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NCAR SCIENTIST IS FEATURED SPEAKER AT NATIONAL SCIENTIFIC MEETING

San Francisco, California. . .The sun's corona was one of three "Frontiers 
of Geophysics" topics at a special session of the American Geophysical Union (AGU) 
meeting here tonight. Gordon A. Newkirk, Jr., Director of the High Altitude 
Observatory (HAO) of the National Center for Atmospheric Research (NCAR) in Boulder, 
Colorado, talked about "A New Look at the Solar Corona" in which he called for 
"continued efforts at greater coordination of the observational and theoretical 
tools we now have." Speaking before attendees of the week-long AGU annual fall 
meeting, Dr. Newkirk cited the upcoming Skylab manned orbital missions as an 
example of the sort of coordination desirable for furthering the efforts of solar 
research.

He said: "We have just begun to determine the dimensions of the problems 
of transient events in the sun's atmosphere or corona. Continued ground-based 
coronal observations and satellite studies such as those made by OSO-7 and the 
coronagraph planned for launch on ATM/Skylab should yield more progress in under
standing just how the corona actually does evolve. Clearly, not only greater 
coordination of the observational and theoretical tools we now have but also fresh 
new techniques must be brought to bear to unravel the remaining coronal mysteries."

Civilizations have always studied the sun. Many, in recognition of the sun's 
importance, have deified it. The Egyptians had Ra. The Sumerians--Utu. The 
Indians--Garuda and the Japanese made their sun deity a goddess--Amaterasu.

The sun not only provides the heat and light energy which all people have 
recognized as necessary for life on earth but it also produces many other kinds 
of energy and radiation. Modern scientists, studying these radiations flowing 
from the sun, have uncovered much physical information about our star, and Newkirk 
began his discussion of the solar corona with some facts about the entire star 
underlying it. More than 333,000 times heavier than the earth, the sun is only
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one-fifth as dense and is layered by regions of differing densities, activity 
and temperature. Thermonuclear fusion reactions which produce the sun's heat 
and light energy cause temperatures of some 10 million degrees Celsius at the 
sun's core. The photosphere above the core is the visible disk of the sun and 
is about 5700° Celsius. The chromosphere, a more diffuse surface region, lies 
between the photosphere and the outer solar atmosphere or corona which stretches 
out into space, flaming and ebbing at various distances and in different directions 
from the sun.

The sun is in a constant state of storm by earthly standards. Shock waves rush 
out through the corona at velocities of some 600 miles a second. Prominences 
reach as much as 30,000 miles above the sun, occasionally forming spectacular 
arches that stretch half a million miles across the surface and sometimes are 
expelled into planetary space.

Such visually dramatic events often occur in the corona but there is other 
drama as well. Solar astronomers have noted radio bursts caused by shock waves 
propagating through the corona. Other equally distinctive radio bursts are caused 
by energetic particles ejected from solar flares. The correlation of such radio 
events with other observable solar, space, or terrestrial phenomena is becoming 
better understood, according to Newkirk. He mentioned the "exciting example" of 
the IMP 6 spacecraft which observed low frequency radio bursts and followed the 
solar energetic particles which caused them as they moved out along the spiral 
interplanetary magnetic field to the neighborhood of the earth.

Another significant spacecraft observation was highlighted by photos of the 
ejection of several compact clouds of coronal material and accompanying rapid 
change in the structure of coronal streams. 0S0-7 and its space-borne coronagraph 
accomplished this feat. This particular event was observed only by 0S0-7 but 
similar events, observed by both space and ground-based coronagraphs, are pro
viding a new insight into solar phenomena.

In summarizing the "coherent interpretation of diverse observations"
Newkirk showed a film of the most violent examples of coronal activity. These 
events all originate with the explosive energy release from a flare. Since
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these are transient, motion picture techniques show the effects most dramatically. 
The film began with a quiet corona which evolved into an occasional spray of cool, 
ejected material creating shock waves. Whip events, actually dramatic readjust
ments of the coronal magnetic field, were included. After several graphic 
demonstrations of actual coronal shock waves, Newkirk then compared the theoreti
cally predicted behavior of such shock waves as they traverse the corona and 
propagate out into interplanetary space.

Discussing the origin of the corona Newkirk said "It actually lies deep in 
the invisible solar interior where a convective shell exists. Such a shell is 
a copius source of mechanical energy which is transmitted upwards and outwards 
in the form of waves. Modern theory suggests that these waves disappear in the 
corona accounting for its elevated million degree temperature. This hot, ionized 
atmosphere expands into interplanetary space at supersonic speeds and, of course, 
sweeps by the earth as it passes outward."

Unlike our terrestrial atmosphere, the corona is far from uniform. Coronal 
magnetic fields constrain the electrically conducting coronal plasma material 
and forces it to move outward along field lines. Accordingly, such fields determine 
the density structure of the solar corona and, as the surface magnetic fields 
evolve, the overlying corona changes.

This insight, together with the knowledge of how such fields influence the 
flow of the expanding coronal gas, has led scientists to understand the connection 
between such earthly phenomena as recurrent geomagnetic storms and their ultimate 
origin 93 million miles away in the corona of the sun.

These so-called storms in our earth's space environment are actually fluctua
tions in the planet's magnetic field accompanied by intense precipitations of 
charged particles into our atmosphere. These particles which create ionospheric 
disturbances, auroras, radio blackouts, and a variety of other phenomena often 
contribute significant amounts of energy to the upper atmospheric regions. On the 
night side of the earth, in fact, energetic solar particles are one of the 
major ionization sources in the upper atmosphere.

Newkirk, describing some of the new ideas of the coronal origin of geomagnetic 
storms, explained how distinct patterns in the velocity of the coronal flow are
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produced by interaction of the magnetic fields. In open magnetic field configu
rations, high speed streams develop in the corona. "Out in interplanetary space, 
these fast streams overtake the slower streams of gas. Thus, a region of denser 
gas followed by a high-velocity stream will propagate outward while being spiralled 
around by solar rotation. As this stable pattern sweeps by the earth, we experience 
a recurrent geomagnetic storm.

"Recent X-ray observations of the corona have allowed us to identify these
stable high speed streams with coronal holes---regions of weak and open magnetic
fields."

In conclusion, Newkirk noted many unsolved problems about the corona and 
briefly discussed the efforts at NCAR's High Altitude Observatory to construct a 
realistic, self-consistent model of the corona and interplanetary medium as an 
intregal environment.

Newkirk was one of the three scientists invited to speak at the "Frontiers of 
Geophysics." The other two were: Allan Cox of Stanford University, "Geomagnetic 
Reversals and the Core-Mantle Boundary;" and Thomas E. Holzer of the National Oceanic 
and Atmospheric Administration, "The Interaction of the Solar Wind with the Inter
stellar Medium."

Newkirk has been director of HAO at NCAR for four years. NCAR is operated 
under sponsorship of the National Science Foundation by the University Corporation 
for Atmospheric Research, a nonprofit consortium of 37 universities having graduate 
programs in the atmospheric sciences.
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