
The 
initial 
involvement of USRA in 
microgravity sciences was a collaboration with 
NASA Headquarters in Washington, D.C., and NASA’s Marshall Space 
Flight Center (MSFC) in Huntsville, Alabama. The next NASA Center to engage 
USRA in the microgravity sciences was the Langley Research Center (LaRC) in 
Hampton, virginia.

LaRC is best known for its research in aeronautics. It was the original 
aeronautical research center overseen by the National Advisory Committee 
for Aeronautics, which was the forerunner of NASA. But LaRC has experience 
in space research as well. The Center had management responsibility for 
the Lunar Orbiter project in the 1960s, and the LaRC team led by James 
S. Martin (1920-2002) managed the viking missions to Mars. On 20 July 
1976, the Viking 1 lander was the first US spacecraft to land on Mars.

By 1982, USRA’s Institute for Computer Applications in Science and Engineering (ICASE) had been operating at 
LaRC for ten years. John Newcomb (1939-2016), a LaRC engineer who had important roles in both the Lunar 
Orbiter and the viking missions,1 knew about ICASE and its reputation for excellence, and he approached USRA for 
assistance with a program that he was managing called Physics and Chemistry Experiments (PACE) in space.

Newcomb wanted USRA to put together a panel to review the PACE program experiments as they were being 
developed for possible flights on the Space Shuttle. USRA agreed to Newcomb’s request, and a senior USRA 
manager, Dr. Milford H. “Bill” Davis (1925-2010), was assigned to develop and execute the project. As was typical 
for USRA, Davis turned to a distinguished individual in the university research community for assistance. He 
asked Professor Joseph M. Reynolds (1924-1997) to chair the PACE Science Review Board. Reynolds was the 
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vice President for Academic Affairs at Louisiana State 
University and a highly-regarded low-temperature 
physicist. He had served two consecutive terms on the 
National Science Board (NSB), which is essentially the 
board of directors for the National Science Foundation. 
Reynolds had also served a total of eight years on the 
USRA Board of Trustees. In the late 1980s, he would 
serve on the Space Science Board of the National 
Research Council and would have a large impact on 
the microgravity program being developed for the 
International Space Station (ISS). 

Reynolds and Davis recruited other highly-qualified 
people to serve on the PACE Science Review Board, 
including Dr. Mary L. Good, who would later chair the 
NSB and become the Under Secretary for Technology 
in the Department of Commerce. As noted by Joseph 
C. Moorman, who succeeded Newcomb as NASA’s 
manager for the PACE program:

The PACE Science Review Board, under the 
chairmanship of Dr. Joseph M. Reynolds, 
continues to be most supportive of the 



program.  Its role in reviewing the science 
requirements and science definition at the 
appropriate time for each experiment provides 
an invaluable critique. 2

Bill Davis and his assistant, John Masterson, produced 
a periodical, the PACE Letter, to inform the PACE 
research community of what was happening in the 
program, which at that point included 14 experiments 
in various stages of development, aiming at eventual 
space flight opportunities. In addition to messages 
from NASA managers, the PACE Letter included short 
technical articles by some of the PACE researchers.

The main criteria for selecting PACE experiments for 
flight were the importance of the science and the 
necessity to use the space environment to conduct 
the experiment. One experiment by Professors Simon 
Ostrach and Yasuhiro Kamotani of Case Western 
Reserve University on surface-tension-driven convection 
under low-gravity conditions had implications for 
NASA’s Materials Processing in Space program. Another 
experiment led by Professor Francis Everitt (Stanford 
University), which was ultimately carried out on the 
Gravity Probe B satellite, tested aspects of the theory 
of general relativity. Another experiment by Stanford 
University Professors William Fairbank (1917-1989) 

and John Lipa sought to characterize the transition 
of ordinary liquid helium to superfluid helium, the so-
called lambda point transition, and provided a rigorous 
test of Dr. Kenneth G. Wilson’s (1936-2013) Nobel 
prize-winning work on the application of renormalization 
group theory to phase transitions and critical point 
phenomena.  

The PACE experiment of the group led by Professor 
Robert Gammon (University of Maryland) used light 
scattering techniques to measure density fluctuation 
decay times near the liquid-vapor transition of xenon. 
The experiment of Gammon and his colleagues was 
typical of so-called “critical-point” experiments, which 
shared certain features and difficulties in execution, as 
Gammon and his colleagues explained:

In a pure fluid near its liquid-vapor critical 
point, the otherwise small, statistical 
fluctuations in its density become as large as 
the wavelength of light when the system is still 
only 10 mK [mK = millikelvin = 10-3 kelvins of 
temperature] from the critical temperature, 
Tc. These large fluctuations scatter light very 
strongly, and the previously clear fluid turns 
milky white, a phenomenon known as critical 
opalescence.

Indeed, many different systems have critical 
points, and large fluctuations of some 
thermodynamic parameter are a universal 
feature. Because critical fluctuations become 
macroscopic and involve enormous numbers 
of molecules, many features of critical-point 
behavior are controlled by the statistical 
behavior of the fluctuations, so that many 
types of systems exhibit the same behavior 
near the critical point.

Light-scattering from critical fluctuations in 
a fluid is a simple and accurate technique to 
measure the decay rates of the fluctuations 
(the inverse of their lifetimes).  However, 
near the critical point, the fluid becomes 
highly compressible, so the weight of the fluid 

A plot of the heat capacity at constant pressure (Cp) versus absolute 
temperature for liquid helium at the point of transition from ordinary liquid 
helium to superfluid helium resembles the Greek letter lambda (λ) and is 
called the lambda-point transition. (Credit: Wikipedia)



alone causes severe density gradients in the 
sample, and distorts these measurements in a 
terrestrial laboratory. 3

The Gammon team used a very weak laser beam (17 
µW away from the critical temperature and 1.7 µW 
near the critical temperature, where a µW is 10-6 watts 
of power) to measure the turbidity of xenon as its 
temperature approached the temperature of the phase 
transition:

Turbidity is the natural logarithm of the sample 
transmission per unit length, and is a measure 
of the overall cloudiness of the sample. We 
measured the intensity of the light leaving 
the sample and ratioed that with the intensity 
of the light entering the sample. Special 
electronics then calculated the logarithm 
of this ratio, giving us a measurement 
proportional to the turbidity of the xenon 
sample.

The turbidity of a fluid increases as the fluid is 
taken nearer to its critical point and measuring 
the turbidity gives information about the 
average size (correlation length) of critical 
fluctuations. 4 

The critical point experiments were difficult to carry 
out. After more than a decade of preparation, the PACE 
experiment of Gammon and his colleagues was finally 
flown on Space Shuttle flight (STS-62) in March of 
1994.

PACE experiments were on the “research” side of 
a continuing tension within NASA between those 
pushing for “materials processing in space” and those 
pushing for research on the phenomena related to the 
microgravity environment. In 1992, the Committee on 
Microgravity Research (CMGR) of the Space Studies 
Board of the National Research Council had issued a 
report titled Toward a Microgravity Strategy. The report 
contains the following admonition, (with emphases 
appearing as they did in the original):  

It should be recognized that, to date, no 
examples have been found of materials that 
are worthy of manufacture in space. Unless 
and until such examples are found, space 
manufacturing of products to be used on 
earth should be deemphasized as a reason 
for undertaking microgravity research. The 
descriptor “materials processing” is misleading 
and should be eliminated. The CMGR 
recommends that “microgravity research” 
be used instead. The main rationale for the 
microgravity research program should be 
to improve our fundamental scientific and 
technological knowledge base, particularly in 
areas that are likely to lead to improvements 
in processing and manufacturing on Earth. A 
secondary rationale should be to develop the 
technologies for handling materials in space 
and possibly for processing materials to be 
used in space. 5 

The push for materials processing in space had been 
coming primarily from NASA’s Marshall Space Flight 
Center. NASA’s Lewis Research Center (LeRC), which 
was renamed the NASA John H. Glenn Research Center 
at Lewis Field (GRC) in 1999, was also interested 
in commercial payoffs for NASA’s investment in 
microgravity research. But LeRC, located in Cleveland, 
Ohio, was designated a NASA Research Center, and its 
scientists (and their university colleagues) had been 
pursuing fundamental research on the behavior of 
fluids in low gravity for several years using, among other 
things, two on-site drop towers that could provide 2.2 
and 5.2 seconds of free fall for experiment packages. 
LeRC researchers also made frequent use of NASA’s 
KC-135 Zero Gravity Trainer aircraft that could provide 
a low gravity environment for about 20 second intervals 
by flying successive parabolic flight paths.

In the mid-1980s, LeRC managers looked forward 
to the opportunity to take advantage of much longer 
periods of weightlessness in space laboratories, and 
they began to think about enabling technologies that 
would be required for future investigations in space. 
One such enabling technology was instrumentation for 



laser light-scattering experiments. These could be used 
to probe, relatively noninvasively, the characteristics of 
liquids, emulsions, and colloids in space laboratories, 
in much the same way that Gammon’s team eventually 
had done with xenon in his PACE experiment. At the 
time, researchers and managers at LeRC knew very 
little about laser light-scattering technology, but they 
found a willing graduate student, who was completing 
work for a Master’s degree at the University of Missouri-
Rolla, and they asked him to quickly learn all he could 
about it. The student was William v. Meyer, and he 
would not only master laser light-scattering technology 
for use in the space environment, but also help to 
develop several other technologies for use on the Space 
Shuttle and the International Space Station (ISS).

Meyer was initially employed by Case Western Reserve 
University when he began to participate in the work 
of the Advanced Technology Development group at 
LeRC in the fall of 1987. He spent the next several 
months studying laser light-scattering and conferring 
with experts from all over the world.  In September of 
1988, he brought many of these experts together for 
a workshop in Cleveland to explore the capabilities of 
existing laser light-scattering hardware and software 
and to assess user requirements for use of this 
technology with microgravity experiments.

In 1988, commercially available equipment for 
laser light-scattering experiments was bulky, heavy, 
fragile, and expensive. Fortunately, technological 
advancements were being made at some university 
and defense laboratories around the world. One 
such laboratory was the Royal Signals and Radar 
Establishment in Malvern, Worchestershire, United 
Kingdom. At the 1988 Cleveland workshop, Dr. Robert 
G. W. Brown of that laboratory described his lab’s 
development of miniature instrumentation for laser 
light-scattering experiments, including solid-state lasers 
and detectors, electrical circuits that would fit on small 
boards, and optical fibers to transmit the laser light.6 

In a typical laser light-scattering experiment, a polarized 
laser beam illuminates part of a fluid sample that 
contains a small fraction of suspended particles. 
According to classical electrodynamics, the oscillating 

electric field of the coherent laser light causes electrons 
in the molecules of the suspended particles to oscillate 
so that these particles radiate, and this radiation is the 
“scattered” light. A detector placed at a given angle 
with respect to the direction of the incident beam 
collects the light scattered from individual suspended 
particles in the scattering volume. The suspended 
particles are perpetually moving because of the 
bombardment of molecules in the surrounding host 
fluid, the so-called Brownian motion. Because of this 
motion, the positions of the charges in the molecules 
of the suspended particles are constantly changing so 
that the scattered wave electric field, which is the net 
“interference” electric field from several particles, will 
fluctuate erratically, resembling a noise signal. It turns 
out, however, that this “noise” signal can be analyzed 
using autocorrelation techniques to obtain information 
about the scattering particles, such as particle size 
and structure, molecular weight, and particle-particle 
interactions.7 8 

After the workshop, Meyer and his colleagues at LeRC 
and elsewhere began to work on a laser light-scattering 
device that could be used to study a range of fluid 
phenomena that are better examined in a low-gravity 
environment. Motivated by the discussions during the 
1988 workshop, Meyer wanted a device with miniature, 
modular components that could be easily reconfigured. 
The device could be optimized for a wide range of 
experiments that would be proposed by Principal 
Investigators responding to NASA Announcements of 
Opportunity. Meyer envisioned a laser-light scattering 
device that would be tested first as a Space Shuttle 
experiment and later used on the ISS.11 

The first experiment slated to use components being 
developed by Meyer and his colleagues at Princeton 
University, Professors Paul Chaikin and William Russel, 
was the Colloidal Disorder-Order Transition (CDOT) 
experiment, which would examine the behavior of so-
called hard-sphere systems in a colloidal dispersion. 
These are systems in which the dispersed particles 
are idealized as spheres that don’t interact until they 
collide as perfectly hard bodies. The systems exhibit 
phase transitions best observed in the microgravity 
environment of space.  



Autocorrelation Functions
Scattered light from moving suspended particles 
combine to appear at the detector as dancing speckles 
of light that are moving and individually changing in 
intensity. The rate at which this pattern changes at a 
particular scattering angle is collected to produce an 
autocorrelation curve. To compute the autocorrelation 
function for some quantity, e.g., light intensity E(t): 

1. Partition some time interval T into small intervals 
that begin at t0, t1, t2, etc., where in a simple 
analysis the intervals are all equal length Δ. 

2. Compute the average of E(t0)*E(t0) + E(t1)*E(t1) 
+E(t2)*E(t2) + etc. over the interval T/2. This is 
just the approximate average of E(t)*E(t) over the 
time interval T/2, and it’s the initial point on the 
autocorrelation curve, i.e., at the “delay” time t = 
n*Δ, where n = 0. 

3. Compute the average of E(t0)*E(t1) + E(t1)*E(t2) 
+E(t2)*E(t3) + etc. over the interval T/2 + 1*Δ, 
which gives the value of autocorrelation curve at 
the time t = 1*Δ.  

4. Compute the average of E(t0)*E(t2) + E(t1)*E(t3) 
+E(t2)*E(t4) + etc. over the interval T/2 + 2*Δ. 
This gives the value of the autocorrelation curve 
at t = 2*Δ.  

By continuing in this manner, one can build the 
autocorrelation curve over the time interval T. At t = 0, 
the value of the autocorrelation function is a maximum, 
as it is just the average of the square of E(t) over some 
time interval T/2.  As t = n*Δ increases, the sum of the 
product of E at time t and at time t + t decreases until, 
as it turns out, it becomes the square of the average 
of the E(t). The shape of the autocorrelation curve 
is related to the rate of diffusion of the suspended 
particles. For example, smaller particles tend to diffuse 
more rapidly than larger ones. The faster the diffusivity, 
the more rapid the fluctuations in the intensity of the 
scattered light, and the steeper the decline of the 
autocorrelation curve.9 10

Top figure: A schematic representation of a light-scattering experiment.  
Adapted from figure 1.2.1 of Berne and Pecora, 1976, p.6. (Bottom – a) 
Intensity of scattered light from 1.01 µm polystyrene spheres in water as a 
function of time.  (Bottom b) The autocorrelation function of the scattered 
intensity shown in (a) as a function of the “delay” time t.  See the inset on 
Autocorrelation Functions.



Hard-Sphere Crystals
As early as the 1930s, university chemists had been developing models of 

liquids based on statistical mechanics, and in 1939 Professor John G. Kirkwood 
(1907-1959), then of Cornell University, came to the following conclusion:

A limiting density exists above which a liquid type of distribution and a liquid 
structure cannot exist. Above this density, only structures with crystalline long 
range order would be possible. 12 

Kirkwood and others kept working on his model for the behavior of liquids, but exact 
analytical solutions of their equations seemed to be unattainable. The advent of 
high-speed computers at US nuclear energy research laboratories in the 1950s 
enabled numerical approaches to the problem. These “computer experiments” 
revealed that at certain densities, a collection of hard spheres can exist in either of 
two states: in one where the particles are all confined to a narrow region of space 
determined by their neighbors; or in another where the particles have acquired 
enough freedom to exchange positions with the surrounding particles. 13 14  

Further computer experiments indicated that hard-spheres systems can exist in (1) a disordered (liquid) state; (2) a state in which 
ordered and disordered parts coexist; and (3) a crystal-like ordered state. Early computer simulations also indicated the existence of 
a frozen, disordered, glassy state for hard-sphere systems, but more precise simulations with much faster computers showed that the 
glassy state does not exist. All hard-spheres systems, when all the spheres are of the same size, eventually reach a crystalline state.15 
Phase transitions between the three states depend on the volume fraction φ = (volume occupied by the particles/total volume of the 
sample). When φ is below 0.494 the hard spheres exist in a “liquid” (disordered) phase. When φ is between 0.494 and 0.545, hard 
spheres in the liquid or “melted” phase coexist with collections of hard spheres that have “frozen” into an ordered, crystal-like state. 
When φ is between 0.545 and the volume fraction for close packing (0.74), all the hard spheres are in the crystal state.  

The crystallization transition for hard spheres is said to be driven by entropy alone. Since the entropy of a closed system must increase 
during the crystallization transition, entropy loss associated with a more ordered arrangement of the hard spheres is more than 
compensated by the freeing up of space, providing more freedom for the individual particles (a higher state of entropy) in the collection 
of hard spheres when a lattice is formed.16 This kind of entropy has been called “geometrical entropy” or “configurational entropy” 

Computer experiments on hard sphere systems continued at US nuclear energy research laboratories into the 1960s. Meanwhile, the 
direct study of ordered colloidal systems was made easier by the ability to make tiny spherical polymer particles of almost exactly the 
same size. These systems are called monodisperse colloidal suspensions, and ones in which the polymer particles have diameters 
of the order of a micrometer (µm), a thousandth of a millimeter, have been used extensively. An advantage of the physical study of 
these colloidal suspensions over computer experiments is that one can use optical techniques to better understand the transition 
from disordered to ordered phases and, by studying diffraction patterns, one can examine the nature of the crystalline structures, e.g., 
whether they were face-centered cubic crystals or some other type. Another advantage is that the crystallization process for colloids 
typically has durations of hours to days, which is many orders of magnitude slower, and hence more convenient for study purposes, than 
the time scale for formation of crystals by atoms.17 

Scientists in laboratories around the world have continued to perform experiments on monodisperse colloidal suspensions since the 
1960s. By adjusting the surface coatings on the suspended particles, it has been possible to very closely approach the hard-sphere 
model, in which there were no electrical forces between the particles. As predicted by the computer experiments, transitions from 
disordered systems to ordered crystal-like arrays were observed even without any attractive or repulsive forces between the particles 
(other than at contact).

Phase diagram in the pressure-volume fraction plane for the 
hard-sphere system, showing only the stable branches.   
From figure 1 of Rintoul and Torquato, 1996, p. 9259.



The first CDOT experiment was flown on Space Shuttle 
Columbia (STS-73), which was launched on 20 
October 1995. The compact experimental equipment, 
approximately the size of a shoebox, examined fifteen 
different concentrations of spheres in the volume 
fraction range 0.482 ≤ φ ≤ 0.634.18 As noted in a paper 
coauthored by Meyer, the first CDOT experiment made 
discoveries about the formation of colloidal crystals: 

We … see dendritic growth instabilities that 
are not evident in normal gravity, presumably 
because they are disrupted by shear-induced 
stresses as the crystals settle under gravity.  
[And disordered, i.e.] glassy samples at high 
volume fraction which fail to crystallize after 
more than a year on Earth crystallize fully in 
less than two weeks in microgravity.  Clearly 
gravity masks or alters some of the intrinsic 
aspects of colloidal crystallization. 19

The equipment for the CDOT-1 experiment worked 
as planned, but the colloidal crystallites grown in 
microgravity were much larger (up to 3.5 mm) than 

those grown in ground-based laboratories (up to 0.1 
mm). This unanticipated difference caused problems 
in the laser-light scattering part of the experiment 
because the width of the incident laser beam was too 
small to properly analyze the larger crystallites.   
Meyer continued to work with the laser-light scattering 
research community to improve designs for space use.  
He organized and co-chaired a conference on photon 
correlation spectroscopy in Capri, Italy, in August 
1996, and he continued his own advanced technology 
development work at LeRC.

In the meantime, on 12 March 1997, USRA partnered 
with Case Western 
Reserve University 
(CWRU) and 
NASA’s Lewis 
Research Center 
to establish the 
National Center 
for Microgravity 
Research (NCMR) 
on Fluids and 
Combustion. The 
Founding Director 
of NCMR was Dr. 
Simon Ostrach, 
who was a 
Distinguished Professor of Engineering at CWRU and 
a member of the National Academy of Engineering 
since 1978. Ostrach had been elected to chair USRA’s 
Council of Institutions in 1976, and he had served two 
terms on USRA’s Board of Trustees (1987-1992).

Ostrach had chaired the USRA Microgravity Task Force, 
which had produced its report in 1977. Twenty years 
later, he now had the opportunity to put into practice 
some of the ideas of this report. For example, the 
report recommended:

Increased attention should be given to the 
use of space to obtain information which can 
contribute importantly to improving materials 
processing on Earth. Contact should be made 
with progressive industrial firms in various 

The left part of the figure is a photograph of a pre-flight, ground-based, CDOT 
sample of a solution of polymer spheres at a volume fraction φ = 0.504 (in 
the coexistence phase).  The right part of the figure is a photograph taken in 
space of the same sample.  The insert, under higher magnification, shows the 
dendritic growth of the crystals.  (From figure 3 in Zhu et al., 1997.)  White light 
incident upon the crystallites show them in different colors because of the 
wavelength dependence of the scattering. {Rogers et al., 1997, p. 7495.}

Simon Ostrach



areas of technology, both 
to acquaint them with 
the characteristics and 
potential of space and to 
solicit their inputs to the 
program.20 

With this point in mind, Ostrach 
put in place an Industrial Outreach 
program as part of the NCMR. He 
began to recruit a ten-member 
Industrial Liaison Board (ILB) whose 
members were all vice presidents 
of research and technology, or 
equivalent, across a broad spectrum 
of major companies in the US. Dr. 
William Ballhaus, Jr., who was then 
the vice President for Science and 
Engineering at the Lockheed-Martin 
Corporation, chaired the board. 
The members of the ILB included 
individuals from companies that 
used colloidal materials in their 
products, for example, the paints 
produced by the Sherman Williams 
Company, which was represented 
on the Board.

A primary task of the NCMR was to 
help develop concepts that would 
lead to important experiments on 
the ISS. Bill Meyer had been the 
Project Scientist for CDOT-1, and 
he played the same role for two 
flights of the Physics of Hard Sphere 
Experiment (PHaSE), which flew on 
Space Shuttle missions STS-83 and 
STS-94 in 1997. The fit between the 
goals and aspirations of Bill Meyer 
and the NCMR were excellent, and 
he joined USRA and the NCMR on 
16 February 1998.  

Later that year, Space Shuttle 
Discovery (STS-95) carried CDOT-2 

to low-earth orbit. The results 
from CDOT-2 confirmed those 
from CDOT-1 and the PHaSE 
experiments, namely that, in 
microgravity, crystallites of hard 
spheres form as millimeter-size 
dendrites in the coexistence 
part of the phase diagram and 
that face-centered cubic crystals 
form in what had previously 
been considered the “glass” part 
of the phase diagram. These 
experiments, as well as similar 
US experiments on board the 
Russian Mir Space Station 
in 1996 and 1997, made it 
abundantly clear that gravity 
in Earth-based laboratories masks 
important processes in colloids. This 
realization assured that colloids 
would be further studied on flights 
of the Space Shuttle and the ISS, 
the construction of which began in 
the fall of 1998.

Prior to the completion of the 
ISS, the Mir space station 
was available for microgravity 
research, and the next advance in 
microgravity research on colloids 
was conducted on the Mir in 1996, 
using equipment called the Binary 
Colloidal Alloy Test (BCAT). This 
equipment had been developed 
at NASA’s Glenn Research Center 
in collaboration with Professor 
David Weitz and later with his 
PhD graduate student, Peter Lu, 
at Harvard University. Bill Meyer 
was the Project Scientist for the 
follow-on versions of BCAT (BCAT 
3/4/5/6) that began to be a part 
of the microgravity laboratory on 
board the ISS in 2003. The first 
ISS BCAT experiment (BCAT3) 

examined phase separation in a 
mixture of weakly attractive colloidal 
particles and polymers near their 
critical point. The rationale for the 
experiment was described in a 
paper by Peter Lu, David Weitz, Bill 
Meyer, and others as follows: 

BCAT3 is the first 
experiment to use 
the size advantage of 
colloids (which can be 
used to model atoms) 
to systematically and 
precisely locate the critical 
point and characterize the 
behavior around it. These 
particles are not only large 
enough to scatter light 
(and thus be visible to the 
camera, as well as the 
naked eye), but also large 
enough to slow down the 
dynamics to speeds that 
allow us to photograph 
the phase separation of 
samples over a period of 
weeks to months, using 
apparatus already onboard 
the ISS.…

William Meyer



BCAT3 also has a number 
of direct applications with 
a potentially large impact 
on the everyday life of the 
general public. The specific 
dynamics of colloid-polymer 
mixtures are of great 
economic importance to 
product stability, as the 
colloid-polymer mixtures 
we study in BCAT3 have 
very close analogs in a 
number of household 
products. For instance, 
fabric softener is composed 
of vesicles (which behave 
like colloids) and polymer, 
added to increase viscosity 
and improve product 
performance. The general 
phase behavior is of great 
interest to manufacturers, 
who want to add more 

polymer without inducing 
the phase separation 
that we are observing 
in the BCAT3 samples, 
for if phase separation 
occurs during the shelf-
life of certain household 
products, then their value 
to the consumer markedly 
declines. … 

Finally, BCAT3 may play a 
role in enabling long-term 
manned spaceflight, such 
as those proposed for 
missions to the Moon and 
to Mars. Almost all studies 
on phase separation, 
and phase behavior, have 
been done on Earth, 
with its concomitant 
gravitational field. The 
evolution of complex 
fluids in the zero-gravity 

environment, particularly 
over the long term, is not 
nearly so well understood, 
and not well studied. 
Understanding how gravity 
influences the fundamental 
thermodynamic and 
kinetic processes of 
phase separation and 
gelation would therefore 
be extremely useful, 
and would facilitate the 
development of personal 
care products (necessary 
for any long-term 
spaceflight or mission) 
that are known to behave 
properly for long periods 
of time in the absence of 
gravity. 21

Meyer continued his role as 
NASA’s Project Scientist as 
Principal Investigators used the 

European Space Agency astronaut Paolo Nespoli operating the Light Microscopy Module microscope aboard the International Space Station. (Credit NASA)



equipment that he had helped to develop for the 
ISS. The original equipment evolved with increased 
capabilities, and additional equipment, such as the 
Light Microscopy Module (LMM), was added to the ISS. 
Meyer has served as the NASA Program Scientist for 
the Advanced Colloids Experiment (ACE) since 2014, 
and he has been NASA’s Project Scientist for many 
individual flight experiments for both the LMM and 
ACE. As of this writing, the ACE investigations are being 
conducted by teams that include investigators from 
New York University, Harvard University, the University 
of Pennsylvania, the Colorado School of Mines, the 
University of California-Irvine, the New Jersey Institute 
of Technology, the University of Kentucky–Louisville, 
the University of Milan (Italy), the University of 
Montpellier (France), the University of Amsterdam (The 
Netherlands), the Chungnam National University (South 
Korea), and Procter & Gamble.

The more advanced equipment on the ISS has enabled 
experiments in “colloidal engineering,” such as the self-
assembly of microstructures in a controlled fashion, 
with future experiments planned that will add self-
replication to self-assembly. The equipment has also 
allowed the study of the behavior of mixtures of colloids 
of different sized particles (polydisperse colloids) that 
are commonly found in commercial products. The 
study of these polydisperse colloids in ground-based 
laboratories suffers from their tendency to sediment 
because of gravity. In many commercial applications, 
the manufacturer strives for the formation of a colloidal 
gel, which is a connected network of colloidal particles 
that can stabilize the system against sedimentation. 
As a colloidal gel, the product is in an arrested state of 
transition between a fluid and a solid, and the aim of 
the manufacturer is to keep it in this state for as long 
as possible so that the product can have a long “shelf 
life.”22  

This was one of the motivations for the research of Dr. 
Matthew Lynch of Procter & Gamble. At this writing, 
Lynch is the Principal Investigator for one of the ACE 
experiments, for which Meyer is the Project Scientist. 
By using the LMM on the ISS, Lynch has discovered 
that two sizes of stabilizer particles (2.2 µm and 1.8 
µm) behave quite differently in microgravity. The larger 
particles build scaffolding (product stabilizers) and the 
smaller particles swarm about.23 The discovery of this 

Proctor & Gamble in Space
In 2009, the Space Exploration Technologies 
Corporation (SpaceX) agreed to donate experimental 
payload space aboard a flight of their Falcon-9 rocket 
with a Dragon space capsule to support the Heinlein 
Trust Microgravity Research Competition. Bill Meyer 
asked Matthew Lynch to participate with him as a Co-
Principal Investigator on a proposal that USRA would 
submit for this competition. The proposal, which was 
titled Low-Gravity Colloidal Engineering, did not win the 
Heinlein prize and the free space in the Dragon space 
capsule, but Matthew Lynch and Procter & Gamble 
have since been very involved in microgravity research. 
The Low-Gravity Colloidal Engineering experiment was 
later conducted very successfully as an ACE experiment 
on the ISS by Lynch and his colleagues.



behavior is a step toward understanding polydisperse colloidal systems 
and how polydispersity could affect the stability of colloidal gels, and it was 
one reason that Lynch was one of four recipients of the 2013 award for the 
“Most Compelling Results from the ISS.”

The research of Matthew Lynch is a good example of the resolution of 
the previous tension within NASA and the research community over the 
importance of basic research versus applications. In a letter to Bill Meyer, 
Lynch wrote:

We are very excited to be a part of this project with NASA and the other 
investigators. The goal of the project is to gain unique insights into 
the coarsening behavior of weak gels.  Clearly the Company [Procter 
& Gamble] sees exceptional value in understanding and exploiting 
this knowledge for commercial benefit.  At the same time, this work 
represents a much broader scientific question of critical importance 
to the broader scientific community. The historical challenge has been 
related to the density mismatch between the fluid and the dispersed 
particles.  Coarsening has been masked by gravity-induced separation 
and gravitational stresses. Doing this work in microgravity is an 
exciting alternative to obtain otherwise extremely difficult data to move 
this field forward. … Finally, we are thrilled to be working this project 
with other world-class PIs, including Dave Weitz (Harvard University), 
to ensure the optimal scientific exploitation of this work; in addition, 
we also look forward to working with Professor Maia (Case Western 
University) to model these data.24 

USRA’s success 
in microgravity 

research can be traced 
to the willingness 
of distinguished 
members of the 
university research 
community to assist in 
its efforts and to the 
passion, persistence, 
and ingenuity 
of its scientists, 
technologists, and 
managers. 

Matthew Lynch



The goal of using microgravity research to 
improve Earth-based processes and products was 
recommended in the 1992 report of the National 
Research Council (Toward a Microgravity Strategy) and 
fifteen years before that in the 1977 report of the USRA 
Task Force that was led by Simon Ostrach.

USRA’s success in this field has come in large part 
from the willingness of distinguished members 
of the university research community to assist in 
its work. Joseph Reynolds and Simon Ostrach are 
exemplars. Such assistance is perhaps a necessary 
but not a sufficient condition for performance that 
helps USRA team members and collaborators 
drive advancements in space-related science and 
technology. Outstanding scientists, technologists, 
and managers within USRA are also needed. 

Bill Meyer is representative of this ingredient for 
success. His passion, persistence, technological 
ingenuity, and his ability to coordinate the work 
of others have earned him the appreciation of 
the many scientists and engineers with whom he 
has worked. It has also earned him recognition 
by NASA. Meyer has received the Silver Snoopy 
Award, given by NASA’s Astronauts; three Special 
Achievement Awards, given by the Director of 
NASA’s Glenn Research Center; NASA’s 2005 
Exceptional Technology Achievement Medal and 
NASA’s 2014 Exceptional Public Service Medal.  
The latter two marks of distinction are NASA’s 
highest awards.
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