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Introduction

The profile behavior and form of light element resonance lines
such as HI Lyman o, Hel 10830 ﬁ, 0T 1302-6 and OI 7774/8446 pro-
vide important diagnostic information concerning the atmospheric
structure of early-type stars. Because Lya and 10830 occur in
widely separated spectral regions, the constraints upon model
atmosphere calculations these two lines provide are more severe
than usually available, particularly when non-LTE effects are
included. With this end in mind, the Vaughn pressure--scanned
Fabry-Perot interferometer was modified for use as & narrow-band,
single-order, near-infraved scanner. The modified device has
been used on the 0.6 m telegcope at the University of Rochester,
C.E.K. Mees Observatory and most recently on the Kitt Peak Nationzal
Observatory 0.9 m telescopes. The Copernicus Space Telescope of
The Princeton University Observatory has been used to obtain Lya
as well as OI 1302-~6 profiles in a number of stars in the 10830
observing program. In addition to the interest in the 10830 A
line as an indicator of stellar non-LTE conditions, the recently
discovered correlation between solar 10830 R emissicn and the lack
of solar coronal ¥X-ray emission (coronal holes) has sparked re-
newed discussion of resonance line formation mechanisms in turbu-
lent regimes.

Starting in September 1977, the principal investigator will
be spending a one-~-year sabbatical at the Goddard Space Flight
Center as a NRC-NAS Senior Research Associate. During this time,
effort will be concentrated upon final 10830 and UV line profile
reductions, qualitative interprétations, and an initial start on

quantitative aspects of an eventual model atmosphere analysis.
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The Observational Firograms - Current Status

To date approwimately 80 scans of 10830 have been obtained
in 50 "northern' OBA stars with a photometric accuracy of between
3% and 10% dependirg on the apparent infrared magnitudes of the
stars. A wide varisty of objects have now been surveyed between
05-A2 in spectral type and I-V in luminosity celass. In awdition
to normal standard stars, particular attention has been paid to
stars likely to show time-variations including

(a) Supergiants

(b) Be and Shell stars

(c) Bp and Ap stars

(d) Eclipsing and spectroscopic binaries.

Although the early 10830 observations were plagued by weather @
and instrumentation problems, since moving the instrumentation to :
Kitt Peak satisfactory results have been obtained. While the
FW-118 sensitivity is not as high as when Vaughn used it, storage
in the dry Arizona climate has produced an unexpected ten-fold
rveduction in the tube noise level. It was therefore possible to :
attempt moderate precision (3-5% counting accuracy) surveys of a
number of stars not a part of the originally proposed program.

Some exploratory work on the HI Paschen 10938 and OT 7774/84u3
lines has also been performed using the F-P interferometer. Limi- ¥/
ted wide-band narrow-band interference filter photometry of 10830
and 10938 has been obtained for a limited number of the brighter
program stars. A photographic survey of the 0L 7774/84L3 lines
in the program stars of later speectral types (B3-A5) and using
I-N hypersensitized plates is continuing with the C.E.X. Mees
0.6 m telescope (University of Rochester). When the initial photo- i
graphic survey is complete, observing time to obtain high accuracy

Fabry-Perot profiles will be requested, probably at Kitt Peak.
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As a summary of the current status of the observation prog-
ram, Table I lists {(according to right ascension) all stars for
which raw F-P scans have been obtained with notes concerning the
availability of Copernicus telescope UV scans. For stars for
which Copernicus scans are either poor or not available, a comment
in square brackets is given. CoPernicﬁs time for vy Ori, 13 Mon,

o Pup, B UMa, and o CrB during late 1977 and 1978 is being re-
quested.

In Table XTI, the stars presented in Table I are rearranged
by special interest group. Those stars on the original observa-
tional list are indicated in Tsble II by a single asterisk. OFf
the original stars only three stars do not have satisfactory 10830
profiles available--o Col, 0 Sco, and ¥ Peg. This is counterbal-
anced by the fact that twenty-four additional stars were obtained.
Unfortunately, because of the instrumentation problems to be dis-
cussed later, the profiles deconvolution has become a more time-
consuming task than originally envisioned and so even "quick-look"

reductions are available only for about 30% of the stars listed.

Instrumentation - Current Status

In spite of early instrumentation setbacks, it has now become
almost routine to obtain raw F-P profiles at 10830 2. our origi-
nal goal of real-time data reduction, however, was not realized.
In particular, the use of CO, as the scanning gas introduces re-
duction complications of non-linear scanning intervals as well as
zer§ peint drifts due tc CO, condensation in the F~P chamber.
Instrumental modifications which will alleviate the C0, condensa-

tion problem are currently being incorporated into the F«P design,
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Table I

Right Ascension List of Stars for Which 10830 Profiles Have Been Obtained Using the
Vaughn Fabry-Perot Interferometer (by Jume 1977) under NABA Grant NGR 33-219-002,

o And
Y Cas
¢ Per
B Per
¢ Per
n Tau
Per
Aur
Ori

Ori

4
>
g
-
g Tau
A Ori
g Ori
£ Tau
6 Ori
Ori
Ori
Ori

Ori

D K" M o~

Aur
17 Lep
B CMa
f Mon
13 Mon
Y Gem
a CMa A&B
g CMa
02 CMa
a Ma
g CMi
o Yup
a Lo
R A

B9p (Mn)
BOIV:e
KOne: shell
BBV
B5ne:
B7ITI
Bliab
ABTa/¥F0Iap
BSIa

B2III
B7ITI

08, Oeb

06

B2IVp (%)
09,5111
091I1X

B0Ia
09.5Ia
BO.5Ia (%)
B9, 5pv(5i)
Aeq (shell)
BITI-ITT
B3Ve, B4V
A0Ib

AOIV

A1V + wd
B2IT

B3Ia

B5ia

BV (%)
BOpe

BIvV

A1k

shell

scan

scans

scan

scans

scan

scan

scan

scan

scans

scan

I - N I

scan
1~-1/2 scans
1 scan

2 scans (¢ =
1 scan

1 scan
1-1/2 scans
1-1/2 scans
1-1/2 scans
1 scan

1 scan
1-1/2 scans
1 scan

1 scan

1 scan

1 scan

1 scan
1-1/2 scans
1 scan

1 scan

1 scan

2 scans

1 scan

SB, ¢

J74)

]

.96

.23

various

Copernicus
Copernicus
Copernicus
Copernicus
Copernicus
Copernicus

Copernicus

Star
Star
Star
Star
Star
Star
Star

[Too Faint for Copernicus]

Copernicus

Star

[No U2 scans?]

Copernicus Star (DDM)

Copernicus

Star

[Multiple, Poor Guiding}

Copernicus
Copernicus
Copernicus
Copernicus
Copernicus
Copernicus

Copexnicus

Copernicus

Star
Star
Star
Star
Star
Star

Star

Star

[Too Faint for Copernicus?)

{Multiple, Poor Guiding]

[Copernicus
Copernicus
Copernicus
Copernicus
Copernicus
Copernicus
Copernicus

[Copernicus

Copernicus

Time
Star
Star
Star
Star
Star
Star
Time

Star

Requested]
(DDM)

(DDM)
Requested]

fU2 selected lines]



B

p
¥
¥

8
TR

€

aZ CVn

/8 o W 2 v R W J

Ta
Leo
UMa
Crv
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Dra

Ma

Vir
Ma
Lib
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Lyr
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AlV
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AQVn
BBITI
B9.5V

. B7Ve (%)

AO0p (Cr)
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B8V
AQV
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AQV

Ble
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Table I (continued)
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scan
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scan

scans

scans
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scan

scan

scan
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scans

scan

scan

scans

#Spectral classification may be incorrvect,

[Copernicus
Copernicus
Copernicus
Copernicus
Copernicus
Copernicus
Copernicus
Copernicus
Copernicus
Copernicus
Copernicus

[Copernicus
Copernicus
Copernicus
Copernicus
Copernicus

Copernicus

Time
Star
Star
Star
Star
Star
Star
Star
Star
Star
Star
Time
Star
Star
Star
Star
Star

Requested]

(DD}
(DDM,
(DDM)

{DDM)

Requested]

(DDM)



F-P 10830 Stars Arranged According to Special Interest or Spectral Type Groups

Supergiants
z Per

£ Aur
*B Ordi
*r Ori

BlIab
ABTa/F0Iap
B8Ia
09.51a

Early Be/Shell Stars

*Y Cas
¢ Per
y Per

#f Tau

BOIV:e
BOne: shell
B5ne: shell
B2IVp (*%)

Late B Peculiar Stars

®a And
6 Aur

17 Lep

OB Stars

Y Ori
A Ori
6 Ori
#§ Ori

Late B Stars

#B Per
*n Tau
*pB Tau
#Y Gem

o CrB

Notes:

B9p (¥n)
B9.5p (Si)
Aeq (shell)

B2III
08, Oe5
06
09.5TIT

B8V
B7I1T
BIIIT
AOTV
AQV
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Table TI

*r Ord
*e Ori
13 Mon
*a Cyg

B Mon
o Pup

P Cyg

k Dra
*g UMa
ol CVn

i Ori
*g Vir
n UMa
*#R CMa

*a CMa
*8 CMi
*y Leo

§ UMa
®a Lyr

* Original program star

BO,5Ia (*%)
B0Ia
AQTh
A2TDh

B3V
BOpe
Ble

B7Ve (%)
ADp {(Cr)
Ap

09III1
B1V

B3V
B1lII-IIL

AlV
BTV (Feied)
B7V
ALV
AQV

0? (Ma

n CMa
n Leo
p Leo

%% Classification in doubt or controversial
&*% May be a Be star

CMa

UMa
CrV
Cxrv
Lib
Dra
Cyg

B3Ia
B5Ia
AOIDb
BiTb

B2II

AQV
B8LIL
89,5V
B8V
BETIIX
B9.5II1
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These modifications should eliminate all zero-point drifts from
future ¥-P 10830 observations. They, however, cannot alter the
reduction problems already present in the data now on hand. The
F-P is currently being stored at Kitt Peak in case additional ob-
serving time becomes available. No plans exist for use elsewhere

as appropriate shipping funds are not available.

Theoretical Analyses - Current Status

Initial modifications of computer codes of standard LTE model
atmosphere programs for running on the University of Buffalo CYBER

computer system have been made with the kind cooperation of Dr. H.

van Horn of the University of Rochester and Dr. L. Auer of NCAR,
Boulder, Colorado. Work on non-LTE problems will commence aftep

LTE predictions have been generated.

Future Goals and Aims

During 1977-78, the principal investigator will be a NAS-NRC
research associate at the Goddard Space Flight Center where work
on the available 10830 and Lyman o profiles will, hopefully, be
completed., Therefore no follow-on proposal to this grant will be
possible until the fall of 1978. Present plans call for semi-
qualitative discussions of the available observational material
to be published during 1977-78. The <time-scale required before
quantitative theoretical discussions can be attempted is difficult
to predict, but 3-5 years is not unrealistic. Thus while the
formal financial NASA support terminates with this report, work
on the 10830 profile and related problems will continue. It seems
appropriate to conclude this final renort with a summary of in-

tended future extenuions of the grant work.
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Observational Tasks (1977-80)

(a) During 1978-80 an effort will be made to complete the
10830 survey of all OBA stars up to myp = 395 both
northern and southern. NASA or NST support will be
solicited.

(b) During 1977-78, Copernicus UV observations will be pro-
posed and hopefully cempleted using travel available as
an NRC~Senior Associate. Observing proposals for guest-
investigator status on the I.U.E. will be generated for
the 1978-~80 period.

(¢) Completion of the photographic Oi 7774/8443 survey will
be attempted during 1877-78 by D. Kelly of SUNY-Geneseo.
A photoelectric survey will be planned for 1878-80 once
the results of the photographic survey are available.

Data Reduction and Publication

During 1977-78, final deconvolved F-P 10830 A profiles
will be constructed for all available data. It remains to be
determined whether a single atlas or several specialized group
atlases will be produced. Final UV profiles of Copernicus
data will also be completed.

Theoretical Calculations and Model Atmospheres

In preparation for line profile calculations on the
University of Buffalo CYBER system, the Computer Center staff
of SUNY-Geneseo will meodify as necessary several existing
atmosphere programs including those made available by the
University of Rochester and the Goddard Space Flight Center.
By 1978, some non-LTE work may begin, either at Goddard or

upon return te Geneseo.



The preliminary conclusions given in the AAS abstract accur-
ately describe the present status of the work. Some additional
details are given in the progress report dated January 1977. Time
has not permitted generating a similar deseription here for the
profiles obtained in March 1977. It can be stated, however, that
the interactions of doppler-shifted 10830 ﬁ components and the
SiT 10827 R appear to be real and represent a serious complica-
tion that was not preViously suspected. Even when there is no
apparent 10830/10827 interaction, profile changes on time scales
short compared to the scan time are so serious that for some stars,
it may be impossible to ever obtain a satisfactory final decon-
volved contour. Although progress was much delayed by instrumenta-
tion difficulties, it is felt that the available 10830 raw data
certainly satisfies the originally stated objectives of the
ground-~based part of the grant proposal. The concentration on
the 10830 problem seemed obligatory and timely. Hence progress
on the 0I lines and the model atmosphere calculations was very
limited. It is hoped that the NAS-NRC Senior Associateship will
enable the principal investigator time to complete the data analy-
sis as well as initiate several publications on the 10830 problem.
In this sense, the 1977-78 period is envisionad as a period of
"mo-cost! extension of thé present work. Copies of the publica-
tions produced while on the Goddard staff will be transmitted to
NASA headquarters to be kept on file as appendices to this final

report.
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Publications Under This Grant

Meisel, D. D,, Saunders, B. A., and Kelly, D. R. 1977,
"Helium 10830 in Early-Type Stars,! Bull. Am. Astron. Soc. 9, 366.

Feeney, M. T. 1976, "A Study of Lyo and OI A1306 Line
Profiles in Early Type Stars," M.A. Physics Theris, SUNY-Geneseo.

Meisel, D. D. and Berg, R. A. 1975, "Helium 210830 in Alpha
Virginis A and B," Ap. J. 198§, 55I.

Meisel, D. D. and Berg, R. A. 1974, "High Resolution Spec-
trophotometry of Selected Features in the 1.1 um Spectrum of Comet

Kohoutek (1873f)," Icarus 23, u454.



366 _ ABSTRACTS

The JSC/SRL features a 40-cm aplanatic reflector with a
dual stay-Llracking system and a detector system cunsist-
ing of an achelle spectrograph gnd an SEC Vidicou. The
spectrum lonaward of about 2B00N exhibits numerous emis-
sion features ittributable to the extended atraspheres
of this late-typz supereiant (M2 Iab). OF paticuiar
interest is the asymwetry in one of the o I resonance
deublet emissions {2795.523 and 2B802.698A). As reported
earlier {Konde et al., 1972, Ao. J., 176, 153; Kondo,
Forgan and Modisette, 1975, Ap, J., 1956, L125; and
Bernat and Lambert, 1376, Ap, J,, 204, 830), the 2795
emission is asymmetric ¢ 9 to the selective absorption
occurring in the coot shell surrounding Betelgeuse.,
Modisette, Nickelas and Kapde (1973, Ap. d., 186, 219)
attributed the asymmetry to the selective absorptien

by Fe | (2795,006A) while Bernat and Lambert attributed
it to Mn 1 (2794.8174) and Fe I. In the current

results we are able to delineate the absorption due to
the neutral metal as & distinct absorption feature
rether than merely as asymmetry in the g 11 2795
emission. The central wavelength of this azhsorption
feature tends to faver Fe I.

33.08.05 Low exeitation early-type emissions

and late-1ype absorpiions in the rpectrum of RX Puppis

M, KLUTZ, Q, SIMONETT?, and I, P, SWINGS, Univ,

Likge, Belgium, The high excitation ecmizsion lines
typical of & true symbiotic star that were reported by
P, Swings and Struve ia 194] are now absent, Spectro-
grams obtained in 1972, 1975, 1976 show essentially
emission Hines of M (with rapidly variable P Cygni
structure) and permitted and forbidden emissions of
singly jonized metals, mainly Fell, In addition sharp
absorptions are detected in 1977 on 20 z‘: mm'1 spectra
L1t are now obtainable because of the increase in
Lrightness of RX Puppis, An analysis of these new data

will he presented,

33.09.05 Bulmer Lines Near the Series Limit in A-Type
Spectra, R. ], PANEK, Penn State U. For seven brighe,
A-type stars, the itbsolute flux at 3600-4200 A has been
measured with 10 A resolution, using a photoeleetric
scanning spectrometer, An attempt was made to directly
determine the insoumental line proflle. The program stavs
are well suited to comparison with models becnuse they
have a well determined angular dizmercer and emplzieal

effective temperature. The eldfective temperatures range
from 8C00-10007K, amd the surfave gravigy from

log g =3.5-4.5, N svynthetle spectra i this wavelength
Interval have been esniputed using recently published, lne
blanketed model atmospheres. These saleulations

explieltly include the detailed line absorption profiles of
thirgy Balmer lUnes. The quasistatic approximatioa which

is used for the Stavk broadening should be accurate v

these high series lines, The theorcileal spectra were
convolved with the Instrumental profile for direct comparlson
with the observations, Each star is compared to a model

on the basis of effective temperdarure. The model

continuum fluxes for the hotier stays tend to be faiat near
4000 A. Alter allowanee for the absorption of metal lincs
not Included in the theovetical speetra, the converging Balmer
lines ave quantitatively scon to be well reproduccd by these
theoretical spectra,

33.10.05  MHoderate Resolution Ultraviolet Rocket
Obscrvat Long 912-3100335_5@’3“ Early-Type Stars.

W. H. BRUNE, G. N, MOUINT, and P. B. FELDMAN, The Johns
Hopking Uiive-qity. - Ultraviolet spectra in the wave-
Tength reglon ‘12 vo 3100 A of seven hot stars were
obtained at I5 & resclution with three scanning
spectromaters, The spectromoters were aboard anp
Aerobee 170 rocket, which was launched from Australla
on February 17, 1977, at 13:30 U.T. Scellar fluxes
have been determined wicth high photometric accuracy.
Stars observed were y Vel (C V), ¢ Pup (05), o Bri

{83 IV), B Con (81 IT), a Vir {B1 V), a CMa (AL V).
The data will be presented and compared with the
predictions of stellar modal-atmesphere calculations.
Possible detection of the white dwarf companion of
Sirlus will alse be discusyed. This work was
supported by NASA under grant NGR 21-001-COl.

33.11,0 Delium 10830 in Carly~Type Stars 1. B. D,
Melsel,*T B. A, Saunders, and D. R. Kelly, SUNY-Genesco.
- Fabry-Perot incerferomerric profiles for fifty of the
brighter early-type stars inciuwding supergiants, cclips-
ing binaries, Bp and Ap stars, Be and shell stars, and
variable stars have been ohtained using the Kitk Peak
0.9 m telescopes and the C.E.K. Mees 0.6 m telescope.
Results for 5 Persel (Algol) just before primary amd
secondary eclipses show strong emission profiles last-
ing about 0.1 phase. An absorption lipe was seen dur-
Ing secondary eclipse. A sampling cof bright superglant
stars (09-A2) show time-variable, complicated absorp=-
tion/emission profiles similar in many respects to those
obtained for the Be/shell stars. Ubservations to com-
plete at least one proftle of all b stars brighter than
my=4 north of §=-25° will continue. Ultimntely these
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150TH MEETING, ATLANTA, GEORGIA

10830 prefiles will be compared to Lya and DI 1306 pro-
files in the same stars.

This work was supported by NASA irant HGR 33-219-002.

*pssoclate C.E.K. Mees Observatory, Universiiy of
Rochester,

tViniring Astronomer Kitt Peak Natlomal Observatoer:,
Operated by Associated Universitics for Research in
Astronony and Cuest lavestipator, Copernicus Tele-
scope, Princeton University Observatory.

33,12.05 The Infrared Felipse of V444 Cygni aud
the Str:sture o7 tinlf-Rayet Stars. L. Hartmann, Lvh -
Observations of the eclipse of the Wu5 component of
the Y444 Cyy uysten at 2.2 and 3.4u cenfirnm the idea
that frae-free “isaion ig the source of the infrared
excess. The optical and infrared eclipses have been
investiguts 1 with a stellar atmosphcres program; the
results scpport the med:l of llartmann and Cassinelli
(1977, pp. 3., in press) of the M5 star HD £0896,

in which the optical photosphere is not accelerating,
The uniqueness of the medel is discu.sed, aléeng with
implications for theories of radiarively drivenm winds.

33.13.05 The abselute gpcctrdl energy distrikution of
Mo (BIV) $n Wio wltravicler_end the visuil, (. J.
STRMGYLIS, V. OF MATYIAMD and R, €. BORLIN RAsA/GSEC,

The absolute spestral emergy distribation of the star
n Ua (B3VY) has been observed in the ultravioler with the
QAZ-2, TDI-S2/G6B and Apollo 17 ¢xXperiments, and by Bohlin
apd %t cher with rockets. This bhawic cellection of cbser-
vations shows a maximum Scatter of 35% near 1500 A, Longe
ward of 1700 & these data have a typical secatrer of only
4+5%. A new model atposphere from furucz with T = 17000 K
&nd log g=4.00 azroes well with the collected uirraviclet
vhservations ann the visual flux distributions on the
Hayes and fatham scale. The unreddened model is within
2090 of all obscrvaticns in the 1200 to 1700 b region
and wivhin 5% lonsward of 1700 A. A s1lightly modified
version «f the model that aceounts lfor the line biocklng
observed by the Covernicus satellite is proposed as the
absolut» flux standard in the wluraviolet and tho visual.
This starstard can be used for in-fligat galibrations and
to derive reviscd abselute ralibratiors {or any axperi-
ment, thus placipng all absolute flux measurements on a
commoen Scale. Wear the peak of tihe interstellar ex-
tinction curve at 2160 N there s a max. pun of €1
difference between the model and the observations.

T1 order te
address the questich ofnyhethor the rapid ruotation of
N UMz {v sin i=?16 km s *) has a siTnificant effect on
the shape of the ultraviolet continous, the TD1-52/6F
flux distributiens of_3 UMa ard the slow rotator i thar
{R3IV, v sin i=8 km s ) were compared in tae 1400 fe

367

2500 R regicn. The observed differences in shape can bc
explained to HZ% hy a reasonable amount of extinction
with E(B~V])=0.02, plus a small diffvrence in temperaTire
of AT=1400 ¥. Thus, the non~rotating model that [itrs
bust [ae observations of r UMe in the ultraviclet has
an error in the proposed flux of less than 2%, attribu-
table to rotational effects.

33.14.05 The Superposition of Layers Method Applied
to Emitting Atmosphores. K. . WHITAKER and Il G, rurAK,

Tniversity of talifornia, Los Alarmgs Scigntific
Laberatory. - The superposition of layers methog s ap-
piied to plane-paraliel atmospheres with given source
distributions. The procedurg is besed on the direct
application of the principles of invariance conbinea
with required symmatry relattons.* The method is dis-
cussed for source distributions that are polynomial ov
exponentia) functions of optical depth. Hurerical
reselts are presented.

*The Transfer of Radiation by an Emitting Atmosphere.
I1. H. Horak and C. Lundquist, Ap. J. 119, 42, (19%4).
IV. €. Lundguist and H. Horak, Ap. a4, 121, 175,

{1555}, T
WEDNESDAY, 15 JUNE

Session 34: Room 500, General Classroom Building
1400-1730

P5.01.03  gnergetiecs of Newly Formed Coronal loon
Systems. G. W. PNEUMAN, NCAR, - Followin. - iar tlarcs

and major coronal tramsient evenis, newl ' rmed magnet-
ic leaps are oiten obscrved fn x-rays, XUV lines, and iu
Ho. The loop system riges Intu the corona from the base
at velocities of the order of 0 km/sec. This upward
worjon does not reflect the expansion of single loope
but, ruther, the formation of new loops at successlvely
greater heights, According to the theory of Kapp ard
Pancuman, this phenowenon is the resulr of the reconnoc-
tion of [ield lines previously vorn open ™y the iovee of
the transient event, i.e., the relaxacion of the mapiaet-
fc field to its oripinmal closed cquilibrium configura-
tion prior to the {lare. Onc inportant observed proper-s
ty of these syskems is that very high tewperature muter-
ifakl (T & 7 % 10°K) 18 seen at the tap of the wos
recentiy formed loops - Indicating a large -nergy input
at this location. Sfince the closcd loop gromelry
following reconnection possesses a lower cnerpy conteal
than that of thc open geometry lnmediately tollowing
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