




INTERNATIONAL RESEARCH REPORTS. Earth's atmos
phere came from earth sources, and its vital oxygen appears 
to have been produced from water, ultra-violet energy from 
the Sun, and action of marine lifc. These conclusions were 
published at the University of Edinburgh , Scotland, in the 
Faraday Society 's discussion of "Chemical Reactions of the 
Atmosphere." Dr. Lloyd Berkner reported on oxygen sources 
and history, in a paper prepared jointly with Prof. Lauriston 
C. Marshall; 22 space scientists from six nations presented 
reports. 

Prof. Anton L. Hales, head of Geosciences Division, rep
resented the Center at the International Symposium on Con
tinental Drift, in London , March 19-20. Professo r Hales 
attended at the invitation of the Royal Society. He was ac
companied by Consulting Prof. John Verhoogen, who delivered 
a paper on "Phase Changes and Convection." 

Three Geosciences Division faculty members gave seven 
papers at the North Atlantic Treaty Organization (NATO) 
Conference on Procedures in Paleomagnetism, April 1-12, at 
Newcastle-on-Tyne, England. Prof. John W. Graham's re
ports covered "Preliminary Account of a Refined T echnique 
for Magnetic Susceptibility Anisotropy Measurement of 
Rocks"; he also presented "Preliminary Account of a New 
Magnetometer for Very Weak Fields," and " A Different 
Approach to AC Demagnetization ." "Design of New Portable 
Air Turbine Magnetometer" and " Advantages of Field Drill
ing Samples for Paleomagnetic Study," both prepared by 
Asst. Prof. Charles E . Helsley, were read by Professor Gra
ham and by Dr. K . W. T. Graham , Rescarch Associate, 
respectively. Assoc. Prof. Denis Ian Gough presented "A 
Spinner Magnetometer" and "Field Sampling Methods, " 
serving as chairman at the latter session. 

"Magnetic Storms" were summarized in an invited paper 
by Prof. Jules A . Fejer at the Symposium on Sol ar-Terrestrial 
Relationships , April 21 , in Washington, D .C. Prof. William 
B. Hanson presented a papyr co-authored by Asst. Prof. 
T. N. L. Patterson on "The I Maintenance of the Nighttime 
F-Layer." The STR sessions Iwere sponsored jointly by the 
American Geophysical Union, the U. S. National Committee 
of the International Scientific Radio Union, and the American 
Astronomical Society. 
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INTERNATIONAL RESEARCH REPORTS. Earth's atmos
phere came from earth sources, and its vital oxygen appears 
to have been produced from water, ultra-violet energy from 
the Sun, and action of marine life. These conclusions were 

at the University of Edinburgh, Scotland, in the 
Faraday Society's discussion of "Chemical Reactions of the 
Atmosphere." Dr. Lloyd Berkner reported on oxygen sources 
and history, in a paper prepared jointly with Prof. Lauriston 
C. Marshall; 22 space scientists from six nations presented 
reports. 

Prof. Anton L. Hales, head of Geosciences Division, rep
resented the Center at the International Symposium on Con
tinental Drift, in London, March 19-20. Professor Hales 
attended at the invitation of the Royal Society. He was ac
companied by Consulting Prof. John Verhoogen, who delivered 
a paper on "Phase Changes and Convection." 

Three Geosciences Division faculty members gave seven 
papers at the North Atlantic Treaty Organization (NATO) 
Conference on Procedures in Paleomagnetism, April 1-12, at 
Newcastle-on-Tyne, England. Prof. John W. Graham's re
ports covered "Preliminary Account of a Refined 
for Magnetic Susceptibility Anisotropy Measurement of 
Rocks"; he also presented "Preliminary Account of a New 
Magnetometer for Very Weak Fields," and "A Different 
Approach to AC Demagnetization." "Design of New Portable 
Air Turbine Magnetometer" and "Advantages of Field Drill
ing Samples for Paleomagnetic Study," both prepared by 
Asst. Prof. Charles E. Helsley, were read by Professor Gra
ham and by Dr. K. W. T. Graham, Research Associate, 
respectively. Assoc. Prof. Denis Ian Gough presented "A 
Spinner Magnetometer" and "Field Sampling Methods," 
serving as chairman at the latter session. 

"Magnetic Storms" were summarized in an invited paper 
Prof. Jules A. Fejer at the Symposium on Solar-Terrestrial 

Relationships, April 21, in Washington, D.C. Prof. William 
B. Hanson presented a paper co-authored by Asst. Prof. 
T. N. L. Patterson on "The Maintenance of the 
F-Layer." The STR sessions were sponsored jointly by the 
American Geophysical Union, the U. S. National Committee 
of the International Scientific Radio Union, and the American 
Astronomical Society. 
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Attending the International Scientific Radio Union (URSI) 
meeting, April 15-18, were Dr. Lloyd Berkner, Prof. Francis 
S. Johnson, head of the Space Sciences Division, Professor 
Hanson and Asst. Prof. Harold B. Liemohn. Professor John
son was chairman of the session on "Particles in the Magnet
osphere." 

Prof. Mark Landisman, Geosciences Division, reported on 
"Free Vibrations of the Earth and the Properties of its Deep 
Interior" in Moscow, USSR, in May. Professor Landisman 
was invited to attend the Russian Symposium on Theory and 
Computers by President V. V. Beloussov of the Soviet Geo
physical Committee, Academy of Sciences. 

July flight dates, for four balloon-lift studies of cosmic ray 
anisotropy, are scheduled at Fort Churchill, Canada. Prof. 
Kenneth G. McCracken, Space Sciences Division, heads the 
Cosmic Ray group. Successful first flight of a high-counting 
rate detector weighing more than 100 pounds was completed 
May 14-15 from the Palestine, Texas, balloon base. The 
detector was constructed by Jon G. Ables, doctoral candidate 
at Oklahoma State University who is doing his research at 
the GRCSW. 

At Fort Churchill, the Center's major Super Neutron 
Monitor station went into operation April 30. Dr. U. Rama
chandra Rao, Research Associate, supervised the beginning 
of operations. 

1/ 

1/ 

; / 




of Texas, in Dallas, was given approval for a graduate pro
gram in psychology. 

TCHE also approved long-term plans for expansion of 
graduate training in the North Texas area. Under these 
plans, Southwestern Medical School will offer advanced de
gree programs in medically-related sciences; North Texas 
State will develop doctoral programs in scientific fields not 
otherwise provided, and Arlington State College will offer 
master's degrees in science, mathematics, and related fields 
as soon as possible, with doctoral expansion to follow. 

TCHE endorsed the formation of the Inter-University Coun
cil, for further development of co-operative, high quality 
graduate programs in the Dallas-Fort Worth metropolitan 
area. Corporate members of the Council would include North 
Texas State, Southern Methodist University, Texas Christian 
University, Texas Woman's University and Southwestern 
Medical School. 

Southern Methodist University, on May 21, announced its 
fourth doctoral program, in electrical engineering, to start 
within the year. SMU previously had established doctoral 
programs in economics, geophysics, and mechanical 
engineering. 

GRCSW faculty partiCipating in the Southern Methodist 
University geophysics doctoral program increased to six when 
Prof. Mark Landisman, Geosciences Division, was appointed 
an adjunct member. Two graduate students, Henry R. Spall 
and Amos Nur, are now enrolled as doctoral candidates. Spall 
came from Cambridge University, and Nur from the Federal 
Institute of Technology in Zurich, Switzerland. 

Joseph Zund received his Ph.D. at The University of Texas' 
May 30 convocation, which was addressed by President 
Lyndon B. Johnson. Doctor Zund's degree is the first award 
at a home campus following completion of dissertation work 
at the GRCSW . His work at the Center was supervised by 
Prof. Ivor Robinson in the Mathematics and Mathematical 
Physics division. Doctor Zund's dissertation subject was "De
generate Fields with Twisting Rays." 
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Asst . Professor John Reitzel, Geosciences Division, began deep-lake 
experiments in Britisll Columbia during late June , to measure heat flo w 
from the Earth's core through bOllom sediments. Above, Professor 
Reitzel completes assembly of the recording instruments. 
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BOARD, COUNCIL ACCEPTANCES. President Julius A. 
Stratton of the Massachusetts I nstitute of Technology has 
joined the Center's Board of Directors. Advisory Council 
appointments have been accepted by fivc new members. 
They are President Joseph M. Dealey of the A. H. Belo Corp., 
publisher of the Dallas Morning News and operator of Sta
tions WFAA-WFAA-TV; Vice President W. R. Lindholm, 
Southwestern Bell Telephone Company, Dallas; President 
Frank Davis, General Dynamics, Fort Worth; President John 
A. Guinn, Texas Woman's University , Denton; and S. B. 
Whittenberg, Attorney-at-Law , Amarillo, Texas. 

ADVISORY APPOINTMENTS. President Patrick E. Hag
gerty of Texas Instruments Incorporated , member of the 
GRCSW Advisory Council, was appointed to a six-year term 
on the National Science Council, May 21. President Julius A. 
Stratton of the Massachusetts Institute of Technology, member 
of the Center's Board of Directors, was also named to the 
NSC by President Lyndon B. Johnson. The NSC is an advisory 
group to the National Science Foundation. 

Dr. Lloyd Berkner is serving on both the President's Science 
Advisory Council and the House Science-Engineering Ad
visory Committee. He was appointed to the latter group fol
lowing Congressional testimony on government research. in 
November, 1963. Doctor Berkner was also re-elected, for 
four years, as National Academy of Sciences treasurer, at the 
Academy's annual meeting, April 25. 

Prof. Francis S. Johnson, head of Space Sciences Division, 
accepted an invitation to serve on the Department of Com
merce Advisory Group for Scientific Objectives , in January . 

Prof. Henry Faul, Geosciences Division, was named one of 
four National Academy of Sciences delegates to investigate 
possibility of, scientific exchanges between Poland and the 
United States. 

CONGRESSIONAL TESTIMONY. Regions of opportunity 
are rising in the Southwest and other heretofore disadvantaged 
areas of the country, wrote Dr. Lloyd Berkner in further con
gressional testimony of May 15. "J cannot urge too strongly," 
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the Center's Board of Directors. Advisory Council 
appointments have been accepted by five new members. 
They are President Joseph M. Dealey of the A. H. Belo Corp .• 
publisher of the Dallas Morning News and operator of Sta
tions WFAA-WFAA-TV; Vice President W. R. 
Southwestern Bell Telephone Company. Dallas; President 
Frank Davis, General Dynamics, Fort Worth; President John 
A. Guinn, Texas Woman's University, Denton; and S. B. 
Whittenberg, Attorney-at-Law, Amarillo, Texas. 

ADVISORY APPOINTMENTS. President Patrick E. Hag
gerty of Texas Instruments Incorporated. member of the 
GRCSW Advisory Council, was appointed to a six-year term 
on the National Science Council, May 21. President Julius A. 
Stratton of the Massachusetts Institute of Technology, member 
of the Center's Board of Directors, was also named to the 
NSC by President Lyndon B. Johnson. The NSC is an advisory 
group to the National Science Foundation. 

Dr. Lloyd Berkner is serving on both the President's Science 
Advisory Council and the House Science-Engineering Ad
visory Committee. He was appointed to the latter group fol
lowing Congressional testimony on government research. in 
November, 1963. Doctor Berkner was also re-elected, for 
four years, as National Academy of Sciences treasurer, at the 
Academy's annual meeting, April 25. 

Prof. Francis S. Johnson, head of Space Sciences Division, 
accepted an invitation to serve on the Department of Com
merce Advisory Group for Scientific Objectives, in January. 

Prof. Henry Faul, Geosciences Division, was named one of 
four National Academy of Sciences delegates to investigate 
possibility of, scientific exchanges between Poland and the 
United States. 

CONGRESSIONAL TESTIMONY. Regions of opportunity 
are rising in the Southwest and other heretofore disadvantaged 
areas of the country, wrote Dr. Lloyd Berkner in further con
gressional testimony of May 15. "I cannot urge too strongly," 

"that wherever first rate academic communities are 
with highly qualified investigators in specific sci

entific fields, federal granting agencies should be directed to 
give special consideration to the support of research at such 
institutions. Only in this way can we hope to strengthen the 
growth of research programs and academic communities of 
excellence in new regions ..." 

The May testimony was prepared for the Subcommittee on 
Science, Research, and Development, House Committee on 
Science and Astronautics, convening under chairmanship of 
Rep. Emilio O. Daddario of Connecticut. 

SCIENTIFIC COUNCIL ELECTS. Dr. Philip Oetking, Geo
sciences Division. has been elected treasurer of the Dallas
Fort Worth Council of Scientific Societies. Dr. Lloyd Berkner, 
A. Earl Cullum, Jr., and Eugene McDermott of the Center's 
directorship were also named to the Council's Board of 
Directors. 

MAGAZINES COVER CENTER ACTIVITY. Since Decem
ber, 1963, activities of the Graduate Research Center of the 
Southwest have been reported in TIME and LIFE, Spectrum, 
Sky and Telescope, Industrial Research, Scientific American, 
Physics Today. and Science World. In addition, the LIFE 
story on Ouasi-Stellars (subject of ADVANCE, first issue) 
was re-published in Reader's Digest of May and NEWSWEEK 
of May 25 published a cover story on Fred Hoyle. Magazine 
coverages are in addition to more than 50 subjects reported 
in major newspapers of state, region, and nation over a 
period of 40 weeks, and covered to some extent by television 
and radio news. 

Prof. Anton L. Hales, head of Geosciences Division, is author 
of "A Look at the Mantle," to appear in the magazine 
GEOTIMES, published in Washington, D. c., by the Ameri
can Geological Institute. 
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CENTER VISITORS. Coming to discuss mutual scientific The Interplanetary Atmosphere 
interests and projects, to appear as seminar lecturers, or to 
learn more about the Graduate Research Center of the South
west, the following notable visitors were recorded at the 
Center during the Spring quarter: 

Dr. Ralph Waldo Gerard, Director of Laboratories, Mental Health 
Research Institute. University of Michigan (on leave); Consultant to 
the Chancellor, University of California, Irvine Campus. 

Dr. J. O. Thomas, Assistant Chief, Space Sciences Division, NASA. 
Eddy Gilmore, Associated Press Bureau Chief, London. 
Dr. Charles C. Rogers, Chief of Research, Rose Polytechnic In

stitute, Terre Haute, Indiana. 
Dr. Benjamin Lax, Director, National Magnetic Laboratory. Mas

sachusetts Institute of Technology. 
Prof. Harry Messel, Department of Physics, University of Sydney, 

Australia. 
Prof. Roy Patrick Kerr, Center for Relativity, The University of 

Texas. 
Dr. Frank Lipps, Geophysical Sciences, University of Chicago. 
Dr. Robert A. Duce, Geology and Geophysics, Massachusetts In

stitute of Technology. 
Prof. Harry Elliott, Imperial College of Science and Technology, 

London. 
Dr. Hugh Carmichael, Head, General Physics, Atomic Energy of 

Canada, Ltd. Chalk River. Ont. 
Dr. Howard 1. Teas, Head, Metabolic Biology Section. National 

Science Foundation. Washington. 
Dr. Lauriston Taylor, A:;sociate Director, National Bureau of 

Standards, Washington. 
Dr. A. E. Kingston, Joint Institute for Laboratory Astrophysics, 

Boulder, Colorado. 
Prof. Tulio Regge, Institute for Advanced Study, Princeton. 
Dr. Christian Moller, University of Copenhagen; Visitor, Center 

for Relativity, The University of Texas. 
Prof. 10seph Weinberg. Western Reserve University. 
Dr. A. G. Fenton. Department of Physics, University of Tasmania. 
Dr. Scott E. Forbush, Department of Terrestrial Magnetism, The 

Carnegie Institution. Washington. 
Prof. Frank J. Kerr. Commonwealth Scientific and Industrial Re

search Organization, Sydney, Australia; Visitor, The University of 
Texas. 

Dr. F. H. Hibberd, University of New England, Armidale, N.S.W. 
Australia. 

Prof. Richard Arnowitt, Northeastern University, Boston, Mass. 
Dr. James M. Moudy, Vice Chancellor for Academic Affairs, Texas 

Christian University. 
Dr. Philip A. Seeger, W. K. Kellogg Radiation Laboratory, Cali

fornia Institute of Technology, Pasadena, Calif. 
Prof. Stanley Oeser, Brandeis University, Waltham, Mass. 
Dr. Raymond A. Lyttleton, St. John's College, Cambridge Univer

sity, England. 
Prof. Pat Windham, Physics, North Texas State University. 
Dr. John A. O'Keefe, Assistant Chief, Theoretical Division, NASA, 

Goodard Spaceflight Center. 
Dr. Hiroshi Maeda, High Altitude Observatory, Boulder, Colorado; 

Geophysical Institute, Kyoto University, Japan. 
Dr. Emmet Smith, Head of Research, West Texas State University. 

By Dr. Francis S. Johnson 
Head, Space Sciences Division, GRCSW 

Before the end of World War II, it was generally thought that 
interplanetary space was an ideal vacuum. It was recognized 
that, at times, the sun ejected clouds of gas that reached the 
earth and caused magnetic disturbances and auroras. How
ever, these events were believed to occur only occasionally, 
and it was thought that interplanetary space was devoid of any 
atmosphere between events. 0 This viewpoint underwent 
relatively rapid change following the war, and the concepts of 
what is happening in interplanetary space, from a gas dy
namical point of view, are stilI undergoing rapid change. 

Radio observations of atomic hydrogen first provided a new 
source of data that affected the earlier viewpoint significantly. 
A hydrogen atom consists of a proton and an electron, each of 
which is spinning, and the spin axes may be parallel or anti
parallel. When the spin axes are parallel, the configuration 
has a higher energy than when they are antiparallel, so there 
is a tendency, albeit very weak, for the spin of one to reverse 
so that energy can be released; when this happens, the atom 
emits a photon of radio energy with a wavelength of 21 cm. 

Van de Hulst predicted that such emissions from hydrogen 
in galactic space should be observable. Ewen and Purcell (and 
others) observed the effect, utilizing radio telescopes tuned 
to the appropriate frequency. In addition, the doppler shift 
is observed for hydrogen clouds that are moving towards, or 
away from, the observer. In this way, it was recognized that 
there is about one hydrogen atom per cm3 in our galaxy, and 
the rough distribution of hydrogen in the galactic arms was 
deduced. For the present discussion, the important point is 
that galactic space is not an ideal vacuum, but instead that it 
contains a tenuous neutral gas that is very cold, the tempera

• ture being of the order of 100 0 K. 

The next important dev~lopment concerned ionized hydrogen 
within the solar system; Three sources of evidence arose at 
about the same time anti seemed to corroborate one another. 
Comet tails were observed always to be deflected away from 
the sun by an amount that could not be explained in terms of 
light pressure; Biermann interpreted this observation as in-
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The Interplanetary Atmosphere REPDRT 

By Dr. Francis S. Johnson 
Head, Space Sciences Division, GRCSW 

Before the end of World War II, it was generally thought that 
interplanetary space was an ideal vacuum. It was recognized 
that, at times, the sun ejected clouds of gas that reached the 
earth and caused magnetic disturbances and auroras. How
ever, these events were believed to occur only occasionally, 
and it was thought that interplanetary space was devoid of any 
atmosphere between events. This viewpoint underwent 
relatively rapid change following the war, and the concepts of 
what is happening in interplanetary space, from a gas dy
namical point of view, are still undergoing rapid change. o 

Radio observations of atomic hydrogen first provided a new 
source of data that affected the earlier viewpoint significantly. 
A hydrogen atom consists of a proton and an electron, each of 
which is spinning, and the spin axes may be parallel or anti
parallel. When the spin axes are parallel, the configuration 
has a higher energy than when they are antiparallel, so there 
is a tendency, albeit very weak, for the spin of one to reverse 
so that energy can be released; when this happens, the atom 
emits a photon of radio energy with a wavelength of 21 cm. 

Van de Hulst predicted that such emissions from hydrogen 
in galactic space should be observable. Ewen and Purcell (and 
others) observed the effect, utilizing radio telescopes tuned 
to the appropriate frequency. In addition, the doppler shift 
is observed for hydrogen clouds that are moving towards, or 
away from, the observer. In this way, it was recognized that 
there is about one hydrogen atom per cm3 in our galaxy, and 
the rough distribution of hydrogen in the galactic arms was 
deduced. For the present discussion, the important point is 
that galactic space is not an ideal vacuum, but instead that it 
contains a tenuous neutral gas that is very cold, the tempera.. 
ture being of the order of 100 oK. 

The next important development concerned ionized hydrogen 
within the solar system. Three sources of evidence arose at 
about the same time and seemed to corroborate one another. 
Comet tails were observed always to be deflected away from 
the sun by an amount that could not be explained in terms of 
light pressure; Biermann interpreted this observation as in-
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An overall view of the solar system from a gas dynamical point of 
view. The solar wind and solar rotation distort the interplanetary mag
netic field into a spiral. A shock front at about 30 astronomical units 
causes the magnetic field at greater distances to be disordered; beyond 
this shock front, the hot solar plasma cools by charge exchange with 
galactic hydrogen. 
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dicating a continual outstreaming of ionized hydrogen from 
the sun with a concentration near the earth's orbit of about lOs 
protons/ cms moving with a velocity of the order of 103 

km/sec. The zodiacal light, a faint band of luminosity across 
the night sky attributable mainly to interplanetary dust (I.e., 
micrometeoroids), is partly polarized; this polarization was at 
first attributed to free electrons in interplanetary space, the 
required concentration being of the order of 10:1 electrons/cma. 
Finally, radio whistlers, or whistling atmospherics that are 
observed on earth were interpreted by Storey as being caused 
by lightning strokes, with the signals travelling along the 
magnetic field lines out into space and back to the opposite 
hemisphere; these required the presence of about 103 elec
trons/cms. In the late 50's, it was therefore commonly be
lieved the interplanetary space contained a relatively high 
concentration of ionized hydrogen, about 103 protons and 
electrons per cms. The main difference in viewpoint was 
whether the medium was relatively static, as described by 
Chapman, or streaming continuously outward from the sun 
in the form of a solar wind, as described by Parker. 

As the subject of plasma physics developed, it forced im
portant conceptual changes in the understanding of the inter
planetary medium. It was recognized, for example, that the 
geomagnetic field, along whose field lines the radio whistlers 
propagate, forms a formidable barrier against the interchange 
of ionized gases between the telluric and interplanetary atmos
pheres, and hence, that the medium responsible for the propa
gation of radio whistlers was a part of the earth's atmosphere; 
the radio whistlers provide no information at all concerning 
the interplanetary atmosphere. Plasma physics also indicated 
the possibility of stronger interactions than simple collisions 
between the solar-wind and the ions observed in comet-tails, 
so a much weaker solar wind than hitherto conceived could 
explain the deflection of comet tails. And finally, new and 
better observations of the zodiacal light by Blackwell showed 
that any contribution from electrons in interplanetary space 
was due to less than 50 electrons/cms. 0 Thus, by the early 
60's, the prevailing belief was that there was a steady solar 
wind with a concentration of the order of 10 protons/C!p3 

near the earth's orbit, and with a velocity of the order of 103 

km/sec. This viewpoint was largely confirmed by the Mariner 
space vehicle observations, which indicated average values of 
about 5 protons/ems and 500 km/sec under quiet conditions. 

The distribution of neutral hydrogen in interplanetary space. The 
concentrations remain fairly constant except in the vicinity of the sun, 
where ionization processes and charge exchange with the solar wind 
reduce the concentrations markedly. 
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