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ABSORPTION LINES OF THE INFRA-RED SOLAR
SPECTRUM

By C. G. ABBOT axd H. B. FREEMAN
(With 5 Plates)

In the decade 1890 to 1900, the bolometer was used under Langley's

direction at the Astrophysical Observatory of the Smithsonian Institu-

tion to feel out the positions of lines and bands in the infra-red solar

spectrum. The results were published in Volume I of the Annals of

the Observatory. In the spectral region A to fi, about 550 lines were

recorded as observed in the spectrum of a 6o° prism of ordinary

telescope flint.

At Mount Wilson, in the summer of 1928, Dr. H. D. Babcock

urged that further holographic studies of the infra-red solar spectrum

should be undertaken with apparatus of higher resolving power. Our

Fig. 1.

vacuum bolometer equipment, then on Mount Wilson, presents a sensi-

tive strip of approximately 0.1 mm. width, and the combined outfit

of bolometer and galvanometer was certainly not less than five times

as sensitive as the most sensitive outfit employed at Washington 30

years before.

It appeared practicable to undertake a brief holographic study of

the upper infra-red solar spectrum from A to Q in the time available.

Accordingly we set up a spectroscope (fig. 1) comprising a slit 6 cm.

high and (usually) 0.4 mm. wide; a collimating cylindric mirror of

543 cm. focal length ; a set of three telescope flint-glass prisms, two

of 6o°, the third of 64 angle, and all presenting faces approximately

6 cm. square. From thence a plane silver-on-glass mirror reflected

the spectrum to an image-forming spherical mirror of 230 cm. focal

length. The vacuum bolometer, above mentioned, whose sensitive

strip was 16x0.1 mm. received the rays at focus. The spectroscope
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was fed by a two-mirror coelostat with silver-on-glass mirrors. The

solar rays were not concentrated on the slit. Hence they represented

the integrated rays of the entire solar disk.

The infra-red solar energy spectrum was recorded on moving photo-

graphic plates 8 x 24 in. in surface. The clockwork was arranged

so that 4 cm. of plate corresponds to 5' of spectrum, and the plate

passed the recording light-spot of the galvanometer at the rate of

2 cm. in 1 minute.

The three prisms were set according to computations so that the

beam of rays of wave-length 1.05/j. would pass through each one

of the prisms approximately in minimum deviation. This same setting

was continued unchanged in all the observations. The total deviation

of the rays of this wave-length was roughly 180 and the dispersion

from A to O was about 5 25'. Hence we were obliged to use five

61-cm. plates to cover the entire region with overlap sufficient for

identification.

Generally three curves of each of the five regions were impressed

on a single photographic plate. Care was taken to arrange them

vertically in close superposition, so as to facilitate comparison. Plates

1 to 5 give reproductions of some of the most satisfactory observations.

Linear scales are drawn on plates 1 to 5 parallel to the direction

of motion of the recording photographic plate. They have numbers

closely agreeing with those of the extensive table 3 of linear measures

and wave-lengths, given below. In each group of three curves the

air-mass of observation decreases as between the several curves from

the bottom upward and in each curve (except in pi. 5) from left

towards right. In most plates there is a very considerable increase

of air-mass between the upper and lower curves. This will facilitate

the discrimination, by those interested, of solar and telluric lines. De-

tails of times of observation and air-mass and notes on the conditions

are given in table 2.

A very considerable increase of detail appeared in these energy

curves when compared with those taken 30 years ago with a single

glass prism. In the A line, for instance, not only could the doubles

be recognized, but in many of them the individual components were

resolved separately in the energy curve. Some of the bands near wave-

length o.82;u, showed as many as five veridical lines in the new curves

where only one broad band could be distinguished in the older work.

The identification of lines was done entirely by Mr. Freeman, and

in the following manner. A series of several holographs was super-

posed, either on millimeter cross-section paper or on a comparator
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in which a stretched wire was displaceable over a milk-glass back-

ground. Lines were considered provisionally veridical when found

as deflections of similar form and similar setting in three or more

holographs. After completing this preliminary study, the positions of

all deflections considered possibly veridical were measured on three

holographs with the excellent Warner and Swasey comparator de-

scribed on page 64 of Volume I of the Annals. Mean values were

computed of positions on three (or in some cases two) of these

holographs on which the deflections were found. When found on only

two of the three they were questioned, and rejected unless supported

by further evidence.

In assigning intensities, Mr. Freeman used practically the same

system that was used in Volume I of the Annals. Grades a, b, c, d,

and d? were employed. All lines falling within great bands like

A, par, </>, if/, and O are joined in a bracket and designated as a whole

with " a." Bands hardly reaching this first-class prominence are

similarly bracketed and marked " b." Individual deflections, or com-

posites of several small deflections which altogether make a depres-

sion of 5 mm. or more in holographs are marked " c." Smaller indi-

vidual deflections, whether in the bands or outside of them, are marked
" d." When considerable doubt remains as to the veridical character

of such a deflection, it is marked " d ?." We do not guarantee that

all the lines included in the table are veridical, but we believe a very

large proportion of them are so. The curves are very free from

accidental deflections as deep as a single half millimeter, and the

repetition on several holographs of similar configurations of intensity

" d " is regarded as strong presumptive evidence of reality of corre-

sponding solar or terrestrial absorption lines.

To determine the wave-lengths of the lines observed, the advice of

Dr. Babcock was sought. From his studies of all existing laboratory

determinations of infra-red line spectra, amplified by his own extensive

photographic work in the upper infra-red spectrum as far as A=
1.1018 Angstroms, he sent a list of 112 identifications of wave-length

places, given according to our holographic work in Volume I of the

Annals, as compared to more recent determinations. A curve of cor-

rection to the wave-lengths given in Volume I of the Annals has been

prepared from this material. In summary it is as indicated in table 1.

The data for corrections beyond 1.18/A are so scanty and so conflict-

ing that there seemed no justification for applying any corrections in

that region.
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Table i.—Corrections to Wave-Lengths of Annals, Volume I

(Corrections arc stated in Angstroms, wave-lengths in microns.)

Wave-lengths. .

.



NO. I INFRA-RED SOLAR SPECTRUM ABBOT AND FREEMAN

Table 3.

—

Lines and Hands in the Infra-Red Solar Spectrum

Linear
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Table 3.

—

Lines and Bands in the Infra-Red Solar Spectrum.—Continued

Linear
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Table 3.

—

Lines and Bands in the Infra-Red Solar Spectrum.—Continued

Linear
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Table 3.

—

Lines and Bands in the Infra-Red Solar Spectrum.—Continued

Linear
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Table 3.

—

Lines and Bands in the Infra-Red Solar Spectrum.—Continued

Linear
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Table 3.

—

Lines and Bands in the Infra-Red Solar Spectrum.—Continued

Linear
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Table 3.

—

Lines and Bands in the Infra-Rcd Solar Spectrum.—Continued

Linear
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Table 3.

—

Lines and Bands in the Infra-Red Solar Spectrum.—Continued

Linear
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Table 3.

—

Lines and Bands in the Infra-Red Solar Spectrum.—Continued

Linear
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Table 3.

—

Lines and Bands in the Infra-Red Solar Spectrum.—Continued

Linear
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Table 3.

—

Lines and Bands in the Infra-Red Solar Spectrum.—Continued

Linear
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Table 3.

—

Lines and Bonds in the Infra-Red Solar Spectrum.—Continued

Linear
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Table 3.
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