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COMETARY EMISSION SPECTRA IN THE VISUAL REGION
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ABSTRACT

A list of wave lengths of the emission features occurring in the region A > 4800 has been compiled
partly on the basis of previously published data but mainly from measurements of spectrograms of the
recent bright comets 1940c and 1942g obtained at the McDonald, the Mount Wilson, and the Dominion
Astrophysical observatories. It is indicated that certain of the more prominent features behave, with
respect to the comet’s heliocentric distance, as emissions from polyatomic molecules would be expected
to do. Comparison of the cometary spectrum with that of an oxyammonia flame leads to the suggested
identification of a number of the emission features, among them the strong ‘“\ 6300 group,” as due to a
dissociation product of ammonia, probably N H,.

INTRODUCTION

Relatively few observations of the spectra of comets in the visual region (A > 5500)
have been made up to the present time. Hence the yellow and near-red regions are com-
paratively little known. The reasons for this doubtless include the facts that until re-
cently panchromatic plates have been much less sensitive than ordinary blue-sensitive
plates, that only very recently have fast enough forms of grating spectrographs been
available to enable spectrograms of moderate dispersion of such faint and diffuse objects
as cometary heads to be secured, and that no really bright comets have appeared during
the past few decades. The only emission bands in this spectral region for which unques-
tionable identifications have been given are those of the Swan system of Cs. Also, of
course, for several comets which have approached the sun very closely, the sodium
D-lines have occurred strongly in emission, and possibly a few other atomic lines have
been' noted.

Recently a considerable number of plates of Comet Cunningham (1940c) and Comet
Whipple II (1942g), covering the visual spectral region, have been obtained, using the
large reflectors at the McDonald, the Mount Wilson, and the Dominion Astrophysical
observatories. It would therefore now seem desirable and profitable to present the re-
sults of measurements on these plates, including the limited material available from
previous studies, and to assemble and discuss all the wave-length data on cometary
spectra for the region A > 4800.

THE WAVE-LENGTH DATA

The wave lengths of the emission features to the red of A 4800, from which the well-
identified C, and CN bands have been excluded,' are given in three tables. Table 1 pre-
sents the results of measurements on Mount Wilson and on McDonald Observatory
spectrograms and includes, as well, the results of the earlier work of other investigators
on Comet Brooks (1911) and of measurements on Mount Wilson spectrograms of Comet
Peltier (1936a) and Comet Finsler (1937f). Table 2 gives the detailed results of the
measurements on the Victoria spectrograms.

The McDonald Observatory measurements were made on seven plates of Comet 1940c
and two plates of Comet 1942g. The plates of Comet 1940c were taken with a glass
spectrograph giving a dispersion of 260 A/mm at X 5000; those of Comet 1942g have a

1 The two bands, A 6053 and A 6121, of the Av = —2 sequence of the C; Swan system have been in-
cluded because they are probably blended with complex groups. All the Swan system transitions from
0,2 to 5,7 were observed in the spectrum of Comet Cunningham.
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dispersion of 300 A/mm at A 6300. The Victoria plates were all obtained with the single-
prism form of the spectrograph and, except the first of the two of Comet 1942g at
7 = 1.39, with a camera giving a dispersion of approximately 225 A/mm at Ha. This
one exception was secured with the lower dispersion of 400 A/mm at Ha. For Comet

TABLE 2*
VICTORIA MEASUREMENTS OF EMISSION BANDS IN VISUAL REGION OF COMETARY SPECTRA

CoMeT WaHIPPLE IT (1942g)

MEaN A
r=1.38 r=1.39 r=1.39 r=1.40 r=1.43 r=1.45%
5604.9(1d) |............. 5604.3(0)  |euiiiueiiin e e 5694.6(3)
5704.6(1d) |.......o... 5703.8(0+) | 5703.5(4) |.i..ioioi. 5703.9(3) | 5704.0(1)
5732.1(1s) |ooo.oioiil 5731.0(1) | 5731.2(14) |-.oooliiil 5731.4(1+)
741 6(1—) |.ooiilllll STALI3(0)  [vovenanenen oo 5741 4(3)
5756.000+) |.ooooii] Segy | 5Ts6.000)
ST6T.9(0H) Jovvnovenrees v {Seson) [l Sesaon
ST88.8(0)  |.eveniniiifiiisnn STBT.6(1—) [--ovnnemnonni|omiiiiiill 5788.2(0+)
.......................... $88BI3(0F) |\ .eviun. oo I 5888.3(0)
5975.000+). ...... (Bh2® | som8.60) | 5977.48) | 5977.3() | 5976.0(2) | 5976.4(1) | 5976.6(3)
$995.7(0+). . ... 5994.2(2)  |oeeiiiinnn. 5995.9(2s) | 5997.1(1) | 5995.8(0+) | 5996.1(1) | 5995.8(1+)
6008.3(0). ... ... : -6(0+)
6021.2(04) ...
6033.3(0+).

2(2~)
6110.5(0+)

B4) .. . . .
NICIAN S e

.. 6790(0+)
............. 6804(0-+)

6846.4(07) |.............

6927.6(0 ) | 6934(0)

7041(0) 7041.5(1—) | 7041(0)

* Excluding, as noted in the text, the well-identified C2 and CN bands.
1 Weak plate.

1940c Agfa Superpan Press emulsion was used, while for Comet 1942g the Victoria
spectra were obtained on Eastman 103-F plates. The Mount Wilson material for Comet
1942g was based on two spectrograms obtained on Eastman 103-F emulsion with a grat-
ing spectrograph giving a dispersion of 400 A/mm.

The absolute accuracy of the wave lengths may be estimated from an examination
of both the internal consistency of the measurements on the various spectrograms from

.
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TABLE 3

FINAL MEAN WAVE LENGTHS OF COMETARY EMISSIONS A >4800 AND THEIR COM-
PARISON WITH THE EMISSION SPECTRUM OF THE OXYAMMONIA FLAME

Eﬁlfr tM‘;'fllsures Dominion Final Strongest Flo xya.lsnmozllam
ang I\I/lIcD;nS:t)lrcll Astrophysical Accepted a-Band Lines ame )? ectr
Observatories Observatory Mean or Groups (Victoria

Mean A Mean A Cometary N\ (Rimmer)* Measurements)
4838.9(1-2). .. ...|.... . 4838.9(1-2) |
4866.4(22) ...
4868.2(1). . ..... .| 4868.2(1) 4866.8(2) ...
4869.9(3)  |........e.
4876.00-1). .. .. .| 4876.0(0-1) {i‘gggggg ~~~~~~~~~~~~~~~~~
4883, (1). ...l 4883 (0-1) |.... .
4923.6(3) |
4925 7(2) . ..o 4925.7(2) 4924 4(2) |
4925.6(3) ...
4937.001-0). ... .|............. .. 4937.0(1-0) | ...
4953.3(1-0). ... ..o 4953.3(1-0) |
4959.5(2) |,
4962.7(0). . ... | 4962 .7(0) 4961.4(2) ...
4962.3(3) |
4971.42) ...
4971 AO-1). oo 4971.1(0-1) { orsos [
5007.01-0)......|............... 5007.0(1-0) |
5186.5(2). ... ... 5186.5(2) ...
5243 1(1). ... 5243.1(1) 5243.6(3)  |............ ...
5259.0(1-0). ... ... 5259.0(1-0) |,
5283 5(1-0). ... .|............... 5283.5(1-0) |. i
5318 .5(2) . . ... | 5318.5(2) |
5326.0(1-0). .....|............... 5326.0(1-0) |....... i
5336.5(1) .. ... 5336.5(1) |
5355.3(1-2) . ... 5355.3(1=2) |,
5384.6(5) |l
5386.4(1-2). . ... .. ... 5386.4(1-2) 5385.3(2) ...l
5387.2(3) ...l
S417.1(2) ...
S418.300). ..o 5418.3(0) { sy [
5428 . 0(3). ... .. 5428.0(3) 5429.2(5) |
5445.0(3-4) . ... 5445 0(3-4) | ... .|
5687.1(0~1). ... .| 5687 1(0-1) |....oooo
................ 5694.6(3) 5694.6(1) 5695.9(3)
5?97 .2%4; 5696.9(1d)
5703.0(2) |
5700.5(2-3)
5701.5(2-3n) . .. .. 5704.0(1) [ 5703.8(2) |l
15704.0(2) 5705.4(6) | ...l
5707.06)  |.................
5708.5(6) 5713.8(3)
ST19.2(1) . ... | S719.2(2) |
5731.2(2n)....... 5731.4(14) S731.3(2) |
5739.6(1-2)...... 5741 .4(3) 5740.5(1-2) |.............. 5741.4(3)
5753.2(1)........ 5756.0(0) 5754 .1(1) ... 5753.5(3)
................ 5764 .8(04+) [5764.8(04) . oo
................ 5769.8(04) 15769.8(04+) | oo
S779. (0)........|. ... ... ... ... 5779(0) ... 5781.3(3d)
................ 5788 2(0+) | 5788.2(04) | ... ... Ceriad

* Proc. R. Soc., A, 103, 696, 1923.
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TABLE 3—Continued

Earlier M r .. . Oxyammonia
lz\l;osnt \:’?lsslclmes ADormm({n Final St.ronge?t Flame Spectrum
strophysical Accepted a-Band Lines
and McDonald A
Observatories Observatory Mean or Groups (Victoria
Mean A Mean ) Cometary N (Rimmer)* Measurements)
5805.000). .......| ... 5805.(0) ...l 5809 4(1d) ......
T 5870, 7(3d)
................ 5888.3(0) 5888.3(0)
5892 8(In). ... 5802 8(1n) |............ ‘5523;1; .Zﬁd))
........................................................... . S
........................................................... 5917.5(3%)
........................................................... 5929.1(3
5949(00). . ..o 5949(00) | gggg . SE?;BS)
e P P I 59722(4) ...
S9TT.7(4)........ 5976.6(3) 5977 .2(4) 5976.5(3) 5978.6(4)
5977.3(5)
5996.0(2-3)...... 5995.8(2—) 5995.92) |l 5998.0(3—)
................ 6006.6(04+) | 6006.6(0+) |....oo
................ 6013.1(0) 6013.1(0) {%gggg} 6011.8(2)
6019.4(1-2)...... 6020.2(3) 6019 .8(1-2) 2(1+-s)
6036.9(1)........ 6036.5(0+) 6036.7(1) 048 163
6053.5(1). ..o oo 60535 | {9598 | e
................ 6059 .5(0) 6059.5(3)
................ 6077.8(04) | 6077.8(1—) | ...
6085.3(1-2)......|. ... 6085.3(1) |-t e
6008.7(1-3)... ... 6096.9(1) 6097520 | {S00a3 | sorsn
6110.3(1)........ 6110.0(3) 6110.21) |....... Sy 6109.3(%
6120.5(3) ...
6120.9(2)........ 6120.9(3) 6120.9(1) {6121.2(2) 6121.0(1+d)
B 6137.6(0+) 6137.6(0) 6122.8(2) . 6143 3(1 . d) ...
........................................................... Og—
6148.6(0)........ 6147.6(3) 6148 . 1(%) | RESREEER
6170.6(1-0). ... ... |............... 6170.6(0) |.............. jgig? gg(_ii_d))
................ 6184.8(0) 6184.8(04+) |.............. 16188:8(%)
6200.2(0)........ 6200.3(0) T6200.2004F) |
................ 6212.8(0) 6212 .8(0) e 6214.4(3d)
................ 6224.6(0+) 6224.6(0+) |.............. 62326(2)
762360004 | 6236004 e e
6244.100)........0. ...l 6244 .1(0)  |..............|.. 6262 5(1 . dd)
6279.0). ........| 6218.30) | 6278.6(0) | I
6295.4(3) ...l
................ 6288 .6(0) 6288 .6(0+4) 6297 .5(2) 6287.5(1—)
6298.6(2) |
6298.0(5)........ 6300.7(6) 6299 .3(6) 6299.0(2) 6299 .5(8)
6300.1(3) |............. ...
................ 6321.2(3) 6321.2(1) 6300.8(6) 6321.8(2—)
6302.03) |l
6333.2(2). . ... .. 6335.2(2) 6334 .2(2+) {ggg; :g%} 6332.6(4)
6345.6(1-0). ..... 6345.7(0+) 6345.6(1)  {.............. 6345 .8(1)

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

147


http://adsabs.harvard.edu/abs/1943ApJ....98..142S

J; D198 [T42S)

A,

[32]]
&,
[=h

P. SWINGS, A. McKELLAR, AND R. MINKOWSKI

TABLE 3—Continued

Earlier Measures Domini Final St ¢ Oxyammonia
Mount Wilson ominion ma ronges Flame Spectrum
and McDonald Astrophysical Accepted a/-Band Lines N

. Observatory Mean or Groups . .
Observatories Mean A Cometary X (Rimmer)* (Victoria
Mean A : Measurements)
U A U SO 6356.0(14)
6364.10n). ... ... 6364.3(1+) | 6364.2(1) ...
........................................................... 6369.9(1+)
6386.2(0). ....... 6385.6(1—) 6385.9(1)  |..ooooo
........................................................... 6390.0(3dd)
................ 6398.1(0+) 6398 1(3) e
................ 6409.1(0+) 6409.1(3)  |.......i.. ... 6409.4(2dd)
6413.70) . ..o 6413.704F) |voomoononans e
6431.33) |
................ 6433.8(0) 6433.8(0) 6434.0(2) 6432.3(1dd)
6436.9(2)T ...
........................................................... 6447 .5(3d)
................ 6474.3(0) 6474 30) |
....................... T e478.6(1d)
........................................................... 6497 .1(3dd)
................ 6500.9(0+) 6500.9(0-4) | .ooooee
............................................................ 6529 4(1—s)
6546.(0) . oo e 6546(0) |l 6547 .5(1+d)
........................................................... 6560.3(1s)
........................................................... 6571.3(1s)
6581.(0-1)....... 6579.5(0+) 6580(1) |,
R TN PR PR 6587 .6(1)
6598.(1)......... 6597.0(0) 6597 5(8) |
.......................................................... 6601 .5(4)
6622(2). ......... 6619.8(2) 6620.7(24) | oo 6620 .1(8s
........................................................... 6630.4(3d)
6642.(0-1)....... 6641.6(3) 6641.8(1) |
........................................................... 6646.8(5)
........................................................... 6656 6(1—s)
................ 6674.6(0) 6674.6(0+F) |..............| 6672.1(1+s)
........................................................... 6688 7(2+d)
........................................................... 6704.0(1s)
........................................................... 6713.5(1s
........................................................... 6734.2(2—dd)
......................................................... 6749 .5(1dd)
........................................................... 6770.8(1s)
........................................................... 6780.1(2s)
................ 6790.(0) 6790(0)
........................................................... 6799 .8(2—dd)
................ 6804 . (0) 6804(0)
........................................................... 6829.6(1—d)
................ 6846 .4(0) 6346(0) e 6846 .8(14d)
........................................................... 6864.(1+d)
................ 6928(0) 6928(0+)
................ 7041(0) 7041(0)

1 No measurements beyond X\ 6437.

one observatory and the agreement of the results from the three institutions. From such
examinations it would appear that the final mean accepted wave lengths given in Table 3
should be accurate to within a few tenths of an angstrom, especially for the stronger
features. It should be noted that most of the emissions, although almost certainly
molecular bands, appear fairly narrow and sharp, similar to atomic lines, and, unless it
is otherwise definitely indicated, the wave lengths correspond to their intensity maxima.
It should also be remarked that a few of the faintest features listed, especially those

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


http://adsabs.harvard.edu/abs/1943ApJ....98..142S

J; D198 [T42S)

A,

[32]]
&,
[=h

COMET SPECTRA 149

which are concentrated near the cometary nucleus where the reflected solar spectrum is
strong, may possibly be spurious, although it is not thought that many are.

DISCUSSION

The strongest unidentified emission feature in the region of cometary spectra under
discussion is the one at X 6300. Its total width (on the Victoria plates) is from about
X 6296 to A 6304. With respect to heliocentric distance, it appears to behave in a manner
similar to that of the X 4050 group of cometary bands, recently shown by Herzberg? to
be due to the triatomic molecule CH,. At large heliocentric distances, A 6300 stands out
conspicuously; for example, in the spectrum of Comet 1942g at » = 1.40 astronomical
units, there is hardly any trace of CH, and the NH and C; bands are weak, but A 6300
and the X 4050 CH; group are both quite strong. A number of features near A 6300, par-
ticularly one at A 6334, apparently behave similarly with respect to heliocentric distance.
This group of emissions, which we shall refer to as the ‘““A 6300 group,” since it resembles
in general behavior the bands near A 4050, which up to the present time constitute the
only cometary emission features known to be due to a polyatomic molecule, may very
likely itself be due to a molecule made up of more than two atoms. It appears that the
behavior of several other of the stronger cometary emissions, including A 6620 and
A 5976, may be similar to that of the A 6300 group.

One identification for the A 6300 group suggests itself, since the strongest feature ap-
pearing in the visual region of the spectrum of the oxyammonia flame occurs at A 6300.
In the flame spectrum this is related to the so-called alpha band of ammonia which covers
a large part of the yellow and near-red spectral regions and which has been photographed
in the spectra of many different flame® and discharge-tube* sources. Its structure, as
revealed by the study of Rimmer, who used relatively high dispersion, is very complex.
He measured some three hundred individual lines of the more than an estimated three
thousand observable lines. Reproductions of low-dispersion spectrograms of the hydro-
gen-nitrous oxide and methane-nitrous oxide flames, in which the alpha band is present,
have recently been published by Gaydon.® In the hydrogen—nitrous oxide flame spec-
trum two intensity maxima at about A 6300 and A 6330, which Gaydon found to vary
somewhat in intensity from plate to plate, are outstanding; but for the methane-nitrous
oxide flame these features are not at all prominent. From his observations Gaydon con-
cluded that “it may be that the structures [\ 6300 and A 6330] are not of the same origin
as the rest of the alpha band or that for some reason they are particularly sensitive to
changes in the temperature of the flame.” In Eder and Valenta’s® reproduction of the
spectrum of the ammonia-oxygen flame the features at A 6300 and A\ 6330 are conspicu-
ous. In 1927 Hulthén and Nakamura® suggested that the alpha band ‘“‘is emitted by the
excited NH; or NH; molecules or a mixture of both, as one can distinguish with some
degree of certainty two different systems in alpha.” Whatever doubt may remain as to
the molecules which actually give rise to the alpha band, it is almost certain that they
must be a polyatomic nitrogen-hydrogen combination or combinations (likely not ion-
ized), and it is almost certain that NH, plays the dominant role.

The electronic structure of NH, has been considered by Mulliken,® and he has kindly
provided us with some information additional to that given in the reference cited. The
energy-level diagram (Fig. 1) indicates the nature of the expected transitions on the

2 Rev. Mod. Phys., 14, 195, 1942; Ap. J., 96, 314, 1942.

3 Eder, Denkschr. Wien. Akad., 60, 1, 1893, Eder and Valenta, Atlas typischer Spekiren (Vienna), p. 10,
1911; Reis, Zs. f. phys. Chem., 76, 560, 1911; Fowler and Badami (hydrogen—nitrous oxide flame), Proc.
R. Soc., A, 133, 325, 1931; Gaydon (hydrogen—nitrous oxide and methane-nitrous oxide flames), Proc.
R. Soc., 4,181, 197, 1942,

4 Rimmer, Proc. R. Soc., A, 103, 696, 1923.
5 Nature, 119, 235, 1927. 8 J. Chem. Phys., 1, 500, 1933 (Table 1).
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assumption that the apex angle is fairly wide, as may be inferred by analogy with Herz-
berg’s interpretation of the A 4050 cometary group of CH; bands.?2 The diagram suggests
that there might be observable NH, spectra in the visible region, for it seems hardly
likely that the interval between 2B; and 2B, could be more than 4 volts. The position of
the level 2A; would depend a good deal upon the apex angle; for a smaller apex angle such
as that of H,O the levels A, and 2B, might be close together or might even reverse
in position.

From these considerations it appears that there could be either one or two moderately
intense electronic band systems of NH; in the visible region. It is also possible that the
molecule could have an almost metastable level in case the highest level shown in Fig-
ure 1 should actually be the middle one. However, this is improbable.”

Certain general considerations which are in harmony with the proposed presence of
NH, in cometary heads may be pointed out. The NH bands occur strongly in cometary
spectra. The presence of NH molecules is most reasonably accounted for as a result

of the photodissociation of chemically stable mole-

2 cules, probably ammonia, NHj, liberated from the
B ] solid constituents of the cometary nucleus. Since it
2 ! is known?® that the photo-chemical decomposition of
: ammonia takes place almost exclusively according to
2 " the reaction
A L]
/ : NH3;+ hw— NH, + H |
| the presence in cometary heads of VH, is most proba-
! ble. Data from which it may be inferred that the
2 f somewhat analogous dissociation process, with car-
5 [ | . bon replacing nitrogen, is taking place in cometary
/ gases are very definite. In this case the parent-
Fic. 1.—Electronic energy-level  molecule is probably CH4 (and perhaps also other
diagram of NH.,. saturated hydrocarbons), and the CH as well as the

CH, bands are known to occur in cometary spectra.

In the absence of an analysis of the alpha band, it is impossible to predict in detail
the structure of the emission spectrum expected from cometary NH; molecules excited
by the resonance mechanism, taking into consideration the profile of the exciting solar
radiation. All we can do is to compare as well as possible the wave lengths of the emis-
sion maxima in the spectrum of a source of the alpha bands with the emission features
in the cometary spectrum. It must be understood that, since we cannot duplicate in the
production of the alpha band in the laboratory the excitation conditions obtaining in a
cometary head (generally speaking, this corresponds to an effective temperature of a
few hundred degrees absolute), slight differences in wave length and greater ones in in-
tensity would be expected in any comparison made.

In order to try to obtain as valid a comparison as possible, an oxyammonia flame was
set up in the laboratory at the Dominion Astrophysical Observatory. The ammonia
was obtained by heating concentrated ammonium hydroxide and the oxygen from a
small commercial tank; the gas was burned, using a glass-blowing torch. The ammonia
(undried) came through the central orifice of the burner and the oxygen through a cir-
cular opening surrounding the orifice. There was thus no mixing of the gases before com-
bustion; the result attained was therefore very closely that of ammonia burning in an

7 The data on the electronic structure of N H are quoted from a private communication from Dr. R. S.
Mulliken.

8 Farkas and Harteck, Zs. f. phys. Chem., 27B, 111, 1934. We do not exclude the possibility that
hydrazine molecules (V:H,) might play some role in the production of NH, or NH.
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atmosphere of oxygen. Spectrograms of the yellow-colored flame were obtained with a
stellar spectrograph (single-glass prism), giving a dispersion of 130 A/mm at Ha (almost
twice that used for the comets). The same type of plate used for Comet 1942g (Eastman
103-F) was employed. A reproduction of enlargements of a spectrogram of Comet 1942g
and of the oxyammonia flame spectrum obtained at Victoria are shown side by side in
Plate XIII. In these reproductions the prominent features at X 6300 and X 6333 match
well, as also do a number of others, notably those at A 5977 and X 6620. The wave lengths
of all the emission features on two of the oxyammonia flame spectrograms were meas-
ured. They are listed in Table 3, which, as well as presenting the finally adopted mean
wave lengths of the cometary emissions, shows a comparison between these and the
wave lengths of the emission maxima in the oxyammonia flame spectrum. The table
also includes a column giving wave lengths of strong lines and groups of lines measured
by Rimmer on high-dispersion spectrograms of the alpha band. It is seen that there are
some twenty approximate wave-length coincidences (taking about 2 angstrom units as
the maximum allowable difference) between the forty-odd cometary wave lengths and
sixty-seven flame-spectrum wave lengths. The general correspondence in relative in-
tensity of these coincidences also seems fairly good. It may be noted that the only fea-
tures, other than those listed here, obtained on plates of the oxyammonia flame spectrum
using Eastman F-type emulsion and a quartz spectrograph, were the A 3360 VH band
and the A 3064 and X 2811 OH bands.

We suggest that a number of these coincidences are real and that several of the strong-
est features in the emission spectra of the comets are due to the molecule responsible for
at least part of the oxyammonia flame spectrum, this molecule probably being NHo.
This identification must be considered to be somewhat tentative. For example, the in-
tense emissions at AN 6299.3, 5977.2, 5694.6, and 5445.0 (and perhaps the weaker
\ 6674.6) are so spaced in wave length as to be interpretable as a v’ progression of bands
emitted by a diatomic molecule. However, the prominence of the strong AN 6299.3,
5977.2, etc., bands at comparatively large distances from the sun, as stressed earher
and the Wave—length agreements with the oxyammonia flame spectrum definitely favor
the polyatomic emitter.

Assuming this tentative identification to be true, there remains, however, a consider-
able number of umden‘uﬁed features. Concerning these the following remarks may be
made:

a) The cometary line, A 4839 is near to the strong Vegard-Kaplan band of N, at
A 4837.1. However, this identification is very doubtful indeed, since other Vegard-Kap-
lan bands of similar intensity in the spectrum of the night sky are absent.

b) The features at X 4868 and A 4971 are close to the wave lengths of the unidentified
absorption bands at X 4866 and A 4975 first found by Sanford® and Shane!® in the spectra
of certain N-type stars. In the carbon stars, X\ 4976 was tentatively attributed by
Wurm!! to the convergence of the A v = 0 sequence of the Swan system of C,. A recent
unpublished study of these bands in the spectrum of RY Draconis by one of the authors
(A. McK.) leads to the conclusion that this identification is almost certainly untenable.
Reasons for such a conclusion include the following: (1) The wave length of the band
differs by several angstrom units from the convergence wave length calculated from the
accurate molecular constants of Cs. (2) In the spectrum of RY Draconis the Co Swan
bands are quite weak, while the unidentified bands, including A 4975, are extremely
strong. (3) From certain regularities among the unidentified bands, quantities can be
derived which are probably the vibrational constants of the molecule responsible for the
bands. These do not agree with any known vibrational constants of C;. (4) The uniden-
tified bands do not exhibit any isotope effect such as would be expected from a diatomic

9 Pub. A.S.P., 38, 177, 1926.
10 Iick Obs. Bull., 13, 123, 1928. 1 Zs. f. Ap., 13, 179, 1936.
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molecule containing even one, much less both, of its atoms carbon. Therefore, even if
the cometary emissions are identical with the above bands (and this is by no means cer-
tain), the identity of the molecule responsible for them remains a mystery.

¢) The three cometary emissions at A\ 5318, 5326, and 5336 may possibly be identified
with a new system of NV, very recently found by Gaydon.!?

d) Certain band heads of the red CN system may contribute to cometary features of
the visual region.

¢) The features included in the table of cometary wave lengths at A 6059.5 and
A 6120.9 are partly due to the 2, 4 (X 6059.7) and 1, 3 (A 6122.1) bands of the C; Swan
system.

f) The cometary emission at A 5996 is almost certainly not due to NO*. A strong
band with origin at A 5999 has been attributed!® to NO+, but by comparison with the
isoelectronic molecule CO it is certain that this band cannot be a resonance transition of
NO+. By analogy with CO we should expect the absorption required to reach the upper
electronic level of the X 5999 band of NO* to have to take place in the far ultraviolet,
hence excitation by solar radiation to be very inefficient.

g) The cometary emissions at A 6300 and A 6364 may be occasionally blended with
the [0 1] lines of the night-sky radiation.

k) The features at A\ 6053, 6097, 6148, and 6200 differ in their appearance from all
other features in the visual region. They appear as wide bands, not degraded in either
direction, on a faint background. They may be of common origin.

An interesting sidelight in connection with the investigation herein described is that
the three authors, while studying the spectrum of Comet Whipple IT (1942g) at their
respective observatories early in 1943, within a few days of one another quite inde-
pendently came to the same conclusion regarding the suggested NVH, identifications.
Upon learning of this double coincidence through correspondence, they decided to col-
laborate in the publishing of their combined material.

We wish to express our thanks to Dr. R. S. Mulliken and Dr. G. Herzberg for valuable
suggestions and discussions.

12 Nature, 151, 167, 1943,
13 Duffieux and Grillet, C.R., 202, 937, 1936; Jausseran, Grillet, and Duffieux, C.R., 205, 39, 1937.
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