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What WE think
of Sclence

"Science makes people

reach selflessly for truth
h - and eobhjectivity; it
teaches people to accept

reality, with wonder and
admiration, not Lo
mention the deep awe
arnd joy that the natural
order of things brings to
the true scientist.”

Lise Meitner




What the rest of the world thinks

*That Is The Subject | Never Understood
In High School (College)
*You Must Be Very Intelligent

You are ' 2ry boring




PHYSICS

WHATIS IT ABOUT ?

Springs
Pulleys
Inclined Planes
Electricity




Small Bangs I
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Bangs
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Big Bangs S o

MOST DON'T DO THIS



FASCINATING PHYSICS
USEFUL

YOU usE IT MILLIONS OF TIMES A DAY




WHY PHYSICS
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Lucky to LEW@ in Chile

Jonny, Jackie,
Oceanographer Physicist Teacher

“Life need not be easy, provided only
that it Is not empty.”
Lise Meitner



Lucky to StTudY in Chile
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SOMETHING FROM NOTHING

* Noether’s theorem
ss*Conservation laws from philosophy

* Ginzburg-Landau 2" order phase transition

“sSuperconductivity, magnetism .........................
from series expansion

ASK FUNDAMENTAL QUESTIONS

14



SYMMETRY
AND
CONSERVATION LAWS

15



1 andau-Cinzburg

Order Parameter: vy
Superconducting Gap, Magnetization, Distorsion,

TAYLOR EXPANSION
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NORTHWESTERN UNIVERSITY

" PHOTOEXCITATION IN SUPERCONDUCTORS

A DISSERTATION
SUBMITTED TO THE GRADUATE SCHOOL
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS

for the degree

DOCTOR OF PHILOSOPHY

Field of Physics
By

IVAN SCHULLER

Evanston, Illinois

June 1976
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CLITICAL SLOWING DOWN

Relaxation Time (nsec)
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I. K. Schuller and K. E. Gray, PRL36, 429(1976)
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Why do Physics

® Universal behavior
“sPower Laws

® New Parameters Range
“*Smaller

® Weird Behavior

*Separate Charge and Spin
¢ Big Questions

*What is intelligence
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Why do Physics

*Power Laws

® New Parameters Range
“*Smaller

® Weird Behavior

*Separate Charge and Spin
¢ Big Questions

*What is intelligence
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Metal-Insulator Transition
VO,
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Z. Yang, C. Ko, and S. Ramanathan, Annu. Rev. Mater. Res. 41 (2011) 24
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Nano-scale VO,

310 320 330 340 350 360
T (K)

Multiple jumps
across the metal-
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Scale Invariance
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Statistics of Jumps
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Avalanches

* Triggered and
develops

e Many Small
avalanches

» A few big ones

-
-




UNIVERSALITY
Or

PHYSICS



Power Laws
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Number of earthquakes
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NODES WITH DEGREE k
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JP. Sethna et al., Nature 410, 242 (2001)
Connectivity of Internet

M. Newman Phys.

Today, P. 33 Nov. 2008

Citations (I.K. Schuller)

Number of Papers
=

Number of Citations



P(s) (a.u)

Avalanches with Power Laws

Barkhausen Noise
: a~1.3
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Why do Physics

® Universal behavior
“sPower Laws

® New Parameters R
*Smaller

® Weird Behavior

*Separate Charge and Spin
¢ Big Questions

*What is intelligence
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CHARACTERISTIC LENGTH SCALES
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Un homme de six_ pieds fait
sur la terre la meme figure
precisement que fait sur une
boule de quatre pieds de
circonference un animal qui
serait a cette circonference

de roue comme
1 est a 91 500 000 ~10nm

i Merci Andre Magnan
NANO VOLTAIRE | President Soc. Voltaire

= | KVAB, U. de Nantefre

Francms I\/Iarle Arouet
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SCIENCE DRIVEN RESEARCH

10A-100A

I.K.Schuller, Phys.Rev.Lett. 44, 1597(1980) | 35



ATP Conference Proceedings
- Series Editor: Hugh C. Wolfe

Number 53

‘ MAGN ETO-TRANSPORT \

Modulated Structures——1979

{Kailua Kona, Hawaii)

_ Editors
J.M. Cowley, Arizona State University
J.B. Cohen, Northwestern University
T WL B. Salamon, University of Ilinois
B.J. Wuensch, Massachussetts Institute of Technology

American Institute of Physics

‘New York 1979
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S DISCOVER

THE NEWSMAGAZINE OF SCIE+C¢

Architects in
the Laboratory

Man-made crystals called superlattices may lead
to anew breed of electronic devices

mil

P!lyshisl Ivan Schuller designs strig i within are arranged in regular three
is, in & way, an architect. But in pl ional geometric pot™ NI |a:-
505 stelid of 5, g rhes at thef
: refl tiona is, anvibthe
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] ] 8
or il rlicate filigree of a snowflake. structures found in nature, they hove been
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2007 PHYSICS NOBEL

GIANT
GMR



q October 2007

) GL.
3] VETENSKAPSAKADEMIEN

THE ROYAL SWEMSH ACADEMY OF SCIENCES

scientific Background on the Nobel Prize in Physics 2007

The Discovery of Giant Magnetoresistance

compiled by the Class for Physics of the Royal Swedish Academy of Sciences

has to greatly exceed the interlaver separations so that the electrons can travel through magnetic lavers
and pick up the GMR effect. Without the qerimental growth techniques this requirement could

be mentioned that, in several publicaf{ jns prior to 1 g work of Fert and Griinberg, there were reports of
cent) magnetoresistance effects (9,10,11,12). In

. C.M. Falco, J. Williard, J. Ketterson, B. Thaler, R. Lacos, and R. Dee, “Transport
ie bf the Compositionally Modulated Alloy Cu/Ni,” AIP Conference Proceedings 53, 417

10. cnard and /

Scripta T19 B, 4 5 (1987).

11. E. Vélu, C. Dupas,. d, J.P. Renard, and J. Seiden, “Enhanced Magnetoresig
Ultrathin ( Au/Co)leql\_‘g_‘ilgyggg WlthPerpendlcularAnlsotropv” Phvs. Rev. B37, 4

4O G155

bl Prize® and T Moses Prize® pachi] G2 ign Tk 31 Heglehestad trackema s o thi Mot Feurdition
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SCIENCI

APPLICATIONS

EXCHANGE

BIAS
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Sensors
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Nanoscience
(when things get small)

TunnelSchroedv8_1-desktop.m4v

42



electron
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IT HELPS THINGS TO 6ROW... IT
FILLS UP THE LAKES AND OCEANS 50
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Why do Physics

® Universal behavior
“sPower Laws

® New Parameters Range
“*Smaller

*Separate Charge and Spin

¢ Big Questions

*What is intelligence

45



THE REAL
CHESHIRE CAT

TDMWM

46



A CRAZY EXPERIMENT

NON-LOCAL SPIN VALVE

FM FM

FM: ferromagnetic

NM: non-magnetic
NM

Decouple

SDIN current from CHARGE current

47
Valenzuela et al.,PRL 94, 196601 (2005)
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VII|(mQ)

Non-local spin valve effect

Bipolar switching

e Spin signal:
AV :VP -V o
U

‘Memory effect

10 Py/Cu/Py
800 -600 -400 -200

O 200 400 600 800
H (Oe) 4



Spintronics: applications

Glant magnetoresistance (GMR)

a o
Magnetoresistive
read head
Discovery: 1988
_ Morket:IBM1997

f Magnetic RAM A
4 Mbit chip
Revisited: 1995
Demo: Motorola 2003
\_ Market: Freescale 2006 V.

N AN

\VAR V- V 1t

Micrograph of multiple 4 Mbit die on a Si wafer.
(Courtesy of Freescale, Inc.) 50
10 materialstloday SEFTEMBER 2008 | VOLUME 9 | NUMBER 9



Why do Physics

® Universal behavior
“sPower Laws

® New Parameters Range
“*Smaller

® Weird Behavior

*Separate Charge and Spin

® Big Questions

*What is intelligence

51



$ 200,000,000

ASCl Q

LAHL

LOE ALARICD
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Jonathan Schuller
6 months old 11,968 processors,

1 12 Terab ,
WHAT CAN :ACH US ??? 600 Teerg?ay{([eisdrir\l,?(ngggglagef’z



Unifying Principles
for
Intelligence ?

Imitate Nature
“Biologically Inspired”

53



CENTRAL |
PROCESSOR |

Sensors

Local | ocal

Processor
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Wireless

Sensors

Local

Processor

CENTRAL
PROCESSOR

Communications

T

Feedback

Sensors

Local
processor

L\lanoscienca
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Education Lite

A learning disability interferes with a child's ability to interpret what is seen and heard, or to link information from different parts of the brain,

IN LEARNING, INFORMATION ENTERS THE
BRAIN VIA THE SENSES ...

Visual perception

SEES LETTERS
REVERSED OR
ROTATED

An e might look like
a9, The letters d,
b, p. g and g may

be confused.
PreslelicRl Auditory perception
In normal visual CAN'T DISTINGUISH
perception, a figura SUBTLE DIFFERENCES
stands out againsi Similar sounds in
an undifferentiated words like “ball”
background. With and “bell” may be
this disability, a confused.
nhil'd_has diﬁiculjlh,: ~AUDITORY FIGURE-
locating one thllng GROUND” PROBLEMS
among many, like a Has trouble picking
pencil on a up a single sound
crowded desk. amid background
Words or lines may noise, like a
be skipped while {eacher’s voice
reading. while music plays.
TROUBLE GAUGING

¢ DISTANCE AND DEPTH o
May lead to Wbsundrstood Chid*
problems with Ex. Loy B. Siver;
activities like ey of Colorad ot
catching a ball. Bouwicior

Ehe New ork Times

Section 4A fAnril 13, 2003

How Learning Goes Wrong

IS PROCESSED ... STORED ...
Sequencing Memory
TROUBLE PUTTING THINGS IN ORDER SHORT-TERM
or have trouble MEMORY LOSS
May read d-0-985g-0-d Frequently forgets

relating events in the proper sequence.

TROUBLE EXTRACTING INFORMATION
Can memorize a list, but has trouble isolating

new information, like
how to spell a word,

1 concentrating.
single elements — for example, answering umE:EHHCE jreing
What comes after Tugsday? R CERMS
Abstract thinking Troubles here Iwnuld
CONCEPTUAL PROBLEMS May have trouble with ~ Severely impair

abstract concepls like figures of speechang  Normal learning.

reading for content.
PARIETAL LOBE Saguencing

. TEMPORAL LOBE
FROMTAL LOBE Long-term memory
Abstract thought,
sgquencing
PLAMUM TEMPORALE DORSOLATERAL
Sound and language : PREFROMTAL CORTEX

(Smaller in some dyslexics) Shavt-tarm mamory

COMMON CONDITIONS (A child may have a combination of these. )

Dyslexia Dyscalculia Dysgraphia
Trouble reading and  Trouble with math  Trouble forming
understanding words  problems and letters or writing in
and sentences. concepls, a defined space.

AND THEN USED IN MOVEMENT

OR LANGUAGE.

Movement

FINE MUSCLES
DONT WORK
WELL TOGETHER

Problems may
show up when a
child begins to
write, with poor
and slow
handwriting.
TROUBLE USING

LARGE MUSCLE
GROUPS

A child may
seem clumsy
and fall or
stumble often.

Language
AMSWERS
QUESTIONS
POORLY

While not
struggling with
Sponlaneous
language, a
child with a
“demand
language”
problem needs
more time to
organize
thoughts and
find the right
wiord.

Attention Deficit/Hyperactivity Disorder
Characlerized by inattention, hyperactivity and
impulsive behavior. While not a learning disability,
it afflicts about a third of childran who have one.

Kathleen OF Brien The PMow York Times




IMPLEMENTATION

Reduce to practice
Imitate nature

FUNDING



What Is needed

- Expertise- physicists, chemists, biologists, engineers

» Techniqgues-Nanoscience, Materials, Wireless,Engineering
e High Tech Facilities

 Various implementations

* Interactions

e Steady Support

Bt



Organic Thin Films
Structure, Transport,
SELECTIVE Sensing

Physics

Corneliu N. Colesniuc, Amos Sharoni, Casey W. Miller, Ge Liu,
Chemistry,
Richard D. Yang, Forest Bohrer ,Andy C. Kummel, William Trogler,
Engineering
Jeongwon Park

Work supported by AFOSR-MURI




Metallo Phthalocyanine — M
Q32N8H16

9

Model System for
Planar Organics

M = Cu, Fe, Ni, Co, ....or 2H e0



Organic Molecular Beam
Epitaxy (OMBE)

Phthalocyanine | _
sublimes near 400°C — =

il j
i

‘::_: — f——————
e e ]
——Tn —_——
Emem = 5= = — =
RN | —— : S :—_ —
& — |
Bl ‘i‘.
o =
. |
fe ——

phthalocyanine

substrate

Substrate Temperature
T=30°C — 250°C
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Chemical Sensors
Change Resistance

normalized current

methanol
methanol

dosage

400 600

Time (min)

200

62
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Dlscu'-.renes & Ereahthrnughs
DBIS #453

Sniffing Out Bombs

PKG 1:37
2008 vanhor Broadcas] REws
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Scienrists from the RAND Corporation bave created this model 1o illustrate bow a “bome compurer” could look like in the
year rooq, However the needed techaoloys will net be ccomomicalls feasible for the average bome. Alio the seientists readily
admir that the computer will require mot yet frvented recha, ro acrually work, but 50 sears from som scienrific progress is
expecred 10 solve tbese problems. Witk ielerype inserface and tbe Forrran lasguage, the computer will be easy 1o use. 64



DISRUPTIVE
TECHNOLOGY

ARISES UNEXPECTEDLY FROM

REVOLUTIONARY
BASIC SCIENCE



SUMMARY

Do what you like,
but above all
likke what you do

Francisco Schuller
Paraphrasing
Lise Meltner

"Science makes people
reach selflessly for truth
and objectivity; it

teaches people to accepl
reality, with wonder and
admiration, not to

mention the deep awe

and joy that the noatural
erder of things brings to

- the true scientist.”

66

Lise Meitner



Enioy the brocess

 Caminante no hay camino.
se hace el camino al andar.

Antonio Cipriano José Maria vy Francisco de Santa Ana Machado y Ruiz

(26 July 1875 — 22 February 1939)

« Wanderer, there is no road.
the road is made by walking.

67



Why Do Thisis Why
Physics ?







