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ABSTRACT 

We observed millimeter-wavelength emission toward CRL 2688 from H12CN, H13CN, CS, and 
HC3N. The similarity of this emission and that from the molecular envelope of the carbon star 
IRC +10216 establishes, beyond a reasonable doubt, that CRL 2688 is a post-carbon-star object. 
It appears probable that both of these objects will evolve into planetary nebulae. An evolutionary 
sequence leading from carbon stars to planetary nebulae is outlined. 
Subject headings: infrared : spectra — stars : carbon — stars : evolution — nebulae : planetary 

I. INTRODUCTION 
CRL 2688, an infrared source discovered during the 

AFCRL rocket survey, has been intensively investigated 
during the past year (Ney et al. 1975; Cr amp ton, 
Cowley, and Humphreys 1975; Forrest et al. 1975). 
Despite a variety of optical and infrared observations, 
these groups were unable to decide on the evolutionary 
state of the object; that is, both pre- and post-main- 
sequence interpretations appeared possible. The ob- 
served C3 absorption features (Crampton, Cowley, and 
Humphreys 1975) indicate a very low molecular excita- 
tion temperature somewhere in the envelope, and we 
therefore decided to search for radio emission from 
carbon-containing molecules. 

II. EQUIPMENT AND OBSERVATIONS 
We used the 36 foot (11m) telescope of the National 

Radio Astronomy Observatory equipped with a dual 
polarization cooled 80-120 GHz mixer receiver and 256 
channel filter banks. For our HCN observations no 
difference in intensity between the two orthogonal 
polarizations (position angles ^80° and ^170°) was 
evident. For some of the observations, (see col. [2] in 
Table 1), a filter was used to reject the unwanted 
sideband of the mixer receiver (Wannier et al. 1975). 

* Alfred P. Sloan Foundation Fellow. 
t The National Radio Astronomy Observatory is operated by 

Associated Universities, Inc., under contract with the National 
Science Foundation. 

Data were obtained by switching the telescope in 
position every 30 s between CRL 2688 and a reference 
position 10' away and subtracting the off-source spectra 
from the on-source spectra. The results for H12CN, 
H13CN, CS, HC3N, SiS, and HCO+ are shown in 
Figure 1 and/or summarized in Table 1. is the peak 
brightness temperature above the background con- 
tinuum averaged over the main beam of the telescope 
and corrected to outside of the atmosphere, 7>isr is the 
radial velocity with respect to the local standard of 
rest, and Aa is the full line width at half-maximum 
intensity. 

A 5-point map of the HCN emission showed no evi- 
dence that the source is extended (source diameter 
<90"; telescope beamwidth ^80"). The map did 
suggest, however, that we might have been slightly 
mispointed when the H12CN spectrum shown in Figure 
1 was obtained. Therefore, the peak Tb might be as 
much as 1.5 times larger than the value given in Table 1. 
For HC3N, Azj and especially v\ST appear to disagree with 
the values given for the other three molecules in Figure 
1. It is unlikely that the discrepancy can be explained 
away by the poor signal-to-noise ratio in the HC3N 
spectrum, as this spectrum is an average of two different 
spectra taken on successive days and shifted by 9 MHz 
with respect to each other. Each day’s spectrum shows 
a line having similar v\sr and Av. One possible explana- 
tion for the discrepant ^isr is a nonuniform distribution 
of HC3N in the molecular envelope around CRL 2688. 

L15 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
7 

6A
pJ

. 
. .

20
5L

. 
.1

5Z
 

L16 ZUCKERMAN, GILRA, TURNER, MORRIS, AND PALMER 

III. INTERPRETATION OF SPECTRA 
We believe that CRL 2688 is an object that recently 

evolved from a carbon star. We conclude this on the 
basis of (a) the optical spectra and appearance of 
CRL 2688; (b) our millimeter-wavelength spectra which 
suggest that the molecular envelope of CRL 2688 is 
carbon-rich and (c) the fact that CRL 2688 (and similar 
objects such as IRC +10216 and CIT 6) are not located 
in regions of obvious star formation and therefore are 
unlikely to be young. Arguments that establish the 
carbon star ancestry of CRL 2688 are given in the 
present section; its evolutionary state is considered in 
§IV. 

The C3 absorption bands observed in CRL 2688 
(Crampton, Cowley, and Humphreys 1975) have pre- 
viously been seen only in late N-type carbon stars and 
comets. The C2 Swan bands observed (in emission) in 
CRL 2688 are seen (in absorption) only in stars where 
C/O > 1. Also the carbon star IRC +10216 (Herbig 
and Zappala 1970; Morris et al. 1975) shows the C2 

Vol. 205 

Phillips bands in absorption (Gilra 1975&). (Unfor- 
tunately, IRC +10216 is too faint at shorter wave- 
lengths to have shown the C3 features or the C2 Swan 
bands.) 

The published C3 spectrum of CRL 2688 shows that 
the excitation temperature of the molecules is consider- 
ably lower than the effective temperature of the star. 
For example, at a temperature ^3000 K the C3 
electronic spectrum in the 4000 Â region would show a 
continuum with a few broad features superposed on it 
(Brewer and Engleke 1962) mainly because of the low 
bending frequency of C3 (Gausset et al. 1965). Only at 
very low temperatures does one see unblended features 
without a strong continuum. The C3 spectrum in CRL 
2688 matches very well with that of Gausset et al. which 
was taken at about room temperature in a flash pho- 
tolysis experiment. Similarly, the presence of the (0, 0) 
and (0, 1) Swan bands of C2 but the apparent absence 
of the (1, 0) and (1, 1) bands is consistent with a low 
excitation temperature. The excitation temperatures of 

TABLE 1 

Molecular Observations of CRL 2688 

Sideband 
Molecule Filter Transition Tb (K) i;iSr* (km s-1) Aï; (km s-1) 

H^CN. .. . Yes /= l—>0 0.46f -30.0+1 25.5 
H13CN... . Yes /=l->0 0.20 -29.5+1 28.0 
CS  Yes /= 2—>1 0.12 -31.3 + 2 24 
HC3N  No /= 10—>9 0.11 — 38±4f 32f 
SiS  No /= 5—>4 <0.07 
HCO+. . . . No /=l-+0 <0.10 

* To correct to Fheiiocentric, add —16 km s b 
f See remarks in text. 

Fig. 1.—Spectra of H^CN, H13CN, CS, and HC3N in CRL 2688. The ordinate is brightness temperature, Tb, as defined in the text; 
the abscissa is frequency. The zero point of the frequency scale corresponds to üisr = — 29 km s“1. Frequency increases to the right. 10 
MHz corresponds to 34, 35, 31, and 33 km s-1 in radial velocity, and the spectral resolutions were 250, 500, 500, and 1000 kHz for H12CN, 
H13CN, CS, and HC3N, respectively. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
7 

6A
pJ

. 
. .

20
5L

. 
.1

5Z
 

No. 1, 1976 

these two molecules might therefore be about the same 
as the dust temperature, ^150 K (Ney et al. 1975; 
Forrest et al. 1975). 

Our observations show that the millimeter-wavelength 
spectra of CRL 2688 are very similar to those of 
IRC + 10216. The sources are both small, and the line 
widths are large and comparable. The ratios of line 
intensities for H12CN, H13CN, CS, and HC3N (Table 1) 
and 12CO and 13CO (Lo and Bechis 1976) are not very 
different from the corresponding ratios in IRC +10216 
(Wilson, Schwartz, and Epstein 1973; Turner et al. 
1973; Morris et al. 1975). Also, the shapes of the H12CN 
and H13CN lines are (to within the noise) parabolic and 
rectangular, respectively, in both sources (Fig. 1 and 
Gottlieb 1974), indicating that if the molecular envelopes 
are expanding in an approximately spherically sym- 
metric manner then the H12CN and H13CN lines are 
optically thick and thin, respectively, in both sources 
(Morris 1975). HCO+ (Woods et al. 1975) produces 
strong emission lines in most galactic molecular clouds 
where HCN and CS are seen, but is not observed in 
either IRC +10216 (Hollis et al. 1975) or CRL 2688 
(Table 1). A conclusive demonstration that CRL 2688 
is a carbon star, i.e., C/O > 1, based solely on milli- 
meter-wavelength radio data, requires a measurement 
of the SiS/SiO ratio. This ratio, which has been mea- 
sured in IRC +10216, is expected to be greater than 1 
only if C/O > 1 (Morris et al. 1975). If C/O > 1 is 
observed, then mixing of material from a helium-burning 
zone is strongly implied. (In a hydrogen-burning region, 
C/O > 1 only at T > 50 X 106 K, but then the mass 
fractions of both C and O are very low [Cowan 1975].) 
A small 12C/13C ratio or a large C13/15N ratio (Morris 
et al. 1971) is not a definitive test for C/O > 1 since 
such isotope ratios may be altered relatively easily in 
mere hydrogen-burning as well as in helium-burning 
zones. 

All in all, the combined optical and radio spectra 
indicate that CRL 2688 is a post-carbon-star object. 

IV. CARBON STAR TO PLANETARY NEBULA? 
Although others have alluded to the possibility that 

objects like IRC +10216 and CRL 2688 are progenitors 
of planetary nebulae, we are now in a position to 
strengthen the connection considerably. First, we briefly 
outline the evolutionary sequence that we envisage. 
The picture begins with a luminous carbon star, possibly 
of type R or early N, with no observable infrared excess. 
The star then evolves into a late N-type carbon star 
completely surrounded by dust that displays a (remark- 
able) violet opacity and a shell expanding at 12-15 
km s“1 (Gilra 1975a). At present, no molecular radio 
emission has been detected from such stars (Wilson, 
Schwartz, and Epstein 1973; Frogel, Dickinson, and 
Hyland 1975). Next, an object such as IRC +10216 or 
CIT 6 (Wilson, Schwartz, and Epstein 1973) is pro- 
duced: the infrared-emitting dust shell is generally 
resolvable, and the molecular envelope is now large 
enough to be detectable at millimeter wavelengths. In 
the fourth stage, represented by CRL 2688, a symmetric 
pair of reflection nebulosities are visible, illuminated by 
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the central star through two “holes” in the expanding 
dust envelope. The central star, which is presumably 
evolving rapidly to the left on the H-R diagram, is still 
too cool to ionize hydrogen in the surrounding cloud 
(e.g., CRL 2688 presently has spectral type F5 la). 
During this and following stages the thermodynamic 
conditions in the envelope are changing; therefore, 
there are probably significant changes in the overall 
composition of dust and molecules. As the surface 
temperature of the central star increases, objects like 
HD 44179 (Cohen et a/. 1975) or Ml-92 (Herbig 1975), 
both of which have B-type central stars, might be 
produced. (However, there are reasons [see below] to 
suspect that these two objects have not evolved from 
carbon stars and, therefore, might not belong to the 
sequence we are discussing.) Eventually the central 
star becomes hot enough to ionize the inner portions of 
the surrounding cloud and to produce a very compact 
planetary nebula such as CRL 618 (Westbrook et al. 
1975). Finally the ionized region increases in size, and 
a bona fide planetary nebula, such as NGC 7027, results. 

As in § HI where we compared CRL 2688 and 
IRC +10216, connections among all the various 
objects listed above may be established from similarities 
in their optical, infrared, and radio appearances and 
spectra. The visual appearances of CRL 2688, HD 
44179, Ml-92, and CRL 618 are similar. The optical 
and/or infrared spectra of CIT 6, IRC +10216, CRL 
2688, CRL 618, NGC 7027, and HD 44179 all show 
evidence of carbon richness. The first three objects are 
or were carbon stars. Reliable C/O abundance ratios in 
planetary nebulae such as NGC 7027 are not yet 
obtainable optically (but might be established by 
ultraviolet measurements [Bohlin, Marionni, and Stecher 
1975]). However, the detection of carbonate but not 
silicate grains in NGC 7027 and one other planetary 
(Gillett, Forrest, and Merrill 1973; Bregman and Rank 
1975) suggests that the material surrounding the 
central stars in these planetaries is carbon-rich. (The 
11 ¿i spectrum of HD 44179 also indicates the presence 
of carbonate grains [Cohen et al. 1975].) The near- 
infrared spectra of NGC 7027 and CRL 618 contain 
lines of [C i] (Kolotilov and Noskova 1974; Danzinger 
and Goad 1973; Westbrook et al. 1975). We are not 
aware of any other galactic objects with forbidden lines 
of neutral carbon in their spectra. The presence of a 
considerable abundance of C i near such hot stars is not 
easy to understand. (Perhaps C3 and/or C2 are photo- 
dissociated by diffuse nebula continuum radiation near 
6 eV or by La to produce C 1 which is shielded from the 
direct stellar flux by pockets of neutral gas and dust.) 
HD 44179, on the other hand, displays enhanced blue- 
green absorption lines of C 1 that are not seen in the 
spectrum of any other late B star (Cohen et al. 1975) 
but are, however, enhanced in the spectrum of the 
carbon star R CrB (see, e.g., Searle 1961). 

The radio molecular spectra of IRC +10216, CIT 6, 
CRL 2688, CRL 618, and NGC 7027 are similar. All 
five objects show broad (Au ^ 30 km s-1) CO emission 
lines (Wilson, Schwartz, and Epstein 1973; Lo and 
Bechis 1976; Mufson, Lyon, and Marionni 1975). The 
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first three objects show broad HCN lines (Wilson, 
Schwartz, and Epstein 1973; Table 1). (It is difficult 
to estimate accurately the mass of the molecular en- 
velope around objects like IRC +10216, CRL 2688, and 
NGC 7027 due to uncertainties in fractional molecular 
abundances in the envelope and an uncertain C/H 
abundance ratio.) 

If IRC +10216 and CRL 2688 have luminosities 
(>104Lo) typical of a late-type carbon star and an F 
supergiant, respectively, then their implied distances 
(Herbig and Zappala 1970; Crampton, Cowley, and 
Humphreys 1975) require that they be 200 and 110 pc 
from the Galactic plane. (CIT 6 is near the North 
Galactic Pole and is therefore also well out of the 
Galactic plane.) The average |Z| for 41 planetarios 
within 1 kpc of the Sun is 150 pc (Osterbrock 1974). 
Furthermore the typical planetary in Cygnus has a 
blueshifted radial velocity (Osterbrock 1974), and the 
Isr radial velocity of CRL 2688 is ^ — 30 km s-1 (Table 
1; Crampton, Cowley, and Humphreys 1975), which 
is more negative than that of the other CO (Wilson 
et al. 1974) and OH (Turner 1976) clouds in the Cygnus 
region. 

Thus, although there is a danger in arguments based 
on only a small number of objects, there is substantial 
observational evidence for associating some luminous 
carbon stars with the progenitors of planetary nebulae. 
There are also a few indirect arguments which suggest 
that IRC +10216, CIT 6, and CRL 2688 will evolve 
into planetary nebulae. For example, it is difficult to 
imagine any other evolutionary sequence for these 
objects. Their carbon richness and isolated spatial 
positions rule out pre-main-sequence interpretations. 
Their carbon richness and radio spectra argue strongly 
against their association with oxygen-rich long-period 
(Mira) type variables or with semiregular or irregular 
variables. Indeed, association of these carbon-rich 
objects with a pre-planetary-nebula phase supplies a 
plausible explanation for a question recently raised by 
Frogel, Dickinson, and Hyland (1975). These authors 
point out that ucalculations by Tsuji (1964) show that 
the partial pressure of CO is similar in the photospheres 
of both oxygen- and carbon-rich stars and, further, its 
value is close to that of the H20 partial pressure for the 
oxygen-rich stars. Why, then, has CO [radio] emission 
not been detected in the oxygen-rich stars that are 
H20, [OH, and SiO] sources?^ Since the rate of mass 
loss is less than 10-5 yr_1 from oxygen-rich stars 
(Gehrz and Woolf 1971) but greater than 10-5 Mq yr-1 

in planetary nebulae, the CO projected densities in the 
pre-planetary phase will undoubtedly be significantly 
greater than in oxygen-rich Mira variables. However, 
various people (e.g., Feast 1968) have noted that the 
distribution and kinematics of oxygen-rich Miras and 
planetary nebulae are remarkably similar. It is con- 
ceivable that after Miras have shed their (oxygen-rich) 
outer envelopes at a relatively leisurely pace, at least 
some will reveal (carbon-rich) lower envelopes which 
might then be shed more rapidly in the form of planetary 
nebulae. If the luminosities of IRC +10216 and CRL 
2688 are greater than 104 L0, mass ejection is possible 
by all three of the mechanisms suggested for forming 
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planetary nebulae (e.g., Miller 1974). In particular, in 
the models of Rose (1967) and Smith and Rose (1972), 
relaxation oscillations in the envelopes of luminous red 
giants may cause rapid mass loss. It appears plausible 
that, for stars somewhat more massive than those 
considered by Rose (i.e., the stars we are considering), 
helium shell flashes and mixing of some of this material 
to the surface might account for both the carbon 
richness and mass ejection. 

The absence of detectable OH maser radiation from 
known planetary nebulae (Turner 1971) including 
NGC 7027 (Turner 1976) is well established. To 
determine if OH is detectable in the suggested progeni- 
tors we used the 140 foot (43 m) telescope of NRAO to 
search for all four ground-state lines toward CRL 2688, 
IRC +10216, CRL 618, and Ml-92. Results for the 
first three objects were negative (Ml-92 is discussed 
below), further establishing the similarity between 
carbon-rich objects and planetary nebulae. 

Although the optical appearance of Ml-92 and HD 
44179 suggests that they may be evolving into planetary 
nebulae, they appear to be of a somewhat different 
nature from CRL 2688, IRC +10216, CIT 6, and CRL 
618. The luminosities of Ml-92 and HD 44179 appear 
lower (<104Lg [Herbig 1975; Cohen et al. 1975]), and 
their shell masses may be lower since they do not show 
CO emission (Lo and Bechis 1976). Also, Ml-92 appears 
to be associated with a peculiar OH maser source 
detected by Lépine and Rieu (1974). They found that 
its right ascension agreed with that of Ml-92 to within 
3s; our measurements show that the declination of the 
OH maser is within 4' of that of Ml-92. Thus a physical 
association is likely. If so, Ml-92 is probably oxygen- 
rather than carbon-rich. (Another mysterious OH maser 
source, OH 231.8+4.2, which is not located in a region 
of star formation, displays a broad 1667 MHz emission 
line similar to that in Ml-92. If OH 231.8+4.2 is a 
pre-planetary nebula, that would be ironical since 
Turner (1971) originally misidentified it with the bona 
fide planetary NGC 2438.) 

V. CONCLUSIONS 

We have argued that IRC +10216, CIT 6, and CRL 
2688 are carbon-rich (C/O > 1) progenitors of plane- 
tary nebulae and that CRL 618 and NGC 7027 are 
carbon-rich planetaries. The cases of Ml-92 and HD 
44179 are not yet as clear; but if they are also progeni- 
tors of planetary nebulae, then at least Ml-92 is 
probably oxygen-rich (O/C > 1). An obvious question 
is: Do most planetary nebulae pass through a carbon 
star phase, or do only a small minority (for example, 
those that have evolved from rather massive stars)? 
Since the typical pre-planetary main-sequence star is 
believed to have a mass ^T.5 M0 (Miller 1974) while 
carbon stars are believed to have evolved from main- 
sequence stars with masses >2 MG (Rose 1975), one 
might expect that only a minority of planetary nebulae 
go through a carbon star stage. There are 41 known 
planetaries and > four carbon-rich pre-planetaries (we 
include IRC +40540; Frogel, Dickinson, and Hyland 
1975) within 1 kpc of the Sun. (The number of carbon- 
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rich progenitors might be significantly larger than 4 
since many of the unidentified AFCRL infrared sources 
are probably late-type carbon stars [Merrill 1975], some 
of which might have a substantial molecular envelope.) 
Uncertainties in the relative lifetimes of the planetary 
and pre-planetary phases together with the possibility 
of multiple outbursts in either or both phases make it 
impossible at this time to decide whether most or only a 
small fraction of planetaries pass through a carbon star 
phase. The size and structure of and the carbon to 
oxygen ratio in shells around planetary nebulae and 
suspected progenitors might be clarified by observations 
of the 21 cm line of H or the 9 cm lines of CH which 
might reveal extensive low-density envelopes that would 
not be detectable in molecules like CO or HCN which 
are harder to excite. (We have begun observations of 
the 21 cm line with the 300 foot NRAO antenna and 
have already obtained preliminary upper limits of 2.0, 
0.5, 0.5, and 0.2 K antenna temperature from Ml-92, 
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CRL 2688, NGC 7027, and IRC +10216, respectively.) 
In most galactic clouds OH/CH » 1 (Zuckerman and 
Turner 1975). The nondetection of OH from planetary 
nebulae might be explained if C/O > 1. If so, CH/OH 
might be greater than 1 in neutral shells around 
planetary nebulae. 

B. Z. thanks the faculty and students in the Maryland 
Astronomy Program, especially Drs. W. Rose, P. 
Harrington, M. A’Hearn, V. Trimble, and Mr. P. 
Marionni, for helpful discussions. We thank Drs. Lo 
and Bechis for communicating their CO results for 
CRL 2688 and 618 before publication. Partial financial 
support for this work came from National Science 
Foundation grants GP26218 to the University of 
Maryland, MPS73-04677 A02 to the Owens Valley 
Radio Observatory, and MPS73-05282 A01 to the 
University of Chicago. D. P. G. thanks the Science 
Research Council for financial support. 

CRL 2688 

REFERENCES 
Bohlin, R. C., Marionni, P. A., and Stecher, T. P. 1975, Ap. 

202, 415. 
Bregman, J. D., and Rank, D. M. 1975, Ap. J. (Letters), 195,L125. 
Brewer, L., and Engelke, J. L. 1962, J. Chem. Phys., 36, 992. 
Cohen, M., et al. 1975, Ap. J., 196, 179. 
Cowan, J. 1975, private communication. 
Crampton, D., Cowley, A. P., and Humphreys, R. M. 1975, 

Ap. J. (Letters), 198, L135. 
Danzinger, I. J., and Goad, L. E. 1973, Ap. Letters, 14, 115. 
Feast, M. W. 1968, in I AU Symp. No. 34, Planetary Nebulae, ed. 

D. E. Osterbrock, and C. R. O’Dell (Dordrecht: Reidel), p. 433. 
Forrest, W. J., Merrill, K. M., Russell, R. W., and Soifer, B. T. 

1975, Ap. J. (Letters), 199, L181. 
Frogel, J. A., Dickinson, D. F., and Hyland, A. R. 1975, Ap. J., 

201, 392. 
Gausset, L., Herzberg, G., Lagerquist, A., and Rosen, B. 1965, 

Ap. J., 142, 45. 
Gehrz, R. D., and Woolf, N. J. 1971, Ap. J., 165, 285. 
Gillet, F. C., Forrest, W. J., and Merrill, K. M. 1973, Ap. J., 183, 

87. 
Gilra, D. P. 1975a, paper presented at 20th Liege Astrophysical 

Colloquium (June 1975), in press. 
 r. 19756, Ap. J., 199, 145. 
Gottlieb, C. A. 1974, private communication. 
Herbig, G. H. 1975, Ap. J., 200, 1. 
Herbig, G. H., and Zappala, R. R. 1970, Ap. J. (Letters), 162, L15. 
Hollis, J. M., Snyder, L. E., Buhl, D., and Giguere, P. T. 1975, 

Ap. J., 200, 584. 
Kolotilov, E. A., and Noskova, R. I. 1974, Soviet Astr.—AJ, 17, 

611. 
Lépine, J. R. D., and Rieu, N. Q. 1975, Astr. and Ap., 36, 469. 
Lo, K. Y., and Bechis, K. 1976, Ap. J. (Letters), 205, L21. 
Merrill, K. M. 1975, private communication. 
Miller, J. S. 1974, Ann. Rev. Astr. and Ap., 12, 331. 

Morris, M. 1975, Ap. J., 197, 603. 
Morris, M., Gilmore, W., Palmer, P., Turner, B. E., and Zucker- 

man, B. 1975, Ap. J. (Letters), 199, L47. 
Morris, M., Zuckerman, B., Palmer, P., and Turner, B. E. 1971, 

Ap. J. (Letters), 170, L109. 
Mufson, S. L., Lyon, J., and Marionni, P. A. 1975, Ap. J. (Letters), 

201, L85. 
Ney, E. P., Merrill, K. M., Becklin, E. E., Neugebauer, G., and 

Wynn-Williams, C. G. 1975, Ap. J. (Letters), 198, L129. 
Osterbrock, D. E. 1974, Astrophysics of Gaseous Nebtdae (San 

Francisco: Freeman), pp. 220-222. 
Rose, W. K. 1967, Ap. J., 150, 193. 
 . 1975, private communication. 
Searle, L. 1961, Ap. J., 133, 531. 
Smith, R. L., and Rose, W. K. 1972, Ap. J., 176, 395. 
Tsuji, T. 1964, Ann. Tokyo Obs., 9, 1. 
Turner, B. E. 1971, Ap. Letters, 8, 73. 
 . 1976, to be published. 
Turner, B. E., Zuckerman, B., Palmer, P., and Morris, M. 1973, 

Ap. J., 186, 123. 
Wannier, P. G., Arnaud, J. A., Pelow, F. A., and Saleh, H. A. M. 

1975, preprint. 
Westbrook, W. E., Becklin, E. E., Merrill, K. M., Neugebauer, 

G., Schmidt, M., Willner, S. P., and Wynn-Williams, C. G. 
1975, Ap. J., 202, 407. 

Wilson, W. J., Schwartz, P. R., and Epstein, E. E. 1973, Ap. J., 
183, 871. 

Wilson, W. J., Schwartz, P. R., Epstein, E. E., Johnson, W. A., 
Etcheverry, R. D., Mori, T. T., Berry, G. G., and Dyson, H. B. 
1974, Ap. J., 191, 357. 

Woods, R. C., Dixon, T. A., Saykally, R. J., and Szanto, P. G. 
1975, Phys. Rev. Letters, 35, 1269. 

Zuckerman, B., and Turner, B. E. 1975, Ap. J., 197, 123. 

D. P. Gilra: Kapteyn Astronomical Institute, University of Groningen, P.O. Box 800, Groningen 8002, Netherlands 

M. Morris: Owens Valley Radio Observatory, California Institute of Technology, Pasadena, CA 91125 

P. Palmer: University of Chicago, 1100-14 E. 58th Street, Chicago, IL 60637 

B. E. Turner: National Radio Astronomy Observatory, Edgemont Road, Charlottesville, VA 22901 

B. Zuckerman: Astronomy Program, University of Maryland, College Park, MD 20742 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 


	Record in ADS

