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THE ABSORPTION SPECTRUM OF SULPHUR DIOXIDE 

By FRANCES LOWATER 

In some earlier work on sulphur dioxide1 the author obtained an 

absorption spectrum, which exhibited marked changes with change 

of pressure and change in the length of the column of gas. The 

change in the absorption with the reduction in the absorbing me- 

dium consisted not merely in a reduction in the width of the region, 

but also in breaking up very wide absorption bands into narrow 

bands. 

With a column of gas 207 cm in length and at a pressure of from 

one to three atmospheres the spectrum consisted of : 

Narrow bands from X 3900 to 3333 
One wide band from X 3330 to less than 2100 

At a pressure of 1.5 cm of mercury it consisted of: 

Narrow bands from X 3226 to 3146 
One wide band from X 3134 to 2467 
Narrow bands from X 2456 to 2297 
One wide band from X 2290 to less than 2100 

At a pressure of 0.13 cm it consisted of: 

Narrow bands from X 3180 to 2970 
One wide band from X 2968 to 2715 
Narrow bands from X 2702 to 2269 
One wide band from X 2250 to less than 2100 

* When the length of the column of gas was reduced to 20 cm and 

the pressure was less than 1 cm of mercury, the whole spectrum 

consisted of narrow bands lying within the region A 3133 to 2200. 

The changes in the spectrum produced by change of pressure sug- 

gested that with the gas at a suitable pressure and with spectral 

apparatus of greater dispersion the bands of the spectrum might be 

broken up into lines. 

OBJECTS OF INVESTIGATION 

The present investigation was undertaken to determine whether 

the bands of absorption could be broken into lines and, if so, whether 
1 Astro physical Journal, 23, 324, 1906. 
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a relationship existed between the wave-numbers of lines of similar 

physical character. 

In the case of sulphur dioxide a special value is attached to the 

absorption spectrum and its resolution into lines, as its emission 

spectrum is so difficult to obtain, on account of the great tendency of 

the gas to dissociate, even when a very weak discharge is passed 

through it. So far its emission spectrum1 is known only as a band 

spectrum with heads toward the ultra-violet, and its investigation has 

not been carried into wave-lengths less than 3270; the author, how- 

ever, intends to make a further attempt in this direction at the first 

opportunity. No resemblance between the emission and absorption 

spectrum has yet appeared. This fact is true also of chlorine, but 

in the case of iodine, Konen has found that the absorption spectrum 

corresponds with the band emission spectrum from a vacuum tube. 

APPARATUS AND MANIPULATION 

The source of light was the spark of an alloy of cadmium and 

zinc mixed in atomic proportions; this light gives a continuous spec- 

trum down to A 2100, provided a sufficiently long exposure is given 

and a suitable capacity is placed in parallel with the spark, across the 

terminals of the secondary of an induction coil. 

The spectral apparatus was a concave Rowland grating, of 180 cm 

radius of curvature, with 15,028 lines to the inch (592 to the mm, 

approximately) and the width of the ruled surface 6.2 cm. The 

photographic plates used were Seed’s No. 27 Gilt Edge on lantern- 

slide glass. 

The gas was inclosed in steel tubes which had been thoroughly 

cleaned and their ends closed with quartz plates. At the beginning 

of the investigation, a tube 20 cm in length was used, but as the 

spectrum obtained was not well defined, a tube 80 cm long was 

adopted and better results were obtained. 

The tube was exhausted by a Geissler pump and the pressures 

read by a McLeod gauge. The gas was obtained from liquid sul- 

phur dioxide which had been redistilled, and care was taken that the 

gas used in the tube should be free from air; its high temperature of 

liquefaction (—io° C.) insures its freedom from other gases. 
1 Astrophysical Journal, 23, 338, 1906. 
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The beam of light from the spark was made parallel by a quartz 

lens before entering the tube; on emergence it was brought by a 

second quartz lens to a focus ön the slit of the grating apparatus. 

For comparison a photograph of the spectrum of the unabsorbed 

light of a second spark of the same alloy was taken immediately 

above or below that of the absorption spectrum of the gas. The 

beam from this second spark was made parallel by a third quartz 

lens and when required was brought between the end of the absorp- 

tion tube and the second quartz lens which focused the light on the 

slit. 

For determination of the wave-lengths of all the lines, measure- 

ments of the photographic plates were made in the usual way by 

means of a dividing engine; on the one used for this purpose readings 

could be made to 0.0001 mm, that is, to a greater degree of accuracy 

than that to which settings could be made on the absorption lines. 
  o 
The reduction factor was roughly 9.3 A to 1 mm. 

STANDARD LINES 

Metallic lines of cadmium, zinc, lead, aiid iron were transmitted 

through the gas, the lead and iron appearing from impurities in the 

two other metals. Certain cadmium lines were used as standards of 

reference; intermediate lines of cadmium, zinc, lead, and iron were 

used for plotting a curve of errors, which was applied in the usual 

manner for the correction of the calculated values of the unknown 

lines. By using as lines of reference those transmitted through the 

gas, one avoids possible errors due to displacement of standard lines 

by want of perfect adjustment of another source. A further advan- 

tage in having the reference lines superposed on the spectrum to be 

investigated is that the plate can be placed under the microscope of 

the dividing engine, so that lines stretch continuously across the 

whole field of view, and this makes easier the exact adjustment of 

the cross-hair parallel to the lines. 

The best values known of the wave-lengths of cadmium and zinc 

in the region in which this spectrum lies, namely A 2700 to A 3200, 

were those determined by Eder and Valenta;1 these were based on 
1 N or mal-Spectr en einiger Elemente zur Wellenlängenbestimmung im äussersten 

Ultraviolett, 1899. 
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their own values of iron lines which were referred to Rowland’s 

normals. 

The last photograph for the present work was taken before the 

publication of Fabry and Buisson’s iron standards1 reached this 

country, March 1908; otherwise a photograph of iron lines would 

have been taken on the same plate as the absorption spectrum and 

measurements on these lines compared with those made on the lines 

of reference transmitted through the gas. It was considered that 

Fabry and Buisson’s standards would form a more uniform basis 

for a relationship among wave-numbers, hence the wave-lengths of 

the standard lines were referred to these normals by the following 

plan. A curve was plotted having as abscissae wave-lengths of iron 

lines and as ordinates the ratios of Rowland’s wave-lengths to those 

of Fabry and Buisson’s of the same lines. From this curve was 

read off the ratio by which Eder and Valenta’s wave-lengths must 

be divided to give their values referred to Fabry and Buisson’s nor- 

mals. The wave-lengths of the lines used for this curve are given 

in Table I, together with the ratio of their values as determined by 

Rowland and by Fabry and Buisson. 

TABLE I 

Rowland’s Value* Fabry and Buisson’s 
Value 

2435-159 
2506.904 
2528.516 
2679.065 
2778.225 
2813.290 
2851.800 
2912.157 
2987.293 
3075-725 
3225.790 

Rowland’s A 
Fabry and Buisson’s A 

I.00003601 
3590 
3322 

3098 
4135 
3483 
3646 
4052 
3916 
4032 

i.00003627 

* Philosophical Magazine (5), 36, 49, 1893. 

The cadmium standards used for the regions lying between them 

have the following wave-lengths when referred to Fabry and Buisson’s 

normals: 
2707.05 3080.877 
2833 °73 3133-228 
2996.O49 

1 Journal de Physique (4), 7, 169-193, 1908. 
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DETERMINATION OF EXPERIMENTAL CONDITIONS FOR BEST 
DEFINITION 

Photographs of the spectrum were taken first with a column of 

gas 20 cm in length and with the gas under various pressures and the 

plates were given different times of exposure. These experiments 

showed that the bands obtained in the earlier work could be broken 

into lines, but so far the lines were not well defined. The experiments 

were repeated with a column of gas 80 cm in length until conditions 

were found which gave the best-defined lines. These conditions were a 

column of gas 80 cm long, a pressure of about 1 mm, and an exposure 

of four hours. With smaller pressure the absorption was too weak 

to give clear lines; with greater pressure the bands were not com- 

pletely broken up into lines. Similar effects were produced with 

different exposures; with too long an exposure, too much was trans- 

mitted; with too short an exposure, not sufficient light was trans- 

mitted to give clear lines. 
RESULTS 

The spectrum under different pressures is shown on Plate IX. 

The positives from which the reproductions are made are threefold 

enlargements of the original negatives. Much of the detail of the 

negatives is lost even in the positives, but for reproduction, enlarge- 

ment was necessary, as it requires a magnifying glass to show the 

fines on the negatives. 

The spectrum is shown on Plate IX under the following conditions : 

Fig. 
a 
b 
c 
d 

Length of Column of Gas 
20 cm 
80 
20 
80 

Pressure of Gas 
i atmos. 
3 mm 
5 
0.8 

The spectrum was found to consist of about 590 fines lying between 

A 2707 and 3120; the absorption extended to shorter wave-lengths 

but the fines were much less clearly defined. The wave-lengths were 
o 

determined as described above and expressed in Angstroms; the 

wave-numbers were then calculated as í X108 and therefore represent 
A 

the number of vibrations executed while the wave is propagated 

through one centimeter. The wave-lengths, A, of the fines, with their 

intensities, /, are given m Table II, the intensities being estimated 

by eye from 10, the greatest, to 1, the least. 
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TABLE II 

2707.6 
10.28 

• 33 
25.84 
26.22 
26.73 
28.04 
28.56 
29.03 
33-42 
35 -66 
36.61 
37-43 
37.86 
38.61 
39-2 

39-92 
40.46 
40.8 
41-18 
41.65 
42.0 
42.3 
42.84. 
52.94 
53-43 
53-91 
54*4 
55-02 
59.12 
60.02 
60.69 
61.32 
61.97 
62.80 
63-39 
64.29 
64.75 
65.24 
65-75 
66.16 
66.52 
67-37 

■ 67.77 
69.08 
76.8 
77.26 
77- 73 
78- 25 
78.91 
79- 34 
79-85 
80.26 
80.6 

2780.85 
81.43 
81.96 
82.50 
82 .98 
83-47 
84.01 
84.52 
84.93 
85.22 
86.38 
86.69 
87.02 
87.30 
87.72 
88.24 
88.66 
88.96 
89.50 
90.06 
90.58 
91.06 
91.49 
91.82 
92.14 
92.68 
93-07 
93- 37 
93.86 
94- 32 
94- 74 
95- 13 
95-58 
95-93 
96.65 
97-13 
97.62 
98.08 
98.9I 
99-31 
99.70 

2800.35 
or.56 
02.10 
02.4 
03.22 
03-79 
04.19 
04.76 
05.20 
05-49 
06.04 
06.45 
06.80 

I 

2807.18 
07.56 

■ 08.03 
08.41 
09.30 
09.66 
10.07 
10.3 
IO- 73 
11.03 
ii.51 
11.88 
12.28 
12.70 
13.20 
13.60 
14.21 
14.57 
14.85 
I5 -35 
15.80 
16. i 
16.5 
16- 93 
17.22 
i7'.59 
17- 99 
18.46 
18.71 
18.97 
19.26 
19.65 
2°-13 
20.48 
20.79 
21.12 
21-53 
21.78 
23- 42 
23.76 
24.16 
24- 44 
24-75 
25.21 
25.57 
26.01 
26.23 
26.60 
26.96 
27-37 
27.96 
28.40 
28.84 
29.30 

7 
7 
6 
6 
6 
6 
7 
7 
8 
7 
8 
7 
8 
7 
7 
7 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 

10 
10 
10 
10 
9 
9 
9 
9 
9 
9 
9 
9 
6 
6 
7 
7 
7 
7 
7 
7 
8 
7 
6 
6 
6 
6 
6 
7 

2829 
3° 
30 
31 

31 
32 
32 
33 
33 
34 
34 
35 
35 
35 
36 

37 
37 
38 
38 
39 
39 
39 
40 
40 
41 
41 
42 
42 
43 
43 
43 
44 
44 
45 
45 
45 
46 
46 
47 
47 
48 
48 
48 
49 
49 
50 
50 
51 
51 
51 
52 

52 
52 
53 

79 
38 
85 
38 
83 
24 
78 
47 
86 
27 
79 
15 
58 
91 

23 
46 
85 
!9 
63 
02 
33 
79 
29 
55 
00 
61 
06 
46 
15 
60 
99 
40 
74 
27 
60 
91 
31 

81 
27 
68 
16 
56 
96 
54 
98 
3 
67 
08 
45 
79 
14 
57 
98 
58 

9 
10 
10 
10 
10 
10 
9 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
8 
7 
7 
6 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
7 
7 
7 
7 
8 
8 
9 
9 
8 
8 
8 
8 
8 
9 
9 
9 

10 
10 
10 
9 
9 
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TABLE II—Continued 

2853.92 
54- 31 

•54-85 
55- 28 
55- 60 
56.IO 
56- 63 
57- 04 
57- 94 
58- 32 
58.69 
59- 13 
59-63 
60.03 
60.47 
60.98 
61-35 
61.88 
62.46 
63.42 
64.O2 
64.9 
65.64 
65.98 
66.5 
66.82 
67.38 
67.87 
68.62 
68.97 
69.2I 
69.66 
7O.3I 
7O.76 
71 -32 

72.19 
72.72 
73-1 
73-72 
74.1 
74.43 
74.95 
75-55 
76.92 
77.62 
78.01 
78.35 
79.86 
82.73 
83-5 
83-79 
84.4 
85.1 
85-93 

9 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
8 
7 
7 
7 
7 
7 

-7 
6 
6 
5 
7 
8 
9 

10 
10 
10 
10 

9 
9 
9 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
8 
8 
6 
5 
6 
7 
5 
3 
3 
4 
4 
5 
8 

2886.51 
86.82 
87.22 
87.74 
88.10 
88.65 
89.13 
89.66 
89.91 
89.42 
91.08 
9¿ .21 
92.7 
93-03 
93- 43 
94.06 
94- 38 

94.69 
96-55 
98.48 

2906.27 
01. Ï5 
01.56 
01.96 
02.62 
03-3° 
°4-37 
04.8 
05.20 
05.81 
06.14 
06.49 
07.17 
07.90 

. 08.2 
08.6 
08.98 
09.86 
10.13 
12.04 
12.36 
Ï3.28 

' 13-55 
14.3 
15-25 
16.1 
ïô-SS 
16.82 
17.42 
17-74 
iS .31 
18.94 
I9 -35 
19.66 

9 
9 

10 
10 
10 
9 
9 
9 
9 
8 
7 
6 
6 
5 
6 
7 
7 
7 
6 
9 
9 
8 
8 
8 
8 
8 
7 
8 
8 
8 

10 
10 
10 
9 
9 
8 
8 
8 

-5 
5 
5 
5 
4 
4 
5 
6 
7 
8 
8 
9 
8 
7 
7 

2920.2 
20.55 
20.89 
21.16 
21.45 
21.71 
22.21 
22.89 
23-38 
23.75 
24.34 
24.65 
25-52 
26.20 
26.59 
26.81 
2:7.84 
28.43 
28.89 
29.21 
29.56 
3°-01 

3°-33 
3.0.69 
3Ï.IO 
31- 72 
32- 95 
33- 5° 
34- 69 
SS-n 
35- 52 
36- 38 

37- 2 
38. °7 
38- 5 
39.10 

39- 63 
4O.06 
4O.4I 
4O.79 
4I.18 
41.57 
41-97 
42.83 
43.40 
43- 93 
44- 39 
44.82 
45- 64 
46.09 
46.65 
41-23 
48.55 
49.00 

8 
8 
8 
9 
9 
9 
9 
8 
9 
9 
9 
9 
9 
8 
8 
8 
8 
7 
7 
7 
6 
6 
6 
5 
5 
5 
4 
4 
3 
4 
4 
5 
5 

10 
10 
9 

10 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
8 
8 
6 
5 

2949.28 
49.6 
49.90 
So. 28 
54-3 
54- 7 
55- 62 
56 . l6 
56.80 
57-5O 
57- 89 
58.22 
58- 57 
58- 99 
59- 3° 
59-84 
60.22 
60.78 
6l .l8 
61.45 
6l .98 
62.40 
62.83 
63.27 
63.72 
64.82 
66.04 
67.40 
68.05 
68.34 
69.09 
69.76 
70.51 
71.7° 
72.91 
73- 57 
74- 33 
74.8 
75- 89 
78.2 
78- 55 
79- 13 
79-85 
81.66 
81.99 
83.40 
84.79 
86.13 
88.02 
88.77 
89.46 
90.27 
93-8 
98.O 

5 
5 
5 
5 
3 
3 
3 
4 
5 
7 
7 
8 
8 
8 
9 
9 

10 
10 
10 
10 
10 
10 
9 
9 
9 
8 
8 
5 
5 
5 
5 
5 
3 
i 
i 
i 
i 
i 
1 
8 
8 
9 
8 
5 
5 
6 
6 
5 
4 
4 
3 
2 
2 
5 
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TABLE II—Continued 

2998-33 
99.0 
99-56 
99.81 

3000.41 
00.94 
01.22 

. 02.00 
02.37 
02.93 
03-53 
04.15 
04.50 
05-43 
05.8 
06.2 
06. ss 
06.96 
07.40 
07.99 
08.58 
°9-35 
09.87 
10-33 
10.87 
II.42 
I2.29 
13.00 
13-56 
13.88 
14.82 
IS .28 
I5 -86 
16.59 
18.1 
18.83 
19.26 
19.63 
19.98 

7 
9 
9 

10 
10 
10 
10 
10 
9 
9 
9 
9 
8 
7 
7 
5 
4 
4 
4 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
i 
i 
1 
2 
2 
8 
8 
9 

10 

3021.18 
21.62 
22.15 
22.68 
23.25 
23-87 
24.29 
24.83 
25.40 
25-65 
26.10 
26.51 
26.87 
27-I5 
27.64 
28.19 
28.72 
29.25 
29.87 
36- 4 
33- 8 
34- 7 
35- 2 
37- 1 
37-6 
38.0 
38.5 
39-5 
40.07 
40.8 
4I.43 
4I.79 
42.O3 
42.40 
43- 14 
44- 0 

‘ 44.96 
46.00 
47.20 

10 
9 
9 
9 
9 
8 
8 
8 
8 
7 
7 
7 
7 
6 
6 
6 
6 
5 
5 
5' 
3 
3 
3 
2 
2 

3 
4 
3 

10 
10 
10 

9 
9 
8 
8 
8 
6 

3048.22 
49.46 
49.82 
50.46 
50- 9 
51 -54 
51- 79 
52- 43 
53- 7 
54- 03 
54- 76 
55- 31 
55-7 
56.0 
56.62 
57-15 
57-73 
58.38 
61.72 
62.48 
63.11 
63-7 
64.IO 
64.4 
65.46 
65.7I 
66.49 
67.0 
67.76 
70.02 
7O.57 
7I.2O 
75.31 
78.3 
79.0 
79-74 
80.31 
81.5 
82.03 

3083.2I 
84.02 
85-63 
86.20 
86.54 
86.88 
87.4 
8^-99 
89.49 
89.79 
90-30 
90.62 

. 91.24 
99.27 

3101.2 
03.0 
04.16 

.05.29 
05.81 
06.36 
06.89 
07.43 
08.08 
08.66 
09.26 
09.86 
10.73 
11.18 
11.77 
12.27 
13.61 
14.18 
16. i 
16.9 
17-3 
17.8 
18.2 

STRUCTURE OF THE SPECTRUM 

A curve was plotted having wave-numbers as abscissae and inten- 

sities as ordinates (see Fig. 1). The regularity of this curve suggested 

a relationship between the wave-numbers of lines of relatively equal 

intensity. With this clue as a guide, it was found that 92 per cent 

of the lines could be arranged in groups or series of lines, in each of 

which the first differences of consecutive wave-numbers were approxi- 

mately constant, or that each series of wave-numbers formed an 
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arithmetical progression; further, it was found that all these pro- 

gressions, 44 in number, had approximately the same common 

difference, namely, 223. This equality of first differences is expressed 

by the simple equation: 

N=aJrbm (1) 

where 

N=wave-number 
a=constant 
¿>=the common difference 

m=the number of the term in its series, 
= 1, 2, 3  

It is to be noted that the spectrum of sulphur dioxide does not 

obey Deslandres’ laws of equal second differences, between the lines 

of a band or between the heads of bands—laws which, as is well 

known, are expressed by a quadratic equation of the form 

N=a + bm+cm2 , 

where the first differences form arithmetical progressions. In the 

spectrum of sulphur dioxide the first differences are constant and the 

wave-numbers themselves form arithmetical progressions. Of the 

586 lines in the region measured, only 47 do not appear in these 44 

series; five of these 47 lines form a short series with the same mean 

common difference as the others; it is between series 43 and 44. In 

each series the greatest deviation of the common differences from 

their mean value is less than 1 per cent. 

The 44 series of wave-numbers, with their first differences and 

intensities, are given in Table III; for convenience in reference, the 

wave-length of the line at the head of each column is inclosed in 

brackets above the column of differences. The wave-numbers 

which do not appear in this table are collected in Table IV, the five 

which form a short series being in the first column. In these tables 

N denotes the wave-number, D the first difference in wave-numbers, 

m the number of the term in the series, and I the intensity. Of the 

series found, that of lowest wave-numbers has been called the first; 

similarly for the terms in the series. Whether this series is really 

the first has not been determined; Plate IX shows that the spectrum 

extends into longer wave-lengths when the gas is at higher pressures, 
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ABSORPTION SPECTRUM OF SULPHUR DIOXIDE 321 

but at these pressures measurable lines have not been obtained; 

hence it is undetermined whether or not the series extend into the 

region of longer wave-length. Thus the constant, a, in equation (1) 

has not been found. Apparently each series should have 23 terms, 

but none of the series is complete. 

TABLE in 

Series 44 

N 

Series 43 

N D 

Series 42 

N D 

23 
22 
21 

20 

19 

18 

17 

16 

iS 

14 

!3 

12 

ii 

10 

9 

8 

7 

6 

5 

4 

3 
2 

5 

5 

6 

8 

7 

8 

8 

8 

8 

9 

10 

8 

10 

36466 

30243 

35792 

35568 

35344 

35i2i 

34896 

34451 

34229 

34004 

33781 

33558 

33335 

32661.4 

32214.8 

(2742.3) 
223 

2X225.3 

224.7 

223.7 

223.0 

225.2 

2X222.3 

222.0 

225.1 

223.2 

222.6 

223.3 

3><224-7 

2X223.3 

7 

8 

9 

9 

4 

7 

9 

9 

9 

10 

10 

10 

9 

36680.8 

36458.6 

35786-9 

3SS63-3 

35338.3 

3Sii6 

34892.i 

34669 

34443-6 

34220.7 

33995.5 

33770-3 

33322-9 

33099.6 

32875-4 

32653.3 

(2726.22) 
222.2 

3X223.9 

223.6 

225.O 

222 

224 

223 

225 

222.9 

225.2 

225.2 

2X223.7 

223.3 

224.2 

222 T 

5 

8 

6 

8 

9 

10 

5 

9 

9 

10 

10 

9 

10 

6 

2 

36231.6 

36006.7 

35781.5 

35558.3 

35IIO-4 

34886. 

34661 

34212.7 

33990-8 

33767-2 

333I9-7 

33°94-8 

32872.8 

32425.3 

322o3.i 

(2760.02) 
224.9 

; 225.2 

223.2 

2X224.O 

224 

225 

2X224 

221 .9 

223.6 

2X223.8 

224.9 

222 .0 

2X223 .6 

222 .2 

Mean difíerences 223.7 223.8 223.8 
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TABLE III—Continued 

23 
22 

21 
20 
19 

18 

17 

16 

IS 

14 

13 

12 

ii 

10 

9 

8 

7 

6 

5 
4 

3 
2 
i 

Series 41 

6 

7 

5. 

7 

6 

7 

9 

8 

10 

8 

9 

10 

5 

N 

36896 

36674 

36222 

36000 

35776 

35553 

35331 

35105 

34881 
« 

3443° 

34207, 

33761 

33538 

.6 (2710.28) 
222.6 

.0 
2X225.6 

.8 
222.2 

.6 

•5 

.0 

.i 

•5 

■9 

32868.8 

32646.5 

32197.7 

224.1 

223.5 

221.9 

225.6 

223.6 

2X225.5 

223.9 

2X222.9 

222.8 

3X223.2 

« 
222.3 

2X224.4 

Mean differences 223.7 

Series 40 

7 

6 

7 

10 

8 

10 

8 

7 

9 

9 

9 

5 

10 

9 

8 

5 

N D 

35993 

35770 

35546 

35325 

35100 

34875 

3465° 

34426 

34202 

33980 

33756 

33534 

33311 

33089 

32640 

32192.0 

(2778.25) 
223.1 

. 224.1 

221.6 

224.6 

225.5 

224.1 

225 

223 

221.7 

224.5 

221.7 

223.6 

222.0 

2X224.6 

2X224 

223.6 

Series 39 

7 

7 

10 

8 

10 

8 

8 

N D 

36214.6 (2761.32) 

2X224.2 

35766.3 

35541 

35318 

35093 

34869 

34643 

34421 

224.d 

223 .,2 

225.1 

224.3 

225.2 

222 .9 

9X223.6 

32408.3 

223.9 

Series 38 Series 37 Series 36 

23 
22 
21 
20 
19 

18 35979.8 (2779.34) 
222.7 

36194.8 (2768.80) 
221.6 

35973-2 
222.3 
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TABLE III—Continued 

DIOXIDE 323 

Series 38 

N D 

Series 37 

N D 

Series 36 

N D 

I? 

16 

IS 

14 

15 

12 

II 

10 

9 

8 

7 

6 

5 

4 

3 

2 

i 

8 

8 

10 

8 

35757 

35534 

35312 

35088. 

34640. 

3419s■ 

33974. 

33751. 

333°7 

33°83 

32860 

32636 

•7 

.8 

223.1 

221.3 

224.9 

2X223.9 

2X222.2 

221 .,4 

222.8 

2X222.3 

223.8 

222.4 

224.8 

2X224.8 

32186.5 

8 

[O 

8 

9 

9 

9 

9 

10 

10 

9 

9 

9 

7 

4 

35529.4 (2814.57) 
221.7 

35307-7 

35084 

34860.0 

34635-4 

34413-8 

34192.1 

33968.2 

33746.5 

224 

224.0 

224.6 

221.6 

221.7 

223.9 

221.7 

2X222.8 

9 

8 

10 

9 

9 

33300.8 

33077.0 

32852 

32402.3 

32180.9 

223.8 

225 

2X225 

221.4 

35750-9 

35S25-9 

35301 -o 

35079.5 

34855-7 

34409-9 

33962.9 

33741-4 

33518.8 

33294-2 

33°7o-3 

32621.5 

32398.8 

32174.2 

225 ..O 

224.9 

22U5 

223,8 

2X222 .!9 

2X223.5 

221.5 

222.6 

224.6 

223.9 

2X224.4 

222.7 

224.6 

Mean differences 223.1 223.2 223.4 

23 
22 
21 
20 
19 

18 

17 

16 

15 

Series 35 Series 34 Series 33 

35967.9 (2780.26) 
223.2 

35744-7 
225.1 

2X222.6 

36187.4 (2763.39) 
223 

35964 
225 

35738-8 
224.9 

355I3-9 
221.5 

35292-4 
222.5 

35960.2 (2780.85) 

2X225 

35510 
222 

35287.6 
221.9 
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TABLE III—Continued 

Series 35 Series 34 Series 33 

N D N D N 

14 

15 

12 

II 

IO 

9 
8 
7 
6 

5 

4 

3 

2 
i 

9 

9 

10 

10 

9 

9 

9 

8 

8 

«7 

6 

35074.4 

34852.8 

34629.2 

34404.6 

34182.0 

33957-9 

33287-4 

33065-6 

32841.2 

32618.9 

32395-2 

221. 

223. 

224. 

222. 

224. 

3X223. 

221. 

224. 

222. 

223. 

9 

9 

10 

35o69-9 

34847-3 

34624.8 

IO 
222.6 

222.5 

I0X223.4 

IO 

8 

8 

8 

8 

35°65-7 

34397-7 

34174.0 

33728-9 

33283-4 

33°S9•7 

3261O.6 

3X222.7 

223.7 

2X222.6 

2X222.8 

223.7 

2X224.6 

32390 
32168.2 

222 

Mean differences 223.3 223.3 223.3 

23 
22 
21 
20 
!9 

18 

!7 

16 

15 

14 

13 

12 

II 

IO 

Series 32 Series 31 

4 

8 

7 

9 

9 

10 

9 

10 

36i75-7 (2764 
223 

35952.7 

29) 
o 

35728-1 

35505 

35282.5 

35061.4 

34839-4 

34618.2 

34169.5 

224. 

223 

222 

221. 

222. 

221. 

2X224.4 

221.0 

6 

6 

7 

9 

10 

9 

9 

10 

8 

36169.6 (2764.75) 
223.7 

35945-9 
222.8 

35723-1 

225.5 
35499-6 

35056-1 

34834-0 

34612.5 

34389-1 

34166.9 

2X221.8 

222.1 

221.5 

223.4 

222. i 

223.6 

Series 30 

35718.1 (2799.70) 
222.1 

35496-0 

35.272-1 

35051.1 

34827.2 

34603.2 

34381 

223.9 

221.0 

223.9 

224.0 

222 

2X222 
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TABLE III—Continued 

Series 32 

N 

Series 31 

N D 

Series 30 

N 

33948.5 

335°3-2 

33053-5 

32830.0 

326°5 

32383•6 

32162.0 

2X222.6 

2X224.8 

223 -5 

225 

221 

221.6 

33943-3 

33273-1 

33°5°-8 

3X223.4 

222 .3 

4X223.8 

33936-8 

33715-0 

33269 

33°45-8 

221.8 

2X223 

223 

2X224.4 

32I55 -8 

Mean differences 223.0 223.0 222.9 

Series 29 Series 28 Series 27 

23 
22 
21 
20 
19 

18 

i? 

16 

15 

14 

13 

12 

ii 

10 
9 
8 
7 

6 

*5 

36163.2 (2765.24) 
224.3 

35938-9 

35491-3 

35266.2 

35043-7 

34821.2 

34376-3 

34154-9 

33488.2 

33265 

33041-4 

2X223.8 

222 -5 

222.5 

2 X222.5 

221.4 

3X222.2 

223 

224 

224.4 

6 

6 

5 

10 

8 

9 

8 

36156.6 (2765.75) 
223.9 

35932-7 
222.9 

35709-8 
223.6 

35486.2 
224.1 

35262.1 
222.6 

35039-5 
222.9 

34816.6 

34148.0 

33699-5 

,3256-1 

33034-4 

3X222 .9 

2 X224.2 

2X221.7 

221.7 

5 

7 

10 

8 

9 

8 

8 

8 

7 

36151.2 (2766.16) 
224.8 

.35926-4 

35480.4 

35258.1 

35034-7 

34810.2 

34589-2 

34365-9 

34142.6 

3325i-3 

33029.0 

2X223.0 

222.3 

223.4' 

224.5 

221.0 

223.3 

223.3 

4X222.8 

222.3 

222.9 
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TABLE III—Continued 

Series 29 

N 

Series 28 

N D 

Series 27 

N 

32817.0 

32367.8 

32146.1 

2X224.6 

221.7 
32364-7 

32142.i 

3X223.2 

222.6 

32806.1 

32359-2 

32136.1 

2X223.4 

223.I 

Mean differences 223.2 223.0 223.1 

23 
22 
21 
20 
Ï9 

18 

i? 

16 

15 

14 

13 

12 
ii 

10 

9 

8 

7 

6 

5 

4 

3 
2 

10 

9 

8 

8 

7 

6 

5 

4 

3 

6 

Series 26 Series 25 

36146.5 (2766.52) 

35477-2 

35028.1 

34805 

34362.7 

34138.9 

339I5-0 

33692.0 

33467.0 

33244.8 

33023.0 

32356.0 

32130.9 

3X223.1 

2X224.6 

•223 

2 X221 

223.8 

223.9 

223.0 

225.0 

222.2 

221.8 

3X222.3 

225.1 

359I9 

35694 

35470 

35022 

34798 

34575 

34129 

33906 

4 (2784.01) 
225.0 

4 
224.1 

3 

2X223.8 

33238-3 

32792.7 

32349-5 

224.7 

222.5 

2X223.0 

223.0 

3X222.8 

221.2 

224.4 

2 X 221.6 

Mean differences 223.1 223.1 

Series 24 

36584.2 

36i35-4 

35912-8 

35687.5 

35465-4 

35242.8 

35018.9 

34794 

34570 

34125.9 

33903 

33680.4 

33458.6 

SSon-S 

32788.8 

32567.2 

32II7 * 1 

(2733-42) 
2X224.4 

222.6 

225.3 

222.1 

222.6 

223.9 

225 

224 

2X222 

223 

223 

221 .8 

2X223.6 

222.7 

221 .6 

2 X 225-O 

223.4 
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TABLE III—Continued 

Series 23 Series 22 Series 21 

N D N N 

23 
22 
21 
20 
19 
18 

17 

16 

15 

14 

13 

12 

ii 

10 

9 

8 

7 

6 

5 

4 

3 
2 
i 

359°7-5 (2784-93) 
224 

35683 

35459-4 

35237-9 

35012.8 

34789-5 

34565-8 

224 

22I.5 

225.I 

223.3 

223.7 

2X222 .O 

34I2I.7 

33S99-4 

33229.8 

33004•7 

32781.8 

32560.5 

32m .2 

222.3 

3X223.2 

225.1 

222.9 

221.3 

2X224.7 

35673*3 (2803.22) 

35451 **i 

35228.3 

350°6 

34783*2 

34561.1 

34340.2 

34117 

33895-I 

33672.8 

33224.0 

32777 

222.2 

222.8 

222 

223 

222. i 

220.9 

223 

222 

222.3 

2X224.4 

2X223.5 

35446.9 (2821.12) 
223.4 

35223.5 
223 

35001 

225 
34776.0 

222.5 
34553*5 

34109.7 

33664.2 

33441-8 

33218.9 

32770-3 

2X221.9 

2X222.8 

222.4 

222.9 

2X224.3 

Mean differences 223.3 222 .8 223.0 

Series 20 Series 19 Series 18 

23 
22 
21 
20 
19 

18 

!7 

36113.1 (2769.08) 
224.2 

35888.9 
222.9 

35666.0 
224.2 

36554.3 (2735*66) 

3X223.1 

35884.9 
224.8 

35660.1 
221.5 

35880.6 (2787.02) 
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TABLE III—Continued 

Series 20 Series 19 Series 18 

m 

16 

IS 

14 
15 
12 

II 
IO 

9 
8 
7 
6 
5 
4 
3' 
2 
i 

N D N D N D 

35441-8 

352i9.6 

34549-7 

34326.6 

332I3 •° 

32767.7 

222.2 

3X223 

223 

5 X222.7 

7 2 X 222 

35438.6 

35213.9 

34990.2 

34546.0 

34322-4 

33206.9 

32760.8 

32091 

224.7 

223.7 

2X222. i 

223.6 

5X223.1 

2X223.0 

3X223 

35207.7 

34985-6 

34095-4 

33650.8 

3X224.3 

222. i 

4X222.6 

2X222.3 

7X224 

i 32083 

Mean differences 223.0 223.1 223.4 

Series 17 Series 16 Series 15 

23 
22 
21 

20 
19 
l8 

17 

l6 

IS 

14 

13 

12 
II 

IO 
9 
8 
7 
6 

36324.8 

35877-0 

35653-7 

35204.4 

34981.i 

34759-4 

34314 

34089.0 

33I97-3 

(2752- 
2X223. 

223. 

2X224. 

223. 

221. 

2 X222, 

224. 

94) 
9 

4X222.9 

2X225 

36541.6 (2736.61) 
223.3 

36318.3 
2X223.4 

35871.6 
223.5 

ssM-i 

35198-9 

34975•7 

34750-9 

34302•4 

33637-I 

33189.6 

2X224.6 

223.2 

224.8 

2 X 224 • 2 

3X221.8 

2X223.8 

2X223.0 

36530.0 (2737.48) 
224.6 

36305 
2X223 

35859 -5 

35637-4 

35413-8 

-3 

34969-6 

34746.2 

34523-8 

34075•2 

33629.6 

33i83-4 

32962 

222 . I 

223.6 

222.5 

221.7 

223.4 

222.4 

2X224.3 

2X222.8 

2X223.I 

221 
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TABLE III—Continued 

Skries 17 

N D 

Series 16 

N D 

Series 15 

N D 

32747 

32079 
3X223 

32743-6 

32074 
3X223 

32517.0 

32070 

2X222.5 

2X223.5 

Mem differences 223.5 223.4 223.0 

Series 14 Series 13 Series 12 

23 
22 
21 
20 
IQ 
18 

17 

16 

IS 

14 

!3 
12 
II 

IO 

36524.9 (2737.86) 

3X223.O 

223-5 
35855-7 

35632.2 

35408.8 

35185.7 

34964.7 

34742.I 

34292 

34070.3 

33849 

33402 

33179-8 

32735-8 

223.4 

223.I 

221 .O 

222.6 

2 X 225 

222 

221 

2 X 224 

222 

2X222 .O 

36297.4 (2755.O2) 
2X224.4 

35848-7 
22O.9 

35627-8 
222.6 

35405.2 
224.4 

35180.8 
221.5 

34959-3 

34287.3 

34065.5 

33844 

33621.1 

32952 

32729.9 

3X224.0 

221.8 

222 

223 

3X223 

222 

35622.9 (2807.18) 
221.5 

35401.4 

34953-1 

34283.9 

33616 

33169.5 

32947 

32723 

2X224.2 

3X223.1 

3 X 222.6 

2X223. i 

223 

224 

Mean differences 222.9 223.0 223.1 

Series ii Series 10 Series 9 

23 
22 
21 
20 
19 

36514.9 (2738.61) 

3X224.5 

36733.2 (2722.33) 

4X224.6 
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TABLE HI—-Continued 

Series ii Series Series 9 

N D N D N D 

18 

IT 

16 

IS 

14 

15 

12 

II 

10 

3584i-5 

35618.1 

35395-5 

35I72-3 

34948.5 

34723-9 

345°°.8 

34277.0 

340S5-5 

33833-9 

33164-5 

223.4 

222 .6 

223.2 

223.8 

224.6 

223.I 

223.8 

221.5 

221.6 

3X223.I 

35834-8 

35612.2 

sssgr-i 

35166.7 

34942.1 

222.6 

221 . I 

224.4 

224.6 

35828.7 (2791.06) 
221 .4 

35607.3 
221.7 

35385-6 
223.7 

35161.9 

4X 222.2 

10X222.6 

327I5 -9 

32265.7 
2X225.1 

34273•1 

33827-7 

33603-4 

331580 

32710.2 

32486 

2X222.7 

224.3 

2X222.7 

2 X 223.8 

224 

Mean differences 223.4 223.4 222 .9 

23 
22 
21 
20 
19 
18 

17 

16 

iS 

14 
!3 
12 
II 

IO 

Series 8 Series 7 Series 6 

36497-4 (2739.92) 

3X224.7 
35823.2 

35378-2 

35I56-8 

34935-0 

34266.4 

2 X222.5 

221.4 

221.8 

3 X 222.9 

2 X223.0 

36490.2 (2740.46) 

3X223.7 
35818.9 

222.8 
35596 i 

222.4 
35373-7 

221. i 
35I52 -6 

34258.9 

34035-9 

4X223.4 

223.0 

223.6 

7 

6 

7 

6 

6 

7 

6 

7 

10 

36933 (2707.6) 
2 X 224 

36485 

358I5-3 

35591-5 

35368.7 

34923-3 

34254-2 

34030.9 

3X223.3 

223.8 

222.8 

222.6 

222.8 

3X223.O 

223.3 

223 .O 
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TABLE III—Continued 

Series 8 

N D 

Series 7 

N D 

Series 6 

N D 

33820.4 

32926 

32704.0 

3X223.4 

224 

222 

338l2-3 

32921 

32697 

4X223 

224 

338o7-9 

32916 

3247o-3 

32246 

4X223 

2 X 223 

224 

Mean differences 223.1 223.1 223.2 

23 
22 
21 
20 
19 
18 

!7 

16 

15 

14 
13 

12 

ii 

10 

Series 5 

35807.9 (2792.68) 
221.6 

35586.3 

35i42.0 

34250.6 

33804.1 

33356 

33I33 

32911 

32464-3 

2 X 222.2 

4X222.8 

2 X 223.2 

2X224 

223 

222 

2X223 

Mean differences 222.9 

Series 4 

36480.7 (2741.18) 

4X224 

35583 

3536I-2 

35138.2 

34916.0 

34469•i 

34244-5 

33800.1 

33351-9 

222 

223.0 

220.0 

2X223.4 

224.6 

2 X 222.2 

2X224.1 

223-5 

Series 3 

7 

8 

6 

7 

3 

8 

8 

10 

8 

8 

8 

3 

36474.4 (2741.65) 

3X223.8 
35802.9 

35578-I 

35355-7 

35I33-2 

34689.3 

34465 - 2 

34240.1 

34017.9 

33795-3 

33573-4 

33I25-4 

32900 

224.8 

222.4 

222.5 

2X222.0 

224.1 

225.1 

222.2 

222.6 

221.9 

2 X 224 

225 

223.4 
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Series 2 Series 

N D N D 

23 
22 
21 
20 
IQ 
18 

i? 

16 

IS 

14 
13 
12 

it 

10 

9 
8 

7 

6 

5 
4 
3 

2 
i 

3647° 

35799-1 

35574-2 

35350-2 

35I27-0 

34905 

34459-5 

34236.i 

34012.9 

33566.8 

33344 

33i2°-7 

32452 

32227 

(2742.0) 

3X224 

224.9 

224.0 

223.2 

222 

2X222.5 

223.4 

223.2 

2 X223.0 

223 

223 

3X223 

225 

34676.7 (2883.79) 
2 X 221.9 

34233-0 

34009 

33785 -6 

33338-3 

SS11?-1 

32894.0 

32446.2 

224 

223 

2 X 223.6 

221.2 

223.I 

2X223 -9 

Mean differences 223.3 223.1 

It is obvious from Table III that equality of the observed intensities 

is not rigidly held in the series; there is too great a probability of 

error between the observed and actual values to make strict con- 

formity to such a condition needful. 
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TABLE IV 

9 

10 

10 

to 

5 

N D 

34000.o 

33774-9 

33328-8 

32879-3 

32433-7 

225.1 

2 X 223.0 

2 X 224.8 

2 X 222.8 

Mean differ. 223.7 

N 

36685-9 

36656.4 

36649.4 

36643.i 

365o7 
36312.0 
36206.0 
36013 
3S985-3 
359°3-8 

35864-9 

IO 

N 

35644-4 

35473-9 

35455-0 

35418.0 

35382-8 

35276.0 
35233-7 
34680 
34606.1 
34597•1 

34479-5 

N 

34385 

34336-S 

34226.5 

34134-8 

34046 
34024 
33930.2 
33909-8 

33791-8 

33689 
33577 

N 

33450-8 

33260.7 

33112-8 

33037-4 

32999 
32886 
32633 
32573-I 
3247s 

ERRORS 

i. In wave-lengths.—The wave-lengths were determined by meas- 

urements made on the lines on two plates, six measurements of one 

plate and four of the other. The difference between the mean values 

of the wave-length of any one line obtained from the two plates is 

in many cases less than 0.1, in the majority of cases less than 0.15, o 
although in some cases this difference amounts to o. 2 A. The 

following are examples of the mean values of wave-lengths obtained 

from the two plates: 

Plate 26 

2916.83 
2917.39 
2918.20 
2918.87 
2919.66 
2920.09 
2920.89 
2921.46 
2922.24 
2922.87 

Plate 28 

2916.82 
2917.44 
2918.41 
2919.01 
2919.66 
2920.28 
2920.88 

Plate 26 Plate 28 

2811.85 
2812.27 
2812.69 
2813.16 
2813.52 
2814.23 
2814.55 
2814.79 
2815.37 
2815.77 

2811.91 
2812.28 
2812.72 
2813.23 
2813.68 
2814.19 
2814.58 
2814.90 
28I5-33 
2815.82 

2. In wave-numbers.—Let 

N = tme wave-number, 
A. = true wave-length, 
v = error in iV, 

e = error in À. 

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



19
10

A
p J
 

3
1

. 
. 3

11
L 

334 FRANCES LOW AT ER 

Then 

N-v- 
i Xio 
A+e ’ 

^Xio8 

■■N 
A2 

For the upper limit in the spectrum, ¿ = 3200, hence v=\oe; for the 
o 

lower limit ¿=2700, hence thus an error of 0.1 A in A corre- 

sponds to an error of 1 or 1.3 in iV. Some of the lines, whose wave- 

lengths have been given to the second place of decimals and their 

wave-numbers to the first place, may not be correct to 1 in those 

places, but they have been left to the nearest calculated value there 

when the probable error in the mean value of the wave-length was 

only about 0.03. This was done because giving the wave-numbers 

to the units place only would have frequently doubled the error in 

the first differences. The close agreement with one another of the 

mean values of the common differences of the arithmetical progres- 

sions seems to justify this course in many cases. For lines with 

larger probable errors, wave-lengths are given only to the first place 

of decimals and wave-numbers to the units place. 

3. In intensity.—The want of accuracy in estimation by eye of 

the relative intensities of lines is well recognized. The difficulty in 

such estimation increases greatly with the number of lines to be 

observed, which here amounts to nearly 600. Further, errors must 

be present in the estimated intensity of absorption of those lines, 

which occur very near a broad metallic line strong enough to be 

transmitted through the gas. For example, the intensity of wave- 

number 33538.4 would most probably be represented by a higher 

number if full allowance were made for the increased intensity of the 

background due to the breadth of the metallic line 2980.79. Fig. 1 

shows the position of some of the metallic lines transmitted; the 

absence of absorption lines at some of these places suggests that they 

are hidden by the metallic lines. The plates show several metal 

lines broadened by the capacity required to produce the continuous 

spectrum. 
SIMILAR REGULARITY IN OTHER SPECTRA 

i. In emission spectra.—Equal first differences in wave-numbers 

have been found by: Ames1 in zinc and cadmium between the 
1 Philosophical Magazine (5), 30, 33-48, 1890. 
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frequencies of the first and second and between the second and third 

lines of most of the triplets; Kayser and Runge1 in tin, lead, arsenic, 

antimony, and bismuth; Rydberg in copper2 and in the red spectrum 

of argon;3 Kayser4 in the elements of the platinum group; Snyder5 

in rhodium, in the lines measured by Kayser; Olmsted6 in the oblique 

series of barium, strontium, and calcium; Messerschmitt7 in the 

heads of those bands of selenium which lie in the ultra-violet region. 

In these spectra, with the exception of the last two named, the con- 

stant first difference is different for different groups of lines of the 

same element. 

In contrast with the above spectra, Professor Wood8 has found 

in the resonance spectrum of sodium vapor series of lines having 

equidistant wave-lengths. 

2. In absorption spectra.—Friedrichs9 found in the absorption 

spectrum of Mn^l^ two kinds of bands,-arranged in groups, those 

of one kind strong, the other weak, the groups alternating with each 

other. A constant first difference appeared between the wave- 

numbers of the edges of the first bands of the strong groups; also 

between those of the weak groups, as follows: 

Weak Group 

N AN 

1919 

1995 

2071 

2145 

76 

76 

74 

Strong Group 

N AN 

1896 

I972 

2048 

2124 

2201 

2278 

76 

76 

76 

77 

77 

1 “Ueber die Spectren der Elemente,” 7 Abschrift, Abhandl. Bert. Akad., 1894. 
2 Astrophysical Journal, 6, 239-243, 1897. 3 Ibid., 6, 338-348, 1897. 
4- u Ueber die Bogenspectren der Elemente der Platingruppe,” Abhandl. Berl. 

Abad., 1897. 
s Astrophysical Journal, 14, 179-180, 1901. 
6 Zeitschrift für wissenschaftliche Photographie, 4, 255-291, 293-333, 1906. 
7 Ibid., 5, 249-278, 1907. 8 Astrophysical Journal, 30, 339, 1909. 
9 Zeitschrift für wissenschaftliche Photographie, 3, 154-166, 1905. 
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Here the first differences are approximately the same for the two 

groups. 

Another example of this structure in absorption spectra is in 

that of the vapor of paraxylene, found by Mies.1 The approximately 

constant first differences are between the wave-numbers of the heads 

of bands, which are not resolved into lines; hence, as might be ex- 

pected, there are comparatively large variations in the constants. 

In an earlier work by Käbitz2 on the spectrum of the vapor of 

Cr02Cl2 this simple structure can be found. He found five series of 

Absorptionstreifen (broad lines) in this spectrum; his values of the 

wave-lengths with their first and second differences are quoted below 

in Table V. The writer has calculated their wave-numbers and 

placed them in columns parallel with those containing the wave- 

lengths. The first four columns are quoted from Käbitz’ paper; 

for the fifth and sixth columns the present writer is responsible. 

n denotes the number of the line in the spectrum. 

It is obvious from the fifth and sixth columns of this table that 

the first differences of the wave-numbers of these series are approxi- 

mately equal; further, that this constant difference, namely 135, is 

approximately the same for all the series. Hence this spectrum does 

not obey Deslandres’ third law. 

TABLE v 

Series I. Principal Series 

Dt N AN 

3 

8 

13 

18 

23 

28 

33 

5846.5 

5800.2 

5755-0 

57IO-3 

5666.5 

5623.I 

5581.8 

46.3 

45-2 

44-7 

43-8 

43-4 

41-3 

0-5 

0.9 

0.4 

i7io4 

17241 

17376 

17512 

17648 

17784 

17915 

137 

136 

136 

136 

I3I 

Mean AN = 135 
1 Zeitschrift für wissenschaftliche Photographie, 7» 357_368, 1909. 
2 lieber die Absorptionsspectra der Chlorsäuren, Dissertation, Bonn, 1904. 
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TABLE V—Continued 

4 

9 

14 

!9 

24 

29 

34 

Series II. Subordinate Series I 

5837-I 

5791-8 

5746.6 

57°2-4 

5658.3 

5615-8 

5574-4 

d3 

45-3 

45-2 

44.2 

44.1 

42.6 

41.3 

Ds 

o. I 

1.0 

o. I 

1.4 

!-3 

N 

17132 

17266 

17402 

I7537 

17673 

17807 

I7939 

AN 

134 

136 

135 

136 

134 

132 

5 

10 

15 

20 

25 

30 

35 

Series III. Subordinate Series II 

5827-S 

S78i-4 

5736-5 

5692.2 

5648.4 

5607.0 

5567-2 

D, 

46 . I 

44.9 

44-3 

43-8 

41.4 

40.8 

Da 

I .2 

0.6 

0-5 

2-4 ! 

0.6 

N 

17160 

17297 

17432 

17568 

17704 

17962 

AN 

137 

135 

136 

136 

131 

127 

Mean AN = 135 (Omitting the last) Mean AN = 135 

Series IV. Subordinate Series III 

I 

6 

II 

16 

21 

26 

31 

5865-9 

58i9-3 

5773-1 

5728.2 

5683.8 

5640-3 

5597-6 

D, 

46.6 

46.2 

44.9 

44 - 4 

43-5 

42.7 

D2 

0.4 

1-3 

0-5 

0.9 

0.6 

N 

17048 

17184 

17322 

17457 
I7594 

17730 

17865 

AN 

136 

138 

137 

136 

135 

Series V. Subordinate Series IV 

7 

12 

17 

22 

27 

32 

5855-3 

5809.2 

5763-9 

57I9-5 

5675-8 

5633-0 

5591-0 

D, 

46.I 

45-3 

44.4 

43-7 

42.8 

42.0 

D, 

0.8 

0.9 

0.7 

0.9 

0.8 

N 

17079 

17214 

17349 

17484 

17619 

17753 

17886 

AN 

135 

135 

135 

135 

134 

133 

Mean AN = 136 Mean AN = 135 

CONCLUSION 

The spectra of S02 and Cr02Cl2 exhibit a very simple and definite 

structure, which is built up of a number of series of lines characterized 

by equidistant frequencies, this equal distance having approximately 

the same value in every series; for S02 it is 223, for Cr02Cl2 it is 135. 

Thus the different members of the structure are simple in themselves, 
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being expressed by arithmetical progressions, whose common differ- 

ence is the difference in frequency. These members are united into 

a regular structure by the simple tie that the mean frequency differ- 

ence of every series is approximately the same. 

Bryn Mawr College 
Pennsylvania 

January 28, 1910 
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