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- FCREYGRD
(By valiar Orr Hoburts)

o follawing report wus praparsd dy the authors ac a part of their
WO in pmpazation for the sclipss expedition of High Altiwude Qbserve-
torr to the Sudan on 25 February 1952. It was writtan befors the sclipsa.
e aEsue it now &8 we urepars to use tha mathods outlined for reduction
of ths spactra obtained. e axpreass our thanks to the authors and to the
University of Utah for the many forms of aszsistance they have provided
“to ua.in this works . Hithout this ald we would Fave Tound it imposclble
to 1:ake sound plana for the expedi mon in the shert ‘tima that was
available to us- '

#.0 % B L

Analysis of the Hydrogen Eclipse Obssrvitions to
Datermine the Thervcdynanic State of :
the Lolar Chromesghace

by

Bugens N. Parker andg Richard N. Thomag

1

I, Introductien

The follodng discussion contains an outline of; and a Justifi-
cation for, the theoretical analysis of the data to he obtained at
the 1952 sclipse. Actually; the following rsport considers only &
limltaed porwion of the expectsd data -- that relating to the hydro§gn
Balmsr and Paschan ssrius. and !S.e Balmer continuum. An analysis
of earlisr eclizze chservations® ‘demonatrated the feasibility of
such an analysis. On the basis .§ the results from this analysiss
wa sugmntad the adviesbility of an scllipswe expeditian, with Omited ~
but spsc.fic obJactives, eimsd only at the data raquired for this
- an8lysis. e propossed delibverately foregoing the usual attempts to
mrasure all possible phenumana associated with ths eolipsa. The

1952 aclipss program, undsrtaksn by Hlgh Altitude Cbaervatory in
closg ccoperetion with and svpported by the Naval Rasesrch lLaboratory,
Ind somxvhat wider ohjectives, but the effort was ccacentratsd on the

e



chjectivas outlined heye. Dr. John P- Hagsn and his associates
planned to conduct simulisnsous radic cobeervations at two frequencles
during the eclipse. It was hoped thersby to obiain same resolution
of the current dilerma betiwrezn radio and optical ovbservations of the
outer sclay atmosphers. Ths optieal cobservations were to be made by
High Altitude Observatory, and the analysis to be carried cut in
close cooperation with the Utah group. The radio Sbservatione ware
to be handled by the Naval Research laboratory group. The following
discussion relates cnly %o the anal;ysis of the hydrogan obssxvationa
origmally pmpoaado o ,

'I‘he general philosow of the program to bs discussed is ona of

an attempt to investigate certain gross features of the hydrogen

spectrum that may be unawbiguously interprsted to specify cartain
gross features of the structure of the chromosghere. Sincs the solar

"~ chromogphsre presants so many observational ancmalles, such atlenpts

may be overly optimistic. Nonethelses, by restricting ourselves to
hydrogen we may hope, becauss of its preponderant abundance, to
establish results characteriging the thermodynamic structure of the
chromosphere. Furthermore, by considering only relative spectral
intensitiss, we may hope to avoid the usual difficultise snocountered
with absolute standards. J€ the procadure is successful in establish-
ing these gross features, we may then proceed to analyee ths full
details of the spectrum to ocbotain the full details of ths state of
the chromosphars. Thers 18 a certain amount of riak in attempting to
830 divide the problem of the stats of the chromosphars — one recalls
atternts to predict the temperature of tha planetary nebulae from the
action of the radiation field of the exciting star on the hydrogen
alone without considering the thermostat action of the oxygen
9impurities.® It is thus esssntial % eoaadne oritically all dat.a,
not only that for hydrogen, seeking contradictions to the present
procedure. Ths difficuliy in such examinations -- and several have
besn offered as, for axampls, the criticime of the high tempareture
modal because of the lack of metallic matastahle linss —— lies in an
inabhility to svaluate the exact aituation %20 be expested untll the
@oas thermodynamic structurs is known. Ws attexpt then to obtain
this gross struoture, sslecting msthods generel enough to remove the
sbove poseidbilities of internal inconsistancy. ]

Method of Reduction.
A. The Balger and Paschan decrements.

- - Spevificaily, ofe cbssrves dming an ecl.ipse 111 the ught
origimtiug abovs & cartain height in the chromosphere. lat us
considar, then, the energy emitted by transitions from the nth
to the sscond lovel of the hydrogen atom,in terms of ths state
of the chromosphera. We conaidsr one " of matter at (x, ¥)
in the chromosphers. ) :



— O coBervar

Figura I

w 18 ths distance frum (x, y) to iie surfacs of the sun. We
shall be especifically intercstad in ascertaining what chirec-
teristies of the thermodyranic atate can be varied to give
aremant Cotweesn the thscretical and the chserved Balmer
dacrezant. Ona finds that on the baais of thermodynamic equi-
libriim and an atmogphers franspelent to 1ts oen radiation, the
ceeputad dacrement is in every case too high. Thua let us
compute the merg per unit solld angle &5 with all posaible
variations of the above evidently over aipplifiedyassumptions
included. w3 dncluds, therefors, dspsriures from thermodynamic
e@libﬁm by introducing the standard b, delined in equation
{6) balow, inolude celf-ansorption a.frcctaﬁ and maks no attecopt
% specify tha slsstron Wuparature, Tg. Thus, in standard
notation,

deEnz * Bn(x:¥)bvng bn2 7577 )

where N, i8 ths mwber of particla/er’ at x,y and we are ccnsider~
ing the radiastion irom the elzment of volums dVe It will ba
caglest if we coneclder the radiation from a slab of width len in
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ip ¢ %

the 1 direction: 1lhus. we ogarate with j de on (1) and we
cotain ' -J
25 <%

N (x ”)hf 4
L (2)

oip =+ P

Tha phenomenon of sclf aborption, of course, decreases this
anergy 83 what only tho amdunt

T SR GO \ )
Abgp = dokps 0 Expt “‘ayj f‘*’gk??a}’}d?’j* A
v
finally szerges from the atuospharas s write
-
Nx,y) -f Nao(n,y)dx (L)
g0 that 'y
6 e gz ~apN(x;7)
dipp ~ dohpp - e (5)
Nowrg using X - l;—’:‘m wnomxn is the enargy to lonizs iram
‘&
ths nth level (assuming ivdrogen sufficiently ionized that
Ni bl Ne s
- 2' b "'""—"'-’.‘"-_
nt “(wmme / By e

Thus the total enerzy exzi<ted is

‘-*ni."/ d Zn2

hynohng [ 32 L, 1 2 w3/t ke ~dphxy)
I ngnoing ) A j bpifT, "V e’n ¢ dxdy
 feo

Lar | eqex

oo
Ena * 01 thotpy ¥y [Z ol Te_j/e’ o w2 gy (7)

¥wrera C]. is a numerical constant. Ths integral may be thought of
a5 & waighted averags of the eaission frox =- hsnce the population
of == tha nth laevel. a find it convaniant therafora to alss usa
in the discussion equation (7) without the substdtution {6):

A'z .h‘/ 7 © - ,
i JT':?'"/f fp(xay)e "2 g (8)
=

h
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Consider now cguation (7). Ths 2almseyr decrezant corresponds
0 a differentiation, or differencing, of squation (7) with
s6pGot te the quantum nuzber ns  Psrforudig Lnis ogaeravion we
cbtadn;: )

i ot

Aﬁ F"ﬂa- :’I c__c_t_a} [[%ra;_: n@nbn Y 2xin R.BI'a ?*An[{"x}?} 952 An.?:i ([Er ,;1
I N s Sl
v | 1% VoA vV
0 ¢ 0 4] 0

(9)
By n=DE(n) =~ £(n + k)

whers tiu inequality aign refers to ths whole term, including the
accomparying sign. e havs aleo taxen the absorptlon coefficient

3 o vary as n~3. The dotted brackets in sach case contain a
pesitive quantity. The rssult on the b, comes only fram the
assurption that T, yTerg for the sun - and indspendent of the
omarical value of To. /@ Bes thus that only the third term gives
& nagative oontr.*but!on to ths right hand side. Thus only the
ssil-absorption affect can recedy the difficulty mentionsd above
== nat the observed Balmer dacreament is amaller than the thermo~
dmendo squilivrium valus. The effect of departwe from thermo-
drnenic equilibrium only increases the discrepancy, unlsss ops
wishes to adopt T, { Tafys, & hardly plausible result thess daya.
Furtharmors, wa eg.all in the following section (III A 1)
dexonstrate from the cbservations that by H»bp,,.

Fe recognizs now that the self-sbucrption is 2 fuaction of
one parsmeter only, the population of the two-guantum level.
Hence we should be able to use the ocbserved Balmsr decremant in
conjunction with the result from equation (9) to cbtain this
population of the two~quantum level as a function of height.
Since we do not a priori know the thermodymamic structurs of the
atzosphers, ths procadure must neceszardly bs ons successalve
approxiration. In the analysis sariier mantioned,*/ only the
first approxirmation was carried out, i.e., &n isothermal chramc-
sphore was 2ssumsd angd dsparturss fron thsrmodynamic squi~ 00
licriwe nsglacted. Actually, ws nota from equation (8) that most
of ths suission comas from the lower, central part of the atzoe—
pheric ragion cbservad; so tha first gyproximation is fairly
accurate. Tnhe plans for the forthcoming eclhipes indicats that
considarably more obssrvational data will result, so the successive
approxization schems will b3 necessary to analyze the datac

Consider ths first approximation. For ccnstant T¢ + and
b= 1, wa have an exporential gradient for Na which we zay write:

-5~
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R I (20)
-

according to the usual geometric approximation for yéér. Tha

contribution of large y i the chrozospheric observations 1s

nagligible. /e have now two altarnativae preocedures to carry

out the computation. ‘

In the firat, wa substituta (10) in both equation (L) and
equatiaf (7); and carry out the integration in series form. W#e
Coetatn ) T T e

2 uzgo/\{mnu,ﬁ Aﬁj\ exn[ 1+ (-1)%(F, A1)

Epp - (c:zm;5
-4

+ W . (11)
(1 T2 2 5]

whers Ny 45 the mmber of second-quantum level atcms along the
line of eight and:

Iy = 2 a"’zz‘j(az)da g(sf) =« 2 j:"eds (12}
T rd
02 is 2 constant.

The axpression (11) represents tha tharmodynamic squilibrium
expression sava for the last bracket, which represenie tie self-
arsoxrption. The e ssicn 18 convenisnt to uze for amall
sorption (mmall N2g;2) == it does not convarge for largs
2 valueg. Fcr the higher Balmer lines, however, satiafactory
valusa for Nzapn2 may bs quickly obtainsd by:

[:LLZ .....ﬁf& .]_ . A
log[l *Z oc--o(fg-a-(,i.-ﬂ abaar7ed dacrament -4 1°&E“)nvu?kr2}; (13)

Ha hows necssearily coitied the term 8.0, since it depands upon
the {unknoen) value of Te - 1o note however that the omiesion is
trdvial for high enough n - and we prefer the later Balmer linss
anyway to avoid convergesnce difficulty with the series axpression
for the abgorption: Tha left sids of aquation {13) may be
reduced to & function of & singla varisble by reducing a(ncik)?
to app using an n~3 degendonca for gnp- This progedurs wasg
followed in reference (1).

u«é-
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Alternatively we may proceed from equation (8). Recognizing
that we may write the emission ccefficient as:

o *Anph¥ Np (1)

and the absorption coafficient:

Ky TOopNy, s

= -

with ths assoclated tangeniial optical deptht
aTy = apzNadx (16)

wo may write {§):

=T .
Epp = T]';T![ —%%' &7 A7 dy (37)
o .

‘il note now the expression {1S) must include induced ewnissions
to be coxplets - so that we zay write:
7 N,

on2 = o'z (1 - ‘Z}'_,-f)-) (18)

and use the relationt

An2 &7702 w (19)
a‘na ol —{Bi ,
wrances
3 2hpd @, y n, @1t
o4 - &
I TR Y S - (20)
&S |5,

using equation {6).



Alternatively then we may write (17) as:

T
; ﬁ’ I ! -1 -"r .
ne - 22(( [ o] T e ar.
b
noe
%o write (17) in both forms to indicate the nature of the appreximaticn

mads. In the uswsl dlssussion; §, /% yis taken an fimetion of tha
texperature only = in which case we could rerovse 1t froo under the
integral in (17). Actually, however, the ratio depends upon Ng as
wall a8 Tg » In discussing ths first method of analysis we have
taken by = 1. There, however, we were concerned only with the higher
n valuss. A variation in bp entered as a sscond order correction
Through the intsgral of the exponential. In {17.1), however, b2
entere directly. The a.proximation t:iat by~1 for large n is much
batter than that bp~l. Thus, cozbining these two results - the first
order appearance of by and the likelinood of its considerabls de-
partura from unity, it doss not seexz too satisfactory an approximation
to rezove Jy /X, fron the integrel. e note, however, that we shall
be differencing the result - and so some of the error will disappear.
Thus we procesd on this approximation and obtaint

®
Sk LI I VR
h

We note that this expression complements that obtainasd by the first
mathod - for as T becames sufficlently grest the emission per unit
area - l.8., ignoring the last integraticn over the atmosghare lying
&bove a glven point --appreaches ths Planck function modifisd by the

o facter: Thus we have an expreseion suituble for the case of
high absorpticn, whan the seriss expansion in equatien {11 fails to
COnverge.

The actual evaluation of %e integral in {21) nust be performad
numerically - for we note thatT (x} is tha Nzc2n of the pravious
mathod and deoreases exponentially with height. Tor £mallT, ths
exporential may be expanded and the integral evaluated as:

-2 - :
- N - .-: 2 ! ‘ N
o [1 - o Rl L (- Lptnel® +E2M«ﬂ_a—ﬂa<h)°;(22\_
y 4 I ¥ ‘
h J
80 that this expansion may be used if praferred.

The last procedura diecussad is actually of mors valus in the
gscond and highsr spproxiraticns, where soze idea of the variation of
Jg/ky withTis had. It is largely for this reason that we have

scussed it, If desired however; equations (21) and (22) may bse
usad in plece of equation (11,

-f=



Be

From the above proceduras, then, we octain first approxima-
tion valugs of Nafh) Irom the Baloer decrement. Clearly ths
discussion may be taxsi ovar intact to obssrvations of ths
Paschen decrerment, obilaining o casCk un the Nz velues. For the
nlghsr ordsr approximations, we raquire a knowledge of the Ne
and Tg valuss in order that ths lsothermal end by = 1 assuzptions
may be dropped. Clesarly, somd ilnformation on thess quantities
should resuwit from thi Knowledgs just gained of No(h). Thsara
are, in addition, sevaral other scurcas of information. ife
turn 0 consldar thexm. S

Deternipation of Ng and Tg -

fe have available three distinct methods ol astimating
varicus onos of ths unknown quantus Ng» Vi Ngs Te sV hle
from the sclipse ¢ptical observaticns. One zethod represents
an applicaticn and extsnsion of the results of Sectiocn A.
Bgcause it is on extension, &id bacaue2 it was developed
simultangously with that method, we counsider 4t first. Ths
weinod gives intormation on Tg vy hlg » and VanTea The
sscond method rests on 2 study of line profiles and givas
information on T and N @ at each height for which pracise
obgervations exist. The third, and possibly least accurate
mathod, leade to vuluss of T¢g -

l. The apparent emission height~gradient.

Coansider two methods commonly used in obteining the
helght gradient of hydrogen in the solar atzosghers. In
the first method we coxmpare the enission from a givan
Falzer line at two eclipse haights. nlth the excepiion of
an error rosulting from the naglect of self-absorpiion
effacts, the enission height~gradient may be interpreted
directly as the height gradient of the nuzbsr of atwas iu
the upper level of the line. The neglected self~absorption
effects clearly maks this inferred values a lower limit to
e true value. In the second method we attezpt to
elininate self-sbasorption affests by observing ths hsight
at which the various Palmer linss just vanish. Presumably,
the various linss reach the same intensity at thelr
respective vanishing points, and the emission is so emall
that sglf-absorption effects drop out. By corrsctdng for
the difference in transition probabilify, ithe comparison
of vanishing points for the twc lines gives the ratio of

_ the population of the two lavels at the two heights. Ths
problen is to convert this population ratio into & height
gradient for the population of elther level. rrom
gquation (6) we esae that, if the by values were the samo
for the two levels at a given height, the figura just
obtained would, when gorrectsd for the Boltazmann factor
exp {X,), give the height gradient of aither level., If.

-5



homaver, bnD>bpexs then tlic emiesion at & given heignt
for Balmer line Hn would be grsater than it would be in
the casa of by = bpex! the line Hp would paraiat. to a
gieater ucight ralatdvs to Hpept ond wo would undswestirata
tha height gradisnt if we usad the observationsl materdisl
with no bp correction: If bp ¢ bp+k, the reverss situation
would held. ife can then compare the density gradients
obtained by the first and second methods, in the hope of
obtaining the behavlier of bn. We nots, of courss; that a
sult showips tha danalty gradient frem tha firat wathod
to be less than that fram the second wculd be mozawhat .
insonclusive bacause of the neglacted self-absorption
effgot. Fortunately, however, wa find the first-mathod
gradient to exceed the sacond. The situaticn is not
peculiar to date from one cclipse, nor is the differsnce
s0 s32ll as to be nmaaked by observational error. (The
difference is almost a factor of 2.) Hence it would appear
t.'nnt, from this comparison of two methode of eatimating
e hydrogen dansity gradient, we have a conclusive
d.amonatration of the dirsction of deviation of ths- chrcsw-
sphers f{ron themodynamic equilibriumy that is

B ek > 1.

Thus, we have demonstrated b n+k' the results nosded
for tha Secticn A analysis of aﬂ&abaorpt:lona Wa procesd
row 0 make further uss of the apparent emisalicn gredient,

We have remaried that the apparent emission gradient differs
fram the trus dexsity gradient by ths self-absorption effect.
#e can, howaver, correct for thic self-adbsorpidcn by using
the results frm Sscticn A. Then s corrected results give
the Wue Leight gradiant of Ny, and we can write for each
Nn» 0> 2, &t each height, trom equation (6):

d fn in | d g 52 ,1.&{;‘ ] dfaiba  {o3)

dh d.h dh

where the left sids is known from the above corrected emissicn
gradient. s can Also write this equation for Ns, using the
results from Seotion A to obtain the loft eide. Thus we havs a
gat of equations, as mary &s we have observad hydrogen lines,
Balmer oF Paschen, with the m@ma VhoinNg ;7nTg » Ta s

and thaWninb,. while the Vpinb, are coviously not ald
independsnt, the dapendance cannog be computed wntili Rg, Tg
are known. Tous a preliminary solution of the equation

(23) must ba carried through ignoring the by term. The

error ie greatest in the by term, the N equaidon; so it

is preferable to carry througn a solution nsglecting tae

N2 equ.ation if pomsible. Than the sacond spproximation

to both this precedure and that of Sactdon 4 may be madas.

-1 0=
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wa note. hawever, that neither this Section B 1, nor
Section A provide values of Ne dirsctly. Oms can estimate
a value by successiva ap pro.\.u:.at:.ons on & consistency basia,
but it is useful to havs more dircct msthods in ths first

approximation.

Befors proceeding to the sscond method weg note that
tha preceding discussion enables a test of the validivy of

the hydrostatic aquilibrim %0 be mads. e can write this

,nqnnt'{nn aa:r o e o

2 |
0= 4 1ln 8 2+2__*.*.+a/‘“ﬂ g (2L)
dh l-?) dp m‘

whera 7! is the fraction of the hydrogen yet unionized. Once
estimates of Ty and Ng are availabls, 1 can be estimatad.

The remaining quantiiies in (2L) are known, and the validity
of the sguatrion can be chacked,

Results [froxm line profiles.

There are tvwo varieties of measures involving line
profiles. The first is s direct zeasure of e single
profile. This technique has been used by R. V. Redman,3
who finds the garly hydrogen lines and ths ths metallic
linas exhibit Doppler profiles. FRedman plana to repeat
thesze measwes at the 1952 ecligses No such work is
contenplatad in our plans. ne shall; therafore, not
consider this method further. It is not msant thereby to
underenphasize the mathod, for on the contrary it is the
ooat reliabls method for clsarly indicating the Knetic
state of the atmospherew. Thus the method is critical in
any discussion of atmospherdc Kdnetic tempemsturs.

Tha vecond method dealing with line profiles usually
concerns the winge of the lines, whore the effect of
collisional broadening becozes of importance. we nota,
however, that for sufficiently high terpemature the thermal
breadening can influence appreciably the marging of the
lings. /e consider the problem.

The Stark byoadening dus to the positive ions causes
& werging oI e linss at finits n. 4An approximata
relation, agreeing well with experiment, betwsan the n
value for the last resolved lins and Bhe ion density hRas
baen computed by Inglis and Teller: 4

log Ny = 23:26 = 7.5 log n (25)

-llu:



The relation considers, ncwever, unly Stark breadening;
and wa wish alsc to include the Coppler broadening; given

by the expressions
' (o9 ¢ )?
7 N

T

a (28)

¥Nom; the ling profile for the Stark effect will be of tha
fom

ad
R (27)
Thus, the -Doppler aud Stark mifect together will yleld R
*® 2
.:3 m‘
e {§ ~ )

-

Unfortunately the result does not coze out explicitly in
ay neat form. therefore, noting that the results to be
obtaine” are cnly apgproximate anyway bacause of the uncare
tainty as to when a line 18 exactly rasolved or unresclved,
we use a somewhal approxinate msthod and theraby save much
labor. /e wonder what gaussian curve will approximate to
(27) sc far as resolution criteria are conrerned. Clesarly
a is the width at half maximes in (27). s should like to

replace (27} by V
.- (& ) (29)

mdfinduintemaefh %e shall adjust o 80 as to give
the came resolution as (27)-

de szhall use the resclution criterion that for a
gauesian distributicn, the half-width at lalf-maxinum is
Just one half AV the line separation. Thus, for resclution,

- A o
T G0

We ses then that nidway between the lines the intensity is

.
In"a'a"'l
and at the eanter
I ~1sebinZ ()
Thu»s
&;I;h.a;_“.,-hlna (32)



i now ass ourselvas how a ia related to o so that sin 1
will have the same value when using (27) as when (55) is

substituted Lfor (27).

2 152

a . . ~

SRR 2+ a7y - r LET awe
g tas

ka2 + (Qb’)e

~ Ome finde, upon satting this equal to & Un I (rhich is

1/16) that

al « Ay? (:22 + 0% (6 ¢n I)‘)
or (33)
2e AV« of T

Thus, wa sgo that as far as resolution is concernsd, a
dispersicn profile with a halfl width at half{ zmaximumn of &
zay be raplaced b, o gaussisn witn mean width a/‘f_? in
or a half width at half maximum of & /7 2 . Therafors,
we write the combined Loppier and Stark profile as

2
Q:/v-v%__ (34)

2 A4
(Ve '5) ¥ EQIn 2

where 8 is the half width at half madouwm of the Starx
profilec

Now a ig independent of the gzrowxd stats since it ie
only the higher states which are significantly perturbed
by the Stark effect. 7Thus, for a given upper level n, tWie
energy parturbation 18Af o And ths resulting frsquency
spread is

Y
By, =« §Az;
s gea then that the density broadening will bs the same for
ths Balmar and Paschen series. 1is considar new the LCopplsr

b roadening. /
\
\

R{2 ) :
Ve * B lal " 7 (35)

-13=



Adjacant lines are ggparayad by

Yuntl © § TTET 1)2} B né(r*l é (36)

“If we take a line as unracolvad when it just falls to a~K2

its meximum valus for ths fraquency of the center of ths.

-~ paxt-mighor lins;—ihn-for ho-tvo soriss wﬁl-gg;g;«gmg, e

states o and o' we have!

2 . Ve 1 (375
\')m \) ,2 ( g 3
c 2 in?
}2 B
Z Vo +1
k® = in. {38)
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where n! =1 and n - 1 are t.be last resolved linss of the
m and a¢ series respectiveiy. The subscripts in sach case
indicate the quantum numbers involved in the guantitias.
iie usa the results of Inglis and Tellsr to campute DV,
It should be noted that we cannot simply use their final
results becauss, while we have cerging of the lines as did
they, part of our mex;gmg is & Dopplaer broadening. Thus,
we wigh to computs AV, for an ummarged line. They have
that fer a field F, tha gnargy spredd in a lavel is

$ae¥

a it the radius of the orbit and is n?ao where a, 1s the
radius of the first Bohr ozbiw Thus, ths frsquancy spread
is

Ay.Baef

In tergps of N ths number o.f.‘ aingly chargec ions pmsent
. Holtzmapk 5! giveoe
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Thus
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Thus, using (L0 wé rowrite {37) and (38) as
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W8 wish to solve for -c!-and X
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If we uss the resulting criterion cited asbove that the
£ull width at half maxizum is equal toyy pe1» then

‘kzl‘:-& = 1/2

k = 29¥4n 2 = 1.684 : {L5)

Further % = 1.033 cn?/esc. Thus, given the last resolva.bla

linss of Balmer and Paschen sariss, values for Ne and Ta
- resuit: (ine vaius of Te folloms directly from t.ha valus

of v/c.) e note, incidentally, that the expreesions
(L3.)) and (LkL-1) amch fell into imo parts, the sacand part
in each being a correction factor of the order of unity
involving each of the n, n%, m, m* valuss. The cother facter
(43.1) involvea only ths Baloper seriss dats — n and o= and
is tha expressicn that would be obtained were only tharmal
broadaning included in the discussion. Thus, if the second
factor wers sufficiently near unity, the Tg value would

he fixad Dy the Baloar series alone. Similarly, the First
factor in {LL.1) depends only upon the Paschen seriss. s
note, howsvaer, that the first factor is not tne same as
would be obtai.%d by considering Stark broadaning alone, but
differs by 2~ This factor has been introduced by the
procass of representing the Stark broadsning in gaussisn
form. Had the half width at halfemaximum for the geussian
representation bean chosen the zawme Ap the half-widih in the
comantio7ﬁ1 axpression {27), i.e., a and not &/ -f!';'the
sxtra 2°3/4 factor would not appear in (Llel).

Heasuregs in the continuum.

In the past, attexpts have been mads to compute ths
elsctron temperaturs by using the ratio 3 intensities at
t#0 [requencies in the Balmer contiruuwm. Bowsver,
conaidersble doubt is cast on theee cilculations by thelr
failure to take intoc account the scattering by the elsctrons
of ths photospheric radiation. If Ng is the electron density
then the intensity at a given frequency dus 0 both bound-
free anission and scattering is .

h .
By N2 a‘ﬁL + By N a“%}’;; SE t(11:36)

R

reglscting the tmall self-hbaorpnim “effects.!) ¥3 8"
rspresents the black body radiatisn from the photosphers of
tamperaturs 1f we take the ratio of Zp for the tao
fraquenclas Jandy » tu2n

By o #3040 hﬁ sV g - ‘i?:-"‘“
Byt 43 Ng Bm}rg, ¥ o~ Tir
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we g88 that

g:?z v 8 jz'_r' (P =7) . for large g  (L8)
and g . E I ‘RI#? _ o
L - -E-:;;j ,p-n-""‘?&3 -e- . %xgé “for E:..&ll Ne (L9)

s.lear}.y for pura syattard;% iuau et ?‘ ‘f‘:' th.e ru%.%a Y

suall gaomatrical dilution effects; As one goaa highsr in
the atavsphars, we snould, than, cbtain more naarly (L?)-
Thusy; if ane ineists upon using (48) he writas

T
? k 4n gi

when aciually hs should write, if it is fairly high in the
atzosphare!

S hhir-i!
Y k(Q‘nE.Y_‘BEn i ()

Thus we ses that the Tg valuas obtai.ned from measures in the
contimum, wnder the assunpilon that the cbserved radiation
is chronospheric emissicn and not scattered radiation, are
to be erronsous. A priori, with no knowledge of Tg
and Hgy it 1s izpossible to predict the relative importance
of the esaission and scattering terms. Thus it seems ths
dacisicn a5 to the utdlity of ths msthod can be made best
by coupdring “apparent” valuss of Tg dsrivad from equation
(50). Since T¢ presumably incrsases upward, and from (L7)
w9 §6a thait the scattering increases in relative importance

- upward, the observed Tg will apparently dsorsase umard

if the scattaring is significant., Thus the utility of this
third method iz questionable, but & chack on its utility
is possibles

Conclusion

- - ~Ths foregoing pruvides an cutlinas of the methods proposed to
reducas the 1952 eclipss data. Ths results should provide values of
Ngs» Tg s VT » VHg &t a number of heights in the atmosphers.
Hence, there are internal chsecks on the atmospheric structurs. Thus,
in view of the ocblentive of trying to reconcile radio and optical
data, one should from the foreagoing have a consistent, well-defined
-gst of results directly relevant to the fundamental problame

-17-
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