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A Report on the Woods Hole Conference on

TRANSPORT
THEORY

took place on September 13, 14, and 15, 1962,

at the Little Harbor Farm, Woods Hole, Mass.
The conference was sponsored by the National Acad-
emy of Sciences and the Air Force Office of Scientific
Research. Its broad aims were to bring together re-
searchers in the various fields related to transport the-
ory, and to discuss common interdisciplinary areas of
research as well as problem areas more specific to a
given area of research.

By far the largest representation was in statistical
mechanics and kinetic theory, with some representation
of solid-state, neutron transport, aerodynamics, astro-
physics, and mathematical physics by fields of interest.
The small size of the conference (25 attended) and the
pleasant surroundings allowed for an informal and con-
genial atmosphere.

The first day was mainly concerned with mathemati-
cal questions related to the Boltzmann equation and,
not necessarily by choice, restricted to linearized the-
ory. The second day dealt with foundations of trans-
port theory, while the third day’s program consisted of
special topics. As many of the topics discussed are
available in the literature (or will be shortly), only a
brief summary will be given.

The conference participants were welcomed by G. E.
Uhlenbeck of the Rockefeller Institute, who also acted
as chairman for the first day’s sessions. The initial talk
by K. M, Case of the University of Michigan con-
cerned the mathematical methods found useful in solu-
ble problems in transport theory. The starting point is
the linearized Boltzmann equation with a degenerate
type of kernel. To illustrate the usefulness of repre-
sentative techniques, Prof, Case considered the adop-
tion of distribution theory (density distribution in the
exosphere), the theory of singular integral equations
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and the related Cauchy problem (longitudinal oscilla-
tions), and, finally, group theoretical considerations (to
find the invariance group for cross sections in a kinetic
equation).

In a talk entitled “Approximate Statistical Equations
and Approximate Methods of Solution”, E. P. Gross of
Brandeis University surveved briefly such methods as
various polynomial expansions and integral methods in
linearized transport theorv. He also discussed the con-
struction of “model” equations, and the nonanalytic
behavior of boundary-value problems in the neighbor-
hood of physical boundaries. A number of questions
were raised by Prof. Gross regarding the validity of
linearized theories in general. In particular he ques-
tioned nonlinearities peculiar to an Eulerian descrip-
tion (for instance, the crossing of particle trajectories
in a klystron), or nonlinear effects connected with
trapped particles. These nonlinearities arise from the
streaming term, that is, the left-hand side of the Boltz-
mann equation. Equally serious, however, are questions
arising out of comparisons of the linear versus nonlinear
relaxation spectrum due to the collision terms (e.g., the
right-hand side of the Boltzmann equation), For in-
verse fifth molecules the spectrum is discrete and un-
bounded, varying as the fourth root of the principal
number for the linear case. For the same molecular
law of force in the nonlinear case, however, Prof, Gross
pointed out that the first nonlinear decay frequency is
twice the smallest linear frequency, but is smaller than
the next linear one. This questions seriously the va-
lidity of the higher linear decay frequencies.

The second day was concerned with the foundations
of macroscopic equations and was chaired by J. M.
Burgers of the University of Maryland. Prof. Uhlen-
beck, who talked on “Foundations in Transport The-
ory”, was mainly concerned with the question of what
constitutes a macroscopic theory. A number of funda-
mental questions, inadequately described by present
theories, provide a strong impetus towards a critical
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RCA in Lancaster, Pa., offers exceptional career
opportunities to engineers and scientists capable
of making major contributions to projects in the
following fields:

THERMIONIC ENERGY CONVERSION—design,
development and construction of thermionic en-
ergy converters for use with nuclear and chemical
fuels and solar heat sources. Emphasis on the
study of improved electrode materials, superior
geometries, more efficient ionization mechanisms
and the application of converters.

CONVERSION DEVICES—advanced develop-
ment, design and applications engineering for
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torts will include advanced development of cath-
ode-ray techniques, study of photoelectric mate-
rials, emission phenomena, vacuum deposition of
thin films and device analysis for new applications.
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and applications engineering. Design of color TV
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production tubes to resolve customer problems.
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(a 134 hours drive from Philadelphia), and you'll
find real career satisfaction in RCA’s planned
advancement programs, modern facilities, liberal
beneflits, and tuition refund plan for advanced
study.
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Mr. M. J. McLaughlin, Dept.
Technical & Specialized Staffing
Radio Corporation of America
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303-3661

An Equal Opportunity Emplover
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| evaluation of the basic equations. For instance, there

a wealth of experimental information on th_e den :
dependence of the viscosity and heat-conduction coeffis
cients: starting with the Boltzmann equation, however,
one has not been able to derive corrections to the virial
theory by a density expansion of the transport coeffis
cients, An equally serious question concerns the relaxa-
tion mechanism to Maxwellian distributions in plas-
mas. Thus, one does not know the relaxation times in/
magnetohydrodynamics, in contrast to hydrodynamics;
Likewise, there are unstable solutions of the Vlasoy
equation for spatially homogeneous velocity distribu:
tions (unheard of in hydrodynamics), which indicate a
more complicated approach to equilibrium. Here Prof
Uhlenbeck speculated on whether turbulence in velocity
space may play a role in the transition to equilibrium
hecause of the presence of instabilities. Indeed, some
of the questions concerning the approach to equilib-
rium. he pointed out, had already been of concern to
the founding fathers of statistical mechanics, particu-
larly Boltzmann and Gibbs.

The transition to continuum dynamics was the sub-
ject of a talk by H. Grad of New York University.
Accepting the Boltzmann equation as the starting
point, Prof. Grad discussed the validity of the equa-
tions of fluid dynamics and their relationship to kinetic
equations. The Hilbert expansion of the distribution
function generates sets of differential equations in terms:
of the usual five fluid-state variables (p, u, T'), of which
the lowest set (f,) are the inviscid Euler equations.
The successive sets form inhomogeneous partial dif-
ferential equations in the successive expanded fluid vari-
ables (py. py...) which in principle are mathematically
more tractable than the functional relationships implicit
in the Chapman-Enskog or Burnett equations. The in-
terrelationship between the Hilbert expansion and the
Chapman-Enskog theory, the necessity of specifying
initial conditions consistent with the approximation in-
herent in a particular set of equations, and the asymp-
totic behavior of the solutions were discussed in detail
by Prof. Grad.

The concluding talk for the second day of the con-
ference, on transport theory in solids, was given by E.
Montroll of the IBM Research Center. The availability
of very pure crystals and the tremendous range of fre-
quencies available have allowed very precise measure-
ments in solid-state physics. These fine measurements
and the question of what really constitutes scattering,
as well as the many problems created by device people,
have kept the theorists busy trying to keep up with the
abundance of experimental data and techniques. The
use of the simple relaxation-time approximation for the
right-hand side, and the concern with linear theory most
of the time, simplifies the analysis; on the other hand,
it is complicated by the use of Fermi statistics. The
importance of thin-film phenomena had led to an ex-
tensive analysis of transport theory where mean-free-
path effects dominate, Another type of transport prob-
lem of interest in solid-state physics concerns the dif-
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The Honeywell Visicorder Oscillograph tests
liquid hydrogen systems in ‘“space”

I'he Janitrol Aero Division of Midland Ross Corporation
ases a Model 1108 Honeywell Visicorder Oscillograph to
neasure and record temperatures and pressures at their
1ew cryogenic test facility at Columbus, Ohio.

[n order to simulate conditions as they exist in space, a
wide variety of flow rates and pressures must be meas-
ured accurately and dependably. The 1108 Visicorder
provides Janitrol with direct readout of tests on missile
hardware and systems which operate on liquid hydrogen,
liquid nitrogen, and other cryogenic fuels.

The new Janitrol facility includes a 500-gallon Dewar, 6
deep and 4’ in diameter, that accepts components for
static or dynamic test up to this size. Pressures range
from 1 psia to 75 psia, and flow rates vary broadly be-
cause of the size of the test system.

Honeywell—pioneer in the science of oscillography—offers
1 wide range of Visicorder Oscillographs to suit your bud-
get and your test requirements. The 36-channel Model
1012 is the most sophisticated; the 6-channel 1406 costs
the least per channel. In between are the 8- or 14-channel
J06C; the intermediate 24-channel 1108; and the compact

24-channel 1508. Most models record at frequencies from
DC to 5000 eps and all have manyv extra, convenient op-
erating features.

For details, write Minneapolis-Honevwell, Hetland Divi-
ston, 4800 E. Dry Creek Road, Denver 10, Colorado.

The Honeywell Model 1108 Visicorder Oseillt
Janitrol test room.

Honeywell
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pulse derived directly. Exceptional reliability
s provided over a wide range of input pulse
shapes and amplitudes. With the E-H 101N,
photomultiplier tubes (including those having
transit time spreads in the millimicrosecond
region) may be tied directly to the inputs.
F.0.B. ODAKLAND, CALIF. $725.
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fusion of various defects such as vacancies, interstitial
particles, etc. These are somewhat analogous to the in-
clusion of recombination and ionization phenomena in
gas dynamics. Prof. Montroll concluded his talk by sur-
veying the problem of a free electron gas at low tem-
peratures in a box with periodic scatterers in it to de-
termine the Fermi surfaces.

The last session took place on Saturday morning un-
der the chairmanship of M. Kac of the Rockefeller In-
stitute. Two talks in the special-topics category were
given by Prof. Burgers on collisionless magnetohydro-
dynamic shocks and by R. J. Glauber of Harvard on
the time-dependent Tsing model (which he defined as
an incurable problem or as the “disease of solid state”),
The final talk was given by M. Krook of Harvard on
astrophysical problems relating to transport theory.
Prof. Krook discussed briefly the “Krooked” kinetic
equation and suggested ways in which it can be straight-
ened out and, in particular, be fashioned to include the
effects arising from wvelocity persistence during col-
lisions, which are absent in the simple model equation,
Proceeding to stellar transport theorv, Prof. Krook
cited an additional complexity in that the interaction
of photons with matter plavs a substantial part. Thus;
in addition to the kinetic equations for the separate
species, one includes a photon transport equation. One
also accounts for the rate of the change of the species
distribution function by the inclusion of terms on the
right-hand side of the respective transport equation
due to the interaction of matter with photons. Further
complications arise because of the special boundary
conditions—thus the absence of solid boundaries in the
continuous merger of a star with the interstellar me-
dium, and, more specifically, the fact that the radius
of the sun in the microwave domain may be an order
of magnitude larger than the optical radius. Further
care has to be exercised as there exist domains in which
the ratio of the mean free path for the material par-
ticles is small compared to a characteristic length (scale
height), while the photon mean free path in the same
domain is not necessarily small compared to the char-
acteristic length. This necessitates different mathemati-
cal procedures for the various domains; thus, for the
inner zone in the zero order, one assumes local thermo-
dynamic equilibrium. Currently, Prof. Krook and one
of his students are using a perturbation iteration tech-
nique to solve these equations by machine calculation
in order to obtain the temperature distribution.

This brief summary by necessity only highlights the:
various subjects discussed. The conference was cer-
tainly valuable, as evidenced by the active audience’
participation in the discussions. This carried over into
many discussions during coffee breaks, meals, and in
the evenings. J. S. Coleman and L. Slack of the Na-
tional Academy of Sciences and M. Rogers and S
Jordan of the Air Force Office of Scientific Research
were responsible for the efficient planning and arrang-
ing of all the various details associated with the con-
ference.
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