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ABSTRACT

The profiles oE the emnissioa lines xn four prominences were
ineasured. Special attention was paid to the photometric procedure,
the accuracy of intensity measurements is 1-216. The astigmatism
of the s 2ectrograph and the asymmetry of the instrumental profile
wefr determined The graphical method (AX 2 , tg I) was used for
obtaining miore precise data about the profiles. Some of '.he observed
profiles have the form of a Gaussian curve in the core of the line,
bht deviate appreciably from it -in the wings. Some other profiles
deviate from the Gaussian curve in the center of the line, because of
self-abtorptiom. For most of the profiles the halfwidths were
detei.-ined with an accuracy of 1-3%.

The. following conclusions were made from the derived results:
I. ,he cores of the profiues of weak hydrogen and metallic lines and
also He ? M889 are broadened mainly by the Doppler effect; 2) formula
(3 fofl tac self-absorption of radiation in a homogeneous layer cannot
be a-D3ihed to prominences; 3, the cores of the profiles of Ho and HP
a•ie root Doppler profiles with self-absorption; 4) the helium Line D3

and IA44'71 are broadened by the Doppler effect and other processes;
5ý the value increases but slightly with the number of the Balmer
line for the high membe'rs of the series; 6) the strongly developed
extre•me wings of the profiles of the bright lines of H and K Ca + and
helium cannot be explained by the presence of a hypothetical very hot
g s in a comparatively cold envelope; 7) besides the Doppler shift of
the Ha and D3 lines, non-Doppler shifts are also observed.



1. ON THE METHOD OF PROCESSING THE MATERIAL

The processing of spectrograms of prominences obtained on the
apectroheltoscope rL i.ndi cates the existence o+' roii• deviations of the
line profiles of prominences from the Doppler type. These deviations,
however, are so small thba they are not revealed with certainty be-
cause of the inadequate resolving power and moderate dispersion of
the epectrograph on the spectrohelioscope.

The Baschen Solar Telescope of the Crimean Astrophysical
Observa.tory ý,3 ailoaws examination of the line profiles of prominences
in gr.:ater letail. On the BST diffraction sperorograph Ha, Hli and D 3
weire photographed in the second order of the &?ectrum with a dis-
persion of ZO. 75 A/ mr•, and the tines in -,he Aiolet part of the spectrumn
were photographed in the third order with a di 3persion of 0. 5 Ai mm.
The dispersion was 5 times greater for the first three lines, z..,d 15
times greaser for the violet thau the dispersion of the spectrograph of
Ithe helioscope The new spectrograph has cor siderably greater re-
solving pow'er. the actual resolving power was increased by 16. 000,
to 765, 000 and 250. 000, respectively, for the c ed ard violet parts of

the spectrum.

In order to obtain the most accurate profiles possible for reveal-
ing fine details, it was necessar~f to improve the method of processing
the spectrograms and to increase the precisiou of measurements. In
particular, we abandoned the use of the earlier method of smoothing
out the drawings by mears of superimposed penciled drawings, which

introduced elerrents of individual error of the photometrist into the
processing The following measures were also adopted.

The measurement of the spectrograms was carried out on the MF-Z
microphotometer. As inf 1) , after the measurement of a spectrim of
a prominence, the scattered light superimposed on the spectrum, -

i. e., the hato- was measured for the same readings of wave length.
The subtraction of the spectrum of the halo was carried out numerically
for each wave length, after conversion of the measured density into
intensity. Measurement on the M.F.Z has advantages over measurement
on the Moll microphotometer or MF-4, since, firstly, the value of the
measured density can be obtained with greater precision than on a
drawing (errors equal to 0. 1% for a reading of 1000 on a non-exposed
section of the plateý, and secondly, the laying-out of smoothed profiles
on the record can introduce inaccuracies due to the presence of slight
blends near a line, indistinguishable from grain fluctuations. Even
where large "blends" occur, the "smoothed" ptofites are sometimes
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arbitrarily constructed over absorption lines not associated with that
measured. Although in algebraic subtraction of intensity of one spectrum
from another the rer'ults contain double the average error because of
the grain of the photo-emnutsion, this error has only a random character,
allowing the use of the methods of the probability theory. In our opinion.
the method of algebraic subtraction has advantages for determination of
the wings of profiles.

A large-scale image of knots of prominences on spectrograms
permitted the use of a alit of i X 0. 02 mm on the spectrogram, which
was appreciably greater than the sise of the grain. As a result, fluctu-
actions of density due to granularity of the photo-emulolmn on the back-
ground or on uniformly exposed portions of the plate were less than 1%.

In the process of meas'qring. we controlled not only the null reading
but also the sensitivity of the photo-element. For this purpose, after
every t0 measurenents the reading of the photo-element was checked
at some fixed point on the plate, for example, on an absorption Line
chosen as a check-point. Thanks to this, the repetition of readings
was within the limits of a fraction of a percent.

In order to obtain characteristic curves of plates for given wave
Lengths the following method was used. The solar spectrum was photo-
graphed through a ine-stepped wedge, placed in front of the spectro-
graph slit. Measurements were made at several points of the con-
tinuous spectrum taken with some over-exposures and also within
several Lines. After this, points were marked on the drawing (Ig1,
A/01) and, by means of displacement of the points of each series of
measurements along axis Ig I, all of them were arranged in one curve,
defined, now, by no less than fifty points (A is the reading of density
according to the uniform scale of the microphotometer, 9 is the reading
on a non-exposed portion of the plate). A curve is drawn through the
points, from which the value of Ig I is taken at equal intervals A/j.
Subsequently the table of value I to smoothed by means of the equaliza-
tion of the path of the second difference. The table obtained by this
means represents a smooth function which is especially important
for eotablishing photometric differences of two close values of intensity,
as, for example, in the wings of a line Interpolation in the table is
employed for intermediate values of I.

We now consider the causes of some photometric errors. Usually
the larger errors are connected with granularity of the photo-emulsion.
inaccurately determined characteristic curves, and shortcomings in
construction of smoothed profiles. It is evident from the above that
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these e.-rors can be sharply reduced. There remain errors connected
with some nonuniformities of the photo-emulsion, irregularities in
sensitivity, and posribly, even changes in characteristic curves of
plates. Similar phenomena are observed very markedly on old pboto-
graphic plates. Hence tie determination of absolute values of intensity
often contains errors of 5 and even 10t%, especially when based on
measurements of portions of a plate that are far distant from each other.

In our case, we carried out measurements of line profiles that
covered small intervals on the plate. - on the order of I - 3 mm.
Moreover, in the case of prominences the resulting profile is the differ-
ence between two profiles measured on adjacent portions of the plate differ-
ing Little from one another in density, especially in the wings of the
profile. i. e., differential effects are being measured. Hence, the
average error of one measurerrent is I - 3% and lower. We must
emphasize that this orror pertains to the measurement of total Intensi-
ty of the prominence and scattered light. For those lines of the pro-
minence, the intensity of which is loses than the intensity of the scattered
light, the relative error of the measurements of the same profiles AI/1,
actually will be greater. In addition, since profiles are obtained by suYn
traction of one spectrum from another, the average error is doubled.
Nevertheless, I succeeded in determining the wings of some profiles
to 0. 01 of the intensity of the maximum or less, and also succeeded
in measuring profiles of such faint lines in the emission spectrum of
a prominence as HC, H9 , He) X4471, Tit X 3685 and others. As an
example, in Fig. I are presented results of measurements of profiles
of one of the portions of the prominence photographed on July 13. 1955.

In some cases, for measured profiles photographed on old Ilford-
Zeriths plates, one wing is found to be raised and the other depressed by
I - ZT4, as is apparent in Fig. I. Apparently this is connected with the
change in sensitivf. of the emulsion along the direction of dispersion,
and we will not make substantial errors if we calculate this change
using a inear approximation, since it is difficult to imagine sharp jumps
in versi.ivity along the plate.

In my own work in the determirntion of Unes of the 5th series of
He II in the spectrum of a star of the Wilson type Oe5 [3. 41. I obtained
an accuracy of 0.3% in processing photographs of the spectrum, and I
measured lines with intensities of less than 1% of the intensity of the
continuous spectrum. Such accuracy was achieved by means of a combi-

nation of un-smoothed measurements of several negatives, carried out
on a non-recording microphotometer. As a result of the averaging of
many unamoothed measurements, random fluctuations caused by the
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grain of th+. errLusion were diminished, and faint absorption lines became
apparent which fade out and are masked by errors due to granularity of
the emiulsi.3n on individual spectrograms. A similar phenomenov took
place in measurements of spectra of prominences. The long alit of the
microphotometer, thanks to its large area by comparison with the sise
of the grain of the emulsion, averaged random fluctuations in density
caused by granularity, and registered true changes in brightness in the
spectra. The difference from Wilson's treatment is that he averaged
intensities and we averaged densities.

In a spectrogram the spectrum of a prominence is superimposed on
the spectrum of scattered light from the atmosphere and from the in-
strument. The major component of scattered light is usually connected
with the- instrument. In the BST the scattered light. apparently, is
mainly caused by the dust on the mirror, its intensity being about 1%
of the intensity of the solar disk. If a telluric line falls on the emission
spectrum of a prominence, then, after subtraction of the halo spectrum,
the impression of absorption lines of the earth's atmosphere remains
on the line profile of the prominence. This phenomenon was observed.
for example, in photometry of line Ha in a prominence, photographed
at a Low elevation in the evening of July 24, 1955. The line of the earth's
atmosphere k 6563, 53 was found superimposed on a very broad emission
Line of this prominence. On the spectrogram it is clearly visible that
the impression of a narrow Line, characteristic of the atmosphere, was
left. This conclusion was confirmed also by the accurate determination
of the wave Length of the absorption line. No evidence of the line Co
X 6563. 42 (seect]) was observed simultaneously. However, such broad
lines are rarely observed in prominences. Among other emission
lines of prominences subject to the influence of telluric lines, one should
mention D 3 . This influence is usually slight, since all four atmospheric
absorption lines that fall on D3 are weak.

In the determination of wave lengths of emission lines of prominences
by measurement of a spectrogram, the positions of the middle of several
separate well-pronounced absorption lines in the sky spectrum were
marked off to the left and to the right of the measured line. Since the halo
is made up of scattered light from all of the solar disk, the absorption
lines in its spectrum are broadened as compared with corresponding
absorption lines in the spectrum of the center of the solar disk. but the
wave lengths of these lines coincide with an accuracy of * 0.01 A. Then.
by means of the method of least squares, the equation of dispersion for
the measured portion of the spectrum was found. Such a method provides
determination of the equation of dispersion with an accuracy up to several
thousandths of anAngstromand permits the determination of the wave
lengths of prominences with an accuracy to 0.01 A.
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Z ANALYSIS OF THE INSTRUMENT*

Partial analysis ,tf the BSF spectrograph was carried out with a
grating blazed for ihe second order of the spectrum. As is the
hetioscope [It astigmatism &sas discovered, which was dependent
upon the angte of the grating. The results of the measurements
are given in Table 1..

TABLE I

0° 100 15' Z0° 250

I96 98 tO1 102o5 104.5

c 96 96 95.5 93.5 91.5
o a 4.5 9.0 13

Ia this table i is the angle between the normal of the grating and
the direction of the entering tight.,kM is the position of the mirror
cell for meridional focus, fc for sagittal focus andAf is the astigmatic
difference in millimeters. Within the limits of accuracy of the measure-
Meats fM and fc are symrnietrically arranged relative to the central
position of the mirror cell. Calculation according to formula (3).
cited in fiji

R ZLko0  2-108.5.10-5

Rmin =Zbo0).f Z. Z5. 104. 1 0.4

shows that the surface of the grating is only insignificantly inferior in
quality to a first-class mirror.

W a also determined the instrumental profile of the spectrograph for
a working width of the sLit equal to twice normal site. A krypton tube
served as a light source. The green triplet X5570 was investigated. The
central portion of the profile in the first order of the spectrum satisfactorily
represented a Gaussian curve with a half-width 4kinstr- 0. 0445 A. We
must take into consideration that the half-width of the instrumental profile
is so small that in Itio determination the width of the Lines of the light
source used will affect the results. Thus, for i spectrograph with great
resolving power there occurs the difficulty of determining 4k instr'
since it is impossible to measure extremely narrow lines if
Light source is used. It is possible, however, to propose the following
method of avoiding this difficulty. Since the ir strumental and observed
profiles, as welt as profiles of source lines, have the form of a Gaussian
curve, then

Analysis of the instrument was carried out jointly with T. V. Kasachevskaya.
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-obs source X nstr

On the other hanpt as the measurements show (in agreemunt with
theoryý, the half-wilth of the instrumental profis e A andt2 in the spectrum
of the nth order iB po ,og portiohae to nd1, sn thar instr

A tep " t n =A irconst.

Thus

It.ensit obs 1s f max intinsity. By measuring the Line profiles
in various orders of the spectrum we can, with the aid of this formula,

determine botheAinst- and A)fsourcet For example, the measurement oi
the iron-arc spectrum gave results agreeing with the results of measurements

O~f Akinstr using a krypton tube.

Sice thherhal-width of prominence lines is > 0.15 A, and the spectra of
these were photographed in the Zad and 3rd orders. the instrumental profit*
does not imagen , perming us to seeeteation of halfp-widths of lines.

As in the heltioscope [1] o the instrumental profile has some asymmetry
whicr is especially strongly revealed in the wings. At a great distance from
the center for eal of ile, in the lt order of the spectrumh the
red wing is roughly twice as Intense as the blue. Staring with a value of
intensity Z% Insof maximum intensity, I k in the wings of the profile,
where 13X i the distance from the center of the profile measured at its peak.
F or the red wving a = 3. 56 and for the blue a = 3. $8.

3. DESCRIPTION OF THE OBSERVED MATERIAL

The photography of spectra was carried out chief ly in the mornig to

obtain good image*. permitting us to see the photospheric granulation dis-

tinctly. The ultraviolet portion of the spectrum was photographed on old
Itford-Zenith plates, and Ha and D3 were photographed on Agfa red-rapid

pLates. Exposures for each Line of the prominence were hold within the

limits of from 10 sec. to I rain.

Profiles of lines in the spectrum of the prominence photographed on

,July 13, 1955 were investigated in greatest detail. The rest of the prom-

inences, descriptions of which are given below, were investigated in tess
detail.



On Mar.:h Z3, 1955 spectra of four tow small prominences were
photograpbed, simultaneousLy falling on the slit of the spectrograph.
and tangential to the Image of the sun. This was done on 2 sections.
On the sectioon situat 1 near the sun, regions were photographed that
were traasitiowtl between the prominences and the chromosphere,
but precise fixation of their positions simultaneously for alt photo-
graphed lines of the spectrurm was very difficult.

0

The prominence of May 13, 1955 consisted of Z parts. Part 2
wav further from the sun and had the form of a suspended cloud.
Sirr.0ltaneowtsty, at the base of the prominence a faintly Luminous
knot was ol:-.served moving with great velocity.

One can distinguish 3 parts on the spectrum of the prominence of
July 13, 1955. Part I is situated near the sun and has greater Line width.
Parts 2 and 3 are similar but have smaller Doppler shift than part i.
The spectra of the prominence are very bright and are rich in metallic
lines.

On July ZZ, 1955 a developing coronat prominence was photographed.
The process of photography of the spectral Lines in the sequence Hn,
D3 , H-P Kj. H. K and H.5 occupied more than an hour. At the end
;f the survey the prominence disappeared.

4. RESULTS OF MEASUREMENTS OF PROFILES

The profiles of emission lines of prominences are, on the whole,
Doppler, although some deviations are observed. We designate as
Doppler those profiles which, firstly, have the form of a gaussian curve

I -Joe

and, iecondly, the halfwidths of which satisfy the following formula:

At_ 65 ZRTk + 2

whtrer )XD is the Doppler haLfwidth. Tkin is the kinetic temperature
of Atoms, vt, is the turbulent velocity, r" is the molecular weight, and
c and R are known constants.

Some observed profiles have the form of a gaussian curve in the
core of the Line, but deviate from it in the wings. Other profiles deviate( 8



frorn a Gaussian curve in the core ol: the line. The present work s

devoted to the establishment of Lhe character of these deviations. The

elucidation of the question of the gaussian or non-gaussian character of

the profiles has been ;ý,rried out by graphiic.al raetho-*s. For each

measured profile a d.agrani (6XZ, L,- i was corst:.-cted, along one axis
of which was laid out the logaril-hrric value of t•e rnessuc ad inatensities,

and along the other axis - the ir,,uare of the diiatnce from the center of
the prol-ileAk2,. Obvioisly, synunetrical profiles with a gaussian formr

are represented on diagra-nis (A X2 LP; 1) by stra•ight tines. Hence. the

usc of such diagrams proves to be convenient for portraying asymmetry

and deviations from a Gaussian formn in the profiles. In the majority
of cases investigited b us, line jfrofiles of prominences proved to be

ay1i.me-rical up. to ,everaL percent of intensity Imax. In some cases,
for prominences with appreciable velocities, asymmetry was discovered.

Sometimes centraL portion& of strong Lines also proved to be asymmetricaL.

The :ent•r of tJfi profile was found in the following manner. As a
first a.vpronimrn•aon, an arithmetic mean of the center of the profile was
takenr fromn the center of the span connecting the Left and right wings of
the profile on thc drawing (&X, I), for several values of intensity. Then
this value was more precisely defined with the aid of the (6kX., Ig I)
curve As an example, the typical curve pertaining to the measurements
of MJyon the prominence of July 13, 1955, given in Fig. 2, can be used
in showing what degree of accuracy we can expect for determination of
the center of the profile, and consequently for determination of wave
|enptbq of spectral lines in prominences. The lower drawing is din-

placec relative to the upper one by a value Ig I = t. 0 along the ordinate
axis. On the diagrams, the coordinate A X is measured not from the
center of the profile, but from a point displaced 0. 01 mn (0. 005 A) from
the center. For the upper drawing this displacement is toward the blue
portion of the spectrum and for the lower it is toward the red portion.

Dn the upper drawing the points of the rectilinear part of the profile
are situated, for the most part, approximately directly above, but on
tht- lower drawing they are situated below. X's are arranged in reverse
order, These drawings show clearly thatAX are not measured from
the axis of symmetry. Such drawings served as sensitive criteria for
the correctness of choice of center of the profile. The position of the
center of the profile on the spectrogram was taken from the position of
the ceater of the prominence Line, which, - with the aid of the equation
of dispersion, the determination of which is discussed above, - gave
the *ave Le*rgth of the prominence Lire relative to the Lines of the solar
qpec-trurrk, As fol.lows from the foregoing, the error in determination
*of tilese w'ave lengths in 0, 01 A for Lright lines,, but is somewhat larger
for weak lines, dlue to the in'-rease in errors in determination of the
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center of the profile, The ri'i.att of measurements of wave lengths

of prominence lines are giver in Table 3 (Column 4,.

lu Fig. 3 are giv.'en e-•amples of diagramn (A\, Ig I1, constructed

for a ieries of lines .. f •he prominence of July 13, 1955 (2). We will
examine these drawin s'.arting with the simple case of line H6 . Here,
the circles outline points taken from drawing X., ".- after an average
carve in the wings of die prefile 1kas been drawwn on it. These points
give an idea of the behaviour of the far wings of the profile. With the

exception of the extreme portiors of the profile, where intensity is Less
t.tan 10%, the points of this graph are grouped around a straight line.
In the wings, the points deviate fromr this straight line, indicating de-
viation of line profiles of prominences from a gaussian curve.

We turn now to the upper, gaussian portion of the profile. If we
draw a straight line through the points on the drawing, from its in-
Oinatior we can determine the ha~fwidth approximating a gaussian
p:-o'fi1eA N-r with great accuracy, It is important to note that, firstly,
the hafwidths, in such a determitation, have all measured points in
common. and, secondly observed values of intensity are used, i. e.
the influence of personal error of the photometrist, introduced by the
ctrawing of smoothed profiles, is etlminated. Computing the half-
w'dths analytically, we can also determine the average quadratic error
of the results (see page 19V

All of the profiles of faint hydrogen and mnetallic lines of promi-
nences investigated by us have gaussian cores. However, for lines
Hal HP, and sometimes HT, deviation from a straight line, charac-
teristic of self-absorptioD effects, is revealed in the central portions
of the profiles on drawings (&,\2, Ig Ir. The same. thing can be said
about lines H and K Ca*.

Thusb, profiles of prominence Lines on drawings AX.z, Ig I) can
be separated into 3 parts: 1) the central portion, where there can
be said to be self-absorption, Z), the straight-line portion, stretching
to 2 - 10% from Imax, and 31 the far wings, ir, which deviation from a
gaussian core is observed.

Usually we determine the effects of self-absorption by approximating
tle profile by formula 

NkI = I, I - e°N(3)a -N o-"(

where the absorption coefficient k X for the pro rne ce is assumed to be
dependent on Doppler efkct, i. e., k) = koe - /'__•. Curve 1 do-
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termined by formiula (3), has, on graph (4)Z., Lg I)t an asymptote
corresponding to a profile with no self-absowption. The inclination
of the asymptote 't deterndned by value My- - 1. 6654 XD, and the
distance g IS I alovg the ordinate axis between the asymptotf. and
curve 1g I, as fo!|o 1vs from (3), is equal to AgI = !Ig

Thus, freom a pract.t at point of view, the use of diagrams (4, ( Ig I)
allows us to "etimate conveniently and quickly the effect of self-
absorption on a line, and this operation is based on only one investigated
profile0 without the -drawing-up of additional data for-D- etc.

In the suggested method, we use, on the whole, the rectilinear
portion of the profile, in which self-absorption is assumed to be
absent, and we do not take Into consideration the central portion of
the profile, deviating from an approximate straight line. Formula (3)
must define this portion of the profile. Usually, (see C6,71 and others),
given different values of4XD and N. we select a curve, according to
formula (3), that best represents the observed points. Self-absorption
was determined in this way also, sad the results of determination of

4 D and N were compared with corresponding data determined by the
first method. The choice of profiles in the second method was de-
termined graphically by the following method. Equation (3) solved
for 4 ) han the form-

In I - N0

A curve (0 2 , f) was drawn up according to the observed values of
A X and Jý for the central portion of the profile. The points were arranged
along a straight line that also passed through the principle coordinate
only at determined value Ig Nk0. determined, asis ahown by the calculations, with
an accuracy up to * 0. 3, Thus, it is necessary to keep in mind that in
the case of slight self-absorption effects (Nk0ot ) there is little accuracy
in the determination of N bj this method. The inclination in drawing
(4k Z, f•) gives a valueA •D , The results of the determination of A XD
and N by both methods for tile prominences of May 13. 1955 and July 13.
t955 are given in table 2.



TA•3LE Z

slet Method |r2rd Method

10 Nk 0 qz 101
nenc4e

13 -ViAy 4H 0 40 & 1 1 1 35 0.41 6 3-9 83 I
lip 0 27 5. 6 0 1'5 0 0.35 7e 0 9 Is
H1 0 2 1 4 7 0 42 Z. 9. 2)5 5 1 47
It 1 019 4r i ý511 U, 20. 5: C, Is
K 020 51 4 0••20 5 1 1. - -*

13 J3'ry I H 0.46 7 0 A 9 0 35 5 9 6.b'

Hp 0 29 6 z 0 6 1 0,21 4 4 0 6Z
HI 0 20 4 7 03 14. 0 20 4.6, 0 9 42
H 0 Z6 6,7 0 Zi 0 19 5-C) 3 O

0 30 7-6 07 0.211 5. 3,5

0 30 5-6 3,2 6.8 0..31! 4, U 0 zI
Hp 0Z5 5 2 0, 75 lz 13-161 3-7 4.0 62

1 017 4.0 0,2 9A3 0,1513-5 L.6 77
H 017 4.2 0 Zz - 0 12z 3 4-1 1.5 s
K 016 4.1 0, 62, 0 12! .17 2•5

Ha 035 5,3 3,1 6.6 0,31!• 4- 5 9 13

"Hp3 022 4,6 1,3 Z0 0 16!3,4 4 0 3U

HI 0 19 4.3 0 15 7.0 0 16 3,6( 1 25 57
H 0 14 3,6 0,3• - 10 ý 41 6 %. - '7 -

K 0.15 3 8 ý0.7 - 0,25 6 i. 3 40

From examInation of the data in this table one can draw the foelowing Con-

clusicins.

I Neither the fPrat nor the second method of calculation of seelaboorption
gi-es identical values of tAD and N7 for all three hydrogen linesa simu!.taneoueLy-

-. The data obtained by the first method differ from data obtained by the
secoud method For example, values NZ differ by 3 to 5 times.

These Conclusions point to the ýcorrectr*ea,' of the W.Vtal premises, I eC.
eithe er fcrmui. (3) fs knc•orrect foy prom•,nenceA, or coefficients cf absorption

kK cawukot be considered as Doppler

wie ill consider both assumptions
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I C,,rrect assumption concerning the Doppler coefficient, but
incorrect formula (3). This nreans that in a non-uniform layer of
a por.niience the value j• = . changes along the line of sight.

a;r.ce se&f-absorption (if it exisfe) isalight, then in the wings it equals
V'ec. If the coefficient of absorption were Doppler. then, ia the
7-esulhs the first method of calculation of self-absorotion, us&ing the
:+treight- line portion of the profile, would have to give consistent
agr'eement for all lines. Since this is not so, the firet asurmption
fails.

2. IN e av;st-e that formula (3) is, nevertheless, correct, but
lhat the coefiicient of absorption is not Doppler. For such low
densities of niateriat as are observed in prominances, t'e inflience
Of naturat da.mping or damping due to emission can count as a (actor
only in the far wings of the profile, where intensity is 0. t1o or a
inrnallcr fraction of the intensity in the center of the line. 't follows,
ir•cm the calcl.ilation•s of both Verweij lei and de Jager •9i, that
cctnbined calculation of Doppler and Stark broadening of a line leads
to nou-Doppter wings and core of the profile. In this case, con-
sidcrtiz•n tl e -ifLuerize salf 5-•a;oioption requkies additional
study. We must observe, however, that it Is possible to consider
the influence of Stark line-broadening only on the assumption that
the density of electrona is ,e-ý'LOlI. which contradicts the present
idea of ne in prominences. Thus, the examination of the behavior
of profiles in central portions of Ha, Hp, and Hyplaces in doubt both
the assumption of the Doppler character of these lines and the assump-
tion of uniforrmity of a prominence along the line of sight.

As to H and K Cat, both methods for investigated prominences
reveal ver7 slight self-absorption in these lines. Meanwhile, the
values -;c- obtained from H and K Ca+ in the rominence of Juty
13, 1955 are 1. 5 - Z times greater than the value 1 calculated
for lines of Ti+, in which there is no self-absorption. Since the mole-
cular weights y- of both elements are equal, values AD for both
elements must agree, but since this is not observed, then it is neces-
sary to conclude that formula (3) does not explain the behavior of the
line profiles of H and K Ca+.

In general the influence of self-absorption is not noticeable in the
drawings (A X ,lg I) of the profiles of Hp. H and K for the May 13 (t)
prominence; in these drawings the straiht-Line portions continue to

the peak. But the greater vp I, for these Lines in comparison
with other lines points to unus broadening in them. On the basis
of observations of particular profiles of Ha in .rominences, charac-
terized by flat or depressed peaks, Ellison 1101 reached the conclusion
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that 1here isnm-uniformity in the physical conzditions of va~iious
layers of a prominence. The calculations performed above show
*hat ia prominences with usual line profiles, ibe physical conditions
apparently change a~ong the line of Bight.

A. B. Severny [ti] has shown that the greater the rato of the
observed halfwidthAXobs of the profile to the DoppLerAxD, the
greater must be the effect of self-absorption. If we use A, )
calculated for Ti+ lines, then, in the prominence of 3uLy 13, 1955
the ratio for H and K of Ca+ wi't be 4 -b . 1.8 - 2. 3, and for

H_, with the use of rP calculated for the higher members of theHCLP wit thhues(A
Balmer series, oT = 1.9 - 2. t. Thus self-absorption in H and
X of Ca+ must be stronger than in H 0 , but in Table 2 this is not
evident. In addition, the use of A.B. Severny's method, based on
the use of ratio A- , results in a value Nk0 ) 102 for all of
these lines, i. e. , considerably larger values than those given in
Table 2. It is true that the method of A- B. Severny is based also
on the use of formula (3ý describing self-absorption in uniform
layers, but this formula, as follows from the foregoing, is not
suitable for prominences.

We turn now to the consideration of the helium lines. As we
know, some helium lines are triplets,. For example, D consists
of 3 components: X 5875. 601, X 5875. 643 and x 5875. 965, having
relative intensities of 10, 6 and 2 respectively. Since the halfwidth
of D3 in prominences A X = 0.4 A. the first two components, con-
stituting the core of the line. must be considered as practically
coinciding. The third weak component causes the asymmetry of
line ['3. as is apparent in Fig. I. The core of the line, if it is
determined only for the blue wing in the upper portion of the profile,
is gaussian. Thus the halfwidth of the gaussian core of D3 was
actualy determined for one half of the profile, while the equivalent
width S was determined for all of the triplets as a whole. Also, we
must take into consideration the effect of asymmetry on X4471, which
is a triplet similar to line D3 , since the distance of the third component
of this line from the first two is 0. 2L A. From examination of the
system of levels of orthoheLium,. it was determined that in k 3889 the
3rd component is situated to the red side of the line, at a distance of
0. 04 A. Obviously, the influence of this component can be ignored.
In the determination of the halfwidths of HYand He$ we used those
portions of the profile which did not overlap each other.

The results of measurements of halfwidthu approximating gaussian
profiLes4 xr(in A) are given in Table 3 ( column 5). This table also
gives measured wave lengths of prominence lines X (column 4), equi-
valent widths of profiles S (in A of continuous spectrum at the center
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of the solar disk), and maximum intensities of profiles 1m in units of
the continuous spectrum at the center of the solar disk (columns 6 and
7). In column 8 is given the number n of measurements of a given
profile on various spectrograns.

oLine Knot x AXV. A S •t03 Im 103  nH Line I I
SI....3 4L . 4f 5 6 7 8

Z3 Marc 1955
L Ha 1 0.455 14.7 25.5 1
2 L- 0.57 194 285 1
3 2- 0.465 14.0 ZI 1
4 2- 0.90 28.7 30 1
5 3- 0.85 38.7 34 1
6 3- 0.74 70 65 1
7 4 - 0.49 89 130 18 HP3 1 0 .40 1.55 3.31
9 1' 0 .39 2.37 6.5 1

to 2 - 0.44 2.5 4.7 1
11 2' - 0.475 Z. 85 5.2 1
iz 3 - 0.415 7 85 6.0 113 31 0.54 11.3 181
14 4 - 0.35 14.3 411
15 * H- ! - 0.29 0.62 2.3 1
16 1 - 0.31 0.80 2.4 1
17 2 - 0, 35 0.97 2.3 18 2' - 0 575 7.0 8.4 1

3 - 0.325 0.89 2.2 1
3' - 0.67 28 37 1
4 - 0.30 7.3 18 1

Z2H 6 HS - 0.34 (0.4) (1.0) 1
231' - 0.23: 0.19 1.0 1
Z4 2 1 0.37 0.71 1.85 10.80 4.1 7.0

3 0.34 0.44 11 z

?73' - 0.79 9.3 31
?3 - 0.32 z. 6 7.2 1
29 1>3 1 0.32 0.60 1.6 1
30 0.32 1. 2 3.0 1
31 z 0.42 0.73 1.6 1
32 2' 0.39 3.70 1.6 1
33 1 3 - 0.345 0.60 1.5 1
343' 0.46 2.0 3.9 1
35 4 - 0.28 2.2 7.5 1
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TABLE 3 (Contd;

NoaI/U Line Knot _ Axf S l 103 Im 10 3 n

1 2 3 4 5 67

13 Ma rch 1955

36 HL 1 6562.881 0.702 29.5 26 1
37 2 .858 0.665 44 39.5 1
38 HP 1 4861.340 0.45 3.9 6.6 1
39 2 .334 0.455 5.2 7,9 1
40 F 1 4340.436 0.38 1.3 z. 6 1
41 2 .463 0.345 Z.1 3.8 1
42 H6  2 4101.730 0.345 0.64 1.4 1
43 HE 1 3970.099 0.48: 0.62 1.0 1
44 2 .097 0.345 1.45 3.3 2
45 Hs 1 3889.045 - 0.35 0.5 1
46 2 .075 0 33 0.28 0.7 1
47 D3 1 5875.734 0.535 2.0 2.5 1
48 2 .665 0.42 5.8 9.0 1
49 He5  1 3888.616 0.278 0.45 1.45 1

50 2 .636 0.251 0.75 2.05 1
51 H 1 3968.504 0.36 6.6 15.5 1
52 2 .489 0.315 12.1 Zl,5 2
53 K 1 3933.715 0.39: 8.8 17.0 1
54 2 .663 0.34 13.2 22.6 2
55 Ha 3a 6562.895 2.3 0.98 0.83 1
56 H 3a 3968.531 0.97 0.66 1.3 1
57 K 3a 3933.721 1.0 0.82 1.5 1
58 Ha 3d 6563,735 1.7 1,27 1.35 1
59 H 3d 3968.928 0.75 0.98 2.3 1

60 K 36 3934.131 0.83 1.43 3.0 1

13 JuL 1955

61 Ha 1 6562. 89 0.76 1.75 140 2
62 2 .89 0.61 140 140 z
63 3 .86 0.58 128 137 2
64 ' Hp 1 4861.4Z: 0.49 22 37 z
65 2 .347 0.4Z 19 37 2
66 3 .339 0.37 17 32 2
67 Hy 1 4340.516 0.34 7.8 20 1
68 2 .486 0.29 6.7 19.5 1
69 3 .480 0.315 4.9 13.5 1
70 Hs 1 4101.787 0.3Z 5.1 12 1
71 2 .756 0.285 4.1 13 1
72 3 .761 0. Z95 3.6 11 1
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TABLE 3 (Contd)

o3

NoU/IU Lin e KXot A S 103 1. .I 1-3 n

1 2 3 4 5 6.....

13 Ju1 1955

73 l 1 3970. 136 0.32 3.0 8.2
74 2 .086 0.27 2.1 7.8 2
75 3 .088 0.28 2.4 6.6 a
76 H! 1 3889.098 0.335 2.7 6.9 1
77 2 .052 0.30 2.3 6.9 1
78 3 .047 0.29 1.7 5.1 1
79 H19 1 3835.455 0.31 2.1 6.4 1
80 2 .418 0.28 2.0 5.4 1
81 3 .409 0.26 1.4 5.1 I
82 D3  1 5875.718 0.445 10 16 2
83 2 .709 0.40 8.5 18 2
84 3 .662 0.30 6.0 16 2
85 4471 1 4471.532 0.32 1.3 3.4 1
86 2 .482 0.235 0.85 2.9 1
87 3 .482 0.23 0.96 3.1 1
88 Hey 1 3888.702 0.235 1.75 6.0 1
89 2 .674 0.20 1.25 5.2 1
90 3 .645 0.18 0.93 4.9 1
91 H 1 3968.537 0.44 15,5 24 2
92 2 .468 0.28 8.0 24 2

93 3 .475 0.24 6.8 22 2
94 K 1 3933.7Z6 0.50 13.0 23.5 2
95 2 .685 0.27 7.5 23 2
96 3 .667 0.25 6.5 24.5 z
97 Te 1 3761.394 0.17 0.35 0.18 2
98 2 .316 0.17 0.37 0.15 2
99 3 .326 0.155 0.28 0.15 2

100 Tt+ 1 3759.365 0.17 0.37 19. 2
101 .z90 0.16 0.33 15.5 2
102 3 .305 0.13 0.28 14 2
103 Ti+ I 3685.275 0.19 0.29 13.5 2
104 a .205 0.17 0.30 17 2
105 3 .215 0.14 0.20 11 2
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TAB LF 3 (Coatd)

" ~ ~ ~ ~ ~ ~ S 10 1................•]I 103

No U/il Line Knot x A S X 103 "

124 5 6 78

22 Taty 19 55

106 HU 1 6562.853 0.525 81 140 z
107 Hp 1 4861.33- 0.47 5.2 10 2
108 dy 1 4340.475 .0.435 0.93 2.0 1
109 H - 1 4101.814- 0.40 0.36 0.8 1
110 1 1 3970.140 0.36 0,ý 23 0.7 3
111 D3 1 5875.100 0.28 4.1 10 a
!11 H 1 3968.505 0.145 5.9 26 3
113 2 .82 0.28 2.3 7.6 1
114 o.r 0.30 0.32 0.76 1
115 1 1 3933.695 0.14 7.2 28.5 2
116 2 3934.0Z5 0.29 2.35 7.6 1
117 3 3933,235 0.30 0.39 0.95 1

We turn nov, to the fLr wings of t.e profiles. We must point out once again
that the deterraination oi the wings is highly uncertain, since their intensities
lie, for the mnost par t , within 4he Ulits of errors of measurement. Hence t*o
average points, repreaerted in the drawings of Fig. 3 by dots enclosed in
circles, give only a gen•eral idea of the behavior of the wings, Because of this
we obrerve apparent differences between the blue and red wings, some asymme-
try of profiles in the wings, and othe -! phoenomena that, apparently, do not
have Lo.y real signifiacncc. Taking h-to consideration these observationss one
P•houtd recograLe, nevertheless, thAt in profiles of spectral lines of promi.
neaces the intensity of the far wings is greater than it would be if the profiles
had the form of a gaussian curve from the peak to the ends'of the wings. Ob-
viously, the profiles of lines aO a prominence are mt.re complex. Further-
more, comparisons between profiles of various lines show that the deviatlon
of the wings from a gaussian curve, measured in the upper portion of the
profile, is loss for hydrogen lines. greaser forlines H and K Ca+ and most
strongly pronounced of all in helium iines. In this respect the comparison
of Hf. and He- in Fig. 3 gives a cleae example. For the 3 investigated Lines
of Ti: 03685, X3759 and X376L, it is possible that, because of insufficient
accuracy, we do not sce i'eflnitely pronounced wings diverging from a
gauselas curve deterrn ted by the core of the line.

.;or the purpose of Ote following 'Iscussion. Z methods of describing the
wiaga were used, Exxnination of drawings (A X 2, Lg I) pertaining to lines
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He and Ca+ affords a basis for assuming that points in The wings of the
profiles also U. along some straight line, i.e.. that they also can be
approximated by some gaussian curve, but with halfwidths greater tha
the hatlwidth of the central portion of the lue, In this case the prttfie
is represented in the form of a superposition of two gaussiam curves; -
narrow and bright for the core, and broad but weak for the wings. The
presence, in observed profiles, of Doppler wings with great balfwidths
may have been confirmed by V.A. Krat'e [2I hypothesis of the Co-
existence of hot and cold gases in th-e chromosphere.

On the other hand, an attempt uas made to represent the wings of
the profile by a formula in the forn.. 14 X-L. wherejk is the distance
from the center of the profile. The most reliable measurements of winp
were done for the prominence of July 13, 1955. However, greater errors
were found in these measurements. The results of the determination oa
values a, and also the reduced half eidths of second gaussian curves
for each wave length, averaged for all measurements of the prominence,
are presented in Table 4.

TAB LE 4

ItHHIH HyII b He HIi H9 D3 Hol HL.!
"• n)- 105 15.3 13.1 9.5 8.5 11,3 8.9 14.3 15.6 10.9 15.3 ?.3

8.4 8.0 8.1 5.6 4.9 8.15 6.15 6.9 7.6 5.1 4.Slglwing 2.0 11.3 0.8 0.9 11.0 I.2 0.85 1.3 0.7 0.8 1.1
dX) wing 0.72 0.48 0.32 0.28 0.2610.241 0.Z33

, Also in Table 4 are shown values (IS I)wing and (A k) wing where the
deviation of the wing from a gaussian curve for the core begi. In Fig. 3.
as an example, in H5 the wing begins approximately with the point on the
profile defined by coordinates (Ig I) wing 1. 4 and (Mwlng a 0. 22.

5. ACCURACY OF THE MEASUREMENTS

" Before turning to a discussion of the material it is necessary to consider
the question of the accuracy of the determination of various parameters of

* the profile.

In the method used for photography of the spectra, the absolute values
S and Imn. and their relationship to intensity at the ceater of the solar disk
do not permit us to obtain accuracy abort 20%, as is shown in comparing
results of various measurements. Retative changes in values 3 asd 1 m,

a comparing various portions of one prominence, are more reliable.
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As has already been noted, in the majority of cases wave lengths of
various Lines are measured with an accuracy of * 0. 01 A.

The determination of parameters a and (A k 17 ) 2 for wings of the profile
is highly unreliable, as is shown by comparison of results of various
measurements of profiles of one line pertaining to a single place in the
prominence. These parameters, - and also values (IS I) wing and (4),)wiag.
indicating the place on the profile at which the far wings begin. - give only
a general idea of the wings of the profile,.

The basic consideration In the present work was given to obtaining
possibly more precise values of hatfwidths of profiles. Naturally, the
determination of one halfwidth or even 3 widths (soeol)) on the drawings
where smoothed contours Lre drawn in is insufficently accurate. Besides,
experience shows that the greater uncertainty in the determination of A XK
thus introduces inaccuracies in the measurement of Im of the profile. In
the present work, all measured points of the profile were used, for which
we selected gaussias curves that most satisfactorily represented these
points. It is of interest to estimate the accuracy of the method used. With
this goal in mind, the coefficients of linear dependence associated with the
observed vatuesA X2 and Ig I wore calculated for several profiles of Hy and
H6 by the method of least squares. In the calculations neither the points
defining the far wings of the profiles nor the points defining the peaks of
profiles for line HY were taken into consideration, since they were dis.
tortod by self-absorption. The average quadratic error cf the calculated
coefficients of lUnear dependence, which were proportional to4 X 2 17, was
& 2 - 5%1 The average error of determination of 4 )p., was, naturally,

two times tess.

For greater exactness, computations with calculations of weight of the
measurement of each point on the profile were performed. Since errors
in measurement of intensity Al were practically cossnant for all of the
profile, the weight was taken as equal to the ratio These calcula.

tions gave the same values of average quadratic error. The results of the
graphical determination of A X f7 and both series of calculations agree well
with each other within the limits of calculated error. Hence, the graphical
method of determination ofA x r,, which has advantage* of siuplicity *ad
clearness, was used. For the weaker Unes it is natural to expect an in.
"crease of error in deter inatioM of A4x, since the value of relative error
in intensity of profile M increases. Thus, it is neces&ry to keep in inld
that tds error has a teaency to lead to an under-estinmated determination
of A Xp . In fact, with a constant error ind I. points t9 (I - AD systemateial-

"ly deviate more sharply from a straight line than points Ig (I +61 ), saime
the value I -AI differs more in percentage ratio from I than does It&I,
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Special drawings were constructed which showed that for errors 4 n:
10% there is possibly a 5% under-estimation of the values Ax? deteRnmined
according to the drawing.

The determination of Learo intensity of the profile depends considerably
on the accuracy of determination of Ad)q . Hence, for measurements of
profiles car e was taken in determining the zero inmensity of the profile
that no less than 10 - 20 points on the spectra of the halo were obtained
on each side of the measured line. Special attention was given, also, to
the elimination of the iWfluence of scattered light inside the spectrograph.
On some plates, in the yellow-red portion of the spectrum this scattered
lirht gave spurious images, the intensity of which attained 20% of the value
of the intensity of the spectrum in the halo.

6. DISCUSSION OF THE RESULTS OBTAINED

We will draw briefly some basic conclusions, following from the
examnination of the results of profile measurements. First we consider
the halfwidths 9f tines In Table 5 are given values of reduced haLfwidths,
f e , v,&lue a which, for convenience, are multiplied by a factor of
105. One should keep in mind that the measurements for the prominence
of March Z3, 1955 are less precise than those for other prominences.

Se.1 ,urn now to the data for hydrogen lines. As follows from formula
- n-must be the same for all lines of one chemical eljmnent. Mean-

whle. from Table 5, it follows, first of all. that although • are nearly
constant for the higher members of the Balmer series, they are often
appreciably greater for lines HQ and Hp, although the influence of the effect
of sel f-aLscrption on 4 is eliminated by the method used for obtaining
these v;Iuee. In the consideration of the question of self-absorption, the
conclus :on was drawn auove that the broadening of these liqes was caused,
apparently, not by Doppler effect alone. Comparison of . h"for HL and
HP with the reduced halfwidths of other hydrogen lines confirms this con-
clusion.

In article [i] the conclusion was drawn that x ncreases with the
number of the line in the Balmer series, and thatahe gradient of this
increase -A A-/X - 1.3 - 10-5. on the average, for all of the observed
material. If we exclude H. and HP from consideration, the greater values
of which represents a special question, then the Increase o0 A- with the
number of the line, apparqi, ly, is confirmed for the rest oines in Table
S. However, the vakie -- , calculated according to the most reliable
data for the prominences oFMay 13 and July 13, is only 0. 2 • I0-S, and
is close to the value for the tean 6tW*e error (for the prominence of
July 13 (3) eve'n a negative value was obtained).
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However, one should remember that Ak , because of errors of deter-
mination of intensities of points oan the profils Ty be somewhat under-
estimated. Hence, since the relative error f 4 - increases for high
members of the Balmer series which have |owe-finteaslties, then to the
same exiohnf7e danger increases of under.estimating a w*, and conse-
quently - -h .e developing coronal prominence of July 22 (1)
the Catculamin of - - was speculative, since various lines were
photographed at various stages of development of the 1 2 minence; and
"from the data of Table 5 it follows, apparently. that -.Aý. increased during
the development of the prominence, and, having reached a maximum, then
decreased. This conclusion finds further confirmation in th fact that,
for D3, p proves to bt as much &ts 2 times smalter than L for lives
HP, Hr and H6 iphotographed later than line D3). which is absurd from
the standpoint of the use of formula (2) with helium and hydrogen lines
observed simultaneously, and shows that Hp, Hly and H. 6 are additionaly
broadened. This coac Lusion concerning the change in4-- in the process

of development of a prominence is interesting in itself. For the prominence
of March 23 an insufficient number of lines was observed and the accuracy
of the measurements wan Leas, since all the precautionary measures des-
cribed in *1l were not strictly observed. NevertheLess, a compAisom of
Lines H? and H6 shows that the latter line is systematicatly broQder than
the first. Thus, the Investigated material apparently confirms oe fact

A Xof the increase in 7s- with the number of the Line.

We now consider the results of measurermnt of hatfwidths o( hetium
Linis. The comparison of A-X for D3 lad Hey shoba that the reduced half-
widths for the first line are systezfaatically greater thea for the second.
The fact was noted for the first time Mn the dissertition of M. V. Bratiichuk
[i3•. Although the data for He X4471 ate less reliable, they show that thun
lin, occupies an inte 'mediate position between D3 and He . Thus D3 sad
,4471 have some kind of additional source of broadening L comparison to

He . Apparently, this is partially c onnected with the fact that the cores
of Lnes D3 and X 4471 are close doublets. Calculations show that, by
superposition of two gaussian profiles that are slightly displaced from each
other, the halfwidth of the whole profile, - determined graphically by means
of the function (4 XZ, Ig I). - increases by a value somewhat smaller than
the distance between the displaced profiles. Thus the doublet character
of tUe core results In an increase of the width of the line; however, this
increase is sometimes less by a factc r of two than that observed.

We now examine the comparisons of hatfwidths of lines of various
Selements. If formula (2) is true fe - prom/ie> ss then there must be a
liar relationship bet*ween val.us and (...) In Fig. 4 we compare

dati for lines of hydi, oge, helium And t~tautuum for the prominence of Truy
13 L955. The value of A N for tydrojgen was obtained by averaging
for the higher members of the Balmer series, beginning with H y. This

2L3
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value io given in Table 5, ce~atu JIt For helium Azdetermined for He.
X3689, was used. For &It three parts of the prominence of July 1U the data.
for hydrogen. helium and titaniumn tines realty fol low a straight line, within
the limits of accuracy of the measurenaim ts. Thitt fact shows that the pro-
files of weak metallic and hydrogen lines, and also He X3889 have. an the
whole, Doppler broadening.

The inclination of the sitraight tine in Fig. 4 gives Tki, and its inter-
section with the ordinate axis given 4f. The values Tki,1 and vtfor each
part of the prominence, cuticulated by the method of least squares. are
given in Table 6.

TAB LZ 6

- ~Prominence 13Iial5 Promi~nence U3 Tidz 1955 1
Knot IK~

Tk?690 5500 8150 630 500*

rt, K.M/cek 11.7 10.2Z. . .

In the calculation of Thin and vt for the prominence of May 13. half-
widths of the hydrogen Use@. ard He N. 3889, only, were used.

We turn now to the data for the wvings of the profiles, presented In
Table 4. The data in this table'shows that :l0 the deviation of the wings
frova a gaussian curve. determined for the upper portion of the profile.
increases roughly with inteasity, being 10% of maximum intensity Imaz;
2) the sharpest (large a) decrease of intensity of the wings occurs In
hydrogen, especially for the first lines of the Balmer series. and the
smallest decrease occurs in the Lines of Ga+ ; 3) the idea of wings as
gaussian curves leads to the cancliustio that half-widths approximnating
gaussian curves increase as the tined are brighter (greatest for line
Cat) sand the dependence. according to formula 12). an the values of the
molecular weight jr does not appear to be typical for Doppler profiles. as
it is in the cores of lines. Thus, the idea that the wings of the profiles
can be caused by hot components of gases In a promismnces fails. On
the other hand, too great a value of a- proeats us hi om tostdhng that
we are dealing with Stark wings. for which a * 3.5So or with wings of
radiation damping, for which a - 2. 0. Apparently In profiles a tremeitional
region between the Doppler core and the far wings Is measured, an the
nature of which various assumptionts vian be made. The presence of
slowly decreasing wings in the profiles of lines Cat presents a speclal
difficulty.
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In senametles, with ths the bitoleg Iq t is petimset. On phetegraphe,"*ofst& of H and X obtaimed with *"vr-ssrs ti rqssyspr
60e, bemeeh &A Pas Of egjssim with a w*l arkd" Sol*e. Some bwn of
broad, diffuse, and oitem amerphps imago shows through. In some cases
it Is evid" st at this spurious immge soasists ot separate (detached) knots.
haVtving sam Depptss displacements. Ina &It probabi~ty, in the results
of nseun",sis ad Wings, wheore we deal wah such snmal "dluos of In-
tensity, the eye Sam no tuger distlage"s themn on the ptaft. and relect.
tho~ promm... ad suh spurious Images.

TABLE?

Proni-Wave egh A Mess
44"65 Knot s66". 4661.32? 63".4U 410t. 735 "970.07 -U -3" 533. 6)L -1

13. V. 1 14 3 .7 -6 -3 5

36 1" 126

13. 36l 144 21: 12 13 16 ii 1 1
2 15 4 4.1 5 3 -1 5.5 4
3 11 2.5 3 6 3.5 2 3 3

22~ 1 IE 10 1 2 19 17 - -10

3431 6 332: S7 2z)

TABLZ 7 (Cauti)

Promi - Wavo essok A moan'
snece Knot. .4675.42 4471.43666. 3966..48 3933. 666 3761. 32759.29 3"65.19T

13. v 1 19 - -9 9 12 - -

a Bs's - -5 5.5 -1.5 Z
3. 16 14 is - 1
36 1.16 116 A 26

13.vn 1 17 11 13 17 z5z 1 16
2 15 0 6 5 5 -2 -1 3 4
3 7 0 1 20 1 3 5 3

zz. vnl1 14 - 9 7 -- - 10

Chrooshre 3 13 so 59 f 9 1 is 8a

One must take this circwunetsnc. into account ins ubsoquaent study A the far
win$s of the pyaofes.
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In conclusion we consider the question of wave Imgth0 u spectral lsne

for the investigated prominence*. Spectral lines of a prominence can be
displaced, firstly, due to their motion relative to the observer (Doppler shift),
and secondly, due to the influence Of the physical conditions of the atomic
matter In the prominence. It is of interest to ascertain whether the physical
conditions in prominence* influence the positions of spectral lines, For this
p•rpose, it is necessary to isolate Doppler shift. This can be done on the
basis that it obeys the equation
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lndepe~dently of wave length amd kind of atom of the emittig spectral lUne.
In Table $ a"e given results of mesurements of postions of Uses in the
spectra Of the prominence relative to limes of the spectra of the sun, which
introduce some Doppler shift In the wave lengths of the prominence due to
the motion of the sm with respect to the observer.•V e determine the Une 4

shift f. after having taken the difference between the measured wave lengths
of prongnence Lines mad wave lengths of corresponding Lines in the table of
spectral Lines [I], which we assume (within the Limits of accuracy of measure-
ments) to be free of displacemnat caused by either =0 or th: influence
of physical couditions. In Table 7 aore given values of - " 10- for all measured
Lins.

Wave lengths of lines are gives accoVjg to L 4 . In the last column
of Table 7 are given the average values .2• We must remember that the
average error of measurement of values. xI Iequal to * 2:10-6 in the
mLjority of cases, but it can be greater for we& k Unes. Analysis of the
dafa in Table I shows tat the majority of Uses in prondnencoe have die-
placements which, within the limits of aceulacy of the measurements, should
be comidered as Delet. In the table, the bold type desiguates values that
sharply differ from-kh. end indicates ace-Doppler shift of lines; let us con-
sider them. First .f all, apropos of the results of measurements of wave
lengths of lines of the prominence of July ZZ one should observe. once again,
that various lines of the prominence were photographed at different stages of
its development, and, hence, cannt be compared with each other. From
among the rest of the data provided in the table we turn our attention to
the values for am H,% and D%,. which in some of the cases investigated,
reveal a non-Doppler shift, the value of which is several times larger than
errors in measurenmnt. In conectiom with this revealed effect of the be-
havior of lises HH ad lj 3 in prominences, we note that. according to
Mitchell's mater al [lSJ see bottom line tn Table 7). the abnormal behavior
of these lines also occurs in the chromosphere. The cause of the displace-
ment of D3 may be molecular Stark effect; the displacement of Hn Is more
difficult to explain. It should be emphasised that inereaces about the non-
Doppler displacement of HL and DI are not connected with the method of
obtainin the values of displacement 6 X, since simple differential measure-
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mests of Line displacements for the three knots of the prominence of July
13, photographed on one spectrogram, reveal "baor•mal behavior of these
lines. A similar inference was drawn, concerning tine Ho. for the pro-
minance of May 13 (3).

In the prominence of May 13, side by side with the main knots (1) and
(2). an intense, faially luminescent knot was observed, moving with great
velocity. Profiles of lines H0 . H and K were eawsured for this knot. They
differed sharply in form from a gaussian curve. In order to carry out aS
ematyes of these profiles, we drew them up oe under another. taodin a
value - as the abscissa axis (Fig. 5). The profile f HE is somewhat

re co*plex than the profiles of H and K. which can easily be seprated
into Z gaussian profiles, displaced from each other (shown by dashed ibes
in Fis. 5). For the construction of the left-hand wing of the right-hand
copomnent a, we dre a mirror image of the right wing (symmetrlcally,
relative to the peak), and we obtained the left-hand componsat b as the
difference between the common profile and the right-band composeat.
Fotlowing the example of H and IC. the profile at HL was also separated
into two parts. Although the procedure of separation of .me complex profile
Into several componeints is not simple. in the given case the comastructed
"separation, apparemtly, cannot cause serious objections. The data for
each coastructed profies are given In Table 2.

Apropos of the contours obtained for the two compoments. two obser-
vatioms should be made.

1. Wave lengths of the conqoentes b for all three lines conform to
Doppler shift, but the displacement of component a in line H& is cosidorab-
ly greater than in les of Ca+. Thus, bore also the differential measure-
mat display abnormal behavior of lne Ha.

2. If we consider that the profiles of tMe components do sot contain
setf-absorpliom, thea. an the basis of formula (Z), we obtbin a temperature
T a 11, Z00* and turbulent velocity vt = 14 km/sec for knot a and T a 24. 5009
and vt a 17,5 kI/sec. forknot b.

The present work sets forth omly the first investigations of prominences
obtained with the new BST instrument. The investigations coniucted show
the magnifict qualty of the BST spectrograph. manufactured by the Soviet
industry.

The author mepleSses gratitude to T. T. Tsap for measurements of the
spectrograms, and also to A. B. Severvy, for assistsnce readered in carrying

othte pruost work.
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CAPTIONY'S

Fig. 1. Profiles of emission lines i. the prominence of July 13, 1955 (Z).
Along the abscissa axis . Angoiramse, atorg the orcinawe asis - scale of
intensities in units of 10" - o+ intensity of the coottinrou;3 spectra at the
center of the solar dlsk,. Averaged curves a&-e drawn 41 the wings of the
profiles.

Fig. Z. Profile of Hyof the prominence of Jlify 13ý W9 5 (30 with displace-
ment of axis AX 0.005 It frc, the centter of -:"he profile, in the blue (above)
and red (below) portions of the spectrum
X's pertain to the blue wurg -& the pr,.file, and dots pertain to the red.
Atong the abscissa are placed the sqr.ares of the distance from the center
of the profile in Angstroms - along the ordinate axis, logarithms of in-
tensity.

Fig. 3. Profiles of lines of july 13, 1955 rominence ,...
Designation same a in F.:g 2 Circles enclosing points pertain to averaged
wings.

Fig, 4, Comparison of reduced hatfwidtb.h of various #e lments for various
parts of the promineuce of July 13, 1955.
Black circles, - part IL *'hite circles - part 2, X's - part 3.

Fig. 5. Profiles of lines of the Mz4- 13, 1955 proragnerce (3).
Along the abscissa axis are placedi -. lues >_ 10 . along the ordinate
axis - scale of intensities in units of 10-3 oTintensity of continuons spectrum
at the center of the solar diik, Dashes shnw the separation of profiles into
two components.
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