
10 October 1951

From: Walter Orr Roberts, Boulder, Colorado

The following memorandum sets dorm, roughly on paper some of the 
preliminary speculations and ideas that have resulted from my spasmodic 
wort: this summer examining yellow coronal line activity, associated pro
minence behavior, coronal contour maps near yellow line regions, etc, I 
have a paper in progress now on the yellow coronal line work, and will 
probably include some cautious reference to these things in the paper«
This I submit as a very tentative idea-paperj much of this a ll may have 
difficulties that are not instantly evident to me. Therefore I will 
appreciate critical comment from a ll quarters.

This research memorandum describes mainly an idea I have on the 
origin of the emission-line corona. Briefly put, the emission-line corona, 
according to these ideas, originates in a relatively small number of well 
defined, small areas scattered around on the sun. These areas correspond 
to the primary activity centers of the sun's surface. For the most part 
the:/ are active sunspot regions. The diagram attached gives a schematic 
representation of the sun’s disk, with the small circles representing the 
location of five hypothetical active regions of ths disk. It is from these 
active regions that the emission line corona diffuses*

According to my sketchy ideas, there is some sort of a pressure 
gradient that causes the coronal gases to move away from, the centers of 
activity. The centers behave as sources of the excited coronal gas, with the 
gas slowly diffusing away from the sources in a ll directions. The rate of 
diffusion of the coronal gases that radiate the emission lines is something 
like 200,000 kilometers per week, at a very rough guess (circa \ km/sec).
It is an open question whether the gas diffuses upwards at the same rate, 
and to the same distance as i t  diffuses horizontally* I would think that 
the diffusion is actually more marked in the horizontal direction. However, 
i t  is probable that the diffusion is actually not at a ll isotropic, but 
that i t  is characterized by definite streams and structural patterns super
imposed on the general effect rvhich I am describing. This is suggested by 
Lyot *s photographs of the limb in the coronal lines, and the diffusion 
rates accord with Ms observations of litt le  or no changes from hour to 
hour, but appreciable changes from day to day. Presumably -She amount and 
perhaps the rate of gas diffused varies with the activity of the center.

In the active centers one finds the typical "sunspot" prominences.
These are the prominences characterized by high-velocity .jets and surges, 
by sharply curved loops and streamers, and by other types of activity that 
show up mainly as rapid motions at large angles to the surface of the sun0 
Both upwards and dcwroards prominence streamers are in this class, and it  
seems likely that flares are closely associated with these regions, and 
that typical high-velocity surges are likewise parts of the same picture.
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I f  one now visualizes the gas slowly diffusing outwards from the 
active centers, and radiating as it  goes, one needs but one further 
hypothesis to come up with a fairly decent representation of the observed 
corona], emission line distributions at the limb of the sun. To the above 
one must add the concept that the gas, as it  moves away from the center 
of the active regions, gradually declines in xntensity with time as it  
moves away. I have no idea just what the physics of this gradual decrease 
of luminosity per unit, volume might be. It certainly is not simply the 
rate of recombination of atoms or anything like that, because i t  is so 
slow, I f ons considers that the gresi coronal line 5303 A is characterized 
by a rather slow decline of luminosity with time, so that at the end of a 
week the gas, which is now diffused out to something like 200.,000 kilometers 
from the center, is s t ill emitting appreciably, though has dropped down 
substantially from its value over the active center, one gets a fairly good 
representation of the observed green coronal line intensity distributions 
at the limb* In particular, one notes that sharp changes of emission along 
the limb are not highly probable because o f the adding up of luminosities 
all along the line of sight.

I f  one now assigns exactly the same physical picture to the red coronal 
line, with the solitary exception that he now ascribes to the red coronal 
line a more rapid rate of decline of brightness with time, as the gas 
diffuses away from the center, he also is able to account for the somewhat 
more concentrated patterns of the red coronal line c For the red line one 
would perhaps assume a decline rate 5 to 10 times as rapid as for 5303*
Then going to the extreme, with the 5&9U yellow coronal line, i f  one 
considers a rate of decline so fast that after five or sax hours the yellow 
coronal line gas going out from the center of activity has dropped below the 
level of visibility, one concludes that the yellow coronal line should, show 
only near the very active centers. This accords completely with the 
observations, — or rather, the supposition is derived from the observations0

From all of this, i f  i t  is correct, one must conclude that the emission 
corona is not a phenomenon sustained or derive from the region directly 
beneath any given volume of radiating coronal gas. Rather the coronal gas, 
particularly in 5303 A, is a phenomenon having its origin in centers some
what removed from the point at which it  is observed*, When two active regions 
are close enough together so that the green coronal line from the two regions 
overlaps, then one gets, naturally enough, a rise of apparent coronal inten
sity between these regions. This explains why there is  such a strong 
tendency for the coronal contours to connect when there are two near-together 
active regions.

Of course the fact that there is a steady decline in the "lifetime” of 
radiating gas as one goes from 5303 A (FeXIV) to 637k A (FeX) to 569k A 
(presumably CaXV) is a lit t le  surprising in view of the very different 
sequence of ionisation potentials«

I f  one assumes that there is frictional interaction between the surface 
o f the sun and the outwards-diffusing coronal gas, he ccmes to the conclusion 
that the isophotal contours of the corona would be spread out in longitude 
more than thejr are in latitude. This would be a normal consequence of the 
different angular rotation rates of the equator and higher latitudes. This 
accords very nicely with observation, tod this spreading out is most
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pronounced for  the green coronal line contours» The amount of elongation 
o f the regions may, when studied, afford an extra clue to the rate of 
diffusiono

S t i l l  further there seems to be some considerable tendency for the 
extended "quiet region" prominences so familiar as dark filaments on the 
photosphere, to l ie  more or less parallel to the coronal contour's, out 
away from the active regions, and at a place where the coronal contours 
have dropped to a fa ir ly  low intensity. On the accompanying diagram I have 
shown such a dark filament prcminence and labelled i t  as a "quiet region1' 
prominenceo This part o f the picture leads me to suspect that the physical 
conditions o f the preminences in the active regions, and in the quiet 
regions should d iffe r  markedly, Temperatures, pressures, and other physical 
parameters should show maximum differences, For this reason the attempt 
by Ithay at Climax to measure Balmer decrement in different prominences is  
very important. The supposition is  confirmed by W aL dm eier“s work recently 
reported in the Zeitschrift fur Astrophysik, in which he showed significant 
differences of temperature between the active region prominences and the 
quiet region prominences on the basis o f  new observations o f the relative 
intensities o f certain prominence lines, (V/aldmeier*s results, by the way, 
came to my attention after I had formulated the picture essentially as 
presented here,)

It  would be particularly useful in settling this picture to have a 
narrow-band birefringent f i l t e r  working at the limb on the green and red 
coronal lines on a day to day basis. From this one ought to be able to 
draw up a pretty good three dimensional picture of the emission corona*.
I f  my picture is right there should be noticeable structural symmetry 
around the active centers. It  should also be possible from careful day-to- 
day checks to observe, in 3ome cases, the actcal diffusion, unless the gas 
is very much more uniform (i»e , free from structural detail) than I think it  
to be*

All o f  this ties  in closely with, and overlaps the jo in t paper o f Menzel, 
Roberts, and Evans on prominence classification , and. also overlaps a number 
o f other things we have discussed in obvious ways. Furthermore i t  is  most 
speculative, at the moment, I am not satisfied that sufficient work has bean 
done as yet to  give us valid reasons for attaching too much hope to i t .  But 
i t  does suggest a valuable line of attack that I hope to be able to follow 
up i f  we can obtain financial support for  the study,

-  3JD -
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