 hƴ CǊƛŘŀȅ ǎǘǳŘŜƴǘǎ ǎǇŜƴǘ 
ŜȄǘǊŀ ǝƳŜ ƛƴ ǘƘŜ ƭŀō ŬƴƛǎƘƛƴƎ ǘƘŜ 
ŎƭƻŎƪ ŀƴŘ ŎƻƳǇŀǊƛƴƎ ǘƘŜ ŎƭƻŎƪϥǎ ǝƳπ
ƛƴƎ ǘƻ ǘƘŜƛǊ ƳŀǘƘŜƳŀǝŎŀƭ ǇǊŜŘƛŎπ
ǝƻƴǎΦ  /ƭǳǎǘŜǊ н ²ŜōǎƛǘŜ 

 

https://sites.google.com/a/eng.ucsd.edu/kinetic-sculpt/
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CLUSTER 3: LIVING OCEANS AND GLOBAL CLIMATE 
 /ƭǳǎǘŜǊ о Ƙŀǎ ƎƻǧŜƴ ǘƘŜƛǊ ŦŜŜǘ ǿŜǘ ŀƴŘ ǎǘŀǊǘŜŘ ǎǿƛƳƳƛƴƎ ǘƘǊƻǳƎƘ ²ŜŜƪ мΦ hǳǊ ŬǊǎǘ ǿŜŜƪ Ƙŀǎ ōŜŜƴ Ŧǳƭƭ 
ƻŦ ƛƴǘǊƻŘǳŎǝƻƴ ǘƻ ƭŀōƻǊŀǘƻǊȅ ǇǊƻŎŜŘǳǊŜǎΣ ƻǳǊ ǇǊƻƧŜŎǘǎ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ /ƭǳǎǘŜǊ о ƛǎ ƘƻƴƻǊŜŘ 
ǘƻ ǿƻǊƪ ǳƴŘŜǊ ǘƘŜ ƎǳƛŘŀƴŎŜ ƻŦ 5ǊΦ {ƪƛǇ tƻƳŜǊƻȅ ƻƴ ŀǘƳƻǎǇƘŜǊƛŎ ŎƘŜƳƛǎǘǊȅ ŀƴŘ ŀŜǊƻǎƻƭǎ ŀǎ ǿŜƭƭ ŀǎ 5ǊΦ bƎŀƛ 
/Ƙƛƴ [ŀƛ ǿƛǘƘ ƻŎŜŀƴƻƎǊŀǇƘȅΦ .Ŝƭƻǿ ŀǊŜ ǎǘǳŘŜƴǘ ŎƻƳƳŜƴǘǎ ŀǎ ǘƘŜȅ ŘƛǾŜ ŘŜŜǇ ƛƴǘƻ ǘƘŜ ǇǊƻƎǊŀƳΥ 

 
 

5ŀȅ мΥ άhƴ Řŀȅ ƻƴŜ ǿŜ ǿŜǊŜ ƛƴǘǊƻŘǳŎŜŘ ǘƻ ǘƘŜ ǿƻǊƭŘ ƻŦ ōƛƻƭƻƎȅ ŀƴŘ 
ŎƘŜƳƛǎǘǊȅΦ ²Ŝ ƘŀƴŘƭŜŘ ǎƘǊƛƳǇΣ ŎǊŀōǎΣ ŀƴŘ ǎŜŀ ŀƴŜƳƻƴŜǎΦέ - [ȅƴŜǧŜ ²Φ 

 

5ŀȅ нΥ ά/ƘŀƭƭŜƴƎƛƴƎ ƭŜŎǘǳǊŜǎΣ ŦŀƴǘŀǎǝŎ ƳŜŀƭǎΣ ŀƴŘ ŜȄŎƛǝƴƎ ǎǇƻǊǘǎ ŀŎǝǾƛǝŜǎ 
ŀǊŜ ŀƭƭ ƻƴ Ƴȅ ƎǊƻǿƛƴƎ ƭƛǎǘ ƻŦ ǇƻǎƛǝǾŜǎΣ ŀ ǘǊŜƴŘ ǘƘŀǘ LΩƳ ǎǳǊŜ ǿƛƭƭ ƻŎŎǳǊ ŦƻǊ 
ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ /h{ah{ ǇǊƻƎǊŀƳΦέ 
 - !ƭǇƘƻƴǎŜ hΦ 

 

5ŀȅ оΥ  ά!ƊŜǊ ŜƴƎŀƎƛƴƎ ƛƴ ŀ ƭŜǎǎƻƴ ǊŜƎŀǊŘƛƴƎ ŬǎƘ ƛŘŜƴǝŬŎŀǝƻƴΣ ǿŜ ǿŜǊŜ 
ŀƭƭƻǿŜŘ ǘƻ ǎǇŜƴŘ ǝƳŜ ŀǘ ǘƘŜ ōŜŀŎƘ ŀƴŘ ōƻƴŘ ŀǎ ŀ ŎƭǳǎǘŜǊέΦ -.Ŝƴ !Φ 
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 LŦ ¸ƻŘŀ ǿŀƴŘŜǊŜŘ ƛƴ ǘƻ ƻǳǊ ŎƭǳǎǘŜǊ ŦƻǳǊ ǿƻǊƪǎǇŀŎŜ ŘǳǊƛƴƎ ǘƘƛǎ ŬǊǎǘ ǿŜŜƪ ƻŦ /h{ah{Σ ƴƻ Řƻǳōǘ ƘŜ 

ǿƻǳƭŘ ƘŀǾŜ ƻōǎŜǊǾŜŘ ǘƘŀǘ ǘƘŜ ŦƻǊŎŜ ƛǎ ƛƴŘŜŜŘ ǿƛǘƘ ǳǎΦ CƻǊŎŜǎΣ ƭƻŀŘǎΣ ƳƻƳŜƴǘǎΣ ǘǊǳǎǎŜǎΣ ŀƴŘ ǇŜǊƘŀǇǎ ǎƻƳŜ 

ǘŜƴǎƛƻƴ όŀƴŘ ŎƻƳǇǊŜǎǎƛƻƴύ ǿŜǊŜ ƛƴ ǘƘŜ ǊƻƻƳ ŀǎ ǿŜƭƭΦ hǳǊ ǘŜƴŀŎƛƻǳǎ ǎǘǳŘŜƴǘǎ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ ǎƻƳŜ ǎƻǇƘƻπ

ƳƻǊŜ ŀƴŘ ƧǳƴƛƻǊ ƭŜǾŜƭ ŜƴƎƛƴŜŜǊƛƴƎ ŎƻƴŎŜǇǘǎ ŘǳǊƛƴƎ ƭŜŎǘǳǊŜΣ ŘŜŬƴƛǘŜƭȅ ŎƘŀƭƭŜƴƎƛƴƎ ǘƘŜƳ ŀǘ ǝƳŜǎΣ ōǳǘ ǘƘŜȅ 

ŜƳŜǊƎŜŘ ǿƛǘƘ ŀ ŦŜŜƭƛƴƎ ƻŦ ŀŎŎƻƳǇƭƛǎƘƳŜƴǘ ŀƴŘ ŎǳǊƛƻǎƛǘȅΦ  

 tǊƛƴŎƛǇŀƭ ƛƴǎǘǊǳŎǘƻǊ !ŘŜƭ ǇǊƻǾƛŘŜŘ ǘƘŜ ōǳƭƪ ƻŦ ǘƘŜ ŜƴƎƛƴŜŜǊƛƴƎ ƭŜŎǘǳǊŜǎΣ ŀƴŘ ŦŀŎƛƭƛǘŀǘŜŘ ǘƘŜ ŀŎǝǾƛǝŜǎ 

ŀƭƻƴƎ ǿƛǘƘ ŎƭǳǎǘŜǊ ŀǎǎƛǎǘŀƴǘ ŀƴŘ ƎǊŀŘǳŀǘŜ ǎǘǳŘŜƴǘ .ǊŀƴŘƻƴ ŀƴŘ ǳƴŘŜǊƎǊŀŘǳŀǘŜ ŎƭǳǎǘŜǊ ŀǎǎƛǎǘŀƴǘ !ƭƭŜƴΦ {ǘǳπ

ŘŜƴǘǎ ƛƴƛǝŀƭƭȅ ōŜƎŀƴ ŀ ƎǊƻǳǇ ǘŜŀƳ ōǳƛƭŘƛƴƎ ŀŎǝǾƛǘȅ ƛƴǾƻƭǾƛƴƎ ǘƘŜ ŘŜǎƛƎƴƛƴƎ ŀƴŘ ōǳƛƭŘƛƴƎ ƻŦ ŀ YΩbŜȄ ǎǘǊǳŎπ

ǘǳǊŜΣ ŀƴŘ ǘƘŜƴ ǘŜǎǝƴƎ ƛǘ ƻƴ ǘƘŜ ǎƘŀƪŜ ǘŀōƭŜΦ ¢ƘŜ ŎƻƳǇƭƛŎŀǝƻƴ ǿŀǎ ǘƘŀǘ ǘƘŜȅ ǿŜǊŜ ƧǳŘƎŜŘ ƻƴ ŀ ǇŜǊŦƻǊƳŀƴŎŜ 

ƛƴŘŜȄ ŦƻǊ ǘƘŜƛǊ ǎǘǊǳŎǘǳǊŜΣ ǊŜǉǳƛǊƛƴƎ ǘƘŜƛǊ ŘŜǎƛƎƴ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ Ŏƻǎǘǎ ƻŦ ǘƘŜ ǇƛŜŎŜǎΦ ²Ŝ ƘŀŘ ǎƻƳŜ ǊŜπ

ǿŀǊŘǎ ŦƻǊ ǘƘŜ ǿƛƴƴƛƴƎ ƎǊƻǳǇΣ ǿƘƛŎƘ ǎŜŜƳŜŘ ǘƻ ƛƴǎǇƛǊŜ ǘƘŜ ƻǘƘŜǊ ƎǊƻǳǇǎ ƛƴ ǘƘŜ ǎǳōǎŜǉǳŜƴǘ ŀŎǝǾƛǝŜǎΦ  

 hƴ Řŀȅ н ǘƘŜȅ ǿŜǊŜ ŦƻǊǘǳƴŀǘŜ ǘƻ ƭŜŀǊƴ ǘƘŜ ōŀǎƛŎǎ ƻŦ ǘǊǳǎǎ ŀƴŀƭȅǎƛǎΦ {ǘǳŘŜƴǘǎ Ƴŀȅ ƘŀǾŜ ǎǳƎƎŜǎǘŜŘ L 

ǳǎŜŘ ǘƘŜ ǘŜǊƳ ΨŜƴŘǳǊŜŘΩ ƛƴǎǘŜŀŘ ƻŦ ΨŦƻǊǘǳƴŀǘŜΩΣ ōǳǘ ǿƘŜƴ ǘƘŜ Řǳǎǘ ǎŜǧƭŜŘ ǘƘŜȅ ǊŜŀƭƭȅ ŘƛŘ ƘŀǾŜ ŀ ŘŜŜǇŜǊ ŀǇπ

ǇǊŜŎƛŀǝƻƴ ŦƻǊ ǘƘŜ ǳǎŜŦǳƭƴŜǎǎ ƻŦ ƳŀǘƘŜƳŀǝŎǎ ƛƴ ŜƴƎƛƴŜŜǊƛƴƎΦ !ƊŜǊ ŘŜǎƛƎƴƛƴƎ ǘƘŜƛǊ ƻǿƴ ǘǊǳǎǎŜǎΣ ŀ ƭƻŀŘ ǿŀǎ 

ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ Ǉƻƛƴǘ ƻŦ ŦŀƛƭǳǊŜΣ ŀƴŘ ǘƘŜ ǎǘǳŘŜƴǘǎ ŀƴŀƭȅȊŜŘ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜΦ  

 CǳǊǘƘŜǊ ǘŜǎǝƴƎ ŀƴŘ ŀƴŀƭȅǎƛǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƻƴ ǎŜǾŜǊŀƭ ŘƛũŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ƳŜǘŀƭ ΨŎƻǳǇƻƴǎΩ ŀǎ ǎǘǳπ

ŘŜƴǘǎ ŎƻƴǎƛŘŜǊŜŘ ǘŜƴǎƛƭŜ ǎǘǊŜǎǎ ŀƴŘ ǎǘǊŀƛƴΣ ŀƴŘ ŎŀǇŀŎƛǘȅ ŀƴŘ ŘŜƳŀƴŘΦ ¸ƻǳǊ ǎǘǳŘŜƴǘǎ ǿƛƭƭ ƘŀǇǇƛƭȅ ŜȄǇƭŀƛƴ 

ǘƘŜǎŜ ŎƻƴŎŜǇǘǎ ǘƻ ȅƻǳ ǎƻƳŜǝƳŜΗ 

 hƴ CǊƛŘŀȅ ǎǘǳŘŜƴǘǎ ǿŜǊŜ ǇƭŀŎŜŘ ƛƴǘƻ ƻƴŜ ƻŦ ŜƛƎƘǘ ǇǊƻƧŜŎǘ ƎǊƻǳǇǎΥ ǝƳōŜǊ ǎǘǊǳŎǘǳǊŜǎΣ ƳŀǎƻƴǊȅ ǎǘǊǳŎπ

ǘǳǊŜǎΣ ǊŜƛƴŦƻǊŎŜŘ ŎƻƴŎǊŜǘŜ ŎƻƭǳƳƴǎΣ ƭƛǉǳŜŦŀŎǝƻƴΣ ǎƭƻǇŜ ǎǘŀōƛƭƛǘȅΣ ǘǳƴŜŘ Ƴŀǎǎ ŘŀƳǇŜǊǎΣ ōŀǎŜ ƛǎƻƭŀǘƻǊǎΣ ƻǊ 

ǎƻƊ ǎǘƻǊȅ ǎǘǊǳŎǘǳǊŜǎΦ bŜȄǘ ǿŜŜƪ ǿŜ ǿƛƭƭ Ƙƛǘ ǘƘŜ ōŜŀŎƘ ŀǘ ¢ƻǊǊŜȅ tƛƴŜǎ {ǘŀǘŜ tŀǊƪ ŦƻǊ ǎƻƳŜ ƎŜƻƭƻƎƛŎŀƭ ŀǇǇǊŜπ

Ŏƛŀǝƻƴ ŀƴŘ ǝƳŜ ƛƴ ǘƘŜ ǎǳƴ ōŜŦƻǊŜ ŘŜǎƛƎƴƛƴƎ ŀƴŘ ōǳƛƭŘƛƴƎ ǇǊƻǘƻǘȅǇŜ ǇǊƻƧŜŎǘ ǎǘǊǳŎǘǳǊŜǎΦ 



 у 

 

CLUSTER 5: FROM LASERS TO LCDS: LIGHT AT WORK 

 

 /ƭǳǎǘŜǊ р ǎǘŀǊǘŜŘ ǿƛǘƘ ŀ ƭŜŎǘǳǊŜ ƻƴ ƭŀō ǇǊƻŎŜŘǳǊŜǎ 
ŀƴŘ ŜȅŜ ǎŀŦŜǘȅΦ ²Ŝ ǿŜǊŜ ǎǳǊǇǊƛǎŜŘ ǘƻ ƭŜŀǊƴ ǘƘŀǘ ǳǎƛƴƎ ƭŀǎŜǊǎ 
ǊŜǉǳƛǊŜǎ ƭŜƴǎŜǎ ŬǧŜŘ ǿƛǘƘ ǎǇŜŎƛŀƭ ƭŜƴǎŜǎ ǘƘŀǘ ǎƘƛŜƭŘ ǎǇŜŎƛŬŎ 
ǿŀǾŜƭŜƴƎǘƘǎΦ ²Ŝ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǘƘŜ ŘƛũŜǊŜƴǘ ǎǘǊŜƴƎǘƘǎ ƻŦ 
ƭŀǎŜǊǎ ŀƴŘ ǘƘŜƛǊ ŜũŜŎǘǎ ƻƴ ƘǳƳŀƴǎ ŀǎ ǿŜƭƭΦ !ƊŜǊǿŀǊŘ 
ǘƘŜ ŎƭǳǎǘŜǊ ŀǧŜƴŘŜŘ ŀ ƭŜŎǘǳǊŜ ōȅ tǊƻŦŜǎǎƻǊ /ƘŀǊƭŜǎ ¢ǳ 
ŀōƻǳǘ ǘƘŜ ōŀǎƛŎǎ ƻŦ ƭƛƎƘǘ ŀƴŘ ŜƴŜǊƎȅΦ !ƊŜǊ ƭǳƴŎƘ ŀǘ /ŀƴȅƻƴ 
±ƛǎǘŀ wŜǎǘŀǳǊŀƴǘΣ ǿƘŜǊŜ ǘƘŜȅ ǎŜǊǾŜŘ ŀ ǎǘŜŀƳƛƴƎ ōƻǿƭ ƻŦ 
ǊŀƳŜƴΣ ǿŜ ǿŀƭƪŜŘ ǘƻ ǘƘŜ ǇƘƻǘƻƴƛŎǎ ƭŀō ƛƴ ǘƘŜ ōŀǎŜƳŜƴǘ ƻŦ 
ǘƘŜ WŀŎƻōǎ 9ƴƎƛƴŜŜǊƛƴƎ ōǳƛƭŘƛƴƎ ŀƴŘ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǘƻǘŀƭ 
ƛƴǘŜǊƴŀƭ ǊŜƅŜŎǝƻƴ ŀƴŘ {ƴŜƭƭϥǎ [ŀǿ ǿƛǘƘ 5ǊΦ tŜǘŜǊ LƭƛƴȅƪƘΦ - 
[ǳŎȅ { ϧ !ŘŀƳ /ƻƻǇŜǊ                                                          
 ¢ǳŜǎŘŀȅ ƳƻǊƴƛƴƎ ǿŜ ŀǧŜƴŘŜŘ ƻǳǊ ŬǊǎǘ 5ƛǎŎƻǾŜǊȅ 
[ŜŎǘǳǊŜ ŎŀƭƭŜŘ ǘƘŜ !./ ƻŦ ¢Ǌŀƴǎƭŀǝƻƴŀƭ aŜŘƛŎƛƴŜ ǿƘƛŎƘ ǿŀǎ 
ƎƛǾŜƴ ōȅ 5ǊΦ !ƭƛŎŜ ¸ǳΦ bŜȄǘ ǘƘŜ ŎƭǳǎǘŜǊ ƘŀŘ ŀ {ŎƛŜƴŎŜ /ƻƳπ
ƳǳƴƛŎŀǝƻƴǎ ǎŜǎǎƛƻƴ ǿƛǘƘ ¢ŜŀŎƘŜǊ CŜƭƭƻǿ !ŘŀƳ /ƻƻǇŜǊΦ ²Ŝ 
ōǊŀƛƴǎǘƻǊƳŜŘ ŜǘƘƛŎŀƭ ƛǎǎǳŜǎ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ƻǇǝŎǎ ŀƴŘ ǇƘƻπ
ǘƻƴƛŎǎ ŦƻǊ ƻǳǊ ŜǘƘƛŎǎ ŜǎǎŀȅǎΦ !ƊŜǊ ƭǳƴŎƘΣ ǿŜ ŀǧŜƴŘŜŘ ƻǳǊ 
ǇƘƻǘƻƴƛŎǎ ƭŀōǎΣ ƘƻǎǘŜŘ ōȅ 5ǊΦ tŜǘŜǊΣ ŀǎǎƛǎǘŜŘ ōȅ aǊΦ wǳƛ [ŀ 
ŀƴŘ aǊΦ {ǳǎƘŀƴǘ YǳƳŀǊΦ ²Ŝ ŜȄǇŜǊƛƳŜƴǘŜŘ ǿƛǘƘ ǇǊƛǎƳǎ ŀƴŘ 
ƎǊŀǝƴƎǎ ƛƴ ƻǊŘŜǊ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ŀƴƎƭŜǎ ƻŦ ŘƛũǊŀŎπ
ǝƻƴΦ !ƴƴƛŜ ŜȄǇƭŀƛƴŜŘ ƘŜǊ ǎǘŜǇǎ ŦƻǊ ŎŀƭŎǳƭŀǝƴƎ ǘƘŜ ǊŜǎƻƭǾƛƴƎ 
ǇƻǿŜǊ ƻŦ ǘƘŜ ǇǊƛǎƳ ƛƴ ŀ ǿŀȅ ǘƘŀǘ ǿŀǎ ŎƭŜŀǊ ŀƴŘ ǳƴŘŜǊǎǘŀƴŘπ
ŀōƭŜ ǘƻ ǘƘŜ ƻǘƘŜǊ ǎǘǳŘŜƴǘǎΦ wƻƴŀƪ ǇǊŜǎŜƴǘŜŘ Ƙƛǎ ŬƴŘƛƴƎǎ 
ŀōƻǳǘ ǘƘŜ ǊŜǎƻƭǾƛƴƎ ǇƻǿŜǊ ƻŦ ǘƘŜ ǇǊƛǎƳΦ IŜ ŜȄǇƭŀƛƴŜŘ ǘƘŀǘ 
ƘŜ ǉǳŀƭƛǘŀǝǾŜƭȅ ŎƻƴŬǊƳŜŘ Ƙƛǎ ŎŀƭŎǳƭŀǝƻƴǎ ǳǎƛƴƎ ƻōǎŜǊǾŀπ
ǝƻƴǎ ŦǊƻƳ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΦ - [ǳŎȅ {Φ ŀƴŘ !ŘŀƳ /ƻƻǇŜǊ     

 ¢ƘŜ Ǉŀǎǘ ǿŜŜƪ Ƙŀǎ ōŜŜƴ ŀƴ ŜȄŎƛǝƴƎ ƛƴǘǊƻŘǳŎǘƻǊȅ 
ǇŜǊƛƻŘ ŦƻǊ /ƻǎƳƻǎ /ƭǳǎǘŜǊ рΦ !ƊŜǊ ŘƛǎŎǳǎǎƛƴƎ ƭŀō ǎŀŦŜǘȅ ŀƴŘ 
ǎŎƘŜŘǳƭŜǎΣ ǿŜ ƘŀǾŜ ŜƳōŀǊƪŜŘ ƻƴ ƻǳǊ ƧƻǳǊƴŜȅ ƻŦ ƭƛƎƘǘΦ !ƭǘπ
ƘƻǳƎƘ ƛǘ Ƙŀǎ ƻƴƭȅ ōŜŜƴ ŀ ŦŜǿ ŘŀȅǎΣ ǿŜ ƘŀǾŜ ƭŜŀǊƴŜŘ ŀōƻǳǘ 
Ƴŀƴȅ ŘƛũŜǊŜƴǘ ǇǊƻǇŜǊǝŜǎ ƻŦ ŜƭŜŎǘǊƻƳŀƎƴŜǝŎ ǿŀǾŜǎΣ ŀƴŘ 
ǘƘŜ ǇƘȅǎƛŎǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜǎŜ ǇǊƻǇŜǊǝŜǎΦ ²Ŝ ƘŀǾŜ ƭŜŀǊƴŜŘ 
ŀōƻǳǘ ǘƘŜ ōŜƘŀǾƛƻǊ ƻŦ ǾŀǊƛƻǳǎ ǇŀǊǝŎƭŜǎ ƛƴ Ǉ ŀƴŘ ƴ ǘȅǇŜ ǎŜƳπ
ƛŎƻƴŘǳŎǘƻǊǎΣ ŀƴŘ ŀōƻǳǘ ǘƘŜ ǇƘȅǎƛŎǎ ƻŦ ŎƻƳōƛƴƛƴƎ ǘƘŜ ǘǿƻ 
ǎŜƳƛŎƻƴŘǳŎǘƻǊǎ ǘƻ ŦƻǊƳ ǎƻƭŀǊ ŎŜƭƭǎ ŀƴŘ ƭƛƎƘǘ-ŜƳƛǩƴƎ Řƛπ
ƻŘŜǎΦ ²Ŝ ƘŀǾŜ ŎƻƴǝƴǳŜŘ ƛƴǘƻ ǊŜŦǊŀŎǝƻƴ ŀƴŘ ŘƛũǊŀŎǝƻƴΣ 
ŀƴŘ ǘƘŜƛǊ ŀǇǇƭƛŎŀǝƻƴǎ ƛƴ ǎǇƭƛǩƴƎ ƭƛƎƘǘΦ !ǎ ǿŜ ƭƻƻƪ ǘƻ ǘƘŜ 
ŦǳǘǳǊŜΣ ǿŜ ǎŜŜ ŦƻǊŜǾŜǊ ƳƻǊŜ ƛƴǘǊƛƎǳƛƴƎ ƭŀōǎΣ ƭŜŎǘǳǊŜǎΣ ŀƴŘ 
ǇǊƻƧŜŎǘǎΦ   τaŀǧƘŜǿ aΦ                                                          
 hƴ ǘƘŜ ǎƻŎƛŀƭ ǎƛŘŜ ƻŦ /ƭǳǎǘŜǊ рΣ ǘƘƛǎ Ǉŀǎǘ ǿŜŜƪ Ƙŀǎ 
ōŜŜƴ ŦŀƴǘŀǎǝŎΦ !ƊŜǊ ŜȄǘŜƴǎƛǾŜ ǇŜǊǎƻƴŀƭ ƛƴǘǊƻŘǳŎǝƻƴǎ ŀƴŘ 
άƛŎŜōǊŜŀƪŜǊǎέΣ ōƻǘƘ ǿƛǘƘƛƴ ƻǳǊ ŎƭǳǎǘŜǊ ŀƴŘ ǘƘǊƻǳƎƘƻǳǘ /ƻǎπ
ƳƻǎΣ ƻǳǊ ŎƭǳǎǘŜǊ Ƙŀǎ ōŜŎƻƳŜ ŜȄŎŜǇǝƻƴŀƭƭȅ ǿŜƭƭ ŀŎǉǳŀƛƴǘŜŘΦ 
!ǘ ǘƘŜ ǝƳŜ ƻŦ ǿǊƛǝƴƎΣ ǿŜ ŀǊŜ ǇǊŜǇŀǊƛƴƎ ŦƻǊ ƻǳǊ /ƻǎƳƻƭȅƳπ
ǇƛŎǎ ǇǊŜǎŜƴǘŀǝƻƴΦ 9ǾŜǊȅ ƛƴŘƛǾƛŘǳŀƭ ǎŜŜƳǎ ǳƴƛǉǳŜƭȅ ǘŀƭŜƴǘπ
ŜŘΣ ŀƴŘ ƻǳǊ ǎŎǊƛǇǘ ŀǧŜƳǇǘǎ ǘƻ ǳǝƭƛȊŜ ǘƘŜ ŀǊǝǎǝŎΣ ƳǳǎƛŎŀƭΣ 
ŀƴŘ ƘǳƳƻǊƻǳǎ ǘŀƭŜƴǘǎ ƻŦ ƻǳǊ ŎƭǳǎǘŜǊΦ ²Ŝ ƘŀǾŜ ōŜŎƻƳŜ ǇŀǊπ
ǝŎǳƭŀǊƭȅ ŦǊƛŜƴŘƭȅΣ ŀƴŘ ŀǘ ƳŜŀƭ ǝƳŜǎΣ ǿŜ ƻƊŜƴ Ŝŀǘ ǘƻƎŜǘƘŜǊΣ 
ōȅ ŎƘƻƛŎŜΦ Lǘ ŀǇǇŜŀǊǎ ǘƘŀǘ ǿŜ ŀǊŜ ōŜƎƛƴƴƛƴƎ ǘƻ ŀŎǉǳƛǊŜ ǘƘŜ 
ǊŜǇǳǘŀǝƻƴ ƻŦ ŀƴ ŜȄǘǊŜƳŜƭȅ ōǊƛƎƘǘΣ ŜƴǘƘǳǎƛŀǎǝŎΣ ŀƴŘ ŎƻƳπ
ǇŀƴƛƻƴŀōƭŜ ŎƭǳǎǘŜǊΦ -aŀǧƘŜǿ aΦ  

 



 ф 

 

CLUSTER 6: BIODIESEL FROM RENEWABLE SOURCES 

 ²ŜŜƪ мΣ ǘƘŜ ŦƻŎǳǎ ƻŦ /ƭǳǎǘŜǊ с ǿŀǎ ǘƻ ƳŀƪŜ .ƛƻπ

ŘƛŜǎŜƭΦ  ²Ŝ ƘŀǾŜ ƳŀŘŜ .ƛƻŘƛŜǎŜƭ ŦǊƻƳ {ƻȅ .Ŝŀƴ hƛƭΣ ǳǎƛƴƎ 

ǘƘŜ ǇǊƻŎŜǎǎ ƻǊ ǘǊŀƴǎŜǎǘŜǊƛŬŎŀǝƻƴΣ ǿŀǎƘŜŘ ǘƘŜ ƛƳǇǳǊƛǝŜǎ 

ŦǊƻƳ ǘƘŜ ǇǊƻŘǳŎǘΣ ŀƴŘ ŘǊƛŜŘ ǘƘŜ .ƛƻŘƛŜǎŜƭ ǘƻ ǊŜƳƻǾŜ ǿŀǘŜǊΦ  

!ƭƭ ƻǳǊ ŎƭǳǎǘŜǊ ŀǊŜ ŘƻƛƴƎ ǿŜƭƭΣ ŀƴŘ Ǝƻǘ ŀ ƎƻƻŘ ǊŜŀŎǝƻƴΦ  

bŜȄǘ ǿŜŜƪ ǿŜΩƭƭ ǎǘŀǊǘ ǘƘŜ ŀƴŀƭȅǝŎŀƭ ǘŜǎǘǎ ǘƻ ŎŜǊǝŦȅ ƻǳǊ .ƛƻπ

ŘƛŜǎŜƭΦ  aǊΦ  ¢ƻǿƭŜǊ                                                                    

 ϦLƴ Ƨǳǎǘ ƻƴŜ ŘŀȅΣ L ƘŀǾŜ ōŜŎƻƳŜ ǇƘŜƴƻƳŜƴŀƭ 

ŦǊƛŜƴŘǎ ǿƛǘƘ Ƴȅ ǎǳƛǘŜ ƳŀǘŜǎ ŀƴŘ ŎƭǳǎǘŜǊ ƳŀǘŜǎΦ hǳǊ н ƘƻǳǊ 

ƛŎŜ ōǊŜŀƪŜǊǎ ƎŀƳŜǎ ǎǇŀǊƪŜŘ ŜȄŎƛǘŜƳŜƴǘ ƛƴ ƳŜ ŦƻǊ ǘƘŜ ƴŜȄǘ н 

ǿŜŜƪǎΦϦ  WŜƴƴŀ /Φ                                                                                 

 ά¢ƻŘŀȅ ǿŀǎ ǘƘŜ ŬǊǎǘ Řŀȅ ƻŦ ŎƭŀǎǎŜǎ ƛƴ ǿƘƛŎƘ ŀƭƭ Ŏƭǳǎπ

ǘŜǊǎ ŬǊǎǘ ǎŀǘ ǘƘǊƻǳƎƘ ŀ [ŀō {ŀŦŜǘȅ ¢ǊŀƛƴƛƴƎΦ /ƭǳǎǘŜǊ с ǿŜƴǘ 

ƛƴǘƻ ǘƘŜ ƭŀō ŦƻǊ ǘƘŜ ŬǊǎǘ ǝƳŜ ŀƴŘ ǿŀǎ ŀōƭŜ ǘƻ ƎŜǘ ǊƛƎƘǘ ƛƴǘƻ 

ŎǊŜŀǝƴƎ ōƛƻŘƛŜǎŜƭ ƻǳǘ ƻŦ ǾŜƎŜǘŀōƭŜ ƻƛƭ ŀƴŘ ƳŜǘƘƻȄƛŘŜΦέ  

!ƴŘǊŜŀ  CΦ 

 άL ǿƻƪŜ ǳǇ ǝǊŜŘΣ ōǳǘ ƻǾŜǊŎŀƳŜ ǘƘŀǘ ǘƻ ǘŀƪŜ ŀƴ ŀŎπ

ǝǾŜ ǊƻƭŜ ƛƴ ǘƘŜ ƭŀōΦ  !ƊŜǊ ŎƭŀǎǎΣ aŀŬŀ ǿŀǎ Ƴȅ ŦŀǾƻǊƛǘŜ ǇŀǊǘΣ 

ǘƘŜ ōƻƴŘƛƴƎ ƭŜǘ ƳŜ ŦŜŜƭ ǊƛƎƘǘ ŀǘ ƘƻƳŜΦέ  ¢ǊǳƳŀƴ CΦ         

 ά!ƊŜǊ ŀŘŘƛƴƎ ǿŀǘŜǊ ǘƻ ǘƘŜ ōƛƻŘƛŜǎŜƭ ŀƴŘ ǿŀǎƘƛƴƎ 

ƻǳǘ ǘƘŜ ƛƳǇǳǊƛǝŜǎΣ ǿŜ ƴŜŜŘŜŘ ǘƻ ŜǾŀǇƻǊŀǘŜ ǘƘŜ ǿŀǘŜǊ ƻǳǘ 

ƻŦ ƛǘΦ ²Ŝ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǿƘȅ ǘƘƛǎ ŜƭƛƳƛƴŀǘŜŘ ǘƘŜ Ǌƛǎƪ ƻŦ Ƴƛπ

ŎǊƻōŜǎ ŀƴŘ ŀƭƭƻǿŜŘ ǘƘŜ ōƛƻŘƛŜǎŜƭ ǘƻ ōǳǊƴ ƘƻǧŜǊ ŀƴŘ ŦŀǎǘŜǊΣ 

ŎǊŜŀǝƴƎ ƭŜǎǎ ŜƳƛǎǎƛƻƴǎΦέ  !ƴǳǎƛƪƘŀ IΦ                            

 ά¢ƻŘŀȅ ǿŜ ǎǘŀǊǘŜŘ ƻƴ ƻǳǊ Ŭƴŀƭ ǇǊƻƧŜŎǘǎΣ ǿƘƛŎƘ ǿŀǎ 

ǇǊŜǧȅ ŎƻƻƭΦ  aȅ ƎǊƻǳǇΩǎ ǇǊƻƧŜŎǘ ŘŜŀƭǎ ǿƛǘƘ ƭƻǿŜǊƛƴƎ ǘƘŜ 

ƳŜƭǝƴƎ Ǉƻƛƴǘ ƻŦ ōƛƻŘƛŜǎŜƭǎ ōȅ ŀŘŘƛƴƎ ŀŎŜǘŀƭǎΣ ǿƘƛŎƘ ŀǊŜ 

ǿŀǎǘŜ ǇǊƻŘǳŎǘǎ ŦǊƻƳ ǘƘŜ ƻǊƛƎƛƴŀƭ ōƛƻŘƛŜǎŜƭ ǎȅƴǘƘŜǎƛǎ ǇǊƻπ

ŎŜǎǎΦέ  5ŀƴƛŜƭ WΦ 

 



 мл 

 

CLUSTER 7: BIOENGINEERING/MECHANICAL 
ENGINEERING: THE AMAZING RED BLOOD CELL 

 ²ƻǿΦΦΦǿƘŀǘ ŀ ǿŜŜƪΗ /ƭǳǎǘŜǊ т ǎǘŀǊǘŜŘ ǘƘŜ ǿŜŜƪ ǿƛǘƘ ŀ ŦŜǿ ǇǊŜǎŜƴǘŀǝƻƴǎ ƻƴ ǎŀŦŜǘȅ ǇǊŜŎŀǳǝƻƴǎ ŀƴŘ ǇǊƻŎŜŘǳǊŜǎΣ ƭƛπ
ōǊŀǊȅ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ƻǳǊ ŬǊǎǘ ŘƛǎŎƻǾŜǊȅ ƭŜŎǘǳǊŜ ŦǊƻƳ 5ǊΦ !ƭƛŎŜ ¸ǳ ƻƴ ¢Ǌŀƴǎƭŀǝƻƴŀƭ aŜŘƛŎƛƴŜΦ 9ŀŎƘ ǿŜŜƪ ǘƘŜ ǎǘǳŘŜƴǘǎ ǎǇŜƴŘ 
aƻƴŘŀȅΣ ²ŜŘƴŜǎŘŀȅΣ ŀƴŘ CǊƛŘŀȅ ǿƛǘƘ 5ǊΦ ±ŜǊŀ ƛƴ ƭŜŎǘǳǊŜ ŀƴŘ ƭŀō ŀƴŘ ƻƴ ¢ǳŜǎŘŀȅ ŀƴŘ ¢ƘǳǊǎŘŀȅΣ ǎǘǳŘŜƴǘǎ ǎǇŜƴŘ ǝƳŜ ƛƴ {Ŏƛπ
ŜƴŎŜ /ƻƳƳǳƴƛŎŀǝƻƴǎ ǿƻǊƪƛƴƎ ƻƴ ƭŀō ŀƴŀƭȅǎƛǎ ǉǳŜǎǝƻƴǎ ŀƴŘ ǘƘŜƛǊ 9ǘƘƛŎǎ 9ǎǎŀȅΦ 9ŀŎƘ ǎǘǳŘŜƴǘ ǿƛƭƭ ŘƛǎŎǳǎǎ ŀ .ƛƻŜǘƘƛŎŀƭ ƛǎǎǳŜ 
ŎƻƴŎŜǊƴƛƴƎ .ƛƻŜƴƎƛƴŜŜǊƛƴƎΦ {ǘǳŘŜƴǘǎ ƘŀǾŜ ŎƘƻǎŜƴ ǘƻǇƛŎǎ ǊŀƴƎƛƴƎ ŦǊƻƳ DahΩǎ ǿŜ ǎŜŜ ƛƴ ŜǾŜǊȅŘŀȅ ƭƛŦŜ ƴƻǿ ǘƻ /ǊȅƻƴƛŎǎΣ ǿƘƛŎƘ 
Ƙŀǎ ŀ ǇƻǘŜƴǝŀƭ ǘƻ ōŜ ǇƻǎǎƛōƭŜ ƛƴ ǘƘŜ ŦŀǊ ŦǳǘǳǊŜΦ 9ǾŜǊȅƻƴŜ ƛǎ ŜƴƧƻȅƛƴƎ ǘƘŜƛǊ ǝƳŜ ŀǘ /h{ah{ ŀƴŘ ŘƻƛƴƎ ŀƴ ŜȄŎŜǇǝƻƴŀƭ ƧƻōΗ IŜǊŜ 
ƛǎ ǿƘŀǘ ǘƘŜ ǎǘǳŘŜƴǘǎ ƘŀǾŜ ǘƻ ǎŀȅΥ  

  [ŀō 5ŀȅ мΥ Ϧ¢ƻŘŀȅ ǿŀǎ ƻǳǊ ŬǊǎǘ Řŀȅ ƻŦ /h{ah{ΗΗΗ {ǳǊǇǊƛǎƛƴƎƭȅΣ ǿŜ ƳŀƴŀƎŜŘ ǘƻ ŀƭƭ ƳŜŜǘ ŀǘ у !a ƻƴ ǝƳŜ ƛƴ ŦǊƻƴǘ ƻŦ 
ǘƘŜ ŎŀŦŜǘŜǊƛŀΦ ¢Ƙŀƴƪǎ ǘƻ ǘƘŜ ŎƭǳǎǘŜǊ w!Ωǎ LǎŀŀŎ ŀƴŘ [ƛȊȊƛŜΣ ǿŜ ƳŀŘŜ ƻǳǊ ǿŀȅ ǘƻ ǘƘŜ ŬǊǎǘ ƭŜŎǘǳǊŜ ƻŦ ǘƘŜ ŘŀȅΥ ƭŀō ǎŀŦŜǘȅΦ ²ƘƛƭŜ 
ǎƭƛƎƘǘƭȅ ŘǊŀōΣ ǘƘŜ ƭŀō ǎŀŦŜǘȅ ƭŜŎǘǳǊŜ ƛǎ ǇŜǊǝƴŜƴǘ ǘƻ ƻǳǊ ǎŀŦŜǘȅ ŀǘ /h{ah{Φ ²Ŝ ǘƘŜƴ ŀǧŜƴŘŜŘ ŀ ǎŜŎƻƴŘŀǊȅ ƭŀō ǎŀŦŜǘȅ ƭŜŎǘǳǊŜ 
ǎǇŜŎƛŬŎŀƭƭȅ ŦƻǊ /ƭǳǎǘŜǊ т ŀƴŘ уΦ !ƊŜǊ ŀ ƳƻǊƴƛƴƎ ƻŦ ǎŀŦŜǘȅ ƛƴǎǘǊǳŎǝƻƴǎΣ ǿŜ ǿŜǊŜ ǘƻ ŜƳōŀǊƪ ƻƴ ƻǳǊ ƧƻǳǊƴŜȅ ƻŦ ōƛƻŜƴƎƛƴŜŜǊƛƴƎΗ 
²Ŝ ǿŜǊŜ ƛƴǘǊƻŘǳŎŜŘ ǘƻ ƻǳǊ ǘŜŀŎƘŜǊ ŦŜƭƭƻǿ [ƛƴŘǎŜȅ /ŀǊƭȅƭŜ ŀƴŘ ǇǊƻŦŜǎǎƻǊ 5ǊΦ /ŀǊƭƻǎ ±ŜǊŀΦ 5ǊΦ ±ŜǊŀ ƛƴǘǊƻŘǳŎŜŘ ƘƛƳǎŜƭŦ ǘƻ ǳǎ ŀǎ 
ǿŜƭƭ ŀǎ Ƙƛǎ ŜȄǇŜŎǘŀǝƻƴǎ ƻŦ ƻǳǊ ŀŎŀŘŜƳƛŎ ǇŜǊŦƻǊƳŀƴŎŜΦ ²Ŝ ǘƘŜƴ ƛƴǘǊƻŘǳŎŜŘ ƻǳǊǎŜƭǾŜǎ ǘƻ ǘƘŜ ŎƭŀǎǎΣ ǿƛǘƘ ŀ ōǊƛŜŦ ŘŜǎŎǊƛǇǝƻƴ ƻŦ 
ǿƘŀǘ ǿŜ ōŜƭƛŜǾŜ ƛƴΦ {ƻƳŜ ŎƻƳƳƻƴ ŀƴǎǿŜǊǎ ǿŜǊŜ ŀŎŎŜǎǎ ǘƻ ƘƛƎƘŜǊ ŜŘǳŎŀǝƻƴΣ ƘŜƭǇƛƴƎ ƻǘƘŜǊǎΣ ŀƴŘ ƘŀǊŘ ǿƻǊƪ ǇŀȅƛƴƎ ƻũΦ ²Ŝ 
ǿŜǊŜ ŀƭǎƻ ƛƴŦƻǊƳŜŘ ŀōƻǳǘ ǘƘŜ ǎŎƘŜŘǳƭŜ ƻŦ ƻǳǊ ŎƭǳǎǘŜǊΥ Ƙƻǿ ƭŜŎǘǳǊŜǎ ŀƴŘ ƭŀōǎ ǿŜǊŜ ǇŀƛǊŜŘΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŘƛǾƛǎƛƻƴ ōŜǘǿŜŜƴ ōƛƻπ
ŜƴƎƛƴŜŜǊƛƴƎ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎ ǿƛǘƘƛƴ ǘƘŜ ŎƭǳǎǘŜǊΦ tL½½!Η ²Ŝ ƭŜƊ ǘƘŜ ŎƭŀǎǎǊƻƻƳ ŀǊƻǳƴŘ мн ŀƴŘ ƘŀŘ ǇƛȊȊŀ ŦƻǊ ƭǳƴŎƘ 
ǿƛǘƘ ŎƭǳǎǘŜǊ уΦ [ǳƴŎƘ ǿŀǎ ǊŜƭŀȄƛƴƎΣ ŀƴŘ ŦǊƻƳ ǘƘŜǊŜ ǿŜ ŀǧŜƴŘŜŘ ƻǳǊ ŬǊǎǘ ƻŶŎƛŀƭ ƭŜŎǘǳǊŜ ŀƴŘ ƭŀōΦ ¢ƘŜ ƭŜŎǘǳǊŜ ǿŀǎ ŀōƻǳǘ ǘƘŜ ǊŜŘ 
ōƭƻƻŘ ŎŜƭƭ όw./ύΣ ŀƴŘ ǿŜ ŀƭǎƻ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǘƘŜƛǊ ŦǳƴŎǝƻƴǎ ŀƴŘ ǊŜŘ ōƭƻƻŘ ŎŜƭƭǎ ŘƛǎŜŀǎŜǎ ǎǳŎƘ ŀǎ ǎƛŎƪƭŜ ŎŜƭƭ ŀƴŜƳƛŀΗ !ƊŜǊǿŀǊŘΣ 
ǿŜ ǿŜƴǘ Řƻǿƴ ǘƻ ǘƘŜ ƭŀō ŀƴŘ Ǉǳǘ ƻƴ ƻǳǊ ǎŀŦŜǘȅ ŜǉǳƛǇƳŜƴǘΥ ƎƭƻǾŜǎΣ ƎƭŀǎǎŜǎΣ ŀƴŘ ƭŀō ŎƻŀǘΦ ¢ƘŜƴΣ ǿŜ ŘƛŘ ǘƘŜ ŬǊǎǘ ƭŀō ƻŦ ǘǿƻ 
ǿƘƛŎƘ ŘŜŀƭǘ ǿƛǘƘ ǇƛǇŜǧŜ ƘŀƴŘƭƛƴƎΦ ¢ƘŜ ǎŜŎƻƴŘ ƭŀō ǿŀǎ ƳƻǊŜ ƻŦ ŀ ƎǊƻǳǇ ŜȄǇŜǊƛƳŜƴǘ ǊŜƎŀǊŘƛƴƎ ƎŜƴŜǝŎ ǘǊŀƴǎŦƻǊƳŀǝƻƴǎ ǿƛǘƘ [. 
ŀƎŀǊ ǇƭŀǘŜǎΦ ¢Ƙƛǎ ƭŀō ǿŀǎ ŘƻƴŜ ƛƴ ǇǊŜǇŀǊŀǝƻƴ ŦƻǊ ǘƘŜ ǇD[h ƭŀō ŎƻƳƛƴƎ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ !ƭǘƘƻǳƎƘ ǘƘŜ ƭŀōǎ ǿŜǊŜ ƛƴǘǊƛŎŀǘŜΣ ǿŜ 
ŜǾŜƴǘǳŀƭƭȅ ŬƎǳǊŜŘ ƛǘ ƻǳǘ ŀƴŘ ƭŜŀǊƴŜŘ ŀ ƭƻǘ ƻŦ Ŏƻƻƭ ǘƘƛƴƎǎΗϦ - wƛŀ ϧ wŜƴŜŜ 

 [ŀō 5ŀȅ нΥ ά²ŜŘƴŜǎŘŀȅ ǿŀǎ ŀ ǾŜǊȅ ǇŀŎƪŜŘ Řŀȅ ŦƻǊ ŎƭǳǎǘŜǊ тΦ ²Ŝ ƘŀŘ ǘƘǊŜŜ ƭŀōǎ ƛƴ ŀ ŘŀȅΦ CƻǊ ƻƴŜ ƭŀōΣ ǎǘǳŘŜƴǘǎ ƳŀŘŜ ŀ 
ōƭƻƻŘ ǎƳŜŀǊ ŀƴŘ Ǝƻǘ ŀ ŎƭƻǎŜǊ ƭƻƻƪ ǳƴŘŜǊ ǘƘŜ ƳƛŎǊƻǎŎƻǇŜ ǿƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ ƻǳǊ ǎǘǳŘŜƴǘ ƭŀō ¢! ǿƘƻ ŀƭǎƻ ǿŀǎ ŀƴ /h{ah{ ¦/{5 
ŀƭǳƳƴƛΦ {ǘǳŘŜƴǘǎ ǎǘŀƛƴŜŘ ǘƘŜ Ŏƻǿ ōƭƻƻŘ ŀƊŜǊ ǘƻ ǘŀƪŜ ŜǾŜƴ ŀ ŎƭƻǎŜǊ ƭƻƻƪ ŀƴŘ ǿŜǊŜ ŀōƭŜ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ ŘƛũŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ōƭƻƻŘ 
ŎŜƭƭǎ ƭƛƪŜ ǘƘŜ ²ƘƛǘŜ ŀƴŘ wŜŘ .ƭƻƻŘ /Ŝƭƭǎ ŀƴŘ ǘƘŜ ǇƭŀǘŜƭŜǘǎΦ Lƴ ǘƘŜ ǎŜŎƻƴŘ ƭŀōΣ ǎǘǳŘŜƴǘǎ ǿŜǊŜ ƎƛǾŜƴ ŀƴ ǳƴƪƴƻǿƴ ǎƻƭǳǝƻƴΣ ŀƴŘ 
ǘƘŜȅ ǿŜǊŜ ŀǎƪŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƻǎƳƻƭŀǊƛǘȅ ƻŦ ǘƘŜ ǎƻƭǳǝƻƴ ōŀǎŜŘ ƻƴ ǘƘŜ ƳƻǊǇƘƻƭƻƎȅ ƻŦ ŜǊȅǘƘǊƻŎȅǘŜǎΦ !ƴŘ Ŭƴŀƭƭȅ ƛƴ ƻǳǊ ƭŀǎǘ 
ƭŀōΣ ǎǘǳŘŜƴǘǎ ǇǊŜǇŀǊŜŘ [. ŀƎŀǊ ǇƭŀǘŜǎ ǘƻ ƎǊƻǿ 9-Ŏƻƭƛ ŦƻǊ ǘƘŜƛǊ ǇD[h ǘǊŀƴǎŦƻǊƳŀǝƻƴ ŜȄǇŜǊƛƳŜƴǘ ǘƘŀǘ ǿŜ ǿƛƭƭ ƘŀǾŜ ƻƴ CǊƛŘŀȅΦέ     
- {Ŝƛƴ ϧ YǊƛǎǘŜƴ  



 мм 

 

CLUSTER 8: TISSUE ENGINEERING AND REGENERATIVE MEDICINE 
 ! ǎƘƻǊǘ ǝƳŜ ŀƎƻΣ ƻƴ ŀ ŎŀƳǇǳǎ ƴƻǘ ǎƻ ŦŀǊ ŀǿŀȅΣ /h{ah{ ōŜƎƛƴǎΧ {ǳƴŘŀȅ 
ƴƛƎƘǘ ǿŜ ƘŀŘ ǝƳŜ ǘƻ ƳŜŜǘ ŜǾŜǊȅƻƴŜ ƛƴ ƻǳǊ /ƭǳǎǘŜǊΣ ƻǳǊ w!Ωǎ ŀƴŘ ƻǳǊ ǎǳƛǘŜ ƳŀǘŜǎΣ 
ŀƴŘ ǝƳŜ ǘƻ ŬƴƛǎƘ ƳƻǾƛƴƎ ƛƴΦ aƻƴŘŀȅ ƳƻǊƴƛƴƎ ŀǊǊƛǾŜŘ ǉǳƛŎƪƭȅ ŀǎ ǿŜ ŜƴƧƻȅŜŘ ƻǳǊ 
ōǊŜŀƪŦŀǎǘ ŀǘ /ŀŦŞ ± ŀƴŘ ǿŜƴǘ ǘƻ ƻǳǊ ǎŀŦŜǘȅ ƳŜŜǝƴƎǎΣ ƻƴŜ ƎŜƴŜǊŀƭ ƳŜŜǝƴƎΣ ŀƴŘ ƻƴŜ 
ǎǇŜŎƛŬŎ ǘƻ ōƛƻŜƴƎƛƴŜŜǊƛƴƎΣ ŀƊŜǊ ŀƭƭ ǎŀŦŜǘȅ ƛǎ ƻǳǊ ǘƻǇ ǇǊƛƻǊƛǘȅΦ ¢ƘŜƴ ƛǘ ǿŀǎ ƻũ ǘƻ ƳŜŜǘ 
ƻƴŜ ƻŦ ƻǳǊ ǘǿƻ ǇǊƻŦŜǎǎƻǊǎΣ 5ǊΦ DŀŜǘŀƴƛΣ ŀ ǊŜǎŜŀǊŎƘ ǎŎƛŜƴǝǎǘ ŀǘ {ŀƴŦƻǊŘ /ƻƴǎƻǊǝǳƳΣ 
ǿƘƻ ƎŀǾŜ ǳǎ ŀƴ ƛƴǘǊƻŘǳŎǝƻƴ ǘƻ ¢ƛǎǎǳŜ 9ƴƎƛƴŜŜǊƛƴƎ ŀƴŘ wŜƎŜƴŜǊŀǝǾŜ aŜŘƛŎƛƴŜΣ ǎǇŜπ
ŎƛŬŎŀƭƭȅ Ƙƻǿ ǝǎǎǳŜ ŜƴƎƛƴŜŜǊƛƴƎ ōŜƎŀƴΣ Ƙƻǿ ƛǘ Ƙŀǎ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ ǇǊŀŎǝŎŜ ƻŦ ŎƻƳπ
ōƛƴƛƴƎ ǎŎŀũƻƭŘǎΣ ŎŜƭƭǎΣ ŀƴŘ ōƛƻƭƻƎƛŎŀƭ ƳƻƭŜŎǳƭŜǎ ǘƻ ŦƻǊƳ ŦǳƴŎǝƻƴŀƭ ǝǎǎǳŜǎΣ ŀƴŘ Ƙƻǿ 
ǘƘŜǎŜ ǝǎǎǳŜǎ ƘŀǾŜ ƘŜƭǇŜŘ ǿƛǘƘ ǿƻǳƴŘ ƘŜŀƭƛƴƎ ŀƴŘ ŜǾŜƴ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ŦǳƴŎǝƻƴŀƭ 
ƻǊƎŀƴǎ ǎǳŎƘ ŀǎ ŀ ōƭŀŘŘŜǊΦ /ƻƳǇƭŜǝƴƎ ƻǳǊ ƳƻǊƴƛƴƎΣ ǿŜ ƘŀŘ ŀƴ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƳŜŜǘ 
ƻǳǊ ǊŜǘǳǊƴƛƴƎ ¢!Ωǎ .ŜŎƪȅ ŀƴŘ 9ǊƛŎŀΣ ōƻǘƘ ƎǊŀŘǳŀǘŜ ǎǘǳŘŜƴǘǎ ƛƴ 5ǊΦ {ŀƘΩǎ ƭŀōΣ ŀƴŘ ƻǳǊ 
ƴŜǿ ¢!Ωǎ aŀǊƛǎŀΣ ŀ ǊŜŎŜƴǘ ƎǊŀŘǳŀǘŜ ŦǊƻƳ ¦/{5 ǿƘƻ ƛǎ ŎǳǊǊŜƴǘƭȅ ǇǳǊǎǳƛƴƎ ƘŜǊ aŀǎπ
ǘŜǊǎΩ ŀƴŘ bŀǘƘŀƴ ǿƘƻ ƛǎ ŜƴǘŜǊƛƴƎ Ƙƛǎ ŦƻǳǊǘƘ ȅŜŀǊ ƻŦ ǳƴŘŜǊƎǊŀŘǳŀǘŜ ǿƻǊƪ ŀǘ ¦/{5Φ CƻǊ 
ƭǳƴŎƘ ǿŜ ŜƴƧƻȅŜŘ ŀ ǇƛȊȊŀ ǇŀǊǘȅ ƴŜŀǊ ǘƘŜ ōŜŀǊ ŀƴŘ ǘƘƛǎ ǿŀǎ ŀ Dwу ōǊŜŀƪ ōŜŦƻǊŜ ǿŜ 
ǇǊƻŎŜŜŘŜŘ ōŀŎƪ ǘƻ ƻǳǊ ƭŜŎǘǳǊŜκŘƛǎŎǳǎǎƛƻƴκōǊŀƛƴǎǘƻǊƳƛƴƎ ǊƻƻƳ ǘƻ ƳŜŜǘ ƻǳǊ ƻǘƘŜǊ 
ǇǊƻŦŜǎǎƻǊΣ 5ǊΦ {ŀƘΣ ŀ ōƛƻŜƴƎƛƴŜŜǊƛƴƎ ǇǊƻŦŜǎǎƻǊ ŀǘ ¦/{5Φ IŜ ƛƴǘǊƻŘǳŎŜŘ ǳǎ ǘƻ ǘƘŜ Ƙƛǎπ
ǘƻǊȅΣ ǘŜŎƘƴƛǉǳŜǎ ŀƴŘ ŘŜǘŀƛƭǎ ƻŦ ŎŜƭƭ ŎǳƭǘǳǊŜ ǎƻ ǘƘŀǘ ǿŜ ǿƛƭƭ ōŜ ǇǊŜǇŀǊŜŘ ǿƘŜƴ ǿŜ ǎǘŀǊǘ 
ƻǳǊ ƻǿƴ ŎŜƭƭ ŎǳƭǘǳǊŜǎ ƴŜȄǘ ǿŜŜƪΦ !ǎ ǿŜ ŬƴƛǎƘŜŘ ƻǳǊ ŬǊǎǘ Řŀȅ ƻŦ ŎƭŀǎǎΣ ǿŜ ƘŀŘ ǘƘŜ 
ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƭŜŀǊƴ ǘƻ ǇƛǇŜǧŜ ŀƴŘ ŘƛǎŎǳǎǎ ǘƘŜ ƭŀōǎ ŦƻǊ ¢ǳŜǎŘŀȅΦ                                                   
 ¢ǳŜǎŘŀȅ ƳƻǊƴƛƴƎ ōŜƎŀƴ ǿƛǘƘ ŀ 5ƛǎŎƻǾŜǊȅ [ŜŎǘǳǊŜ ŦǊƻƳ 5ǊΦ ¸ǳΣ ǿƘƻ ǎǇƻƪŜ ǘƻ 
ǳǎ ŀōƻǳǘ ƘŜǊ нл ȅŜŀǊǎ ƻŦ ǿƻǊƪ ŘŜǾŜƭƻǇƛƴƎ ŀƴǝōƻŘȅ ǘƘŜǊŀǇȅΦ !ƊŜǊ ƭŜŎǘǳǊŜΣ ƛǘ ǿŀǎ ƻũ 
ǘƻ ŀ ƭƛōǊŀǊȅ ǇǊŜǎŜƴǘŀǝƻƴ ǿƘŜǊŜ ǿŜ ƭŜŀǊƴŜŘ ǘƘŜ ǎƪƛƭƭǎ ǿŜ ƴŜŜŘ ǘƻ ōŜ ŀ ƳƻǊŜ ŜũŜŎǝǾŜ 
ǊŜǎŜŀǊŎƘŜǊǎΦ ²Ŝ ǘƘŜƴ ŘŜōǊƛŜŦŜŘ ƛƴ {ŎƛŜƴŎŜ /ƻƳƳǳƴƛŎŀǝƻƴǎ ŀƴŘ ƘŜŀǊŘ ŀōƻǳǘ ƻǳǊ 
ŜǘƘƛŎǎ ǇŀǇŜǊ ǘƘŀǘ ǿŜ ǿƛƭƭ ōŜ ǊŜǎŜŀǊŎƘƛƴƎΣ ŘŜǾŜƭƻǇƛƴƎ ŀƴŘ ǿǊƛǝƴƎ ƻǾŜǊ ǘƘŜ ƴŜȄǘ ǘǿƻ 
ǿŜŜƪǎΦ !ǎ {ŎƛŜƴŎŜ /ƻƳƳǳƴƛŎŀǝƻƴǎ ŎƻƴǝƴǳŜŘ ǘƘƛǎ ǿŜŜƪ ǿŜ ŘƛǎŎǳǎǎŜŘ ǿƘŀǘ ŎƻƳǇƻπ
ƴŜƴǘǎ ƳŀƪŜ ǳǇ ŀ Dwу ǇǊŜǎŜƴǘŀǝƻƴ ŀƴŘ ōŜƎŀƴ ǘƻ ŘƛǎŎǳǎǎ Ƙƻǿ ǘƻ ǿǊƛǘŜ ƭƛƪŜ ŀ ǎŎƛŜƴǝǎǘΦ                                                                                           
 [ŀō ǝƳŜ ŎƻƴǝƴǳŜŘ ŘǳǊƛƴƎ ǘƘŜ ǿŜŜƪ ŀƴŘ ǿŜ ƘŀǾŜ ƴƻǿ ƳŀǎǘŜǊŜŘ Ƙƻǿ ǘƻ 
ǇƛǇŜǧŜ ǳǎƛƴƎ ǎŜǊƻƭƻƎƛŎŀƭ ǇƛǇŜǧŜǎ ŀƴŘ ƳƛŎǊƻ ǇƛǇŜǧŜǎΣ ƳŀƪŜ ŀƴŘ ǇI ŀ ǎƻƭǳǝƻƴΣ Řƻ 
ǎŜǊƛŀƭ ŀƴŘ ǎƛƳǇƭŜ ŘƛƭǳǝƻƴǎΣ ǳǎŜ ŀ ǎǇŜŎǘǊƻǇƘƻǘƻƳŜǘŜǊΣ ŀƴŘ ǳǎŜ ǎǘŜǊƛƭŜ ǘŜŎƘƴƛǉǳŜ ǘƻ 
ƳŀƪŜ ƳŜŘƛŀΦ ²Ŝ ƘŀǾŜ ǘŀƪŜƴ ǝƳŜ ǘƻ ŜǾŀƭǳŀǘŜ ƎǊŀǇƘǎΣ ƭŜŀǊƴ ǘƻ ƎǊŀǇƘ ǳǎƛƴƎ ŜȄŎŜƭ ŀƴŘ 
Ƙƻǿ ǘƻ ǳǎŜ ǎǘŀǝǎǝŎǎ ǎǳŎƘ ŀǎ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ǘƻ ŜȄŀƳƛƴŜ ǘƘŜ ǾŀƭƛŘƛǘȅ ƻŦ ƻǳǊ ŘŀǘŀΦ 
bŜȄǘ ǿŜŜƪ ǿŜ ǿƛƭƭ ƭŜŀǊƴ ŎŜƭƭ ŎǳƭǘǳǊŜ ŀƴŘ ōŜƎƛƴ ƎǊƻǿƛƴƎ ŎǳƭǘǳǊŜǎ ƻƴ ƻǳǊ ƻǿƴ Lƴ 
ƭŜŎǘǳǊŜ ǿŜ ƘŀǾŜ ŎƻƴǝƴǳŜŘ ǘƻ ŜȄǇŀƴŘ ƻǳǊ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ¢ƛǎǎǳŜ 9ƴƎƛƴŜŜǊƛƴƎ ŦǊƻƳ 
5ǊΦ {ŀƘ ŀǎ ǿŜ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǘƘŜ ǾŀǊƛŀōƭŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ǝǎǎǳŜǎ ŀƴŘ ƻǊƎŀƴǎΣ Ƙƻǿ 
ǘƘŜǎŜ ŘƛũŜǊŜƴŎŜǎ ŎǊŜŀǘŜ ŎƘŀƭƭŜƴƎŜǎ ƛƴ ǝǎǎǳŜ ŜƴƎƛƴŜŜǊƛƴƎΣ ŀƴŘ ǿƘŀǘ ǘŜŎƘƴƛǉǳŜǎ ǊŜπ
ǎŜŀǊŎƘŜǊǎ ǳǎŜ ǘƻ ŎƻƴǉǳŜǊ ǘƘŜǎŜ ƻōǎǘŀŎƭŜǎΦ  5ǊΦ DŀŜǘŀƴƛ Ƙŀǎ ǘŀǳƎƘǘ ǳǎ ƳƻǊŜ ŀōƻǳǘ 
ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ǝǎǎǳŜ ŀƴŘ ŜƭŀōƻǊŀǘŜŘ ƻƴ ǾŀǊƛƻǳǎ ƳŜǘƘƻŘǎ ŀƴŘ ǇǳǊǇƻǎŜǎ ƻŦ Ƴƛπ
ŎǊƻǎŎƻǇȅ ƛƴ ǘƘŜ ƭŀōƻǊŀǘƻǊȅΦ                                                                                      
 CƛƴŀƭƭȅΣ ƻƴ ¢ƘǳǊǎŘŀȅ ǿŜ ǘƻƻƪ ƻǳǊ ŬǊǎǘ ŬŜƭŘ ǘǊƛǇ ǘƻ ǘƘŜ {ŀƴŦƻǊŘ /ƻƴǎƻǊǝǳƳ 
ǿƘŜǊŜ ǿŜ ǘƻǳǊŜŘ ŀ ǿƛŘŜ ǾŀǊƛŜǘȅ ƻŦ ƭŀōǎΣ ƭŜŀǊƴŜŘ ŀōƻǳǘ ǘƘŜ Ǌƻōǳǎǘ ŎƻƭƭŀōƻǊŀǝǾŜ ǊŜπ
ǎŜŀǊŎƘΣ ŀƴŘ ŜƴƧƻȅŜŘ ŀ ǇƻǎǘŜǊ ǎŜǎǎƛƻƴ ŦǊƻƳ ƎǊŀŘǳŀǘŜ ǎǘǳŘŜƴǘǎΦ [ǳƴŎƘ ǿŀǎ ǇŜǊŦŜŎǘ ŀǘ 
ǘƘŜ ƎƭƛŘŜǊ ǇƻǊǘΣ ƻǾŜǊƭƻƻƪƛƴƎ ǘƘŜ ƻŎŜŀƴΗ hƴ CǊƛŘŀȅ ƴƛƎƘǘ ǿŜ ǿƛƭƭ ŎƻƳǇŜǘŜ ƛƴ /h{ah{ 
hƭȅƳǇƛŎǎΦ {ǘŀȅ ǘǳƴŜŘ ŦƻǊ ƳƻǊŜ ŀōƻǳǘ ōƻǘƘ ƻŦ ǘƘŜǎŜ ƛƴ ƴŜȄǘ ǿŜŜƪǎΩ ƴŜǿǎƭŜǧŜǊΦ        
 ²Ŝ ƘŀǾŜ ƘŀŘ ŀƴ ƛƴŎǊŜŘƛōƭŜ 
ǎǘŀǊǘ ōŜŎŀǳǎŜ ƻŦ ŎƻƭƭŀōƻǊŀǝǾŜ 
ŜũƻǊǘǎ ŀƴŘ ǘƘŜ ƳŀƎƴƛŬŎŜƴǘ ƳƛƴŘǎ 
ƛƴ ǘƘŜ Dwу /ƭǳǎǘŜǊ уΗ  



 мн 

 

CLUSTER 9: MUSIC AND TECHNOLOGY 

 

 /h{ah{ ŎƭǳǎǘŜǊ ф Ǝƻǘ ƻũ ǘƻ ŀ ǊƻǳǎƛƴƎ ǎǘŀǊǘ ǿƛǘƘ ŘŀȊȊƭƛƴƎ ŘƛǎǇƭŀȅǎ ƻŦ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ŀǊǝǎǘǊȅΦ  
Lƴ ǘƘŜ ŬǊǎǘ ǘƘǊŜŜ ŘŀȅǎΣ ŎƭǳǎǘŜǊ ф ǎǘǳŘŜƴǘǎ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ ŀ ǾŀǊƛŜǘȅ ƻŦ ƳǳǎƛŎŀƭ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŎŀƭ 
ǘƻƻƭǎΦ  5ǊΦ hƭƛǾŜƛǊŀ ƎŀǾŜ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ƴŀǘǳǊŜ ƻŦ ǎƻǳƴŘǿŀǾŜǎ ŀƴŘ ƛƴǘǊƻŘǳŎŜŘ ǎǘǳŘŜƴǘǎ ǘƻ ŀ 
ǎƻǳƴŘ ǊŜŎƻǊŘƛƴƎ ŀƴŘ ŀƴŀƭȅǎƛǎ ǎƻƊǿŀǊŜ ǇŀŎƪŀƎŜ ŎŀƭƭŜŘ !ǳŘŀŎƛǘȅΦ  !ǳŘŀŎƛǘȅ ƎŜƴŜǊŀǘŜǎ ǎƻǳƴŘǎ ƻǊ 
ǘŀƪŜǎ ǎƻǳƴŘ ƛƴǇǳǘǎ ŀƴŘ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ŀƴŀƭȅȊŜ ǘƘŜǎŜΦ  !ǳŘŀŎƛǘȅ ŀƭǎƻ ǎŜǊǾŜǎ ŀǎ ŀ ǎƛƳǇƭŜ ƳƛȄƛƴƎ 
ǎȅǎǘŜƳ ǿƛǘƘ ǿƘƛŎƘ ƳǳǎƛŎƛŀƴǎ Ŏŀƴ ƻǾŜǊƭŀȅ ƳǳƭǝǇƭŜ ǊŜŎƻǊŘƛƴƎ ǘǊŀŎƪǎΦ  !ƴ ŜǾŜƴ ƳƻǊŜ ŎƘŀƭƭŜƴƎƛƴƎ ǎƻƊπ
ǿŀǊŜ ǇŀŎƪŀƎŜΣ ŎŀƭƭŜŘ tǳǊŜ 5ŀǘŀ ǘƘŀǘ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŀǘ ¦/{5Σ ǿŀǎ ǘŀǳƎƘǘ ǘƻ ǘƘŜ ŎƭǳǎǘŜǊ ƻƴ ²ŜŘƴŜǎπ
Řŀȅ ōȅ ¢ŜŀŎƘƛƴƎ !ǎǎƛǎǘŀƴǘ YŜǾƛƴ IŀȅǿƻƻŘΦ  tǳǊŜ 5ŀǘŀ ƛǎ ŀ ŘǊŀƎ ŀƴŘ ŘǊƻǇ ǎƻǳƴŘ ǎȅƴǘƘŜǎƛǎ ǎȅǎǘŜƳ 
ǘƘŀǘ ŀƭƭƻǿǎ ǎǘǳŘŜƴǘǎ ǘƻ ŎǊŜŀǘŜ ƛƴŎǊŜŀǎƛƴƎ ŎƻƳǇƭŜȄ ǎƻǳƴŘ ǎȅƴǘƘŜǎƛȊƛƴƎ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ŎƻƳōƛƴŀǝƻƴǎΦ 
¢ŜŀŎƘƛƴƎ !ǎǎƛǎǘŀƴǘ /ƻƭƛƴ ½ȅǎƪƻǿǎƪƛ ƎŀǾŜ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ !ǊŘǳƛƴƻǎΣ wŀǎǇōŜǊǊȅ tƛΣ ŀƴŘ ƻǘƘŜǊ ƳƛŎǊƻπ
ŎƻƴǘǊƻƭƭŜǊǎ ǘƘŀǘ ŎƭǳǎǘŜǊ ф ǎǘǳŘŜƴǘǎ ǿƛƭƭ ǳǎŜ ƛƴ ŎǊŜŀǝƴƎ ǘƘŜƛǊ ŎŀǇǎǘƻƴŜ ǇǊƻƧŜŎǘǎΦ  5ǳǊƛƴƎ ǘƘŜ ¢ǳŜǎŘŀȅ 
ǎŜǎǎƛƻƴΣ ¢ŜŀŎƘŜǊ CŜƭƭƻǿ WŜũ aŜƭƭƛƴƎŜǊ ƭŜŘ ǎǘǳŘŜƴǘǎ ǘƘǊƻǳƎƘ ŀ ŦŜǿ !ǳŘŀŎƛǘȅ ǇǊƻƧŜŎǘǎΦ  5ǳǊƛƴƎ ǘƘŜ 
²ŜŘƴŜǎŘŀȅ ǎŜǎǎƛƻƴ ǎǘǳŘŜƴǘǎ ǿŜǊŜ ƛƴǎǘǊǳŎǘŜŘ ƛƴ ǘƘŜ ŀǊǘ ƻŦ ŎƻƴŎŜǊǘ ŎƻƴŘǳŎǝƴƎ ōȅ 5ǊΦ 5ǳōƴƻǾΦ  ¢ƘŜ 
ǎŜǎǎƛƻƴ ǿŀǎ ƘƛƎƘƭƛƎƘǘŜŘ ōȅ ŀ ƎǊƻǳǇ ƛƳǇǊƻǾƛǎŀǝƻƴ ǇŜǊŦƻǊƳŀƴŎŜΦ  !ƳƻƴƎ ǘƘƻǎŜ ƭŜŀŘƛƴƎ ǘƘŜ ƛƳǇǊƻǾƛπ
ǎŀǝƻƴ ǿŜǊŜ bƛŎƪ tΦ ŀƴŘ aŀǊƪ 9Φ ƻƴ ƎǳƛǘŀǊΣ {ŀƳ [Φ ŀƴŘ 9Ƴƛƭȅ YΦ ƻƴ ǾƛƻƭƛƴΣ wƻŎƘŜƭƭŜ ¢Φ ƻƴ /ƭŀǊƛƴŜǘΣ 
wȅŀƴ ²Φ ƻƴ ¢ǊǳƳǇŜǘΣ {ŀŀŎƘƛ YΦ ƻƴ ǘƘŜ ŎŀƧƻƴ ōƻȄΣ ŀƴŘ LƪŜ ¢Φ ƻƴ ƪŜȅōƻŀǊŘΦ  Lƴ ŀŘŘƛǝƻƴΣ ŀ ƴǳƳōŜǊ ƻŦ 
ǎǘǳŘŜƴǘǎ ŜȄǇŜǊƛƳŜƴǘŜŘ ǿƛǘƘ ƛƴǎǘǊǳƳŜƴǘǎ ŦǊƻƳ 5ǊΦ hƭƛǾŜƛǊŀΩǎ ƘƻƳŜƭŀƴŘΣ .ǊŀȊƛƭΦ 



 мо 

 

CLUSTER 10: ROBOT INVENTORS 

 

 /ƭǳǎǘŜǊ мл ƛǎ ƻũ ŀƴŘ ǊǳƴƴƛƴƎ ǘƘƛǎ ǿŜŜƪ ǿƛǘƘ ŀ ǎŜǘ ƻŦ ǇǊƻƎǊŀƳƳƛƴƎ ŀƴŘ ŘŜǎƛƎƴ ŎƘŀƭƭŜƴƎŜǎΦ 
{ǘǳŘŜƴǘǎ ƘŀǾŜ ōŜŜƴ ǘŀǎƪŜŘ ǿƛǘƘ ǳǎƛƴƎ ŀ ϦǎŎǊƛōōƭŜǊϦ Ǌƻōƻǘ ǘƻ ŘŜǎƛƎƴ ŀƴ ƛƳŀƎŜ ƻƴ ŀ ǇƛŜŎŜ ƻŦ ǇŀǇŜǊΦ 
¢ƘŜ Ǌƻōƻǘ Ƙŀǎ ŀ ǇŜƴ ƛƴ ǘƘŜ ŎŜƴǘŜǊΣ ŀƴŘ ǳǎƛƴƎ ǘƘŜƛǊ ŎƻŘƛƴƎ ǎƪƛƭƭǎ όǎǘǳŘŜƴǘǎ ŀǊŜ ƭŜŀǊƴƛƴƎ tȅǘƘƻƴύΣ 
ǘƘŜȅ Ƴǳǎǘ ƎǳƛŘŜ ǘƘŜƛǊ Ǌƻōƻǘ ǘƻ ŀ ŎǊŜŀǝǾŜ ǇƛŎǘǳǊŜ ŘŜǎƛƎƴΦ ¢ƘŜ ŘǊŀǿƛƴƎǎ ǿŜǊŜ ŦŀƴǘŀǎǝŎΣ ŀƴŘ ǎǘǳπ
ŘŜƴǘǎ ǇǊŜǎŜƴǘŜŘ ŎƘŀƭƭŜƴƎŜǎ ǘƘŜȅ ŦŀŎŜŘ ƛƴ ǘƘŜ ŘŜǎƛƎƴ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ǇǊƻŎŜǎǎΦ                   

 hƴŎŜ ǎǘǳŘŜƴǘǎ ǿŜǊŜ ŎƻƳŦƻǊǘŀōƭŜ ǇǊƻƎǊŀƳƳƛƴƎ ǘƘŜƛǊ ǎŎǊƛōōƭŜǊǎΣ ǘƘŜȅ ǿŜǊŜ ƛƴǘǊƻŘǳŎŜŘ ǘƻ 
ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎΣ ŀƴŘ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ǿƻǊƪƛƴƎ ƻƴ ǇǊƻƎǊŀƳƳƛƴƎ ƻǇǝŎŀƭ ǎȅǎǘŜƳǎ ǘƻ ƎǳƛŘŜ ǘƘŜƛǊ 
ǎŎǊƛōōƭŜǊ ǘƘǊƻǳƎƘ ŀ ƳŀȊŜΦ ¢ƘŜ ǎƘŀǇŜ ƻŦ ǘƘŜ Ŭƴŀƭ ƳŀȊŜ ǿƛƭƭ ōŜ ŎǊŜŀǘŜŘ ƻƴ ǘƘŜƛǊ ŎƻƳǇŜǝǝƻƴ ŘŀȅΣ 
ǎƻ ǘƘŜƛǊ ǎŎǊƛōōƭŜǊ Ƴǳǎǘ ōŜ ŀōƭŜ ǘƻ ƴŀǾƛƎŀǘŜ ŀƴ ǳƴƪƴƻǿƴ ǇŀǘƘΦ !ƭǘŜǊƴŀǝǾŜƭȅΣ ǎǘǳŘŜƴǘǎ Ŏŀƴ ǘŀƪŜ ƻƴ 
ǘƘŜ ŎƘŀƭƭŜƴƎŜ ƻŦ ǎƘƻǿƛƴƎ ǘƘŜƛǊ Ǌƻōƻǘ ŀ ǎƛƴƎƭŜ ƛƳŀƎŜΣ ŀƴŘ ƭŜǩƴƎ ƛǘ ǎŜƭŦ-ƴŀǾƛƎŀǘŜ ǘƘǊƻǳƎƘ ŀ ƳŀȊŜ 
ōŀǎŜŘ ƻƴ ǘƘŀǘ ƛƳŀƎŜΦ ¢ƘŜ ŦŀǎǘŜǎǘ Ǌƻōƻǘ ǿƛƴǎΗ 

 Lƴ ǘƘŜ ƳƻǊƴƛƴƎǎΣ ǎǘǳŘŜƴǘǎ ƘŀǾŜ ǎǇŜƴǘ ǝƳŜ ƭŜŀǊƴƛƴƎ ŦǊƻƳ ǘƘŜƛǊ ŀƳŀȊƛƴƎ ǇǊƻŦŜǎǎƻǊǎΣ 5ǊΦ 
{ŎƘǳǊƎŜǊǎ ŀƴŘ 5ǊΦ ¸ƛǇΣ ŀōƻǳǘ ǇǊƻƎǊŀƳƳƛƴƎ ƛƴ tȅǘƘƻƴΣ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎΣ ǘƘŜ ƘƛǎǘƻǊȅ ƻŦ ǊƻōƻǝŎǎΣ 
ŀƴŘ Ƙƻǿ ǘƻ ǳǎŜ {ƻƭƛŘ²ƻǊƪǎ ǘƻ ŘŜǎƛƎƴ ǘƘŜƛǊ ƻǿƴ о-5 ǇǊƛƴǘŜŘ ǇŀǊǘǎΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǎǘǳŘŜƴǘǎ ŀǊŜ 
ƭŜŀǊƴƛƴƎ ŦǊƻƳ ǘƘŜƛǊ ǘŜŀŎƘŜǊ ŦŜƭƭƻǿΣ WƻƘƴƴƛŜ [ȅƳŀƴΣ ŀōƻǳǘ ŜǘƘƛŎŀƭ ŎƘŀƭƭŜƴƎŜǎ ƛƴ ǊƻōƻǝŎǎ ŀƴŘ Ƙƻǿ 
ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ ƛƴŦƻǊƳŀǝƻƴ ŜũŜŎǝǾŜƭȅ ǿƛǘƘ ŀ ōǊƻŀŘ ŀǳŘƛŜƴŎŜΦ {ǘǳŘŜƴǘǎ ƘŀǾŜ ƎŀǘƘŜǊŜŘ ŀƴŘ ǇǊŜπ
ǎŜƴǘŜŘ Řŀǘŀ ƻƴ ƻƴŜ ŀƴƻǘƘŜǊΣ ŎǊŜŀǘŜŘ ŀ ǉǳƛŎƪ ǇƛǘŎƘ ŦƻǊ ŀ ƴƻǾŜƭ Ǌƻōƻǘ ŘŜǎƛƎƴΣ ŀƴŘ ŀǊŜ ǿǊƛǝƴƎ ŦƻǊ 
ŀƴ Ŝǎǎŀȅ ŎƻƴǘŜǎǘ ƻƴ ŜǘƘƛŎǎ ƛƴ ǎŎƛŜƴŎŜ ƛƴ ŜƴƎƛƴŜŜǊƛƴƎ ŀǊƻǳƴŘ ǘƘŜ ǘƻǇƛŎ ƻŦ ǊƻōƻǝŎǎΦ  hǾŜǊŀƭƭΣ ǘƘŜȅ 
ŀǊŜ ǿƻǊƪƛƴƎ ƘŀǊŘ ŀƴŘ ƳŜŜǝƴƎ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎΗ 
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