
Empirically, it is known that most of the deflection 
in a collision takes place at the distance of closest 
approach. A short calculation shows that the 
average time required for a molecule to rotate 
360 0 is comparable to the time required to com­
plete a head-on collision. We therefore assume that 
in a given collision, only one relative orientation of 
the dipoles is effective, and we evaluate the colli­
sion integral as if the orientation were fixed at one 
value throughout the collision. Different collisions 
correspond to different fixed orientations, but in 
anyone collision the potential is now effectively 
spherically symmetric. This assumption shifts the 
emphasis of the problem from the extremely diffi­
cult collision dynamics of rotating dipoles back to 
the kinetic theory and makes the problem a solv­
able one. We have evaluated the necessary colli­
sion integrals for the Stockmayer (12-6-3) potential 
usually used for polar gases, and compared the 
results with experiment. The overall agreement is 

comparable to that obtained for nonpolar gases 
with the Lennard-Jones (12-6) potential. 2 

Although practically no measurements have been 
made on mixtures of two polar gases, many 
measurements are available on mixtures of a polar 
and a nonpolar gas. Our classical model can be 
easily extended to mixtures using rather simple 
combining rules, with results for diffusion coeffi­
cients and viscosities which are generally of the 
order of experimental scatter (5 to 10 % for diffu­
sion and 1 to 2 % for viscosity). Thermal diffusion 
results are potentially the most interesting since 
they are very sensitive to the intermolecular forces; 
but experimental data are .scanty. The results, 
however, look promising. 3 

In short, the transport properties of polar gases 
and polar gas mixtures can now be calculated 
with about the same degree of confidence as has 
been possible for some years for nonpolar gases 
and their mixtures. 
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M. L. Hill, a co-author of "Thermal 
Insulation for Hypersonic Vehicles," 
is a native of Lehighton, Pa. He re­
ceived his B.S. and M.S. degrees in 
metallurgy from Pennsylvania State 
University, where he was then em­
ployed, from 1950-52, as a research 
assistant. During. his subsequent work 
at the Central Research Laboratories 
of the Westinghouse Corp., he special­
ized in studies of gases in metals and 
the effect of trace impurities on the 
mechanical and physical properties of 
metals and semiconductors. Mr. Hill 
came to APL in 1960 and is now 
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Supervisor of the High-Temperature 
Materials Project in the Flight Re­
search Group. He is ' a member of the 
American Society for Metals, the 
American Institute ' of Mining and 
Metallurgical Engineers, and the 
American Rocket Society. 

J. M. Akridge, a co - author of 
"Thermal Insulation for Hypersonic 
Vehicles," was born in Pelham, Ga. 
He received his B.M.E. degree in 
mechanical engineering from the 
Georgia Institute of Technology in 
1959 and is presently studying for 
his M.S. degree in mechanical 

engineering at the University of 
Maryland. Mr. Akridge came to APL 
in 1960 as a specialist in stress analy­
sis, mechanical design, and materials 
evaluation. He is an engineer in the 
High-Temperature Materials Project 
of the Bumblebee Flight Research 
Group. 

W. H. Avery, a native of Ft. Collins, 
Colo., is a co-author of "Thermal 
Insulation for Hypersonic Vehicles." 
He received an A.B. degree in chem­
istry from Pomona College, and his 
A.M. and Ph.D. degrees in chemistry 
and physical chemistry, respectively, 
from Harvard University. Dr. Avery 
served as a post-doctoral research 
assistant in infrared spectroscopy at 
Harvard and later worked at the 
Shell Oil Co. until the war, when he 
came to Washington to work for the 
NRDC at the Allegany Ballistics Lab­
oratory. He later spent one year at 
the Arthur D. Little Co., and came 
to APL in 1947 as Group Supervisor 
in the development of guided missile 
launching rockets. He later became 

Supervisor of the Launching and 
Propulsion Group, serving in that 
capacity until his present appointment 
as Supervisor of the Aeronautics 
Division . Dr. Avery has served on 
several APL, National, and Depart­
ment of Defense committees. He is 
presently on the APL Technical 
Policy Board, Department of Defense 
Technical Panel on Ordnance, Space 
Exploration Advisory Group, NASA 
R esearch Advisory Committee on 
Chemical Conversion Processes, and 
the Polaris Ad Hoc Group on Long 
Range Research and Development . 

R. W. Hart, author of "Combustion 
Instability in Solid Rockets," was 
born in Yankton, S.D., and received 
his B.A. and M.S. degrees from the 
University of Iowa, and his Ph.D. 
degree in physics from the University 
of Pittsburgh in 1949. He was a 

lecturer and instructor in physics at 
the University of Pittsburgh and later 
at the Catholic University of America. 
Dr. Hart came to APL in 1950 as a 
physicist in the Research Center Task 

APL Technical Digest 



JOURNAL 
PUBLICATIONS 

(continued) 

Spectrometry of the H02 Free 
Radical," J. Chern. Phys., 36, May 
15,1962,2681-2687. 

C . K. J en, V. A. Bowers, E. L. 
Cochran, and S. N. Foner, "Elec­
tron Spin Resonance of Alkali 
Atoms in Inert-Gas Matrices," 
Phys. R ev., 126, June I, 1962, 
1749- 1757. 

W. Liben, "Some Applications of an 
Ultrasonic Light Modulator," J. 
Acoust. Soc. Am., 34, June 1962, 
860-861. 

A. I. Mahan, "Astronomical Refrac­
tion-Some History and Theories," 
Applied Optics, I, July 1962, 497-
511. 

M. L. Hill, a co-author of "Thermal 
Insulation for Hypersonic Vehicles," 
is a native of Lehighton, Pa. He re­
ceived his B.S. and M.S. degrees in 
metallurgy from Pennsylvania State 
University, where he was then em­
ployed, from 1950-52, as a research 
assistant. During. his subsequent work 
at the Central Research Laboratories 
of the Westinghouse Corp., he special­
ized in studies of gases in metals and 
the effect of trace impurities on the 
mechanical and physical properties of 
metals and semiconductors. Mr. Hill 
came to APL in 1960 and is now 

24 

Supervisor of the High-Temperature 
Materials Project in the Flight Re­
search Group. He is ' a member of the 
American Society for Metals, the 
American Institute ' of Mining and 
Metallurgical Engineers, and the 
American Rocket Society. 

J. M. Akridge, a co - author of 
"Thermal Insulation for Hypersonic 
Vehicles," was born in Pelham, Ga. 
He received his B.M.E. degree in 
mechanical engineering from the 
Georgia Institute of Technology in 
1959 and is presently studying for 
his M.S. degree in mechanical 

engineering at the University of 
Maryland. Mr. Akridge came to APL 
in 1960 as a specialist in stress analy­
sis, mechanical design, and materials 
evaluation. He is an engineer in the 
High-Temperature Materials Project 
of the Bumblebee Flight Research 
Group. 

W. H. Avery, a native of Ft. Collins, 
Colo., is a co-author of "Thermal 
Insulation for Hypersonic Vehicles." 
He received an A.B. degree in chem­
istry from Pomona College, and his 
A.M. and Ph.D. degrees in chemistry 
and physical chemistry, respectively, 
from Harvard University. Dr. Avery 
served as a post-doctoral research 
assistant in infrared spectroscopy at 
Harvard and later worked at the 
Shell Oil Co. until the war, when he 
came to Washington to work for the 
NRDC at the Allegany Ballistics Lab­
oratory. He later spent one year at 
the Arthur D. Little Co., and came 
to APL in 1947 as Group Supervisor 
in the development of guided missile 
launching rockets. He later became 

Supervisor of the Launching and 
Propulsion Group, serving in that 
capacity until his present appointment 
as Supervisor of the Aeronautics 
Division . Dr. Avery has served on 
several APL, National, and Depart­
ment of Defense committees. He is 
presently on the APL Technical 
Policy Board, Department of Defense 
Technical Panel on Ordnance, Space 
Exploration Advisory Group, NASA 
R esearch Advisory Committee on 
Chemical Conversion Processes, and 
the Polaris Ad Hoc Group on Long 
Range Research and Development . 

R. W. Hart, author of "Combustion 
Instability in Solid Rockets," was 
born in Yankton, S.D., and received 
his B.A. and M.S. degrees from the 
University of Iowa, and his Ph.D. 
degree in physics from the University 
of Pittsburgh in 1949. He was a 

lecturer and instructor in physics at 
the University of Pittsburgh and later 
at the Catholic University of America. 
Dr. Hart came to APL in 1950 as a 
physicist in the Research Center Task 

APL Technical Digest 



Group and is currently Supervisor 
of that group. He has contributed to 
the development of theories of ramjet 
engine optimum performance, to low­
angle beam-rider missile guidance, 
statistical mechanics, scattering 
theory, and microwave spectroscopy, 
and has directed research in other 
fields related to the APL missile 
programs. Dr. Hart is a member of 
the American Physical Society, the 
Washington Academy of Science, and 
the Washington Philosophical Society. 

L. M onchick, co-author of "Relaxa­
tion Phenomena in the Kinetic Theory 
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of Gases," received his A.B., M.A., 
and Ph.D. degrees in chemistry from 
Boston University. H e is a native of 
Boston, Mass. Dr. Monchick was 
employed by the Air Force Cambridge 
Research Center , the Department of 
Chemistry of Notre Dame University, 
and Knolls Atomic Power Labora­
tory, General Electric Co., before 
coming to APL in 1957. He is a 
specialist in liquid ammonia calor­
imetry, evaporation from liquid 
surfaces, radiation chemistry, diffusion 
controlled reactions, and calculations 
ot gas transport properties. Currently, 
Dr. Monchick is a chemist in the 
High T emperature Physics and 
Chemistry Project of the Bumblebee 
Flight R esearch Group and is working 
on gas transport properties. H e is a 
m ember of the American Chemical 
Society and the American Physical 
Society. 

E. A. Mason, co-author of "Relaxa­
tion Phenomena in the Kinetic Theory 
of Gases," is a native of Atlantic City, 
N.]. He received his B.S. degree from 
the Virginia Polytechnic Institute 
and his Ph.D. degree in physical 
chemistry in 1951 from the Massa-

- chusetts Institute of Technology. Dr. 

Mason, now professor of molecular 
physics at the Institute for Molecular 
Physics, the University of Maryland, 
has held fellowships at the Massachu­
setts Institute of Technology and the 
University of Wisconsin. He was 
assistant professor of chemistry at 
Pennsylvania State University from 
1953-1955, and associate professor of 
molecular physics at the University of 
Maryland before his present appoint­
ment. He is a member of the American 
Chemical Society, the American 
Physical Society, the New York Acad­
emy of Sciences, and the American 
Association for the Advancement of 
Science. 
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