
CHARACTERISTIC FEATURES OF SOLAR 

PROMINENCES1 

By EDISON PETTIT 

ABSTRACT 
Spectra of prominences.—An objective-grating spectrogram taken at the eclipse of 

June 8, 1918, by Anderson and Babcock shows the prominences without the overlapping 
flash spectrum. The results of measures on this spectrogram are given in a table of 
wave-lengths and intensities. These data show that, with two exceptions, all the lines 
in the flash spectrum brighter than 30 on S. A. Mitchell’s scale are found in prominences; 
14 lines fainter than intensity 30 are also found, all of temperature classes III-V. 
“Metallic” prominences show all the lines in Mitchell’s table brighter than 15, ex- 
cept those of ionized barium. Save in brilliancy there is probably no real difference 
between the spectra of common and metallic prominences. 

"" Forms of prominences.—Prominences may be divided into five classes: (1) active, 
(2) eruptive, (3) spot, (4) tornado, and (5) quiescent, each of which is illustrated. An 
examination of prominences of classes 1, 2, and 5 in projection on the disk, combined 
with their appearance at the limb, shows them to be in form like sheets of flame standing 
on edge. The larger prominences are connected with the chromosphere only at inter- 
vals along the lower edge through columns like the roots of a tree. 

Dimensions.—The thickness of prominences varies from 6000 to 12,000 km. The 
length as projected on the disk is seldom less than 60,000 km or greater than 600,000 km. 
A height of 50,000 km is quite common, and eruptive prominences have been known to 
reach a height of two-thirds of a solar diameter. The volume of a prominence is often of 
the order one hundred times that of the earth. 

Masses of prominences.—After suitable correction of the observational material, the 
work of Pannekoek and Doom shows that an ordinary prominence has a hydrogen con- 
tent of 2 X1013 atoms per cubic centimeter. The calcium content is negligible. On this 
basis a representative prominence 10,000 km thick, 200,000 km long, and 50,000 km 
high would have the mass of a cube of water 15 km on an edge. The mass of the largest 
prominence on record, that of May 29, 1919, would be about four times as much. 

Distribution of the elements.—Comparison of both#« spectroheliograms and drawings 
made at the spectrohehoscope in Ha with spectrohehograms in K2 shows that the forms 
of prominences in these two fines are essentially the same. An examination of the eclipse 
spectrum extends this conclusion to other fines. The absence of certain streamers and 
faint clouds from the Ha observations may be due to instrumental conditions. There is, 
however, some reason to suppose that the effect may be real, since an electrical field 
would produce just this result. Disturbances in the corona about prominences are per- 
haps evidence that the Ca+ atoms attract the electron streams in the corona. 

Motions in eruptive prominences.—The principle of uniform motion modified by sud- 
den increases in velocity already found was tested (1) by a review of the best examples 
already given, (2) by an examination of new material published by other observers, (3) 
by new material obtained for the purpose, and (4) by examining the impartiality of the 
measurements. The conclusion is that this principle of motion in eruptive prominences 
is real. 

Light-pressure.—If light-pressure is operative in producing the motion, the Doppler 
effect which separates the absorption fines of the prominence from the corresponding 
absorption fines of the photosphere should also produce a separation of the hydrogen 
and calcium atoms. No separation of this kind was observed, however, in the eruptive 

I prominence of August 6, 1931. 
^ Expansion of eruptive prominences and the corcnal density-gradient.—It is shown that 

the density of the prominence of August 6, 1931, followed the law d - i?-6, and also that 
1 Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 

ton, No. 451. 
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the density of the corona follows the same law. The expansion of the prominence there- 
fore keeps its density in step with that of the corona. 

Tornado prominences.—These small objects are of the order 5600-22,000 km in diam- 
eter and 25,000-97,000 km in height. A case is reported in which the angular velocity 
became so high that the vortex exploded. No lateral motion over the solar surface has 
been observed. 

Quiescent prominences.—Detailed measures of condensations appearing in a quiescent 
prominence revealed a continuous internal turbulence with velocities ranging up to 15 
km/sec. 

Height of the chromosphere in Ha.—The height of the chromosphere was measured 
with the spectrohelioscope on several days of good definition and found to be 5500 km. 
This value is a little less than that found visually with the spectroscope. 

Previous papers1 describe an attempt made at the Yerkes Obser- 

vatory to determine the characteristics of the forms and motions 

of the prominences. The present paper? which may be considered 

an extension of these early studies, is based on data obtained in part 

at Mount Wilson and in part at the Yerkes Observatory. The equip- 

ment available for this work has been the Rumford spectrohelio- 

graph attached to the 40-inch telescope at Yerkes, made available 

through the kind invitation of Professor E. B. Frost, the 13-foot 

spectroheliograph and spectrographs at Mount Wilson, and the 

spectrohelioscope recently invented by Dr. G. E. Hale. 

SPECTEA OF PROMINENCES 

There are, in general, two spectral classes of prominences cor- 

responding to (1) the prominences most commonly seen, and (2) the 

“metallic” prominences, usually brilliant spikes, often found in sun- 

spots. The spectra of common prominences as seen without an 

eclipse consist of the Balmer series of hydrogen, the H and K lines 

of calcium, and the helium line D3. The helium lines X 6562 and 

X 7065 appear faintly, and the Ca+ triplet XX 8498, 8542, and 8662 

can be photographed.2 It is possible that the hydrogen line X 10049 

(fló of the Paschen series), observed by H. D. Babcock3 in the spec- 
trum of the photosphere, occurs in prominences, but thus far it has 

not been found. 

1 Pettit, Astrophysical Journal, 50, 206, 1919; Publications of the Yerkes Observatory, 
3, Part IV, 1925. 

2 K. Bums, Lick Observatory Bulletin, 10, 67, 1920; see also L. d’Azambuja, Annales 
de rObservatoire de Paris, Section d’Astrophysique à Meudon, 8, Fase. II, p. 100, 1930. 

3 Revision of Rowland’s Preliminary Table of Solar Spectrum Wave-Lengths, 
Carnegie Institution of Washington Publication, No. 396; Papers of the Mount Wilson 
Observatory, 3, 223, 1928. 
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SOLAR PROMINENCES n 

The spectra of prominences may be studied most conveniently 

at a solar eclipse. An objective-grating spectrogram taken between 

second and third contacts shows the spectrum as a series of images 

of the prominences corresponding to the various lines. Such a photo- 

graph was made by J. A. Anderson and Babcock1 at the eclipse of 

June 8, 1918, in the first-order spectrum produced by a 6-inch grat- 

ing of 21-foot radius, with ordinary photographic film in a plate- 

holder curved to fit the focal surface of the spectrum. An exposure 

of a few seconds made near mid-totality shows only the prominences 

without chromospheric spectrum (PI. la). 

The scale of this plate is 5.24 A per millimeter and is very nearly 

uniform over the region XX 4861-3341. Three prominences appear, 

furnishing three spectra which were measured by Miss L. M. Ware 

and the writer. These lines and their measured wave-lengths, together 

with those observed by S. A. Mitchell2 in the flash spectrum, are 

given in Table I. The table also gives the intensity IP estimated on 

an arbitrary scale made to fit MitchelFs for the prominent lines, the 

intensity in the flash spectrum IF, the height of the chromosphere 

in the flash spectrum, the element, excitation potential (E.P.), and 

the temperature classification. The intensities rP are taken from 

the work of Pannekoek and Doom.3 For the sake of completeness, 

the well-known lines in the visible spectmm and those observed 

by Burns4 in the infra-red have been added. The magnesium 

doublet X 5172 and X 5183 is beyond the sensitive limit of the 1918 

film, but shows weakly in the reproduction of Davidson and Strat- 

ton’s plate5 taken at the eclipse of January 14, 1926. 

Table I includes all the lines of Mitchell’s table having an intensity 

greater than 30, with the exception of X 3234.49 Ti+ (class Mr) 

and X 5316.67 Fe+, both of intensity 30. No trace of X 3234 can be 

found on the 1918 film, and X 5316 does not seem to show as a 

prominence image on Davidson and Stratton’s plate. 

1 Annual Report of the Director, Mount Wilson Observatory, 1918. 
2 Astrophysical Journal, 71, 1, 1930. 
3 Verhandelingen der Koninklijke Akademie van Wetenschappen te Amsterdam, Afdeel- 

ing Natuurkunde, Sec. I, 14, No. 2, 1930. 
* Lick Observatory Bulletin, 10, 67, 1920. 
s Memoirs of the Royal Astronomical Society, 64, 105, Plate 5, 1929. 
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TABLE I 

Lines in the Prominence Spectrum 

Prominence Flash 
Lp ip Height 

Flash Element E.P. Temp. 
Class 

8662.170, 
8542.132, 
8498.060, 
7065.185. 
6678.149. 
6562.816. 
5875-650. 
5183.. .. 
5172  
4861.344. 
4713.20. 
4571.80. 
4554  
4549.61. 
4541-71?- 
4533-90-■ 
450I-43-• 
4471.60.. 
4468.46.. 
4443-79-■ 
4395•02.. 
4388.44.. 
4340.49.. 
4334-78*. 
4246.85.. 
4233  
4226.46. . 
4215.45.. 
4101.77.. 
4077.80.. 
4045.32.. 
4026.16. . 
3989-37- • 
3970.08. . 
3968.48. . 
3961  
3953-47-• 
3947-59-• 
3933-61.. 
39I3 02•• 
3900.38.. 
3888.79.. 
3859.48.. 
3838.40.. 
3835-47-• 
3832.34-- 
3819.66. . 
3797.92. . 
3770.70. • 

5.20 
8.10 
2.80 
5- 64 
3-58 
2.65 
1-50 
3- 15 
2.00 
4- 11 

9-63 
1-50 
4- 03 
i. 28 
1 • 54 
8.48 
3-85 
5 13 
8- 39 
0.63 
4.84 
6.90 
3.22 
6- 74 
5- 70 
1- 85 
7- 83 
5-84 
6.28 
9- 77 
0.25 
8.70 
1 • 51 

303 
7.66 
3-90 
3-55 
0.54 
9.20 
9.87 
8.30 
5-54 
2- 34 
9-63 
8.02 
0.72 

200 
2 
i 
0 
1 
i 
i 
i 

30 
i 
i 
i 
0 

175 
1 
I 
0 
1 
4 

100 
7 
i 
4 
i 

1000 
i 
i 
i 

1200 
i 
i 

50 
1 
3 

15 
2 
i 

12 
9 

1890 
138 

512 

40 

126 

3 
115 

7 

3310 

2720 

19 

20 
200 
80 
40 
30 

200 
5 

35 
50 
50 
6d 
30 
25 
80 
40 
30 
40 

2 
160 

2 
50 
30 
40 
60 

140 
80 
30 
30 

6 
120 
175 
35 

4 
6 

200 
40 
40 

120 
35 
60 

100 
50 
10 
90 
80 

1000 
2200 

12.000 
7500 
2500 
2000 
8500 
5000 
2500 
2000 
2500 

700 
2500 
2500 
7500 
2500 
2500 
2500 
400 

8000 
500 

5000 
2200 
5000 
6000 
8000 
6000 
1800 
5000 
600 

8500 
14.000 

2000 
600 
600 

14,000 
2500 
2000 
8500 
2500 
7000 
7000 
6000 
5000 
6000 
6000 

Ca+ 

Ca+ 

Ca+ 

He 
He 
Hs 
He 
Mg 
Mg 
H2 
He 
Ti+ 

Ba+ 

Ti+-Fe+ 

Fe+-Cr 
Ti+-Fe+ 

Ti+ 

He 
Ti+ 

Ti+ 

TÍ+-V 
Fe 
H5 
La+ 

Sc+ 

Fe+ 
Ca 

Sr+-CN 
Ht 
Sr+ 

Fe 
He 

Ti-Fe 
H7 
Ca+ 

Al 
Fe-Co- 
Fe-Ti 
Ca+ 

Ti+-Fe 
Ti+ 

H8 
Fe 
Mg 
H9 
Mg 
He 
HI0 
HX1 

1-7 
1-7 
1- 7 

20.9 
21. i 
10.2 
20.9 

2- 7 
2- 7 

10.2 
20.9 
i .6 
0. 0 
1.6 
2.8 
1. 2 
i. i 

20.9 
i. i 
i. i 
i. i 
3- 6 

10.2 

0.3 
2.6 
0.0 
0.0 

10.2 
0. 0 
1- 5 

20. Q 
0.0 

10.2 
0.0 
0.0 
3-0 
2.8 
0.0 
1. I 
I. I 

10.2 
0.0 
2.7 

10.2 
2- 7 

2O.9 
10.2 
10.2 

V 
V 
V 

Cr 
Cr 
Cr 
Cr 
II 
II 
Cr 
Cr 
V 
II 
V 

III 
V, III 

V 
Cr 
V 
V 
II 

IV 
Cr 
V 

III 

I 
II 
Cr 
II 
II 
Cr 
V 

Cr 
II 
Cr 
IV 
IV 
II 

V, III 
V 

Cr 
I 

II 
Cr 
II 
Cr 
Cr 
Cr 

* Possibly ghost of Ss- 
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TABLE I—Continued 

Prominence Flash 
TP 

3761 

3759 
3749 
3746 

3737 

/i-33l 
\i-88/ 
9-33 

SO-2S 
5-78 
7.OO 

3734 
3721 
3719 
3711 
3704 
3697 
3691 
3686 
3685 
3383 
3372 
3361 
3349 
3341 

49. 
98. 
60. 
73- 
10. 
24. 
62. 
99. 
42. 
76. 
90. 
28. 
27. 
40. 

4- 45 
2.00 
9-94 
2.06 
389 
7.21 
i .62 
6.83 
5- 25 
3-84 
2.84 
i. 24 
9.41 
1.88 

7F Height 
Flash Element E.P. Temp. 

Class 

9 
9 
5 
o 
0 

3 
2 
1 
2 
i 
i 
i 
1 
9 
2 
2 
2 
3 
i 

70 
70 
70 
30 
40 
70 
55 
35 
50 
45 
40 
35 
30 
80 
25 
30 
25 
35 
25 

6000 Ti+ / 0.6 
\ 2.6 } 

6000 
6000 
2000 
2000 
5600 
5600 
2000 
5000 
4000 
3500 
3000 
3000 
6000 
2500 
2500 
2500 
2500 
2000 

Ti+ 
Hv 
Fe 

/ Ca+-Ni 
V Fe 

#13 
H1A 
Fe 
H1S 
Hl6 

Hi8 
h19 
Ti+ 

Ti+-Fe 
Ti+ 

Ti+-Sc+ 

Ti+ 

Ti+-Fe 

0.6 
10.2 
o. I 
31 
O. I 

10.2 
10.2 
0.0 

IO. 2 
10.2 
10.2 
10.2 
IO. 2 
0.6 
0.0 
0.0 
0.0 
0.0 
0.6 

IV 
IV 
Cr 

IA 
II, V 

I 
Cr 
Cr 
I 

Cr 
Cr 
Cr 
Cr 
Cr 
IV 

III, IV 
III 

I, III 
II 

II, III A 

The lines fainter than 30 on Mitchell’s scale that appear in Table I 

are shown in Table II. It will be noted that these are all spark lines 

of classes III-V (medium to highest energy-levels) or chromo- 

TABLE II 

Lines Fainter than 30 in the Flash Spectrum Which Appear in Prominences 

Wave- 
Length 

7065.20. 
6678.10. 
4713•I5* 
4541-50. 
4501.28. 
4388.39. 
4334-84. 

IP !f 

6 
20 

5 
60 
25 

2 
2 

Element 

He 
He 
He 

Fe+-Cr 
Ti+ 

Fe 
La+ 

E.P. 

20.9 
21 . I 
20.9 
2.8 
I. I 
3-6 

Temp. 
Class 

Cr 
Cr 
Cr 
III 

V 
IV 
V 

Wave- 
Length 

3989-77 
3953-03 
3947.66 
3819.63 
3383-84 
3361.24 
3341-88 

!p IF Element 

Ti-Fe 
Fe-Co- 
Fe-Ti 

He 
Ti+-Fe 
Ti+-Sc+ 

Ti+~Fe 

E.P. 

0.0 
3-0 
2.8 

20.9 
0.0 
0.0 
0.6 

Temp. 
Class 

V 
IV 
IV 
Cr 

III, IV 
I, III 

II, III A 

spheric helium. Generally speaking, the brighter lines in the promi- 

nences are also those which are the brighter in the chromosphere. 

Possibly A 4334.84 is a ghost. It is peculiar that A 4388.39 Fe shows 

when A 4387.86 He does not, since the height of the latter line is 
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14 EDISON PETTIT 

2000 km at the chromosphere; but repeated measurement fails to 

change the value given here. 

The spectrum of the metallic prominences is not so well known as 

that of the ordinary kind. The lines which, in addition to those in 

Table I, commonly appear in the visual region are given by the 

Kodaikanal observers in their daily visual inspection of prominence 

spectra.1 

Table III contains all the lines in the visual region of the flash 

spectrum brighter than 15 in Mitchell’s table, except the three lines 

XX 4934.08, 6141.77, and 6496.88, all belonging to ionized barium, 

TABLE III 

Additional Lines Which Appear in Metallic Prominences 

Wave-Length 

4923.96. 
5015.68. 
5018.44. 
5I67.35- 
5168.99. 
5172.65. 
5183.58. 
5234-63. 

30 
2 

25 
l8 
25 
30 
40 
15 

Element 

Fe+ 

He 
Fe+ 

Mg 
Fe+-Fe 

Mg 
Mg 
Fe+ 

Wave-Length 

5275-99 
53I6•67 
5362.86. 
5889.98. 
589599 
6678.10. 
7065.20. 

If Element 

20 
30 
15 
25 
20 
20 

6 

Fe+-Cr 
Fe+ 

Fe+ 

Na 
Na 

He-Fe 
He 

of intensity 25, 20, and 20, respectively. The lines of barium 

seem to be suppressed in the prominences; for example, the line 

X 4554, of intensity 50 in the flash, is of intensity o in the promi- 

nences and just visible on the 1918 eclipse film. Helium, like hydro- 

gen, seems to be present even in the lines that are very faint in the 

flash. In conclusion we may say that the spectrum of the promi- 

nences consists of the brighter lines of the flash spectrum and that 

metallic prominences are probably more brilliant only because the 

fainter lines are brought up by higher temperature, or greater den- 

sity, or both. The occasional appearance of continuous spectrum2 

in these prominences is an indication of abnormal pressure. There is, 

then, no real spectral difference between the common and metallic 

prominences. Probably, if sufficiently long exposures could be given, 

1 Kodaikanal Observatory Bulletins, semiannual summary. 
2 C. A. Young, The Sun (1910), p. 225. This also shows in Davidson and Stratton’s 

eclipse plate {Memoirs of the Royal Astronomical Society, 64, 105, Plate 5, 1929). 
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Class i 

Class 2 

Class 3 

Class 4 

Class 5 

PLATE II 

Types of Prominences, Showing Structural Changes at Intervals 
of a Few Minutes (G.C.T.) 

Class i, active type, February 28, 1929: 
a) i9hi5m; (b) i9h34m; (c) i9h45m 

Class 2, eruptive type, April 5, 1930: 
(a) i7ho8ra; (b) I7hi3m; (c) I7hi9m 

Class 3, spot type, August 19, 1927: 
(a) i7h43m; (b) i7h47m; (c) i7h5im 

Class 4, tornado type, July 5, 1928: 
(a) i7hnm; (b) I7hi7m; (c) i7h24m 

Class 5, quiescent type, August 21, 1930: 
(a) i6h45m; (b) i7hoom; (c) i7ho6m 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 
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SOLAR PROMINENCES 15 

the spectrum of the prominences would be much like the flash, ex- 

cept that some of the lines, like those of helium, would be brighter, 

while those of elements like barium would be relatively fainter. 

This behavior suggests that the forces which expel prominences from 

the chromosphere sift out the heavier elements such as barium. 

FORMS OF PROMINENCES 

The forms of prominences as they appear at the limb of the sun 

may be divided in order of their approximate frequency into five 

classes: (1) active prominences, which appear to be torn apart by an 

area of attraction or by a neighboring sun-spot; (2) eruptive promi- 

nences, which ascend in a more or less vertical direction; (3) spot 

prominences, which often have the appearance of closed loops 

of a fountain or of spikes with external wings—generally their 

appearance is best described by the word “splash”; (4) tornado 

prominences, which appear like vertical spirals or tightly twisted 

ropes; (5) quiescent prominences, which show only minor changes 

from minute to minute. 

Plate II illustrates the five prominence types, showing their de- 

velopment during approximately the same intervals of time. 

In general we may regard all prominences as “active,” the dis- 

tinction among the five classes outlined here being in the degree 

and kind of activity. In the strict sense of the word there seems to 

be no such thing as a “quiescent” prominence. Those which appear 

to be the best examples of this class show structural changes easily 

observable with the blink comparator in spectroheliograms taken at 

intervals of 4 or 5 minutes, provided the atmospheric definition was 

sufficiently good. 

Classes 1 and 2 are closely associated; a single individual often 

exhibits both phases simultaneously or passes from the active into 

the eruptive state. Although a spot may or may not be connected 

with classes 1 and 2, both these forms may be associated individually 

or collectively with class 3. We shall consider these generalizations 

in what follows. 

DIMENSIONS OF PROMINENCES 

The three-dimensional forms of prominences may be studied by 

comparing their outlines as they pass over the sun’s disk and ap- 
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16 EDISON PETTIT 

pear in projection at the limb. Prominences show on the disk as 

the well-known absorption markings, or, in the case of metallic 

prominences, as bright markings. They generally appear as long 

streaks, usually somewhat curved, and, when radial or near the 

center of the disk, we see them in plan and may measure their thick- 

ness. A considerable number of such cases was selected from the 

routine series of spectroheliograms taken with the 13-foot spectro- 

heliograph during the last sun-spot cycle and measured with a 

microscope having a simple scale in the field. The range in thickness 

is surprisingly small, generally from 6000 to 12,000 km, although 

some examples may measure 15,000 km. The length is quite vari- 

able. Very few prominences are shorter than 60,000 km, and a 

length of 600,000 km is unusual, although cases have been found 

where a broken line of prominences extended over more than one- 

fourth the circumference of the sun. D’Azambuja,1 in charting the 

prominences in projection on the sun, found several instances of this 

kind. The height is also quite variable, 75,000-100,000 km being 

not uncommon. The highest yet recorded was a fragment of a class 2 

prominence 929,000 km above the chromosphere, observed by T. 

Royds2 on November 19, 1928. 

We may regard the three-dimensional form of a prominence, 

then, as much like that of a thin sheet of flame issuing from the famil- 

iar fish-tail burner of the laboratory. The sheet of incandescent gas 

stands on one edge, usually not in contact with the chromosphere 

throughout its entire length, but raised above it a few thousand 

kilometers and connected with it by columns, like the roots of a 

tree. These columns are frequently staggered along the line be- 

neath the prominence and generally spread out at the surface of the 

chromosphere. This description is drawn from an examination of 

the larger prominences; the smaller ones often seem to be without 

the connecting columns and simply stand on edge upon the chro- 

mosphere or above it. The atmospheric definition is seldom good 

enough to make an examination of the smaller objects satisfactory. 

Representative dimensions are perhaps a thickness of 10,000 km, a 

length of 200,000 km, and a height of 50,000 km, which imply a vol- 
1 Op. cit., 6, Fases. 1-4, 1928-1930; see rotations Nos. 900 and 920, for example. 
2 Monthly Notices of the Royal Astronomical Society, 89, 255, 1928. 
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ume ninety-three times that of the earth. The largest prominence 

known to the author is that of class 2 observed1 on May 29, 1919. 

We have no value of the thickness later than about three weeks pre- 

ceding the eruption (which took place on the east limb), when it 

averaged about 8000 km. The supposition that at the time of the 

eruption the thickness did not exceed 12,000 km would give a volume 

four hundred times that of the earth. 

MASSES OF PROMINENCES 

The mass of a prominence is difficult to estimate largely because 

of the uncertainty as to the fraction of the atoms which are radiating. 

The density of the radiating atoms per cubic centimeter was de- 

termined for three prominences at the eclipse of June 29, 1927, by 

Pannekoek and Doom.2 To obtain the volume of the prominence, 

they assumed the thickness to be the same as the tangential extent. 

While this estimate is presumably valid for the small prominence 

b, it is probably twenty fold too great for prominence a (200,000 km 

reduced to 10,000 km). This makes the density of prominence a, 3.8 

atoms in the Hs state, or 32 Xio11 atoms of hydrogen per cubic cen- 

timeter at large, almost the same as the density for prominence b. 

For Ca+, Pannekoek and Doom obtained for each prominence, with 

the foregoing correction, 2.6 and 1.6 atoms, respectively, in the 

28 — 2?! and 28 —2P2 states. As all the Ca+ atoms are supposed to 

take part in the radiating process, the admixture of calcium in the 

prominence is insignificant. We know little about helium, therefore 

we must, for the present, consider the prominence to be made of 

hydrogen of atomic density comparable with that computed above. 

Both a and b were very weak prominences, while c, which was out- 

side their photometric range, was more nearly representative, and, 

judged from their estimates of intensities in the strontium lines, the 

ratio is about 6. This would indicate a density of 2X1013 atoms of 

hydrogen per cubic centimeter in a prominence of ordinary kind. 

This figure is, of course, controlled by the large factor of propor- 

tionality 1.2 X io-12 between the excited Hs atoms and the total num- 

ber at 5500° K, which is to a great extent uncertain. Using, however, 

the foregoing density and the mass of a hydrogen atom, 1.7 X10-24 

1 Loc. cit. 2 Loc. cit. 
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18 EDISON PETTIT 

gm, we find the mass of the representative prominence 10,000 km 

thick, 200,000 km long, and 50,000 km high to be 3.4X1018 gm, 

about the mass of a cube of water 15 km on an edge. The mass of 

the largest prominence on record, that of May 29, 1919, would be 

about four times as much. 

DISTRIBUTION OF THE ELEMENTS IN PROMINENCES 

The ideal method of studying the distribution of the elements in 

prominences would be by means of objective-grating spectra taken 

at an eclipse, as shown in Plate la. As indicated in Table I, the 

range of intensity covered by the H and K lines of calcium, the first 

few lines of the Balmer series of hydrogen, and the lines of the other 

elements is so great that several widely differing exposures would be 

necessary. The film of Plate la indicates, however, that the princi- 

pal features of the prominences shown in the lines measured which 

were brighter than about 5 (column headed ip, Table I) were sub- 

stantially the same. The other lines were too faint to be sure of the 

form. This statement applies to the general outline of the promi- 

nence, and not to the streamers or other fainter details. 

Without an eclipse we are confined to a comparison of calcium 

with hydrogen and possibly helium. The writer has used both photo- 

graphic and visual methods. Plate III shows four spectroheliograms 

taken alternately in the Ha line of hydrogen and the H and K lines 

of calcium, which confirm the testimony of the eclipse film in Plate 

la. They are of the prominence of August 6, 1931, in the active stage 

just before the eruption began. The first exposure was made by the 

author at the Yerkes Observatory in the H line of calcium; the 

others were made a few minutes later at Mount Wilson by S. B. 

Nicholson in Ha and K2. It will be noted that the streamers in the 

active prominences shown here are not so numerous or so intense 

in hydrogen as in calcium. Since this difference may be a matter of 

photographic contrast, it was thought advisable to study the ques- 

tion by comparing drawings made in Ha with spectroheliograms 

made simultaneously in K2. 

For this purpose the spectrohehoscope1 was used with Anderson’s 

rotating prisms. This instrument includes a 6-inch bright first-order 
1 Hale, ML Wilson Contr., No. 388, PI. XIX; Astrophysical Journal, 70, 265, PL XIV, 

1929. 
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PLATE III 

C 

Calcium 
K 

Hydrogen 
Ha 

Photographs of Prominence (No. 35) of August 6, 1931, Made Before the 
Eruption Began, Alternately in the Light of Calcium and Hydrogen 

{a) Yerkes Observatory at i4h2 2m7, {b) Mount Wilson at i4h27m, (c) Mount Wilson 
at i4h37m, (d) Mount Wilson at i4h44mj G.C.T. 
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plane-grating spectrograph, mounted Littrow fashion with a colli- 

mator-camera lens of 18-foot focal length. A line-shifter1 consist- 

ing of a plate of glass 2 cm thick was placed behind the second 

slit. An 8-inch objective of 30-foot focal length formed the solar 

image on the first slit. A red color screen and a plane-parallel glass 

plate i cm thick, arranged to rotate about an axis in its own plane 

for fine guiding in right ascension, were placed close in front of the first 

slit. This equipment was mounted in the Pasadena Laboratory, 

where drawings of prominences in Ha were made at a definite time, 

prearranged by telephone with Mount Wilson in order that photo- 

graphs in K2 might be taken simultaneously with the 13-foot spec- 

troheliograph. Plate IV shows four of the Ha drawings and the 

accompanying K2 spectroheliograms. It will be noted that these 

prominences are essentially the same in both Ha drawings and K2 

photographs, but that the streamers in Ha are entirely absent or 

lightly indicated, whereas in exposure D, for example, they appear 

in K2 as broad ribbons. 

The absence of streamers may be due, in part, to the relatively 

faint image in the spectrohelioscope caused by the broadening of the 

illuminated slit by the rotating prisms, but it was also observed with 

the 12-inch telescope and spectroscope at the Yerkes Observatory 

last summer. In the Yerkes observations the lack of streamers may 

perhaps be traced to the strong field-light of the instrument. All the 

cases so far cited are prominences of class 1. An instance of class 2 

will be seen in Plate VI. It must be concluded, therefore, that the 

elements composing a prominence are very thoroughly mixed, with 

possibly some difference in the streamers, although this may be an 

instrumental effect. 

These streamers appear usually to extend into the chromosphere 

in a definite small area or center of attraction,2 into a sun-spot, or 

into another prominence. If this be due to electrical forces, we know 

no reason why they should act on the neutral hydrogen atom, which 

has no external electrical field, although they would act on the ion- 

ized calcium atom. 

It has already been pointed out3 that the coronal streamers of the 
1 Ibid. 2 Publications of the Yerkes Observatory, 3, Part IV, 229, 1925. 
3 Ibid., p. 231. 
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20 EDISON PETTIT 

eclipse of June 8, 1918, radiating from a center of attraction between 

the two active prominences on the western limb of the sun, strongly 

suggest lines of force about the pole of a magnet. A close examina- 

tion of a photograph of that eclipse taken by Miss M. R. Calvert 

and Professor E. E. Barnard with a 6o-foot focus lens shows that 

the coronal streamers near the stronger prominence (see the H and 

K images of Plate la) have exactly the same curvature as the promi- 

nence streamers, which were moving into the center of attraction at 

a rate of 100 km/sec., a velocity obtained by measuring two of these 

eclipse plates in the blink comparator. The characteristic curving 

of coronal streamers about prominences of all types to form the 

well-known arches is also an argument for a held of force about a 

prominence. Such a coronal disturbance1 appeared above the great 

prominence of May 29, 1919, where the streamers arranged them- 

selves in an arch whose shape conformed closely to that of the promi- 

nence. If the corona is, indeed, composed largely of electrons, the 

ionized calcium atoms of large prominences must certainly disturb it. 

HEIGHT OE THE CHROMOSPHERE IN Ha 

The height of the chromosphere in Ha was measured with the 

spectrohelioscope on several occasions in February and March, 1931. 

The method depended on the following phenomenon : if we observe 

the sun with the spectrohelioscope set for Ha and then shift the line 

off the second slit with the line-shifter so that we see the sun in the 

continuous spectrum of a near-by wave-length, the radius of the 

image is decreased by the thickness of the Ha chromospheric layer. 

With the instrument just described the effect is very striking. 

The measurements were made with a filar micrometer and pro- 

jecting doublet, which transferred the image to an accessible position. 

The line-shifter was adjusted to give minimum light, indicating that 

the Ha line was centered on the second slit. The position of the 

limb in the field was then adjusted by rotating the plane-parallel 

glass plate which operates as a fine motion in right ascension until 

the limb came in contact with the wire of the micrometer. The 

continuous spectrum was then brought on the second slit by quickly 
1 Drawings of the corona from photographs, communicated by the Astronomer 

Royal, Memoirs of the Royal Astronomical Society, 64, Appendix, 1929. 
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moving the line-shifter, a neutral-tint shade glass was thrown over 

the eyepiece to reduce the intensity to that previously observed, and 

the micrometer wire was again set on the limb. The difference in 

readings was the thickness of the chromosphere, expressed in revolu- 

tions of the screw. The experiment was repeated on the other limb 

to eliminate the systematic error of image drift. This was small, 

however, as the whole measurement required only a few seconds. 

The instrument was calibrated by observing with a chronograph 

the time required for the limb to drift over the micrometer wires, 

the coelostat clock having been stopped. The value of 1 revolution 

of the screw was thus found to be 4T44. 

Observations were made on days of good definition only— 

February 25 and March 6, 7, and 9, 1931. The mean value of the 

thickness of the chromosophere in Ha was 7''6, which is equivalent 

to 5500 km. This value is less than half that found by Mitchell1 

from flash spectra, but only about 19 per cent less than that observed 

by G. Abetti2 with a visual spectroscope. The spectrohehoscope 

probably gives a minimum value, since the wire is set at the base of 

the rough outline of the chromosphere. 

ERUPTIVE PROMINENCES (CLASS 2) 

A study of all the available data on eruptive prominences on which 

four or more measurements were made has been published in a previ- 

ous paper.3 Of this collection of 24 eruptive prominences, 11 were 

spectroheliographic results in Ca+, either H or K, and 13 were visual 

measurements, usually by the method of transits, in the Ha line of 

hydrogen. The principal results were: (1) eruptive prominences 

move with uniform motion, the velocity increasing suddenly at 

intervals, and (2) the maximum velocity observed was 400 km/sec. 

The principle of uniform motion expressed by (1) has always 

been a stumbling-block to those seeking to explain the motions of 

eruptive prominences on the theory of light-pressure4 or otherwise.5 

1 Loc. cit. 
2 Handbuch der Astrophysik, 4, 139, 1929; see also Osservazioni e memorie del R. Os- 

servatorio Astrofisico di Arcetri, 1922 ff. 
3 Publications of the Y erkes Observatory, 4, Part III, 1925. 
4 S. R. Pike, Monthly Notices of the Royal Astronomical Society, 88, 3 and 635, 

1927-1928. 
s N. T. Bobrovnikoff, Astrophysical Journal, 74, 157, 1931. 
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After allowing the matter to rest about ten years, I began to wonder 

if the observations themselves might be at fault, as suggested by 

Pike,1 for example. To get at the facts in the case, we may (i) review 

the best examples already given (i.e., those best observed in respect 

to the character of the motion), (2) examine the results published by 

other observers, (3) obtain new material for this purpose, and (4) 

test the impartial character of the measurements by having them 

checked by other investigators. We shall consider these points in 

the order named. 

i. Examples already given.—For simplicity, the numbering previ- 

ously used in identifying the various examples is retained. The 

examples showing the uniform character of motion in the most in- 

disputable manner are illustrated in Figure 1. Of these, Nos. 1, 2, 

and 3 are spectroheliographic results in the H line of calcium ob- 

tained by the author; Nos. 16 and 18 are visual measurements made 

by J. Fényi at the Haynald Observatory; and No. 23 is by J. B. 

Coit, of Boston University—all in the Ha line of hydrogen. 

Number 1, the prominence of May 29, 1919, is that in which 

the phenomenon of uniform motion accelerated at intervals was first 

observed by the author. The curve represents the motion of the 

center of the prominence, i.e., the march of the average of the 

heights of the top and bottom above the chromosphere. It seems to 

make little difference in the result whether the top, center, bottom, 

or some particular feature which endures long enough is used as an 

origin of measurement of the height; the same kind of curve is always 

obtained, although the velocity may differ a little, as might be ex- 

pected on account of the motions of parts of the prominence relative 

to one another during the eruption, generally an expansion with 

ascent. 

Number 2 is the prominence of July 15, 1919, the measurements 

being made on the middle of the expanding crest. This prominence 

had the form of an expanding arch, and the center of the crest was 

easily measured and followed from exposure to exposure. 

Number 3 is an interesting case. This prominence had the form 

of a cloud of smoke shot from a gun, at an angle of 50° to the vertical. 

The measurements were made on the end of the column in the direc- 
1 Op. cit., pp. 21-22. 
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tion of motion. On coming to Mount Wilson, I found that two 

spectroheliograms had been taken with the 13-foot spectrohelio- 
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graph, which, upon measurement, gave the two points, indicated by 

the circles in the plot, close to the straight line already obtained at 

the Yerkes Observatory. 
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All these motions are so large that a simple milhmeter scale is 

sufficient to measure them. On the plates made with the Rumford 

G.M.T. 6k 35“ 35“ 45" 55" 5" 15“ 

Fig. 2.—Motions of eruptive prominences (No. 25) October 8, 1920; (No. 26) May 
14, 1925; (No. 27) May 14, 1928; (No. 28) November 19, 1928; (No. 29) March 18, 1929. 
Abscissae are times of observation (G.C.T. except No. 25, which is G.M.T., and No. 27, 
which is European Central Time); ordinates, heights of prominence; unit= 1000 km. 

spectrohehograph at the Yerkes Observatory, the motions in Nos. 

i and 2 covered about 88 mm, and those in No. 3 about half as much. 

Numbers 16 and 18 are plots of the measures as published by 
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Fényi. For No. 23, Coit gave the heights obtained by using the 

mean apparent solar diameter. These have been corrected by apply- 

ing the constant factor necessary to reduce them to the actual 

apparent diameter. I think it must be admitted that for none of 

these cases could a smooth curve other than a straight line be 

drawn which would do justice to the observations. Perhaps the most 

questionable case is No. i, but even here there would have to be a 

straight section between 4h and 6h3om G.M.T., since in this part 

the observations give a well-determined line. 

2. Observations published since 1Q20.—The instances cited under 

(1) are from the list of all available data up to 1920. Results pub- 

lished since that time are numbered in continuation of the series 

already given. They consist of No. 25, the eruptive prominence of 

October 8, 1920, observed by O. J. Lee1 with the Rumford spectro- 

heliograph at the Yerkes Observatory; No. 26, on May 14, 1925, 

by D’Azambuja2 at Meudon; No. 27, on May 14, 1928, by Abetti3 

at Arcetri; No. 28, on November 19, 1928, by Royds4 at Kodaikanal; 

and No. 29 on March 18, 1929, by W. Brunner5 at Zurich. The ob- 

served heights of the prominences and the times of observation as 

given by the observers are collected in Table IV; the plots are 

shown in Figure 2. A plot of No. 25 was given by Lee, but no table 

of times and heights. To supply these, I have read them from the 

plot, the times being checked from the observing book at the Yerkes 

Observatory. For No. 26 a table was published but no plot; and for 

No. 28, by Royds, only the half-tone prints and three stated heights 

were given. Dr. Royds has kindly furnished me with contact 

copies of the original negatives and data giving the exact times 

of exposure. The plot in Figure 2 shows the heights of the crest and 

of the base of the moving cloudlike prominence which I have 

measured. 

In Lee’s prominence, No. 25, there can be no question that the 

1 Astro physical Journal, 53, 310, 1921. 
2 U Astronomie, 40, 64, 1926. 
3 Osservazioni e memorie del R. Osservatorio Astrofísico di Arcetri, No. 45, 36, 1928. 
4 Loc. cit. 
¿Astronomische Mitteilungen der Eidgenössischen Sternwarte in Zürich, No. 121, 7, 

1929. 
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TABLE IV 

Collected Data on All Observations of Eruptive 
Prominences* Obtained since 1920 

Identity and Remarks G.C.T. of 
Observation 

Height in 
Thousand 
Kilometers 

25. October 8, 1920. Observed by Lee at the Yerkes 
Observatory. Spectroheliograph in H line of Ca+. 
Lat. 24o S. on the east limb. No sun-spot near. 
Asirophysical Journal, 53, 310, 1921. No table 
given. Heights and times read from Lee’s plot. 
The times of observation have been checked 
against the observing book to obtain the decimal 
of minutes. Top of the prominence was measured 
by Lee. For detailed analysis of other points see 
reference. 

F=2, 20, and 155 km/sec. 

i5h°4r 

32 
16 08 

35 
17 22 

42 
18 23 

40 
44 
45 
53 
59 

19 14 
21 
31 
49 
53 
57 

20 01 
25 
26 
31 

33 

no 
115 
125 
125 
130 
135 
150 
150 
160 
170 
170 
175 
199 
201 
250 
425 
480 
500 
K20 
75O 
77O 
¿IO 
83I 

26. May 14, 1925. Observed by D’Azambuja at Meu- 
don. Spectroheliograph in K line of Ca+. Lat. 
35°-480 S. on the west limb. No sun-spot near. 
U Astronomie, 40, 64, 1926; see table, p. 65. Ac- 
celerated motion. 

V varies from 4 to 122 km/sec. 

9 18 
10 13 
11 01 

34 
12 05 

58 
13 27 

43 

140 
152. 
175 
205 
253 
435 
600 
695 

27. May 14, 1928. Observed by Abetti at Arcetri. 
Spectrohehograph in K line of Ca+. Typical sun- 
spot prominence connected with the large spot 
leading the group, Mt. Wilson, No. 3346. Lat. 140 

S. on the west limb. Osservazioni e memorie del 
R. Osservatorio Astrofisico di Arcetri, No. 45, 36, 
1928. 

F=i9, 3.3, 0.7, and 4.o km/sec. 

8 00 
07 
30 
55 

9 00 
40 
50 

10 04 
14 00 

05 
10 
20 

50 
58 

66.7 
66.7 
76.7 
76.7 

87.6 
87.6 

91.7 

* For data previous to this date see Publications of the Yerkes Observatory, 3, Part IV, 210, 1925. 
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TABLE IV—Continued 

Identity and Remarks 

28. November 19, 1928. Observed by Royds at Ko- 
daikanal. Spectroheliograph in K line of Ca+. Lat. 
7i0-72° S. on the west limb. No spot near. Only 
three measurements given. Others obtained by 
measuring copies of the original plates furnished by 
Royds. Monthly Notices of the Royal Astronomical 
Society, 89, 255, 1929. 

F = 8i and 200 km/sec. 

G.C.T. of 
Observation 

2h2Ir?4 
54-6 
57-8 

3 02.8 
06.8 
12.7 
16.7 
20.7 
25.8 
Si-3 
39-6 

Height in 
Thousand 
Kilometers 

364 
348 
371 

580, 404 
603, 436 
626; 464 
650,510 
684, 545 
754, 592 
812,650 
928, 742 

29. 

V 

March 18, 1929. Observed by Brunner at Zurich. 
Visual in Ha line of hydrogen. Lat. 10o S. on the 
east limb. No sun-spot. Times are given, heights 
read from Brunner’s plot. Astronomische Mittei- 
lungen der Eidgenössischen Sternwarte in Zurich, 
No. 121, 7, 1929. 
10, 4, 1.3, and 4 km/sec. 

8 22 
25 
27 
30 
42 
50 

9 22 
54 

10 27 
11 15 
12 23 
13 21 
14 27 

20.5 
21 
27-5 
30 
31 
39 
48 
53-5 
62 
77-5,64 
81 71 

76 
92.5 

30. June 23, 1924. Observed by Lewis Humason. 13- 
foot spectrohehograph at Mount Wilson. Net pub- 
lished. Measures by the author. K line of Ca+. 
Lat. 58o N. on the east limb. No spot. 

F = 43 and 73 km/sec. 

15 40.0 
45-0 
51.0 

16 47.0 
51-5 
58.1 

17 03-2 
08.6 
13 i 
18.0 

18 01.3 
03-7 
06.5 
16.0 
20.0 

222 
222 
222 
181 
195 
200 
222 
228 
250 
261 
395, 195 
417, 222 
434, 245 
453,289 
473,306 

31. June 18, 1929. Observed by J. Hickox. 13-foot 
spectroheliograph at Mount Wilson. Not pub- 
lished. Measures by the author. K line of Ca+. Ap- 
peared over large spot, leader of group, Mt. Wil- 
son, No. 3726. Lat. io° S. on the east limb. Arose 
at a point 12o S., sending streamers over the spot 
to a point on the solar equator. 

F = 3, 19, and 37 km/sec. 

16 35 
46 
56 

17 35 
54 

18 50 
19 32 

50 
20 10 

23 

68.2 
68.2 
68.2 
76.4 
81.9 
90. i 

109.2 
133-8 
155-6 
169.3 
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TABLE IY—Continued 

Identity and Remarks G.C.T. of 
Observation 

Height in 
Thousand 
Kilometers 

31.—Continued 20h32n 

46 
56 

21 04 
27 

185.6 
221. i 
240.2 
245-7 
300-3 

32. February 6, 1930. Observed by Hickox. 13-foot 
spectroheliograph at Mount Wilson. Not pub- 
lished. Measures by the author. K line of Ca+. 
Appeared in Lat. 29o N. on the east limb. No spot 
near prominence. 

V =21 km/sec. 

i? 44 
SO 
56 

18 18 
19 20 

122 
125 
139 
158 
236 

33- 

V- 

April 10, 1931. Observed by Hickox. 13-foot spec- 
troheliograph at Mount Wilson. Not published. 
Measures by the author. K line of Ca+. Appeared 
in Lat. 35o N. on the west limb. No spot near. 
Measures of both crest and base are given. 
86 km/sec. 

17 ii 
18 

18 

21-5 
41.4 
47.8 
ii 

189, in 
197,125 
217, I31 

295,206 
320,242 
420,330 

34. August 22, 1930. Observed by Pettit with the 
Rumford spectroheliograph attached to the 40- 
inch telescope at the Yerkes Observatory. H line of 
Ca+. Appeared in Lat. 24o N. on the west limb. 
No spot near. Measures made on a small floating 
cloud which became detached from the head. 

7 = 4 and 25 km/sec. 

18 55 
19 ii 

14 
19 
23 
26 
29 
34 
36 
39 
41 
49 
54 

20 00 
02 
ii 
16 
!9 
21 

53-6 
57-5 
58.9 
59-4 
60.9 
66.2 
68.2 
76.9 
79-4 
85.2 
87.7 
93-5 
98.4 

108.6 
no. I 
H4.4 
H7.9 
122.2 
124.7 

35. August 6, 1931. Observed by Pettit with the Rum- 
ford spectroheliograph with the assistance of H. S. 
Pettit and P. C. Keenan at the Yerkes Observa- 
tory. Measures by L. M. Ware, S. B. Nicholson, 
E. Hubble, and the author. The means of the 
measurements by all four observers are given in the 
table. Prominence appeared in Lat. 6° S. on the 
west limb. No spot or prominent surface marking 
near. 

F=5, 19, 74, 126, and 105 km/sec. 

14 22 
49 
54 
59 

15 07 
12 
16 
31 
36 
40 
44 
48 

49.2 
47-4 
47-9 
47-4 
47-9 
48.4 
50.8 
60.2 
633 
633 
633 
66.7 
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TABLE IV—Continued 

Identity and Remarks G.C.T. of 
Observation 

Height in 
Thousand 
Kilometers 

35.—Continued i5h52l'8 
58 

16 03 
07 
II 
l8 
23 
29 
32 
37 
42 
46 
50 
56 

17 00 
04 
07 
13 
16 
25 
30 
34 
38 
42 
46 
52 
56 
58 

18 05 
08 
ii 
16 
19 
21 
30 
33 
36 
40 
43 
45 

67.9 
65-4 
70.0 
70.5 
71-5 
77.1 
82.3 
89.2 
94.8 

100.8 
103. i 
108. 
H3 
120 
124. 
129 
135 
139.2 
145-8 
171.2 
180.5 
193-5 
212.3 
232.0 
247.4 
287.2 
312.5 
336.3 
387.2 
410.5 
427.1 
462.7 
480.6 
497-5 
530.6 
554-2 
570.0 
596.0 
605.0 
620.4 

motion (a) was uniform with two sudden increases. Lee’s detailed 

analysis of other parts of the prominence shows the same feature 

(By C, D, E,F), E and F (see reference) evidently being affected by 

fading. Prominences Nos. 27, 28, and 29 also show uniform motion. 

Number 27 probably had more of the features of a class 3 promi- 

nence of the fountain type, and through the later stage of the erup- 

tion may have been moving nearly parallel to the solar surface. 
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Number 29 in its last stages doubtless was affected by fading. 

Number 26 seems to be a clear case of accelerated motion, but the 

observations were made so far apart that we cannot be sure. The 

average interval between observations is 38 minutes, with one of 

nearly an hour. The frequency of the breaks in the well-observed 

curves is of this order. 

3. New material.—This consists of No. 30, taken by Lewis Huma- 

son with the 13-foot spectroheliograph1 at Mount Wilson, June 23, 

1924; No. 31, June 18, 1929; No. 32, February 6, 1930; and No. 33, 

April 10, 1931—all taken with the same instrument by Joseph 

Hickox; No. 34, August 22, 1930, and No. 35, August 6, 1931, taken 

at the Yerkes Observatory with the Rumford spectroheliograph by 

the author, at the kind invitation of Professor Frost. The plots 

are shown in Figure 3. The 13-foot spectroheliograms themselves 

were on a scale of 27,800 km per millimeter, and those with the 

Rumford spectroheliograph, 7800 km per millimeter. Plate V shows 

three exposures each of Nos. 30, 32, 33, and 34, while Plate lb shows 

twelve stages of No. 31 ; Plate VI shows seven stages of No. 35 taken 

in the H line of calcium and a comparative study of this prominence 

in the Ha line of hydrogen with the spectrohelioscope. Plate III 

shows No. 35 in Ha and in H and K just before the eruption began. 

The measurements in nearly all cases refer to the highest point on 

the prominence. For Nos. 33 and, in part, 35 (Hubble’s measures 

between i6h7“8 and i7h7m6), other points which could be identi- 

fied in successive exposures have also been measured. The results 

are given in Table IV and in Figures 3 and 4. An unfortunate 

break in the series of exposures of No. 30 was due to an attempt to 

change objectives, which resulted in a change in orientation of the 

solar image, thus throwing the prominence out of the field. This 

leaves the curve somewhat doubtful in its middle part. The ends, 

however, are so well observed that there can be little question as to 

the character of the motion and velocity. Numbers 32 and 33 are 

represented by only a few points, but these are fairly well distributed, 

and, fortunately, no change in velocity occurred in either series. 

1 For a brief description of the 13-foot spectrohehograph see Hale, Publications of the 
Astronomical Society of the Pacific, 27, 233, 1915. 
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No. 32 

b 

No. 34 

Eruptive Prominences 

No. 30, Lewis Humason, June 23, 1924: 
(a) i6h47m; (¿0 i8hoim3; (c) i8h20m 

No. 32, Hickox, Feb. 6, 1930: 
(a) i7h5om; (b) i8hi8m; (c) i9h20m 

No. 34, Pettit, Aug. 22, 1930: 
(a) i8h55ms; (b) i9h29m8; (c) i9h4i™8 

No. 33, Hickox, Apr. 10, 1931: 
(a) i7hnm; (b) i7h4iI?4; (c) i8hnm 

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



19
32

A
p J
 

76
 

9P
 

SOLAR PROMINENCES 

Number 31 was fairly well observed, two breaks occurring in the 

velocity-curve. 

Fig. 3.—Motions of eruptive prominences (No. 30) June 23, 1924; (No. 31) June i8, 
1929; (No. 32) February 6, 1930; (No. 33) April 10, 1931; (No. 34) August 22, 1930. 
The abscissae are times of observation (G.C.T.); ordinates, heights of prominence; 
unit= 1000 km. 

Number 34, observed by the author at the Yerkes Observatory, 

is a small prominence (Plate V) rising to only 125,000 km, but on 

the large scale of the 40-inch telescope it could be measured easily. 
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32 EDISON PETTIT 

It appeared on the west limb of the sun in latitude 42o N. as an 

active prominence. In the late morning it finally developed into an 

expanding arch, the south end rising, and toward noon eruptive 

characteristics appeared. Plate V shows three stages of the promi- 

nence during the eruptive state. Exposures were made at the aver- 

age rate of one for every 4.8 minutes. 

The chief difiiculty with most prominence observations is that 

only a few exposures are made, and those at intervals too great to 

be sure of the character of the changes taking place. If 15 or 20 

minutes elapse between observations, a break in the velocity-curve 

may occur; and in an interval of an hour, two such breaks are 

possible; 5-minute intervals are about right, or better those of 3 

minutes, if the instrument can be operated at such a speed. To 

accomplish this, an additional observer may be necessary, with an 

assistant to develop the plates, in order that the progress of the 

eruption may be known and suitable adjustments of the spectro- 

heliograph be made. 

Prominence No. 35, observed by the writer at the Yerkes Observa- 

tory with the Rumford spectroheliograph, presented an opportunity 

to obtain detailed information about the eruption over a consider- 

able time. This prominence first appeared on the disk on July 29 

as a faint absorption marking in Ha on the central meridian. This 

would put it about one day, 130, beyond the west limb at the time 

of the eruption on August 6. On July 30 it had developed strongly, 

and its thickness measured on the Mount Wilson plates was 8000 

km. It then appeared as a hook-shaped marking 140,000 km long, 

the greater part making a small angle with a solar meridian, the 

south end bending off toward the west. On July 31 its angular dis- 

tance from the center of the disk was sufficient to make possible a 

measurement of the height, which is equal to the measured height 

divided by the distance of the prominence from the center of the 

solar disk expressed in terms of the sun’s radius. Table V shows 

the heights of this prominence at intervals during its life. 

These measurements were made on the straight part of the prom- 

inence at a point where the eruption seemed to take place and, in 

general, represent the greatest apparent height. There was a steady 

growth over a period of four or five days, followed by a rapid decay 
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for two days preceding the eruption. The prominence may be seen 

on both Ha and Ca+ disk plates, and no special marking can be found 

in the flocculi within a radius of 30o. The nearest sun-spots were 

350,000 km distant and of insignificant dimensions. 

The crest of the prominence appeared on the limb on August 3, 

and during the succeeding three days exposures were made at short 

intervals. Its form on August 4 strongly suggested eruptive charac- 

teristics, but by the following day it had subsided, and on the morn- 

ing of August 6 it was reduced to half its maximum height. The 

TABLE V 

Heights of the Eruptive Prominence (No. 35) of August 6, 1931, 
at Long-Range Intervals throughout Its Entire Life 

Date G.C.T. 

July 29.71. 
31.70. 

1.63. 
2.61. 
3.60. 
4.69. 

Aug. 

Height in Thousand 
Kilometers 

Birth 
64 
67 
92 

103 
100 

Date G.C.T. 

Aug. 5- 79 
6.60 
6.65 
6.70 
6- 75 
6.78 

Height in Thousand 
Kalometers 

75 
48 
64 

114 
342 
620 

eruption began on the fourth exposure (six exposures were recorded 

on each plate during the earlier stages of the eruption), at isho7m4, 

but did not push above the mass of surrounding streamers until 

i5hióm9 U.T. A delay of 15 minutes before the next exposure was 

caused by the development of the first two plates and the call for 

assistance. After this short break a fairly regular exposure program, 

at the rate of one exposure each 5 minutes, was kept up until the 

prominence disappeared 3 hours later. The sky was excellent until 

the end of the eruption, when clouds intervened for 20 minutes. By 

the time they had passed, the crest of the prominence had entirely 

vanished, and only the ropelike stem remained. Throughout most of 

the eruption this stem appears to have had a spiral structure which 

had become strongly developed when the stem faded away. Long 

streamers from the head descended to the base along a curved line 

nearly parallel to the stem, with velocities of about 125 km/sec. as 

they neared the chromosphere. Knots in the base of the prominence 

moved from the brighter part of the stem in streams into the chro- 
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mosphere at about 40 km/sec. during the last stages of the eruption. 

This streaming of the prominence into the chromosphere at the same 

time it is rising is characteristic of an eruption, at least of all those 

that the writer has witnessed. A considerable part of the fading of 

the prominence can be accounted for in this way. 

During the eruption, drawings of the prominence in Ha were made 

with the spectrohehoscope1 at Yerkes by Mr. P. C. Keenan, Miss 

Calvert, and Mr. W. W. Morgan. These are illustrated in Plate VI, 

together with the corresponding photographs in the H line of Ca+. 

A close general correspondence will be noticed. The evidence, 

therefore, is that in eruptive prominences, also, the hydrogen and 

calcium are rather thoroughly mixed. In (/) the crest and its 

streamers are entirely missing from the drawings, and in (g) only 

the brighter part of the stem appears. This lack of streamers and 

fainter clouds, as seen in Ha, is in keeping with the phenomena of 

other classes of prominences and is possibly an instrumental effect. 

Some evidence for this explanation is afforded by the report of Kee- 

nan and Morgan that at i8h4om the prominence had entirely dis- 

appeared in the spectrohehoscope, while the head could be seen on 

the calcium spectroheliograms faintly and the stem easily as late as 

i9hiom, a half-hour later. 

The heights of the crest of this prominence are plotted in Figure 

4. Measures of the radial velocity were made at Yerkes and Mount 

Wilson with spectrohelioscopes of the same construction. At i8h 

U.T., Keenan reported, “The broad top of the prominence shows a 

shift to the red corresponding to about 38 km/sec.,” and Morgan 

states, “There is a slight progressive shift as the distance from the 

sun increases.” Nicholson and Hickox at Mount Wilson found 

“shifts to the red of 70 to 120 km/sec. at i5h45m U.T.,” after the 

eruption had fairly begun and the prominence had an upward veloc- 

ity of 5 km/sec. 

The study of this prominence has involved 209 exposures at the 

Yerkes Observatory, of which 54 were made during the eruption on 

August 6; 53 exposures at Mount Wilson, made chiefly while the 

prominence was on the disk, of which only 2 showed it in the erup- 

tive state; and 14 visual observations of form and velocity made at 
1 Mt. Wilson Contr., No. 388; Astrophysical Journal, 70, 265, 1929. 
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Yerkes and Mount Wilson. Altogether this is perhaps the best- 

observed prominence so far recorded. An account of the prominence 

during the active stage will be reserved for a discussion of promi- 

nences of class i. 

4. Measurements of heights by several individuals.—To test the 

impartial character of the measurements of the heights of the prom- 

Fig. 4.—Motion of the eruptive prominence (No. 35) of August 6, 1931, as measured 
on the same plates by different individuals. The scale of ordinates (unit, 1000 km) 
refers to the “average” plot. The plot of Hubble’s measures is raised 50,000 km, 
Nicholson’s 100,000 km, Miss Ware’s 150,000 km, and the author’s 200,000 km, in 
order to separate the curves. Abscissae are the times of observation (G.C.T.) 

inence of August 6, 1931, the author has asked several of his col- 

leagues to measure the plates independently. The results are pre- 

sented in Figure 4, where the plots have been separated in ordinate 

by an amount equal to 50,000 km. The scale to the left corresponds 
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36 EDISON PETTIT 

to the “average” curve. Mr. Hubble’s curve is raised 50,000 km; 

Mr. Nicholson’s, 100,000 km, etc. The values in Table IV are the 

averages of all these measurements. Hubble, experienced in the 

study of faint nebulosity, has traced the faintest detail visible 

at the crest which appears to be continuous. Nicholson, Miss 

Ware, and the author have apparently measured about the 

same thing, the readily apparent crest. Miss Ware seems to 

have caught the faint detail seen by Hubble at the break in the 

curve near i7h2om. Hubble’s points are all a little higher than 

those of the other observers. The plot of the averages appears at 

the bottom of Figure 4. The result must be apparent to everyone, 

and there can be no escape from the conclusion that the motion was 

uniform, with three sudden increases in velocity. The decrease in 

velocity shown by the detached part of the curve is a phenomenon 

probably connected in many cases with fading, but scarcely in 

this prominence, as the object measured was a faint knot which 

became detached from the crest and floated away. 

I think it must be granted that in none of the cases presented 

here, Nos. 30-35, is one warranted in describing the velocities of the 

prominences as other than uniform. For Nos. 25-30 uniform mo- 

tion is also generally apparent, except in No. 26, which must be re- 

garded as a doubtful case on account of the scarcity of the observa- 

tions. If we pick out at random six or seven points along the curve 

of No. 35 and plot them, the conclusion would probably be the same 

as that for No. 26. 

One is naturally led to inquire as to just what conditions may pro- 

duce the upward motion of an eruptive prominence. E. A. Milne1 

states that the chromosphere is in any event held up by light-pressure 

and thereby calculates the average lifetime of an excited calcium 

atom. That his result is reasonable is an argument that light- 

pressure is responsible for the existence of the calcium chromo- 

sphere. He has suggested2 that, once the prominence begins its 

vertical motion, the Doppler shift of the absorption line will expose 

the atom to the neighboring continuous spectrum and thus intro- 

duce an increasing acceleration. 
1 Monthly Notices of the Royal Astronomical Society, 84, 354, 1924. 
2 Ibid., 86, 474, 1925. 

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



19
32

A
p J
 

76
 

9P
 

SOLAR PROMINENCES 37 

It remains to be shown, however, why this effect would not lead 

to a separation of the hydrogen and calcium atoms. The promi- 

nences disappear as absorption markings on the disk in K spectro- 

heliograms when the slit-width is greater than about 1 A, and do 

not show strongly unless the slit is set to include only the doubly 

reversed center of the line, that is, about 0.2 A. The effective width 

of the H and K absorption lines in the prominences is therefore 0.2 

A, while their width in the photospheric spectrum is 10 A. It follows 

that with increasing velocity of ascent the absorption lines of Ca+ 

in prominences will move gradually along the V-shaped absorption 

lines of the photosphere and reach fully unobstructed photospheric 

light only when the velocity of the prominence is 385 km/sec. 

The Ha absorption line has, on the other hand, about the same 

width, i A, in both prominences and photosphere, for the prominences 

still show faintly as absorption markings when the spectroheliograph 

slit is set at the extreme edge of the Ha line. Hence the Ha line of 

the prominences would be fully exposed to the photospheric light 

at a velocity of 43 km/sec. At this velocity the absorption line of the 

Car atom has moved only about a half-angstrom from the center of 

the K line in the photosphere, and still has 4! A to move before 

reaching the unabsorbed light. The velocity vector of Car due to 

light-pressure can therefore be but little disturbed when the Ha line 

has received the full effect. 

As already noted, eruptive prominences seem to show no 

separation of the atoms of neutral hydrogen and ionized calcium, 

and it therefore still remains to be shown that such an effect exists, 

if light-pressure is to be accepted as an explanation of the motions 

of eruptive prominences. 

Pike,1 starting with Milne’s theory, discusses the effect of bright 

neighboring areas on the prominences already in equilibrium with 

radiation pressure and finds2 that facular areas of the order 200,000 

km square radiating in the region of H and K at an effective tem- 

perature of 7500o K would produce the average observed velocities 

of eruptive prominences. R. K. Sur3 has made calculations on the 

same lines. W. H. McCrea4 discusses the physical theory of light- 
1 Ibid., 88, 3, 1927. 2 Ibid., p. 22, 1927. * Astrofihysical Journal, 63, in, 1926. 
4 Monthly Notices of the Royal Astronomical Society, 89, 483, 1928. 
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pressure on excited atoms of hydrogen in the chromosphere and 

finds that radiation pressure can support only about one-tenth the 

gravitational pull of the sun, and later1 introduces the idea of turbu- 

lence to account for the remainder. N. T. Bobrovnikoff2 has com- 

puted the central force necessary to produce the observed motions 

in eruptive prominences whereby arcs of parabolas were made to 

approximate the observed straight lines of the motion diagrams. 

In all these theoretical considerations a continuously accelerated 

motion is postulated, which is in contradiction to the principle of 

uniform motion found in these investigations. It would seem that 

any adequate explanation must account for the observed motions. 

TABLE VI 

R Vol. = LB2 2R6 

13- 
12. 
I5 • 
20. 

9 
36 
49 
64 

94 
114 
123 
134 

117 
432 
735 

1280 

138 
438 
692 

1162 

Our inability to understand how prominences can have uniform 

motion of ascent may be due, in part at least, to a neglect of the 

presence of the corona through which it moves. It is well known 

that bodies of gas lighter than air inclosed in rubber balloons 

ascend in our own atmosphere with uniform motion,3 the expansion 

of the gas keeping pace with the decreasing density of the atmos- 

phere—this in spite of the constant accelerative force of levitation. 

That an analogous condition exists in prominences is suggested by 

the following argument. 

If we suppose that the head of prominence No. 35 expanded in the 

line of sight at the same rate as in the other two dimensions, we can 

determine its volume for any moment in arbitrary units by multiply- 

ing the length L of the head by the square of its breadth B. The 

results are shown in Table VI. Here the dimensions of the promi- 

nence are in units of which the solar radius R = 8g. 

A comparison of the last two columns of Table VI indicates that 

i Ibid., p. 718, 1928. 2 Astrophysical Journal, 74, 157, 1931. 
3 Sir N. Shaw, Manual of Meteorology, 1, 222, 1926. 
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the volume of the prominence appears to vary nearly as the sixth 

power of the distance from the center of the sun, and that the in- 

verse relation would hold for the density d} namely, dZ^RT6. 

Let us compare the variation in density of the prominence with 

that of the corona. 

THE CORONAL DENSITY GRADIENT 

We know that the apparent visual intensity of the corona1 varies 

inversely with the seventh power of the distance from the center of 

the sun. To obtain from this an expression of density, let us first 

determine the actual variation of intensity of the light in a unit 

volume (the volumetric brightness) of concentric shells of equal 

width in the corona. It will be necessary to assume that the intensity 

in these shells varies according to various powers of R until one is 

found that yields a computed apparent coronal intensity which 

varies inversely with the seventh power of R. 

Let Figure 5 represent a cross-section of the concentric shells in 

the plane of the observer (in the direction X), each shell of the thick- 

ness 0.1 radius of the sun. Since the figure is symmetrical about the 
1 Mt. Wilson Contr., No. 299; Astrophysical Journal, 62, 202, 1925. 
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line SZ, we shall need to consider only that part of the corona to the 

left of this line. The intensity of the light directed to the observer 

by a shell of the corona is represented by that included in the equal 

tubes indicated by the spaces between the horizontal lines. The 

light contributed by each shell to any tube is given by the volume of 

the shell cut out by the tube (length may be used as a measure of 

volume), multiplied by the volumetric brightness of the shell (or 

zone). If we represent the volumetric brightness of each shell by 

A, B, C, . . . etc., and the corresponding volumes of the portions 

of the shells intercepted by the tubes by ax, bx, cx, . . . a2, b2, c2, . . . ., 

£37 • • • -j etc., the total light Lx, L2, Liy etc. entering the first, 
second, and third tubes in the direction of the observer is given by 

LI = Aciz-^Bbi-j-CCi ,...., etc., 

L2 = Ba2-{-Cb2-\-Dc2 ,...., etc., 

L3 = Ca3+Db3+Ec3 ,...., etc., etc., 

and the sequence can be extended to any shell. The results of the 

summations for values oî A, B, C, etc., depending on the volumetric 

brightness B varying according to RT1 and R~^ are given in Table 

VII. 

The quantities in the fourth and fifth columns have been mul- 

tiplied by factors which make the figures directly comparable with 

those in the third column. It will be noted at once that the third 

and fourth columns agree very well, while the third and fifth do not. 

It follows, then, that if the apparent brightness of the corona varies 

inversely with the seventh power of the distance from the center of 

the sun, the real intensity or volumetric brightness of the contribut- 

ing shells varies inversely with the eighth power of their radii. 

This result is a little surprising since one would expect the greater 

optical path toward the limb of the sun to make the apparent 

brightness greater than the real. This, however, is counterbalanced 

by the very steep intensity gradient toward the limb. 

If we assume that the coronal particles shine by reflected light, 

their intrinsic brightness will vary inversely with the square of R, 

making the outer corona too faint. Since we have found that the 

brightness actually varies inversely as the eighth power of R, it fol- 
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lows that if the particles were equally illuminated, the volumetric 

brightness of the corona would vary inversely with the sixth power 

of R, and therefore the actual density follows the same law, viz., 

d~R76. 

We have already seen in Table VI that the density of the promi- 

nence of August 6, 1931, follows the law d~R~6, and we may con- 

clude that we have here a volume of gas that expands as it rises, 

keeping its density about in step with that of the corona. 

TABLE VII 

Shell No. 

I . 
2, 
3 
4 
5 
6, 
7. 
8 
9 

10 
11 
12, 
13 
14 
15 

i 05 
I-I5 
1-25 
1-35 
1-45 
1-55 
1.65 
1-75 
1.85 
1- 95 
2.05 
215 
2.25 
2- 35 
2-45 

R-l 

0.714 
370 
208 
122 
074 
056 
030 
020 
014 
009 
007 
005 
003 
002 
002 

¿When 
B~R—& 

0.679 
.381 
. 204 
. 123 
.081 
.052 
.032 
.020 
.OI4 
.OO9 
.006 
.OO4 
.OO3 
.OO3 

0.001 

L When 
B~R—i 

0.500 
•305 
. 176 
•113 
.078 
.052 
•034 
.021 
•OIS 
.OIO 
.OO7 
.OOS 
.OO4 
.OO3 

0.001 

It is difficult to find any explanation for the sudden increases 

in velocity. The corona is about as non-homogeneous as possible, 

being made up almost entirely of streamers radiating from the 

sun in curved lines. Perhaps these streamers carry high-speed elec- 

trons which, passing through the prominence, give it the necessary 

impulse. As yet all this is speculative, for we know nothing of the 

actual working of this phenomenon, although its presence in terres- 

trial magnetic storms is fairly well established. 

Another feature of eruptive prominences which finds its analogue 

in terrestrial meteorology is their tendency to become spiral. Num- 

ber 35 showed this feature in the narrow stem in the later phases 

of the eruption. That of May 29, 1919, exhibited it on a gigantic 

scale in the last stages, when the whole prominence formed a spiral 

ribbon. In fact, all the eruptive prominences I have examined, with 
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the exception of No. 3, showed this tendency, particularly in the 

later stages of the eruption. 

TORNADO PROMINENCES (CLASS 4) 

The spiral form in a prominence sometimes gives it the appear- 

ance of a closely wound rope or screw. Plate II, class 4, shows an 

example photographed at intervals of about seven minutes. The 

phenomena remind us of the small desert dust storms which appear 

as whirling columns, the angular velocity finally becoming so high 

that the vortex explodes, as shown in the case of the prominence, 

by the third exposure. These objects are relatively small and require 

good atmospheric definition to show the spiral structure. Seventeen 

cases with three available exposures each were found among the 

photographs taken with the 13-foot spectroheliograph at Mount 

Wilson during the last sun-spot cycle. They average 12,000 km in 

diameter and 53,000 km in height, but vary from 5600 to 22,000 km 

in diameter and from 25,000 to 97,000 km in height. In every case 

a faint, diffuse, smokelike column issues from the top of the vortex, 

often bent over and, in some cases, touching the chromosphere. 

In no case is any lateral motion of the whole spiral toward the 

north or south detectable, although in two cases the time interval 

between the first and third exposures was ih45m and 2h3om, respec- 

tively. The customary interval was 12-24 minutes. Unfortunately, 

we have no direct method of detecting these objects on the disk 

unless it be from a spiral form in the surrounding flocculi, and we 

therefore do not know whether there is any proper motion in 

longitude. 
QUIESCENT PROMINENCES (CLASS 5) 

An example of class 5 is illustrated in Plate II. This prominence 

was photographed at the Yerkes Observatory on August 21, 1930. 

In all, 55 exposures were made between i4h2om and i9h4om U.T., 

most of the series being at intervals of 5 minutes. The plates were 

measured by Miss Ware with the blink comparator. Figure 6, a plot 

of the observed vectors, shows that the prominence is in a state of 

turbulence. Velocities of 5-10 km/sec. are common, but 15 km/sec. 

is rare. The form changed only slightly during the day, the three 

exposures in Plate II made by Hickox at Mount Wilson showing it 
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at a time of maximum change. It thus seems that the quiescent 

state is simply one in which the rate at which the prominence re- 

ceives material from the chromosphere is the same as that at which 

Fig. 6.—Internal motions of the quiescent prominence of August 21, 1930, during 
the interval i4h2om to iq^o“1 G.C.T. The co-ordinates are in units of 1000 km. The 
dotted line shows the outline at the end of observation. 

it returns it. Additional data concerning this class and classes 1 and 

3 will be reserved for a future discussion. 

My thanks are due to Professor Frost for the use of the Rumford 

spectroheliograph at the Yerkes Observatory; to Mr. Keenan and 

Mrs. Pettit for assistance; to Mr. Hickox and Mr. Nicholson for 

assistance at Mount Wilson; and to Miss Ware and Miss Rich- 

mond for aid in the measurement and reduction of the observational 

material. 
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