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SQLAR RESEARCH MEMORANDUM

SUBJECT: Summary of Status of Thomas6 Work on Statistica lly  Steady 
State Computations<.

Dick Thomas has done some additional work, with Matsushima, on a solar 
model for  which ha has injected consideration of collis ion al terms above 
the ground level to see i f  their neglect in earlier work has introduced 
substantial errors in the temperature and density analysisa This work w ill 
find application in the eclipse reduction, among other things« Ihoraas8 
notes on this work follow:

tf.o a.

Io Over the last several years a certain amount o f computation on
the solution for  the equations fo r  a sta tistica lly  steady state 
gaseous chromosphere has been carried outo This work represents an 
extension of the work carried out by Menzel and his collaborators as 
applied to the case of the planetary nebulae, with the iraportant 
addition of collision al excitation terras□ The majority of the isork 
?ras carried out by Thomas oxrer the last few years, and new work is  
in the process of being carried out by Matsushima in collaboration 
v/ith Thomas»

IIo The following is  a summary outline of the kind o f computations
carried out« The parameter described 3-jj is  introduced and described 
in Thomas8s papers beginning with the Astropbyaical Journal, Y o lo  
108, lij.2, 19It8= All notation is  that in those papers and is  not 
further explained.

Ao A ll detailed processes are included, v/ith the exception that no
collis ion al terms except those from the ground level are ineludedo 
The equations are then written down and solved successively in 
terms of the parameters Sy as follows;

1» Ho radiation included except that assuming the solar
fie ld  is  a black body at 6000° and isotropic in direction*
Under this assumption the equations are solved under two 
further assumptions-
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The solution fo r  these two cases does not d iffe r  in appreciable 
degree and is  tabulated in the reference given aboveo It  is  
therefore very obvious that the big terms are those from



*

( ■' .
collision al excitation, I f  only the 6000° radiation fie ld  is  
included*

B® Computations on the influence of tiie chromospheric emission:

1« Ihe important parameter is  the ratio of the distance
corresponding to optical depth 1 to the distance over which 
the atmospheric density drops by a factor l/ao I f  this 
ratio is  considerably greater than 1, i t  may be shown 
rigorously (assuming that ths temperature gradient is  not 
greater than the density gradient) that detailed balancing holds 
in tha Lyman lines transitionso This result does not follow  
fo r  the Lyman continuum and for the other Balmer, e tc -, 
lines and continuum without considerably more work. These 
numerical results hold (that is ,  the value o f  the distance 
for  optical depth unity) fo r  ‘the 3j?3000°, 2• 10^ electrons 
per cubic centimeter chromosphere. An additional computation, 
therefore, has been carried outs

a. S2)°- 1 save in the Lyman lines* and there detailed 
balancing holds* The computation for  this case was 
carried out rigorously, but neglecting the departure 
from unity of [(1 -  bn /bi). The results are tabulated 
in  Thomas's paper III , ?o li 109 s 480, in the Astro- 
physical Journal, 19h9« The significant change is  the 
rise In the value o f b2 and the drop in the value of b^, 
with not much change in the remaining bn values*. This 
computation should be carried out and extended by 
including the e ffect of the chromospheric emission on 
the Lyman continuum, and not setting equal to unity 
tlie above mentioned bracket, For this purpose Thomas 
has within the last month carried out extensions of
the other theoretical background and the modifications 
may then be introduced* Thomas is  in tiie process of 
preparing a paper describing these modifications, and 
also indicating the remarks which may be made in regard 
to the Lyman emission, (Lyman continuum), fron the 
solar atmosphere. Thus the case which should be treated 
is :

b . S-J*= 1 except in  the Lyman lines and the lyman continuum, 
where the chromospheric radiation fie ld  w ill be 
introduced.

2o The next modification on the computation should be that
which includes the emission in the Balmer Lines from the 
chromosphere. This emission w ill be significant only for  the 
f ir s t  few members, o f the Balmer series, but i t  is  absolutely 
crucial to solve this problem in order to describe central 
intensities of Ha, HP, e tc ., thus to determine from which 
portions of the chromosphere they originate. In Thomas3s 
paper III  mentioned above, so m3 computations on this problem
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were made, but the results are misleading. An error was 
made in the manner of introducing the induced emissions, 
and therefore ths numerical results should not be accepted. 
The physical arguments., however, do indicate the situation 
to be expected. Namely, unless the collision al excitation 
terms are included, the problem o f the population o f the 
ground state of the Balmer series is  indeterminate. The 
remarks made in this paper I II  ivith regards to the d i f f i 
culties encountered by Hansel and his wo-workers are, 
however, correct as they stand, and thus one should take 
over the remarks made with respect to the Balmer decrement 
as being such essentially by self-absorption. These 
theoretical arguments do not, however, bias the empirical 
analysis made latsr by Thomas in other papers with regard 
to the numerical amount of Hie self-absorption in the 
chromosphere. Thus the case that should be treated under 
this item is :

a. S / = 1 except in the Lyman and Balmer lines, and the 
Lyman continuum. No approximations should be made 
with respect to the collisional de-excitation term in 
the collisions involving ground leve l.

C. A ll co llis ion a l terms included, and no approximations made
in the treatment save in regard to that of the radiation f ie ld .

1. Only the black body fie ld  at 6000° included, thus 
similar to 1 under A.

a® S m 1

b . 0

These computations have been carried out by Matsushima, who 
finds that there is  no essential difference between these 
computations and those carried out by Thomas under A above. 
As expected, there is  a few percent decrease in each of the 
bn values, but no significant amount. This result implies, 
then, that for  this approximation the important terras are 
the collis ion al excitation from the ground level. This 
computation is  the lim it to which numerical results have 
been carried thus fa r, but xve are now in the process of 
carrying out the computation:

2. c . 5 1  except in the Lyman lines, ivhere detailed
balancing is  assumed to occur. By contrast with the 
above treatment (1 -  bn /b l)  w ill not be neglected.

2. Further computations w ill be carried out in exactly the
same scheme as those under B, with 'the exception that a ll  
co llis ion a l terms w ill be included. We expect this work to 
be done sometime during the summer. Matsushima’ s work has
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DIS3RIBUTI0N:

carried out up until now under sponsorship of the University 
Research Fund under which he has a fellowship, and in the 
future his work w ill be carried out as Research Investigator 
under the Office of Air Research Project. Thomas*s work on 
the improvements to the theory have been carried out under 
the sponsorship o f the Office o f Air Researcho A paper 
embodying Thomas® s work vd ll be prepared shortly <»

Any suggestions with regard to the procedures or the 
results mentioned above would be appreciated*

Richard N. Thomas 
University of Utah 
Salt Lake City, Utah

Thomas (3 ), Menzel (3 ), Shapley, Sacramento Peak (3 ), Climax (2 ), 
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