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STUDY C¥ HYLDROGEN LIMES BROADENING IN AN INTENSE IMPULSIVE DISCHARGE
by
= A. N Babin, C. Y. Lukyanov, A 8. Severny, G. G. Sidorov, V ! Sidnitsin, N.V. Steshenko
Abstract

Spectra of an intense impulsive discharge in hydrogen have bsen obtained by
acans of a spectrograph with a diffraction Echelle-grsting (dispersion 1.5 A/mm).
A spectrophectometric study of the broadening of hydrogen emission wings (Hee -
He ) glves the following resuits:

T a) When observing the spectra of & self.-contracted discharge in a perpen-
dicula: direction the emission of hydrogen line wings (extending to 30-40A) is
broadesec due mainly to the linear Stark effecy (the initial pressure pp » 0.1 mm Hg).

b) At py = 0.5 xm Hg the emission extends to 50-80 A snd is broadened in
the wing, progably due mainly co the quudratic Stark effect.

=)} When the spectra are observed along the plasma discharge the broadening
of hydioger omigsion in the wings is due to macroscopic plasma motions with
velocities ~- 108 cm/sec. The intensity variations in the wings are well ex-
plained by the supposition on directed plasma motion of the jet type along the
axis of cischarge with velocity gradients.

d} in observations outside the axis of discharge the broadening of hydrogen
emissicn (at pg =~ 0.1 mr Hg) in the transversal as well as the longitudineal
directior (near the discharge) is wholly due to the linear Stark effect.

A cemperison of the above results with data on emission broadening in
lines of solar flares points to an analogdus cause of brosdening and a relstion
betweer the character of broadening and the direction in which observations are
made.,

INTRODUCTION

Spectre of hydrogen emission in solar flares show a remarkable likeness
to spectra of high-temperature hydrogen plasma glowing in impulsive discharges of
great intenzity; in both cases there are observed bright and extended wings of
lines (sce for exsmple Fig. 3) and also a sharp fall of the “strength” of lines
{total eunergy omitted in the line) with number of the member of the Balmer series.
This :ircumstance, and also some facts and considerations testifying to more
profound snainzies (if thers is no resemblance or likeness - see for example {1])
betwezr «oler flaree and lsboratory pinch-effect (self-contrasction of current-
discharge} prompted us to conduct investigations of spectra of intense impulsive
d¢ischarge in hvdrogen by those methods that we found more or less successful

N in the s:tudy of the physical processes an the sun. Possibly, the similar

spplication of specific astrophysical msthods and modes will turn out to be useful
also for the deatermination of important diagnostic problems of the state of
}aboratory high-temperature plssma.

Spectroscopic studiss of intense impulsive discharges in hydrogen were
carried out in works {2,4], but the use of spectral instruments of low dis-
persion snd resolving power (ISP-51} aporeciably limited the possibility of
studying these profiles of hydrogen emission of plasma, with the exception of
the very broad line Ho( , the wings of which, according to [3], stretch to
20 A,

Preiiminary scamning of the spectrs (see [3]) indicates that similar broad
wings arise only ac the noment of “first apparition” (time ] microsecond) - the




vomert of muaiimam compressisn of plasma discharge (first dip in osciilogram
caprens) At this same moment a flare-up of continuuw occurs, owing its origin
.o the hrak ng of vadiation of free e¢lectrons in the plasma. Until the moment

of maxisum compression and after it, the broad wings of Hoe are oractically
ahsent | and the halfwidth of the Yine is on the order of several Angstroms.

This crreumstance makas possihle the study of causes of brosdening of wings

of fines by means of phoraarhy of discharge spectra .o :isn; the whole time

of irs arisisnce {without use of preliminary scanning), end e¢ven - by means of

¢ ncecutive nhotography of some discharge - the nositive check on its identity
fas yepards compression in the chamber snd cscillogram current). In its

wurn, thit considerably facilitates the possible use of spectral instruments with
targe slispersion ind high resolving power, and this aljows us to conduct accurate
yherometric stadies of nrofiles of hvdrogen emission, hearing in mind the far wings.

Ti.¢ central part of the profile, in regions several Angstroms from the
reater of the Yine, is formed, spparently as a resuzlt of superposition of
emissions occuming in various stages of development of discharge, and probably
hayirp different characters; hence, rememhering this effuct of supeirposition,
it 1§ vovassary to have care in drawing any conciusions on the central portion
0¥ *he proflile obtained by such "integration” accerding to time.

Fired, in the present work, we examire the problem of broadening of hydrogen !
emiseion up to the point where success of further quantitative analysis is
fmpove:tie withour knowiedge of the mechanism of broaderning of spectral lines.
fttn. h thare exist repeatad gaalitative indications that here bhroadening of
vt zan amicsion is csused by Jinear Stark effect, it would be impossible
tyoaxg e, 3 rrierl, the poseibiiity of the effect of other mechanisms conmected
with raton in plaswe - “turbulence,’ and cther causes having a character
+4 collyitive recipreciny. Besides, the possibility is not excluded of difference
. ¥ mechanien of Lreadering in various sections of plasme discharge and in various
wivocrears yelative to the aris of discharge. All of these considerations were
cawan rnre azesunt in carrying out the experiments (see Section 2).

1+ APTARATUS AND METHODS OF MEASUREMENT

fue instrument for obtaiving discharpge (similar to that described in [2])

rooaters of ranacitor hattery 1o with general capacity € = 32.4 microfarads
Jharpe ! ta voltage Up = 30 kv (Fig. ;.  The periodically damped discharge
yrside hamber 9 ts excitsd by the impulse veltage feed on the discharge apparatus.
Pischaves chamber & is manufactured from ceramic tubing with an inside diameter of
10 wn  the distapce hatween alectrodes 14 and 1S is 980 mm. In one of these
sjectryies, 18, there are openings for observations of discharge slong the axis of the

ambuc. I the chamber are mounted two norzle-type fittings on one side (12,13)
il tws ot the end (10,11}, Cne of these allows us to observe plasma on axis
{iragiawise and acroes) and the other - to one side of the plasma discharge (along
the axic 57 the clewber or across). Chamber 9 is surrounded cosxially by a
copnar cvlinder for reduction of inductance in the oscillatory circuit. Capacitor
tattars '6 is charped by a high-voltage rectifier. The current passing through
the chamher s messured by intepration of Rogovski zones. The relation of
cusrrant Yo time is recorded by the impulse oscillograph 0K<17 (18). Filling the
teil #ith hydrogen is carried nut by the system for filline and filtering 20,
contatiing = palladivum filter accumiator and reservoir for gas dosage. As &
rrelimerary the cell is evacuatad to 105 mm Hg. Natural leakage in the cell
takes ,-lsce due to generation of gas by the wall of the chamber, snd does not
excaed G 05 A mcnfsec. Befors the experiment the cell was preparsed for de-aeristion
of the weil ty a series of discharges. The ususl value of amplitude of discharge
currert was around 500 ka.




Jischarge v stadied with the ald of an Schaeils spectrograph, the basie
elemenus of whiczh {3-6) ave given in Fig 1. Radiation in ths studiad contents
¢l the disctarze chambey i projnctad oa g1it & of the sp2ctrograph by means of
plane mirrers 3 and 7, co that concave collimator mirvor 5 (with specially
selected relative aperture d » 10 ¢m, £ » 5 m) is fiiled with light only from
the contents of the discharge chamber, sielding a cyiinder of ciametor A 4 cm
{order of the dimension of compressional discharge) in the direction of line of
sight. A parallel pencil of rays from the collimator mirror falls on the
Echelle diffraztion grating 4 (described in [5]) with a concentration of light in
the 39th to 65th order for visible parts of the spactrum, and thence passes
twice through prism 3 of fused quartz, with a refractive angle of 12°. The
prism served to attenuate various orders in a direction perpendicular to the direc-
tion of vhe dispersion of the Echalle, and let pass all emission with wavelength

o> #000 A.  The image of the spectra obiained in this way was forned on
rhoteplaze 1 by vell mirror 2 in its focal plane.

In Fig. 2 is given an example of discharge spectra cbtained cn the Echelle
spectrograph with initiul pressure py 0 5 mm Hg (observation along axis of
discharge). On Fig. 3 to the left are given enlarged photographs of Balmer lines
of discharge (pg = 0.1 rm Hg, observations perpendicular to axis of discharye ) and
to the right - photos of the same lines ir spectra cf intense solar flare of
20 VII, 1959. Spectrs tleariy show all Bzimer lines from He to Hy (sometimex
H, is outlinad) and a number «f othsr linas in admixtures. Spect;bgrlph dis-
persior in the ryed part is 1.6 A/mm. Tie limiting resolving power of the
spectregraph (nalf-width of instrumental profiie) is 0.25 A,

We see that the wings of hydrogen lires ace very broad aud stretch to 50-70 A
(for Heg ). 30 that in order to obtain :orrect, non-distorted profiles it is not
riecesssry to use the narrow slit of the spectrograph. If, in the solar spectrums,
lines wi*h widths of ~00 2 A can be obtained without distortion caused by smooth-
ing (becouse of the finite siit width) with slit width of 0.02 A (equal to width
of instrumental profiie’, then for broad hydrogen emission of discharge a
suitebie stit width will be ~0.5 - | A in the focal plans of the spectrograph
chamber | ~.1/10 halfwidth of lines that are 5 - 10 A):; for a dispersion of
2 Afes this gives 0.25 - 0.5 mm for projectien of the slit in the chamber, and
since the focal distance 6f the chamber s roughly 2.5 less than for the collimator,
the width of tre entrance slit will be 0 6 - 1.2 mm,

Ae worked with an entrance siit equal to 0.5 mm, Thus the distortion due to
smoothing of the profile owing to ths finiteness of slit-width will not be greater
than the usval photometric error for solar lines. We should point out that line
profiles we cbtained with a wide slit equal to 4 mm {~~r 3 A on the plate) show
considerable distortion: the wings wers more gentle than with a "normal" slit,
and ware mora gentle the narrower the line (for axample Hg , H ) since here
distcriien due to smoothing naturally counts more than for lineg so wide as He, -

The great width of hydrogen lines makes necessary a calculation of possiblie
distoition of profiles connected with the effect of vignetting of the field
by change of spectral sensitivity of the rlate in part of the spectral lines,
by changes, in this part, of the concentration of light in & given order of the
Echelle, and hy other poesibie photometric non-uniformities of the field. All
of the evrors can he calculatad if we carry cut photometry cf spectra of some source
of 1ight with known distribution of intensity . We used the center of the solar
disk as suck a source, the spectrum of which was photographed on the sams spectro-
graph by means of the coelostat instrument of the spectrohelioscope, in which the
entire system was accomnodated For formation of the solar image s mirror was
used on the spectrograph slit, so that the distribution of intensities in
the sclar spectrum did not undergo distortion in the studied band of the spectrum.
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Matributior of iatcasities in the solar spectrum is taken according to Mulder's
averape cunas [61.

The distribution of intensities in the solar spectrum, measured according to
calibration spectrograms, gives us, - within the limits of each spectral band
of the Echelle-, some function in the form

o (N /1lg O =k

. if tntensity is expressed in units of intensity for wavelength }\on On the
other hand, according tc Mulder's curves, we establish function

ICA) /7 I(\) ~ Ky,

wvhich would take place in the absence of photometric errors in the field. Ratio
ky/k, is some reduction factor; it was constructed graphically for all portions
lines around 150 A containing the studied lines Hy -~ Hy . By mesns of
such reduction curves we can find the disfribution of intensities free of the
influence of photometric and instrumental errors of the fisld. If the profiles
are asyrmmetric and have irregular form without the calculation of these errors,
after calculatior they zre even and practically symmetrical. Similar calculation
of errors i: very essential for correct judgement of asymmetry connected with
motion of plasma

Caiibration of spectrogroms requires an exposure of step-wedges with
the same exrnsures as the duration of the discharge (A~ 10 microseconds).
The main portion of the spectrogram is processed by mgeans of characteristic
curves obtained by direct photographyof the discharge. Toward this goal plate
HP-3 (with ths same sort of emulsion as that on which spectra were photographed
and with clcse step-wedpes and coloured filters superimposed on it) was mounted
at a distance arcund 2 m from the window of the discharge chamber, and this plate
was lit up by radiation of discharge without use of projective optics. Feor pro-
cessing of portions of the first spectrogram we used characteristic curves ob-
tained by photography of the center of the solar disk on the solar telescope BST
through 2 step-wedge and coloured filter, with exposure of around 100 microseconds.

In all of the present work there was no need to find absolute intensities.
Intensities of all lines for each plate are expressed in units of central intensity
of line Hg (In those cases where discharge was photographed several times,
the central porticn of Jines so intense as He and Hg were found to be over-
exposed, which made difficult the presentation of préofiles in units of central
intensity of the same line; hence the intensity of the center of Hg , the photo-
graphic density of which always fell in the middle portion of the characteristic
curve, wgs taken 23 unity.)

. In cases where an emission line is observed on the background of continuum,

. as is noticeable on the spectra taken with high compression (0.5 mm Hg), correct
calculation of the background is necessary. Calculatior of the background is
carried out by means of photometry of spectra of adjacent orders not containing
broad lines; for these are obtained distributions of intensity free of photometric
erroxrs of field (as in cases of portions containing lines), and thereupon averages
are calculsted for two bands to the blue and red sides of the given one. This
distribution (see for example, Fig. 7) is calculated from distributions for
studied portions containing emission of hydrogen lines.




2 DISTRIBUTION OF INTENSITIES IN WINGS OF BALMER LINES

The prograw of measurement provided for obtaining 3 series of spectra
across the axiz of discharge (mark_][_) both in the center (.n the direction on-
axis - “center”) and on the periphery of discharge (to one side of axis - "off.
center”), and also a series of spectra along the axis (mark {| ) both along
discharge ("center") and psrellel to the axis but to one side of discharge ("off-
center’} on the periphery of the discharge. In a majority of cases it was
necessary te take from 3 to 5 discharges successively on esch riate in order to
chtain gi]l lines (He - "E. ) and to construct reliable curves of lines. For
verification of the offect of compression, such # series of measurements was
done for compression pg equal to 0.1 and 0.5 wm Hg. Al]l data on the processed
spectra are given in Table 1. Here in the first column is shown how the observation
was carried cut with respect to the axis of discharge, in the second is given the
nlate number, in the third the number of discharges on the plate: in succeeding
columas are centained results of the messurements (see below).

® Table !
Pinch ?iate Ho. No, of Coefficient of inclination of straight line k
i schargus Hoc H S Hy HS
Pressure Py * 0.1 wm Hg

L cenerx 4 1 1.8 2.3 2.2 2.6

A center 113 20 2.5 2.4 2.3 1.9
Jd.center 118 5 2.2 2.3 2,1 2.3
Jd.centers 131 S 2.2 2.0 2.2 1.8

li center 114 S Sharp deviation from Stark broadening.
i cenzer 135 S Broadening of emission caused by macro-
{} center 146 5 scopic motion of plasma

A off-conter 117 5 2.9 2.9 2.3 2.1
J_offecanter |33 S 2.6 3.2 2.6 -

Ao f-canter 134 s 3.1 2.7 2.7 -

! of'f center 104 S 2.8 3.0 1.9 2.5

il of f-contar 143 5 2.4 3.1 2.4 1.9

il of f-cantay 144 S 2.4 3.2 3.6 -

Pressure p, = 0.5 mm Hp

~-center 173 3 1.6 1.9 2.3 2.2
J.center 178 3 1.6 1.9 1.7 -
-dcenter 179 3 1.6 1.7

ilcenrer 157 3 Sharp deviation fron Stark broadeningo
flcencar 158 3 Broadening of emission caused by macro-
il cenzer 159 3 scopic motion of plasma

On Fig 4 are piven, as examples, profiles of Bailwmer emission from the center
of dischargs (self-compressed discharge) for observations across and along the axis
of the chamber, obtained with compression p; = 0.1 mm Hg. Direct comparison of
profiles of emission in discharge obtained scross the axis with profiles obtained
alonpg “ha axis shows considerable difference in them: a) thc intensity of wings
by comparisor to central intensity of lines Hoe end H i.e. relative width of the
wings of lines for observations along axis is appraci!%ly greater than for
observations across (Hog for transverse discharge is over-exposed in the center
since its central intensity is roughly 60 times greater thin the intensity of




Hy : the sraie of intensities for Hg and Hg is enlarged 5 times); b) since

all lurensicler are oxpresced in units of central intensity of Hg (= Ig), the
desrement of the Balmer seriss for obsorvations across the discharge is considersbly
greater than for observations along the discharge; c) in some cases lines Ho, and
Hg show absorprion drops in the center of the line, which indicate the important
role of self-absorption (along the axis the optical thickness of the discharge 1s

of the order of unity)

For quantitative analysis of the causes of broadening of emission, all

. profiles were considered in coordinates (lg 1/I,, 1z &ON) snd (Ig /1, AMNY,
The prefilez in these coordinates are given in gig. S and 6, and show considerable
difference ¥n the run of intensity with distance from center of the line for cases
of obrervationy scross tae axiy (Fig. 5) and along the axis (Pig. 6). If in the
fivst caxes iv ccordinates (1g 1/1,, 1g O)) the run of intensity in the wings
of lines nicely corresponds to a straight line with angle of coefficient 2.2 - 2.4,
in the seccnd case the run of intensity in the wings is practically impossible to
represent Yy & straight line. (In some cases the run of intensity is drawn
separately for blue and red wings of lines: the difference in run is probably
connectad with small errsrs in photometry.)

1f one nevertheless attempts to represent this run by a straight line, the

angle of coefficisnt will be near unity. At the same time, in axes (ig I/I,, A)\z)
an oprosite nfcture is cbserved: for observations along the discharge the run
of intensity in wings is near to a straight line, whereas for transverse cbser-
vations of ‘discharge this ran differs considerably from a straight line. From
~able ! we s>e that a sisilar situation with lengthwise and transverse obser-
vationc tukes place for all other spectrograms. This indicates that with com-
pressicn py > ©.1 mm Hg the emission broadening in the wings of hydrogen lines is

. connectsd with linear Starkeeffect for observations across the axis of discharge,
wherens ainng the axis of discharge it is caused, on the whole, by Doppler effect.

In the sase of stri:t "Doppler”’ profile I~ve= (ay AA!))2 we would have
to nbiain a straight iins in coordimates (ig /15, AXZ). At the same time, there
are some small deviations, which can be nicely explained by the presence of
direciional motion »f ths "“jet" type along the axis of discharge with sowe
gradient of velocity along the “jet.™ According to [7] the distribution of
intensizies iu this case can be represented in the form

<L~ A , m
To AN * ) .

where A>«m i3 the "width® of the wing of the line corresponding to a maximum
velocity of motion of atoms in the "jet.” Crosses and piusses in Fig. 6 show
the sum of intensitias according to formula (1), selected from conditions of
best agreement nf observed and calculated profiles. We see that an idea of

. jets with velocity gradients agrees well with observed distribution of inten-

. sities in wings of Bulmer emission observed along the length of discharge.
Values AAp/ X\ , determined for the run of intensity in the wings, and also
vaiues ANp/) . are given in Table 2. In spite of separate random deviations
(comnected, or the whole, with the difficuity in calculating background, see
above), correlations ANy/N v const or AN/ = const are fulfilled in
tvansition fror one emission line to another, as must be so in the case of
broadening due ro macroscopic motion. Of course the question of the contri-
bution of Stark effect in observed profiles of wings of lines in the given
terms remains open.




Plate -9} ]
S - L T =
Ho Hg Hy Hg He| Ho Hy W~ He "He | )

Pressump, = 0.1 um Hg

114 3.3 1. L7 1S 1.3 §.2 - 3.3 2.7 2.0
135 4.7 2.9 55 25 2.7 9.6 7.0 9.7 4.9 4.8
146 46 1.9 2.4 23 2.2 7.7 3.3 4.3 3.8 3.5
Pressure py = 0.5 ma Hg
- 1589 66 69 82 7.8 6.0 1.8 13.6 13.8 12.8 -

For a more precise definition of this, we made a series of similar mes-
surements with higher compression (py = 0.5 mm Hg). The results of these
measurements are given in Fig. 7 (line profiles) and Pig. 8 and 9 (logarithmic
profiles) similar to Fig. 4, 5 and 6. With compression of 0.5 ma Hg the iine
becomes considerably broadei (notice the change in scale of wavelength and of
relative intensity in Fig. 7). Here the wings of line Hog stretch farther
than 100 A, and for lines so weak as Hg they are observed out to 40-50 A.

Here the centers of intense lines (Ho¢ , Hg ) are always overexposed, hence

it is difficult to judge the decrement and to compare widths for observations
slong and across the discharge, but weak lines (Hg , Hg ), as in cases of

low compression, show that the wings of lines in observations in a lengthvise
direction are appreciably broader than in a transverse direction. Logarithmic
profiles (Fig. 8, 9) show that it is possible to represent the run of intensity
in wings of lines (for observations across discharge) by a straight line in
coordinates (lg I/1g, 1g A)) with angle of coefficient of roughly 1.6 to

2.0 with an average ~v1.8, although deviations from a rectilinear relationship
are somewhat greater here than with low compression. Deviations from s straight
line in axes (1g I/1,, AN) are quite apparent in these cases (right side of
Fig. 8). This sllows us to consider that broademing of hydrogen emission in trans-
verse observations in the case of high compression as well as in low compression
is connected, on the whole, with Stark effect, and not with the effect of macro-
scopic motion, sithough possibly the latter effect plays some role in this case.

Representation of line profiles in axesz (lg 1/1,, tﬁ\?) in ths case of
lengthwise observation of discharge (Fig. 9) shows that, as in the case of
lower compression, the run of intensity in wings of lines can be explained by
the presence of motion of the "jet" type. The systematic increase of

. and . for higher compression is spparently connected with the
£ that witi great compression Stark effect begins to play a certain role
in broadening for observations along the axis of discharge, resulting in
an effactive increase of AAp and A),.

During the photography of spectra of central portions of discharge, emission
of rarified plasma located in the same line of sight as the compressed discharge
also falls on the slit of the spectrograph. This plasma radiates at the start
of discharge and also with the decay of the discharge, and exists for s longer
time than the compressed discharge. In order to explain the contribution of
this portion of plasma in the formatior of the lines considered, spectra of
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discharge ware photogranhed through the lateral windows of the cell (13 and
11 on Fiy 1} with compression p; = 0.1 mm Hg. Thus radistion of the discharge
1vself did not fall on the slit of the spectrograph. Profiles of hydrogen
emission in spectra taken perpondiculsr to and parsllel] with the axis of the
cell, and to one side of the discharge, are given in Fig. 10. PFirst of all we
should note that hydrogen emission in this case is considersbly weaker than
discharge emission (photographed through the central window of the discharge
cell}. 1n addition, the wings of lines on these spectrigrims are considerably
less extensive than in cases =onsidered earlisr, especially in spectrs taken
perpendicularly to the axis of discharge. From Pig. 1], on which the same
profiles are drawn in iogar!tbhnic scale, it is obvious that wings of lines
are very nicely represented by straight lines with coefficient of inclination
on the average of 2.5 for spectra nhotographed perpendicularly to the sxis
of discharpe, and 2.8 for spectra photographed parallel to the axis of discharge.
&

T™us, to the wings of lines of hydropen emission of the compressed dis-
charge 13 added the sevsraletimes-less intensity due to radiation of rarified
plasma. The run of intensity of the additional emission has a steeper drop
than the run of intensity in wings of lines radiated by compressed discharge.
Consequently, the additional emission does not actually distort the distribution
of intensities in wings of hydrogen lines occurring in the central nortions
of the discharge. At the same time, it can cause considerable variation in
distribution of intensities near the central portions of lines.

3. DISCUSSION OF RESULTS

e As has already been noted, profiles of wings of hydrogen lines in axes
(1g /i, ig AA) obtained by transverse observation of discharge are nicely
represented by a straight line. Thereby, as follows from Table 1, the sngular
coefficient k of inclination of straight lines averaged for all lines studied
on several spectrograms in each series is equal to: a) k. = 2.7 for observations
outside the axis of discharge (L & || "off-center”); bJ'k,, = 2.2 for cbser-
vations across axis of discharge ( _{ "center") with inith‘ compression
po = 0 ! wm Hg, and ¢) kg, » 1.8 in an analogous case with pg = 0.5 mm Hg.
The statad difference in angular coefficient can be explained by the action
of Sravk effect.

Consideration of Stark effect, taking into sccount broadening effect of
electrons, is given in {8] and [9]. On Fig. 12 dashes show the theoretical
distribution of intensities in wings (in system 1g I, 1g A)) according to
V. N KXopan's data ([8], p. 285), from which it follows that in the wings of
the !ines the average coofficient k R22.7 if this distribution can approximate
a straight line (which can be done with an accuracy of up to As0.1 in Ig I, i.e.,
with accuracy to A-25%). According to [9], s profile broadened due to Stark
effect by combined action of ions and electrons is determined by the function
T (A)\,y) wherea; is the parameter characterizing the influence of electrons,

- 10=6n173p=1/2 . . * ~5_
Y= 5.6-10"6N/3T E’%_b ] 0.125 —t 2

(T and N are temperature and density of charged particles, b is the »uin quantum
number for the upper, - & for the lower level). Assuming as an estimate in

our case T = 5.10°, N » 5:1015¢m=3, we obtain the following values of ‘ s

for Ho¢ +0.09, for H +0.32, for H +0.52, for H +0.82, i.e., all "~
values ofu\( are confined within the interval 0<-Y 1. :




On Fig 12 is shown the run of intensity according to ([9]}, Table 3) for
"‘ = 0 (dots), Y « 0.5 (plusses) and'\( e 1.0 (circles). In the wings these
distributions are nicely represented by a straight line with average coefficient
k = 2,67, which agrees with the theoretical distribution [8]. Hence we can
considst that the theorstical profile, taking into account broadening by
. electrons, gives k = 2.7  (nod agreement with this distribution is obtained
. only for the periphery of discharge (outside of 1line of Zischarge) both in
lengthwise and transverse observations. As regards cbservations across the very
line of discharge {observations in the center), here we obtain a coefficient &
systematically less than 5/2 {~.2.2) for low (0.1 wm Hg) compression and still
less {~s1.8) for high compression.

For intermojecular fields Fp >105 v/em quadratic Stark effect begins to
nlay a role since

2 2/3
P v 2,603 A3 810 W Pv/em, (3

so that_the role of this effect remains appreciable; in other wordse*where

N 2107 cm=3; in our case, with compression 0.5 mm Hg vslue N=2gl:5-1016ca-3
with ionization roughly equal to 1. If there occurs Se-=~10th compression in
the «ore of the discharge, then the number N can be on the order of S+ 10-1016;
i.e.. «quadratic Stark effect can play some role for compression Av0.5 mm Hg.

In this case the distribution of intensities I ~A\"'"4 , and in the wings

it will he a more gentle psth close to AX\-2, which is actually observed.

Ir the case of low compression (0.1 mm) this effect plays a lesser role, and
di<tribution of intensities in wings sust be nearer to that given by linear
Stark affect (k ~ 2.5). Thus we could explain the deviations from strict .
theorerizal dependence for Stark effect taking into account the broadening
eifect of {fons and electrons,

However, it is impossible to explain the gentle wings, low values of k
and :barn deviations from rectilinear dependence for observations along the
axis of discharge by means of an sssumption of broadening by Stark effect only.
in this case the run of intensity in wings of lines, as has already been pointed
out, 1s well described by the assumption of the existence of directional motion
af the jer type with a velocity gradient. The values AXDIA and AA./A .
prasentad in Table 2, allow us, first of all, to determine the constituent
“Dappliert velocities of motions of atoms along the axis of discharge, and,
second, tn find the maximum velocity in "jets" acigrding to (1). With initial
compression gy = 0.1 am iig, the sversge value of MS»IO"-'& which corresponds
va vy = 1 10'cm/sec. For this same case the averde value 5-10"3,
from which we nbtain the maximum velocity of motion of atoms a jet of
vy = 15108 emsec.

The process of outfiow of plasma of jets from the aperture in the lower
slectrods (through which observation along the axis is carried out) can introduce
R scme contribution to broadening of lines in experimental observations, Possibly

this points to some systematic predominance of emission in the blue wings of

the majority of Baimer lines (Fig. 6). Thus, apparently, the experimental

dsta obtained from analysis of the distribution of intensities in wings of Balmer

lines with nbservation along the axis of the system indicates the existence,

in the discharge, of groups of hydrogen atoms which are in rapid motion. The

energy of these atoms attains 5-7 kev., We should keep in mind, however, that

we run into some difficulty in the discussion of such effects that result in

proposed intsrpratations of experimental data. If the observed form of a line
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prafile serves as optical evidence of the existence of a current or jet of rapid
particles, then, irraspective of the mechanism of origin of rapid particles, there
must be orher indicarions of the presence of these atoms. In particular, in
discharge of deuterium there must be observed a nuclear reaction of synthesis

and subsequent neutron radiation. As is well known, j Icsma-neutron effect

and neutron radiation were indeed discoversd earlier, in 1952. However, this
radlation is observed, as a rule, in the moment of second compression of plas=a
discharge, and not at the moment of first compression when, according to data

of optical scanning, the maximum line broadening {s observed.

Undoubtedly further experiments are necessary to elucidate this question.

The mechanisk of broadening of hydrogen esission with intense impulsive
discharge is very -imilar to that which is given detatled study ([1,7] and others)
in broadening of emission lines in solar flares. In both the first and possibly
the second cases tha run of intenzity in wings of lines depends considerably
on which direction the observation of spectra of plasma radiation is carried
out. This, in particular, allows us to infer that there probably exists an
analogy, based on the close physical nature of the phenowena, between intense
impulsive discharge cavried out in the laboratory and the occurrence of chromo-
spheric flares on the sun,

The authors thank Yu. D. Kiebanova, P. 1. Selivanova and A. N. Koval for
help with the discharge instrument and for processing the waterial, and also
E.-N Braverman for carrying out the construction of the experimental instrument.
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Figure Captions

Diagram of instrumsat.

General form of discharge spectra with observations along the axis
(Po = 0.5 mm w.

Rydrogen lines i{n discharge spectra (a) for observations perpendicular
to axis (pg = 0.1 um Hg) and (b) in spectra of chromospheric flare of
20, VII 1959.

Profilas of hydrogen lines in discharge spectra with initial compression

= 0.1 mm Hg (left - observations perpendicular to axis, plate 113;
P?;ht «~ along axis, plate 146).

Plate No. No. of shocks Coefficient of incline of straight line k

Compression Py = 0.1 ma Hg

Sharp deviation from 8tark distributiom,
Emission broadening caused by macroscopic
motion of plasma

Compression Po= 0.5 mm Hg
as above

Logarithmic profiles of hydrogen lines in discharge spectra with observations
perpendicular to axis (plate 113).
Dots and cixcles - observations for blue and red wings of line respectively,

Logarithmic profiles of hydrogen lines in discharge spectra with observations
along axis (plats 146),

Dots and crosses = observations and calculations ("jats™) respectively for
blue wing of line; circles and +'s = observations and calculations ("jets")
for ved wing of line.

Profiles of hydrogen lines in discharge spectra with initial compression
po = 0.5 mm Hg (left - plate 173; right - 139).

Logarithmic profiles of hydrogen lines in discharge spectra with
observations perpendicular to axis (plate 173).
Designations same as in Fig. 5.

Logarithmic profilas of hydrogen lines in di-clnrgc spectra with
obssrvations along axis (plate 159).
Dasigaations sams as Pig. 5.

Profiles of hydrogen lines in discharge spectra (pg = n;) with
observaticns outside of axis of discharge, and paral t (left - plate 133,
right - 104).

Logarithmic profilas of hydrogen linas with observations outside of axis
of discharge (left - perpendicular to axis, plate 133; right parallel to
axis, phf. M)'

Theoratical distribution of intensities in winge in the case of line
broadening due to Stark effect.
Dashed line - Kogan's data, solid line -~ Griea's data.




