
Breakout session on Condensed Matter / Materials Physics (CMMP) 
 
Why is there so little of Condensed Matter / Materials Physics in the typical instructional 

laboratory curriculum? -- Shouldn't the Advanced Lab be more than just nuclear 
physics (which seems to play a very strong role in the traditional curriculum)? 

 
Why should you see more CMMP? 
--Condensed Matter / Materials Physics holds clear dominance, in terms of subsequent 

opportunities for our students 
--Is it not also true that many-body physics contains paradigms that are really of 

fundamental importance in modern physics? 
 
For those of us who are convinced there is too little and that we should see more, what to 

do? 
--What are some obstacles to doing the most important condensed matter instructional 

expts? 
 1. Access to the high-quality samples needed to explore some of the most 

beautiful physics 
 2. Low T is essential in order to access "wave-like" behaviors in electronic 

measurements 
--What should entering graduate students know how to do, for which CM instructional 

labs might prepare them? 
 
--In what follows, we list the results of our "brainstorming" session about some of the 

qualities that one might look for in trying to identify good condensed matter expts: 

 • the connection to fundamental paradigms / core concepts, 

 • inclusion of important measurement skills / techniques (and fabrication / 
characterization), and 

 • some interesting materials to employ 
 
Core Concepts: 
A great many beautiful research results should be "mined" for the instructional labs 

• Quantum transport (Localization vs. Correlation / Coherence as Particle-like vs. 
Wave-like behaviors) 

• Tabletop Measurement of the Quantization of Electrical Conductance in 
Gold Nanowires, 

 • see poster by David Tam, Columbia University 
• Weak Localization, 

 • see poster by Eric Black, Cal Tech 
• Superconductor-Insulator-Normal Metal tunnel junctions 

  The differential conductance directly maps out the superconducting 
density of states, showing the energy gap and the pile-up of states on 
either side of the gap. It's a very nice example of using a lock-in to take a 
derivative (such a "hardware" approach being much less noisy than 
software derivatives) 

 • It was argued that all of the necessary concepts can be taught at the 



sophomore level, and that more advanced coursework might involve 
inelastic tunneling spectroscopy, to get at electron-phonon coupling 

 • Recommended references include some of the chapters in E. Burstein, 
S. Lundqvist, ed. Tunneling Phenomena in Solids, from the old 
NATO-ASI series  

  Because the coherence length in High-Tc materials is extremely short, 
Low-Tc materials are required here 

  e.g., a classic tunnel junction may be fabricated by evaporation of 
Aluminum / Aluminum-Oxide / Lead 

  "SNAP" junctions have a higher transition temperature, and last 
longer 

• Quantum Hall Effect 
• Viscosity in Liquid Helium measured with tuning fork 
• Band gap analogies 
• Moving from isolated resonators, to coupled LC oscillators, to N coupled 

oscillators 
• Statistical Mechanics & Thermodynamics Labs often fall under the CMMP 

purview 
• Brownian motion 

 • Free diffusion 

 • Diffusion in a trap 
• Finding thermal conductivity and specific heat via thermal diffusion in rods, 

 • see poster by Matthew C. Sullivan, Ithaca College 
• Order-disorder Phase transitions/diagrams 
• Systems near instabilities / Critical Opalescence / Fluctuations 

• Self assembly, pattern formation 
• Colloidial crystals 

  Years ago, Cyril Isenberg had a one-page article noting that the final 
"drop" from a pipette containing a monodisperse colloidal suspension 
will really be a bubble, and that laser diffraction can allow students to 
observe the liquid-to-solid transition as the colloid self-assembles on the 
membrane 

 • Colloidal crystals provide a simple way to introduce g(r) and S(k) 
• Soft materials 

 • There is a lot of work these days on "soft condensed matter" -- and I can 
speak a bit about that. 

• Effects of reduced Dimensionality 
  From 3D to 2D 

 • interesting 2D samples include thin films and also arrays of various sorts 
  1D (nano-rods and nano-wires) 

 • Edge-evaporated superconducting wires (interesting for studying phase 
slips) 

  Zero-Dimensional (quantum dots) 

 • Particle-in-a-box energy levels 

 • Surface plasmons 



 • quantum dots with focus on excitons 

 • Coulomb Blockade (e.g., STM tunneling into lumpy lead films, as in Niraj 
Anand's undergraduate work at Minnesota) 

 
Measurement Skills / Techniques (& Fabrication / Characterization): 

• Low-level measurements 
• Noise Fundamentals 

 • see poster by George Herold or workshop by Agilent 

 • Nulling techniques 

 • Lock-in amplifiers and other modulation-demodulation techniques 

 • micro-Ohm measurements 

 • nano-Volt measurements 

 • pico-Amp measurements 
• Temperature measurement and control 

 • There has been a real "sea change" in refrigeration technologies, as 
pulsed-tube "DRY-ogenic" systems have replaced the old G-M 
compressors for those of us who cannot afford the ongoing costs of 
cryogenic consumables. 

 • Dwight Luhman writes, "I just went through this process and looked at a 
variety of systems. I have attached 2 price sheets from Janis for 4 K and 77 
K dry system units. Basically for a "plain systems" (i.e., just compressor and 
cold head) you will spend $30K. For systems with an optical cell or 
something more fancy it will be $40K." -- A great many other vendors are 
offering systems utilizing these pulsed-tube "dryogenic" or "cryogen-free" 
technologies. Oxford buys their pulsed-tube cryo-systems from CryoMech. 
CryoMech was recommended to me by my post-doctoral advisor, but I 
haven't reviewed the other vendors yet. 

• Materials fabrication 

 • Vacuum technology, thin film technology 

 • Spun-on coatings 
• Characterization - electrical, optical, structural (real space and k-space) 

• Advanced Microscopies / structure 
  Advanced Optical Microscopies 

 • (Phase Contrast earned Zernike the Nobel Prize in Physics, DIC, 
etc.) 

• Fluorescence microscopy techniques provide an appropriate 
bio-physics module 

 • Fluctuation Correlation Spectroscopy has been described in AJP 
              Scanned probe microscopies 

 • See NanoSurf Easy Scan STM or AFM systems on display in the 
vendor area here 

• X-ray characterization (most important for reinforcing k-space concepts, 
which are hopefully seen multiple times by students) 

 • see poster by J. Terrence Klopcic, Kenyon College 
• Susceptibility, polarizability 



• Material behaviors in B-fields 

 • YCBO measurement w/ magnetometer 
 
Materials to employ: 

 • Vacuum considerations / thin film evaporation systems 

 • Tunnel Junctions 

 • Alloys / phase diagrams 

 • Various Device Structures (e.g., diodes, transdiodes, thermoelectrics, 
microfluidics) 

• Liquid crystals 
 • Swarthmore instructional labs examine liquid crystal phase transitions 

 • Liquid crystal droplets will spin in a circularly polarized optical trap 
• Quantum dots / Nanoparticles 

 • Not hard to synthesize; ask Suzanne Amador for reference to Univ. of 
Wisconsin-Madison MRSEC website, complete with video recipes 

• Graphene / nanotubes 
 • Nanotubes can now be purchased (though making them is entertainingly 

messy); Haverford has an instructional lab for synthesizing them and then 
imaging them with AFM 

• High-temperature superconductors (e.g., YBCO) 

 • Solid-state synthesis is not difficult 
• Granular materials 

 • Force chains = an interesting concept, but there are many others here 
• Colloid 

 • $100 will allow students to produce more than 10 grams of micron-scale, 
monodisperse silica spheres (which would last many years) 

 • Colloidal crystals can be produced in many ways, e.g. in spun-on coatings 

 • Ferrofluids/rheology 
• Polymers 

 • Di-block co-polymers 

 • Hydrogel - mechanical / thermal properties 
• Fluids 

 • Microfluidic cards from Micronics, Inc are incorporated into instructional labs 
at Johns Hopkins (see poster by Steve Wonnell) and elsewhere 

 • Student-led fabrication of PDMS-based microfluidics does NOT require a 
clean room! 

 • Fluid labs were highlighted in the talk here by Keith Stein of Bethel 
  
Summary: 

 • In reviewing the output of our "brainstorming" session, one that was highlighted 
as having strong interest in all three categories considered (core concepts, 
experimental skills, interesting materials) was the instructional lab extracting 
the superconducting density of states from the differential conductance of 
Superconductor-Insulator-Normal Metal tunnel junctions 



 • Again, new, cryogen-free technologies seem to be worth a look, and could 
provide instructional labs to better access key concepts in CMMP 

• It was noted that samples can sometimes be obtained "for the asking" from 
research groups 

 • Perhaps we can also lobby for the educational vendors to move in the 
direction of providing high-quality condensed-matter samples to advanced 
labs 


