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1. Prof. Jim Krumhansl (1919-2004): Science, vision & policy.  

 

2. Functional materials.   

 

3. Glassy/Driven materials.  

 

4.   Granular materials.   

 

5. Biological/Soft materials.  

 

6. Unity in approach: lateral thinking.     

 

                      

LA-UR-12-00551 



Physics Today 

March 1991 

http://store.aip.org/OA_HTML/ecl.jsp?mode=detail&item=57121
http://store.aip.org/OA_HTML/ecl.jsp?mode=detail&item=57268


Physics Today  

November 1979 

Nanoscience & 

Nanotechnology  

~ 2000 

http://store.aip.org/OA_HTML/ecl.jsp?mode=detail&item=57376


Physics Today  

August, 1991 

http://store.aip.org/OA_HTML/ecl.jsp?mode=detail&item=57157
http://store.aip.org/OA_HTML/ecl.jsp?mode=detail&item=57341


           James A. KRUMHANSL            Gerhard R. BARSCH 

  Aug. 2, 1919 – May 6, 2004 Jun. 22, 1927 – Jul. 10, 2011 
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          NONLINEAR PHYSICS of MARTENSITE   

 

          Barsch-Krumhansl (twins: “strain solitons”) 

1. Cubic-Tetragonal transition (1984 PRL). 

 

2. Landau theory: strain as order parameter (FePd). 

 

3. Strain as secondary order parameter (LaInTl) .  

 

4. Proper vs. Improper ferroelastics (shuffle, 1994). 

 

5. Elastic fringing fields in austenite (1987 PRB).  

 

6. Elastic compatibility, long-range interaction (1994 PRB).  

 

7.  Consequences: Microstrucure, dynamics, scaling.  

     



 

•Example: Cubic to Tetragonal 

32

2
,

2 6

xx yy xx yy zz
ee

e e e e e- + -æ ö
= =ç ÷

è ø

  
F e

2
,e

3( )

  
e

3

  
e

2

 

Barsch &Krumhansl, 84, Falk, 83  

Order parameter 





COMPLEX systems/materials: 

• “Composed of interconnected or interwoven parts” 

• Multiscale aspects:  …  meso … is the key.  

• Critical phenomena vs. phase diagram.  

• Nonequilibrium and nonlinear phenomena.  

 

• Landscape paradigms (rugged, dynamic).  

• Notion of phonons  metallurgists.  

• Concept of solitons  materials scientists.  

• Idea of localization  biologists.  

 



Scientists look at the camouflage technique employed 

by the cuttlefish (ABC news) 



SWIMMING IN SAND 



SWIMMING IN SAND 



SWIMMING IN SAND 





Dynamical Phyllotaxis: Phonons  



Dynamical Phyllotaxis: Solitons  



Dynamical Phyllotaxis: Solitons  



Can We Image Spin Ice Directly? 

"Artificial 'spin ice' in a geometrically frustrated lattice of nanoscale 

ferromagnetic islands" Nature 439, 303 - 306 (2006).  



Effective temperature 

can be controlled by 

the external magnetic 

drive by changing the 

magnetic step in the 

magneto-fluidization  

process. 

C. Nisoli et al. Phys. Rev. Lett. 105, 047205 (2010) . 



CONNECTION BETWEEN: 

- Functional and glassy: strain glass 

- Granular and glassy: Nonequilibrium, 

  effective temperature 

- Functional and granular: Novel 

  emergent properties 

- Glassy and bio: Neural networks, brain 



CURIOUS MIND 

BOUNDLESS 

ENERGY 
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