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Eloments of Geochemical end jstellurgical Significance

INTIDUCTION

It has oitep been postulsted that the moon is composed of non-
volatile material whose chemlcal composition can be identified with
that of the primordial soler system. Recent advances in geochemistry
and cosmozhemistry suggest that the chondritic meteosrites, often chosen
sz sampies of the nmop-volatile congtitusnts of the origlinel solur system,
nave been strongly effected Ly fractioration processes. Thus it seems
likely that the only troctable sample of the primordial solar system
camposition is the sun itself-Urey notaed that the densily of the moon
c>uld be expieined in terms of mon-volntile materiel of solar compositinm,
wihilst & moon of ehondritic compositior would have too high a dens:ity
Farthermore, a "chomdritice” moon would contoiu su much radleactive raterinl
that 1t would generste a grast deal of heat. Conseguently, the inericr
of the moon would be zostiy roited znd the body would hsve no ricidity

ir contradiction to the ghgevvetianal evidence an disouszed Dy [ushonald.

Likevize, the interior of Mers would hove melted, the websls viuld have
sethled to the core, and the plinet should show & denaity diriributlion
pore nearly similse to that of the earth, rather than Lo & Lowmogenmos
vody az it =¢iuslly does.

Therefore we regarded it highly probable that the moon is compozed of
urdilferentiated, non-volatile materlal of essonbislly solsr cornposition,
and umdertock the determinztion of wore accurstc sbundances of 2ertain
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SOLAR SPECTRUM - STUDIES

far obzervational data comsishts of high recolution spectrum

zimed in collaboreticn with Director Orren lonler of the

. -

¥ Math-fulbert (soin; dbzervatory of the Unlvewrsity of Michigan, and

+ o hign resolution trecings obtuined by Professor Walter Mitehell
{imio 3tote Uoiver sity) with the Snow solar telescope at Mount wWilszon
Ciservatory.. Meny of these tracings were cbtained with a monochromator
©y eliminate scoatiered Light so that accurate line shepss couid be

saige’ .« Ta some instences it was possible o measure the lime profile

3% gevorel points on the soler disk and thus obisin checks on the model

7e are consldering several of the more lmportant, abundant elements
and oMeir sonz, snd ip addition sevoral of the less atundant elz=ments,
viz SbI, Bail, Bel, C&I, NbI, NbIX, Gal, Gel, Aul, Ini, MoI, Rul, Agl,
YbY, ¥YI, ¥II, 2rI, end Zril.

The abundant cleménts and the rere elements pose different problems.

Censider first the sbundant elements. Mugglestone and O'Msre (1)
Saowed that 1ine broademing and, in particuler, stark broadening can
slay an impcrbunt role in the debermination of the atundances of 2le-
senbs in the sun: Shey used sodium at their exemple. In our praject,
O'Mara is carrying owt a similar investigabtion for other light zlements
and in addition for the immrtent elemenis, iron and titanium. He con-
gtructed two model stnospheres which he believed would bound that true
scler model:. Ope of the midzls was congtructed by exbrapolating the
vlerce-veddell (2) tempepahure distribution, based on limb-darkening

ab 50004, imdo the uppur photuspheric reglon. This Lermerature dis-

o

coibudion 1s believed to bz 4 lower bousd to the temperature distribution

e

1



in the upper layers. The cbher model vas Ecmstrn&ted by Jeining up

the temperature distribubicn given by Pagel (3) for the low chrorosphere
with that otitalned from the Plerce-Wnddell limb darkening curves at 9000A,
while in the deeper iayeors the tempersture dishriuSlon cobtalned from
13nb derkening curves &% 16,5004° (where the opseity is lowes: } 1s used.
In view of the recent work of Noyes et al () this Lemperature distribu-
tion should repregsent sn ugper tound on the terperature in the upper
Jayere. A diffieculty 4in integrating the egquation of hydrestetic equil-
ibrium arises in choosing the atarting velues of the gas pressure. This
problem can be overcome to some extent by adjusting the starting velue
of the gas pressure 80 that velues of d’Zl/dT, computed from the model
aimosphere agree with those gotten from the limdb darkening data.

In their investigations, Mugglestone and O'Mara (1) Goldberg, Muller
and Aller (12), and Aller, O'Mara, and Little (13) employed a weighting
funetion method which is not suitable when one wishes to use a dsmping
constant that varies with the depth. We have discarded this methed in
favor of the direct computation of the line profiles. O'Mara has pre-
pared a computer program that computes line profiles in 2 form that can
be fitted dircetly to the double-band-pass obscrvations of Mohler and
Mitehell (5). He computes the Stark damping conatants from the tables
of Grism {6), while the van der Waals' derping constants sre computed
from the Lindkolm Foley theory (as described for exemple by Aller [7]).
He has token the damping counstants for iron and titanium from the experi-
rents of Kusch (8) and Meyer (9).

O'Mara’s preliminery results indicate that the Lindholm-Foley
theory gives van der Waals damping constants that are too smzll, a

result similer to that found by Weidemann (10). Furthermore, O°Mera




£ e what tne broadith of the carbop lines in ihe visinle @
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co ewpinined by Bhe aforewentisned mechenimst  more Lirely Bnls

c me a3 SO SR . 1T B T TSI S | Genes e
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Y This phonozenon, lizcovered in isboratory
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cyined for ewxample by Chier and Tekeo (11). It zeens mlikely, nowever,
tvo-t tho present sdundnnce determinetions will drastically alier the
Coordances estatlished by Goldberg, Milller and Aller (12}.

in yot another way, the probler of speetral line formeticn is dif-
fienlt. In am enclosurz and under moat condlitions in a stellsr atmos~
=hore,; a sipgle pelir of paramesters, namely the temperature and the
eicotron or ion density, emd be used to chermcterise the populations of
all atomic and lonie levels. In the upper lsyers of the solar atmos-
rhiere no such simple situation holds and cne must eveluate corrections
to the caleniatinong made by the siwmple LTE or local thermodynemic equil-
it=ium theory. Some workers obtained very lergs correcctions, contending
that the sbundances derived from the LTE aszumption for elements such os
i or Fe could be in error by a factor of eight or ten. Work carried
out more receuntly by 2 number of investigetors irdicates that while
such deviations exist, they are more likely tc be of the order of 10-
3¢ percent, rather than factore of five or Zen. Thus, for sodium,
0'Mare finde thot by o combinetion of improved model strospherez, more
scphisticeted line broadening theordes, and deviations from LTE, the
sp=stral lines of sodium, which previously gave discordant results, now
give accordant concliusions and s sodiuw abundance in vhich we can have

econfidence.




The following figures, preparsd by B. J. H'Mars, show the fits
to the profiles of lines of sodium and caleiur. The logarithm of the
avundance con the scale log NH = 12.00 is given fur ouch line. The
scatter is produced at least pertly by uncertainties in the f-values.
Thne broadening of the sodium lives arises almost entirely from electron
eolliisions. Collisioms also produce an asymmetry in the line which, for
some transitions, is quite large. Note in particular the 4668.57 line
of wultiplet no. 12. Ip & number of eyumples, electron broadeniné does
0% suffice to account for the very extended line wings, e.g. AS1Sh.24
of multiplet no. 5. To account for the wings of such lines, it is
probably necessary to take into account the quaesi-static ion broadening.
¥or a nusber of lines, the contimmum is evidently depressed by numerous
veak, smadhl lines which mey overlep one another.

fApparently the broadening of the calcium lines is produced by van

der Waals interactions, but the widihs predicted by the Lindholm Folry

theory are usually too small.
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Lo goler

(i sigee the sbundances of the 2lements ecncerned ere lovw; the
.

specbrel lines aro wesk ev enthough they corasnond to roscuagcce

Iinee with high trepeition probubilitles

»

AV

{2} The lines often 211 in bzavily vlended regiuns of the volar
srectrum and the effecis of nelgiboring Lines 4herefore mest be
taken inte soopandt. Thore cve Hu0 waYE one ey proceed.

{s} Iz the "euryo of growth” methed we assive thal we know the
rougn shagwe of the line -then extend the wings and measure
tha eoulvdert width, We take into ssccunt the effecits of
the overlapning of mony weel lines in the modgbborhocd widch
tend to dopross the cuntinuvum end vee the convined cifects of

‘Qepression of the continuvum” and Lioh darkening 4o

, _JToe evaluabe &n empirical backsround

o~ \/ 7

N\ NI \ ;
\ //“\<j\ /' ahgorption coefficient, K {emp)
7
I \ /
/ \J (sce ref. k).

- Paul Mutschlecener in hig

thosis at Michigan (1962) employed
this method to determine the abundances of lead, lithium, and
beryilium, in the sun. We huave employed 1t heve as described
below.
{t) To the "line profils method" omc takes imto account effectes of
neightoring lines aceording to 8 preelge theory. In this way,

it is possible to glve & walilor-made trectment Tor cach spectral

line in the study ond achieve o higher pracision than is pozsible



~13«

by the older methods.

5
15

In the "ewwwe of vl approach  sne proccads es follows:
Facher thap onployipg a wrighting Dwmetion procedure az wag done Ly
Teoker and followed by mony workers, one calculstes zpn gxact liue
M le. The input data ares
(1) The edopied model rolar atmogphere
{2} Line dsta

{a} Ic¢entiricaticn {from whish the

’d
é
2
b=
<
2
s
s
;...!v
o
@
A}
=
&
ad
jaR
f3¢7]
[
o
3

ienal peremetopses etooie merg, lonisation potential, and
partition funciion)

(b} Exeitation potentisl of the lower level

(e) Yevelength

A.

5'“ -
A

Breadening function swbroutine {Doppler broadening plus damping)

Cur proolenm is $o solve an equetion of the form

\M ] fs 2 d’( 6{ A _2; - _Z:C:/HT‘”/ n _,Z:;

T, being a function of the atmoepheric model and t, A fumction of the

A
medel, element and the guentity gfk(nelement/nﬂ)
o the continumz ¢ = 0 . Here SA i8 the source function. {sea e.gz.

Creenstein "Stellar Atmospheres” Chap. 4).
Thus by integrating the residual intenzity, %e. the profile of

the line, we obta'n the equivolent width, W .. If we plot Lgw, /x vs.

3\ A
iog gfA (n/nﬁp ve obtuin the swrve of growth. A plot of the observed
iog W /k against log gfA thenm cpables one to get the abumdancs of the
element by 8 simple shift of ebveciazza; bubt we musd xnow the gl valve

¢ the lige. AlL of this is the Bime-nonored siandard procedurs,



% turns oab that the eurve thoz obdelinsd ig

ot %hez shwoopherdc model and theline perameiors.

k3
o
ko
=
]
b
1
@
{n&

o e 3 tope s&tisfuetoxy agproac,

Let us define log W /A = log WAL, + log i + log C
A / } k=4 2

= log € involves the model stmosphers snd the stratificebion effecisz.
% .
¢ we vow plot log é{ alngt log g{k we obtadn o Veurve of srovth” Lot
&

*he gbseissa 1z shidfted by an amcuvant log gfAC. Thlz curve is Just
az "exect” as the comventlonal curve, bul the inflinenee of the eimos-
prarie model and llue pavereter dependapess virbually wanizhes.
Calculatios of 4ic thggretical log Wx/h is onite involived wrd
requires seversl seconds of time oun the IBM 0% : the remoutaticn of
log W /x is much easier.

Since the thus modified "curve of growtn” which is ectually a

"saturation effect” curve is fairly independent of the model eke
sud line parameters, one can compute & "standard” curve for sore selected
smadel end then use thls curve for most of the lines of an flemeni. In
practiee the error is less than a percent for wesk to moderatley sticug
lves. Tre effect of “he model still enters of course in the cowputasiion
of log W ~ log N for the individual lives.

Iy ~NY

The rcutine is Iindicated schematically ir the following flow chord.
First ore chooses a set of "standard” lipe parameters approprisie o a
standard model and computes log w:/x and log W, /A, thus deriving a
curve of growih.

Next, one zselecis ignpubt line perameters for the Linez at bund snd
cormputes log Wi/k - lou ﬁ/ﬁﬁ for appropriaste model. Fhen fo1o ﬁhg

observed iog wk,\ and the theoretical ourve the zvundsnce is gothen.



The procedure can be 2pplied to any star for which suitubie model

stmospheres exist.

Line Observed Standard
Input 1og wk/x Line
Parameters Parameters
ID’ A,, €sPsy gf m, A.op e«?:a

\L’ %

Compute: Computie:
Standard
Appympriate . - e/ ere % -
Stellar log Y, /4 - 1oz H/Hh Tog F\/A e 1og WA T e
Model l \
.
—_— Abundarce -
iog ﬁ/Nh <
] / ]
Theare%ical Cuzrve of groweh |
Log W, /A . , Iog ¥,/\
> a -0 - - - - - - “] Coeerved
t
l g he Abundance t
/ ! :
|
* s |
— log Wifh‘*—~9 Iog W, /A = Iog K/N

Computed for observed line




fite or solsy sps

Do gecut sdveniege in s 4bal ove can obpeevs tho acuuanl

Iinz preofiles ab varsious peiuois o the soley dlsk and measure vhe emcogent

I)\{Q;p)o Pull utiligation of the avallable dade permits 3 wash

sherminadicon of the guantity oo 2fh (n/z:xH, then does the cusve o7
seyabh mebhod.
7% im pogsihle oot ondy to dekerwdiz $hiz abundepce fiow an leolated linc

3 2iso te handle the problem of blends. Conmsider ¢ blénded line, or more

3

zaazyaily e reglon of the speobvun erowizd by peveral recogniszable diserate

Yisze. The dobal cbhsorvhivity st some point in this luntervel will be

./)‘- K
-
i

e ©X, ¥ @:»7, J /,x ; ,-..\:..;/;@ ‘ 5 g/f,\
[ L B4

-

= conZimious opuclity arisisg foom comventional contributors; atonic

hydrogen, the negative bhwdrogen ion. and the more sbundent metols.

}(}w{ cTiie an empiricsl opaeity arising from overlap of wirecugnised limes
ard uvnidentified coeniributora of coutinuocus abscrption. It 1s
evelusted by requirines the obscrved intensity ul the cernter of
the disk in the local oosblpuum and the observed limbh derkening
Lo sgree with theory., (see ref. 1)

1 = ubgorpticn coclficient zt froguency for the i-th line that cun.

beand ) LA
Lribuiez in Sheneighborchood.
{0/}, = vefers to duts for this 1.0k line, inclivding the ebundsnce 3/H

of the element in guestic

2
% k3
Cale3

naiple we aller the )‘\ {omp} wad ,’"*?_?‘ untili $he cowputed {gynihs.

n reproduceg the oboerved rigion,

To an ideal sifustion, the abwdanees of the elemeopts responsible Tor

By



trp and the f-values would be known: in eny ovent we zaw got o good

aats of starting valszes of the product fN/N, frem

o Yag e - g Eal
m bhe ourve of

“ion we alber f 251l the region hee heer
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L sehersbic exesple j& chown herewlth. AV pepresenitz the inibl:l pues:

gzd "C" are the reaulis of
<o bhe finel result oftor decreasing this

The sensitivity of tbe melbod s 1ilmudroted uy o iz

of 8 rogdon near 381638, The effect of
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wewh, we show aa alienpl Lo syntheslze Lhe vagion of the PR R KA RS)

by the line profile wpethod. fhe position of the Lsobgeound conblinaam

FOAG,0) is Ipdicoted sb ohe top of the figare. It irx ealibyalszd in terms

Gf ebsclnbe inbensity fyow the data of Houbtgest. The =olild curve glives

g

vobgerved intensliy 'A{Q,G) and the red curve the aynthesizad portions.
e

¥For tihls caleulabior, Ress adopied the Muller Mubschl r podel

wiih & buebulest veloeity of 1.8 un/see, opscliy srisisg frow stomic

o

the negetive hrdroper iop and shwndernt elzmeris 3ilioon and

n. 'The dewping woustant for iihess Jluves wue frenbed spproxieciely

C I e e s - 7 - T
L - b 5.}"’ -
H ALV, b W a e,

]
Then l is sbout 10 bimes lurger then the clessical value ig the outermost
zhmogpheric stratum. This result is somewhat tetier then seitlog u =

sonsbant ond much better simply taling I' %o have & fixed value of 765“ .

e

s

B, denotes the iatensgily corrvesponding to the boundary tomperabure.

The following date vere rvequired to represent the lines

i

I

wave&engtn or | log {g\ N/X }k In this instance tbret
SUaBY LLUE lines were required i
the wavelength grid.

S
o
¥

fa

s e ok

3382 .68¢ CriX -11.05
3382 .900 hgl -16.15
3382.993 Pel -10.35

Zach step in the synthesis required epproximately one second of compubing
time.
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A cowmpsrison of tke resuits is given g the following table
y log zfa (AgT 123382.90)

conbigation log ofA 5 N

Allen 3D £-gum N32 3
H -l 22 Nro rule RN TP

b A e e RS A . TR 1 PO 8 47

A {ref. 12) k.16 +0 .05 +0.56 +0.43 +0.59  20.68

“ouwrve of growth” .22 +0 .00 +0.5¢  +0.47 +3.53  +0.62
Hhesis ~,15 +0.07 057 w358 +3.50 0,69

T rederencss for gf) cre as follows:
Adlen, C. W. L9657, M.B.R.A.S. 117, 522 (GMR ref. zo. k)
Bates. D. R, and Dengesrd, A. 1949, Phil. Trams. Foyal Soc.
Tondon, A, Zh2, 101 f-aum rule - see G4, 3. 8
NBS = Corlis; C. and Bogzwan, W. K., Hotional Bupesn of Shandards
Momograph 53, 1962
L' = Lowrence, G. M., Link, J. B. and King, R. B., 1965, Ap.J.

1, 293

Ju this instence the difference beltween $he results covtained by the
tivr e metheds i very emaill, largely becuase the effects of blending could
b allowed for lorgely by eye. Ths hypothetical unperdurbed profils could
¥ 2gtimated rather easlly. The comparison shows ancther festure to whien
<2 phell return loter, namely the effects of uncerteiriies In the f-values
wgek the errors which msy arise from the uncsrbajnties in the wodel or

thaecretiecal treatment.
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+hs eguivalend widths differed frowm “hoan

o

Suzwasy ¢f data Ty the cuy

- R
A | abozizss
30137 U s
03,056 5.59
5708.503 5-01
557156 6,09 % .20 4,52 | 4.19
1992 ~5.00 + Ok -3.96 5,02
Pooushsnh -G.06 + .30 5.3y .79
; G 5.56 + 42 -6 5.83
| 109507 6,37 + .30 553 ki3
| 4869153 6.26 + .20 -5.37
t
| 5636.241 B 30 -5.1th 5.0
i ! e —

DAPKE On

A3h36.737

A0 8h

sore of
Treye iz & ¢iffevence bdetwsen the equivalent
fxom these dsba and those glven by CMA.

ra peviged valus {or the emulvalent
tiz GMA veluve.

This lige is oo bLedly blendad to be of any wee i ths
spalysis. Likewise, A37S4 is2 alszo mot suicble 5sé has

heeon rejected.

Again a revislon of the venene® gives an 2quly
A@nb width smslley thon

SGonld noil be m

feems €2 be satis?
Sesma 0 be 08, allh 1 thore wes & larse sealter in the
red eguivalond wiuw&s due to the somploxw choracter oo

buckground,



GH05.97T Ts & aifficult 1ize, belng both weak apd vlruded
she blending sppe \r:a o be smenable to com

2EUHGLT T8 oo bzdly blended to be of use

2o17Y 08T T gtrougly affected by blending of unelghborivg lines: it
appears taat the best procedure is Lo dlscard ﬁhis line.
1€ wo had ¢ other dsha we could uge this linme to obizia
2 ninimum wk.

The fiual curve of groewth shows 8 considerable gsalfsy and without a
grast desl of furtber analysis improved values cannot be obteined. The
HPS f-values heve been uced throughoub.

Tt is csbimated tash the abundunce lies in tbe rangz {log N, = 12.00)

1.36 <

&)

log N < 1.83
and we sdopted log N = 1.59 es the most probedle value. A spectrua

synthesis would mot be Justified uni:il fmproved f-values sre available.

The aburdance of Imdium

Indiuvm ia of consideratle geochemical interest since 1t appears to
de depleted in meteorites. Should thale elsment be found op the moon,
it would irndicate en early history of lwmar material considersbly 4if-
Parent frow that of chondrites.
One good iine of th's element f2lls in & ralatively uncrowded
f

region of the ccectrum et Mi531. 3b {ees sccompanying trace). The

equivalent width as mresured by Cersldine Duffuner on the newer Michigan

poterial is 3.5mA, vwhich is somewhat greavsr than the GMA estimate. She

guggests a lower limit of 2.%vv. Tho hisher abundance of Indium can be
attributed aliost entirely to the 41 ference in equivalent widths whieh
arizeg from differing estimotes ¢ tie position of “he contipwom. The

<

proviem needs to be re-examined by tne lipe profile mothed.




™~ 7 e v v £ T,
satioate of iha

RS Exs =

f7my = 1.4 Qo w
% i \ e ‘E‘i
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G 46 40 -3.25

ot
L4
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Duftner{a}-5.12 -2.85 i

ot
L]
A5
|
b
&
&
p

{»}-6.19 . -3.03 . 1.50 1.3%

CB » Corlliss Bozman HG2 53
OPS ={CMA ref no. 75,04} Ostrovosiy, Fonkln and
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{2} rost likely valve

{v) lower limit

colsy sbundancs of gold

The svailsble gold line lies in the far "aerunaidle”

4
gt 23122.784. The big prodlem here is locating the reglowel senbinuum,
calibuating the same in ferms of snergy vnits, ocod allowisg fur effects

of blends. Only ocur "eurve of growbh” woethod hes been employsd: spectrum
synthesis has not been nthempted yet in this region. Hiasg Duffner
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m of the atopic tremsition probabilities

growth”" method the result of the analysie ir an svaluadl
praduct, fﬂelfﬁﬁ whera Hel/l*!H is the quembity eoushi, snd ¥ is the

sueillator strength for the transiticr in questicm. Thae Tinzl value
for the abundance cen be no bebier than $he accuracy of the f-value.

A,

Transition probavlilities can hwe svainshed clither by experimental
ratbods or theorctical procedures {7). In splte of angy attenpts, lavge
uncerteintieg still persist, In this investigeiion we 2ove relled on 8
esppination of ewperimental end theorebiecal vesaliin. Whenover b2y were
gveilable we have used f-vzlueg mea@sured by R.B. Hing and his sssoclaten
8% the Culifornis Tasitituite of Technology. We leve &lszs made ewbensive
use of the ny f-values publisbed by Corliss awd Borman st the Haticsal
Buresu of Shandsrds, bui 1t now appesyrs thet shelr resulis will hove o
w2 revised for a mumber of elements.

One possible procedure th&t wa would like %o exomine iz to omeloy
stellar spectroscopic dats to fmprove avellable tyausition prohebilities.
That is, from 2ccurate mensurementa of line intensities in the apectra
of sters {(wherein the lines in question ave uzmblended), one can obtain
scemingly reliable relative transiticn probabilities which can be put on
en gheclute scale as soon ag the ebzolute FT-yalues of a Tew of the lines
have been esteblished. We propose to de this particularly for the lines
of ionized metals of the iron group, wacse transition prodbabilitvies are
extremely ¢ifficult to measure in the iaboratory. If one can meisure the

abundance of an elemernt from lines in two steges of lonizstiown. e.z. the

chromium atundeznce from lines of Cr1 aod CriI, he ca&n assess 4o what
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s Prom Jocal thermodynanic o

Por pome 2lamenta; it ie possible $o celeulsts epporently relisble
foyalues. Such ealeviadions arec poasibie for $the lighior clements, e.g-

rumlown and moguegliup whose lines ore vyomizenmt in the solar spectrum.

i whundences of aluminum and maganesiun ave of scasilcorable imberest.

#r. Acvert Chapres his upderbekon tbe Aifficult task of oxlenlating

neeurabs trepcition probabiliilties, using sccureie, mwerieslly evalasied
(15)

gove famcticns.

The procodures empioyed ers sdapizd from those fevelrped by Staniwmy

gryzak 2nd his cesceietes. The cuerent gosl in this nyogrzm of compuiting

Hardroe-Foszk gelf-consistent {121l ware ¢ moblons is Lo produse regulds

i the First three jocma of $he iscelechvonic seguence AL, 817, P07

orniee these simple configarsiions ere oorplebed. we will Jook at the

~18 in which one of the wo 38
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A% prige m,, we have ouecessiully ohtalged 3p wave Punchions for |
the three lons and bs wave functiomsg Tor 8L and P, e he cOﬂfigara;
$ion for neutrel alunminum bas prezsated us with difficuitics, which only
now are being cleared up. 3Jevere convergente A fficuliies appeared,
bt with the eid of assistance firom 5. J. Czrsalk, we vers able to chtain
appropriate seif-congistent wave unetions and cen now attempt to

couplete the prosent phese of the projest.



(nze ihe wave fuactions are sbtained, we uwill cuspule tranzition

[

protebilities for the gpectrum lines of ectrophysical interest. In

obtaining the transition probebilities, we muet ircinde scie means of
evaluating the effects of comfiguretion interzstlon. Appropriste weons
of inecluding this effect are being studizd.
Tasrence H. Aller
Prineipal Investigator

Astrononry Departmant
University of California,los Angsles

September 30 1966



